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around Grenada. In February, a second plume of
slightly lower pigment concentration extended north
along about 58°W to 14°N, east of Barbados. Satellite
altimeter data (not shown) confirmed that this second
plume was associated with a NBCR that formed
around October 2008 from the NBC retroflection.
This ring was also present in a numerical simulation of
the Mercator Oc�ean global ocean operational analysis
(see below). In March 2009, as the NBCR impinged
on the Lesser Antilles, chl-a concentrations increased
around the islands up to ~15°N, including west of the
islands inside the eastern Caribbean Sea. By April, the
entire northeastern Caribbean east of 67°W and north
to about 19°N was covered with the plume.

Examination of the monthly mean satellite-derived
ocean color products (Fig. 3) could lead to the

conclusion that the high chl-a features observed
immediately to the west of the Lesser Antilles and
extending from Venezuela to the Virgin Islands is part
of the Orinoco River plume. However, careful exami-
nation of daily and weekly mean chl-a images from
SeaWiFS, MODIS and MERIS (for example, those in
Fig. 4) helps piece together a complex puzzle that
shows that the high chl-a water seen north of about
14°N immediately west of the Antilles is contained in
boluses of Amazon water that moved across the island
chain and started to move rapidly toward the islands
in the vicinity of the Virgin Islands to the north.

The ‘green water’ began to envelope the Virgin
Islands starting the first week of April, 2009. The
northern edge of the plume spread approximately four
degrees in both latitude and in longitude from March

Figure 3. Monthly chlorophyll-a (chl-a) concentration (in mg m�3) composite images derived from the MODIS Terra satellite
sensor for January through to September 2009, produced by the University of South Florida (USF) Institute for Marine Remote
Sensing (IMaRS). All map coordinates are 0–22°N, 75–45°W, and the chl-a color scale ranges from <0.10 (dark purple tones) to
7.0 mg m�3 (red tones).
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to April, implying an average advection rate of about
17 cm s�1. By May, the plume had spread westward to
72°W and northward to 20°N into the open Atlantic,
north of the Virgin Islands. Chl-a concentrations
between 0.3 and 0.5 mg m�3 and higher remained in
the vicinity of the Virgin Islands through June 2009,
as the bulk of the plume dissipated farther into the
Caribbean Sea to the west, and northwest into the
western subtropical Atlantic.

Beginning in April 2009, yet another mass of Ama-
zon River water was observed to the east of the central
Caribbean island arc. This water was associated with a
new NBCR. This second NBCR of 2009 spread Ama-
zon River water to the north and east of the Lesser
Antilles during May through to July, into the subtropi-
cal Atlantic. Finally, by August and September, the
NBCRs had largely dissipated. By this time, the sea-
sonal NBC retroflection (Fig. 1) had developed.

For a closer look at the high chl-a plume during the
NOAA cruise, a sequence of 4 weekly ocean color
composite images was generated for April 2009
(Fig. 4). The images show the extent and complex
spatial structure of the plume. The week before the
cruise (weekly composite beginning on April 2), the
leading edge of the plume was just beginning to enter
the southern part of the study area (white rectangle
indicating 17–19°N, 66–62°W; see also Fig. 2). By
April 9, during the first week of the cruise, some fila-
ments of high chl-a extended north and west of the
Virgin Islands and Anegada Passage. By April 16, dur-
ing the second half of the cruise, the plume extended
well north of the Virgin Islands and Anegada Passage
and west along the southern coast of Puerto Rico.
Finally, by the week beginning on April 23, after the
cruise was completed, the plume began to slowly
dissipate.

Figure 4. Weekly chlorophyll-a (chl-a) concentration (in mg m�3, same color scale as in Fig. 3) composite images derived from
the MODIS Terra satellite sensor for 2, 9, 16 and 23 April, 2009, produced by the USF IMaRS. All map coordinates are 8–21°N,
77–58°W. The white rectangle shows the cruise study area, 17–19°N, 66–62°W.
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Mercator Oc�ean SSH and near-surface salinity and
velocity fields

The Mercator Oc�ean global ocean operational analysis
was used to study the mechanics of regional SSH,
near-surface (1 m) salinity and flow fields during the
first 6 months of 2009. Maps of simulated monthly
SSH and near-surface (1 m) currents are shown in
Fig. 5. During October 2008, the North Brazil Current
retroflection shed a ring (not shown). By February
2009, this NBCR, having a high SSH (orange tones),
was located to the east of the southeastern Caribbean
and Barbados, causing northward geostrophic flow
from about 10°N, 62°W to at least 14°N along the
Lesser Antilles. A cyclonic circulation (i.e., a relative
depression in SSH, blue tones) developed during this
time on the Caribbean side of the islands, immediately
west of the central Lesser Antilles. This suggests that
upwelling may have occurred in this area, bringing
nutrients closer to the surface and intensifying the
plankton bloom observed in satellite images on the

Caribbean side of the Lesser Antilles. The strengthen-
ing, positive west-to-east gradient in SSH across the
island arc from the low SSH values just inside the
Caribbean to the high SSH values offshore, most nota-
ble from March to June 2009, contributed to the
intensity of the northward jet along the islands (with
current speeds >25 cm s�1) and the rapid northward
spread of the Amazon plume waters on the Caribbean
side of the islands during this time.

Monthly mean near-surface (1 m) salinity maps
from the Mercator Oc�ean analysis product (Fig. 6)
show fresh water (dark blue tones), advected with the
NBCR, approaching the Lesser Antilles during Janu-
ary and February 2009 and entering the eastern Carib-
bean Sea in March 2009, following the strong
northward jet along the arc of the Caribbean islands,
and remaining in the northeastern Caribbean through
to June 2009. These results, depicting the northward
spreading of the Amazon River water, are in good
agreement with the MODIS ocean color images
described in the previous section.

Figure 5. Monthly maps of sea surface height (in cm) from the Mercator Oc�ean analysis product in the Caribbean. Black lines
are used for the �20, �10, �5, 5, 10 and 20 cm contours. Blue shading shows the lower (negative anomaly) areas of sea surface
height. Thin vectors indicate the direction of near-surface (1 m depth) surface currents with speeds between 25 and 50 cm s�1,
and thick vectors indicate currents with speeds in excess of 50 cm s�1. The black box indicates the 17–19°N, 66–62°W cruise
domain.
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