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A large scale phenomenon

Context
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Fig. 1. Sargassum distributions in the Gulf of Mexico and the Atlantic Ocean. (A) Monthly mean Sargassum areal coverage in the Caribbean Sea
and the central Atlantic Ocean, with a maximum of ~ 6000 km2 or >20 million tons in June 2018. The year mark starts from January. (B) Monthly mean
Sargassum density (% cover) in January, April, July, and October of 2011–2017 after excluding the nonbloom year of 2013. (C) Monthly mean Sargassum
density for the month of July from 2011 to 2018. The GASB is observed in all years except 2013.
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Large interannual fluctuations in the Sargassum biomass

MODIS Sargassum observations – SAREDA/CNES (Berline et al. 2021) 

Juin 2018



Seasonality
- Transport and growth from the central Tropical Atlantic
- Key role of the ITCZ area (maintenance of a pool of Sargassum) 

Wang et al. 2019, Johns et al. 2020, Berline et al 2020

Few certainties
Regime shift from 2011 
- Warm surface T° in 2010 Djakoure et al. 2017
- Transport anomaly in 2010 NAO-- Johns et al. 2020
- Amazon nutrients inputs Wang et al. 2019, Djakoure et al. 2017

Interannual variability
- Amazon Wang et al. 2019
- Dust (Iron fertilization) Wang et al. 2019
- Upper ocean dynamics (upwelling, turbulence, wind) Johns et al. 2020
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Recent studies have found three likely 
drivers of nutrient influx linked to 
increasing Sargassum biomass: an increase 
in nutrient output from the Amazon River, 
increased nutrients in the Gulf of Mexico, 
and coastal upwelling off the West African 
Coast which transfers deep nutrient-rich 
waters to the upper water column where 
sargassum resides

The team thinks those years of high 
nutrient outflows may have helped to 
trigger the growth of Sargassum in a part 
of the ocean where it had never 
proliferated before.

Contribution of the Amazon



- 20% of the world river discharge
- Large scale impact on the productivity of the Tropical Atlantic 
- Strong anthropic pressure on the Amazon basin(deforestation, intensive 

agriculture, urbanization, massive construction of dams) 

Satellite image of surface chl-a
(proxy for the phytoplancton activity)

Amazon 
plume

Contribution of the Amazon
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a)

b)

Result I 
no increase in 

phytoplanktonic productivity 
in the plumes over the last 20 

years 

Difference [chl]  2010’ – 2000’

Mean [chl]  2003-2018

Not consistent with the 
assumption of fertilization by 

rivers

Contribution of the Amazon



Nutrient flows measured 
monthly in Obidos since 
2003 by the ORE HYBAM 
Observatory (IRD) 

Nitrogen 
Phosphorus

N and P in particulateN and P in dissolved org. mat.Nitrates et phosphates

Result II 

No massive increase in 
nitrogen and phosphorus 
inputs in the last 20 years 

Contribution of the Amazon
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Figure 3. (a) Fractional Coverage (%) of Sargassum, (b) chlorophyll from monthly GlobColour 422 

GSM merged product (mg m-3), (c) river tracer surface distribution (no unit, initialized at 1 at 423 

the river mouth) with half-life time scale of 6 month from a ¼ degree NEMO regional 424 

simulation. Data are all for year 2017 and have been averaged over two-month periods. 425 
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  427 

Figure 4. Monthly mean Sargassum biomass for year 2017 estimated from MODIS in the 428 

Caribbean and Central Atlantic (5°S-25°N, 89°W-15°E). The blue bar marks the fraction of the 429 

biomass which is colocalized with the model river plume (defined as areas with surface 430 

concentration of riverine waters > 0.05, i.e. more than 5% of kg of water with riverine origin 431 

per kg of ocean water; the spatial distribution of the river tracer is shown in Fig. 3c).  432 

Amazon plumeObserved sargassum

Result 3 

2017: less than 10% of sargassum was observed in the plume area

Contribution of the Amazon



Modelling

Observation

But criticisms can be made of each of these results:
- difficulty of the ocean colour algorithms to identify productivity in the plumes
- varying lability of the different nutrient inputs from the rivers
- different growth dynamics between phytopankton and Sargassum
- Obidos hydrological station far from the mouth
- etc…

These results are not 
consistent with the 
assumption that 
fertilization by rivers 
would play a key role on 
the different aspects of 
the proliferation 
(triggering, maintenance, 
year-to-year variability)



Transport
currents, wave 
drift, windage

Growth
irradiance, T° , 
macronutrients 
(N,P), nutrients 

stored in the tissues

Mortality
grazing, Langmuir, 

stranding 

Numerical code NEMO-Sarg1.0
Jouanno et al. GMD 2021

Initial conditions satellite observations of 
Sargassum (MODIS, Berline et al. 2020)
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scheme including nitrate and ammonium particles (Drugé et al. 2019) is included in ARPEGE-Climate, allowing us to produce 

fields of wet and dry deposition of nitrogen, ammonium and ammonia. Figure 2 illustrates that dust and nitrogen fluxes to the 125 

ocean are strong in our region of interest, and most particularly in the ITCZ region where atmospheric convergence may focus 

the wet fluxes. 

The modeled chlorophyll for year 2017 is compared with GLOBCOLOUR satellite estimates of chlorophyll for the same 

year (Figure 3a,b). Model NO3 and PO4 concentrations for 2017 are compared with historical in situ measurements (Figure 3c-

f) from the GLODAPV2 database (Olsen et al., 2016). The model reproduces the major chlorophyll structures and in particular 130 

the contrast between the oligotrophic subtropical gyre and productive coastal and equatorial upwellings (Figures 3a, b). As 

many other models (e.g., see the CMIP6 model evaluation by Seferian et al. 2020), it struggles to reproduce the offshore extent 

of the large river plumes and Guinea dome productivity. Moreover, coastal upwellings tend to be too productive offshore or 

downstream (for the equatorial upwelling). But above all, it represents realistically the chlorophyll distribution in the region 

of the ITCZ (~0-10°N) and in the Caribbean Sea. As observed, nitrate concentrations are high in the upwelling areas (Figures 135 

3c, d) but weaker than observed off these regions. It is worth noticing that historical observations of surface nitrate 

concentrations in the tropical band show very heterogeneous and contrasted values between cruises, so the reliability of a 

nitrate climatology in this area remains uncertain (Figure 3c). The model reproduces realistically the observed interhemispheric 

gradient of surface phosphate concentrations even though it likely overestimates areas of high phosphate contents (Figures 3e, 

f). 140 

3.2 The Sargassum model NEMO-Sarg1.0 

The Sargassum model relies on the strategy used to represent the distribution of other macroalgae species (e.g., Martin and 

Marques 1993, Solidoro et al. 1997, Perrot et al. 2014 or Ren et al. 2014). At the difference of these previous works, we also 

consider transport by 2D advection/diffusion equations and sink due to stranding at the coast. Growth is modeled as a function 

of internal reserves of nutrients, dissolved inorganic nutrients in the external medium, irradiance and sea temperature. As the 145 

eco-phycological features are species dependent, the actual knowledge on the three morphotypes of holopelagic Sargassum 

does allow to discriminate between them. Following the formalism given in Ren et al. (2014), the physiological behavior is 

described from three state variables: the contents in carbon (C), nitrogen (N) and phosphorus (P), with local variations 

reflecting the difference between uptake and loss rates.  

 150 
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where UC, UN and UP are the uptake rates of carbon, nitrogen and phosphorus respectively, and ΦC, ΦN, ΦP the loss rates.  155 

The rate of carbon uptake reads as follows: &$ 	= " ∙ 	,%&' ∙ -[/] ∙ -[1] ∙ -[23] ∙ -[24]	, with ,%&'  the maximum net 

carbon growth rate, and the four subsequent terms standing for uptake limitation by temperature (T), solar radiation (I), N-

quota (Qn), and P-quota (Qp), respectively. N and P quotas represent the ratios of nitrogen and phosphorus to carbon in the 

organism and are computed as N/C and P/C respectively. The C content (C) can be directly converted to dry biomass 

considering a mean carbon to dry weight ratio of 27% (Wang et al. 2018). 160 

The temperature dependence is adapted from Martins and Marques (2002):  
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with {/' = /%23	-9:	/ ≤ 	/./0	; 	/' = /%&'	-9:	/ > /./0>	 . Topt is the optimum temperature at which growth rate is 

maximum, Tmin is the lower temperature limit below which growth ceases, Tmax is the upper temperature limit above which 

growth ceases. Such function aims at representing a broad optimal temperature range as suggested by experiments in Hanisak 

and Samuel (1987). The dependence to light follows the function given in Martins and Marquez (2002) with photoinhibition 

at high light: 170 
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We have very few information on the response curve relating the nutrient quota to Sargassum growth but experiments for 

brown seaweeds suggest hyperbolic relationship (e.g., Hanisak 1983). So, the dependence to the internal nitrogen and 

phosphorus pools are computed as a hyperbolic curve controlled by the minimum and maximum cell quota: 175 
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The nitrogen and phosphorus uptake rates depend on the nitrogen (VNmax) and phosphorus (VPmax) maximum uptake 180 

velocities, a Monod kinetic that relates uptake to nutrient concentrations in the water, and a function of quota which aims at 

representing downregulation of the transport system for N and P when approaching the maximum quotas (Lehman et al. 1975):  
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where (uNEMO,vNEMO) are the horizontal velocity obtained from the physical-biogeochemical model, GI23  is a windage 

coefficient, (u10m, v10m) the components of the wind field at 10m above the sea level, (ustokes,vstokes) the stokes velocity, and Kh 

a diffusion coefficient.  

3.3 Optimization and sensitivity experiments 220 

The model simulations are performed for year 2017 because basin scale Sargassum fractional coverage observations from 

MODIS were available (Berline et al. 2020), with concurrent observations carried out during two cruises in the Tropical 

Atlantic (Ody et al. 2019). 

3.3.1 Initialization  

The simulations are initialized using January Sargassum mean fractional coverage, converted into dry weight biomass 225 

considering a surface density of 3.34 kg/m² and then into carbon content C considering a mean carbon to dry weight ratio of 

27% (Wang et al. 2018). The initial N and P contents in Sargassum are derived from the initial C content and N- and P- quotas 

computed as the averaged values between their respective minimum values (QNmin, QNmin) and maximum values (QNmax, QNmax). 

The transport is forced by daily velocities from TATL025BIO simulations (see Section 3.1), 3-hours winds from the DFS5.2 

dataset (Dussin et al. 2016) and stokes velocities from the ERA5 reanalysis. Daily temperature, available irradiation, and 230 

Langmuir depth were also obtained from TATL025BIO. The seawater concentrations in [N] and [P] were obtained from 

TATL025BIO as the sum of NO3 and NH4 for [N], and PO4 for [P], in the top surface layer.  

3.3.2 Ensemble strategy 

The Sargassum model is controlled by a large number (n=18) of physiological and physical parameters for which large 

uncertainties exist or most often have not been measured for the Sargassum species considered here. An ensemble approach 235 

has been adopted to adjust the set of parameters. We produced 10 000 sets of parameters with uniform distribution obtained 

from latin hypercube sampling with multi-dimensional uniformity (Deutsch and Deutsch, 2012). These sets of parameters are 

generated on ranges of values obtained from the literature, when available (Table 1). 

The range of maximum growth rate is derived from Lapointe et al. (2014) who observed maximum growth rates of 

Sargassum fluitans and Sargassum natans in neritic waters between 0.03 and 0.09 doubling d-1. The set of parameters for 240 

temperature limitation is mainly derived from the results of Hanisak and Samuel (1987). In particular, the Tmax range (40-

50°C) is chosen to have a slight decrease of the limitation term at T>Topt as observed in Hanisak and Samuel (1987). The N- 

and P-quota are based on the observations by Lapointe et al. (1995) from which we can estimate that in average C/N ratio vary 
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Forcing currents, T, irradience, nutrients, 
obtained from reanalysis and physical-

biogeochemical simulations (Radenac et al. 20)

Key ingredients to 
represent the 
distribution of 

Sargassum 

Numerical resolution
Equation and 

parametrization

General  Eulerian approach, Tropical Atantic, 2D 
– surface layer (1m depth), ¼° resolution, not 

feedback to the biogeochemical model 

Modelling strategy



Observations NEMO-Sarg1.0

Initialisation 

Modelling : example of year 2017



Modelling : example of year 2017



Model strandings

Modelling : example of year 2017

The model reproduces the known stranding areas 
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Modelling : sensitivity to environmental forcing
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Main result : absence of  riverine nutrients lead to about ~13% decrease of the strandings / biomass 



The Sargassum model is not coupled with the 
biogeochemical model : there is no 
opportunistic use / competition for nutrients 
between phytoplankton and sargassum

Modelling

Sargassum N/P uptake 

Phytopankton N/P uptake 
< 5/1000

Comparison of nutrient uptake suggests this is 
a reasonable hypothesis :



- Role of the Amazon on the Sargassum proliferation probably overestimated 

Jouanno et al. (2021). Evolution of the riverine nutrient export to the Tropical Atlantic over the 
last 15 years: is there a link with Sargassum proliferation ?. Env. Res. Letters.

- Development of a modelling platform: ability to represent seasonal distribution

Jouanno, J, (2020). A NEMO-based model of Sargassum distribution in the Tropical Atlantic: 
description of the model and sensitivity analysis (NEMO-Sarg1.0), Geosci. Model Dev. Discuss, 
https://doi.org/10.5194/gmd-2020-383, in review, 2020.

- Processes responsible for interannual variability ? 
- Seasonal forecasting ? 

Conclusions

https://sargassum-foresea.cnrs.fr


