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Scleractinian corals, considered key reef ecosystem engineers, have suffered

irreparable damage over the last decades, with causes widely attributed directly

and indirectly to increased human pressure on coral communities. Stony coral

tissue loss disease (SCTLD), first detected in Florida in 2014, by early 2023 had

spread to 26 jurisdictions in the wider Caribbean, causing severe effects on coral

reefs. In January 2020, monitoring efforts to detect SCTLD began on the island of

Roatan in Honduras. The disease was first reported in Flowers Bay, Roatan, in

September 2020. Since then, dedicated collaborative efforts have been made to

assess the severity of the disease, mitigate its effects, and raise coral reef

conservation awareness. To track the progression of the outbreak, presence-

absence data were collected using the rover diver methodology. With at least 28

species affected, SCTLD has spread across the Bay Islands over a period of 13

months. Roatan and Utila have been the most impacted islands, with the disease

encircling them rapidly at a rate of approximately 155 m/day. The spread of

SCTLD was overall rapid, but geographical patterns were detected in Roatan,

where it showed faster progression on the windward side than on the leeward

side. Further research is required to explore whether these disparities are related

to marine traffic, water quality, currents, or a combination of multiple factors.

Our findings shed new knowledge on the spread of SCTLD in Honduras, which

can provide insights for other Caribbean nations whose economies are also

dependent on the health of their coral reefs.

KEYWORDS

Stony coral tissue loss disease, Honduras, Scleractinia, coral reef monitoring, coral
disease outbreak
Introduction

Scleractinian species, commonly known as stony corals, have been impacted by an epizootic

known as stony coral tissue loss disease (SCTLD) since September 2014 (Precht et al., 2016).

This novel white plague-type disease is likely the most lethal coral disease currently known,

causing devastating impacts to the Caribbean over the past seven years (Precht et al., 2016;
frontiersin.org01

https://www.frontiersin.org/articles/10.3389/fmars.2023.1197318/full
https://www.frontiersin.org/articles/10.3389/fmars.2023.1197318/full
https://www.frontiersin.org/articles/10.3389/fmars.2023.1197318/full
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fmars.2023.1197318&domain=pdf&date_stamp=2023-07-21
mailto:mar.truc.tomas@gmail.com
mailto:arivera@coral.org
https://doi.org/10.3389/fmars.2023.1197318
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/marine-science#editorial-board
https://www.frontiersin.org/marine-science#editorial-board
https://doi.org/10.3389/fmars.2023.1197318
https://www.frontiersin.org/journals/marine-science


Truc et al. 10.3389/fmars.2023.1197318
Precht, 2021; Alvarez-Filip et al., 2022). Among these impacts, we can

highlight the widespread mortality of up to 60% loss of living coral

tissue and over 90% of pillar corals on the Florida Reef Tract (Walton

et al., 2018; Neely et al., 2021), along with rapid disease spread

throughout the 450-kilometer Mexican Caribbean coast, including a

46% loss of coral cover in Cozumel (Estrada-Saldıv́ar et al., 2021;

Alvarez-Filip et al., 2022). Although the pathogen causing SCTLD

remains elusive, recent studies have identified clear and consistent

differences between healthy and diseased coral microbiomes suggesting

that the disease may be caused by multiple factors, including bacteria

belonging to specific groups, such as Vibrio, Arcobacter, Rhizobiaceae,

or Rhodobacteraceae, and viral-like particles (Ushijima et al., 2020;

Work et al., 2021; Becker et al., 2022; Huntley et al., 2022).

SCTLD affects around 30 species, including important reef-

building species (e.g., Meandrina meandrites), species considered

endangered by the global IUCN Red List (e.g., Dendrogyra

cylindrus, Orbicella faveolata), and species listed as threatened

under the U.S. Endangered Species Act (ESA) (e.g., the genus

Orbicella) (U.S. Fish & Wildlife Service, 2014; Florida Coral

Disease Response Research & Epidemiology Team, 2018; Cavada-

Blanco et al., 2022). Characterized by its high virulence, the

progression of lesions across a colony is rapid compared to other

coral diseases, and in many cases, can result in full colony mortality

(Aeby et al., 2019). Furthermore, SCTLD can have cascading effects

throughout the ecosystem, causing a decline in coral cover and

biodiversity (Walton et al., 2018; Costa et al., 2021; Heres

et al., 2021).

Honduras is a key interconnectivity area in the Mesoamerican

reef region (Chollett et al., 2017), boasting some of the highest coral

cover in the region (McField et al., 2020). In Honduras, SCTLD was

first reported on September 24th, 2020, in Flowers Bay, on the south

shore of Roatan, Bay Islands and rapidly spread across the whole

island. The Bay Islands, like many other locations in the Caribbean,
Frontiers in Marine Science 02
strongly rely on healthy coral reefs, as their main source of income

is tourism (Doiron and Weissenberger, 2014).

Given the urgency of this novel scenario, local non-government

organizations (NGOs) have conducted rapid assessments using the

rover diver methodology before and after the first report of SCTLD

in the country. Additionally, intervention actions through topical

antibiotic applications have also been led by NGOs in collaboration

with government agencies and local businesses. Here we provide the

first description to date of the spatial-temporal evolution of this

novel disease across the Honduran Caribbean to provide insight for

other areas that are still unscathed.
Methods

Study site

The Bay Islands Archipelago is located-60 km north of the

Honduran coast in the western Caribbean Sea. It was designated the

Bay Island National Marine Park (BINMP) in 1997 (Decree 005-

1997) and integrated into the Honduran national system of

protected areas in 2010 (Decree 75-2010). The archipelago is part

of the Mesoamerican Barrier Reef System (MBRS), which is the

second-largest reef in the world, with an extensive, complex, and

highly diverse ecosystem that spans approximately 1000 km

(Almada-Villela et al., 2003). The MBRS also includes the Cayos

Cochinos Marine Protected Area (CCMPA) (Decree 1928-93),

which is situated between Honduras’ northern coast and the

BINMP and has been recognized as a Natural Marine Monument

since 2003 (Decree 114-2003). Roatan, Utila, Guanaja, and Cayos

Cochinos are the four main groups of islands within the Bay Islands

department, which are comprised by 60 cays and multiple large

islands (Harborne et al., 2000) (Figure 1).
FIGURE 1

Map of the study area. Inset on the top left of the map displays the islands’ location with reference to the Honduran mainland.
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Monitoring

From January 2020 to November 2021, the presence of SCTLD

was assessed in 48 sites across the Bay Islands, including Utila (11),

Guanaja (10), Roatan (24), and Cayos Cochinos (3), using the rover

diver methodology (Doyle and O’sullivan, 2019). In Roatan, sites

were surveyed monthly (except for January to September 2020,

when monitoring was conducted bimonthly), bimonthly in Utila,

and during November, December 2020, and January, April, and

June 2021 in Guanaja and August 2021 in Cayos Cochinos. A

minimum of 4 SCUBA divers conducted 20-minute census swims

and recorded the species and disease status of coral colonies with a

size of >10cm present in a one-meter-wide band along their survey

line. For each species, the divers tallied colonies that were (a)

recently dead, (b) actively diseased, (c) colonies with signs of

concern, and (d) healthy colonies. Species considered in the study

corresponded to those known to be highly susceptible, moderately

susceptible (i.e., intermediate susceptibility), and those that are

believed to be susceptible but lack sufficient evidence (i.e.,

presumed susceptibility) based on the description in Doyle and

O’sullivan, 2019. Photos were taken for unusual or unclear disease

sightings. The data obtained through these surveys were used to

determine the presence of the epizootic in the study sites and the

number of affected colonies per site. SCTLD was considered present

in sites with records of a minimum of three actively diseased or

recently dead colonies, and absent where only healthy and/or

colonies with signs of concern were reported. First detections

were not always observed from scientific monitoring efforts. Data

for sites of the first detection of SCTLD in each of the islands were

retrieved from the open AGRRA database (Kramer, 2019) and

considered in the detection map.
Data collection on factor potentially
influencing disease spread

Data on factors potentially linked to disease spread were

collected from online databases and analyzed for the study

periods in the area. Online bleaching alerts were obtained from

the Coral Reef Watch Program (NOAA Coral Reef Watch, 2020).

Additionally, data on average current direction and speed were

collected from the Global Ocean 1/12° Physics Analysis and

Forecast updated and OSCAR (Ocean Surface Current Analysis

Real-time) for the study period in Honduras and neighboring

countries (ESR, 2009; Copernicus Marine Service, 2016).
Spread analysis

The spatial-temporal progression of SCTLD was evaluated

through comparisons of presence/absence maps over time. The

collected data was divided into six periods of equal duration from

January 2020 to November 2021, three months each, beginning

with the first signs of SCTLD in the country. Disease spread was

assessed based on the infection of new sites, the apparent direction
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of the disease, and the approximate average spread rate. The last

variable was calculated by pooling the presence/absence data into

three-month intervals, computing the distance between the latest

infected site in one period and the nearest infected point in the

previous period, and dividing it by a fixed duration of 90 days. Peaks

for disease spread were calculated by selecting the data points above

the third quartile. The Measure Tool in ArcGIS Pro was used to

calculate distance (Version 2.9.0). Analysis of Variance (ANOVA)

was used to investigate whether the average disease spread was

different between the northeast and southwest coasts of Roatan.

Normality and homoscedasticity were assessed using Shapiro Wilk

and Levene Tests. All data analyses were done using R computing

software (R Core Team, 2020).
Results

In total, 48 monitoring sites were surveyed across the Bay

Islands during 2020-2021. The average rate of disease spread was

155 m/day around Roatan and Utila, although there was significant

variability in disease spread between the northeast and southwest

coasts of Roatan (ANOVA; p = 0.02), with northern spread values

double those in the south (229 m/day, 90 m/day, respectively).

During the first monitoring period of 2020 (January-August), no

evidence of diseased coral colonies was found at eight monitoring

sites on the west, south, and east sides of Roatan. However, between

September and November, the disease was detected for the first time

on the island, specifically on September 24th at Flowers Bay

(16.28725, -86.575223; Figure 2A). The disease initially spread

radially to the closest locations around the outbreak site (∼ 4

km), following a contagion model. After three months, the

disease was also present on the northern side of Roatan, with up

to 366 colonies affected in a single site (Figure 2B). Over the next

two three-month periods (December 2020-February 2021 and

March-May 2021), the disease spread rapidly eastwards on the

windward side of the island (North coast), with spread rates of

around 286 and 130 m/day, respectively (Figure 2B, C). In contrast,

on the leeward side (South coast), the disease progressed more

slowly, with rates of 118 and 54 m/day, respectively (Figures 2B, C).

By the June-August 2021 period (Figure 2D), the disease had

already spread across the entire northern region of the island of

Roatan, with affected sites displaying between 3 and 216 diseased

colonies. Additionally, in June 2021, SCTLD was first detected on

the islands of Utila and Guanaja. The first detection of the disease in

Guanaja was reported on June 13th on the west side of the island at

the Eel Garden monitoring site (16.47043333, -85.9203). In Utila,

SCTLD was first observed on June 28th at the Whale Rock dive site

(16.12858, -86.88339). Also, according to the AGRRA data the

disease was also first sited in Cayos Cochinos at the Roatan Banks

dive site (16.064094, -86.500413) in August 2021. During the

subsequent three months from September to November 2021, we

observed a rapid progression of the disease in Utila. The number of

affected colonies during this period fluctuated between 6 and 629.

This trend mirrored our earlier observations in Roatan, ultimately

leaving only one of the eleven monitoring sites in Utila unaffected

by the disease. Furthermore, during this period, the last healthy sites
frontiersin.org
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on Roatan also became infected, resulting in the disease being

present throughout the entire island by November 2021, infecting

28 species. No further records of the disease were found on the rest

of the archipelago during the study period. A list of the affected

species in each island is presented in Table 1.

In addition to tracking the progression of the disease, the study

also briefly examined two physical factors that have been suggested

as potential links to the disease, thermal stress and ocean currents

(Precht et al., 2016; Dobbelaere et al., 2020). Water temperatures on

Roatan exceeded the bleaching threshold (one degree above the

maximum monthly mean (MMM)), reaching category Alert Level 1

during the month of the disease outbreak and the subsequent

month (September and October 2020) according to Coral Reef

Watch (NOAA Coral Reef Watch, 2020). The first detections on

Utila, Guanaja, and Cayos Cochinos were also reported during a

period of temperature stress, although the bleaching alert level was

lower than predicted in the succeeding months (September to
Frontiers in Marine Science 04
November 2021) (Figure 2). On the other hand, there was no

warning of bleaching and no thermal stress during the rest of the

study period. Even though all outbreaks in the Bay Islands occurred

during the dry season, April to September in Roatan (Mehrtens

et al., 2001) peaks of disease spread were observed in both warm and

cold months.

Focusing on the hydrology between Honduras and Belize (the

closest country reported with SCTLD) (Kramer, 2019), from June 2019

(first detection in Belize) to September 2020, currents generally flowed

weakly northward and towards the shore at velocities around 0.37 and

0.57m/s (ESR, 2009). On a smaller scale, in the Bay Islands, the average

trend in surface current direction for the six months prior to the first

diagnosis of the disease on Utila was an east-to-west (Copernicus

Marine Service, 2016) flow with mean velocities of approximately 0.01

meters per second during the months before the outbreak, following

the direction of the prevalent winds in the Bay Islands (Southeast

Trade Winds).
FIGURE 2

Map depicting the spatial spread of stony coral tissue loss disease (SCTLD) across the Bay Islands from September 2020 through November 2021.
Each dot’s size and color represent the count of infected colonies at that specific location, with the red star denoting the initial appearance of the
disease on each island. Though our methodology did not identify any affected sites on Guanaja during the study period, the onset of the disease is
marked according to AGRRA data. The color bars at the top of each panel correspond to the Bleaching Alert levels for Honduras, as monitored by
CRW’s Regional Virtual Station: blue indicates no stress, yellow represents a bleaching watch, and red signifies alert level 1.
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Discussion

Over the course of less than a year and a half, the coral reefs in the

Bay Islands had already suffered a rapid spread of stony coral tissue loss

disease (SCTLD) at an approximate rate of 155 m/day, which had

already affected more than 40 coral reef sites and at least 28

scleractinian species by the end of November 2021. The affected

species and symptoms are consistent with previous reports in the

Caribbean (Precht et al., 2016; Florida Coral Disease Response

Research & Epidemiology Team, 2018; Alvarez-Filip et al., 2019;
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Gintert et al., 2019; Sharp et al., 2020). The islands with the fastest

and most extensive spread of SCTLD, throughout the entire coastline

by the end of the study period were Utila and Roatan. The fast

progression of the disease in the study area in a short period of time

(13 months) is similar to what has been described in other Caribbean

regions (Alvarez-Filip et al., 2019) and slightly faster than in Florida (92

– 100 m/day; Muller et al., 2020). The spread in Roatan follows a

contagion model, where the nearest neighbors are most susceptible to

infection. However, there were differences in the speed of the disease

spread between the northeast and southwest of Roatan.
TABLE 1 Species affected by SCTLD on each island in the Honduran Caribbean from January 2020 to November 2021.

Species Roatan Utila Guanaja Cayos Cochinos

1. Agaricia spp.*

2. Agaricia humilis

3. Agaricia lamarcki

4. Colpophyllia natans

5. Dendrogyra cylindrus

6. Dichocoenia stokesii

7. Diploria labyrinthiformis

8. Eusmilia fastigiata

9. Favia fragum

10. Helioseris cucullata

11. Isophyllia rigida

12. Isophyllia sinuosa

13. Manicina areolata

14. Meandrina jacksoni

15. Meandrina meandrites

16. Montastraea cavernosa

17. Mussa angulosa

18. Mycetophyllia sp

19. Mycetophyllia aliciae

20. Mycetophyllia ferox

21. Mycetophyllia lamarckiana

22. Orbicella annularis

23. Orbicella faveolata

24. Orbicella franksi

25. Pseudiploria strigosa **

26. Pseudodiploria clivosa

27. Siderastrea siderea

28. Siderastrea radians

29. Stephanocoenia intersepta
* The Agaricia spp category encompasses both Agaricia agaricites and Agaricia tenuifolia due to the inconsistent differentiation between them on various islands. ** For Guanaja, where our data
did not reveal any affected colonies, information was extracted from the AGRRA dashboard (https://www.arcgis.com/apps/dashboards/54b5df5c111b4fcc986e300c6aea63a3).
Grey shading indicates presence of diseased individuals in each island.
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Our findings suggest that the disease spread more rapidly on the

windward side of the island than on the leeward side. This observation

aligns with the findings of Alvarez-Filip et al. (2022), who also reported

a greater disease impact in areas with higher exposure to wind. Despite

several studies being published since the initial detection of SCTLD in

Florida, there are still gaps in our knowledge of this novel disease,

particularly regarding the main drivers affecting the disease’s spread at

a local scale. The possible role of thermal stress, ocean currents, and

human-based transmission on the distribution and occurrence of

SCTLD in the Bay Islands are examined below.
Physical factors (thermal stress and
ocean currents)

Thermal stress and increased sedimentation have been

associated with the initial SCTLD outbreak (Precht et al., 2016;

Gintert et al., 2019) but are also negatively correlated with disease

prevalence and severity (Meiling et al., 2020). In the Bay Islands, all

initial detections of SCTLD in each island coincided with seawater

temperatures exceeding the maximum monthly mean, but no

overlap was found between the hottest months and the peak rates

of the disease. Despite these observations suggesting a co-

occurrence of heat stress, further assessments are necessary to

confirm it as a triggering factor for SCTLD in Honduras.

According to studies such as Precht et al. (2016); Muller et al.

(2020) and Dobbelaere et al. (2022), ocean currents played a

significant part in the disease’s spread in Florida, but this has yet

to be corroborated for Honduras. The observed current tendencies

could be attributed to the presence of the Honduras Gyre, which

dominates the flow in this region (Carrillo et al., 2015). This gyre

likely hindered disease transmission between Honduras and Belize,

which would explain the temporal differences between outbreaks in

neighboring countries (Belize: June 2019, Honduras: September

2020) and the lack of SCTLD on the Honduran coast by the end of

the study period. At the Bay Islands scale, considering Utila’s

location in relation to Roatan and the direction of surface

currents, the first observation of SCTLD coincides with the area

where the disease would be expected to arrive first. However, based

on the current speed during the months before the outbreak,

SCTLD would be expected to reach Utila sooner than it did

(Copernicus Marine Service, 2016). This is consistent with the

results in Muller et al. (2020), which suggest that surface currents

are too fast for the disease to settle in the area, and that bottom

advection may play a more significant role. SCTLD did not strike

Guanaja until two months after it reached the north-eastern area of

Roatan, which is closest to Guanaja, implying that water currents

between islands could serve as a potential vector. To investigate this

hypothesis, a comprehensive study on the oceanographic dynamics

of the Caribbean and the disease’s occurrence would be necessary.
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Human-based transmission (ballast
water, exposed dive gears and
environmental stress)

Although to the best of our knowledge no evidence has yet been

published on vessels as vectors of the disease via ballast water, it is a

hypothesis that has been put forward by some authors including

Rosenau et al. (2021) and Studivan et al. (2022). In the case of

Honduras, if ocean currents were the only driver for disease

emergence and spread, we would have expected to find disease

occurrence in the rest of the archipelago cays and Guanaja. Thus,

other factors could have played a role as well. Various local

stakeholders have speculated that the origin of the disease in the

Cayos Cochinos Archipelago is not solely due to ocean currents but

also to dive tourism. Roatan Banks is a popular destination for

Roatan dive centers; therefore, it is possible that exposed equipment

and/or infected ballast water caused the disease to spread to that

site. This possibility was also raised by Estrada-Saldıv́ar et al. (2021),

who suggested that the disease in SW Cozumel could have been

brought by divers from the mainland. The transmission associated

with the dive sector may potentially explain the observed disparities

in disease transmission rates between the northwest and southeast

of the island of Roatan, as these two areas show clear differences in

terms of dive site density (Roatan Marine Park International Inc,

n.d.). Additionally, the Bay Islands Management Plan (SAFEGE,

SOGREAH, and MONCADA&MONCADA, 2002) emphasizes the

significant West-South/North-East imbalance in Roatan’s

urbanization and economic activities, which results in a

concentration of pressure on natural resources and reefs.

Residential growth and the vast construction of new roads and

trails in the upper watersheds are identified as key drivers of erosion

and sedimentation in the lower parts of the island (SAFEGE,

SOGREAH, and MONCADA&MONCADA, 2002). Poor water

quality, increased sedimentation, turbidity, and eutrophication are

known factors that can cause a stress response on corals, promoting

an increase in the frequency and intensity of disease outbreaks

((Richardson, 1998; Vargas-Ángel et al., 2006; Kaczmarsky and

Richardson, 2011; Pollock et al., 2014; Vega Thurber et al., 2014;

Dougan et al., 2020). Furthermore, the first recorded SCTLD

occurrence in Honduras is in close proximity to the largest port

in the Bay Islands, where cruise ships dock. Evans et al. (2022) have

proposed that biofilms associated to ships could potentially serve as

vectors for SCTLD. This notion is further supported by Lee Hing

et al. (2022) study on management actions in Belize and Honduras.

Their work highlighted a possible link between anthropogenic

pressures and the spread of the disease in Roatan, suggesting that

ship-associated biofilms might act as carriers for the disease.

As of May 2023, Cayos Cochinos was the site least impacted by

SCTLD in the Bay Islands, considering the number of sites with actively

diseased colonies. Unsurprisingly, it is also themost isolated island with
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lower tourism, marine traffic, and overall anthropogenic pressure

(Gombos et al., 2011; Inypsa and STEREOCARTO, 2012). Thus, the

last coral reef sites to be impacted, as well as those that have not yet

been impacted, are areas with reduced local threats, which may make

them less vulnerable to the disease. This hypothesis is in line with the

hypothesis in Alvarez-Filip et al. (2022) where coastal development was

linked to disease prevalence.
Caveats

In this study, we have summarized all the available data on

SCTLD records in Honduras up to November 2021. However, it is

important to note that comprehensive monitoring efforts are

currently only being carried out in the Bay Islands, and not in the

North Coast. Nevertheless, local stakeholders and dive tourism

operators in the North Coast have been trained on the disease

and have yet to officially report any cases. Moreover, the SCTLD

sighting in Guanaja occurred in an area that is not frequently

monitored; thus it was not possible to track its spread. However,

according to the AGRRA database (Kramer, 2019), SCTLD did

spread across Guanaja outside our study period.
Conclusion

The pervasive influence of SCTLD on Caribbean coral reefs is

indisputable. In this study, we have documented the rapid spread of

SCTLD throughout the majority of the Honduran Bay Islands,

while also discussing plausible contributing factors. However,

further research is needed to better understand the relationships

between SCTLD and factors such as water quality, ocean currents,

recreational diving, and marine traffic in the study area.

Considering the interconnected nature of the Honduran Caribbean

with the broader MBRS and its dependence on tourism for economic

sustenance, it is essential to evaluate the impacts of SCTLD and the

efficacy of mitigation strategies implemented in the region. These

evaluations can offer valuable insights for other Caribbean nations

that have yet to experience the detrimental effects of SCTLD. By

understanding and addressing the challenges posed by SCTLD, we can

work towards preserving the integrity and resilience of these invaluable

coral reef ecosystems for future generations.
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