High-frequency temperature variability reduces the risk of coral bleaching
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Supplementary Note 1: High-frequency Spectral Content

Power Spectral Density (PSD) estimates of the 118 temperature time series reveal that all had
significant diurnal and semidiurnal spectral peaks, emphasizing the ubiquity of significant high-
frequency variance throughout our data set (Supplementary Fig. 1). The majority of time series
also showed significant peaks corresponding to the shallow water terdiurnal and quarterdiurnal
frequencies (99.2% and 92.4% of time series, respectively). Finally, 43 (30.5%) of the time
series showed significant spectral peaks corresponding to long term, annual frequencies (1/90 —
1/540 cpd). Statistically significant spectral peaks are indicated in Supplementary Figure 1 to
illustrate the persistence of high frequency water temperature variability among many different
types of coral reef environments. Regardless of oceanographic region or latitudinal gradient,
there is a considerable amount of temperature variability within diurnal and shorter periods that
reefs are exposed to.

Supplementary Note 2: Seasonal Variation in Daily Temperature Range

The results of Kruskal-Wallis tests for 113 of 118 (96%) temperature records (all except MD1,
MD?2 from Abu Madafi, Saudi Arabia, and P13, P23, and P32 from Palmyra Atoll, United
States), allow us to conclude that daily temperature range (DTR) values are significantly
different in distribution across the four astronomical seasons (p < 0.01), where seasons were
defined such that each season spanned 3 complete months, and austral and boreal summers were
December through February and June through August, respectively. This seasonality is
illustrated for six representative time series as yearly composite averages in column (b) of Figure
2. The variable width of the pink patch in each yearly composite time series illustrates the
variability of DTRs at these sites, while the red lines indicate the seasonally-averaged DTR.
Maximum DTR values are most common during late spring to summer (boreal and austral)
months (Supplementary Fig. 3), when solar heating of the ocean surface is largest, with the
average summer DTR 1.2-2.1 times as large as the average winter DTR.
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Supplementary Figure 1| Power spectra at high-frequencies. Power Spectral Density (PSD) estimates
of water temperature from every time series, focused on the high frequency (0.727 to 4 cpd) part of the
spectrum. PSD estimates are sequentially offset by 10? °C*/cpd, and significant peaks are marked with
an asterisk. The 3-letter abbreviations for each temperature time series are listed following their PSD
estimates, and grouped by oceanographic region.
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Supplementary Figure 2| Ratios of high-frequency to seasonal variance by habitat. For all
temperature time series, high-frequency (1/33 to 1/6 h) and seasonal (1/7 to 1/84 d) variance were
computed via integration of power spectral densities within these respective frequency bands. a) Variance
ratios plotted against depth and colored by reef habitat, along with a linear regression line (solid black)
and unity (dashed black); b) Histograms of the variance ratios are shown grouped by reef habitat, and the
results of a Kruskal-Wallis test are indicated.
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Supplementary Figure 3| DTR extrema by season. Orange bars: counts of time series with maximum DTR values
in winter (18), spring (47), summer (40), and fall (13); blue bars: counts of time series with minimum DTR valuess
in winter (51), spring (13), summer (18), and fall (36). Seasons were distinguished among northern and southern

hemispheres, and arranged such that austral and boreal summers were December through February and June through
August, respectively.
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Supplementary Figure 4| Latitude vs annual temperature ranges. Latitudinal gradient in annual temperature
ranges for every time series, arranged by hemisphere and colored according to in situ logger depth (m). Linear
correlations and regression lines are shown for each hemisphere.
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Supplementary Figure 5| Moran’s I Correlograms. For the in situ covariates in the highest-ranked OLR model,
Moran’s I was computed using distance classes (km) of 1: [0, 0.5); 2: [0.5, 5.0); 3: [5.0, 50.0); 4: [50.0, 500.0); 5:
[500.0, 6145.0); 6: [6145.0, 6400.0); 7: [6400.0, 10000.0); 8: [10000.0, 13000.0); 9: [13000.0, ). 95% confidence
intervals are shown, and critical values for Moran’s I were computed using a correction for small sample sizes.
Covariates in the highest-ranked in situ model include a) Depth, b) DHW3, ¢) Acutel, d) Thermal Trajectory, €)

ROTCSS’ and f) DTR30.
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Supplementary Figure 6| All in situ-based logit models within AAICc <2 of the highest ranked model.
Standardized model coefficients (y-axis) and their corresponding explanatory variable (x-axis), with jackknifed
standard error bars and AAIC values indicated. (a) The global best model with AAICc = 0; (b-t) all models within
AAICc <2, which are statistically indistinguishable from (a).
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Supplementary Figure 7| Highest-ranked in situ model results after spatial resampling. Standardized
coefficients for the highest-ranked model parameter estimates fit to the entire data set are shown in white (£ s.e.),
while the average of the resampled parameter estimates for the same covariates are shown in grey (+ s.e.). The
modified jackknife resampling scheme involved grouping sites within 10 km of each other and removing each of
these proximity groups incrementally before fitting OLR models to the remaining data.



Coefficient for:

Interaction Term | Interaction Coefficient | DHW,;, | DTR;, | AICc | AAICc

Depth x DHW;, 1.78 2.11 -2.31 143.57 | -0.18
Depth x DTR3 2.69 1.77 -1.72 | 142.74 | -1.01
Depth x ROTCgg -0.09 0.95 -2.63 | 146.32 2.57
Depth x MMM -0.11 0.96 -2.6 146.31 2.56
MMM x DHW3, 0.8 2.04 -2.85 | 14441 0.66
MMM x TT -0.4 0.83 -2.89 145 1.25
MMM x Acutel 0.32 1.14 -2.8 145.3 1.55
MMM x ROTCgg -0.01 0.97 -2.67 | 146.35 2.60
Acutel x DHW;, -3.94 5.99 -3.06 | 143.37 [ -0.38
TT x DHW3, -0.55 2.1 -2.51 144.27 0.52

ROTCgs x DTR3 -0.15 0.97 -2.63 | 146.32 2.57

Supplementary Table 1: Nonlinear Ordinal Logistic Regression Models. /n situ variable interaction terms added
to the highest-ranked OLR model (Fig. 3b), coefficient parameter estimates for these interaction terms, the
corresponding DHW 3y and DTR;( coefficient parameter estimates, and AICc and AAICc values of the resulting
models.
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