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Abstract

In a recent study, Sosa-Gutierrez et al. (2022, https://doi.org/10.1029/2021GL097484) evaluated the potential impacts of
tropical cyclones (TCs) on the Atlantic pelagic Sargassum using satellite-based Sargassum maps, 86 hurricane tracks during
2011 — 2020, and statistical analysis. The results showed an average drop of 40% in Sargassum coverage under TC trajectories,
attributed to Sargassum sinking. However, there appear two issues: 1) the Sargassum maps contain large uncertainties due
to methodology used in developing the maps. The impacts of these uncertainties on change detection are largely unknown,
especially along the TC trajectories where cloud cover prevails; 2) there is a lack of a “control” experiment in the logic
to infer causality. Based on these observations and arguments, while it is possible that TCs may have significant impacts,
either positively or negatively, on pelagic Sargassum, a revisit appears necessary to use improved Sargassum maps and better

experimental design before drawing conclusions.
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Abstract

In a recent study, Sosa-Gutierrez et al. (2022, https://doi.org/10.1029/2021GL097484) evaluated
the potential impacts of tropical cyclones (TCs) on the Atlantic pelagic Sargassum using satellite-
based Sargassum maps, 86 hurricane tracks during 2011 — 2020, and statistical analysis. The
results showed an average drop of 40% in Sargassum coverage under TC trajectories, attributed to
Sargassum sinking. However, there appear two issues: 1) the Sargassum maps contain large
uncertainties due to methodology used in developing the maps. The impacts of these uncertainties
on change detection are largely unknown, especially along the TC trajectories where cloud cover
prevails; 2) there is a lack of a “control” experiment in the logic to infer causality. Based on these
observations and arguments, while it is possible that TCs may have significant impacts, either
positively or negatively, on pelagic Sargassum, a revisit appears necessary to use improved

Sargassum maps and better experimental design before drawing conclusions.
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Plain Language Summary

Pelagic Sargassum in the Atlantic Ocean plays an important role in ocean biology and ecology,
yet excessive Sargassum on beaches represents a nuisance. Recurrent blooms in the tropical
Atlantic in recent years raise the question of how Sargassum may respond to tropical cyclones
(i.e., hurricanes) as this is the same region where tropical cyclones form. While the question sounds
simple, there is no easy answer due to the complexity in oceanography and limited knowledge in
Sargassum. This commentary is meant to provide a cautious note on interpreting Sargassum

changes after the passage of tropical cyclones.

1. Introduction

Blooms of the pelagic Sargassum (a brown macroalgae or seaweed) in the tropical Atlantic and
the Caribbean Sea have been reported since 2011 (Gower et al., 2013; Schell et a., 2015; Hu et al.,
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2016; Ody et al., 2019), with a recurrent Sargassum “belt” discovered to stretch over a distance of
> 8000 km from coast of west Africa to the Gulf of Mexico (Wang et al., 2019a, Gower and King,
2020; Fig. 1a). Such an emerging phenomenon stimulated multi-disciplinary research on their
possible origins and causes (e.g., Sissini et al., 2017; Oviatt et al. 2019; Johns et al., 2020; Johnson
etal., 2020; Jouanno et al., 2021) as well as on their consequences on carbon cycling, oceanic and
coastal environments, local tourism, human health, and economy (Laffoley et al., 2014; Maurer et
al., 2015; Hu et al., 2016; Siuda et al., 2016; van Tussenbroek et al., 2017; Baker et al., 2018;
Krause-Jensen et al., 2018; Ortega et al., 2019; Rodriguez-Martinez et al., 2019; Gouvea et al.,
2020; Paraguay-Delgado et al., 2020; Salter et al., 2020; Bach et al., 2021; Hu et al., 2021; Lapointe
et al., 2021; Oxenford et al., 2021; Trinanes et al., 2021).
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Fig. 1. (a) The Great Atlantic Sargassum Belt (GASB) from west Africa to the Gulf of Mexico, derived from
MODIS satellite observations between 2011 and 2020 during the months of June — November (same period as in
SG2022). Note that Sargassum amount is nearly zero outside the belt. Color legend indicates fractional cover (e.g.,
1.0 x 10*=0.01%); (b) Monthly mean Sargassum biomass from the study region of (a). Note the ~20 million tons
of biomass during the peak month in 2018 (Wang et al., 2019a), and minimal amount during most winter months
and during 2013 (green arrows). The inset figure shows monthly variations in several major Sargassum years,
where monotonic decreases start from June or July (black arrow). The data up to 2018 have been available at a

public data repository (Wang et al., 2019b), with more recent observations of 2019 — 2020 amended here.
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Because the Sargassum belt is mostly in the tropical Atlantic where frequent tropical cyclones
(TCs, or hurricanes) can form, it is natural to ask how TCs may impact Sargassum. The answer to
this question has significant implications because of the extensive relevance of Sargassum in the
subjects mentioned above. In a recent study by Sosa-Gutierrez et al. (2022, SG2022 hereafter), the
question has been addressed using satellite-based Sargassum maps, 86 TC tracks, and statistical
analysis for the period of 2011 — 2020. From before-after comparisons, the statistics showed an
average biomass decline of 40% within 200 km of selected anchor points along the tracks, which

was further attributed to Sargassum sinking to deep waters.

However, the study appears to suffer from at least two issues to make it difficult to draw
conclusions. These include: 1) large uncertainties in the Sargassum maps used in the study; 2)
weakness in the logic to infer causality. Below | elaborate on these two issues and argue that while
the topic is of particular importance for many reasons, a revisit appears necessary before drawing

any conclusions.

2. Uncertainties in the Sargassum maps

Estimating Sargassum amount in a given location from satellite observations 700 km above the
ocean requires sophisticated techniques and algorithms to convert the satellite-received signals to
meaningful geophysical values (in this case, Sargassum percent cover or biomass per area). These
include removing image pixels that are deemed invalid due to several factors (clouds, straylight,
cloud shadows, sun glint, etc.), detecting Sargassum-containing pixels from the ocean background,
pixel unmixing to determine sub-pixel proportion of Sargassum, conversion of areal cover to
biomass, and pixel binning and averaging to generate gridded maps at monthly intervals. All these
steps have been explained in detail in Wang and Hu (2016 & 2018) and Wang et al. (2018), which
led to the discovery of the recurrent Sargassum belt as shown in Fig. 1a (Wang et al., 2019a).

In contrast, although the general concept of the above steps has been followed when developing
methodology and generating the Sargassum maps used in the SG2022 study (Berline et al., 2020),
several significant differences in the methodology led to large uncertainties in such derived maps.
These include: 1) no pixel unmixing was used, so every Sargassum-containing pixel was treated
the same even though the sub-pixel proportion of Sargassum may change by 2 orders of

magnitude; 2) for a given grid within a month, every daily image was treated the same when
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calculating a monthly mean, regardless whether a daily image has 5% or 50% of valid pixels within
the grid. There are other factors that can also lead to uncertainties (e.g., residual errors from
removing noise and other artifacts), but the above two steps would lead to the monthly averages
biased towards weak Sargassum signals and towards cloudy days (e.g., a 80% average determined
from 5 valid pixels (i.e., 4 Sargassum-containing pixels) in Day 1 is weighted 8 times higher than
a 10% average determined from 300 valid pixels (i.e., 30 Sargassum-containing pixels) in Day 2
even though the number of Sargassum-containing pixels in Day 1 is 8 times lower), thus leading
to large uncertainties, especially over TC-adjacent waters due to frequent and rapid changes in
cloud cover. The uncertainties due to #1 above are especially prominent because false-positive
detection due to straylight or other image artifacts often results in pixels with low % cover, but
these pixels have the same weights as those with much higher % cover when computing the mean

or calculating statistics.

Such uncertainties are revealed in Fig. 1a of SG2022. Compared to Fig. 1 of Wang et al. (2019a)
and Fig. 1a of this study where nearly no Sargassum is found outside the belt, Fig. 1a of SG2022
showed extensive measurable amount of Sargassum (0.1 — 0.4 x 10 fractional cover) nearly
everywhere in the study region (8°S — 32°N, 100°W — 0°W of the Atlantic), as indicated by the
light blue to dark blue colors in Fig. 1a of SG2022. Because the map is an average of 60 months
between June and November of 2011 — 2020, any measurable color actually represents large
amount of Sargassum, yet there is no field report of such amount of Sargassum in waters outside
the belt, for example in SW of Gulf of Mexico or regions directly north and south of the Sargassum
belt. Similar or even higher uncertainties may exist inside the belt because the belt coincides with
the intertropical convergence zone (ITCZ) (Johns etal., 2020) where frequent cloud cover is found,
but they are less visible in Fig. 1a of SG2022 due to the color stretch to highlight the belt.

The uncertainties are also revealed in Fig. 5 of SG2022. Compared to Fig. 3A of Wang et al.
(2019a) and Fig. 1b above, Fig. 5 of SG2022 showed at least ~1 million tons of Sargassum even
during winter months and during 2013, but the results in Fig. 3A of Wang et al. (2019a) and Fig.
1b indicate minimal amount in those months and during 2013 (green arrows). This discrepancy is
believed to be due to the same reasons as mentioned above, which led to large uncertainties in the
Sargassum maps used in SG2022. The problem with such uncertainties is that they do not represent

a time-independent systematic bias, for otherwise the amount during summer months would be
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higher than shown in Fig. 1b by ~1 million tons. Instead, during the peak months of several major
Sargassum years (e.g., 2015, 2018, 2019), Sargassum amounts are 15-25% lower in Fig. 5 of
SG2022 than in Fig. 1b. AIll these differences suggest time-dependent, non-systematic
uncertainties in the Sargassum maps used in the SG2022 study.

In summary, due to overweighting of weak Sargassum-containing pixels, overweighting of images
with fewer valid pixels, and other specific treatments of image artifacts (straylight, cloud shadows,
sun glint, etc.), the Sargassum maps used in SG2022 to assess TC impacts appear to contain large
uncertainties. Such uncertainties may not be treated as time-independent or location-independent
systematic biases but they may disproportionally depend on false-positive detections, which may
further depend on cloud distributions that are strongly related to TC activities. Such uncertainties,
when assessed on a relative scale, may also disproportionally depend on the absolute Sargassum
amount, for example with much higher relative errors when the Sargassum amount is low (i.e.,
outside the belt in Fig. 1a of SG2022). Indeed, most of the TC positions (red dots in Fig. 1a of
SG2022) used in calculating the statistics are located either on the edge of the belt or outside the
belt with relatively low Sargassum amount. Therefore, with these Sargassum maps, it would be

difficult to determine whether on average Sargassum amount did change after the passage of a TC.

3. Logic to infer causality

Even if all data (including the Sargassum maps) used in the SG2022 study were to be error free, it
would still be difficult to draw conclusions because of a weakness in the logic used to infer
causality. In the SG2022 study, before-after comparison statistics within 200 km of the TC points
from the 86 TC tracks were used to infer causality, which may be problematic for several reasons.
First, due to ocean currents and winds, it is unknown whether some of the Sargassum within the
200 km circle were transported outside the circle (i.e., a pure loss) after the passage of a TC.
Likewise, it is unknown whether some of the Sargassum outside the circle were transported inside
(i.e., a pure gain). Second, all TCs in the SG2022 study occurred in June — November, during
which Sargassum is in the decline phase anyway when being treated as a whole (Fig. 1b inset,
black arrow). In general, for a short-term time sequence within this period, decreased Sargassum
may be observed even without the perturbation of TCs. For the calculated daily doubling rate of

about -0.04 during many of these declining months (Wang et al., 2019a), the total Sargassum
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amount in the entire belt can drop by 56% (=1- 2(004x30)) in a month. Most of such drops are
unrelated to TOCs when the belt is considered as a whole, as the seasonality appears to be natural.
While there is no direct measurement to explain this seasonality, it is speculated that free-running
circannual rhythms (CRs), which were found in other brown seaweed species (Lining, 1994), may
also be endogenous to control the timing of Sargassum growth or decline. This argument certainly
does not rule out the possibility of impacts of TCs on a local scale. However, before other factors
(e.g., horizontal transport) and the potential CR are ruled out, it would be difficult to attribute the

post-TC Sargassum declines to TCs even if the declines were deemed realistic.

Indeed, detecting causality in complex ecosystems is always challenging (Sugihara et al., 2012).
In the absence of several complete time-series to tease out the Granger causality paradigm
(Granger et al., 1969), the task becomes even more difficult. Ideally, for post-event evaluations, a
“control” experiment, similar to those used as the golden standards to determine causality in
medical science, should be conducted. In such an experiment, all conditions are kept the same
except one factor (i.e., TC). Obviously, such an experiment is impossible in the vast ocean.
However, this should not preclude some careful experiments as alternatives. For example, during
the same period of an event, a before-after comparison may also be conducted over a similar region
but outside the event’s footprint. If the post-event change in this “control” region is similar to the
change within the event’s footprint, then it is difficult to infer any causality. Likewise, within the
event’s footprint, if oceanographic conditions and Sargassum distributions are similar in other
years but no event occurred in those years, analysis of possible changes in those years may also be

helpful in interpreting post-even changes in the current year.

Such a weakness in the logic to infer possible causality is actually not unusual in the published
literature when evaluating post-event ocean response in other regions and for other types of events.
Therefore, due to the complex processes in the vast ocean, more caution is required when

interpreting post-event changes.

4. Concluding remarks

By no means is this short commentary meant to diminish the value of the SG2022 study. Rather,
the potential impacts of TCs and other natural events (e.g., dust deposition) on pelagic Sargassum

have been understudied and therefore should be emphasized in future efforts. Meanwhile, the
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commentary is meant to serve as a cautious note when interpreting post-event changes in
Sargassum amount and, in general, when interpreting post-event changes in other ocean properties.
In the end, TCs might have significantly and negatively impacted Sargassum, but given the large
uncertainties in the Sargassum maps and weakness in the logic when making inference of
causality, it is premature to make any conclusions, and a revisit appears necessary to improve our

understanding of how Sargassum may respond to TCs.
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