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Supplementary Table S1: Bleaching prevalence associated with cold water temperatures observed for various hard corals and octocorals and hydrozoan species, both in the present study and in reports from various locations around the world. Reports are listed chronologically starting with the most recent one, according to their respective geographic location. Values in parentheses indicate the total number of colonies found at the respective location with ‘n/a’ as an indication of no information given in the respective reference.
	Species
	Bleaching prevalence [% of total colonies found at location]
	Depth [m]
	Location
	Minimum water temperature
	Year of observation
	Reference

	P. verrucosa, Echinopora sp.
	  38 % (16)
	 22 m
	Shib Nazar, Central Red Sea
	24.2 °C
	2025 
	Present study 

	Acropora sp.
	13 % (8)
	8 – 11 m
	Al Fahal, Central Red Sea
	25.1 °C
	2023
	Present study

	Galaxea fasicularis
	11 % (9)
	10
	Shib Nazar, Central Red Sea
	25.3 °C
	2023
	Present study

	Pocillopora verrucosa
	25 % (8)
	8 – 11 m
	Al Fahal, Central Red Sea
	25.1 °C
	2023
	Present study

	S. pistillata
	100% (n/a)
	0 – 1.5 m
	Abu Shousha, Tahla Reef, Shark Reef, Cement Wreck, Shib Nazar, all Central Red Sea
	18 °C
	2020
	(Rich et al., 2022)

	Acropora pharaonis, Platygyra daedalea
	100 %**
	Reef flat*
	Manifa Reef, Gulf of Arabia
	11 – 12 °C
	1988/89
	(Coles & Fadlallah, 1991)

	Porites sp., Acropora spp., P. daedalea, Pavona varians, Psammocora cf. contigua, Coscinarea monile, Leptastrea purpurea, Cyphastrea micropthalma, Favia cf. pallida, F. cf. speciaosa, F. cf. faus, Favites pentagona, Tubinaria crater
	100 %**
	>7 m
	Manifa Reef, Gulf of Arabia
	11 – 12 °C
	1988/89
	(Coles & Fadlallah, 1991)
	P. compressa, Favia spp.
	90 – 100 %
	>7 m
	Tarut Bay Reef, Gulf of Arabia
	12 – 13 °C
	1988/89
	(Coles & Fadlallah, 1991)
	Acropora sp.
	90 – 100 %
	7 - 8 m
	Offshore Qatar, Gulf of Arabia
	14 °C
	1964
	(Shinn, 1975)

	Porites loboa, Pocillopra sp.
	Widespread*
	~ 15 m
	Galapagos Archipelago, Pacific
	16 °C
	2007/08
	(Banks et al., 2009; Glynn et al., 2009)

	Pavona sp.
	Little*
	~ 15 m
	Galapagos Archipelago, Pacific
	16 °C
	2007/08
	(Glynn et al., 2009)

	Porites sp., Pavona varians
	>70% (n/a)
	32 m
	Clipperton Atoll, Eastern Pacific
	14 – 18 °C
	2023
	(Foreman et al., 2024)

	Pocillopora spp.
	43 % (n/a)
	3 – 5 m
	Punta Diablo, Gulf of California
	19 – 20 °C
	2021
	(Olivier et al., 2023)

	Pocillopora spp.
	84 % (n/a)
	2 – 3 m
	Isla Gaviotas Reef, Punta Galeras Reef, Gulf of California, Pacific
	18 – 19 °C
	2011
	(Paz-García et al., 2012)

	Pocillopora spp.
	90 – 99% (177 - 350)
	n/a
	La Paz Bay, Loreto Bay, Gulf of California, Pacific
	17 – 18°C
	2008
	(Hernández et al., 2010; LaJeunesse et al., 2010)

	n/a
	10 – 60% (n/a)
	n/a
	SW Gulf of California, Pacific
	< 19 °C
	2006
	(Paz-García et al., 2012)

	Pocillopora spp.
	50 – 70 %
	3 m
	Bahia Pulmo, Gulf of California, Pacific
	19 – 20 °C
	1988
	(Wilson, 1988, 1990)

	Pocillopora spp.
	< 10 %
	5 – 7 m
	Bahia Pulmo, Gulf of California, Pacific
	19 – 20 °C
	1988
	(Wilson, 1988, 1990)

	Pavona spp., Porites spp., Tubastrea spp.
	0 %
	3 m
	Bahia Pulmo, Gulf of California, Pacific
	19 – 20 °C
	1988
	(Wilson, 1988, 1990)

	Montastraea annularis, Porites astreoides, Acropora cervicornis, Favia fragum, Colpophyllia natans, Dendrogyra cylindrus,
	100% (n/a)**
	1 – 2 m
	Admiral Reef, Florida Keys, Caribbean
	12 – 18 °C
	2010
	(Kemp et al., 2011; Lirman et al., 2011)

	M. faveolata
	90% (n/a)**
	1-2 m
	Admiral Reef, Florida Keys, Caribbean
	12 – 18 °C
	2010
	(Kemp et al., 2011; Lirman et al., 2011) 

	Diploria strigose
	67% (n/a)**
	1 – 2 m
	Admiral Reef, Florida Keys, Caribbean
	12 – 18 °C
	2010
	(Kemp et al., 2011; Lirman et al., 2011)

	D. clivosa
	50% (n/a)**
	1 – 2 m
	Admiral Reef, Florida Keys, Caribbean
	12 – 18 °C
	2010
	(Kemp et al., 2011; Lirman et al., 2011)

	M. cavernosa
	33% (n/a)**
	1 – 2 m
	Admiral Reef, Florida Keys, Caribbean
	12 – 18 °C
	2010
	(Kemp et al., 2011; Lirman et al., 2011)

	Gorgonia ventalina
	17% (n/a)**
	1 – 2 m
	Admiral Reef, Florida Keys, Caribbean
	12 – 18 °C
	2010
	(Kemp et al., 2011; Lirman et al., 2011)

	Siderastrea sidereal, P. divaricate, Dichocoenia stokesii, Millepora alcicornis, Psedopterogorgonia americana, Palythoa carbaeroum
	<5% (n/a)**
	1 – 2 m
	Admiral Reef, Florida Keys, Caribbean
	12 – 18 °C
	2010
	(Kemp et al., 2011; Lirman et al., 2011)

	Siderastrea siderea, Porites astereoides, Stephanocoenia intersepta, Agaricia agaricites, Montastraea cavernosa, P. porites, Dichocoenia stokesi, Siderastrea radians, Montastraea faveolata, Calpophyllia natans, P. furcata, Solenastrea bournoni, Diploria strigosa, M. annularis, P. divaricata, D. labyrinthiformis, M. franksi, Eusmilia fastigiata, Meandrina meandrites, Oculina sp., Diploria divosa, Mycetophyllia sp., Agaricia lamarcki, Acropora cervicornis, Madracis deactis
 
	1-56**
 
	2-7 m
 
	Florida Reef Tract, Florida, Caribbean
 
	9.5 °C
	2010
	(Lirman et al., 2011)

	M. annularis, Agaricia agaricites
	Partially**
	5 m
	Outer reefs, Florida Key, Caribbean
	9 – 16 °C
	1981
	(Walker et al., 1982)

	P. astreoides, A. cervicornis
	100 %**
	5 m
	Outer reefs, Florida Key, Caribbean
	9 – 16 °C
	1981
	(Walker et al., 1982)

	A. cervicornis, others
	96 %
	< 2 m
	Dry Tortugas Reef & Outer Reefs, Florida Key, Caribbean; Northern Bahamas
	14 °C (surface)
	1976/77
	(Davis, 1982; Porter et al., 1982; Roberts et al., 1982)

	A. cervicornis, others
	Insignificant**
	13 m
	Dry Tortugas Reef, Florida Key, Caribbean
	14 °C (surface)
	1976/77
	(Porter et al., 1982)

	Acropora sp., Platygyra sp., Montastrea annularis
	High**
	n/a
	Florida Keys
	9 – 10 °C
	1977/78
	 (Hudson, 1981)

	M. annularis
	80 – 90 %
	n/a
	Hen & Chicken Reef, Florida Keys, Caribbean
	8 – 9 °C (air)
	1969/70
	(Hudson et al., 1976; Voss, 1973)

	M. annularis
	n/a***
	n/a
	Hen & Chicken Reef, Florida Keys, Caribbean
	Unusually cold*
	1963/64
	(Hudson et al., 1976)

	A. cervicornis
	100 % (2)
	0 – 1 m
	Key Largo Island, Florida Keys, Caribbean
	13 – 14 °C
	1962
	(Shinn, 1966)

	Montastrea annularis
	n/a***
	n/a
	Hen & Chicken Reef, Florida Keys, Caribbean
	Unusually cold*
	1957/58
	(Hudson et al., 1976)

	Montastrea annularis
	n/a***
	n/a
	Hen & Chicken Reef, Florida Keys, Caribbean
	Unusually cold*
	1941/42
	(Hudson et al., 1976)

	Acroporidae*
	100 % (n/a)
	0 – 1 m
	Capricorn Bunker group, Southern Great Barrier Reef, Australia
	13 °C
	2003
	(Hoegh-Guldberg et al., 2005; Hoegh-Guldberg & Fine, 2004)


* Phrasing used in the original reference as no further information was available
** studies reported mortality as a cause of bleaching
*** studies reported bleaching prevalence indicated by skeleton marks
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Supplementary Figure S1: Photosynthetic efficiency (Fv/Fm) of Acropora sp. (orange), Pocillopora verrucosa (green) and Stylophora pistillata (blue) measured in classical CBASS assay conducted in winter (February) 2024 using 25°C, 28°C, 31°C and 34°C as target temperatures. Chosen temperatures did not alter the photosynthetic efficiency of the hard coral species below 50 % to calculate the corresponding thermal tolerance thresholds (ED50).
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Supplementary Figure S2: Daily average, maximum and minimum in-situ temperatures measured in the Coral Probiotic Village (CPV), Al Fahal reef, Central Red Sea, before and during the experimental periods in summer 2023 (A) and winter 2024 (B).
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Supplementary Figure S3: Temperature profiles for 18-hour heat and cold acute temperature stress assays conducted in summer 2023 (A) and winter 2024 (B). Start and end times for the assays are indicated below the x-axis; asterisks indicate the time point of dark-adapted photosynthetic efficiency measurements immediately after the stress phase (t7) and after an 11-hour recovery period (t18).

Supplementary Table S2: Results of Spearman rank correlation for heat (red) and cold (blue) ED50 thresholds for the three most dominant bacterial families (Endozoicomonaceae, Rhodobacteraceae, Simkaniaceae) for all three coral species of the present study during summer (heat ED50) and winter (cold ED50), with rho values indicating the strength and direction of the investigated relationships and p-values indicating statistical significance with p < 0.05. Asterisks indicate values close to statistical significance. NA indicating insufficient replication.
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Supplementary Table S3: Comparisons of calculated ED50 from classical and cold CBASS assays in summer and winter for Acropora sp., Pocillopora verrucosa, and Stylophora pistillata presenting Dunn’s multiple comparison post-hoc test. Given values are adjusted p-values with the Holm method (see method section for further details). In case ‘n/a’ is reported, Kruskal Wallis test did not show any significant results. Significant values with p < 0.05 are given in bold.	Comment by Yusuf El-Khaled: Add results of Kruskal Wallis

	Comparison
	Classical CBASS - Summer
	Cold CBASS - Summer
	Classical CBASS- Winter
	Cold CBASS- Winter

	Acropora sp. - P. verrucosa
	0.026
	0.099
	n/a
	0.15

	Acropora sp. - S. pistillata
	0.395
	0.59
	n/a
	0.012

	P. verrucosa - S. pistillata
	0.257
	0.076
	n/a
	0.147
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Supplementary Figure S4: Rarefaction curve (rarefaction was applied at 100,000 reads, blue dotted line) for all specimens of the three targeted coral species’ microbiome data (Acropora sp. = ‘A’; Pocillopora verrucosa = ‘P”’; and Stylophora pistillata = ‘STY’, respectively) for both summer 2023 (‘Aug’) and winter 2024 (‘Feb’).
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Supplementary Figure S5: Calculated effective dose 5 (ED5) and effective dose 95 (ED95) changes in Fv/Fm with cold (A, C) and heat (B, D) assay temperature profiles for each CBASS experiment performed in summer (A, B) and winter (C, D) using Acropora sp. (orange), Pocillopora verrucosa (green) and Stylophora pistillata (blue). Dots, triangles and squares, respectively, represent the measured photosynthetic efficiency (Fv/Fm) at each experimental temperature for each CBASS assay and species. Lines reflect the log-logistic model fitted to each experiment (see methods) with dotted lines indicating the 95% confidence intervals of each log-logistic model. Color-coded temperature values show the ED5 and ED95 of each species in °C ± standard error. Representative pictures of the coral species taken by Matteo Monti. 


Supplementary Table S4: Decline width (DW, in °C) expressed as DW = ED95 – ED5 (see Supplementary Fig. S5) as an approximation to describe the shape of the fitted Fv/Fm response curves (wide or narrow) as shown in Fig. 2 and Supplementary Figure S5.
	Species
	Heat CBASS - Summer
	Cold CBASS - Summer
	Heat CBASS - Winter
	Cold CBASS - Winter

	Acropora sp.
	4.95 ± 0.92
	12.16 ± 2.11
	4.50 ± 1.11
	11.59 ± 1.57

	Pocillopora verrucosa
	8.28 ± 1.99
	11.50 ± 2.28 
	4.44 ± 1.57
	10.53 ± 2.44

	Stylophora pistillata
	7.98 ± 2.52
	16.71 ± 2.59
	5.40 ± 1.50
	6.13 ± 2.50
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Supplementary Figure S6: Volcano plots displaying differentially abundant ASVs (dots) identified in the ANCOM-BC2 analysis for Acropora sp. (left; n = 69 differentially abundant ASVs in summer compared to winter) and Pocillopora verrucosa (right; n = 49 differentially abundant ASVs in summer compared to winter). The log fold change (X-axis) and the p-adj. (Y-axis) value for each ASV is represented. Yellow dots indicate enriched ASVs and purple dots indicate decreased ASVs with a q value (adjusted p value) < 0.05. ASVs that are not significantly different in abundance between seasons (summer vs. winter) are colored gray. Note: Different scales for y-axes; no significant changes in ASVs between summer and winter were observed for Stylophora pistillata, hence it is missing in this figure.
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Supplementary Figure S7: Photosynthetic efficiency (Fv/Fm) at the most extreme heat CBASS assay temperatures (i.e., 40°C in summer, 39°C in winter) measured immediately after the stress phase (t7) and an 11-hour recovery phase (t18) in summer (A) and winter (B) for Acropora sp. (orange), Pocillopora verrucosa (green), and Stylophora pistillata (blue).
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Endozoicomonadaceae | Rhodobacteraceae | Simkaniaceae

tho p value tho pvalue |rho p value
EDS50 x summer & winter X all species 0.2892 | 0.0462 0.3210 | 0.0261 0.2727 | 0.0608*
EDS50 x summer x all species 0.2946 | 0.1528 0.4177 | 0.0378 NA NA
ED50 x summer X Acropora sp. -0.7090 | 0.0216 0.5272 | 0.1173 NA NA
EDS50 x summer x Pocillopora verrucosa | 0.3333 | 0.4198 0.4524 | 0.2604 NA NA
ED50 x summer x Stylophora pistillata 0.0357 | 0.9394 NA NA NA NA
EDS50 x summer & winter x all species 0.3594 | 0.0179 0.2977 | 0.0526% |0.2785 | 0.0706*
ED50 x winter x all species 0.3038 | 0.1838 0.3068 | 0.1883 NA NA
ED50 x winter X Acropora sp. 0.2000 | 0.7040 -0.3714 | 0.4685 NA NA
ED50 x winter x Pocillopora verrucosa 0.5281 | 0.1827 -0.2143 | 0.6103 NA NA
ED50 x winter x Stylophora pistillata 0.4286 | 0.3965 0.7714 | 0.0724* | NA NA





