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Abstract

Sargassum has become an increasing problem in the Caribbean, especially in Antigua, where it
frequently washes up on beaches. While sargassum can support marine life offshore, large quantities
onshore cause serious problems for the environment, tourism, and local communities. This study
examined water temperature and phosphate concentration in relation to sargassum biomass on
Antigua’s beaches. Water samples were collected and analyzed for phosphate concentration at six
beaches in Antigua, including three sites known to be affected by sargassum and three unaffected
sites. Water temperature and pH were also recorded at each site. Sargassum biomass was collected
using a standardized method, dried to constant weight, and weighed to determine dry biomass.
Biomass was observed at each of the affected areas, yet there was no significant difference across
sites. Phosphate concentrations were significantly higher at the affected sites compared to the
unaffected sites. Temperature and pH were similar across sites. These results suggest that nutrient
levels, especially phosphate, play a significant role in sargassum buildup on beaches, which aligns
with other studies indicating high nutrient concentrations influence sargassum growth. Managing
local runoff and monitoring water quality could help reduce problems related to sargassum blooms
in the future.
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Introduction

Sargassum is a genus of brown macroalgae that creates vast pelagic surface mats or remains
attached to the seafloor, depending on the species. [1] Pelagic sargassum mats are a common part of
surface ecosystems in the Atlantic and Caribbean, offering fish, crabs, turtles, and many other small
organisms refuge in the open ocean. [1] Sargassum mats provide shelter and food, transport nutrients
and species across ocean basins, and have been known to represent key ecological locations for
pelagic life. [1] Controlled and healthy mats are useful because they boost local productivity and
provide important habitat for the early life stages of economically important species. [1]

Unusually massive and persistent sargassum blooms have been observed in the tropical Atlantic
and Caribbean since 2011, with dramatic blooms in 2015 and later years. [2,3] There are multiple causes:
increased fertilizer supply (nitrogen and phosphorus), changes in ocean circulation that carry nutrients
up to the sunlit surface layer, rising sea surface temperatures, and global climate change. [4] Recent
studies explain that nutrient availability from river runoff, coastal pollution, and upwelling/mixing
explain these widespread blooms. [5] Large beach accumulations of sargassum have significant socio-
ecological and economic consequences for Caribbean islands. [6] When large mats wash onto beaches,
their decomposition reduces oxygen levels in nearby waters and releases hydrogen sulfide and other
foul-smelling gases, contributing to hypoxic zones in shallow water ecosystems. [7,8] Surface blooms
can block sunlight and deplete oxygen levels in near-shore waters, leading to widespread loss of
seagrass and coral and long-term ecosystem damage. [9] These blooms also harm fisheries and tourism
by fouling beaches, reducing water quality, and damaging coastal infrastructure. [4]

Seasonal sargassum blooms affect the Caribbean islands frequently, yet vary across islands,
shoreline placement, and local currents. [10] Antigua has experienced localized events where certain
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beaches are severely damaged in some years, while others remain unaffected. For example, in this
study, beaches such as Jabberwock and Lord Nelson’s experienced significant sargassum
accumulation, whereas Runaway Bay and Dickinson Bay remained largely clear. Half Moon, located
on the opposite side of the island, also showed sargassum, highlighting how accumulation can vary
by location. Additionally, local management and cleanup capability influence the onshore impact of
sargassum. [11] Nutrient-focused studies in Japan demonstrate that nitrate, ammonium, and
phosphate availability influence Sargassum composition and growth rates. [12] Since dissolved
inorganic nitrogen and phosphorus strongly affect Sargassum growth, tracking these nutrients can
help explain the intensity of blooms and the amount that accumulates along shorelines. This study
will examine how water quality (PO,*) and temperature influence sargassum biomass on Antigua's
beaches by comparing sites that are affected and unaffected by sargassum bloom:s.

Methods

Six coastal locations around Antigua were sampled, representing both sargassum-affected and
unaffected sites (Figure 1). The affected sites—Half Moon, Lord Nelson’s, and Jabberwock —had
sargassum present during sampling. The unaffected sites—Runaway Bay, Dickinson Bay (East), and
Dickinson Bay (West) —were observed as sargassum-free. Substrate conditions varied between sites.
Half Moon and Lord Nelson’s were mostly sandy, and Half Moon was located near a reef.
Jabberwock had a mix of sand and stone, with a nearby reef. Runaway Bay and Dickinson Bay (East)
were sandy, while Dickinson Bay (West) had a rockier substrate. These sites were chosen to observe
variation in water conditions, seafloor characteristics, and environmental impacts.

Study Sites:
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Figure 1. Map of Antigua showing the six sampling locations, including three sargassum-affected sites (Half Moon,
Lord Nelson’s, Jabberwock) and three unaffected sites (Runaway Bay, Dickinson Bay East, Dickinson Bay West).

At each site, temperature (°C) was measured using a waterproof thermometer held
approximately 10 cm below the water’s surface for 30 seconds. pH was measured on-site using test
strips dipped directly into the seawater samples, with color corresponding to a standardized scale.
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Phosphate concentrations were analyzed using colorimetric methods. At each site, 4 seawater
samples per variable were collected in test tubes. Phosphate was measured by placing 20 mL of
seawater into a test tube, adding 10 drops of phosphate reagent and a small scoop of 0.05 M solid
phosphate, then gently swirling to mix. The tubes were left for 10 minutes until a blue color
developed, indicating phosphate concentration (NYOS Phosphate Test Kit, 2015, Nyos Aquatics).
Nitrate was measured using nitrate test strips (9 in 1 Aquarium Test Strips, 2025, DONGKER), but it
is not reported here due to errors with the test kit.

Lastly, biomass was determined by collecting 4-5 sargassum samples using the bucket method
for standardization. In this method, an 8-inch diameter bucket was placed over an area of sargassum,
the material outside the rim was removed, and the sargassum within the rim was collected for
processing. The same size bucket was used across all reps and sites. Biomass samples were brought
back to my house, placed into pre-weighed foil packets, dried in direct sunlight, and then measured
in grams until a consistent dry weight was reached. All data, including temperature, salinity, pH,
phosphate, and biomass, were entered into Microsoft Excel. Bar graphs were used to visually
compare measurements across sites. To compare the means of phosphate concentrations at the
affected and unaffected sites, a two-sample t-test assuming equal variance was used. Additionally, to
compare mean sargassum biomass across affected sites, a single-factor ANOVA was used.

Results

Water Quality Parameters

Temperature across sites ranged from 30.0°C at Jabberwock to 31.2°C at Dickinson Bay (East and
West). pH values ranged from 7.3 at Jabberwock to 8.0 at Dickinson Bay (West). Jabberwock, Half
Moon (31.1°C, pH 7.6), and Lord Nelson’s (30.5°C, pH 7.7) were recorded as affected by sargassum,
while Runaway Bay (31.0°C, pH 7.8), Dickinson Bay (East) (31.2°C, pH 7.9), and Dickinson Bay (West)
(31.2°C, pH 8.0) were recorded as clean (Figure 2; Figure 3).
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Figure 2. Water temperature (°C) across six sampling locations in Antigua, including three sargassum-affected
sites (Half Moon, Lord Nelson’s, Jabberwock) and three unaffected sites (Runaway Bay, Dickinson Bay East,
Dickinson Bay West).
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Figure 3. pH across six sampling locations in Antigua, including three sargassum-affected sites (Half Moon,
Lord Nelson’s, Jabberwock) and three unaffected sites (Runaway Bay, Dickinson Bay East, Dickinson Bay West).

Water Chemistry

Phosphate concentrations varied across sites. Half Moon recorded the highest average
phosphate concentration at 0.725 mg/L (+0.043 SE), followed by Lord Nelson’s at 0.575 mg/L (+0.288
SE). Jabberwock averaged 0.400 mg/L (+0.200 SE). Runaway Bay, Dickinson Bay (East), and Dickinson
Bay (West) showed considerably lower averages at 0.0438 mg/L (+0.0219 SE), 0.0375 mg/L (+0.0188
SE), and 0.0125 mg/L (+0.00625 SE), respectively (Figure 4). Phosphate concentrations were
significantly higher at the affected sites compared to the unaffected sites (t=12.258, p<0.001).
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Figure 4. Average (+SE) phosphate (mg/L) across the six sampling locations in Antigua, including three
sargassum-affected sites (Half Moon, Lord Nelson’s, Jabberwock) and three unaffected sites (Runaway Bay,

Dickinson Bay East, Dickinson Bay West).
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Biomass (Dry Weight)

Sargassum biomass was variable across the affected sites and was not observed at the unaffected
sites (Figure 5). The average dry weight at Half Moon was 5.0 g (+1.44 SE), while Lord Nelson’s
averaged 11.0 g (+2.83 SE), and Jabberwock averaged 13.0 g (+2.58 SE). There was no significant
difference in biomass at the affected sites (p=0.106, DF=2, F=2.916).
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Figure 5. Average (+SE) dry weight (DW) biomass (g) of sargassum across affected sites in Antigua (Half Moon,
Lord Nelson'’s, and Jabberwock).

Discussion

This study examined how temperature and nutrient levels (PO,*) influence the amount of
sargassum on both affected and unaffected beaches in Antigua. The goal was to see whether local
conditions like water quality or surface temperatures were linked to higher amounts of sargassum
biomass. Sargassum was found at all three of the affected sites, as expected, but no sargassum was
observed at the unaffected sites. There was no difference in sargassum biomass across the affected
sites. However, phosphate concentrations were significantly greater at the affected sites compared to
the unaffected sites.

These results indicate that nutrient levels were more closely connected with sargassum biomass
than temperature. This aligns with previous research showing that while temperature can influence
growth rates, it is often a secondary factor compared to nutrient concentration in driving bloom
intensity. [2,3] Beaches with greater phosphate concentrations had more sargassum wash ashore,
which may have been caused by differences in local conditions, such as proximity to human
development. [13] Geographic features, such as semi-enclosed bays, can trap floating sargassum and
increase nutrient accumulation relative to more exposed coastlines. [9] Notably, the enclosed bay site
(Half Moon) had higher levels of phosphate compared to the open-ocean beaches (Lord Nelson’s and
Jabberwock), which could explain why sargassum was more abundant there. This pattern aligns with
findings from earlier studies: when nutrient concentrations are higher, sargassum tends to grow more
rapidly!. However, this study had several limitations. The sample size and number of samples were
relatively small, which may have affected the precision of the results. Additionally, only phosphate
was measured as a nutrient indicator; measuring nitrogen or other water quality parameters such as
salinity and dissolved oxygen could have provided a more complete understanding of the
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environmental conditions influencing sargassum growth. These measurements could not be taken
due to limited equipment but would be valuable to include in future research.

Nutrient reductions have been shown to limit macroalgal proliferation in coastal systems.
Previous studies in southeast Florida have suggested that improved wastewater treatment could help
mitigate algal blooms. [14] These findings indicate that local nutrient control may help reduce
sargassum effects, even if blooms are also influenced by global ocean and climate conditions. [5] As
a more local example, Barbados has implemented nutrient management strategies in coastal zones as
part of its sargassum reduction efforts, with some evidence of reduced shoreline accumulation. [15]
Improved wastewater treatment and stormwater controls could help Antigua reduce nutrient flow
and better manage sargassum blooms in the future.

Conclusion

Overall, phosphate concentrations were significantly higher at sargassum-affected beaches,
while biomass did not differ significantly among those sites, and temperature showed slight
variation. The areas with more phosphate in the water had more sargassum washing ashore,
suggesting a clear connection between nutrients and bloom size. Future research should explore the
effects of ocean circulation, rising temperatures, and local nutrient sources (e.g., nitrate, phosphate,
and ammonium) on sargassum growth. Identifying the drivers of sargassum blooms may lead to
better protection of the Caribbean's economy and coastal ecosystems.
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