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Abstract

Coral reefs worldwide are experiencing increasingly frequent and severe degradation events driven
by rising sea surface temperatures, yet reliable and scientifically comparable data remain sparse
for many coral reefs. Park managers, rangers, and community-led groups in areas lacking scientific
studies could contribute to data records by collecting relevant data on coral reefs. However, these
stakeholders often face logistical constraints that limit their ability to undertake ecological surveys
and assess coral reef conditions in ways that are comparable to scientifically collected records.
Here, we demonstrate a rapid health assessment protocol that is comparable to traditional,
scientific methods, enabling stakeholders other than scientists to contribute robust data on coral
bleaching to global-scale analyses. This protocol combines existing citizen science tools with
standardised sampling approaches to generate monitoring high-quality data quickly. We compare
estimates derived from the proposed methodology with those obtained with the traditional,
research-grade, long-term photoquadrat-based coral reef monitoring approach across two distinct
and understudied Australian coral reef ecosystems, Lord Howe Island and Norfolk Island. We
show that the rapid health assessment methodology provides data comparable to photoquadrats,
although some divergences may arise. For example, the rapid health assessment is less likely to
detect sparsely distributed conditions, such as partial mortality within coral colonies, compared
with methods that assess the benthos in detail. Our study improves accessibility for coral reef
stakeholders, allowing them to contribute data to coral reef health monitoring and global

monitoring databases.

Keywords: coral health, coral reef degradation, hard corals, heat stress, Scleractinia.
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Introduction
Coral reefs are major biodiversity hotspots, harbouring 5% of life on Earth (Reaka-Kudla 1997)
despite covering less than 0.1% of the ocean’s surface (Spalding & Grenfell 1997). Coral reefs
provide critical ecosystem services to humans (Moberg & Folke 1999), including socio-economic
benefits from activities such as fishing (Teh et al. 2013) and tourism (Spalding et al. 2017).
However, the benefits provided by coral reefs are at risk as these ecosystems are increasingly
threatened by a combination of local and global stressors (Hughes et al. 2003; Bellwood et al.
2004). Climate change has led to rising sea temperatures over recent decades, increasing the
frequency and intensity of marine heatwaves (Dong et al. 2025). Under such sustained stress,
corals bleach due to a breakdown of the coral endosymbiosis with microorganisms that provide
90% of their nutrients (Glynn 1993; Hoegh-Guldberg 1999; Douglas 2003; Baker et al. 2008). As
a result of the accelerating pressures on coral reefs, numerous mass bleaching episodes have now
been documented worldwide, often leading to widespread mortality and loss of reef structure
(Glynn 1993; Brown 1997; Hughes et al. 2017). Reliable, standardised methods for monitoring
coral reefs’ condition are thus urgent to understand the dynamics related to bleaching events and
decline across world coral reef ecosystems, particularly in understudied coral reef systems.
Although a variety of methods have been used to survey coral reefs over the past decades (van
Woesik et al. 2022; Khen et al. 2023; Rivera-Sosa et al. 2025; Voolstra et al. 2025), most have
been developed by researchers for researchers to address scientific goals, potentially limiting the
involvement of other stakeholders in reef monitoring.

Coral reef monitoring options span different spatial scales and resource trade-offs (Khen
et al. 2023; Rivera-Sosa et al. 2025; Voolstra et al. 2025). Although recent technological

advancements (e.g. drones, remote sensing) have further expanded coral reef monitoring
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possibilities (e.g. Bennett et al. 2020; Pifieros et al. 2024), underwater surveys currently represent
the most common methodology to evaluate coral reefs and also the most accessible (Khen et al.
2023; Rivera-Sosa et al. 2025). Underwater surveys involving photoquadrats, in which
photographs of the benthos are taken and later analysed, are considered one of the most reliable
approaches to assess and record the state of coral reefs (Leujak & Ormond 2007). Even though
geo-referenced photoquadrats offer detailed, permanently archived data (Bohnsack 1979),
analysing the images generated by this method requires specialised software (e.g. CoralNet

[https://coralnet.ucsd.edu]; ReefCloud [https://reefcloud.ai]; MERmaid

[https://datamermaid.org]), training to correctly identify organisms, and a significant time

investment (Williams et al. 2019). Traditional in situ underwater surveys are not necessarily less
demanding as they also require considerable experience and logistical support despite not
involving cameras. Consequently, stakeholders that do not have the necessary time, equipment,
and/or expertise may struggle to implement the photoquadrat method or other traditional
approaches. This is often the case for park managers, rangers, and community-led groups, who
need to quickly evaluate the condition of coral reefs to inform local policy and community actions
but commonly lack the resources to apply traditional approaches. While tools to assess coral health
have been created with these alternative stakeholders in mind (e.g. colour reference cards; Siebeck
et al. 2006), the lack of standardised easy-to-use underwater methodology hinders their integration
into global coral reef monitoring data networks. This gap thus reveals the need for alternative,
accessible methods designed with stakeholders other than scientists in mind.

Abnormally high sea temperatures were predicted for early 2024 in parts of the Pacific
ocean, exposing corals in the region to prolonged heat stress and increasing the risk of another

mass bleaching event. To obtain a fast yet reliable evaluation of coral reef health during this period
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at two locations at risk (Lord Howe Island and Norfolk Island), we conducted a rapid health
assessment alongside scientific-grade monitoring assessment (photoquadrats).

Here, we describe this rapid health assessment method designed for users without the
resources and underwater research equipment required for traditional monitoring approaches,
enabling them to quickly generate robust insights on reef conditions. We then compare our
proposed methodology with the widely used photoquadrat technique to determine whether it can
provide similar outputs to a traditional method. By doing so, we hope to encourage non-scientist

stakeholders to contribute to global coral reef monitoring data networks with reliable data.

Material and methods
Study sites
Benthic surveys were conducted in Lord Howe Island (31°33'S, 159°05'E; Fig. 1A, B) from 26
January to 2™ February, 27" February to 1%t March 2024, and from 15" May to 23™ May 2024 by
both research trained staff and marine park management staff. In total, eight sites were surveyed
(Fig. 1B): seven on the western side of the island within the lagoon (Sylphs Hole, North Bay,
Comets Hole, Stevens Hole, Acropora Gardens, Horseshoe Reef, and Potholes) and the remaining
site on the eastern side of the island within a designated sanctuary zone (Neds Beach).

Benthic surveys were also conducted on the inshore reefs of Norfolk Island (29.06°S,
167.96°E; Fig. 1A, C) from 18™ March to 28™ March 2024, and from 15" May to 26" May 2024,
across three sites (Slaughter Bay, Emily Bay, and Cemetery Bay; Fig. 1C) by a team of entirely

research trained staff.
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Surveys using photoquadrats

The photoquadrat method was used as a long-term monitoring program (LTMP; Fig. 2A). Quadrats
(0.5m x 0.5m) were photographed with a TG-6 Olympus underwater camera via snorkelling every
2.5 m along 50 m transects (20 photoquadrats per transect, three transects per site) in Lord Howe
Island and every 1 m along 10 m transects (10 photoquadrats per transect, variable number of
transects per site and per method, see below) in Norfolk Island. Transects were positioned at depths
of 0.5-2 m and were laid parallel to each other with a minimum spacing of 10 m. At each transect,
photoquadrats were placed on a consistent side of the transect line (either left or right). Photographs
of each quadrat included colour cards in the frame (Siebeck et al. 2006; Fig. 2A). Each photograph

was uploaded to the web-based annotation program CoralNet (https://coralnet.ucsd.edu), where

100 uniformly placed fixed points were overlaid to the quadrat area. Each point was then evaluated
regarding the genus and the health category (healthy, pale, bleached, dead) if the point

corresponded to a coral colony.

Figure 2. Pictures taken for the (A) photoquadrat method and the (B) rapid health assessment.
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Rapid health assessment

Coral colonies that intercepted the first 20 m of each transect line that was used for the
photoquadrat method were photographed in their entirety (Fig. 2B). Coral colonies needed to be
at least 20 cm diameter to be photographed and included in the health assessment, and were
classified by diameter as small (20-50 cm), medium (50-100 cm), or large (>100 cm). Photographs
were taken with a coral health card in view (for scale and colour; Siebeck et al. 2006; Fig. 2B),
being used to analyse and classify coral colonies to the required taxonomic level (genus) and health

status (similar to Table S1).

Statistical analyses

For all our analyses, we multiplied the number of labels of large colonies by three and of medium
colonies by two to better incorporate the area occupied by colonies assessed in the rapid health
assessment. We first fitted several Bayesian generalised linear models (BGLMs) using a Dirichlet
error distribution to estimate the proportion of coral pertaining to each possible health status
(healthy, pale, bleached, or dead) for each site, month, and method of data collection, where sample
size within a transect was used as weight. We then compared the estimates from these regressions
with four linear mixed models (LMMs), one for each of the four possible health conditions in the
current study dataset. In these LMMs, the estimate obtained from the LTMP method was the
response variable, the estimate obtained from the rapid health assessment method was the predictor
variable, the intercept was forced to zero, and island, site, and month (nested within island) were

used as random factors. We complemented this analysis by computing the repeatability of
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estimates, i.e. the proportion of the variance related to the method of collection (photoquadrat vs.
rapid health assessment) from the total variance observed.

All analyses described above were conducted in R v. 4.5.1 (R Core Team 2025). We
conducted BGLMs using the package brms v. 2.23.0 (Biirkner 2017, 2018, 2021) and the package
cmdstanr v. 0.9.0 (Gabry et al. 2025), obtaining their predictions using the package marginaleffects
v. 0.31.0 (Arel-Bundock et al. 2024). For these BGLMs, we ran three chains, each with 5,000
iterations plus another 5,000 burn-in iterations, adopting Stan's standard uninformative priors and
default parameters. We fitted LMMs using the package glmmTMB v. 1.1.12 (Brooks et al. 2017;
McGillycuddy et al. 2025) and obtained their predictions using the package emmeans v. 1.11.2-8

(Lenth 2025). We estimated repeatability using the package rpfR v. 0.9.23 (Stoffel et al. 2017).

Results

Coral bleaching occurred mainly in March (Figs. 3, 4, 5). While bleaching was high at some Lord
Howe Island sites (e.g. nearly half of the coral cover at Sylphs Hole; Figs. 3A, 4), it was minor at
others (e.g. Acropora Gardens and Potholes; Figs. 3A, 4) and remained low at all Norfolk Island

sites (<10% of coral cover; Figs. 3B, 5).
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171  Figure 3. Proportion of coral that bleached throughout the 2024 global bleaching event for Lord
172 Howe Island (A) and Norfolk Island (B). Error bars represent upper credible intervals.
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Figure 4. Proportion of coral in each of Lord Howe Island’s sites (rows) across health categories

(column) for each month and sampling method. Dots represent individual samples (transects),

boxes enclose 50% of the data (interquartile range), the whiskers contain values up to 1.5 times

the interquartile range, and the solid line within the boxes represents the median.
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Figure 5. Proportion of coral in each of Norfolk Island’s sites (rows) across health categories

(column) for each month and sampling method. Dots represent individual samples (transects),
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Overall, the two data collection methods we assessed (i.e. photoquadrat and rapid health
assessment) yielded highly repeatable estimates (repeatability = 0.94, 95%CI = 0.92 to 0.96; Figs.
4, 5, 6). Although the repeatability of these two methods for healthy, pale, or bleached coral
proportions was high (i.e., greater than 0.76; Fig. 6A-C), the rapid health assessment tended to
overestimate pale and bleached coral proportions compared with the photoquadrats (Fig. 6B, C).
By contrast, the estimated proportion of dead coral was the most disparate between methods: coral
in this condition, which occurred in moderate proportions in some sites of Lord Howe Island in
May according to photoquadrats, virtually remained undetected in the rapid health assessment
(Fig. 6D). Nonetheless, the 95% confidence interval of regression slopes between the two methods
included 1 for all but one comparison (pale; Fig. 6B), indicating that these methods are mostly

comparable.
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relationship between methods. ‘Rpt’ stands for repeatability of estimates.
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Discussion

In the present study, we propose and test the rapid health assessment, a tool to quickly evaluate
the health state of coral reefs for various stakeholders with limited resources. We show that this
method produces estimates similar to research-grade photoquadrat surveys. However, we also
found some key discrepancies that stem from inherent differences between these two methods,
which may reflect important limitations of the proposed method.

Our findings show that the estimates obtained with the rapid health assessment method are
reliable in most cases (Fig. 4). Nonetheless, the estimates of dead coral from four sites of Lord
Howe Island in May were much lower according to the rapid health assessment than according to
photoquadrats (Fig. 4D). This probably occurred because these specific sites were under abnormal
low tide in this period, causing the top of coral colonies to die (see details in Sawyers et al. in
prep). As photoquadrats rely on photographs taken from above, such colonies contributed to
greater estimates of dead coral using this method. By contrast, the rapid health assessment method
considers the overall health state of colonies, which remained healthy or pale even after
experiencing some mortality from low tides. In other words, colonies evaluated may have received
distinct labels depending on the method used. This highlights that the proposed rapid health
assessment is a simple tool that may overlook nuances when coral colonies present multiple health
states.

We emphasise that, despite our use of underwater cameras to conduct the rapid health
assessment, this method can be applied just as easily through direct in-water surveys. This
flexibility allows stakeholders without photographic equipment to rapidly implement this
approach, albeit at the cost of not generating a permanent visual record. Given the ease and

reliability of the rapid health assessment we propose here, this method can be particularly useful
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for environmental managers who need to quickly identify bleaching events to inform managing
authorities and the public. Coral bleaching events are highly impactful to local communities and
tourists (Prideaux et al. 2018), so we hope that the rapid health assessment will support
stakeholders not only in documenting the state of coral reefs to build scientific records, but also in

communicating with and engaging concerned members of the public.
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Supplementary material

Table S1. Example of rapid health assessment data sheet.

Primary health

Date Site Transect Morphotype Size Colour Notes
category

Some paling on tips

22/03/25  Potholes | Acropora L Healthy E4 of brapches, partial
mortality from low
tide

22/03/25 Potholes 1 Isopora M Healthy D4

22/03/25 Potholes 2 Acropora L Healthy E4 Partial mortality
from low tide

22/03/25 Potholes 2 Isopora S Pale D2

. Partial mortality

22/03/25 Potholes 3 Pocillopora S Pale D3 .
from bleaching
Whole colony

22/03/25 Neds Beach 1 Pocillopora S Dead mortality from
bleaching

22/03/25 Neds Beach 1 Pocillopora S Bleached DI

22/03/25 Neds Beach 2 Isopora M Healthy D4

22/03/25 Neds Beach 3 Xenia L Healthy D5

22/03/25  Sylphs Hole 1 Porites L Healthy ps  juhes o of
ypermycosis

22/03/25 SylphsHole 2 Porites M Healthy D4

22/03/25  Sylphs Hole 3 Isopora L Healthy D4 Paling ‘basal edges

and column tips
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