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Materials and Methods 
 
Mapping Sargassum distributions of areal density and biomass density in the Intra-
Americas Sea and Atlantic Ocean from 2000 to 2018 
 

All relevant MODIS (MODIS-Aqua and MODIS-Terra) data covering the Intra-Americas 
Sea (IAS) and Atlantic Ocean from April 2000 to December 2018 were downloaded from the U.S. 
National Aeronautics and Space Administration (NASA) Goddard Space Flight Center to estimate 
the Sargassum monthly distributions. The large study area (~ 5.3 × 107 km2) was divided into 
several sub-regions (comparable to the size of the Central West Atlantic, ~ 6.7 × 106 km2) and 
processed separately. Over 20,000 MODIS granules with sufficient data coverage (> 25%) were 
processed for each sub-region. 

 To estimate the Sargassum distributions, we downloaded the Level-0 products and merged 
adjacent granules before processing to Rayleigh-corrected reflectance (Rrc, dimensionless), which 
was then used to derive an Alternative Floating Algae Index (AFAI) designed to detect and 
quantify floating vegetation (12, 40). Similar to the original FAI (40), AFAI also quantifies the 
seaweed’s red-edge reflectance (i.e., enhanced reflectance in the near-infrared (NIR) wavelengths) 
with tolerance to variable atmospheric and observing conditions, with a detection limit of about 
0.2% of a pixel size. We first applied an automatic feature extraction approach to identify all the 
Sargassum-containing pixels, estimated their relative Sargassum fractional coverage in each 
Sargassum-containing pixel using a linear unmixing scheme, and then aggregated all the valid 
observations within each calendar month in 0.5° × 0.5° grids to obtain monthly mean Sargassum 
areal density (% cover) maps (12). In Wang et al. (2018), these Sargassum areal density maps were 
converted to biomass density (kg/m2) maps by applying the AFAI-biomass model developed from 
field experiments. To convert the integrated total Sargassum areal coverage (in km2, assuming 
they are aggregated together) to total wet biomass, a conversion factor of 3.34 kg m-2 (24) 
determined from field measurements was used. 

The observations from the coarse-resolution MODIS data have been evaluated with 30-m 
resolution Landsat data in several small regions, where consistent results were obtained from 
regions of their common coverage (41). Although field validation is difficult because the 
Sargassum mats often occupy partial pixels, the combination of the two MODIS sensors resulted 
in ~20% valid observations in every month (i.e., one valid observation every 5 days), thus 
minimizing the potential bias due to infrequent observations (41). 

 
 

Modeling Sargassum transport and biological growth and mortality  
 

We applied a bio-physical model (25) to track the Sargassum trajectories and their biological 
growth and mortality from satellite-derived or arbitrarily assumed initial Sargassum particle 
distributions. The Sargassum features were treated as Lagrangian particles forced by the surface 
currents and 1% of the winds 10 m above sea level. The factor of 1% was to account for the wind 
effect, similar to oil trajectory modeling. The surface current data were obtained from the daily 
output of the Hybrid Coordinate Ocean Model (HYCOM) surface currents, and surface wind 
velocities were downloaded from the National Centers for Environmental Prediction Reanalysis 
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(NCEP). A Runge-Kutta 4th-order method was used to estimate the successive particles locations 
with a 30-mintue time step. 

We modeled Sargassum change rate (for both growth and mortality) using a sequence of 
satellite-detected Sargassum distribution images (25). The change rate was used to simulate the 
biological change terms during the physical transport modeling. Basically, we estimated the 
Sargassum change rates from the satellite-derived monthly mean Sargassum abundance maps, and 
associated the change rates with their corresponding environmental conditions. This way, the 
change rate can be modeled from the environmental factors using a Random Forest regression 
(25). The mean change rate at successive locations of each time step was applied to calculate the 
Sargassum abundance changes during the transport.   
 
 
Simulating the Great Atlantic Sargassum Belt (GASB) pattern formation  
 

To simulate the Sargassum transport and abundance changes under average environmental 
conditions, we applied the mean HYCOM surface currents, NCEP winds, and Sargassum change 
rates from 2011-2015 in the bio-physical model to investigate the large-scale GASB pattern 
formation. The monthly mean Sargassum distributions were the averaged MODIS maps in recent 
bloom years (2011-2012 and 2014-2017).  

Because winter-spring blooms typical started in the Central Atlantic in earlier months, 
particles were released and assigned initial weights (density), and were then tracked forward from 
January and April for six and three months, respectively, to July under the average environmental 
conditions to investigate the July GASB pattern formation. In these experiments, we tracked the 
Sargassum particles under three different scenarios: 1) Sargassum particles were initiated 
uniformly in the Central Atlantic in January (Fig. S1A). The total Sargassum abundance was the 
same as in the satellite observations in January. 2) Sargassum particles were initiated according to 
the satellite-derived mean distributions in the Central Atlantic in January (Fig. S1B). 3) Sargassum 
particles were initiated according to the satellite-derived mean distributions in the Central Atlantic 
in April (Fig. S1C). In each of the three scenarios, Sargassum change rate was either used or not 
used in the model in order to contrast the results and to test the significance of biological growth 
and mortality in determining the GASB distributions.    

 
 
Assessing the regional connectivity across the Atlantic Ocean  
 

We used forward and backward tracking to investigate the regional connectivity of 
Sargassum particles in different parts of the Atlantic Ocean and to test the main sources (Fig. S2). 
Here, regional connectivity was quantified as the percent of Sargassum particles in one end region 
(RE) that are tracked from another potential source region (RS). Specifically, regional connectivity 
𝐶𝐶𝐶𝐶𝐶𝐶𝑅𝑅𝑆𝑆𝑅𝑅𝐸𝐸

𝑇𝑇𝑆𝑆𝑇𝑇𝐸𝐸  represents the percent of particles located in region RE at time TE which come from region 
RS at time TS (regardless of forward tracking or backtracking): 

𝐶𝐶𝐶𝐶𝐶𝐶𝑅𝑅𝑠𝑠𝑅𝑅𝐸𝐸
𝑇𝑇𝑠𝑠𝑇𝑇𝐸𝐸 =

𝑁𝑁𝑅𝑅𝑠𝑠𝑅𝑅𝐸𝐸
𝑇𝑇𝑠𝑠𝑇𝑇𝐸𝐸

𝑁𝑁𝑅𝑅𝐸𝐸
𝑇𝑇𝐸𝐸 × 100%                                                         (1) 
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where TS is earlier than TE, 𝑁𝑁𝑅𝑅𝐸𝐸
𝑇𝑇𝐸𝐸 represents the number of particles in region RE at time TE while 

𝑁𝑁𝑅𝑅𝑆𝑆𝑅𝑅𝐸𝐸
𝑇𝑇𝑆𝑆𝑇𝑇𝐸𝐸 represents the number of particles in region RE at time TE and tracked back to region RS at 

time TS. 
 

 
Deriving Sargassum growth and mortality rate (i.e., change rate) from satellite 
observations  
 

We estimated the Sargassum change rate from the monthly distributions of Sargassum 
biomass density using the following equation: 

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 =  𝑙𝑙𝑙𝑙𝑙𝑙2(𝑊𝑊𝑡𝑡/𝑊𝑊𝑖𝑖)
𝑡𝑡

                                                               (2) 
where t is the number of days between adjacent months, Wt is the total mean biomass in the later 
month (t days after the initial month), Wi is the total mean biomass in the initial month. The unit 
of the derived change rate is doublings per day. The rate is assigned to be the change rate in the 
later month. For example, the change rate derived from the mean biomass in November and 
December is referred to as the change rate in December in this study. 
 
 
Measuring the agreement between the modeling results and observations  
 

The overall agreement between observations and the modeled Sargassum distributions was 
evaluated using the matchup percentage of Sargassum abundance (abundancematch) after weighting 
the particles with their areal densities: 
 

𝑅𝑅𝑎𝑎𝑎𝑎𝐶𝐶𝑎𝑎𝑅𝑅𝐶𝐶𝑎𝑎𝑅𝑅𝑚𝑚𝑚𝑚𝑡𝑡𝑚𝑚ℎ =
∑ 𝑓𝑓𝑖𝑖
𝑖𝑖=𝑁𝑁𝑚𝑚𝑚𝑚𝑡𝑡𝑚𝑚ℎ
𝑖𝑖=0

∑ 𝑓𝑓𝑖𝑖
𝑖𝑖=𝑁𝑁𝑜𝑜𝑜𝑜𝑠𝑠
𝑖𝑖=0

× 100%                                                 (3) 

where the subscript obs and match represent the pixels from valid MODIS observations and the 
matchup pixels where both the observations and the model outputs indicate Sargassum presence, 
respectively.  fi is the Sargassum areal density at pixel i. 
 
 
Analyzing environmental conditions and their impacts on the inter-annual variations of 
Sargassum blooms 

 
We analyzed the Sea Surface Temperature (SST), Chlorophyll-a (Chl) concentration, and dust 

deposition rate to investigate their potential impacts on the inter-annual variations of the 
Sargassum blooms. The data descriptions are summarized in Table S1. The daily outputs were 
averaged to monthly means for this analysis. The Amazon discharge rate at the Obidis station was 
also downloaded from the HYBAM dataset to examine the riverine nutrient impacts.   

 
[Nutrient availability]  
 
Direct measurements of water-column dissolved nutrients in the Central West Atlantic were 

only available in 2010 and 2018. We measured the concentrations of dissolved inorganic nutrients 
on two cruises to the Amazon Plume region:  cruise KN197 (22 May – 24 June 2010) and cruise 
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EN614 (8 May – 1 June 2018), with stations and cruise track guided by satellite imagery and 
hydrographic measurements to sample the Amazon plume and surrounding waters (42).  On both 
cruises, we used a CTD-rosette system to collect water samples, supplemented by samples 
collected from a flow-through system, and measured nutrient concentrations (NO3

- + NO2
-, PO4

3-, 
SiO2) at sea using a Lachat QuickChem 8000 FIA system.  

 
In other years, direct measurements of nutrients in the Central West Atlantic were not 

available. Therefore, we used several indicators to infer possible nutrient availability. These 
include the annual deforestation and fertilizer consumption in Brazil as well as satellite-derived 
Chl and SST anomalies (CHLA and SSTA) in the Central West Atlantic. In the tropical Atlantic 
Ocean, light is not a limiting factor, therefore CHLA could reflect the nutrient availability. As 
upwelling brings deep, cold but nutrient-rich water to the surface, SSTA has been used as an 
upwelling index and can be indicative of the amount of nutrients from upwelling (37). We 
recognized that lower SST could also be a result of reduced solar insolation due to dust layers (43). 
In such cases, lower SST is not associated with increased nutrients, and therefore not associated 
with positive CHLA. For example, the extremely low SST in the Central East Atlantic in early 
months of 2012 could be partially due to the higher dust plume (as indicated by the modeled dust 
deposition rate in Fig. S3B) as opposed to upwelling, which could explain why CHLA is not 
significantly higher in spring 2012 than in other years. In the following analyses, the nutrient level 
is mostly inferred from CHLA and SSTA, but in the Central West Atlantic nutrient input is also 
inferred from the Amazon River discharge anomaly in addition to CHLA.  

 
[Mean environmental conditions and correlation analyses] For each satellite-derived 

monthly Sargassum change rate, we generated the mean environmental conditions using SST, Chl, 
and other variables of the two adjacent months from which the change rate was estimated. The 
mean condition for an environmental variable for each month was defined as the mean value 
weighted by the Sargassum areal density: 

𝑉𝑉𝑅𝑅𝑉𝑉 =  ∑ 𝑉𝑉𝑚𝑚𝑉𝑉𝑖𝑖𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑡𝑡𝐷𝐷𝑖𝑖𝑁𝑁
𝑖𝑖=1
∑ 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑡𝑡𝐷𝐷𝑖𝑖𝑁𝑁
𝑖𝑖=1

                                                             (4) 

where i is the pixel index, N is the number of pixels with positive Sargassum density during that 
month, Vari is the variable value at pixel i, and Densityi is the Sargassum areal density at pixel i. 
Correlation analyses were then conducted for the months of interest between different years to test 
the potential impacts of the environmental factors on Sargassum growth and mortality in certain 
growth phases using these mean environmental variables. 
 

[Separate analyses in the Central West Atlantic and Central East Atlantic during 
winter] As shown in Fig. 1B, winter blooms typically exist in both the western and eastern sides 
of the central Atlantic. Considering the distinct environmental conditions of these two regions, the 
Central West Atlantic and Central East Atlantic were analyzed separately in Fig. S7A & S7B. The 
Central East Atlantic is defined from 0° N - 12° N and 35° W - 15° W, while the Central West 
Atlantic is defined from 9° N - 19° N and 58° W - 33° W during these correlation analyses. 
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Supplementary Text 
 
Climatological Sargassum distributions 

The recent Sargassum distributions have strong seasonal patterns (Fig. 1B). In January, 
Sargassum was mostly observed within the Central Atlantic, located in both the Central West 
Atlantic and Central East Atlantic. They served as two potential seed populations for the 
subsequent spring-summer blooms. From January to April, Sargassum developed into a bloom 
extending to the tropical Atlantic and some of the Sargassum may have already reached the 
Caribbean islands. After April, the bloom continued to develop until the GASB was well formed 
in July, extending northwestward by the North Brazil Current (NBC) and North Equatorial current 
(NEC) and eastward to the West Africa coast by the North Equatorial Counter Current (NECC, 
Fig S2A). In the following months, the strong NECC continued to bring the Sargassum 
aggregations to the eastern Atlantic while the Sargassum abundance began to decrease, leading to 
the gradual dissipation of the GASB from September to October (Fig. 1B). During the boreal 
winter, large Sargassum mats in the Central East Atlantic and Central West Atlantic could diminish 
(such as in 2012) or contribute to new blooms in the coming year (such as in 2014 – 2017). In 
December 2012, Sargassum mostly disappeared in the tropical Atlantic, and therefore there was 
no bloom in 2013.  

 
 

GASB pattern formation – impact of initial Sargassum distributions 

Because Sargassum mats can be very small, satellite sensors will inevitably miss small mats. 
However, even if the same amount of satellite-observed Sargassum were uniformly distributed in 
the Central Atlantic, they would still concentrate in the GASB zone in summer months (Fig. S1A). 
This suggests regardless of the initial Sargassum distributions and regardless of whether satellites 
missed those small Sargassum mats, the general GASB patterns can always form in summer 
months under physical and biological processes. Additionally, the July GASB patterns are better 
reproduced when satellite-derived Sargassum distributions in later months (e.g., April) than in 
January were used to initialize the simulation (Fig. S1C). This is because of the reduced error 
accumulations from the physical locations and biological change terms when the simulation was 
performed in a shorter period.  

 
 

Role of increased nutrient supply from the Amazon River discharge 

Compared to 2002, the mean total forest loss in the Brazilian Amazon River basin increased 
by ~ 25% and the total fertilizer consumption in Brazil increased by ~ 67% in the period of 2011 
– 2018 (Figs. S4A & S4B). Some of the excessive fertilizers are likely to end up in the river water 
discharged to the Central West Atlantic. Together with increased deforestation, nutrient 
concentrations in the Amazon River plume may have increased in recent years as a consequence 
of the expanded human activities including deforestation, agriculture, and other developments.  A 
comparison of surface nutrient concentrations measured in the Amazon plume region in spring 
2010 and spring 2018 provides direct observation for increased delivery of nitrate and phosphate 
to the Central West Atlantic (Figs. S4E & S4F).  Both nitrate and phosphate concentrations were 
higher in 2018 than in 2010 across a broad range of salinities reflecting the interaction and mixing 
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of the river plume with surrounding oceanic waters.  In contrast, silicate concentrations showed 
the same dependence on salinity in both 2010 and 2018 (Fig. S4G), implying that the contrast in 
nitrate and phosphate is a result of increased inputs from the river rather than a difference in 
vertical or horizontal mixing between years. 

Previous studies of the Mississippi River plume have found that the nutrient flux is 
proportional to the river flow flux (44). It is reasonable to expect the same for the Amazon River. 
However, because of the possibly increased nutrient concentrations, nutrient flux may be 
disproportionally higher than predicted by river volume flux. One observation supporting this 
argument is that, compared to the very low dissolved nutrient and phytoplankton in the Amazon 
River plume in the 1960s (45), much higher chlorophyll concentration was measured in the plume 
region in recent years (31, 46). Independent from these field-based observations, mean chlorophyll 
near the Amazon derived from satellite measurements also suggests enhanced nutrient supply in 
recent years (Fig. S4C).  

Compared to the mean discharge rate during peak seasons (200,000 m3/s), the Amazon River 
discharge anomaly may appear relatively small (~10%), but the magnitude of this anomaly (~ 
20,000 m3/s, Fig. 2B) is indeed large and even comparable to the mean flow of the Mississippi 
River (Fig. S6D). The discharge from the Mississippi River is believed to be a major nutrient 
source to nourish the major Sargassum blooms in the Gulf of Mexico.  

Therefore, the observed higher-than-normal Amazon River discharge, together with increased 
human activities (deforestation, fertilizer use) could play a major role in driving the recent blooms 
in the tropical Atlantic.  

 

Water temperature and Sargassum growth 
 
Although it has been widely hypothesized that recent Sargassum blooms could be due to 

global warming, our satellite-based results suggest the opposite, where higher temperature is 
associated with slower Sargassum growth. The temperature inhibition effect alone may be small, 
as indicated in the previous lab experiment showing small variations at 18 – 30 °C under nutrient 
enriched conditions (Fig. S5A).  It is likely that in the real environment the water temperature is 
strongly related to nutrient availability (47), thus also attributing to the observed high correlations 
between SST and Sargassum growth. 

Fig. S6A and S6E show Sargassum change rate and SST in the 12 climatological months in 
the Central Atlantic. Significant negative correlations were found between the two during 
November and December for both Central West Atlantic (Fig. S7A) and Central East Atlantic (Fig. 
S7B). In 2014 and 2017, Sargassum grew rapidly in the Central West Atlantic in November – to 
December when mean SST was much lower than in other years (Fig. S7A). This cooler water 
could be associated with higher nutrients from upwelling or river inputs, thus leading to higher 
Sargassum growth. 
 

Regional connectivity of Sargassum blooms in the Caribbean Sea 
 
From Fig. S2C, we found that the majority of the summer Sargassum in the Caribbean Sea 

can be traced back to the Central Atlantic region, while the other regions (such as the North 
Atlantic and West Africa) show very weak connections with Central Atlantic. In addition to the 
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main source from the Central Atlantic, small amount of Sargassum may recirculate within the 
Caribbean Sea and contribute to the summer bloom in the Caribbean Sea. 
 

Sargassum blooms seasonality and possible drivers 
 

Before 2011, most of the Sargassum was found in the Gulf of Mexico and Sargasso Sea. 
Sargassum abundance increases in the winter/spring months in the Gulf of Mexico, followed by 
transport to the Sargasso Sea where abundance peaks in July to August (5, 6; Fig. S6). After 2011, 
large Sargassum blooms developed in the Central Atlantic, with abundance peaking in June/July 
(Fig. 3B) and positive change rate during first half of the year (Fig. S6).  

In both Gulf of Mexico and tropical Atlantic, similar seasonal patterns in change rate were 
observed (positive in the first half of the year, Fig. S6), which may be a result of changing nutrient 
availability and the biological cycle of Sargassum. In the Sargasso Sea, Sargassum seasonality 
may be largely attributed to physical aggregations of the Sargassum seed populations from the 
other two regions (Gulf of Mexico and tropical Atlantic) from June to November. In later months 
limited nutrients may hinder Sargassum growth, resulting in decreased abundance in the Sargasso 
Sea during winter - spring. 

Although we are unaware of any relevant work on the Sargassum internal cycle, previous 
studies have shown that the free-running circannual rhythms (CR) do exist in other brown 
seaweed species (35). Thus, it is likely that Sargassum also has endogenous CR, which control 
their growth patterns regardless of the external conditions (Dr. Klaus Lüning, Alfred Wegener 
Institute for Polar and Marine Research, personal communication). In addition, the seasonality 
in nutrient supply could also contribute to the observed seasonality in Sargassum change rate 
(Figs. S6A &S6B). In both Gulf of Mexico and tropical Atlantic, significant positive correlations 
were found between Sargassum change rate and corresponding river discharge (Figs S6C & 
S6D). Strong correlations between water temperature and Sargassum change rate (Figs S6E & 
S6F) were also observed, although these correlations may simply be a coincidence as water 
temperature also co-varied with other environmental factors such river discharge. In the tropical 
Atlantic, other nutrient sources include West Africa upwelling, dust deposition, and equatorial 
upwelling, which all show strong seasonality. Therefore, the observed seasonality in Sargassum 
abundance and growth rate could be a result of both Sargassum’s inherent circannual rhythms and 
seasonality in nutrient availability. 
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Figures 

Fig. S1. 
The GASB pattern formation in July (climatological month). (A) Forward tracking from 
January to July, when a uniform Sargassum distribution (bounded by the blue lines: 5° S -18 ° N 
and 58° W - 15° W) in January was used to initialize the model. The total integrated Sargassum 
amount is the same as the MODIS-derived value in January. (B) Forward tracking from January 
to July when Sargassum in January from MODIS observations was used to initialize the model. 
(C) Same as in (B), but Sargassum in April from MODIS observations was used to initialize the 
model. The matchup percentages of the modeled results with the corresponding satellite 
observations are annotated in the bottom right corner of each image, where a 100% matchup 
represents good agreement.  
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Fig. S2. 
Sargassum regional connectivity in the Caribbean Sea and Atlantic Ocean. (A) The 
geographic coverage of the Central Atlantic, Caribbean Sea, North Atlantic, and West Africa. The 
major ocean currents discussed in this study are annotated with dark blue arrows. (B) The regional 
connectivity of Sargassum bloom sources in the Central Atlantic in July and January, determined 
from forward and backward tracking for six months. (C) The regional connectivity of Sargassum 
bloom sources in the Caribbean Sea in July, determined from forward and backward tracking for 
six months. The percentages in (B) and (C) represent the fraction of Sargassum particles that 
entered the highlighted region (the end arrow) from the marked area (the begin arrow) six months 
earlier (see definitions in equation (1)). 
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Fig. S3.  
The latitude-averaged monthly mean chlorophyll-a and dust deposition anomaly from 2009 
to 2018. The vertical lines marked at 88° W, 61° W, 50° W, 38° W, and 15° W represent the 
Yucatan peninsula coast, Barbados coast, the Amazon River month, the middle of the central 
Atlantic, and the West Africa coast, respectively.  
  

A B Chlorophyll anomaly Dust deposition anomaly 
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Fig. S4. 
Observations of the potentially enhanced nutrient supply in recent years in both Central 
West Atlantic and Central East Atlantic. (A) The total Amazon forest loss since 1970. (Data 
only include the Brazilian Amazon, based on estimates provided by the Brazilian National Institute 
of Space Research and the United Nations Food and Agriculture Organization, downloaded at 
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https://rainforests.mongabay.com/amazon/deforestation_calculations.html). (B) The total 
fertilizer consumption in Brazil (Data from World Development Indicators, Food and Agriculture 
Organization). The numbers marked inside the red dashed boxes in (A and B) represent the percent 
increase of the mean values in the boxes compared to the data in 2002. (C and D) The annual mean 
chlorophyll anomaly measured in and near the Amazon River plume and off the West Africa coast. 
The region in and near the Amazon River plume is defined from 10° S - 10° N and 50° W - 25° 
W. The region off the West Africa coast is defined from 0° N - 12° N and 35° W - 15° W. The red 
arrows indicate the year of 2011 when large Sargassum amount first appeared in the Caribbean 
and tropical Atlantic. (E - G) Surface concentration of nitrate, phosphate, and silicate during 
cruises KN197 (circles, 22 May – 24 June 2010) and EN614 (red diamonds, 8 May – 1 June 2018) 
as a function of salinity. (H) Hydrographic stations sampled during cruise KN297 (circles) and 
EN614 (red diamonds). During cruise KN197, samples were also collected from the ship’s flowing 
seawater system (42). 
 
 
  

https://rainforests.mongabay.com/amazon/deforestation_calculations.html
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Fig. S5. 
Specific growth rate (doublings per day) of Sargassum natans under different water 
temperature (A) and salinity (B) under nutrient-rich conditions. Sargassum fluitans, the other 
type of pelagic Sargassum which is also present in our study region, is found to have similar 
responses to temperature and salinity changes. The vertical bars indicate standard errors from 6 
measurements. Note the decrease in growth rate when temperature is > 24oC. Such temperature-
induced inhibition becomes very strong once temperature is above 30oC. When salinity is reduced 
to 30 from 36, the growth rate of both Sargassum natans and fluitans can decrease by ~50%. The 
plots and observations of the salinity and temperature responses of Sargassum fluitans and natans 
listed above are all from Hanisak & Samuel (1987). Because Sargassum typically lives in nutrient-
poor open-ocean waters, stronger temperature responses observed from this study can possibly be 
due to the poor nutrient availability than in the laboratory experiments.    
 
  

A B 
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Fig. S6. 
Seasonality of mean Sargassum change rate (A & B), mean river discharge (C & D), and 
mean water temperature (E & F) in the Gulf of Mexico and tropical Atlantic. The inserted 
small figures and equations in C-F show the correlation analyses of the corresponding variables 
with the Sargassum change rate in the region. The red dashed lines indicate water temperature of 
28 °C. 
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Fig. S7. 
Correlations between Sargassum change rate and mean SST during November –December 
in the Central West Atlantic and Central East Atlantic (A and B), respectively.  The data from 
December 2017 and 2014 are marked in green and red, respectively. 
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Table S1. 
Environmental datasets used to investigate the potential environmental impacts on Sargassum 
growth and mortality in different years. 
 

Environmental 
variable name 

Source Temporal 
resolution 

Spatial 
resolution 

SST Multi-scale Ultra-high Resolution (MUR) SST 
https://mur.jpl.nasa.gov/index.php  

Daily 0.01° 

Chl 
concentrations 

NASA Ocean Color MODIS Aqua 
(https://oceancolor.gsfc.nasa.gov/ ) 

Monthly  4 km 

Dust deposition 
rate 

Spectral Radiation-Transport Model for Aerosol Species 
(SPRINTARS) model version 5.9.0 (48) 

Daily 1.125° 

 
  

https://mur.jpl.nasa.gov/index.php
https://oceancolor.gsfc.nasa.gov/
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Table S2. 
Hypotheses and observations on the inter-annual variations of Sargassum change rate during 
both growth and decrease phases since 2011. Note that the term “dust” refers to wet deposition 
of the African dust unless noted otherwise. The Amazon biomass burning induced dust occurs 
during July – November could limit light (49, 50), but the overall impacts should be small, as the 
light availability (as estimated from the MODIS monthly data products of photosynthetically 
active radiation (PAR)) across the Central Atlantic did not show significant changes during 
recent years.  
 

2011 

Growth phase:  
Fast early growth since April 

Causes Observations 

 Sargassum seeds from previous years  Movie. S1 

 Nutrients accumulation from Amazon 
during 2009 – 2010 

 Higher Amazon River discharge from 2008-2009 
(Fig.2B) 
 Higher CHLA near the Amazon River mouth 
during 2009 – 2010 

 Enhanced nutrients from upwelling in the 
Central East Atlantic in 2009 

 Higher CHLA and lower SSTA near the West 
Africa in 2009 

 Lower SST compared to 2010  Fig. 2D 

Decrease phase: 
Normal decrease 

Causes Observations 
 Normal water temperature during later 
summer to winter of 2011   Fig. 2D 

 
 

2012 

Growth phase:  
Normal early growth since winter 2011  

Causes Observations 

 Sargassum seeds from winter 2011  Movie. S1 

 Enhanced nutrients from upwelling in the 
Central East Atlantic in 2012 

 Higher CHLA and lower SSTA near the Central 
East Atlantic from winter 2011 to spring 2012 
 Note that the extremely low SST in the eastern 
Atlantic in early months could be partially due to 
the higher dust plume as opposed to upwelling 
(Fig. S3B) 

 Lower SSTA during the growth phase  Fig. 2D 

Decrease phase: 
Rapid decrease 

Causes Observations 
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 Overall, lower nutrients across the central 
Atlantic in the summer to winter months 

 Lower Amazon River discharge from 2010 – 
2011 (Fig. 2B) 
 Lower CHLA near the Amazon River plume 
region in 2012 

 Higher water temperature since late 
summer of 2012  Fig. 2D 

 
 
 

2014 

Growth phase:  
Fast growth near the Central East Atlantic since January  

Causes Observations 
 Cooler water temperature since autumn 
2013 favorable for early growth  Fig. 2D 

 Enhanced nutrients from upwelling in the 
Central East Atlantic in 2014 

 Higher CHLA and lower SSTA near the Central 
East Atlantic from winter 2013 to spring 2014 

 Higher riverine nutrients from Amazon 
River discharge from 2013-2014 

 Higher Amazon River discharge anomaly 
accumulated from 2013 – 2014 (Fig. 2B) 
 Positive CHLA near the Amazon River mouth 
during 2013 to 2014 

Decrease phase: 
Slow decrease 

Causes Observations 
 Higher nutrients from Amazon River and 
upwelling processes in 2014  See above 

 Lower water temperature from the 
summer to winter of 2014  Fig. 2D 

 
 

2015 

Growth phase:  
Moderate growth across the entire central Atlantic  

Causes Observations 
 Lots of Sargassum seeds from winter 
2014  Movie. S1 

 Enhanced nutrients from upwelling in the  
Central East Atlantic in 2015 

 Higher CHLA and lower SSTA near the Central 
East Atlantic from winter 2014 to spring 2015 

 Still high riverine nutrients from Amazon 
River discharge in 2015 

 Higher Amazon River discharge anomaly 
accumulated from 2014 – 2015 (Fig. 2B) 
 Positive CHLA near the Amazon River mouth 
during 2014 to 2015 

 The significant Sargassum biomass 
requires more nutrients thereby lower 
down the overall growth rate 

 Movie. S1 and Fig. 3A 

Decrease phase: 
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Fast decrease and most Sargassum dead near the Central West Atlantic before February 2016 
Causes Observations 

 Nutrient limitation due to the large 
Sargassum standing stock   See above 

 Warmer water temperature since winter 
2015  Fig. 2D 

2016 

Growth phase:  
Moderate growth near the Central East Atlantic 

Causes Observations 
 Small amount of Sargassum seeds near 
the Central East Atlantic from winter 2015  Movie. S1 

 Relatively lower nutrients from 
upwelling in the Central East Atlantic in 
2016 compared to that in 2014-2015 

 Relatively lower CHLA and higher SSTA near 
the Central East Atlantic compared to the 
conditions in 2014-2015 

 Lower riverine nutrient from Amazon 
River in spring to summer 2016  

 Lower Amazon River discharge anomaly in 2016 
(Fig. 2B) 
 Negative CHLA near the Amazon River mouth 
during spring to summer 2016 

 Warmer SST hindered the growth  Fig. 2D 

Decrease phase: 
Slow decrease during summer to autumn, rapid increase during winter months 

Causes Observations 
 Nutrient input from river discharge since 
autumn 2016 transported across the Central 
Atlantic 

 Higher Amazon River discharge anomaly since 
winter 2016  
 Higher CHLA near Amazon River month in autumn 
2016 transported to the Central East Atlantic 

 Enhanced nutrients from upwelling near 
the Central East Atlantic during winter 
2016 

 Higher CHLA near the Central East Atlantic in 
winter 2016 (Fig. S3A) 

 

2017 

Growth phase:  
Rapid growth in the winter 2016, moderate growth during spring 2017 

Causes Observations 
 Lots of Sargassum seeds from winter 
2016  Movie. S1 

 Enhanced nutrients from upwelling in the 
Central East Atlantic in 2016 

 Higher CHLA near the Central East Atlantic 
from winter 2016 to spring 2017 

  Enhanced Amazon nutrient input 

 Positive Amazon River discharge anomaly from 
2016 – 2017 (Fig. 2B) 
 Positive CHLA near the Amazon River mouth 
during 2017 

 Warmer SST hinder the growth during 
spring, but cooler temperature occurs from 
summer to winter months 

 Movie. S1 and Fig. 2D 

Decrease phase: 
Normal decrease in autumn and rapid growth in winter near the Central West Atlantic 
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Causes Observations 

 Enhanced nutrients    Positive CHLA and negative SSTA near the 
Central East Atlantic in winter 2017 

 Cooler water temperature across the 
central Atlantic since winter 2017  Fig. 2D 

 
 
Movie S1. (separate file) 
Monthly mean Sargassum distributions in the Intra-Americas Sea and Atlantic Ocean from 2000 
to 2018.  
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