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SUPPLEMENTARY METHODS 8 

Species distribution 9 

To compare the observed patterns of reef fish biodiversity to those predicted by the process-based 10 

models, we gathered distribution data for reef fish species. We inventoried 16 238 200 occurrence 11 

records from 34883 entries in the Ocean Biogeographic Information System (OBIS, 12 

http://www.iobis.org). We cleaned the data by identifying the synonyms, misspellings and rare species 13 

(only one occurrence) and by constraining the data set to include only reef fish species from the 14 

acanthomorph group according to FishBase. Synonyms were converted to accepted names. We 15 

reconstructed distribution maps for each species, defined as the convex polygon surrounding the area 16 

where each species was observed. The resulting polygon was divided into four parts across the world to 17 

integrate discontinuity between the two hemispheres and the Atlantic and Pacific Oceans. For example, 18 

non-tropical species are distributed in the Northern and Southern Hemispheres but show a range 19 

discontinuity near the tropics (1), and a polygon division allowed accounting for this singularity. We 20 

refined each species distribution map by removing areas where maximal depths fell outside the 21 

minimum or maximum known depth range of the species. Final distribution maps of well-known species 22 

were checked visually and reviewed. As the OBIS database did not well represent the tropical 23 

assemblage of fish, we merged the database with the Gaspar database at a 1° resolution (2,3). We 24 

obtained a global database containing 4670 reef fish species that we aggregated on a 1°-resolution grid 25 

covering all oceans. We transformed individual species shapefiles into equal-area raster grids at a 26 

resolution of 1°. 27 
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Habitat reconstruction 28 

To provide realistic predictions of reef fish biodiversity dynamics, we reconstructed the evolution of 29 

potential reef habitats through geological time. We employed an absolute plate motion model based on 30 

marine magnetic anomalies and fracture zone tracks in the crust of today’s ocean basins (3,4). We 31 

generated synthetic paleobathymetry models with a 1˚ resolution for the past 140 My in 1 million-year 32 

time steps by combining oceanic paleobathymetry grids derived from paleo-oceanic crustal age grids 33 

with continental paleogeographic data (5). To account for climatic variations since the Cretaceous, we 34 

reconstructed the paleolatitudes of tropical ocean limits from reef-forming coral fossil records from 35 

PaleoDB (www.paleodb.org).  We collected fossil occurrences of scleractinian corals corresponding to 36 

31,392 occurrences (Figure S17) with a minimum number of 176 fossil occurrence per time slice and a 37 

mean of 685 fossil occurrence per time slice. We computed the 95th percentile of the paleolatitude at 38 

which corals were living to infer the latitudinal border of tropical oceans through time. By combining 39 

reconstructed shelfal areas with tropical limits, we generated 1 map per million years of tropical and 40 

temperate shallow marine habitats, favourable for reef-fish colonisation, for the last 140 My (Figure 41 

S1). Each map contained five types of cells: 1. Landmasses considered barriers to dispersion, 2. Tropical 42 

deep waters considered non-habitat cells, 3. Temperate deep waters also considered non-habitat cells, 43 

4. Tropical shallow waters considered habitat cells, and 5. Temperate shallow waters also considered 44 

habitat cells.  45 

Mechanisms 46 

Dispersion. At each time step, species disperse from one habitat at time t to another habitat at time t+1. 47 

For each species, we draw a dispersion distance from a Weibull distribution of scale d. The species 48 

colonises every habitat cell at time t+1 within the range defined by the drawn dispersion distance. If 0 49 

habitat cells lie within that range at time t+1, the species goes extinct. Note that the distances between 50 

habitat cells are not absolute distances but estimated shortest paths taking barriers into account. 51 

Sympatric speciation. At each time step, after the dispersion phase, each species generates a descendant 52 

in each cell of its distribution with the probability ps. The simulations presented in the main text were 53 

run under the sympatric speciation mechanism. 54 
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Allopatric speciation. This alternative mechanism of speciation is entirely dependent on habitat 55 

dynamics and species dispersion. At each time step, if a species range is separated by a soft or hard 56 

barrier and if the distance between the two patches is greater than the distance ds, speciation happens, 57 

and the two patches form the distribution of two distinct species. In our model, the duration of a time 58 

step is constant. Thus, it is not yet possible to add the effect of differences in evolutionary speed between 59 

lineages in simulations run with the effect of allopatric speciation. 60 

Temperate species. In the model, a species is considered temperate (i.e., adapted to a temperate climate) 61 

when it occupies at least one temperate habitat cell. Thus, when a tropical species colonises a temperate 62 

habitat cell, we hypothesise that the adaptation to a temperate climate spreads in that species’ 63 

populations during the next 1-My time step. 64 

Simulations and model selection procedure 65 

Simulations run under the ‘time-area’ (TA) hypothesis 66 

We first ran numerous simulations based on the sole effect of habitat dynamics with a broad range of 67 

parameter values (𝑑 𝜖 {1,2, 3, … , 20}, 𝑑𝑠 𝜖 {1,2,3, … ,20} and 𝑝𝑠 𝜖 {1𝑒−5, 2𝑒−5, 3𝑒−5, … ,1𝑒−4, 2𝑒−4}). 68 

For each set of parameters, we ran 10 independent simulations under the allopatric (d, ds) or sympatric 69 

(d, ps) mode of speciation. For each simulation, we used the Bayesian information criterion (BIC) to 70 

compare observed and simulated diversity patterns (i.e., species richness and turnover) 71 

 72 

with n, the number of observations, and k, the number of parameters. The BIC varies from 0 to +∞ for 73 

species richness and from −∞ to 0 for species turnover, with values closer to 0 indicating a better fit 74 

between the observed and simulated data. To identify the set of parameters that best explained both - 75 

and -diversity patterns, we adopted a hierarchical selection procedure since an approximate Bayesian 76 

computation (ABC) approach was not possible from a computational point of view. We first selected 77 

10% of the simulations that showed the lowest BIC values for species richness (see below). Among 78 

these simulations, we considered the best simulation to be the one with the lowest BIC value for -79 

diversity caused by species turnover. 80 
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Using this model selection procedure, we also aimed to determine values of 𝑑, 𝑑𝑠and 𝑝𝑠 that provided 81 

realistic predictions of species richness and species turnover, which could be used in subsequent 82 

simulations based on additional considerations of latitude-dependent mechanisms (see Box 1). 83 

However, due to the computation time required by the simulations, we could not explore the full 84 

parameter space to avoid suboptimal fits. Thus, we decided to use a similar basic set of dispersion and 85 

speciation parameters to run simulations under the ‘tropical niche conservatism’ (TNC), ‘ecological 86 

limits’ (EL) and ‘evolutionary speed’ (ES) hypotheses. Specifically, we used the parameters of the best 87 

simulation run under the sympatric (𝑑 = 4; 𝑝𝑠 =  5𝑒−5) and allopatric (𝑑 = 4; 𝑑𝑠 = 9) modes of 88 

speciation This also allowed us to interpret the predictions of the TNC, EL and ES hypotheses with the 89 

same effect of time and area (see below). 90 

Simulations based on additional considerations of latitude-dependent mechanisms 91 

Based on the selected set of parameters, we ran independent simulations with the addition of latitude-92 

dependent mechanisms as postulated by the TNC, EL and ES hypotheses, with parameter values 𝑝𝑎 ∈93 

{1𝑒−5, 2𝑒−5, … ,1𝑒−4, 2𝑒−4, … ,1𝑒−3}, 𝑟𝐾 𝑎𝑛𝑑 𝑟𝑠 ∈ {0.01,0.02, … ,0.1,0.2, … ,1}, which correspond to 94 

the adaptation probability, carrying capacity ratio and speciation ratio, respectively. Notably, 95 

simulations run under the TA hypothesis displayed the following parameters: 𝑝𝑎 = 1, 𝑟𝐾 = 1 and 𝑟𝑠 =96 

1; hence, the simulations considered the sole influence of habitat dynamics. For each set of parameters, 97 

we ran 10 independent simulations. To evaluate the predictions of each hypothesis, we followed the 98 

hierarchical selection procedure based on the BIC, as described above. 99 

Due to the computation time required by the simulations, we could not use an ABC approach to select 100 

the simulation that best predicted species richness and species turnover simultaneously. Specifically, 101 

this approach allows for the exploration of the full parameter space to avoid potential suboptimal fits. 102 

To explore this issue, we compared the R2 of the best simulation based on our hierarchical selection 103 

procedure to the R2 of the best simulation for species richness and species turnover separately (i.e., the 104 

highest R2 for species richness among all the simulations and the highest R2 for species turnover among 105 

all the simulations). The results showed that our model selection procedure avoided the selection of 106 

simulations with suboptimal fits, i.e., the selected simulation for each model provided predictions of 107 
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richness and turnover very similar to the best prediction that could be reached for both variables (Figure 108 

S8). 109 

 110 

SUPPLEMENTARY RESULTS AND DISCUSSION 111 

Simulations run with allopatric speciation 112 

Biodiversity gradients 113 

Simulations run under the allopatric mechanism of speciation resulted in predictions of species richness 114 

similar to those under the sympatric mode of speciation. The main difference between the simulations 115 

under the mechanisms of speciation was the heterogeneity in the LDG under the allopatric mechanism 116 

of speciation and the lower predicted species richness (Figure S3, S10). These simulations predicted 117 

low levels of species richness at low latitudes and a peak of biodiversity at 45° north under the effect of 118 

habitat dynamics alone. The fit between observed and predicted species richness was good with the 119 

allopatric mechanism but lower with the sympatric mechanism (Fig S4-5). However, we observed that 120 

the allopatric mode of speciation yielded better predictions of species richness when the effect of habitat 121 

dynamics was associated with tropical niche conservatism. We did not observe clear differences 122 

between latitudinal breaks in 𝛽-diversity predicted under the two mechanisms (Figure S11). 123 

Diversification rates 124 

The allopatric mechanism of speciation generates higher rates of speciation and extinction than the 125 

sympatric mechanism (Figure 3, S12). Overall, the differences between rates of tropical vs. temperate 126 

lineages are of the same magnitude under the allopatric mechanism. The dynamics of speciation rates 127 

are also different between the simulations under the sympatric and allopatric modes of speciation. For 128 

instance, in the allopatric simulations, we did not observe a peak of tropical lineage speciation rates 129 

during the early Neogene. Conversely, a decline in tropical lineages beginning at the end of the 130 

Cretaceous was observed. 131 
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Effect of sympatric vs. allopatric speciation 132 

With both speciation mechanisms, the effect of large areas of habitat on species richness could be 133 

generated by very simple neutral mechanisms that influence diversification rates. Widespread 134 

continuous habitat allows species to disperse into large ranges. Species with larger ranges then have 135 

fewer chances of facing a total loss of their reachable suitable habitat, which would lead to extinction. 136 

Species that colonised a large area of habitat also had more chances to face an event of speciation within 137 

their occupied cells and more chances to be separated by a newly originated barrier that can cause 138 

allopatric speciation. This effect gives, however, different predictions depending on the mechanism of 139 

speciation used. Under the sympatric speciation mechanism, the only determinant of the probability of 140 

speciation is the size of the species range. In its current form, our process-based model does not 141 

explicitly simulate the effect of habitat heterogeneity (6) or biotic interactions (7,8), but it considers 142 

speciation events to randomly happen inside the species range. This stochasticity generates 143 

homogeneous patterns of species richness that are not a direct consequence of the effect of barriers, 144 

habitat heterogeneity or biotic interactions. Conversely, the allopatric mechanism explicitly considers 145 

the effect of soft (e.g., deep waters) and hard (e.g., land) barriers but does not consider other potential 146 

causes of divergence. Thus, this mechanism can generate species-rich areas only at the meeting points 147 

between previously isolated regions, which leads to heterogeneous patterns of species richness. 148 

Although incomplete, we show that this mechanism generates better predictions of species turnover 149 

(Figure S2) that seem concordant with empirical data. Indeed, this high richness in secondary contact 150 

areas has been identified as a common pattern of reef fish diversity (9). 151 

The prevalence of sympatric vs. allopatric speciation among reef fish remains highly debated (10). On 152 

the one hand, the apparent lack of barriers in the oceans allows for long-distance larval dispersion that 153 

can maintain gene flow between populations (11–14); on the other hand, many cases of allopatric 154 

speciation in the sea have been identified (9,15–17). Incorporating both mechanisms into our model 155 

probably would have provided better predictions. However, the duration of a time step (and thus an 156 

allopatric speciation event) was fixed to 1 My in our model. Consequently, we were not able to test for 157 

faster speciation (the ‘evolutionary speed’ hypothesis) with our allopatric model of speciation. 158 
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Higher rates of extinction under the allopatric model could be due to the influence of speciation events 159 

that occur in remote places (founder event speciation), which are more prone to disappear over time. 160 

With a purely sympatric mode of speciation, the probability of origination of a new species in such areas 161 

is low, leading to higher net rates of speciation and extinction. 162 

Improving the biodiversity model 163 

Potential limitations, such as the effect of the chosen tectonic model on our simulations, have already 164 

been addressed in previous publications using the SPLIT model (5,18). Here, we will focus on 165 

limitations that are directly linked to the mechanisms that are expected to have shaped the LDG. We 166 

invite the reader to keep in mind that, despite the good predictions of species richness and 𝛽-diversity 167 

provided by our simulations, we seek only to evaluate the potential influence of macro-evolutionary 168 

mechanisms on several patterns of biodiversity. First, as pointed out by Descombes et al. (2017), the 169 

SPLIT model can accommodate only habitat changes that occurred over large temporal scales and runs 170 

with constant time steps (here, 1 My). Thus, the effect of evolutionary speed on allopatric speciation 171 

cannot be simulated, as speciation speed cannot be modulated.  Another potential limitation is the proxy 172 

we used to determine the latitude of the separation between tropical and temperate habitat. Here, we 173 

used the presence of reef-building scleractinian corals fossils as an indicator of tropical climate. First, 174 

this approach cannot capture gradual changes of sea surface temperature from the equator to the poles 175 

nor sea surface temperature differences at the same latitude due to oceanic currents. Second, this 176 

approach relies on the sampling of coral fossils. Although the fossil record for that group is abundant, 177 

there is potentially gaps in the data that could affect our estimation of the limit between tropical and 178 

temperate habitats. These caveats are expected to affect our results only at a small spatial scale as the 179 

only cells potentially affected are those at the border between temperate and tropical habitats. 180 

Furthermore, changes of latitude at the border between tropical and temperate habitats that may impact 181 

our results, are those that happen during the Neogene, the period for which we have the more fossil 182 

occurrences, and consequently a reduced bias. However, we stress that these potential caveats should 183 

always be kept in mind when using that dataset. 184 
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One of the strengths of our proposed modelling approach is that it is straightforward to add new 185 

mechanisms to the algorithm. Here, we identify several points that could be improved to correct the 186 

potential limitations and to provide a better assessment of the influence of species interactions and 187 

climatic gradients. First, changing the modelling unit from species to populations and shortening the 188 

time steps could allow several improvements. The speciation speed, extinction probability and carrying 189 

capacity of individual cells could be modulated by population size and shorter climate change events 190 

such as the Quaternary glaciations (3). Second, the addition of more precise paleoenvironmental data 191 

such as paleotemperatures could allow the introduction of continuous variations in the carrying capacity, 192 

the probability of adaptation (𝑝𝐴), the probability of speciation (𝑝𝑠) or the probability of extinction, as 193 

a function of paleoenvironmental gradients. Third, the model in its current form is only 194 

phenomenological and could include more mechanistic determinants of dispersion, speciation and 195 

extinction. Here, the only mechanistic determinant is habitat dynamics. One could include a more 196 

explicit influence of climatic variation, diversity dependence or species differences to test 197 

macroevolutionary hypotheses in a dynamic spatial framework.(20) 198 
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Supplementary figures 283 

 284 

Figure S1: Examples of habitat layers used in the simulation for different periods of time. 285 

 286 

  287 



 13 

Table S1. Detection of breakpoints in species richness along the latitudinal gradient for the best 288 

simulation of each model (TA, time-area; EL, ecological limits; TNC, tropical niche conservatism; and 289 

ES, evolutionary speed). We performed piecewise regressions based on the Akaike information criterion 290 

(AIC) to test for the existence of latitudinal breakpoints in species richness. We separated the Atlantic 291 

and Indo-Pacific regions to perform those analyses. The table shows the AIC for varying numbers of 292 

breakpoints as well as estimates of the breakpoint position in degrees of latitude (°) for the piecewise 293 

regression model with a AIC<2. Observed: results of the piecewise regression based on the empirical 294 

dataset. 295 

 296 

 AIC    Estimates     

 0 break 1 break 2 breaks 3 breaks p-value (slope) R2 break 1 break 2 break 3 

Indo-Pacific          

Observed  376.1 136.2 75.3 0 <2e-16 0.96 -17.9 23.7 43.2 

TA 244.8 91.8 8.9 0 <2e-16 0.91 -22.1 45.8 47.4 

EL 361.3 113.1 62.6 0 <2e-16 0.96 -18.5 23.3 36.1 

TNC 33.3 92.9 54.1 0 <2e-16 0.95 -17.6 22.6 35 

ES 323.3 176.9 77.6 0 <2e-16 0.95 -23.4 45.8 47.2 

Atlantic          

Obs. 310.8 103.5 33.7 0 <2e-16 0.95 4 23.5 41.2 

TA 38.3 0 1.22 -0.17 0.03 0.44 17.6 - - 

EL 237.6 66.5 48.7 0 <2e-16 0.89 -21 28.6 37.1 

TNC 216.7 56.6 34.3 0 <2e-16 0.88 -1.5 30.1 36.8 

ES 95.8 8.8 2.4 0 3.06e-09 0.60 2.9 40.4 51.8 
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Figure S2: Observed and simulated patterns of -diversity caused by species turnover. The simulated 297 

pattern is shown for the best simulation of the ecological limits (EL) (ecological limits) model (𝑑 =298 

4; 𝑝𝑠 = 5𝑒−5; 𝑟𝐾 = 0.1; 𝑅2 = 0.38). For each region, we projected the pairwise dissimilarity matrix 299 

based on βjtu into a two-dimensional space using non-metric dimensional scaling, and we assigned a 300 

colour to each cell depending on its position on the two-dimensional space. 301 

 302 
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Figure S3. Simulated species richness for the best simulations run under each model. a. Time-area (TA) 304 

model, b. tropical niche conservatism (TNC) model, c. ecological limits (EL) model and d. evolutionary 305 

speed (ES) model. The left panels show simulations run under the sympatric mode of speciation, while 306 

the right panels show simulations run under the allopatric mode of speciation. The colours are scaled 307 

based on the range of values of observed reef fish species richness. 308 
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Figure S4. BIC comparisons for the models run under the ‘tropical niche conservatism’, ‘ecological 311 

limits’ and ‘evolutionary speed’ hypothesis with a sympatric mode of speciation (𝑑 = 4; 𝑝𝑠 = 5𝑒−5). 312 

Estimated BIC for species richness and species turnover for each model under a wide range of 313 

parameters. 𝑝𝑎: Probability of adaptation when a tropical species colonises a temperate habitat. 𝑟𝐾: Ratio 314 

of the carrying capacity between temperate and tropical habitats. 𝑟𝑠: Ratio of the speciation rate between 315 

temperate and tropical habitats. In each panel, the black dot corresponds to simulations run under the 316 

‘time area’ model (TA, 𝑝𝑎 = 1; 𝑟𝐾 = 1; 𝑟𝑠 = 1). The first row of panels presents the BIC for species 317 

richness, and the second row presents the BIC for species turnover. 318 
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Figure S5. BIC comparisons for the models run under the ‘tropical niche conservatism’, ‘ecological 329 

limits’ and ‘evolutionary speed’ hypothesis with the allopatric mode of speciation (𝑑 = 4; 𝑑𝑠 = 9). 330 

Estimated BIC for species richness and species turnover for each model under a wide range of 331 

parameters. 𝑝𝑎: Probability of adaptation when a tropical species colonises a temperate habitat. 𝑟𝐾: Ratio 332 

of the carrying capacity between temperate and tropical habitats. In each panel, the black dot 333 

corresponds to simulations run under the ‘time area’ model (TA, 𝑝𝑎 = 1; 𝑟𝐾 = 1). The first row of 334 

panels presents the BIC for species richness, and the second row presents the BIC for species turnover. 335 
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Figure S6. R2 comparisons for the models run under the ‘tropical niche conservatism’, ‘ecological 339 

limits’ and ‘evolutionary speed’ hypothesis with the sympatric mode of speciation (𝑑 = 4; 𝑝𝑠 = 5𝑒−5). 340 

Estimated R2 for species richness and species turnover for each model under a wide range of parameters. 341 

𝑝𝑎: Probability of adaptation when a tropical species colonises a temperate habitat. 𝑟𝐾: Ratio of the 342 

carrying capacity between temperate and tropical habitats. 𝑟𝑠: Ratio of the speciation rate between 343 

temperate and tropical habitats. In each panel, the black dot corresponds to simulations run under the 344 

‘time area’ model (TA, 𝑝𝑎 = 1; 𝑟𝐾 = 1; 𝑟𝑠 = 1). The first row of panels presents the R2 for species 345 

richness, and the second row presents the R2 for species turnover.  346 
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Figure S7. R2 comparisons for the models run under the ‘tropical niche conservatism’, ‘ecological 357 

limits’ and ‘evolutionary speed’ hypothesis with the allopatric mode of speciation (𝑑 = 4; 𝑑𝑠 = 9). 358 

Estimated R2 for species richness and species turnover for each model under a wide range of parameters. 359 

𝑝𝑎: Probability of adaptation when a tropical species colonises a temperate habitat. 𝑟𝐾: Ratio of the 360 

carrying capacity between temperate and tropical habitats. In each panel, the black dot corresponds to 361 

simulations run under the ‘time area’ model (TA, 𝑝𝑎 = 1; 𝑟𝐾 = 1). The first row of panels presents the 362 

R2 for species richness, and the second row presents the R2 for species turnover.  363 
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Figure S8. Efficiency of the hierarchical selection procedure based on the BIC. For each model, we 365 

compared the R2 (observed vs. simulated species richness and species turnover) of the best simulation 366 

selected with the BIC procedure to the highest R2 among all the simulations. Left panel: Sympatric 367 

speciation, right panel: allopatric speciation. TA: Time-area, TNC: tropical niche conservatism, EL: 368 

ecological limits, ES: evolutionary speed. 369 
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Figure S9. Latitudinal variation in beta diversity caused by species turnover through time according to 374 

the sympatric speciation model under a. the TA model, b. the TNC model, c. the EL model and d. the 375 

ES model. For the best simulation under each model, we calculated the latitudinal turnover (species 376 

turnover between each 1° cell and its adjacent cell to the north) at each time step. We then plotted the 377 

values predicted by the fitted cubic smoothing spline of latitudinal turnover vs. latitude at each time 378 

step. 379 
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Figure S10. Evolution of the latitudinal diversity gradient in reef fishes according to simulations run 381 

with the allopatric mode of speciation: a. time-area (TA) model, b. tropical niche conservatism (TNC) 382 

model and c. ecological limits (EL) model. We present the latitudinal variation in reef fish species 383 

richness during geological periods from the Paleocene to the Holocene. For each mechanism, we 384 

calculated the species richness of the best simulation across latitudes at each time step. These simulated 385 

patterns can be compared to the observed latitudinal variation in species richness located on the right of 386 

each plot (obs.). Pli: Pliocene, Ple: Pleistocene, H: Holocene. 387 

 388 

 389 

  390 



 23 

Figure S11. Latitudinal variation in beta diversity caused by species turnover through time according 391 

to the allopatric speciation model under a. the TA model, b. the TNC model, c. the EL model and d. the 392 

ES model. For the best simulation under each model, we calculated the latitudinal turnover (species 393 

turnover between each 1° cell and its adjacent cell to the north) at each time step. We then plotted the 394 

values predicted by the fitted cubic smoothing spline of latitudinal turnover vs. latitude at each time 395 

step. 396 
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Figure S12. Diversification and dispersal rates through time under each model according to the 400 

allopatric speciation mode. We calculated the speciation, extinction and dispersion rates of tropical and 401 

temperate lineages in each simulation with time periods of 5 My. The rates were calculated as the 402 

number of events (inside and outside the tropics) divided by the number of lineages (tropical and 403 

temperate lineages, respectively) divided by the length of the time period (here, 5 My). The rates are 404 

thus expressed as events per lineage per My. Note that widespread lineages are considered both tropical 405 

and temperate. For each mechanism, we calculated the rates for the 10 simulations run with the set of 406 

parameters that rendered the best simulations. In the two first columns, red: tropical lineages, blue: 407 

temperate lineages. In the third column, red: dispersion towards the poles, blue: dispersion towards the 408 

tropics. 409 
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Figure S13: Evolution of potential reef habitat area through time. The red line represents the area of 412 

potential tropical reef habitat, and the blue line represents the area of potential temperate reef habitat. 413 
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 416 

Figure S14: Evolution of the absolute latitude of the reconstructed limit between tropical and temperate 417 

habitats. 418 
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Figure S15. Diversification rates through time under each model according to the sympatric (left) and 423 

allopatric (right) speciation modes. We calculated the speciation and extinction rates of tropical and 424 

temperate lineages in each simulation with time periods of 5 My. We then plotted the difference between 425 

them. The rates were calculated as the number of events (inside and outside the tropics) divided by the 426 

number of lineages (tropical and temperate lineages, respectively) divided by the length of the time 427 

period (here, 5 My). The rates are thus expressed as event per lineage per My. Note that widespread 428 

lineages were considered both tropical and temperate. For each mechanism, we calculated the rates for 429 

the 10 simulations run with the set of parameters that rendered the best simulations. In the two first 430 

columns, red: tropical lineages, blue: temperate lineages. In the third column, red: dispersion towards 431 

the poles, blue: dispersion towards the tropics. 432 
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Figure S16. Global map of mean speciation rates for acanthomorph reef fish species considered in this 447 

study. We obtained recent speciation rates (λbamm) from Rabosky et al. (20) using the R-package fishtree. 448 

We calculated the weighted mean of recent speciation rates of co-occurring species in every cell (20). 449 
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Figure S17. Map of coral fossils occurrences by period. Green: Cretaceous, Orange: Paleogene, Yellow: 453 

Neogene, Light yellow: Pleistocene. 454 
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