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Supplemental Methods and Materials
Image Colouration Method Validation 
To validate the coral colour classification and catalogue systems, we empirically evaluated potential alternatives for each stage of the methodology. Within the colourdistance package, the number of histogram bins derived from each image was varied from 1-125 bins (via 1,2,3,4 and 5 channels) to ensure the coral colour diversity was adequately captured (Fig. S2). This step identified 27 histogram bins, corresponding to 3 colour regions within each of the sRGB channels, as suitable for adequately capturing colour diversity. Under this condition, across all corals, 199 of the possible 267 ISCC-NBS colours were observed (Fig. S4). The influence of utilizing different colour catalogues to convert image histogram bins sRGB denominations into distinct colours system was also explored. Empirically, the implications of considering coral colouration in terms of hexadecimal colour codes, Level 3 ISCC-NBS, and a modified hexadecimal colour code system that reduced the number of detectable colours to 1,331, were examined (Fig. S2). The use of ISCC-NBS Level 1 and 2 Categories, HSV (Hue, Saturation, Value), and CMYK (Cyan-Magenta-Yellow-black), were considered but not empirically quantified given evident limitations in these colour systems. CIELab space was considered as it converts RGB pixels into a colour space that is representative of the degree that human vision can perceive differences between colours. As CIELab colour analysis requires information on the photographic lighting condition (e.g. incandescent bulb, daylight, indirect sunlight), it was excluded as meeting this condition was impossible for the 784 coral images analyzed. 
 The image selection process was evaluated using a multiple method approach focused on addressing concerns surrounding coral phenotypic variation and coral intraspecific variation (within the same phenotype). The implications of coral phenotypic variation on colour diversity was examined using three images of Acanthastrea ishigakiensis individuals that exhibited distinct colour morphs (Fig. S6). Coral intraspecific variation was assessed in a similar manner, with different Acropora verweyi individuals of the same colour morph being analyzed (Fig. S6). The A. ishigakiensis and A. verweyi images were selected and cropped in accordingly. The colour diversity within each of the A. ishigakiensis and A. verweyi images was determined by following the same procedure as the 784 images previously analyzed. 
The influence of image format on observed colour diversity was considered extensively. However, as the ‘colourdistance’ analysis utilized can only be conducted on JPEG or PNG images, an analysis comparing RAW, JPEG, PNG, TIFF or other image formats could not be conducted 1. Furthermore, RAW images would be preferential to JPEG image 2 due to information loss during compression, but RAW images do not exist for even a fraction of the 784 corals analyzed. As JPEG images are readily utilized for the study of animal colouration, patterns, colour theory, and visually mediated ecological interactions 3–10, it was concluded that the approach taken was appropriate. Had a format that imbeds more colour information been utilized, heightened colour diversity may have been detected and as such the derived colour diversity may be an underestimate.

Literature Analysis 
We analyzed published literature to determine the ecological consequences of coral colour loss. We extracted and summarized data from studies that evaluated reef fish responses to bleaching events that induced colour loss but maintained coral richness and structure (Table S3, Appendix 1 Data Sources). The criteria that studies had to be explicit about coral richness and structure being preserved limited the potentially relevant literature on the topic considerably. Commonly, incorporated studies involved fish surveys occurring before and immediately after a bleaching event, or during a bleaching event and then after the corals had recovered. Among the studies considered, the comparison of bleached and unbleached reefs occurred both spatially and temporally. The reef fish metrics (i.e. response variables) surveyed included fish richness, abundance, and the success/persistence of fish recruitment events. In instances where studies reported fish family-specific abundances, the families surveyed were documented. This condition occurred in a limited number of cases, as surveys of fish abundances commonly assessed entire communities (Table S3). 
We extracted and summarized data from eight studies. Within each study, the control and experimental means, associated sample sizes and variances (standard error or standard deviation) were extracted from each comparison of the response variables (e.g. fish richness, abundance, recruitment or fish family-specific abundance) under bleached and unbleached conditions. Consequently, data from 133 comparisons were extracted from the eight studies. The ‘Metafor’ package was used to calculate the standardized mean difference (Hedge’s d) and the corresponding variance of each comparison11,12. Each comparisons Hedge’s d and corresponding variance were aggregated according to the response variable evaluated and averaged at the study level. Therefore, when studies examined multiple response variables, they were considered independently, and the comparisons within each response variable were aggregated accordingly. This approach was warranted as the response variables effect sizes were never pooled during the analysis. Within each response variable, the ‘MAd’ package calculated the aggregate dependent effect sizes and variances by averaging the studies Hedge’s d and variance 13. This process combined all within-study effects prior to evaluating among study effects. Effectively, this determined the overall effect of colour loss on fish richness, abundance, recruitment, or fish family-specific abundances.

Limitations	
Our aim was not to characterize and quantify the specific colours found on coral reefs; limitations surrounding an ecologically relevant and globally accepted colour classification system make this impractical. Instead, we concentrated our efforts on integrating an established colour classification system and comprehensive colour catalogue into coral reef ecology 1,14. This resulted in coral colour assessments that are informative and contextual within the framework of our analysis. 
Our assessment of coral richness and hue’s influence on reef fish communities globally represents a considerable development in our understanding of how to integrate the contribution of background colourations into the study of ecological communities. This investigation was only achievable due to innovations in the quantitative colour profiling of digital images, and the enduring efforts of those developing and maintaining global marine diversity databases1,15,16. However, many challenges still exist when analyzing the hue diversity of natural systems, especially when using rapidly evolving, yet still limited, technologies. This is particularly true of digitizing images into biologically relevant colour diversity. Specifically, the sRGB format of digital images is modeled after human colour vision and a poor proxy for non-human perception 2,17,18. Despite lacking a biologically relevant colour classification system, image calibration and colour space conversion can still provide meaningful biological insights 1,6,8,10. Many other challenges, using JPEG images instead of preferential RAW images, for example, are currently unavoidable given photo archive limitations. Despite these limitations, the analyzing images of coral, including determining characteristics of coral colouration, has been an invaluable aspect of coral reef ecology for decades 19–24. Furthermore, natural marine conditions exhibit considerable variation in visual conditions (e.g. light, depth, clarity) and coral colour, and contribute additional colouration via other benthic substrates and invertebrates (e.g. sponges, soft corals). This plethora of colour diversity was not considered within this analysis and implies that our current interpterion of colour’s contribution to ecological communities is an underestimate, as natural systems and their colouration are much more dynamic and diverse.

Appendix 1 Data Sources: 
Data sources utilized in the literature analysis to construct Figure 5.
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Fig. S1. (A-C, E-G) Examples of coral hue quantification. Illustrates the cropped coral images, associated hue profiles in RGB colour space, and the resulting colour histogram bins. A) Acropora subulata B) Acropora millepora C) Platygyra acuta D) Level 3 ISCC-NBS colours detected across the example corals E) Acropora solitaryensis F) Favites bestae G) Colpophyllia natans.
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Fig. S2. Colours diversity detected when analyzing 784 scleractinian corals using three different colour classification systems. Each point denotes an ecoregion, and oceanic regions are represented by distinct colours: A-C) Atlantic—yellow, Northern Indian Ocean—blue, Central and East Pacific—purple, Western Pacific—red. A) Level 3 ISCC-NBS colour system (267 possible colours) B) Hexadecimal Colour Codes (16,777,216 possible colours). C) A modified hexadecimal colour code system (1,331 possible colours). D) Hue diversity detected when analyzing 784 scleractinian corals while varying the number of bins from 1–5, resulting in 1, 8, 27, 64, and 125 histogram bins, respectively. Each coral image pixels are allotted in a discrete multidimensional colour histogram with the number of potential bins set a priori.
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Fig. S3. A) Coral richness within 74 global ecoregions B) Colour diversity within 74 global ecoregions C) Fish richness within 74 global ecoregions A-C) Each bar denotes an ecoregion. Oceanic regions are represented by distinct colours: Atlantic—yellow, Northern Indian Ocean—blue, Central and East Pacific—purple, Western Pacific—red.
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Fig. S4. Red-green-blue colour diversity detected when analyzing 784 scleractinian corals. Hexadecimal colour codes and equivalent Level 3 ISCC-NBS colours depicted. 199 unique colours detected across all corals. 
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Fig. S5. Level 3 ISCC-NBS colours detected within 23 coral families. Colour diversity was assessed within 784 scleractinian corals prior to being pooled according to coral family.
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Fig. S6. A-C) Coral hue diversity quantification when analyzing three Acanthastrea ishigakiensis colour morphs that exhibit distinct phenotypic variability. Illustrates the cropped coral images, associated hue profiles in RGB colour space, and the resulting colour histogram bins (hue diversity). D-F) Coral hue diversity quantification when analyzing three Acropora verweyi specimens that exhibit intraspecific colour variability within the same colour morph. Illustrates the cropped coral images, associated hue profiles in RGB colour space, and the resulting colour histogram bins (hue diversity).
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Fig. S7. The relationship between 784 coral species, fish species richness within 25 common reef families, and coral hue across 74 ecoregions. Each point denotes an ecoregion. Multiple regression evaluating the influence of hue diversity, and coral richness as a quadratic (second-order) polynomial term, on reef fish richness. Adjusted R-Squared values reported. (A) Atlantic (B) Central and East Pacific (C) Northern Indian Ocean (D) Western Pacific.
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Fig. S8. | The relationship between fish intra-family richness, coral species richness, and coral hue diversity, within 25 common reef-associated fish families in each of the 74 ecoregions. Ecoregion points denoted in Figure 3 have been removed to better illustrate 95% confidence intervals, which are shown in grey.  Fish families are ordered by r-squared value. 
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Fig. S9. A) The relationship between intra-family fish richness and coral richness within 25 common reef-associated fish families in each of the 74 ecoregions. B) The relationship between intra-family fish richness and coral hue diversity within 25 common reef-associated fish families in each of the 74 ecoregions. A-B) Each point denotes an ecoregion and oceanic regions are represented by distinct colours: Atlantic—yellow, Northern Indian Ocean—blue, Central and East Pacific—purple, Western Pacific—red.


[image: ]
Fig. S10. The relationship between intra-family fish richness, coral species richness, and coral hue diversity, within each of the four oceanic regions. Fish richness, coral richness and hue were considered within 74 ecoregions. The 25-common reef-associated fish families are ordered by r-squared values. (A) Atlantic (B) Central and East Pacific (C) Northern Indian Ocean (D) Western Pacific.
Tables
Table S1. Coral richness, coral hue diversity, and fish richness across 74 ecoregions. Coral richness and coral hue diversity considered 784 scleractinian coral. Fish Richness denotes the distribution of 4,465 fish species from 117 fish families, whereas Fish Richness 25 denotes the distribution of 3,250 fish species from 25 of the most common reef-associated fish families.
	Oceanic Region
	Ecoregion
	Fish Richness
	Fish Richness 25
	Hue Diversity
	Coral Richness

	Atlantic
	Ascension Is.
	83
	37
	39
	6

	
	Azores & Madeira
	32
	26
	29
	4

	
	Bahamas
	461
	269
	135
	62

	
	Belize
	368
	216
	135
	60

	
	Bermuda
	266
	174
	86
	20

	
	Brazil
	358
	216
	77
	16

	
	Canary Is.
	49
	32
	25
	3

	
	Cape Verde
	109
	67
	71
	10

	
	Cuba & Cayman
	486
	280
	135
	59

	
	Jamaica
	383
	236
	135
	59

	
	Mexico
	419
	260
	130
	54

	
	Puerto Rico
	448
	261
	132
	59

	
	Sierra Leone
	63
	41
	63
	11

	Central & East Pacific
	Clipperton Is.
	34
	30
	50
	10

	
	Cocos Is.
	69
	55
	67
	18

	
	Colombia & Ecuador
	217
	138
	74
	21

	
	Cook Is.
	476
	385
	158
	179

	
	Costa Rica & Panama
	196
	132
	75
	23

	
	Easter Is.
	100
	63
	56
	13

	
	French Polynesia
	751
	591
	161
	194

	
	Galapagos Is.
	208
	142
	69
	19

	
	GT, SV & NI
	170
	114
	75
	24

	
	Hawaii
	481
	359
	111
	69

	
	Johnston Atoll
	146
	128
	97
	36

	
	Kermadec Is.
	105
	71
	60
	16

	
	Kiribati
	455
	389
	177
	333

	
	Pitcairn Is.
	305
	257
	138
	101

	
	Revillagigedo Is.
	61
	46
	74
	23

	
	Samoa, Tonga & Tuvalu
	1149
	900
	171
	305

	Northern Indian Ocean
	Andaman Is.
	863
	656
	174
	334

	
	Bangladesh & Myanmar
	312
	217
	168
	236

	
	Chagos Is.
	661
	538
	175
	291

	
	Comoros
	423
	331
	175
	338

	
	India
	787
	561
	172
	244

	
	Kenya & Tanzania
	730
	566
	177
	341

	
	Madagascar
	632
	474
	177
	389

	
	Maldives
	891
	698
	175
	287

	
	Mozambique
	862
	660
	176
	324

	
	Oman
	592
	427
	157
	124

	
	Seychelles
	895
	695
	177
	362

	
	Somalia
	499
	356
	166
	222

	
	South Africa
	794
	566
	147
	102

	
	Sri Lanka
	573
	444
	177
	294

	Western Pacific
	China
	692
	485
	176
	407

	
	Christmas Is.
	556
	460
	164
	183

	
	Cocos Keeling Is.
	485
	406
	134
	109

	
	EC_Australia
	450
	313
	173
	319

	
	Fiji
	912
	703
	176
	387

	
	Guam & Marianas
	922
	725
	170
	275

	
	Hong Kong
	501
	320
	135
	90

	
	Indonesia
	2083
	1594
	188
	572

	
	Japan
	1570
	1206
	165
	260

	
	Lord Howe Is.
	393
	297
	145
	95

	
	Marshall Is.
	869
	680
	172
	300

	
	Micronesia
	1071
	833
	178
	414

	
	N_Australia
	1178
	900
	182
	415

	
	NE_Australia
	1229
	942
	181
	396

	
	New Caledonia
	1414
	1078
	179
	431

	
	Norfolk Is.
	215
	155
	89
	29

	
	NW_Australia
	680
	510
	182
	362

	
	Ogasawara Is.
	650
	515
	161
	182

	
	Palau
	1336
	1059
	180
	448

	
	Papua New Guinea
	1652
	1247
	186
	583

	
	Philippines
	1780
	1362
	185
	553

	
	Ryukyu Is.
	1078
	884
	174
	395

	
	SE_Australia
	98
	42
	42
	7

	
	Solomon Is.
	772
	627
	182
	508

	
	South Korea
	260
	175
	154
	157

	
	SW_Australia
	139
	75
	99
	37

	
	Taiwan
	1403
	1081
	175
	376

	
	Thailand
	746
	549
	179
	408

	
	Vanatu
	628
	477
	179
	383

	
	Vietnam
	1086
	861
	179
	462

	
	WC_Australia
	299
	211
	179
	299





















Table S2. Model selection table based on corrected Akaike information criterion (AICc). K= the number of estimated parameters for each model. The Delta AIC= for the mth candidate model is the difference between AICm and AICc, which indicates the support for each candidate. AICc Wt = Akaike weights, which indicate the level of support (i.e. evidence) in favor of a given model being the most parsimonious among the candidates. Cum.Wt. = Cumulative Akaike weights. Models: Fish Hue = Fish Richness ~ poly (Hue Diversity, 2): Fish Hue Coral = Fish Richness ~ Hue Diversity + poly (Coral Richness, 2): Fish Coral = Fish Richness ~ Coral Richness.
	Parameter
	K
	AICc
	Delta AICc
	AICc Wt.
	Cum. Wt

	Fish Hue Coral
	5
	1024.03
	0
	0.98
	0.98

	Fish Coral
	3
	1031.73
	7.7
	0.02
	1

	Fish Hue
	4
	1054.96
	30.93
	0
	1












Table S3. Extracted and summarized data from eight studies that evaluated reef fish responses to bleaching events that induced colour loss but maintained coral richness and structure. Data from 133 comparisons were extracted from the eight studies. The standardized mean difference (Hedge’s d) and the corresponding variance of each comparison were aggregated according to the parameter evaluated and averaged at the study level. The aggregate dependent effect size and variance for each parameter were then determined by averaging the studies Hedge’s d and variance (within each parameter).
	

	Parameter
	Paper ID
	Effect Size
	Variance

	Fish Richness
	25
	0.41363725
	0.0646382

	
	26
	-0.034745
	0.03695896

	
	27
	0.50223072
	0.07791474

	Fish Abundance
	28
	1.6222688
	0.30619848

	
	29
	0.5540655
	0.05210797

	
	25
	0.5324116
	0.06497037

	
	26
	0.0960594
	0.02611204

	
	30
	1.1964212
	0.11873619

	
	27
	0.8930325
	0.08878655

	
	31
	1.4444897
	0.23885296

	Recruitment
	32
	0.9694317
	0.44698989

	
	28
	0.5103869
	0.30084971

	
	30
	0.1487758
	0.05111908

	
	27
	1.6895749
	0.33568475

	Labridae Abundance
	26
	0.1405016
	0.02916757

	Pseudochromidae Abundance
	26
	-0.1941921
	0.03754656

	
	29
	0.5540655
	0.05210797

	Nemipteridae Abundance
	26
	0.2429658
	0.0496092

	Apogonidae Abundance
	26
	0.2707735
	0.03732618

	Chaetodontidae Abundance
	26
	0.3566241
	0.05002474

	Gobiidae Abundance
	26
	0.06579594
	0.04927565

	
	30
	1.19642117
	0.11873619

	Pseudochromidae Abundance
	26
	-0.1941921
	0.03754656

	
	29
	0.5540655
	0.05210797
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#3c3a3a  dark grayish oiive groen [l
#770901 0 moderate reddish brown
916448 ignt brown i
#877748 brownish orange.
#1476 grayish purplsh blue
#6ranes Il dark reddish purple [l
#907679 reddish gray
#899150 light reddish brown
scapesc B brownish pink I
#939787 pale purpish blue B
#878384 I pale purple [
#0198 pinkish gray |
252420 olive black i
#69493: moderate brown
#3ncasz [l moderate yellowish brown
ssracse | dark orange yellow I
#5C9A6D tight yellowish brown
#oac2s1 moderate yellow |
#o302cE pinkish white
#0333cl dark grayish purple [l
#684247 grayish reddish brown
#837048 lightolive
#a6ssscl  moderate purpish biue Il
#684cen dark purple
426988 moderate blue
#826z87 il grayish purple I
#5A5089 ligh grayish red
#cacoes grayish greenish yallow
#919088 |l tignt purplish bluo i
#czcsce tight purpish gray 1|
38250 [l dark brown [l
#664827 deop yellowish brown
#908170 Vight grayish brown [l
#839272 l light grayish yellowish brown
#578799 1| yellowish gray ||
#cicasn tight gray K
#252c30 biackish bive [l
#1c7648 light rayish olve
#436373 1 grayish biue Il

#1c7577 0 purpish gray I
#998776 moderate yelow green
#203133, bluish black
#5c4Fas) dark reddish gray
sess1e grayish olive
#asiEse dark grayish blue.
#azsoe7 dark bluish gray I
#707174 medium gray
#05808 purpiish white
sesrees il blish gray il
#9285C5 [ very light reenish blue ||
#cEp9Ds greenish white
#2a1810) blackish red
scerazs @ moderate orange i
#443ce4 arayish vilet
#osscen grayish yellow
272026 vlack ll
#es1CT tight brownish gray
62438 grayish brown
#426045. grayish olve green
#assees grayish groen I
#708369 grayish yellow green
#98867C ght yellowish reen
#202026 blackish purple ll
#o7ca8n pale yellow
#oeice pale pink
#120527 strong brown il
#937072 [ ight grayish recish brown Il
#529899 grayish pink
#929784 pale vioel
#4739250  dark yellowish brown Il
#EAE4DS yellowish white
#383230) dark grayish brown
#7907 I dark yellow i
#06cadn strong greenish yellow
#09CA80 || maderate greenish yellow
#mascea ll tight purple B
#2921200 brownish biack I
#6z6248 0 grayish yellowish brown.
#474137 I dark grayish yellowish brown
sceazes | ‘arayieh porpish pink I
#E9D7CS pale yellowish pink
121023, purpish black
e | dark greenish blue Il
#818a72 light oiie gray’
#94713: tight live brown
529333 deep yeliow Bl
098641 B strong yellow B
#22985 pale orange yellow
#332828 reddish black
s262e2 blackish green I
#amsase, dark groenish gray
#809B: pale blve
#3c3520 0 dark olive brown I
#524r28 moderate aiive brown.
887341 Gark grayish yellow
#423731 [ dark grayish recish brown Il
#s14a6a ] moderate reddish purple I
#019987 moderate purpish pink
e | darkolve Bl
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#528333
#171a16
#936079
#508750 |
#50C3C7
#3c6079
#0EDe8L
#sz8692 I
#9ns29c
#283710
#4a6126
#a18043 I
#con3er
#£7EDC1
e |
P |
e
#sE7P7C
634045 I
#194362
#5E9EA
#859898 [l
#5c8195
#894879
#scesco
#936529 I
#3c1EIC
#a14036
#s73072
#18487F
#as6csE
#r¢aa7a
#a6seas
#294768
#E4n382 1
#roreer
#6ca379
#958687
#1926
#8923
#228249
#xcer73
#7928
#312638
83663 1
#03c7D1
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#casce?
#65403a 1l
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#603235
#nicss |
#conepc
#£0C140
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#ssas2cl
#casizs
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#6r5396 I
#2393
#2377
#1a9201 |
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#719888

#377449
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#3csaer B
#080071
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#sas145 Il
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#osc438
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#a4arDs B
e |
#182248
e |
#088984 |
#389287
#2¢7089
#399085 |
#808527
#93878D
#acsase il
#a16cc
#D4z005
#363045 I
#E7C7C7
515036 Il
#£0B492
#7821 1)

moderate olive il
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areenish black Bl
grayish purplish rec
ight grayish purplsh red
pale purpish pink |
moderate greenish biue Il
pale greenish yello
dark purplish pink il
pale green il
dark olve greer
moderate e groe
Strong yellow green B
Tight yellow gree
pale yellow green |
ight greenish gray [|
ligntblish aray |

araysh yolowisn pok il

strong purpiish red ll

ery pae biue I

strong yellowish brown i
ark reddish brow
dark grayish olv

strong reddish purple I

ight yellow ||
white
deep purple il
ght vioe
moderats yellowssh groen Bl
modarate orange yello
orlant orange yallo
light orange yelow ||

deep purplish blue il
very pate purple Il
dark purpish gra
grayish reddish orangy

very pale green 1|
ish o
whidyolo
very darkrod B
doep redih orange il
dog ormge ek
Gesp e ree
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moderate purpie ll
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moderate reddish orange Il
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N

Log Fish Diversity

o

Siganidae I Lethrinidae ][ Pomacentridae ][ Mulidae ][ Chaetodontidae |
=086 R*=0.86 R*=0.82 =082 =081
Lutjanidae | | Pomacanthidae Acanthuridae l | Serranidae I | Apogonidae I
=0.81 R?=038 R?*=077 =077 =0.76
Labridae | | Blenniidae Pseudochromidae Scorpaenidae | | Scaridae |
=075 R?= 0.73 2= 0.73 R*=07 R*=0.69
Gobiidae I Carangldae Holocentridae Syngnathidae ][ Tetraodontidae |
=0.68 = 0‘66 = 0.66 =065 =0.62
Muraenidae | | Monacanthidae Haemulidae Carcharhinidae I | Balistidae
=0.52 R?= 0.44 = 0.43 R*=04 R*=04
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D) dark reddish brown [l
moderate brown
moderate yellowish brown
dark reddish purple ll
reddish gray

light grayish red

brownish pink =

pale violet

pale purple [0

light purplish gray |

dark grayish brown [ll

light grayish brown

light grayish yellowish brown [
grayish yellow

yellowish white

dark grayish olive green [l
grayish reddish brown [l
moderate purplish blue
grayish purple ll

light grayish purplish red [l
light reddish purple [

pale purplish pink |
blackish green [l

dark yellowish green

light grayish olive
moderate bluish green [l
greenish gray

light yellowish green
grayish greenish yellow [|
pale blue

very light greenish blue
greenish white

reddish black

dark purplish gray

light brownish gray Il

dark grayish yellow [l

pale yellow green ||

dark grayish reddish brown [ll
deep yellowish brown [l
strong yellowish brown

I dark orange yellow

light grayish reddish brown [l
light yellowish brown [
pale pink ||





