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Study description

Research sample

Sampling strategy

Data Availability

Trimmed 16S rRNA (primers removed) sequence data generated in this study have been deposited in the European Nucleotide Archive (ENA) under Project
Accession number PRJEB36632 (ERP119845) [https://www.ebi.ac.uk/ena/browser/view/PRJEB36632], sample accession numbers ERS4291994-ERS4292031
[https://www.ebi.ac.uk/ena/browser/view/ERS4291994-ERS4292031]. Raw 16S rRNA fastq files can be accessed through the Smithsonian figshare at doi:10.25573/
data.11819745 [https://doi.org/10.25573/data.11819745]. The metagenomic sequence data generated in this study have been deposited in the ENA under Project
Accession number PRJEB36632 (ERP119845) [https://www.ebi.ac.uk/ena/browser/view/PRJEB36632], sample accession numbers ERS4578390-ERS4578393
[https://www.ebi.ac.uk/ena/browser/view/ERS4578390-ERS4578393]. Related data and data products for individual analysis workflows are available through the
Smithsonian figshare under the collection at doi:10.25573/data.c.5025362 [https://doi.org/10.25573/data.c.5025362.v1].

Code Availability

All code, reproducible workflows, and further information on data availability can be found on the project website at https://hypocolypse.github.io/. The code
embedded in the website is available on GitHub [https://github.com/hypocolypse/web] in R Markdown format. The version of code used in this study is archived
under Hypocolypse Workflows v1.0 [https://github.com/hypocolypse/web/releases/tag/v1.0], DOI identifier, doi:10.5281/zenodo.4940132 [https://
doi.org/10.5281/zenodo.4940132].

Coral reefs in Bocas del Toro, Panama were evaluated before, during, and one year after an acute deoxygenation event that occurred
in September 2017. Water quality was evaluated during the event for dissolved oxygen, temperature, salinity, and pH, among other
variables. Corals were collected for physiological analyses, water samples were collected from just above the coral benthos for
microbial communities, and benthic community structure was evaluated through benthic photoquadrat surveys.

Environmental conditions were measured just above the benthos at 83 sampling stations across Bahia Almirante in Bocas del Toro,
Panama. These sites were selected to span the full geographical range of Bahia Almirante, and constrained to the number of sites
that could be visited and sampled in the same day with two small research teams.

Agaricia tenuifolia is a common and representative Caribbean coral species that dominate shallow coral reefs where the
deoxygenation event occurred. Fragments of the coral Agaricia tenuifolia were collected from 6 distinct colonies at each of two sites,
one hypoxia impacted site (Cayo Roldan) and one non-impacted reference site (Cayo Coral). From each colony, three fragments were
collected. Coral colonies were selected haphazardly, but only colonies with living tissue were selected. Photophysiology was
measured with a PAM fluorometer from 3 points located 1 cm from the growing edge of the coral, and those values were averaged
for subsequent analyses. Each fragment was destructively sampled for symbiont densities and photosynthetic pigment content.
Responses of this common coral are representative of the species and other common corals that populate shallow coral reefs
throughout the Caribbean.

Seawater was collected from less than 1 m above the coral benthos, with 3 samples for each site and time point (during and after the
event). This sampling methods is an approach for sampling the integrated ecosystem microbial community (rather than one
associated specifically with a coral species),

Benthic community structure was evaluated in 11 permanent benthic photoquadrats (0.7 x 1m2) at each site before, during, and one
year after the hypoxic event.

Three fragments from 6 distinct colonies of Agaricia tenuifolia were collected from the impacted and non-impacted sites, with each
fragment measuring ~4 cm2. No analyses were conducted to determine the optimal number of samples. The number of replicates
were chosen to minimize error introduced by intracolony variation, and the number of colonies selected was to reduce intercolony
variation. A sample site of 6 colonies is an optimal number of replication while conforming to time constraints associated with both
sample and data collection.
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Data collection

Timing and spatial scale

Data exclusions

Reproducibility

Randomization

Blinding

Did the study involve field work? Yes No

Field work, collection and transport
Field conditions

Location

Access & import/export

Disturbance

Three measurements for PAM fluorometry were taken per fragment to account for variation within an individual, and then averaged
for subsequent analyses. This number of measurements per fragment minimizes error and maximizes accuracy of our
photophysiology measurements.

The number of seawater sample replicates was chosen to provide a representative sample of the benthic-pelagic water microbial
community, but also constrained by the costs associated with metagenome sequencing.

Plots within a site are considered replicates for benthic surveys. The number of plots and length of transect, as well as number of
points within a photoquadrat, are standard protocols for evaluating benthic community structure and yield representative of the
broader community structure at a given site.

Environmental conditions were measured with a YSI multiparameter sonde with an optical dissolved oxygen probe (YSI EXO2 and EXO
optical DO smart sensor, Yellow Springs, USA). Data were collected by NL and a team of trained researchers from the Bocas del Toro
Research Station. Corals were collected and measured by MDJ, LMRB, and WW. Corals were evaluated for photophysiology with a
Pulse Amplitude Modulated Fluorometer (Junior PAM), and then coral tissue was removed for symbiont counts and pigment
extractions. Water samples were filtered through 0.22 um filters (Millipore), and DNA was extracted from filters with a Qiagen
Powersoil extraction kit.

The hypoxic event was first detected in September 2017. Corals were collected from each site on Sept. 25, 2017 between 0600-1000
hrs, dark adapted for two hours, and then measured for maximum quantum yield. Coral tissue was immediately stripped and then
frozen for subsequent analyses. Water samples were collected on Sept. 25, 2017 at the time of coral collection, kept on ice and in the
dark until return to the lab, and then filtered immediately. Filters were frozen until DNA extractions. Benthic photoquadrat surveys
were conducted four months before the event, during the event, and then one year after the event with photographs.

The timing of data collection was critical because we needed to capture the event in progress. The duration of hypoxia events in situ
is unknown, particularly in the tropics, so a rapid response to the detected event was critical. The follow-up sampling allowed
evaluation of immediate responses to the event and a one-year recovery period (for the benthos).

The spatial scale sample spanned from the impacted hypoxic site to a reference normoxic site, selected specifically to analyze
responses and conditions associated with the event in relation to unaffected sites. Both sites are within the Bocas del Toro
archipelago, and are approximately 30 km apart.

No data were excluded from analyses.

Multiple measurements were taken at each site and sampling station for reproducibility, and then averaged for analyses. Coral
fragments were measured in three adjacent spots for photophysiology to account for variation within an individual, and then
averaged for each individual for subsequent analyses. Due to the unique event, and unpredictable nature, we were unable to
replicate this experiment. There have been no other events in the area since this event in 2017.

Water samples were collected from randomly selected, stratified sampling stations. Water samples were collected haphazardly from
above the benthos were coral colonies were samples. Coral colonies were selected haphazardly from live colonies at each site.
Permanent photoquadrats were randomly installed before the event, with quadrats placed every 5 m along a 50 m transect. Plots
were then permanent marked and resampled over time.

Two sites were specifically selected to represent the hypoxic, impacted site and the normoxic, reference site. Beyond those specific
experimental groups, all replicates were collected randomly or haphazardly within a set of experimental constraints (to reduce the
impact of confounding factors). Coral fragments were collected from individual colonies that were located >10 m apart, to ensure
genotypic differences in the absence of genetic sequencing. Living colonies at the depth limit of the study (the oxycline at a depth of
3-4 m) were selected haphazardly, and replicate fragments within colonies were collected from unshaded branch tips, haphazardly.
Covariates were controlled by collecting samples from the same depth and the same light environment (for corals).

All samples were marked with codes to allow for blind data collection. The people performing measurements did not know what
samples came from the impacted vs. non-impacted sites during data collection.

Environmental conditions were measured during the hypoxic event and values are presented in the main text of the manuscript and
the supplemental information. At each sampling point (before, during, or after), all measurements for that period were taken on the
same day and effort was made to reduce the time between at each site.

Environmental conditions measured during the study were dissolved oxygen concentrations, salinity, temperature, pH, and
chlorophyll concentrations in RFU (relative fluorescent units).

Two sites used in this study for coral and water column sampling were Cayo Roldan (9.22023, -82.3231) and Cayo Coral (9.254583,
-82.125383) in Bocas del Toro, Panama. Water samples were collected just above the benthos (0.5 m) at a depth of 3-5 m, and coral
samples were collected from a depth of 3-5 m.

Samples were collected and analyzed within the country of Panama at the Smithsonian Tropical Research Institute. Coral and water
samples were collected under a permit from the Ministerio de Ambiente, Republic de Panama (No.SE/A-124-16) to AHA and MDJ.

Water collection caused no disturbance to the environment. Coral fragments were collected by carefully removing three small




