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[11 An extensive Alexandrium fundyense bloom occurred along the coast of the Gulf of
Maine in late spring and early summer 2005. To understand the physical aspects of
bloom’s initiation and development, in situ observations from both a coast-wide ship
survey and the coastal observing network were used to characterize coastal circulation and
hydrography during that time period. Comparisons between these in situ observations and
their respective long-term means revealed anomalous ocean conditions during May 2005:
waters were warmer and fresher coast-wide owing to more surface heating and river
runoff; coastal currents were at least 2 times stronger than their climatological means.
Surface winds were also anomalous in the form of both episodic bursts of northeast winds
and a downwelling-favorable mean condition. These factors may have favored more
vigorous along-shore transport and nearshore aggregation of toxic 4. fundyense cells

(a red tide) in 2005.
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1. Introduction

[2] Blooms of the toxic dinoflagellate Alexandrium
fundyense are a common feature during the late spring
and summer months in the Gulf of Maine (GOM). These
blooms pose a serious human health threat due to the
accumulation of neurotoxins in shellfish that feed on the
algal cells, resulting in a potentially fatal illness known as
paralytic shellfish poisoning (PSP). Earlier studies have
shown that 4. fundyense blooms are regulated by a suite
of complex biological and physical processes, and the
timing and distributions of the bloom are closely related
to the GOM coastal circulation (see for example, Anderson
et al. [2005a], DSR 1I Special Volume).

[3] The general circulation of the GOM (Figure 1) is
cyclonic [e.g., Bigelow, 1927; Brooks, 1985; Brown and
Irish, 1993; Lynch et al., 1997; Pettigrew et al., 1998;
Pettigrew et al., 2005]. The eastern segment of the circula-
tion comprises the Eastern Maine Coastal Current (EMCC),
and inflow from the Scotian shelf. The EMCC is a turbu-
lent, cold coastal current. It often veers offshore south of
Penobscot Bay. Some EMCC waters continue moving
offshore, and some return shoreward to form the western
Maine Coastal Current (WMCC). Downstream, the WMCC
waters can separate into two branches near Cape Ann, one
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entering Massachusetts Bay, and the other traveling along
the eastern flank of Stellwagen Bank. Further downstream,
the Stellwagen Bank segment undergoes another bifurca-
tion, one leaving the GOM through the Great South Chan-
nel, and the other turning east toward Georges Bank.
Another element in the coastal current system is the so-
called Gulf of Maine Coastal Plume (GOMCP) [Keafer et
al., 2005]. This transport pathway is shoreward of both
EMCC and WMCC. It carries fresh river water emanating
from riverine sources along the coast all the way to the
western GOM, making direct connection between eastern
and western gulf, especially during the spring/early summer
when river runoff is large. These “mean” circulation
features mentioned above are in fact very dynamic. Depend-
ing upon the local and remote forcing conditions, the
structure of the coastal current system may vary dramati-
cally, and in turn significantly affect the transport and
distribution of A. fundyense populations and other material
properties.

[4] The extensive A. fundyense bloom that occurred in
2005 was considered to be the worst in at least 33 years
[Anderson et al., 2005b]. The entire coastline from eastern
Maine to Massachusetts, as well as 40,000 km? of federal
waters offshore, were closed to shellfish harvesting. A
fundamental question of both scientific and societal interest
is why did this extensive bloom occur in 2005? Anderson et
al. [2005b] presented some initial observations and sug-
gested several biological and physical factors may have
contributed to the bloom. Pettigrew and Xue [2006]
described the anomalous GOM coastal current system
response to the late spring northeasterly wind-forcing. Our
objective here is to explore physical factors pertinent to this
bloom event in detail. We utilize in situ observations
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Figure 1. Gulf of Maine surface circulation (NH, New Hampshire; ME, Maine; MA, Massachusetts;

NS, Nova Scotia; GOMCP, Gulf of Maine Coastal Plume; EMCC, Eastern Maine Coastal Current;
WMCC, Western Maine Coastal Current). Map adapted from Anderson et al. [2005b].

collected by a coast-wide ship survey and the regional
coastal ocean observing network. Coastal hydrography,
circulation, and its associated forcing conditions during this
bloom event are further characterized via comparison with
their long-term mean conditions.

2. Data
2.1. Ship Observations

[5] The coast-wide ship survey was executed on the R/V
Oceanus (Voyage OC412) between 9 and 18 May 2005, a
period coinciding with the initial phase of bloom develop-
ment. During the 10-day field survey, a total of 133 hydro-
graphic stations between Massachusetts Bay and the Bay of
Fundy were occupied (Figure 2). CTD casts were conducted
at each station, providing 1-m-resolution vertical profiles of
hydrographic properties including temperature, salinity, in
situ fluorescence, and light transmission. Water samples
were also collected from Niskin bottles on the CTD rosette

for nutrient analysis and A. fundyense cell counts. In
addition, shipboard Acoustic Doppler Current Profiler
(ADCP) measurements were made underway, providing
depth profiles of current speed and direction throughout
the survey.

2.2. Observations From Coastal Observing Network

[6] Time series measurements of surface wind, sea level,
and river runoff were obtained from National Oceanic and
Atmospheric Administration (NOAA), National Ocean Ser-
vice (NOS) coastal tidal gauges and United States Geolog-
ical Survey (USGS) river gauges. Meteorological and
hydrographic data measured by buoys of the Gulf of Maine
Ocean Observing System (GoMOOS, http://www.gomoos.
org/) were also collected throughout this bloom event.
Earlier studies have suggested that surface wind fields in
the GOM are spatially heterogeneous [e.g., He et al., 2005].
As such, we also utilized NOAA NCEP surface flux
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