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Mass accumulations of pelagic sargassum (Sargassum natans and S. fluitans) in
the Tropical Atlantic, across the Caribbean and off the coast of West Africa, are
causing extensive ecological and socioeconomic harm. The extraordinary
volumes of sargassum influxes could also provide a business opportunity if
innovative ways are developed to utilise the raw material. In-water harvesting
provides the best opportunity to collect substantial amounts of ‘fresh’ sargassum
that can be used in a variety of applications. However, sargassum rafts are living
and diverse ecosystems with a range of associated fauna including fish that are
targeted by fishers. The consequences of in-water harvesting of sargassum on
the biodiversity, including associated fishes, remain poorly understood.
Characterisation of this biodiversity within nearshore and offshore
environments is needed to help guide best harvest practices and assess
possible impacts on fishing opportunities. We assessed the free-swimming
fauna associated with sargassum rafts at various distances from shore with the
use of underwater video recordings. Over a three-month period, a total of 35
underwater surveys were conducted off the eastern and southern coastline of
Barbados. Thirteen species (12 fishes and one comb jelly) from 8 families were
identified, with the family Carangidae representing the greatest number of
species (n=6). Application of the MaxN metric (maximum number of
individuals of a species seen during deployment) revealed significant
correlations with raft characteristics notably raft volume, raft distance from
shore and water depth. The three environmental variables accounted for 9% of
the variation (adjusted R?) in the free-swimming community composition with
raft volume being the major driver of species richness. This aligns with ecological
theory and supports our hypothesis that larger rafts would host greater species
richness. The results demonstrate a strong affiliation between pelagic sargassum
rafts and species biodiversity and abundance that will need to be considered by
managers when seeking a best compromise between protecting beaches from
inundation by sargassum and protecting biodiversity and fishing opportunities.
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Introduction

Vast quantities of pelagic Sargassum spp. (Sargassum natans
and S. fluitans) subsequently referred to simply as ‘sargassum’
continue to inundate the coasts of Caribbean, South American
and West African countries (Wang et al., 2019; Chavez et al., 2020;
Cox et al,, 2021). This proliferation of sargassum in the Tropical
Atlantic has been linked to a new source region known as the North
Equatorial Recirculation Region (NERR) (Franks et al., 2016; Wang
et al, 2019). Influx events are episodic in nature with volumes
varying from year to year (Cox et al., 2021). In 2018, the Caribbean
recorded the highest volumes of sargassum influxes leading to states
of national emergency being declared in some countries. This has
continued in 2022 with strandings just as extreme as 2018, if not
worse in places (The Sargassum Watch System (SaWS§), 2022;
Centre for Resource Management and Environmental
Studies, 2022).

Sargassum influx events are now considered the new ‘normal’
for the region (Desrochers et al, 2020) and show a trend of
increasing severity (The Sargassum Watch System (SaWs), 2022).
As the region continues to adapt to this new reality, there has been a
surge in research and publications on impacts (Milledge and
Harvey, 2016; Ramlogan et al., 2017; van Tussenbroek et al,
2017; United Nations Environment Programme, 2018; Resiere
et al, 2019), forecasting (Wang and Hu, 2017; Johnson et al,
2020; Marsh et al., 2021; Marsh et al., 2022), potential uses
(Desrochers et al., 2020; Thompson et al., 2020; Amador-Castro
et al.,, 2021; Oxenford et al., 2021; United Nations Environment
Programme - Caribbean Environment Programme et al., 2021) and
chemical composition (Devault et al., 2019; Davis et al., 2020;
Nielsen et al., 2021; Devault et al.,, 2022; Tonon et al., 2022).
Research into the sargassum phenomenon reveals considerable
spatial and temporal complexities associated with management
due to its transboundary nature and unpredictability (Cox et al.,
2021). Management efforts to date have been largely focused on
protecting fisheries and tourism sectors as these are severely
impacted during influx events and contribute approximately US
$370 million (Patil et al., 2016) and US$29.2 billion (Milledge and
Harvey, 2016), respectively, to the region’s economy. Considerable
attention is also now being given to the valorization of pelagic
sargassum to ameliorate the economic damage generated in the
region (Desrochers et al, 2020; Oxenford et al, 2021; United
Nations Environment Programme - Caribbean Environment
Programme, 2021; Robledo et al., 2021).

In-water harvesting provides an opportunity to reduce mass
shoreline inundations and provide large volumes of sargassum for
valorization (Robledo et al.,, 2021). Government agencies and the
private sector have been working together to carry out clean-ups at
considerable cost (running into tens of millions of US dollars per
year), to help reduce the impacts of influx events (Milledge and
Harvey, 2016; Chavez et al., 2020). These harvesting efforts were
initially carried out in response to stranding events and placed
significant strain on the economy of Caribbean Small Island
Developing States (SIDS) (Cox et al,, 2021; Liranzo-Gomez et al.,
2021). Furthermore, shoreline harvesting contributed to coastal
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erosion (Liranzo-Gomez et al., 2021) and negatively impacted sea
turtle nests and hatchlings (Maurer et al., 2015; Schiariti and
Salmon, 2022). In-water harvesting is currently being developed
to reduce the impacts associated with mechanical shoreline
harvesting and provide the large quantities of fresh clean (high
quality) sargassum required for many applications (Liranzo-Gomez
et al., 2021; Webber and Maddix, 2021).

While urgent solutions to sargassum strandings are needed and
turning a challenge into an opportunity is commendable, it should
also be recognized that pelagic sargassum hosts a diverse
assemblage of endemic and associated fauna that rely on the
sargassum for food and shelter (Dooley, 1972; Bortone et al,
1977; Butler et al., 1983; Settle, 1993; Moser et al., 1998; Wells
and Rooker, 2003; Hoffmayer et al., 2005; Huffard et al., 2014).
Whilst studies from the Sargasso Sea highlight the importance of
pelagic sargassum to a diverse assemblage of fauna, there have been
very few studies (Schell et al., 2016; Monroy-Velazquez et al., 2019;
Mendoza-Becerril et al., 2020; Martin et al., 2021) focused on
understanding the biodiversity associated with pelagic sargassum
from the new source region. Recent evidence (Martin et al., 2021)
suggests important differences in biodiversity associated with the
three prevalent sargassum morphotypes (S. natans I, S. natans VIII
and S. fluitans 1II). Given the seasonal and interannual shifts in
morphotype composition (Schell et al., 2016; Garcia-Sanchez et al.,
2020; Machado et al,, 2022) and the influence of sub-origins on
morphotype composition (Alleyne et al.; unpublished data)
addressing the current knowledge gaps on biodiversity can play a
pivotal role in guiding best harvest practices.

Fishes have long been known to associate with the rafts of
sargassum, attracting fishers, but the sheer scale of the recent
influxes has also caused problems for fishers. Fishers across the
region have reported damage to fishing gear, predominantly
propeller and net entanglements, and damage to boat engines
from overheating when navigating through extensive sargassum
accumulations (Speede et al., 2018). Sargassum also hinders fishers’
ability to launch their boats leading to loss of fishing days (Franks
et al,, 2012; Caribbean Regional Fisheries Mechanism and Japanese
International Cooperation Agency, 2019). In Barbados, there has
also been a reduction in catches of key fisheries species like
flyingfish and adult dolphinfish; however, there have been
increases in catch of other species such as almaco jacks
(Caribbean Regional Fisheries Mechanism and Japanese
International Cooperation Agency, 2019). These impacts are
especially concerning since most Caribbean countries are
categorised as SIDS, meaning that they already experience unique
social, economic and environmental challenges (United Nations, no
date), and their economic growth is intrinsically linked to the
marine environment. It is therefore a priority to understand the
association of fishes with sargassum influxes and thus be able to
advise managers on the impacts of interventions such as in-water
harvesting on fishing opportunities.

The purpose of this study was to characterise the free-
swimming fauna associated with pelagic sargassum arriving in
Barbados and identify what factors (if any) drive changes in
community assemblage. Following Alleyne (2022), free-swimming
fauna in this study refer to motile species that swim inside and
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beneath floating sargassum such as juvenile turtles, adult turtles,
vertical migrating fishes and pelagic fishes. Drawing from ecological
theory, we hypothesized that larger rafts would host greater species
richness (Simberloff, 1976; Lomolino, 2000).

Materials and methods
Sampling method

During three periods of high sargassum abundance (August
2021, March, and May 2022), a total of 35 underwater videos of
sargassum rafts were conducted offshore between (613 and 2,368 m
off) the eastern and southern coastline of Barbados. Videos were
conducted from a small open boat (length 5 m) with an outboard
engine, using a free-floating underwater recording device. Each
recording device consisted of a U-shape aluminum frame on which
a GoPro camera HERO 8 (1920 x 1080 pixels with 30 frames per
second) or HERO 9 (1920 x 1080 pixels with 60 frames per second)
was mounted. Cameras were set to ‘wide- angle’ view and
suspended below the water surface by two one-meter lengths of
rope attached to the aluminum frame that was kept afloat with a
surface buoy (Figure 1).

Cameras were deployed under two types of pelagic sargassum
aggregation states: mats and windrows (Figure 2). Mats were
classified as densely packed aggregations of sargassum with an
irregular to round shape and measured 5 to 100s of meters in
diameter (distance across) (Marmorino et al., 2011; Goodwin et al.,
2022). Windrows were defined as aggregations of sargassum
generally arranged in a line and ranged from 0.5 meter to several
meters in diameter (Marmorino et al., 2011; Goodwin et al., 2022).
The term ‘raft’ is hereinafter used to refer to aggregations of mats
and/or windrows.

Each targeted sargassum raft was defined as a sampling station.
Small stations (5-25 m length) were sampled with one camera and
larger stations (> 40 m length) were sampled with 2 to 3 cameras
spanning the extent of the sampling station. Stations ranging
between 26-40 m in length were not encountered. Camera
deployments on larger stations were done at a minimal distance
of 30 m apart and each deployment was treated as an individual
sample during video analysis. For each deployment the camera was
set to record video footage and submerged approximately 1 m
below the water’s surface (angled slightly upwards) to record the
free-swimming fauna in the water column directly beneath the
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sargassum raft. After deployment, cameras were left adrift for a
period of 15 minutes and the boat maintained a minimal distance of
10 m from the raft to limit interference.

At each sampling station several dimensions were recorded: the
length of the sargassum raft; the diameter of the sargassum raft; the
thickness of the sargassum raft; the depth of the water; and the
distance from shore. The length and diameter of the station was
estimated using the boat length as a reference. The thickness of the
sargassum raft was determined (to the nearest 5 cm) with the use of
a graduated pole. Water depth was recorded (to the nearest 0.1 m)
with a handheld depth sounder (Speedtech SM-5A) and GPS
coordinates were recorded via a handheld GPS device (Garmin
GPS 72). Subsequent to field sampling, GPS coordinates were
uploaded into Google Earth to determine the distance from shore
of each sampling station.

Video analysis

To minimise any interference caused by the sampling boat
during camera deployment and retrieval, 2.5 minutes of footage
were removed from the beginning and end of each video, resulting
in 10-minute surveys. Following Priede et al. (1994), the maximum
number of individuals sighted in any one field of view (i.e., frame)
(hereafter referred to as MaxN) was recorded for each species
within each survey. Within each survey free-swimming fauna
were identified to species level where possible, using FishBase
(Froese and Pauly, 2011) or the FAO species identification guides
(Carpenter, 2002) where necessary.

MaxN was chosen as a conservative measure of abundance as it
avoids repeated counts of individuals (Priede et al., 1994; Willis and
Babcock, 2000; Harvey et al., 2007). For each species, relative
abundance was determined by dividing the MaxN of an
individual species by the sum of MaxN values across all species.

Relative Abundance (by species)

3 MaxN of species A
" Sum of MaxN for all species (A to Z)

The total number of species observed (species richness) and the
species frequency (as number of surveys in which a species
occurred) across surveys were also recorded. The relative
frequency of each species was calculated by dividing its frequency
by the sum of frequencies across all species.

FIGURE 1

Materials used to construct underwater recording device (A) and a still image of the device deployed underwater (B).
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FIGURE 2

Pelagic sargassum aggregation states sampled off the coast of Barbados. (A) Large mat (>100 m in diameter), (B) small mat (10 m in diameter) and

(C) windrows (7 m in diameter).

Relative Frequency (by species)

_ Species A frequency across all surveys
"~ Sum of Taxa A to Z frequencies

To assess the dominance and the spatiotemporal consistency of
dominant species within the community, we used Sanders
Biological Value Index (BVI). BVI assesses dominance within a
community by assigning ranks (based on the number of species)
and corresponding points to individual species (Loya-Salinas and
Escofet, 1990). The number of species to be considered in the
overall calculation was identified by assessing patterns of
dominance across the 35 surveys. Within each survey the number
of species making up 95% of the cumulative relative abundance was
identified and the maximum number of species across all surveys
that accounted for 95% of the cumulative relative abundance (in our
case 6 species) was used to assign ranks and points to species across
all surveys (Supplementary Table S1).

Within each survey, ranks from 1 to 6 were assigned to species
in order of abundance in a survey with a rank of 1 being the highest
and equivalent to a value of 6 points (Supplementary Table S1). If
there were more than 6 species in any survey, species after the 6
species received a value of 0 for that sample. With this method if a
species ranks first across all surveys (35) it would receive a value of
210, that is, the maximum possible value.

Statistical analysis

The 35 surveys yielded species abundance estimates that
differed by more than three orders of magnitude (Supplementary
Figure 2). Since, ceteris paribus, species richness estimates will tend
to increase non-linearly with individual abundance, we
standardized species richness estimates across the surveys using
rarefaction curves to facilitate cross-survey comparisons. We used a
sample size of eight individuals to generate the rarefied species
richness for each survey, since the maximum number of species
observed in any given survey was eight. Two surveys had zero
individuals observed, and so their species richness estimates were
manually set to zero. Six other surveys had fewer than eight
individuals (but more than zero); these surveys were manually
and conservatively set to one species, since this is the minimum
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value that can be produced via rarefaction. Rarefied species richness
was produced using the rarefy function in “vegan” (Oksanen et al.,
2018) in R (R Core Team, 2022). Associations between the rarefied
species richness estimates and distance from shore, water depth,
and raft volume were assessed using Spearman rank correlations.
Raft volume was calculated by multiplying raft length, raft width
and raft depth, which provided a single estimate of raft size.

Wealso performed a redundancy analysis (RDA) to assess the effects
of depth, distance from shore, and raft volume on community
assemblage composition. Prior to running the RDA, the species data
were first turned into species presence/absence matrix and subsequently
Hellinger-transformed. These analyses were conducted using the
“vegan” package in R (Oksanen et al, 2018). To assess the
independent and shared effects of raft volume, distance from shore,
and depth on assemblage composition, we conducted a variance
partitioning (Borcard et al., 1992) using the varpart command in the
“vegan” package.

Finally, we also assessed the extent to which changes in
assemblage composition across surveys, i.e., beta diversity,
reflected species replacement versus losses in species richness and
whether any such potential process was associated with any of the
three environmental variables. This implied first decomposing beta
diversity into species replacement and species losses variance
components using the beta.div.comp function in the “adespatial”
package in R (Dray et al,, 2022). These two variance components
were subsequently and separately used to create a response matrix
in a distance-based redundancy analysis where each environmental
variable was used as predictor (after removing the effect of the two
other variables via linear regression).

Results

A total of 35 underwater surveys were conducted off the eastern
and southern coastline of Barbados during August 2021, March
2022 and May 2022. Species assemblages and abundances (0-250
individuals) varied across surveys (Figure 3); some rafts were
teeming with life while 6% of rafts were unoccupied. Species
richness was low (0-8 species) across surveys, with the majority
(74%) of sargassum rafts occupied by 5 or fewer species.
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FIGURE 3

10.3389/fmars.2023.1090742

Still images collected from underwater videos of pelagic sargassum rafts. Smaller rafts (A) (5 m in diameter) and (B) (7 m in diameter). Larger rafts

(C) (20 m in diameter) and (D) (100 m in diameter).

Relative abundance, relative frequency,
and Sanders biological value index for
observed species

We identified 1958 individuals representing 13 species (12
fishes and one comb jelly) across 8 families (Table 1 and
Supplementary Figure 1). Carangidae represented the majority
(96.1%) of species observed with pelagic sargassum and had high
frequencies across all surveys.

Across the 35 surveys, Caranx latus (horse-eye jack) had the
highest overall abundance but obtained a lower BVI score than
Seriola rivoliana (almaco jack), which had a higher frequency across
surveys resulting in spatiotemporal dominance (Table 2).
Irrespective of total abundance or BVI ranking, Carangidae
species dominated pelagic sargassum arriving in Barbados.

Effect of distance from shore, depth, and
raft volume on species assemblage
composition

The RDA revealed that 16.9% of the variance across surveys in
species assemblage composition could be significantly explained
by the environmental data (Pseudo-F= 1.96, p=0.008). The main
axis of the RDA accounted for 51% of the explained variance and
reflected primarily raft volume effects and secondarily depth
effects (Figure 4). The second axis accounted for an additional
29% of the explained variance and reflected primarily the effect of
distance from shore and secondarily depth effects (Figure 4).
Testing the effect of distance from shore, depth, and raft volume

Frontiers in Marine Science

separately indicated that species assemblage composition was
significantly related to raft volume and depth (Pseudo-F> 2.94,
p < 0.006), whereas the relationship with distance from shore was
marginally non-significant (Pseudo-F=2.05, p=0.053).

A variance partitioning to assess the independent and shared
contributions of the three environmental variables indicated that they
jointly accounted for 8.5% of the adjusted variance (adjusted R?) in
species assemblage composition (Figure 5). Of this, 2.1% of the
explained variance was shared among the three variables, whereas
approximately 1.0% was shared between distance from shore and
depth and between depth and raft volume, respectively (Figure 5).
Raft volume independently accounted for the biggest fraction of the
explained variance (2.5%; Figure 5), which was statistically significant
(Pseudo-F=2.56, p=0.007). Depth and distance from shore
independently accounted for 1.7% and 1.0% of the explained
variance (Figure 5), respectively, but these independent fractions
were not statistically significant (Pseudo-F < 1.29, p=0.228).

Depth was highly positively correlated with distance from shore
(rs=0.76, p<0.001) and raft volume (ry =0.43, p=0.009), but raft
volume and distance from shore were not significantly correlated
(ry =0.25, p=0.146) (Supplementary Figure 3). Raft volume was
positively correlated with species richness (p<0.010)
(Supplementary Figure 3), rarefied species richness (p= 0.001),
and individual abundance (p<0.001) (Figure 6). In contrast, there
was no significant correlation between distance or depth with
species richness or rarefied species richness (p>0.050) (Figure 6
and Supplementary Figure 3). Distance and depth were positively
correlated with abundance (p<0.05) (Figure 6).

The analysis of beta-diversity revealed that species replacement
and species richness losses were equally important as each

frontiersin.org
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TABLE 1 Total and relative abundance and frequency of free-swimming fauna observed under pelagic sargassum by family and species.

Species Environment MaxN Abundance values Relative frequency

(%)
Total Relative (%)

Carangidae Caranx latus Coastal pelagic 1316 67.2 15.9
Seriola rivoliana Oceanic pelagic 178 9.1 18.2
Caranx ruber Coastal pelagic 94 4.8 6.8
Caranx spp. - 90 4.6 1.5
Caranx bartholomaei Coastal pelagic 89 4.5 10.6
Caranx crysos Coastal pelagic 75 3.8 9.1
Elagatis bipinnulata Oceanic pelagic 41 2.1 83
Monacanthidae Aluterus scriptus Coastal pelagic 35 1.8 9.8
Ocyropsidae Ocyropsis maculata - 17 0.9 83
Balistidae Balistes capriscus Coastal pelagic 11 0.6 53
Lobotidae Lobotes surinamensis Oceanic pelagic 9 0.5 3.8
Antennariidae Histrio histrio Oceanic pelagic 1 0.1 0.8
Sphyraenidae Sphyraena barracuda Coastal pelagic 1 0.1 0.8
Kyphosidae Kyphosus sp. Coastal pelagic 1 0.1 0.8

Abundance values were derived using MaxN method.

accounted for half (50%) of the variation in beta-diversity. The  linked to raft volume (Pseudo-F=1.97, p=0.011), but not to depth
species replacement component was not significantly linked to any ~ nor distance from shore (Pseudo-F < 0.79, p=0.809), supporting
of the three environmental variables (Pseudo-F < 1.09, p>0.125). In  that species were being lost from the original species assemblage as
contrast, the species richness loss component was significantly  the rafts got smaller.

TABLE 2 Sanders biological value index (BVI) for species observed under pelagic sargassum, based on the total points obtained per species from 35
underwater surveys.

Species Importance rank MaxN Abundance values
Total abundance Relative (%) Cumulative (%)

Caranx latus 105 2 1 1316 67.2 67.2
Seriola rivoliana 111 1 2 178 9.1 76.3
Caranx ruber 48 5 3 94 4.8 81.1
Caranx spp. 11 11 4 90 4.6 85.7
Caranx bartholomaei 57 3 5 89 4.5 90.2
Caranx crysos 55 4 6 75 3.8 94.1
Elagatis bipinnulata 40 7 7 41 2.1 96.2
Aluterus scriptus 41 6 8 35 1.8 98.0
Ocyropsis maculata 31 8 9 17 0.9 98.8
Balistes capriscus 21 9 10 11 0.6 99.4
Lobotes surinamensis 19 10 11 9 0.5 99.8
Histrio histrio 2 13 12 1 0.1 99.9
Sphyraena barracuda 4 12 13 1 0.1 99.9
Kyphosus sp. 2 13 14 1 0.1 100.0

Also shown are the importance ranks based on the BVI value, and based on the total MaxN abundance value. The three MaxN abundance indices used in calculating the BVI are displayed in the
righthand columns.

Frontiers in Marine Science 06 frontiersin.org


https://doi.org/10.3389/fmars.2023.1090742
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

Alleyne et al.

FIGURE 4
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Redundancy analysis (RDA) ordination plot showing the effect of distance, water depth and raft volume on species composition of the free-swimming fauna
associated with pelagic sargassum. S. rivoliana (S_riv), B. capriscus (B_cap), C. bartholomaei (C_bar), L. surinamensis (L_sur), C. latus (C_lat), C. crysos
(C_cry), C. ruber (C_rub), E. bipinnulata (E_bip), Kyphosus spp. (K_spp), S. barracuda (S_bar), H. histrio (H_his), A. scriptus (A_scr), O. maculata (O_mac).

Discussion

Pelagic sargassum arriving in Barbados during 2021 and 2022

influx events was associated with 12 fish species (predominantly

(67%) coastal pelagic) and one comb jelly (Ocyropsis maculata).
This first account of free-swimming fauna associated with pelagic

FIGURE 5

sargassum for the Eastern Caribbean is considerably lower than that
reported by earlier studies (36-110 species) conducted across the
Gulf of Mexico, the Gulf Stream, and various parts of the North
Atlantic (Dooley, 1972; Bortone et al., 1977; Settle, 1993; Wells and
Rooker, 2003; Hoffmayer et al., 2005). This was also the case when
compared with Moser et al. (1998) (29 species, Gulf Stream) despite
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Venn diagram representing the shared and independent effects of each environmental variable on the assemblage of free-swimming fauna
associated with pelagic sargassum. The variance jointly explained by distance, water depth and raft volume is represented in the region where all
three circles overlap. Note that the sizes of the various shared and non-shared effects are only approximations.
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the use of video surveys in both studies. Differences in sampling
methodologies between the present study and earlier studies
(Dooley, 1972; Bortone et al.,, 1977; Settle, 1993; Wells and
Rooker, 2003; Hoffmayer et al., 2005) may have contributed to
the differences in species diversity (Alleyne, 2022). However, given
the fact that species diversity increases with the amount of time a
drifting structure, such as pelagic sargassum, is available (Kingsford,
1992), we postulate that earlier studies with ties to the well-
established Sargasso Sea would have greater diversity when
compared to the newly established bloom region in the Tropical
Atlantic. This observation is supported by anecdotal information
from local fishers in the Eastern Caribbean, who report finding
increasing numbers and greater diversity of fish species associated
with sargassum over time since the first influxes in 2011.

Across surveys, Carangidae was the dominant family observed
making up 50% of the total fish species. Similarly, earlier studies
(Moser et al., 1998; Hoffmayer et al., 2005) have also reported high
abundances of Carangidae associated with pelagic sargassum.
Within the Carangidae family, C. latus (horse-eye jack) was the
most abundant species with large schools observed under some
rafts. In Barbados, Carangidae are important to the coastal pelagic
fishery (Maraj et al, 2011; Food and Agriculture Organization
(FAO), 2022) making up 98.4% of the total catch in the seine
fishery (Maraj et al, 2011). These species help to support the
livelihood of fishers during the oceanic pelagic fishery ‘off-season’
and contribute to the island’s food security (Maraj et al., 2011).

The fisheries sector of Barbados, like much of the Eastern
Caribbean, is an integral component of the culture, economy and
food security (Oxenford and Monnereau, 2018). The mass
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proliferations and subsequent influx events of pelagic sargassum
brought new navigation and harvesting challenges to the fishery
sector (Ramlogan et al., 2017; Speede et al., 2018). Prior to the onset
of large-scale sargassum strandings in 2011, Hirundichthys affinis
(flyingfish) made up approximately 60% of the annual fish landings
in Barbados and accounted for the highest value-added benefits of all
landed species (Oxenford et al., 2019). By 2019, prolonged sargassum
influx events resulted in extremely low catches in the flyingfish industry
with a 51.5% decrease in the mean monthly landings (Oxenford et al,,
2019). This decrease was followed by a rapid increase in catches of
almaco jack (S. rivoliana) not previously known to Eastern Caribbean
fishers or consumers (Caribbean Regional Fisheries Mechanism and
Japanese International Cooperation Agency, 2019). Within this study,
almaco jacks showed the highest spatiotemporal dominance of the 13
identified species. The association of almaco jacks with pelagic
sargassum is now widely recognised in Barbados with iceboat and
longline fishers actively targeting almaco jacks in periods of low
flyingfish abundance. Over the last two years, Barbadian fishers have
been using satellite images, provided by the University of South Florida,
to target large sargassum rafts in pursuit of almaco jacks (Dr. Shelly-
Ann Cox, pers. comm., Barbados).

Within this study, distance from shore, water-depth and/or raft
volume jointly accounted for approximately 9% of the variation
(adjusted R?) in the free-swimming community associated with
pelagic sargassum. The effect of raft volume, distance from shore
and water depth on community composition is complicated by the
fact that water depth is correlated with both distance from shore
and raft volume. That said, the variance partitioning and pairwise
correlation tests do support that raft volume, a proxy for raft size, is
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the major structuring factor (among those measured here) of the
free-swimming community associated with pelagic sargassum
arriving in Barbados. As raft size decreased, individual abundance
and species richness also decreased, as expected by ecological theory
(Simberloff, 1976; Lomolino, 2000). The observed positive
relationships between sargassum raft size and species richness and
abundance is consistent with the earlier studies (Settle, 1993; Moser
et al., 1998; Casazza and Ross, 2008; Martin et al., 2021; Goodwin
et al., 2022) and explains why Barbadian fishers target larger rafts.
Our results also support the findings of Wells and Rooker (2003)
and Monroy-Velazquez et al. (2019), who reported reduced
abundances within nearshore environments. Moreover, our beta-
diversity analyses supported that the losses in species richness with
decreasing raft size were due to a gradual loss of resident species
(nestedness) rather than to progressively having smaller
assemblages of new species (species replacement) (Legendre, 2014).

Interestingly, Monroy-Velazquez et al. (2019) noted that the
occurrence of sargassum-brown-tide events in nearshore waters
may account for the lower abundance of motile sargassum-
associated fauna close to shore. They suggested that the reduction
in available oxygen in these brown-tides may force fish to abandon
the rafts as they approach the shore. In our study, however, none of
the surveys were close enough to shore to experience the sargassum-
brown-tide phenomenon. Regardless of cause, reduced abundances
of associated biodiversity nearshore have been put forth as an
argument for encouraging in-water harvesting of sargassum close
to shore, rather than in the open sea. Furthermore, nearshore rafts
are more likely to strand, resulting in the loss of any remaining
biodiversity (Hinds et al., 2016; Lopez-Contreras et al., 2022).

In order to reduce the environmental and economic impacts
associated with shoreline accumulation of sargassum, affected
countries need integrated management plans with adaptive
strategies geared towards the creation of sustainable sargassum
opportunities (Liranzo-Gomez et al., 2021; Robledo et al,, 2021).
Harvesting at sea will likely be required in the future to obtain the
large quantities of sargassum needed for industrial-scale applications,
or the high quality clean sargassum needed for many other
applications, given the issues associated with separating partially
decayed sargassum from fresh sargassum, other macroalgae,
seagrasses and sand after stranding (Oxenford et al., 2021).
However, a key question remains for providing best practice
guidance: at what point (distance from shore) should sargassum be
harvested to minimize biodiversity loss? The answer will likely vary
on a case-by-case basis as coastal morphology, hydrography and
presence of nearshore habitats will likely influence the distance from
shore at which biodiversity decreases (Alleyne, 2022).

To date, the destruction of biodiversity associated with pelagic
sargassum has been the primary concern raised with in-water
harvesting (Dutch Caribbean Nature Alliance, 2019; Robledo
et al., 2021). However, given the utilization of pelagic sargassum
by Eastern Caribbean fishers, large-scale harvesting of pelagic
sargassum will result in the loss of fishing opportunities. Fishers in
this region are no longer merely ‘coping’ with sargassum as they did
in the initial years (Speede et al., 2018) but rather they are adapting
and now depend on the incoming rafts to target alternative species
that are now well accepted by the market (e.g., almaco jacks, C.
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bartholomaei (yellow jacks). In fact, all species (with the exception of
Histrio histrio (sargassum frogfish), and Ocyropsis maculata (comb
jelly) found to be closely associated with pelagic sargassum in this
study are considered commercial species and provide fishing
opportunities, and contribute to the local economy and food
security. In addition to reducing fishing opportunities, large-scale
removal of sargassum could potentially affect commercially
important flyingfish populations since they are known to use
sargassum as a spawning substrate (Oxenford et al, 2019). A
recent study in West Africa by Ofori and Rouleau (2021) using
agent-based modelling to demonstrate the effects of sargassum
harvesting on fisheries, showed that when all of the incoming
sargassum is harvested, the fishery sector is denied the
opportunities that sargassum offers to enhance fish growth and
abundance. On the other hand, if no sargassum is removed, fishers
will likely experience challenging fishing conditions with high
volumes of sargassum in nearshore environments, and tourism
sectors will also be negatively affected (Ofori and Rouleau, 2021).
These findings, supported by our own results suggest that a best
comprise should be sought with regard to in-water sargassum
harvesting and preserving fishing opportunities. Therefore, as the
region explores the use of in-water harvesting to minimize beaching
events and increase valorization, efforts should also be made to
maintain fishing opportunities. Additionally, if large-scale
harvesting is developed, endangered species that use sargassum
rafts, such as turtle hatchlings (known to be present as part of the
clinging-fauna community in the rafts off Barbados but not captured
in our video surveys of the free-swimming community) will need to
be considered (Oxenford et al., 2021). Such concerns have already
led to pelagic sargassum being given special management attention
in the USA through its designation as ‘essential fish habitat’ resulting
in regulations restricting the harvesting of sargassum in waters
under the jurisdiction of the South Atlantic Fishery Management
Council (South Atlantic Fishery Management Council (SAFMC),
2002; National Marine Fisheries Service (NMFS), 2003).
Furthermore in 2014 sargassum was designated as ‘critical habitat’
for loggerhead turtles in the US Gulf of Mexico and NW Atlantic
(National Oceanic and Atmospheric Administration (NOAA),
2014) resulting in its legal protection.

A significant conundrum highlighted here in the management of
sargassum is the conflicting needs of two important commercial
sectors. Large scale in-water removal of sargassum has the potential
to reduce fishing opportunities but it is also likely to greatly improve
tourist experience. It is well established that clean beaches, clear waters
and healthy coral reefs provide the principal settings for tourism
activity in Barbados (Schuhmann et al., 2017) and play a critical role
in tourists’ return visitation decisions (Schuhmann et al., 2019).

In conclusion, this preliminary study provides the first insights
for the Eastern Caribbean on the free-swimming fauna associated
with incoming pelagic sargassum rafts originating from the NERR,
and reveals the management dilemma between the fisheries and
tourism sectors. We have also demonstrated the usefulness of the
relatively simple and low-cost video technique for recording free-
swimming fauna associated with sargassum. Even with the use of a
conservative assessment of the associated biodiversity (MaxN) and
the crude estimates for raft size, we have revealed a significant positive
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correlation between raft size and community assemblage that aligns
well with ecological theory that biodiversity should increase with
patch/habitat size (e.g., Simberloff, 1976; Kohn and Walsh, 1994;
Lomolino, 2000; Munguia-Rosas and Montiel, 2014).

However, there are limitations to our study and generalisations
across years or countries should not be made on the basis of samples
taken over a limited period. Additionally, our camera design would
have inherently missed some of the cryptically colored species
swimming directly beneath the raft. Within this study, about 90%
of the variation in the free-swimming community associated with
pelagic sargassum was not explained by distance from shore, water-
depth and/or raft volume. This suggests that there are likely to be
other important unmeasured variable(s) influencing the community
associated with pelagic sargassum. These could include variability in
sargassum morphotype composition of the rafts (Martin et al., 2021),
age of the sargassum (Stoner and Greening, 1984) source area of
sargassum within the NERR which varies with season (Beron-Vera
et al,, 2022), oxygen levels and changes in hydrography.

To better understand where, when or if in-water harvesting of
sargassum should be permitted, future studies should compare the fish
community in offshore and nearshore environments over a greater
range of distance and over a longer time period than the current study.
Ideally sampling should be carried out closer than 500 m from shore
for applicability of assessing the impact of harvesting sargassum along
the outside of barriers deployed to prevent sargassum reaching the
shore. Sampling should also occur in oceanic waters for applicability of
assessing the impacts of industrial-scale harvesting or sinking of
sargassum. Likewise, sampling should be expanded to cover summer
and winter influx events that bring sargassum from different source
areas in the NERR (Beron-Vera et al., 2022). Moreover, studies that
quantify the utilization of pelagic sargassum by fishers in Barbados and
the Eastern Caribbean are needed to better assess the impacts of loss of
fishing opportunities.
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