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O C E A N O G R A P H Y

Stony coral tissue loss disease indirectly alters 
reef communities
Sara D. Swaminathan1*, Kevin D. Lafferty2,3, Nicole S. Knight4, Andrew H. Altieri1,4,5

Many Caribbean coral reefs are near collapse due to various threats. An emerging threat, stony coral tissue loss 
disease (SCTLD), is spreading across the Western Atlantic and Caribbean. Data from the U.S. Virgin Islands reveal 
how SCTLD spread has reduced the abundance of susceptible coral and crustose coralline algae and increased 
cyanobacteria, fire coral, and macroalgae. A Caribbean-wide structural equation model demonstrates versatility 
in reef fish and associations with rugosity independent of live coral. Model projections suggest that some reef 
fishes will decline due to SCTLD, with the largest changes on reefs that lose the most susceptible corals and rugos-
ity. Mapping these projected declines in space indicates how the indirect effects of SCTLD range from undetect-
able to devastating.

INTRODUCTION
In less than 10 years, a deadly infectious agent called stony coral tissue 
loss disease (SCTLD) has emerged as a leading threat to Caribbean 
coral reefs (1–4). Although its etiology is not fully understood, the 
discovery of bacterial disease indicators (5, 6) and the success of pro-
biotic treatments (7–9) suggest that bacteria are involved. Other evi-
dence suggests that SCTLD is caused by a virus that attacks some 
corals’ endosymbiotic algae, but not others (10, 11). SCTLD has re-
duced coral cover by 30 to 60% in affected regions (2, 3), pushing a 
few coral species toward local extinction (3, 12, 13). Because diseases 
are most likely to have indirect community effects when they affect 
connected, unique, or widespread host species (14–18), we hypothe-
sized that SCTLD-caused coral loss could trigger broad changes in 
diverse coral reef ecosystems (19).

Although SCTLD represents a grave threat to Caribbean reefs, 
these ecosystems are not naïve to stress. Early reductions in herbi-
vores due to fishing and disease (20, 21) favored algae over corals (22, 
23). Since then, warmer temperatures (24) have made bleaching 
events commonplace (25, 26). Several diseases (27–29) have further 
decreased coral cover. The rise of coral-specific diseases in recent de-
cades has led to concerns for the tropical reef organisms that coral 
reefs support (30). For fish, the coral reef ’s complex matrix of hard 
substrate makes ideal shelter from predators or physical disturbances 
(31–35) and competitors (36). As a consequence, coral loss reduces 
functional redundancy (37), recruitment (38), and biomass (39) of 
reef fish communities so that reef fish species richness could decline 
by 50% if live coral completely disappeared (40). Dead coral erodes 
as a result of ocean acidification, wave action, and bioerosion pro-
cesses, like grazing and boring (41). Because many fish benefit from 
habitat complexity (42–44), the effects of SCTLD on fish communi-
ties could increase over time as dead coral erodes or decrease as cor-
al populations recover (41). Coral loss also affects humans, as coral 
reefs buffer shorelines from hurricanes (45), attract tourism (46), and 
feed coastal communities (47). Given these broad concerns for coral 

reef community composition and physical structure, we investigated 
the extent to which benthic assemblages (i.e., corals and other domi-
nant space holders) respond to SCTLD and how these changes can 
affect associated reef fish communities.

We used multilevel Bayesian regression and structural equation 
modeling to analyze two publicly available survey datasets of benthic 
and fish communities in SCTLD-affected regions. The first dataset, 
collected by the Territorial Coral Reef Monitoring Program (TCRMP) 
in the U.S. Virgin Islands (USVI; n = 34 sites), documented the pres-
ence and progression of SCTLD over time (January 2019–April 2021), 
making it suitable for an analysis of the short-term direct impact of 
SCTLD on coral communities and indirect impacts on benthic com-
munities (48). The second dataset, collected by NOAA’s National 
Coral Reef Monitoring Program (NCRMP), spanned the Dry Tortu-
gas, the USVI, and Puerto Rico (n = 1610 sites) (49). Because of its 
size and breadth, the NCRMP dataset was well suited for a Bayesian 
structural equation model (SEM) assessing relationships between fish 
and benthic organisms that are most affected by SCTLD. Together, 
the TCRMP and NCRMP datasets allowed us to (i) capture the im-
pact of SCTLD on benthic and coral communities in detail, (ii) elu-
cidate relationships between coral and fish communities across the 
broader Caribbean region, and (iii) predict fish responses to the loss 
of SCTLD-susceptible coral species. This three-stage approach helped 
us make informed predictions about the potential direct and indirect 
impacts of SCTLD on reef communities.

RESULTS AND DISCUSSION
SCTLD spread throughout the USVI over 27 months in a northwest-
to-southeast direction (Fig.  1). This geographic trend is consistent 
with the disease spread across the broader Caribbean region (50). As 
previously reported in the Caribbean (1–3, 51, 52), our analyses of 
the TCRMP data indicate that, in the USVI, SCTLD was associated 
with declines in susceptible coral species that provide reef structure. 
Less expected was a decline in crustose coralline algae (CCA), which 
promotes coral persistence by cementing reefs together, facilitating 
coral recruitment (53), and suppressing macroalgae (54). It is not 
possible for us to determine whether the negative relationship be-
tween SCTLD and CCA is direct, caused by the pathogen infecting 
CCA, or indirect, mediated by the declines in susceptible coral or 
increases in other soft-bodied organisms. By reducing both hard 
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coral and CCA, SCTLD threatens a reef ’s bricks and mortar, re-
spectively.

The loss of SCTLD-susceptible coral (Fig. 2A) seemed to benefit 
competitive weedy species, as evidenced by increases in fire coral, 
macroalgae, and cyanobacteria (Fig. 2A); taxa associated with declin-
ing reefs (55), other marine diseases (56), and historical ecosystem 
collapse (57). After 10 years, the models projected that SCTLD-
susceptible coral will have decreased on average by 97.6  ±  0.7% 
(Fig. 2B). Although SCTLD-resistant coral is predicted to increase on 
average by 46.4 ±  6.4%, declines in susceptible corals have not yet 
been offset by increases in resistant corals (Fig. 2B).

A Bayesian SEM of survey data from throughout the Caribbean 
region revealed that reef fish were directly and positively associated 
with rugosity, cover of SCTLD-susceptible coral, and cover of sessile 
benthic organisms (fire coral, macroalgae, and CCA) (Fig.  3 and 
fig. S1). Rugosity was the most important driver in our model, di-
rectly and positively linked to nearly every organism in the SEM, 
with greater effect sizes than other drivers in the system (Fig. 3 and 
fig. S1). The most likely biological explanation for these large effect 
sizes is that increased rugosity is associated with more available hab-
itat and shelter. On coral reefs, rugosity is created primarily by stony 
corals, which grow in complex, irregular shapes, providing hiding 
places for mobile organisms and substrate for settlement and growth 

of sessile organisms (34, 58). On average, SCTLD-susceptible and 
SCTLD-resistant coral contributed equally to rugosity (Fig.  3 and 
fig. S1).

Fish communities are not predicted to collapse in response to 
SCTLD (Figs. 3 to 5). Fish had complex responses to variability in reef 
composition associated with the disease. Herbivorous fishes were 
positively associated with fire coral (Fig. 3 and fig. S1), which can pro-
vide shelter (59) and benefit indirectly from SCTLD (Fig. 2A). Coral-
associated fish benefitted from macroalgae, fire coral, and CCA, but 
unexpectedly had no direct relationships with live scleractinian coral 
(Fig. 3 and fig. S1). Because macroalgae and fire coral are expected to 
benefit from SCTLD, and CCA is expected to decline (Fig. 2A), coral-
associated fish will likely have a range of responses to SCTLD. Moreover, 
these results suggest that the rugosity of coral, rather than its status as 
alive or dead, per se, may underlie many coral-fish associations. “All 
other fishes” benefitted from the presence of SCTLD-susceptible coral 
but were negatively associated with SCTLD-resistant coral (Fig. 3 and 
fig. S1). This latter association suggests that predatory and non-coral 
associated fish may unexpectedly be the groups most indirectly af-
fected by SCTLD. Thus, we expect that SCTLD will alter fish commu-
nities in complex ways associated with the initial proportion of 
susceptible corals on a reef and the extent to which their loss will re-
duce rugosity (Figs. 4 and 5).

Fig. 1. Stony coral tissue loss disease progressed throughout the U.S. Virgin Islands over a period of 27 months. Temporal progression of SCTLD through the 
34 TCRMP sites represented by an interpolated heatmap (A) and inset showing study site locations within the broader Caribbean region (B). SCTLD was first documented 
in St. Thomas, and then spread through St. John, followed by St. Croix. In little more than 2 years, SCTLD had infected all 34 TCRMP sites in the USVI. This figure uses an 
ArcGIS base map with the following attribution: “Esri, TomTom, Garmin, FAO, NOAA, USGS, and EPA.”
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Model simulations informed by both the modeled TCRMP data 
and relationships from the SEM predicted, on average, a 10% decline 
in rugosity in the 4 years following the introduction of SCTLD at a 
given site (Fig. 4). This is consistent with other observations of erosion 
following coral mortality (60–63). Because predictions were based 
on existing relationships between live coral and rugosity in the 
Caribbean, these modeled reductions in rugosity following SCTLD 
are likely underestimates, as bioerosion will continue to lower rugos-
ity, even without additional coral death. On the other hand, compen-
satory growth of SCTLD-resistant coral could help restore rugosity 
over the long term.

Predicted responses of reef fish to the onset of SCTLD were vari-
able. Although most fish communities were projected to change little, 
those at some sites were expected to decline by up to 50%, with the 
“other fish” category most sensitive to the coral disease (Figs. 4 and 5). 
This finding is consistent with a recent study demonstrating that live 
corals have had a surprisingly minor influence on the evolution of 
most coral reef fish (64). Butterflyfishes, which are facultative coralli-
vores in this region, have even been found to prefer SCTLD-infected 
coral (65), which may underlie some of the positive associations 
between coral-associated fish and the spread of SCTLD. Although 
SCTLD was projected to decrease reef rugosity, this effect was likely 
buffered by the positive associations between fish and the com-
pensatory growth of soft-bodied organisms projected to benefit from 
SCTLD (Fig. 2A).

The loss of SCTLD-susceptible corals is expected on any reefs 
reached by the disease, with the magnitude of coral loss driven pri-
marily by the initial abundance of those corals. Rugosity is expected to 
mostly decline moderately, though it might increase in a few areas 
with the growth of species that are either not affected or indirectly 
benefit from SCTLD. Consequently, changes to herbivorous and 
coral-associated fishes are expected to be highly variable across the 
region, with neighboring reefs often having opposite responses. How-
ever, changes to these two fish guilds will often be in parallel at a given 
site, whereas all other fishes consistently decline, to various magni-
tudes, in response to SCTLD (Fig. 5).

Years of detailed monitoring data from the Caribbean allowed us 
to analyze the potential for SCTLD to affect coral reef communities 
beyond killing infected corals. These effects were complex, with win-
ners and losers that could accelerate the transition of reefs to domi-
nance by nuisance benthic species with altered fish communities. As 
SCTLD continues to progress beyond its current range in the Carib-
bean, we expect variable and indirect changes to associated benthic 
and fish communities that rely on coral for habitat and other resourc-
es, primarily through the extent that coral death and subsequent ero-
sion will reduce rugosity. Some sites will be heavily affected, others 
will see little change, and yet others will see increases in some fishes. 
Continued monitoring in the USVI and other regions will reveal 
whether these trends continue with time or reach alternative equilib-
ria. Manipulative studies could help reveal the mechanisms behind 

Fig. 2. Stony coral tissue loss disease altered benthic communities in the U.S. Virgin Islands. Results from multilevel Bayesian regression models of benthic organism percent 
cover over time since initial SCTLD infection, based on TCRMP data. (A) Standardized effect size estimates with 95% credible intervals (CIs) are shown in thick black lines, and 65% 
CIs are shown in thin black lines of each stat-eye plot. Plots where CIs cross zero, shown with a vertical dashed black line, did not respond to SCTLD, whereas the further the CI is 
from zero, the stronger the response to SCTLD. (B) Ten-year predictions of absolute cover of SCTLD-susceptible and SCTLD-resistant species. Points represent real observations in 
the TCRMP data, whereas lines represent mean predicted values for each island in the TCRMP dataset, and shaded regions show 95% confidence intervals of these predictions.
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the predicted changes in associated components of the community. 
Having distinguished the features of Caribbean coral reefs that predict 
community vulnerability to SCTLD, we can now identify which reefs 
are most at risk of ecosystem-level impacts of disease and how they are 
likely to change. Highly affected reefs, or those at risk of future impacts, 
might benefit most from restoration with resistant coral species.

MATERIALS AND METHODS
We used detailed reef community data collected throughout the 
SCTLD epidemic by the TCRMP in the USVI and multilevel Bayesian 
models to assess the impacts of SCTLD on benthic communities. 
Then, we built a Bayesian SEM with data from the NCRMP, spanning 
coral reefs in the USVI, Puerto Rico, and the Dry Tortugas, to analyze 
existing relationships between (i) the benthic functional groups found 
to respond to SCTLD in the first part of our analysis and (ii) the bio-
mass of coral-associated, herbivorous, and all other fishes. Benthic 
organisms that responded to SCTLD in the USVI (Fig. 2) were in-
cluded in the SEM, as well as reef rugosity and three groups of fishes—
coral-associated fishes, herbivorous fishes, and all other reef fishes. 
Last, we used the results from the TCRMP models and the SEM to 
generate predictions of reef fish composition following the introduc-
tion of SCTLD. Data collection is summarized below with details 
available from the cited data providers. All analyses were performed 
using R statistical software (66).

TCRMP benthic data and processing
The TCRMP benthic survey data used in this study were collected at 
34 sites across St. John, St. Thomas, and St. Croix in the USVI from 
2017 to 2021 (48). Fixed benthic video transects were processed ac-
cording to a standardized protocol (67), resulting in species or genus-
level benthic composition data. Since SCTLD arrived in the USVI, the 
TCRMP surveyors have tracked its progression at their sites. Corals at 
each site were monitored for evidence of SCTLD, and resulting site-
specific dates of first infection are included in the data (Fig. 1).

Before conducting statistical analyses on species-level coral and 
benthic data from the TCRMP dataset, we calculated the percent cover 
of benthic species that we assigned to nine distinct functional groups—
four algal types: CCA, cyanobacteria, macroalgae, and turf algae; two 
scleractinian coral types: SCTLD-susceptible and SCTLD-resistant 
coral; fire coral; gorgonians; and sponges. Zoanthids were omitted be-
cause of their rarity at the depths surveyed. This categorization reduced 
resolution but made our analyses tractable and minimized errors as-
sociated with small sample sizes and other uncertainties at the species 
level. We categorized corals as “SCTLD-susceptible” and “SCTLD-
resistant” according to published reports (51, 68) (table S1).

Multilevel Bayesian models of SCTLD impact on benthic 
communities in USVI
The impact of SCTLD on benthic communities in the USVI was as-
sessed using multilevel Bayesian models. The effect of SCTLD was 

Fig. 3. Existing networks between benthic organisms, rugosity, and fish are expected to influence SCTLD’s impact on Caribbean coral reefs. Path diagram show-
ing all statistically significant relationships identified with the SEM of NCRMP data. Region, year, and depth are not shown but were included as random variables. Path 
weights are proportional to the mean effect sizes of the group-centered predictor variables. All benthic space holders (SCTLD-resistant coral, SCTLD-susceptible coral, 
cyanobacteria, fire coral, macroalgae, and crustose coralline algae) were included as predictors for all other variables. Rugosity was included as a predictor of the sessile 
benthic organisms and all three fish variables. Significant positive relationships are represented by blue arrows, insignificant relationships are not shown, and negative 
relationships are shown in red.
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represented in each model by a “years since infection” variable indi-
cating the amount of time elapsed between when SCTLD was first 
observed at the site and when a given survey was conducted. Surveys 
conducted before SCTLD arrived were assigned 0’s in the “years since 
infection” variable. We ran a separate multilevel Bayesian model for 
each benthic functional group using the zero-inflated beta distribu-
tion and the formula “% cover ~ 1 + yearsSinceInfection + (1 + 
yearsSinceInfection|Site).”

The “phi” and “zi” terms for the spread and zero inflation of the 
response, respectively, were modeled with the same predictors. The 
effect of SCTLD was allowed to vary by site with the inclusion of the 
random slope term (1 + yearsSinceInfection|Site). The random slope 
terms allowed for variation in the responses of benthic space holders 
to SCTLD at different sites while still estimating an overall effect size. 
The “years since infection” variable was first modeled using a smooth-
ing term to allow for nonlinear effects of SCTLD on benthic commu-
nities. However, smoothing terms did not improve models and were 
therefore removed. Intercept parameter priors were chosen on the 
basis of group means. Uninformative, weakly regularizing priors were 
used for slope parameters, which are used to estimate effect sizes and 
to reduce the likelihood of overfitting (69). SD parameter priors were 
modeled using the exponential distribution with the assumption that, 
although large variances are possible, they are less likely than small 
variances.

Model performance was assessed using rhat values, effective sam-
ple sizes, posterior predictive checks, Watanabe-Akaike information 
criterion (WAIC) scores, and leave-one-out (LOO) cross-validation 

scores. On the basis of these criteria, we kept the most defensible 
models. Standardized estimated effect sizes, plots of posterior distri-
butions, and 95% credible intervals were used to assess the strength 
and direction of relationships between the benthic functional groups 
and SCTLD. We used the predict() function from the R stats package 
to generate predictions about changes in the percent cover of suscep-
tible and resistant coral species over a 10-year period.

A key assumption of the TCRMP models is that changes in the 
percent cover of benthic space holders over time were primarily due 
to either direct or indirect effects of SCTLD on community dynamics 
and that no other major changes to coral reef community dynamics 
exhibited a similar timing and pattern of spread across the USVI as 
SCTLD. Because the spread of SCTLD over this period is document-
ed with high temporal resolution (each site was visited quarterly), and 
the estimated effects of SCTLD on other benthic space holders are 
biologically reasonable, we are confident in this assumption.

NCRMP benthic and fish community monitoring and 
data processing
The NCRMP coral demography survey and benthic community data 
used in this study were collected in situ along 10 m × 1 m transects, 
with site locations selected using a random sampling design stratified 
by regions, reef zones, and depth. In each coral demography transect, 
the size and quantity of any coral greater than 5 cm in diameter were 
measured. Within the transect area, for every colony with live tissue, 
the total colony size was estimated by measuring the colony’s maxi-
mum diameter and longest perpendicular diameter. At each site, divers 
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Fig. 4. Following the introduction of SCTLD, reef fish responses are predicted to vary across functional groups. Predictions of absolute and relative changes after 
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recorded information about the physical habitat (i.e., vertical relief, 
depth, and bottom type) and measured the maximum vertical relief 
at each meter of the transect to calculate rugosity. At each site, benthic 
composition was surveyed using line-point intercept methods, iden-
tifying species every 15 cm along a 15-m transect, for a total of 
100 points per site (70).

Fish community surveys were conducted at the same sites as ben-
thic transects, according to standard NCRMP Reef Visual Census 
(RVC) protocols (70). Briefly, two divers each conducted a 7.5-m ra-
dius, 15-min point count fish survey. Once the cylinders were estab-
lished, divers used 5 min to identify all species in the cylinder. In the 
remaining 10 min, the length and number of fish were recorded. The 
addition of species was permitted after the first 5 min, but divers re-
corded when each additional species was found.

As with the TCRMP data, we grouped NCRMP benthic taxa into 
functional groups before analysis. Total areas of live SCTLD-susceptible 

and SCTLD-resistant coral were calculated from coral demography 
data. Proportional areas of the benthic functional groups that re-
sponded to SCTLD in the TCRMP analysis were calculated from 
the benthic line-point intercept data. Benthic data were filtered to 
remove surveys where rugosity was not measured. To account for 
spatial autocorrelation at the regional scale and to minimize the 
influence of missing variables, we used group-centered predictors. 
Group-centering involves calculating averages and SDs from sub-
sets of the data with common characteristics (in this case, data 
from the same subregion) and applying the following formula: 
group-centered value  =  (site value − subregional mean)/subre-
gional SD. Thus, the group-centered value reflects how different a 
site is from other, nearby sites, and consequently provides a more 
easily interpretable estimate of the relationship between two vari-
ables that minimizes the influence of external drivers (71). By 
including these values, we ensured that models were analyzing 
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variation within and not across regions, which may be driven by 
more complex biogeographic relationships.

NCRMP fish survey data were also processed for use in the 
SEM. For each RVC survey, we calculated the total biomass for sub-
sets of the fish community—coral-associated fishes, herbivorous 
fishes, and all other fishes. Biomass estimates of individual fish were 
calculated using length estimates from the dataset and length-weight 
relationships published on FishBase (72). Fish were categorized into 
groups (coral-associated fishes, herbivorous fishes, and all other fish-
es) that we hypothesized would respond differently to changes in 
benthic communities linked to SCTLD. First, we used the global da-
tabase of fish with known associations with coral from Strona et al. 
(40) and grouped obligate corallivores, facultative corallivores, and 
fish known to use live coral for habitat into a category called “coral-
associated fish” (73–75). Herbivorous, non-coral-associated fish were 
identified by pairing species in the NCRMP dataset with FishBase 
data on diets and trophic groups. The remaining fish were catego-
rized into the “all other fish” group, which includes all non-coral-
associated, non-herbivorous reef fish (dataset S1).

NCRMP fish and benthic surveys were not always conducted to-
gether, so data processing entailed a step to ensure spatial and tempo-
ral proximity of benthic and fish surveys. Surveys considered paired 
were conducted within 100 m and 90 days of each other, with the 
assumption that these ranges were small enough that benthic and 
fish communities within these ranges were “associated” with each 
other. Following this spatial and temporal matching and data filter-
ing, 1610 paired fish and benthic surveys, from 2016 to 2021, re-
mained for use in subsequent analyses.

Structural equation model of biotic communities and 
physical reef structure
After using the TCRMP dataset to determine which benthic organ-
isms were most affected by SCTLD, we used an SEM to assess the re-
lationships of these benthic taxa with reef fish communities. We first 
used directed acyclic graphs to map our hypotheses about benthic 
communities, fish communities, and physical reef traits onto a path 
diagram (76). Pairwise correlations between variables were examined 
graphically before model building to inform decisions about random 
variable inclusion and shape parameters. We then used the package 
brms (version 2.18.0) in R statistical software (version 4.2.1) to build 
an SEM testing these hypotheses.

SEMs can be powerful tools for distinguishing the relative contri-
butions of factors within a system but require prior assumptions about 
the directionality of relationships to be tested. Relationships in an SEM 
must be encoded as a single, direct, and directional pathway, which is 
a simplification made for the sake of model tractability. In reality, the 
relationships modeled (such as those between benthic cover and fish 
biomass) likely consist of many pathways, direct and indirect, that 
flow in both directions; the modeled association reflects the net sum 
of these pathways. Proportional cover of SCTLD-susceptible and 
SCTLD-resistant coral was included as true exogenous variables and 
predictors of rugosity and the benthic functional groups included in 
the model (CCA, macroalgae, fire coral, and cyanobacteria). Rugosity 
was included in the model because of known positive relationships be-
tween fish and structural complexity. By including paths both (i) from 
coral area to rugosity to fish and (ii) from coral area directly to fish, we 
designed the model to determine whether live SCTLD-susceptible and 
SCTLD-resistant coral uniquely contribute to fish communities apart 
from their contributions to rugosity. Benthic functional groups were 

used to predict fish biomass because these may structure fish commu-
nities through trophic and non-trophic interactions (77–79). Although 
many other model structures would have been possible, we based our 
model on assumptions informed by data, literature, and our familiarity 
with Caribbean coral reef systems.

Before building the complete SEM, we first built a multilevel 
Bayesian model for each individual response variable to ensure prop-
er parameters and distributional families were selected. Rather than 
including raw values for each predictor variable, group-centered 
means and regional means of each predictor variable were used to 
minimize the potential influence of missing variables (71). Distribu-
tions were specified for each response according to the processes that 
generated the data. If multiple distributions were candidates to de-
scribe a given response variable, we built models using each distribu-
tion and subsequently tested the fit of each model. In all cases, 
posterior predictive checks, WAIC scores, and LOO weights clearly 
identified the distribution that best described the data, and this dis-
tribution was used in the final model. Priors were chosen using the 
same principles we used to select priors for the Bayesian regressions 
of TCRMP data. A prior sensitivity analysis showed our selected pri-
ors did not unduly influence effect size estimates (fig.  S2). After 
building individual models, the SEM was compiled using the full set 
of hypothesized predictors. Then, any predictors for which the 95% 
credible interval of the effect estimate overlapped with zero were re-
moved from the model. The reduced models were compared to the 
full model using the model_weights() function based on WAIC and 
LOO scores. We used posterior predictive checks on reduced mod-
els to confirm that the models’ posterior distributions matched the 
real data for each individual response. Estimated sample size and 
rhat values were used to confirm model convergence. Standardized 
effect size estimates were calculated from the posterior distributions 
and were used to assess the strength, direction, and significance of 
relationships.

Predicting post-SCTLD reef fish communities
We used the posterior estimates from the TCRMP models and results 
from the SEM to predict the consequences of plausible SCTLD coral 
loss scenarios on reef fish communities. Two hundred eight posterior 
draws, each representing 1 week after SCTLD infection, were simu-
lated for each response variable to predict how reef communities 
would respond to SCTLD outbreaks. For each functional group, we 
plotted absolute and relative changes over time since SCTLD was first 
introduced (Fig. 4). Last, we mapped the cumulative predicted chang-
es (in % cover) spatially to visualize where impacts are likely to be 
most severe (Fig. 5).
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Figs. S1 and S2
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