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Observations of Sargassum
carbon influx and
biogeochemical impact in
La Parguera Marine Reserve

Priscilla N. Molina-Cora®®, Julio M. Morell**,
Loraine Martell-Bonet®, Luis R. Rodriguez-Matos?,
Julian E. Morell? and Maribel Vélez-Rivera?

Department of Marine Sciences, University of Puerto Rico, Mayaguez, Puerto Rico, 2Caribbean
Coastal Ocean Observing System, Lajas, Puerto Rico

The massive influx of pelagic Sargassum spp. species, also known as Sargassum
inundation events (SIEs), first arrived at the Caribbean’s coastal waters in 2011.
These events have been linked to hypoxia, among other ecological disturbances.
Here, we report data from 2022 on (1) an assessment of the relative magnitude of
particulate organic carbon (POC) load arising from SIEs into the La Parguera
Marine Reserve (LPMR) basin off the southwest coast of Puerto Rico and (2) the
biogeochemical impact of SIE in a nearshore mangrove key within the reserve,
Monsio Jose Key Bay (MJKB). Our analysis yields that the carbon influx increased
by 20% in the LPMR basin and by 103% in MJKB. Weekly observations of
Sargassum input, along with the collection and analysis of water samples in
MJKB, evidenced a cause-effect relation between Sargassum carbon loading and
frequency of hypoxic (DO < 2 mg-L™%) and critically acidic conditions (Aragonite
saturation, Q < 2.0). During the 2022 Sargassum season, hypoxic conditions were
detected in 43% of samples collected in MJKB. Considering the modulation
of biogeochemical parameters by changes in tide height (Ah) and wind speed
(m-s™Y), stepwise multiple regression analyses (RDA-AIC model selection) showed
that significant parameters influencing DO, pH, and Q include the Sargassum
carbon influx and Ah (p < 0.05). These findings strongly support the hypothesis
that the additional input of POC influx enhances microbial mineralization rates
responsible for depressed oxygen concentrations and acidic conditions, which
could be detrimental to coastal ecosystems. This is particularly concerning in
areas prone to SIEs where geomorphological features facilitate the entrainment
of floating materials. Proper management requires the identification of
vulnerable sites and Sargassum removal. Ongoing efforts towards that goal are
underway for LPMR.
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1 Introduction

Pelagic Sargassum blooms form aggregations or ‘rafts’ (Brooks
et al, 2018), of which significant amounts are advected into
Caribbean waters. Rafts support a drifting ecosystem hosting a
wide variety of marine species (Weis, 1968; Casazza and Ross, 2008;
Brown, 2020) and are recognized by the South-Atlantic Fisheries
Council of the National Oceanic and Atmospheric Administration
as an essential fish habitat (NOAA, 2003; Huffard et al., 2014;
Cashman and Nagdee, 2017). Since 2011, the seasonal occurrence of
large pelagic blooms of Sargassum, including two predominant
species (S. fluitans and S. natans), has become the new normal in
the Tropical and Subtropical North Atlantic from Brazil to Africa
(de Széchy et al.,, 2012; Hu et al., 2016; Putman et al., 2018; Wang
et al., 2019; Johns et al,, 2020). Pelagic Sargassum blooms have
attracted attention due to their substantial arrival in vast quantities,
also known as Sargassum inundation events (SIEs), along the coasts
of the Greater Caribbean and the Tropical Atlantic Regions
(Moreira and Alfonso, 2013; Mendez-Tejeda and Rosado, 2019;
Wang et al., 2019). Once brought ashore by currents and winds
(Putman et al, 2018; Wang et al,, 2019), the accumulation of
Sargassum on the coast has been reported to lead to detrimental
conditions for coastal ecosystems, fisheries, and tourism (Cashman
and Nagdee, 2017; van Tussenbroek et al., 2017; Cabanillas-Teran
et al, 2019; Mendez-Tejeda and Rosado, 2019; Brown, 2020;
Bernard et al., 2022; Sanchez et al, 2023). Although SIEs have
been considered a temporary phenomenon (Marsh et al., 2022),
recent studies indicate that recurrent blooms could be associated
with climate change, fluctuations in hydrodynamic patterns, and
the introduction of anthropogenic nutrients (Djakoureé et al., 2017;
Sonter et al., 2017; Putman et al., 2018; Wang et al., 2019; Gouvea
et al., 2020). Sargassum accumulates seasonally under the
Intertropical Convergence Zone (ITCZ) (Johns et al, 2020). In
this zone the equatorial and Northwest Africa coastal upwelling
regions, the Amazon and Orinoco River outflows, and the Saharan
dust transported by the easterly trade winds supply a significant
amount of nutrients (Wang et al,, 2019; Oviatt et al., 2019),
providing optimal conditions to sustain a Sargassum bloom in the
North Equatorial Recirculation Region (NERR) (Gower et al., 2013;
Wang and Hu, 2016; Djakoure et al., 2017). Following the bloom,
the Sargassum is transported westward and eastward, creating the
great Atlantic Sargassum belt (Wang et al., 2019; Johns et al., 2020;
Skliris et al., 2022).

Given its effectiveness as a primary producer and storehouse of
organic carbon (Krause-Jensen and Duarte, 20165 Gouveéa et al.,
2020), SIEs can represent a significant exogenous source of
particulate organic carbon (POC) (Valiela et al, 1997). POC
influx can be expected to result in hypoxia and ocean
acidification due to increased metabolic demands (Burkholder
et al., 2007; Lee et al., 2007; Martinez-Liischer and Holmer, 2010;
van Tussenbroek et al., 2017). Hypoxic conditions associated with
Sargassum have been linked to neritic fish and crustacean mortality
(Rodriguez-Martinez et al., 2019). However, although Sargassum’s
role in carbon dynamics in the Tropical and Subtropical Atlantic
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oceanic domains has been well-documented (Krause-Jensen and
Duarte, 2016; Wang et al., 2018; Gouvea et al., 2020; Hu et al., 2021),
the impact of pelagic Sargassum carbon that inundates Caribbean
coastal ecosystems remains to be adequately assessed. Further
studies identifying the magnitude and frequency of SIEs driven
hypoxia and acidification events in representative critical
ecosystems should provide a baseline for the development of
models predicting biomass influx and retention as well as the
resulting hypoxia and acidification. Said forecasting tools would
support resource managers responsible for deploying impact
mitigation measures.

Here, we present data from a year-long (2022) time-series of
observations focused on assessing the temporal variability of
Sargassum biomass influx rates into the La Parguera Marine
Reserve (LPMR) basin and at Monsio Jose Key Bay (MJKB)
within the basin. The relative increase in POC loading resulting
from Sargassum influx, both at the basin-wide scale and at MJKB, is
estimated using available data on mangrove litterfall (Vega-
Rodriguez et al., 2008; Pérez-Pérez et al, 2022) and seagrass
production for LPMR basin (Liboy, 1976; Hertler, 2002).
Below we report serial observations of dissolved oxygen (DO)
concentration, total alkalinity (TA) and pH at MJKB, collected in
parallel to biomass influx measurements provided for assessing the
magnitude, frequency and duration of hypoxia and acidification
events in a mangrove key, a typical ecosystem in LPMR basin,
arising from SIEs.

2 Materials and methods
2.1 Area of study

This study was conducted in the coastal waters of LPMR off the
southwestern coast of Puerto Rico (Figure 1), an area designated as
a Nature Reserve in September 1979. The reserve consists of a series
of reef cays with a dispersed distribution along the interior insular
shelf hosting ecosystems, including coral reefs, seagrass meadows,
and mangroves (Valdes-Pizzini and Schirer-Umpierre, 2014). Due
to the prevalence of south-southeasterly winds, the area is
particularly susceptible to SIEs (Hernandez et al., 2022).
Meteorologically, the LPMR basin is characterized by a wet
season extending from August to November, and semiarid
conditions prevail during the rest of the year (Garcia-Troche
et al, 2021; Ayala-Torres and Otero, 2023). Mangrove litterfall
and seagrasses are the major organic carbon sources in LPMR. Net
carbon production by planktonic autotrophs was not included as a
source of POC in LPMR basin, as the only published information
available (Odum et al., 1959) reports net autotrophy presumably
supported by dissolved organic carbon (DOC) exported by
mangrove forests. Moreover, Melendez et al. (2022), using data
from a decade of observations collected by La Parguera MapCO,
buoy, located off a mid-shelf reef key in the LPMR basin, reported
net heterotrophic conditions during the year as slightly autotrophic
conditions only prevailing during winter months.
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FIGURE 1

10.3389/fmars.2025.1612438

Satellite images showing (A) Puerto Rico in the Caribbean Sea, (B) the study area off the southwestern coast of Puerto Rico, and (C) the geographical
distribution of Sargassum trap location around La Parguera Marine Reserve, Lajas, Puerto Rico. The white circles indicate study sites: SC (San
Cristobal key; 17.942074°N, 67.076714°W), LA (Laurel key; 17.943191°N, 67.056441°W), ML (Media Luna key; 17.9395°N, 67.042871°W), C3A (17.9438°
N, 67.009188°W), C2A (17.9434°N, 67.005127°W), and C1A (17.9442°N, 67.002603°W) (Corral Key) and MJIKB (Monsio José Key Bay; 17.9688°N,
67.076871°W). The red squared in MIJKB marks the location where a Sargassum trap was located, and biogeochemical samples were collected.

2.2 Estimation of Sargassum carbon influx

Six (6) Sargassum traps (Supplementary Figure A.l in
Supplementary Materials), constructed using PVC pipe and
plastic mesh and measuring 0.63 x 0.5 x 0.63 m (depth x width x
height), were deployed facing the prevailing southeasterly winds on
the seaward edge of four reef islands on the outer southern
boundary of LPMR basin. An additional trap was deployed in
Monsio Jose Key Bay (MJKB) (17.9688°N, 67.076871°W), a
nearshore mangrove-lined embayment (Figure 1). Traps were
placed in 10 cm deep water to ensure water inflow even at low
tide. Weekly sampling facilitated trap maintenance, allowing for
continuous assessment of their condition. Traps were replaced as
needed to ensure optimal functionality and uninterrupted sampling.

Quantification of the weekly Sargassum biomass influx (kg:-m’
"Wk} into the LPMR basin and MJKB was estimated by collecting
the Sargassum accumulated in the traps, transferring it to a mesh
bag, and weighing it on-site using an electronic fish scale. The
Sargassum wet weight was converted to POC using an averaged
carbon-to-wet weight ratio of 0.05 + 0.01 published by Laffoley et al.
(2014); Wang et al. (2018, 2019); and Gouvea et al. (2020)
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(Supplementary Table A.1 in Supplementary Materials). The total
weekly Sargassum carbon influx to the LPMR basin was estimated
using the weekly mean capture of all traps located in the outer reefs,
normalized by the trap width (meters) and multiplied by the width
of the basin’s windward boundary (10.4 km). For MJKB, weekly
mean values were multiplied by the width of the channel (69 m)
facing the prevailing wind. Sargassum carbon influx rates to MJKB
nearshore station were contrasted with estimates of carbon influx
from mangrove litterfall. To achieve a more comprehensive
assessment of the carbon contribution, we also estimated DOC
from Sargassum using values reported by Powers et al. (2019).

2.3 Estimating mangrove POC influx

The mangrove litterfall rate for the LPMR basin and MJKB were
estimated using the mean of reported litterfall observations in
LPMR, 476 dry weights-m’z-yr’1 (Vega-Rodriguez et al., 2008;
Peérez-Perez et al,, 2022) and area estimates were derived from
satellite imagery. Mangrove litter mass was converted to carbon
using the 0.5 carbon/litter weight ratio reported by Golley et al.
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(1962) (Supplementary Table A.2 in Supplementary Materials). The
estimated POC was converted to DOC using the 0.13 reported by
Adame and Lovelock (2011).

2.4 Estimating seagrass POC input

Estimates of net carbon input from seagrasses are based on
seagrass growth studies carried out in LPMR basin by Liboy (1976)
and Hertler (2002). The mean seagrass productivity rate (4.56 +
2.01 gm™>day ") calculated from data from both studies was used to
obtain the seagrass POC production rate for the basin. Said rate is
consistent with reports from other areas in the Caribbean (Linton
and Fisher, 2004; Juman, 2005). Seagrass biomass was converted to
carbon using the carbon-to-biomass ratio (0.32) reported by Bay
et al. (1996) (Supplementary Table A.3 in Supplementary
Materials). We estimated the exudation carbon by using the
POC-to-DOC ratio (0.126) reported by Robertson et al. (1982).

2.5 Biogeochemical observations at MJKB

Although Sargassum traps were deployed throughout LPMR,
the analysis of weekly seawater samples for assessing the
biogeochemical impact of SIEs was exclusively conducted for
MJKB in this study. Samples were collected within 3.5 meters of
the MJKB Sargassum trap (17.968766°N, 67.076871°W) from
January 2022 to December 2022 between 7:00 and 10:00 a.m.
(local time) at 1-meter depth using a Van Dorn 3.5 L sampler,
following the best practices guidelines (Dickson et al., 2007). One
seawater sample was collected for each parameter, which allowed
for duplicate analyses in the lab. Conductivity and temperature data
were collected with an SBE25 CTD. Seawater samples for pH and
TA were fixed immediately with a saturated solution of mercury
chloride (HgCl,) to prevent biological alteration. Analysis for pH on
the Total Scale was performed using a spectrophotometer with m-
cresol purple indicator dye (pHrt + 0.003) (Dickson and Goyet,
1996; Grasshoff et al., 2007). Total alkalinity determinations (TA + 2
pmol-kg'l) (Dickson et al., 2007) were carried out following the
protocol described by Garcia-Troche et al. (2021). DO sample
analysis was performed following the Winkler method (DO =+
0.50 mg-L’l) (Grasshoft et al., 2007; Astor et al., 2013). Aragonite
saturation state () values were estimated from pH and TA
measurements using the CO2SYS program (Lewis and
Wallace, 1998).

2.6 Statistical analysis

Pearson’s correlation analysis was used to identify significant
time-lagged correlations between the explanatory variable
(i.e., weekly Sargassum carbon influx) and the dependent
variables (i.e., DO). A MATLAB function was created to identify
different weekly lags between the variables and show the significant
Pearson’s correlation coefficient. The lagged Sargassum carbon
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influx (kgCm™) and physical parameters, such as wind speed
(m-s") and changes in tide height, calculated as Ah = (tide height
at sampling time)/(mean low tide), were included in data analyses to
determine their significance in modulating the measured and
calculated biogeochemical parameters (i.e., DO, pH, Q). Wind
speed data were sourced from the National Buoy Center, and
tidal data were obtained from NOAA Tides & Currents for
Station 9759110, Magueyes Islands, PR.

The MATLAB Fathom toolbox (Jones, 2017) was used to
perform a stepwise forward selection of explanatory variables in
Redundancy Analysis (RDA) using Akaike Information Criteria
(AIC). This analysis identified optimal variables that substantially
explained the variation of biogeochemical parameters (i.e., response
variables; DO, pH, €2). Explanatory variables included in the RDA-
AIC analysis were Sargassum carbon influx, wind speed, and Ah.
Subsequently, a permutation-based RDA with 1000 iterations was
conducted using the optimal explanatory variables identified
through the RDA-AIC analyses to derive the model statistics.
Lastly, to gain a clearer understanding of the individual effects of
the optimal explanatory variables on the response variables, a
permutation-based Multiple Linear Regression via Least Squares
Estimation with 1000 iterations were performed for each response
variable independently. This enabled a more precise interpretation
of the impact of each explanatory variable on the response variables,
offering insights into their distinct roles within the broader model.

3 Results
3.1 Sargassum biomass influx

During 2022, SIEs at LPMR basin started in April and extended
until November. The mean weekly Sargassum biomass influx for the
six (6) traps, located in the outer keys of the LPMR basin (Figure 2),
ranged from non-detectable to a maximum of 24.80 kg-m Wk
occurring on the second week of May. An estimate of the mean
weekly Sargassum biomass influx into the basin yields 7.85 + 6.60
kg-m Wk or 81,725 kg-Wk™ for the whole basin. For the same
period, the weekly Sargassum biomass influx rate into the MJKB
averaged 2.13 + 5.08 kg-m "Wk ' with a maximum Sargassum input
rate of 23.22 kg-m™“Wk'! (Figure 3). Extrapolation using the width
of MJKB channel (69 m) aligned with the prevailing wind direction,
yields a weekly mean Sargassum biomass loading rate for the
embayment of 155 + 327 kg-Wk '\,

3.2 Carbon inputs to LPMR basin

Figure 4 presents the estimates of POC production by
mangroves (as litterfall) and seagrasses (leaf growth) as well as
estimates of Sargassum POC influx into the LPMR basin. The
weekly POC production of seagrasses and mangroves totaled
18,209 kgC-Wk™', while the POC loading arising from the
Sargassum influx during high season in 2022 averaged 3,617 +
3,452 kgC-Wk1 with a standard error of 241 kgC-Wk’l, thus

frontiersin.org


https://doi.org/10.3389/fmars.2025.1612438
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

Molina-Cora et al. 10.3389/fmars.2025.1612438

La Parguera Marine Reserve Basin
~~350,000

Wk

Sargassum Biomass
I Standard Deviation

g
w
o
o
o
o
o
1

250,000 A

200,000 ~

150,000 H I

100,000 ~ I

50,000.: H i ! I I

1 i I

0 T T T 1 T I T T T T I =
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2022

Weekly Sargassum Biomass influx (ki

FIGURE 2
Estimated average over-trap (n = 6) of Sargassum biomass influx on the outer keys extrapolated by the width of the LPMR basin during the 2022 season
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FIGURE 3
Estimated Sargassum biomass influx to MJKB, extrapolated by the width of the channel, during the 2022 season.
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Particulate Organic Carbon Source at La Parguera
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Estimated weekly POC input rates from Sargassum and other primary sources in LPMR basin.

representing about 20 + 19% increase in POC input to LPMR
basin (Figure 4).

The weekly estimated exudates of DOC from the production of
seagrasses and mangroves in the LPMR basin are 3,041 kgC-Wk™'
(Supplementary Table A4 in Supplementary Materials). At the
same time, the DOC loading arising from the Sargassum influx
during the high season in 2022 averaged 6 kgC-Wk'', thus
representing a 0.2% minor fraction increase in DOC input to the
LPMR basin. The comparison of the calculated POC and DOC
fractions from Sargassum suggests that POC is the predominant
contributor to the organic carbon pool in the LPMR basin.

3.3 Carbon input to MJKB

Weekly estimates of carbon loading from mangroves (as
litterfall) and Sargassum to MJKB are presented in Figure 5.
Nonetheless, for MJKB, the seagrass carbon was not considered
because the study site does not harbor seagrasses. While carbon
production by mangroves for the area in the MJKB, is estimated at
7.5 + 1.4 kgC-Wk'', Sargassum, POC influx averaged 7.7 + 16.3
kgC-Wk', thus representing a 103% net increase in POC.

The carbon exudation estimates by mangroves, primarily
through litterfall, for MJKB are approximately 1.0 kgC-Wk''
(Supplementary Table A.5 in Supplementary Materials). In
contrast, the DOC influx from Sargassum into the MJKB
averaged 0.013 kgC, contributing to a minor increase of 1.3%
in DOC.
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3.4 Biogeochemistry at MJKB

Observations of biogeochemical data indicate that during the
months before the arrival of Sargassum (winter season), pH ranged
from 7.7 to 7.9, while Q ,;agonite ranged from 2.2 to 3.0. DO values
ranged from 3.28 to 5.24 mgL", while temperature ranged from
26.11 to 28.21°C (Supplementary Table A.6 in Supplementary
Materials). After the onset of the Sargassum season in early May,
we observed a sharp decrease in pH, Qqagonite, and DO (Figure 6).
Simultaneously, we observed a warmer seawater temperature. For
this period, pH values ranged between 7.0 — 7.8, with increased
seawater acidity observed during the summer months when Q
aragonite Tanged between 0.5 - 2.8, values under critical levels are €2 <
2.0. During the same period, DO values ranged from non-detectable
to 4.67 mg:L™', frequently reaching hypoxic or anoxic conditions.
Temperature values ranged from 27.90 to 30.77°C, with higher
temperature levels occurring between late summer and fall. The
ecosystem’s gradual and modest recovery is evident towards the end
of the season, albeit with sustained low DO and pH levels. These
conditions persisted from mid-June to September.

Data analyses were performed using a one-week lag on the
Sargassum carbon influx based on the significant time lagged
correlations identified by the Pearson’s correlation analysis using
DO, pH and Q data (Supplementary Table A.7 in Supplementary
Materials). These results suggest that biogeochemical parameters
exhibit measurable changes one week after a SIE, indicating
Sargassum impact on the system’s chemical dynamics. The
stepwise RDA-AIC analyses showed that Ah and Sargassum
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Particulate Organic Carbon Sources at Monsio Jose Key Bay
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FIGURE 5
Estimates of POC sources at MIKB during the 2022 Sargassum season.

carbon influx were the optimal explanatory variables for the
variance of DO, pH and Q (Table 1). A significant portion of the
response variables is explained by Ah independently, but adding
Sargassum carbon influx further improves the model. Wind speed
was not identified as an optimal explanatory variable by the AIC
analyses. The RDA permutation test demonstrated that the model
incorporating the optimal explanatory variables identified through
RDA-AIC accounted for a significant proportion of the variance in
the response variables (p < 0.05, r* = 0.34; Supplementary Table A.8
in Supplementary Materials).

Multiple linear regressions to assess the individual effects of Ah
and Sargassum carbon influx on response variables (i.e., DO, pH, Q)
showed that DO is significantly influenced by Ah and Sargassum
carbon influx (p < 0.05, r* = 0.35; Table 2), with Sargassum carbon
influx having a negative relationship and Ah having a positive
relationship with DO. However, the response of pH and Q is less
well explained by Ah and Sargassum carbon influx (r* = 0.14). The
variation in Ah has a marginal influence on pH, whereas the influx
of carbon from Sargassum has a minimal impact on Q (Table 2).

4 Discussion
Sargassum inundation events in LPMR basin and MJKB exhibit

a marked seasonal variability, with peak influx rates occurring in
spring and summer and quickly subsiding between August and
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Sargassum
(this study)

December. In May 2022, the LPMR basin and MJKB experienced a
major influx of Sargassum biomass, which has been corroborated by
satellite image analyses reported by the University of South Florida
Optical Oceanography Lab, which sets a new historical record for
the month of May for all Caribbean regions, exceeding all major
Sargassum blooms in previous years (Hu, 2022). The mean estimate
of Sargassum biomass loading in LPMR basin indicates a substantial
influx. The assumption is that the Sargassum collected in the traps
represents the total Sargassum accumulation in the LPMR basin,
which can lead to an overestimation of biomass influx. We
emphasize that the purpose of this research is to estimate the
amount of Sargassum POC entering the basin compared to well-
known local POC sources. However, we compared our 2022 data on
Sargassum biomass (wet weight) with data from Mexico in 2015.
This comparison provides an insight into the influx estimate. Our
data indicate that the LPMR basin received a monthly influx of
49,360 kg-km™ for July-August, an amount notably lower compared
to the monthly ~817,000 kgkm™ accumulated on Mexico’s
coastline in 2015 (van Tussenbroek et al., 2017).

The estimates reported in Section 4 for POC inputs to the
LPMR basin indicate that, at the basin scale, Sargassum input
represents a significant increase in carbon load (20%) over POC
inputs from seagrass and mangrove litter. However, in MJKB,
where the shoreline favors entrainment of buoyant material, the
Sargassum inundation represented a 103% increase in carbon
loading comparable with local carbon input from mangrove
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FIGURE 6

Time series of (A) Sargassum carbon influx, (B) Dissolved oxygen, (C) Q aragonite, and (D) pH, for the 2022 season at Monsio Jose Key Bay (MJKB).

The red line represents the critical level for DO (<2 mg-L™) and Q (< 2).

litterfall. This means that environmental conditions (e.g., prevailing
winds, hydrodynamics) at specific geographical areas with shoreline
characteristics that are conducive to the retention of Sargassum, are
particularly vulnerable to SIE (Leon-Pérez et al., 2023). In MJKB,
this additional input of POC into the ecosystem most probably
leads to hypoxia and acidification enhancement due to increased
metabolic demands in the benthos and water column (Burkholder
et al., 2007; Lee et al., 2007; Martinez-Liischer and Holmer, 2010;
van Tussenbroek et al., 2017; Valiela et al., 1997; Rabalais et al.,
2002; Wallace et al., 2014).

TABLE 1 Akaike Information Criterion (AIC) model with explanatory
variables (Ah, Sargassum carbon influx) that explained DO, pH, Q at
Monsio Jose.

2

Variable r r’Adjusted AlC
Ah 0.21 0.19 34.69
Sargassum carbon influx 0.32 0.28 31.27

The tidal height differential (Ah) plays a significant role in
regulating DO, pH, and Q through physical and biogeochemical
processes. During periods of larger Ah, the influx of offshore water
into MJKB facilitates water mass flushing, promoting oxygenation
and mitigating declines in pH and Q. Conversely, when Ah is
minimal and tidal exchange is limited, the “residence time” of water
masses in MJKB may become stagnant, allowing biological
processes such as respiration and the decomposition of Sargassum
and other organic matter to drive reductions in DO, pH, and Q.
These findings indicate that tides actively shape the ecological and
biogeochemical conditions at MJKB, even during SIEs.

Monsio Jose Key Bay is characterized by fringe mangroves,
which are host to a varied community of autotrophs and
heterotrophs and function as essential nursery grounds for
juvenile fish (Nagelkerken et al., 2008), SIEs may disrupt these
ecosystems, leading to direct mortality, forced migration,
heightened vulnerability to predation, shifts in food availability,
and changes to life cycles (Rabalais et al., 2002; Vaquer-Sunyer and
Duarte, 2008; Dubuc et al., 2019; Pérez-Posada et al., 2023).

TABLE 2 Results of multiple regressions for DO, pH and Q against Ah and Sargassum carbon influx.

Response variable Adjusted r* p Intercept (beta, p) Sargassum carbon influx (beta, p) Ah (beta, p)
DO 0.35 0.32 1107 1.75, 2.00-10~° -0.03, 2.00-107° 1.33,2.00-10°
pH 0.14 0.10 1107 7.56, 2.00-10~° -3.12:107%, 0.06 0.13, 2.00-10*
Q 0.14 0.09 1107 1.86, 2.00-10° -0.01, 2.00-107* 0.30, 0.08
Significant p values are in bold.
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Therefore, the constant arrival of Sargassum poses a threat to both
flora and fauna. Hernandez et al. (2022) suggest that the persistent
influx of Sargassum may have negatively impacted vegetation cover,
including mangroves and seagrasses, resulting in a decline in La
Parguera. MJKB experienced 10 weeks of hypoxic conditions due to
the accumulation of carbon-rich Sargassum biomass, with DO
levels decreasing below the critical lethal concentration 50%
(LC50) threshold of 2 mg O,/L (Vaquer-Sunyer and Duarte,
2008). According to Vaquer-Sunyer and Duarte (2008), fish and
crustaceans would perish from hypoxia in these circumstances
before they could reach the critical threshold.

The evolution of hypoxia was paralleled by a decline in
aragonite saturation, which dropped below the critical threshold
of Q < 2.0 following SIEs (Sanchez-Beristain et al., 2016), as
illustrated in Figure 6. The decrease in Q could be
disadvantageous for many marine organisms, such as corals,
clams, echinoderms, mussels, oysters, etc (Morse et al., 2006;
Bates et al., 2009; Millero, 2013; Mollica et al., 2018). Also, the
low pH and Q levels could affect commercially important species’
breeding areas and the food web dynamics at lower trophic levels
(Branch et al., 2013; Sutton et al.,, 2016; Clements and
Chopin, 2017).

The SIEs have a significant impact on the ecosystem and socio-
economic consequences, disrupting tourism, limiting local
recreational activities, and constraining fisheries due to reduced
fish availability (Rodriguez-Martinez et al, 2019; Hamel et al,
2024). Additionally, there are challenges in developing cost-
effective management strategies to remove Sargassum from
shorelines (Hamel et al., 2024; Leon-Perez et al., 2024). Our
observations highlight the need for further assessment of impacts
arising from Sargassum and the development of tools capable of
forecasting SIEs and their biogeochemical impacts. The time series
presented in this study was used to develop the CARICOOS’ coastal
Sargassum inundation forecasting products (caricoos.org/
sargassum) and is an ongoing effort to validate the models. In
this way we are enhancing predictive models and providing tools for
coastal management strategies.
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