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Abstract   

Field and laboratory experiments are designed to measure Sargassum biomass per area 

(density), surface reflectance, nutrient contents, and pigment concentrations. An Alternative 

Floating Algae Index (AFAI)-biomass density model is established to link the spectral 

reflectance to Sargassum biomass density, with a relative uncertainty of ~ 12%. Monthly mean 

integrated Sargassum biomass in the Caribbean Sea and Central West Atlantic reached at least 

4.4 million tons in July 2015. The average % C, % N, and % P per dry-weight are 27.16, 1.06, 

and 0.10, respectively. The mean chlorophyll-a (Chl-a) concentration is ~ 0.05% of the dry-

weight. With these parameters, the amounts of nutrients and pigments can be estimated directly 

from remotely sensed Sargassum biomass. During bloom seasons, Sargassum carbon can 

account for ~ 18% of the total particulate organic carbon in the upper water column. This study 

provides the first quantitative assessment of the overall Sargassum biomass, nutrients, and 

pigment abundance from remote-sensing observations, thus helping to quantify their ecological 

roles and facilitate management decisions.  
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1. Introduction 

Pelagic Sargassum is a unique type of brown macroalgae that is mainly found in the 

Atlantic Ocean. It serves as a critical habitat and refuge to various marine organisms [Council, 

2002; Doyle and Franks, 2015; Hu et al., 2016; Lapointe et al., 2014; Rooker et al., 2006; 

Witherington et al., 2012], and Sargassum sinking can potentially contribute to the carbon input 

to the deep-sea communities [Baker et al., 2017; Johnson and Richardson, 1977; Krause-

Jensen and Duarte, 2016; Rowe and Staresinic, 1979]. On the other hand, massive Sargassum 

beaching events can cause various environmental and economic problems in coastal areas of 

the Gulf of Mexico (GOM), Caribbean Sea (CS), and West Africa during bloom seasons 

[Franks et al., 2011; Hu et al., 2016; Schell et al., 2015; Webster and Linton, 2013]. While 

large Sargassum aggregations in the Atlantic Ocean have been noted for centuries, a robust 

quantitative assessment of their total biomass is still lacking due to technical limitations. Early 

Sargassum biomass estimations mainly come from ship-based samplings using neuston tows 

[Butler et al., 1983; Butler and Stoner, 1984; Parr, 1939; Stoner, 1983]. Parr measured the 

Sargassum biomass density in various locations in the Sargasso Sea and the tropical Atlantic, 

and estimated a total biomass of 7-10 million tons in the Sargasso Sea [Parr, 1939]. Stoner 

conducted another quantitative study and reported a major decrease of Sargassum biomass 

[Stoner, 1983], which was later attributed to the geographic variations within the Sargasso Sea 

and the sampling method [Butler and Stoner, 1984]. More recently, the Sea Education 

Association collected neuston measurements in both Sargasso Sea and tropical Atlantic over 

the last 50 years and observed significant abundance changes especially in the tropical Atlantic 

[Schell et al., 2015; Siuda, 2011]. However, given the significant seasonal and inter-annual 

variabilities of Sargassum abundance and distributions in the Intra-Americas Sea (IAS) and 

North Atlantic [Wang and Hu, 2016; 2017], ship-based field measurements are likely biased 

for the basin-scale biomass estimation.  

Because Sargassum has enhanced reflectance in the near-infrared (NIR) spectral bands 

(this is often called “red-edge” reflectance), satellite and airborne instruments have been used 

to detect and quantify Sargassum [Dierssen et al., 2015; Gower and King, 2011; Hu, 2009; Hu 

et al., 2015; Hu et al., 2016]. However, due to a lack of field or laboratory measurements, 

nearly all remote sensing studies have focused on the areal density or relative amount [Gower 

et al., 2013; Gower and King, 2011; Wang and Hu, 2016; 2017]. On the other hand, knowledge 

of Sargassum biomass and its pigment compositions and nutrient contents, especially their 

distributions and temporal changes, is critical in quantifying its roles in biogeochemical cycling 

and ocean ecology [Baker et al., 2017; Lapointe, 1995; Lapointe et al., 2014; Rooker et al., 

2006].  

Therefore, the objective here is to fill this knowledge gap by (1) developing a model to 

estimate Sargassum biomass density from reflectance, (2) determining Sargassum nutrient and 

pigment compositions and concentrations through field and laboratory measurements, and (3) 

mapping distributions of Sargassum biomass, nutrients, and pigments in the study region. 

2. Materials and Methods 

Sargassum samples were collected from the GOM and Florida Straits in June - July 

2017 (Figure S1). One station from Belize was also included in the analysis. Five types of 

Sargassum data were collected: (1) wet-weight, (2) surface area, (3) surface reflectance, (4) 

pigment concentrations, and (5) nutrients of C, N and P.  Additional data of (1-3) collected in 

June 2018 in the GOM were also used. 
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2.1 Sargassum biomass-per-area  

Sargassum biomass density was estimated by measuring the wet weight and areal 

coverage of an isolated patch (Figure 1) and repeating the measurements. A photo with both a 

1-m2 quadrat and the Sargassum patch was taken before collecting the Sargassum patch. The 

former was used to estimate the patch’s area, while the latter was used to estimate the patch’s 

weight. The sample was rinsed to remove vertebrates and invertebrates, drained for a few 

minutes to reduce the loose water, and then the wet-weight was measured using a spring scale 

of 0.1 kg accuracy. 

 

Figure 1. Quantification of Sargassum patch areal coverage using a 1-m2 quadrat. (a) Original 

photo with the Sargassum patch inside the quadrat. The patch was collected immediately after 

the photo collection in order to determine its biomass; (b) Rectified image based on the 8 

control points marked as red dots, as illustrated in (c) and (d).  

Because the digital photos typically have strong distortions, they were first rectified 

using the 8 control points marked on the quadrat (Figure 1). Then the Sargassum areal density 

(DS, kg/ m2) was calculated as: 

       𝐴𝑠 =
𝐶𝑆

𝐶𝑄
𝐴𝑄,    𝐷𝑠 = 𝑊𝑠/𝐴𝑠                                                                (1) 

where AS is the area (m2) of the Sargassum patch, AQ is the area of the quadrat (1 m2), CS is the 

pixel count of the patch, CQ is the pixel count of the quadrat, and WS is the wet-weight (kg) of 

the patch.   

2.2 Reflectance and AFAI versus to Sargassum biomass density 

In separate bucket experiments, Sargassum reflectance was measured at different 

biomass densities in order to develop a model to estimate biomass density. The 

SpectralEvolution spectrometer covers the spectral range of 277 - 1908nm, with a field of view 

of 25˚ (Figure S2a). 

Sargassum samples collected from the ocean were weighed using a spring scale with 1 

g accuracy and put in a cooler. Twenty 25 g bags, six 70 g bags, and three 100g bags of samples 

(29 total) were prepared. These samples were added one at a time to the black bucket filled 
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with seawater forming 29 different densities, six of which are shown in Figure S2b. Sargassum 

biomass density was calculated as Sargassum weight divided by the bucket surface area (π × 

(0.47/2)2 m2 = 0.17 m2). Surface reflectance was measured at each of the 29 biomass densities 

~ 6 times to establish a relationship between biomass density and reflectance (Figure S2c).  

AFAI-biomass density model: Following Wang and Hu [2016], alternative floating 

algae index (AFAI) was calculated using surface reflectance corresponding to MODIS bands, 

after applying the MODIS relative spectral response (RSR) to the hyperspectral reflectance 

measured above: 

𝐴𝐹𝐴𝐼 =  𝑅748 − 𝑅667 − (𝑅869 − 𝑅667)
748−667

869−667
 ,                                       (2) 

where the numbers denote the MODIS bands in nanometers.  

Each measured R(λ) had a corresponding AFAI and biomass density, which were used to create 

a regression model. To apply the regression model to the satellite derived AFAI, the in situ 

AFAI was converted to MODIS AFAI using simulations under different atmospheric 

conditions. Two aerosol types were considered: maritime aerosol (90% humidity) and coastal 

aerosol (50% humidity). The aerosol optical thickness at 869nm (τ869) was tested from 0.04 – 

0.44, where τ869 = 0.10 represented the mean condition for the study region [Wang and Hu, 

2016]. In situ AFAI measurements were then converted to MODIS AFAI, with the new AFAI-

biomass density model applied to MODIS AFAI. In practice, because Sargassum % coverage 

per pixel or per 0.5o grid was already derived [Wang and Hu, 2016] and each % coverage 

corresponds to a MODIS AFAI value, such developed MODIS AFAI-biomass density model 

can be applied directly to the % coverage maps. 

Model validation and uncertainty estimations: Direct model validation from satellite 

measurements is challenging due to the difficulty in linking the field-measured patch to the 

satellite-measured patch [Hu et al., 2017]. There is further difficulty in conducting such 

measurements precisely within a MODIS 1 km × 1 km pixel area due to Sargassum patchiness. 

Reflectance data of ten relatively dense and homogenous patches were collected while floating 

on the ocean surface, and their biomass densities were quantified with the method described in 

section 2.1. Additional black bucket (section 2.2) experiments were conducted to measure 

Sargassum reflectance to validate the model at various biomass density ranges.  

2.3 Sargassum pigments and nutrient concentrations 

Sargassum samples were collected for tissue nutrient and pigment analyses from both 

the neritic and oceanic locations. At each station, ~30g Sargassum samples of both Sargassum 

fluitans (SF) and Sargassum natans (SN) were collected, rinsed, and stored at -20°C 

immediately after weighing and packing. 

Sample preparation: In the lab, frozen samples were freeze-dried with the “Labconco 

freeze-dryer system” for 48-72 hours. The dried samples were ground into fine powders with 

a clean mortar and pestle. The corresponding dry-weight for each Sargassum sample was 

measured to quantify the dry-to-wet weight ratio with a digital scale of 0.1 mg accuracy. The 

ground materials were transferred in plastic vials and stored at -20°C until analyzed.  

The ground samples were divided into three parts (subsamples) and analyzed as 

follows: two were used for pigment analyses (using spectrophotometry and High Performance 
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Liquid Chromatography (HPLC)) and one for nutrient content measurements. For the 1st 

subsample, pigment extraction was conducted via vortexing ~ 0.1g of the dried sample 

dissolved in 10 ml of 90% acetone for 30 seconds. The sample was then sonicated in Branson 

5510 ultrasonic cleaner for 30 seconds. The mixture was stored in a -20°C freezer for 24 hours 

to allow for sufficient pigment extraction. The absorption spectra of the pigment extracts were 

measured with a Perkin Elmer Lambda 25 UV/Vis spectrophotometer. Concentrations of Chl-

a and Chl-c were calculated using Jeffery and Humphrey equations [Jeffrey and Humphrey, 

1975]. Figure S3 summarizes the main measurement processes and Figure S4 shows the 

absorbance spectra collected. For the 2nd subsample, pigment composition was analyzed by 

NASA-GSFC using HPLC with similar pigment extraction protocols [Hooker et al., 2005; Van 

Heukelem and Thomas, 2001]. For the 3rd subsample, the nutrient content analysis was 

conducted at the University of Georgia Analytical Chemistry Lab to determine tissue %C, %N, 

and %P per unit dried materials. 

3. Results 

3.1 Biomass density of pure Sargassum patch 

A total of 43 measurements were conducted from isolated Sargassum patches, of which 

38 were from the GOM and 5 from the Florida Straits. The estimated biomass density is 3.54 

± 1.27 kg/m2 in the GOM and 1.79 ± 0.55 kg/m2 in the Florida Straits. For all samples, the 

average is 3.34 ± 1.34 kg/m2, with a maximum of 6.74 kg/m2 and minimum of 1.26 kg/m2.  

3.2 Sargassum AFAI-biomass density model and its uncertainties 

Fig. 2 shows the MODIS RSR-weighed in situ AFAI against biomass density between 

0.14 and 7.03 kg/m2.  

 

Figure 2. Sargassum biomass density (kg/m2) versus in situ AFAI, determined from the bucket 

experiments (Figure S2) or measured in the ocean (Figure 1). The red line is the model fit (Eq 

3) using training data (red circles). The blue squares represent validation data from other bucket 

experiments, while the gray triangles are from measurements in the ocean.   

At low densities (< 0.93 kg/m2, AFAI < 0.04), AFAI increases linearly with density (R2 

= 0.98). At higher densities, a two-degree polynomial relationship was established (R2 = 0.96). 

Thus, the AFAI-biomass density model was established as: 

𝑦 = 23.34𝑥                                                                        (0 < 𝑥 ≤ 0.04) 
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𝑦 = 104.88 (𝑥 − 0.04)2 + 65.26(𝑥 − 0.04) + 0.93          (𝑥 > 0.04)                 (3) 

where x is the AFAI value and y is the modeled Sargassum biomass density (kg/m2).  

The above model was based on in situ AFAI. Simulation results in Figure S5a showed 

tight relationship between MODIS AFAI and in situ AFAI. Under mean aerosol conditions 

(τ869 = 0.10), MODIS AFAI is ~75% of in situ AFAI (Figure S5b, R2 = 1.00). Therefore, a 

multiplier of 1.33 was applied to convert MODIS AFAI to in situ AFAI before applying Eq. 3 

to MODIS AFAI imagery (Figure S6).  

The model’s relative uncertainties were determined using independent measurements 

collected both in the bucket (blue squares in Figure 2) and in the ocean (gray triangles in Figure 

2). The mean uncertainty was determined to be ~ 11% and it appeared to be relatively consistent 

for both low and higher densities. Additional uncertainty comes from the variable atmospheric 

conditions. Under different conditions, the mean relative uncertainty in the MODIS AFAI was 

1.2% with a maximum of 2.0%. Considering all uncertainty sources, the overall uncertainties 

in the modeled Sargassum biomass density should be < 12% for a local patch.  

3.3 MODIS-derived Sargassum biomass density distributions 

Of all the Sargassum-containing pixels extracted from available MODIS images in 

2015 covering the Central West Atlantic (CWA) region, 99.5% have AFAI values lower than 

0.0028 (i.e., within the linear range of 0 – 0.04 in the AFAI-biomass density model), 

corresponding to < 6.23% Sargassum coverage within a pixel. For the monthly aggregated 0.5o 

grids, mean Sargassum % coverage is usually < 0.1% within a grid. 

The monthly mean total biomass in the CS and CWA from 2011-2017, estimated from 

the MODIS-derived % coverage (and its corresponding AFAI value)  [Wang and Hu, 2016] 

and the AFAI-biomass density model (Eq. 3), are summarized in Table S1 and Figure 3 for the 

0.5o grids. Note that these biomass estimations did not consider the dense Sargassum 

aggregations in the vertical direction, thus only representing lower-bound estimations. If the % 

coverage were first converted to area coverage (m2 in each 0.5o grid) and then converted to 

biomass using the field measured value of 3.34 kg/m2 for pure Sargassum patches, the 

estimated biomass density would be 1.91 times the values in Fig. 3b. According to the previous 

ship-based measurements [Butler and Stoner, 1984; Parr, 1939; Stoner, 1983], Sargassum 

biomass density in the GOM, CS, and North Atlantic typically ranged from 0.0 to 0.84 (g/m2) 

[Schell et al., 2015; Siuda, 2011]. However, for the bloom conditions shown here, MODIS-

derived biomass density could reach ~ 100 g/m2 for the 1-km pixels (Figure S6). Such dense 

patches at MODIS pixel scale would be unrealistic to sample in the field, therefore justifying 

the use of remote sensing to assess the large-scale Sargassum distributions.  

The mean total Sargassum biomass in the CS and CWA for July 2015 is at least (i.e., 

lower bound) 4.4 million tons. This is within the same magnitude of the biomass estimation 

conducted by Parr [Parr, 1939] for the Sargasso Sea (7-10 million tons). However, because the 

coarse MODIS pixels (1 km) cannot detect any Sargassum patch < 2000 m2 (0.2% of a MODIS 

pixel [Wang and Hu, 2016]) and because vertical aggregation of Sargassum cannot be remotely 

sensed, the MODIS-based estimates can only be used as a lower bound. Also note that if the 

central eastern Atlantic is included the total biomass would be much higher. On the other hand, 

even this lower bound is ~ 2.5 times of the daily maximum Ulva prolifera biomass in the 
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Yellow Sea in 2015 [Hu et al., 2017], indicating the unprecedented scale and intensity of the 

Sargassum bloom.   

3.4 Major pigment and nutrient concentrations of Sargassum 

The Sargassum nutrient contents are summarized in Table 1. Most stations here are 

from neritic waters (see Figure S1). There are only 3 stations that are relatively offshore, but 

their nutrient compositions did not show a large difference from neritic stations. Overall, 

nutrient compositions are relatively stable for all samples. The mean %C, %N, and %P per dry-

weight (d.w.) are 27.16, 1.06, and 0.10, respectively.  

Table 1. Sargassum nutrients and compositions per unit dry-weight and major pigment 

concentrations measured by HPLC (Unit: ng mg d.w.-1). SF: Sargassum fluitans; SN: 

Sargassum natans; SW: Sargassum whole samples containing both SN and SF. NAN means 

not calculated. 

 %C %N %P C:N C:P N:P Chl-a Chl-c 

T
o

ta
l 

SF 26.49 ± 1.79 1.11 ± 0.29 0.11 ± 0.03 30.80 ± 15.43 694.94 ± 275.82 23.68 ± 7.32  439.05 ± 70.48 36.68 ± 6.71  

SN 28.35 ± 2.45 0.95 ± 0.30 0.09 ± 0.03 38.81 ± 13.05 926.24 ± 339.24 24.24 ± 5.47 537.93 ± 54.82 42.41± 5.34  

SW 27.16 ± 2.23 1.06 ± 0.31 0.10 ± 0.03 33.66 ± 15.08 777.55 ± 318.83 23.88 ± 6.70 485.20 ±101.28 39.36 ± 6.69 

N
er

it
ic

 

SF 26.94 ± 1.82 1.07 ± 0.30 0.11 ± 0.04 32.99 ± 17.39 727.39 ± 316.59 23.11 ± 8.11 NAN NAN 

SN 29.24 ± 2.02 0.88 ± 0.28 0.08 ± 0.02 42.47 ± 12.32 983.90 ± 310.12 23.74 ± 5.62 NAN NAN 

SW 27.76 ± 2.19 1.00 ± 0.31 0.10 ± 0.03 36.37 ± 16.35 818.72 ± 336.26 23.33 ± 7.30 NAN NAN 

O
ce

an
ic

 

SF 25.10 ± 5.45 1.23 ± 0.24 0.11 ± 0.01 25.10 ± 5.45 610.98 ± 68.40 25.15 ± 5.45 NAN NAN 

SN 29.41 ± 10.05 1.13 ± 0.31 0.10 ± 0.04 29.41 ± 10.05 777.96 ± 376.76 25.53 ± 5.05 NAN NAN 

SW 25.59 ± 7.60 1.19 ± 0.26 0.11 ± 0.03 26.65 ± 7.60 670.92 ± 241.04 25.29 ± 4.62 NAN NAN 

 

Table 1 and Table S2 summarizes Chl-a and Chl-c pigment concentrations determined 

from both spectrophotometric and HPLC measurements. The mean Chl-a concentration 

(HPLC) is 485.20 ± 101.28 ng mg d.w.-1, representing ~ 0.05% of the total dry biomass. The 

Chl-a: Chl-c ratio is 0.08 ± 0.01 from all HPLC measurements. Overall, pigment compositions 

are stable for both species. The two major light-harvesting pigments are Chl-a and fucoxanthin, 

accounting for ~ 60% and 20% of the total major pigment contents (Table S3). All other 

pigments are an order of magnitude lower.  The results from the spectrophotometric 

measurements are close to those from the HPLC measurements.  

The HPLC-measured mean concentrations from all samples were used to derive 

pigment concentrations from biomass density and to compare with those values reported by 

Schofield et al.[1998]. The concentrations from this study are consistently higher for all major 

pigments for both SF and SN (Table S3). It is unclear whether this is due to seasonal variations, 

measurement protocols, or real changes during the 20-year period. However, the relative 

fractions of the major pigments are consistent from both studies (Figure S7). 
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Figure 3. Monthly mean Sargassum areal coverage (%), biomass density, Chl-a, C, N, and P 

in each 0.5o grid in the CS and CWA in July 2015. Based on the mean concentrations measured 

in this study, the biomass, nutrients, and pigments in (b-f) were derived from the Sargassum % 

coverage (and the corresponding AFAI) in (a) using Eq. (3). The total integrated Sargassum 

areal coverage, wet biomass, nutrients, and pigments over the bloom areas (density > 0.0%) 

are annotated in each panel. 

4. Discussions 

Sargassum pigments: Sargassum reflectance properties are determined primarily from 

pigment composition: each pigment has its own absorption characteristics. For example, the 

reflectance troughs at 630 nm and 670 nm are caused by the strong absorption by Chl-c and 

Chl-a, respectively [Bricaud et al., 2004]. The low Chl-c: Chl-a ratio (0.08) can explain the 

different magnitudes of these reflectance troughs. Likewise, the low reflectance between 400 

– 500 nm (the reason why Sargassum does not have any blueish-greenish colors), is caused by 

Chl-a absorption around 440 nm and fucoxanthin absorption around 500 nm [Bricaud et al., 

2004]. The low reflectance in the green wavelengths is expected, and helps discriminate 

Sargassum from Trichodesmium. This cyanobacteria (also called blue-green algae) is also 

abundant in the Atlantic Ocean [Hu et al., 2015] and similar to Sargassum in that it also shows 

red-edge reflectance when algae cells or colonies form surface scums. These reflectance 

characteristics, associated with the major pigment absorptions, might eventually be used to 

develop algorithms to assess Sargassum life stages and physiological states. 

Sargassum Carbon: As shown in Figure 3d, the massive Sargassum bloom in the CS 

and CWA contained large amounts of carbon that have not been considered in any carbon cycle 

models. Is this a negligible component when compared to the traditional water-column 
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phytoplankton carbon (i.e., particulate organic carbon or POC)? Or, is it a vital component 

required to improve carbon cycle models? As Sargassum lives mostly in nutrient-poor open-

ocean waters with low water-column Chl-a concentrations, POC from a layer 50-m deep of 0.1 

mg/m3 Chl-a concentration was used to compare with Sargassum carbon. The former is 

equivalent to an integrated water column Chl-a density of 5.0 mg/m2. Assuming the mean 

C:Chl-a ratio of 74 (g:g) in the Atlantic Ocean [Wang et al., 2013], the water column POC is 

0.37 g/m2. In comparison, for waters with Sargassum biomass density > 0.0 g/m2 in July 2015 

(an area of 7.23 × 106 km2), Sargassum Chl-a, wet biomass, and carbon were estimated to be 

0.06 mg/m2, 0.61 g/m2, and 0.03 g/m2, respectively. Although these numbers are lower than 

those of the water-column phytoplankton, the Sargassum contributions to total carbon (~ 9%) 

should not be neglected. On the other hand, for the entire study region (1.16 × 107 km2), because 

some waters have 0.0 g/m2 Sargassum, the mean Sargassum Chl-a, biomass, and carbon in July 

2015 are reduced to 0.04 mg/m2, 0.38 g/m2, and 0.02 g/m2, respectively. This still indicates that 

Sargassum carbon can represent a significant component (~ 6%). 

In addition to MODIS observed Sargassum, there may also exist many small-scale 

Sargassum features that are undetectable by MODIS. Given the detection limit of 0.2% 

coverage within MODIS 1-km pixels [Wang and Hu, 2016], the lowest biomass density 

measured from a MODIS pixel is 2.80 g/m2, higher than most field-measured values. Given 

the fact that field measurements are mostly through neuston nets for small Sargassum mats or 

clumps, field collected Sargassum densities may represent the undetected proportion. Adding 

the field-measured biomass density of 0.84 g/m2 (during November 2014 – May 2015) [Schell 

et al., 2015] to MODIS measurements (0.38 g/m2) (note that this value appears lower than the 

pixel-level detection limit, but it is a result of monthly averaging), the mean Chl-a, biomass, 

and carbon are 0.12 mg/m2, 1.22 g/m2, and 0.07 g/m2 in the entire study regions, respectively. 

Thus, the total Sargassum carbon can account for ~18% of the phytoplankton carbon over the 

entire study region during the peak months. By failing to account for this much carbon, it is 

clear that current carbon cycle models could be improved by including total Sargassum carbon. 

Sargassum nutrient limitations:  Compared to the Redfield Ratio (106:16:1) 

[Redfield, 1934], the Sargassum C: N: P data suggest a strong nutrient limitation of both N and 

P. According to the neritic baseline from Lapointe et al. [2014, 2015], %N, N: P, C: N, and C: 

P of SF are about 1, 10, 27, and 268, respectively. Compared to historical baselines, the results 

from this study did not show a significant increase of %N for SF, which dominated the sample 

collections. However, the mean N: P (23.11) and C: P (727.39) of SF are much higher than the 

neritic baseline for all cases, suggesting a consistent stronger P-limitation than historical 

samples. The %N and %P of SN are slightly lower than those of SF, but their %C is higher. 

Our results indicate that the recent Sargassum blooms could benefit from the long-term nutrient 

enrichment, especially the N-enrichment during the past decades [Galloway et al., 2008; 

Rockstrom et al., 2009]. 

Sargassum sedimentation on the deep-sea floor: Carbon and nutrients in Sargassum 

also impact the deep-sea ecosystems once the algae die and sink to the ocean bottom. In fact, 

connection of Sargassum to the deep-sea communities has been confirmed in field surveys 

where sinking Sargassum was observed on the ocean floor [Johnson and Richardson, 1977; 

Rowe and Staresinic, 1979]. These observations suggest that macroalgae may play an 

important role in carbon transport to the deep-sea fauna [Krause-Jensen and Duarte, 2016]. 

Considering the enormous blooms in the CS and CWA in recent years, massive carbon 

sedimentation may have already provided significant carbon input, thus potentially affecting 

the deep-sea fauna distribution patterns [Baker et al., 2017]. Additional support for carbon 
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sedimentation comes from sediment core studies near the Deepwater Horizon Wellhead 

MC252 following the April 2010 oil blowout in the Gulf of Mexico.  The cores showed 

elevated accumulations of carbon-rich sediments likely resulting from a major marine snow 

event associated with hydrocarbon-induced microbial blooms [Brooks et al., 2015; Paul et al., 

2013] and sediment porewater genotoxicity [Paul et al., 2013]. Although the initiations of these 

sedimentation events are different, the resulting major carbon sedimentary accumulation 

should be similar.  In the end, once field data are available to link Sargassum deposition and 

remotely sensed biomass, the basin-scale biomass estimation from this study may help quantify 

the amount of carbon deposition and infer its potential impact. 
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