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The Sargasso Sea

• What and where is it? (2011-2012)
• Approach 1: map the Sargassum

• Approach 2: map circulation patterns

• New data developments (2012-2015)
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Mapping the Sargassum

Multiple approaches:

• Historic studies

• In situ observations

• Remote sensing

• Hydrodynamic simulation

How do they compare?

National Geographic 1976



We started with historic maps and in situ data…



Historic mapping: 1870 - 1912



In situ observations: 1923-1981



In situ observations: SEA surveys 1977 - 2010

Fall Spring



Remote Sensing: Gower et al. with MERIS

From Gower and King 2008, 2011



Sydney, BC (2011)
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European Space Agency (ESA) 
Medium Resolution Imaging Spectrometer (MERIS)

MERIS is a sensitive detector “shifted red-edge” characteristic of marine and floating 
vegetation (Gower et al., 2006, 2008, 2011).

Maximum Chlorophyll Index: MCI index measures the local peak in water-
leaving radiance near 705 nm, measured for each pixel of the satellite image data to 
show excess radiance at 709 nm, above a baseline defined by linear interpolation 
between the neighboring spectral bands at 681 and 754nm

L709 – L681 – (709 – 681)(L754 – L681)/(754 – 681)

Gower et al. Approach



Gower et al. Approach
The monthly composites of MCI signal at 5 km spatial resolution are analyzed by 
computing the frequency distribution (histogram) of MCI values in each one-
degree square.

MERIS Count: the number of MCI values above threshold, multiplied by 

the amount by which MCI exceeds its background value (in mW m-2 nm-1 sr-1 )

Detectibility: To be detected with 1200m-

resolution data (aggregated to 5000m), 
Sargassum therefore has to be dense enough, 
and to cover a large enough area, to affect the 
average colour (visible surface spectral 
reflectance) of an area of ocean surface 1200m 
across.



Aggregating Gower’s Results

May – June: GoMEX bloom July - October: Gulf Stream transport

November - December: transition January – April: aggregation



May – June: GoMEX bloom July - October: Gulf Stream transport

November - December: transition January – April: aggregation

Smoothing and contouring



Hydrodynamic dispersal simulations



Plastics vs. Sargassum
Dispersal Simulations 

Lew et al. 2010

36 month unconstrained simulation



Sargassum is not plastic; 
it does not live forever… 

Mortality Model 0: In this model, sargassum grows in February and lives for one 
year. After the end of the 12th month (January of the following year), it is all killed in 
a single event.

Mortality Model 1: Sargassum lives for 1 year with no mortality. Then, over the 
next 12 months, 1/12 dies each month, such that after 24 months, it is all dead.

Mortality Model 2:  Feb-Nov: no mortality,  Dec-Feb: 1/6 of stock killed off per 
month, for each of these three months, leaving 1/2 the stock alive, Mar-Nov: no 
mortality, Dec-Feb: 1/6 stock killed off per month, killing off the remaining 1/2 stock

Mortality Model 3: Feb-Nov: no mortality, Dec-Feb: 1/9 of stock killed off per 
month, for each of these three months, leaving 2/3 the stock alive, Mar-Nov: no 
mortality, Dec-Feb: 1/9 of stock killed off per month, for each of these three months, 
leaving 1/3 the stock alive, Mar-Nov: no mortality, Dec-Feb: 1/9 of stock killed off per 
month, for each of these three months, leaving none alive



Sargassum may also interact 
with surface winds… 

1. Advect Sargassum via Stokes drift.

2. Permanently sink sargassum as wind speed increases, via  
Langmuir circulation



Successive refinements showed some promise…

We simulate the dispersal of Sargassum from the GoMEX nursery area by using an 
advection transport algorithm (Smolarkiewicz and Margolin, 1998) and by turbulent 
diffusion. In this scheme, Sargassum is treated as a dye concentrated initially at the 
nursery area and spread by advection and diffusion as the simulation progresses. We 
used ocean surface currents from the HYCOM + NCODA Global 1/12° Analysis 
(Chassignet et al. 2009; which couples a global, high-resolution implementation of the 
HYbrid Coordinate Ocean Model (HYCOM) with the Navy Coupled Ocean Data 
Assimilation (NCODA) system.



Results comparison
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Another approach: circulation features



Another approach: circulation features



Another approach: circulation features



Another approach: circulation features



Further elaboration
Cyclonic eddy frequency



Further elaboration



Further elaboration



Proposed Sargasso Sea area



Proposed Sargasso Sea area



Proposed Sargasso Sea area



The Sargasso Sea was formally submitted as a candidate 
Ecologically or Biologically Significant Area (EBSA) to the UN 

Convention on Biological Diversity in February 2012

Proposed Sargasso Sea area



New data developments

• Coral larval dispersal and connectivity models

• Cetacean density models

• Data product aggregation and synthesis in support 
of efforts to delineate ecologically and biologically 
significant areas





Dispersal driven by RTOFS model



Figure: Steve Schill, George Raber

Larval Connections



http://www.nature.com/articles/srep22615



Humpback whales



Cetacean densities beyond the U.S. EEZ: 
The U.S. Navy Atlantic Fleet Testing & Training (AFTT) Area

Laura Mannocci et al. 
(in review)



Incorporating additional
surveys outside North 
America

MAR-ECO
SCANS II

CODA

REMMOA French Guiana

REMMOA French West IndiesNOAA Caribbean

Laura Mannocci et al. 
(in review)



Results: Kogia spp. (dwarf and pygmy sperm whales)

Laura Mannocci et al. (in review)



Results: Striped dolphin

Laura Mannocci et al. (in review)





Many, many data products…


