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Supplementary Text

Phylogenetic uncertainty

Phylogenetic uncertainty does lead to differences in the results across the 1000 supertree
phylogenies and these results fall into two distinct categories (Figs. S2 and S3). The main
difference between the two results is the relative placement and role of the Zoox Labile category
within the model. This uncertainty in the placement of the Zoox Labile state appears to be driven
by the inability of the model to fit the Zoox Labile state to any particular clade.

Across 842 phylogenies, Zoox Labile can transition directly into Azoox Stable after which
Zoox Labile is never regained (Fig. S2). The ancestral state of the order is uncertain across these
842 phylogenies and the likelihood is split roughly equally between Azoox Stable and Zoox
Labile. Figure S2 shows the ancestral state reconstructions for a sample of these 842
phylogenies. In most of the them, only the root is reconstructed as Zoox Labile (such as the
leftmost two trees in Fig. S2). However, in others, the Agariciidae is reconstructed as Zoox
Labile (such as the rightmost two trees in Figure S2).

Across 158 of the 1000 phylogenies, Zoox Labile is a transitional state in the evolution of
stable photosymbiosis (Fig. S3). Transitions can occur between Zoox Labile and Azoox Labile.
Zoox Labile is equally likely to transition into Azoox Labile and Zoox Stable, but if a transition
to Zoox Stable occurs, the trait is never lost. Figure S3 shows the ancestral state reconstructions
for a sample of these 158 phylogenies. Zoox Labile plays a more obvious transitional role in
these reconstructions as its evolution generally precedes the evolution of Zoox Stable.

This uncertainty in the role and placement of the Zoox Labile state leads to the uncertainty in
the ancestral state reconstruction of the root across the supertree phylogenies. Notably, across
some of the individual ancestral state reconstructions on the posterior supertrees, Agariciidae is
placed in the Zoox Labile category and is inferred to represent a loss after a shared gain with
Acroporidae + Euphylliidae. There is in fact an azooxanthellate member of Agariciidae (59)
which was not included in the phylogeny for this analysis. Its inclusion might place Agariciidae
in the Zoox Labile category.

Similar uncertainty is introduced at the root of the molecular tree when fitting the HRM+3 to
100 randomly sampled molecular phylogenies. However, the root of the molecular tree is the
ancestor of Scleractinia + Corallimorpharia so that Scleractinia is now confidently reconstructed
as confidently Azoox Stable (Fig. S4). This behavior where Zoox Labile is placed at the deepest
node in both the supertree and molecular phylogenies regardless of the node’s identity suggests
that the reconstruction of Zoox Labile at the root of the phylogenies is an artefact of model
complexity rather than positive evidence of Zoox Labile at the root.
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Fig. S1. Sample of the 842 supertree phylogenies where Azoox Labile is not a transition
state under the HRM+3. (A) Individual ancestral state reconstructions of state/rate-category on



a subsample of the 842 supertree phylogenies for which Zoox Labile is not a transitional state.
Branches are colored according to the most likely state at their ancestral node. (B)
Corresponding rate diagram calculated from the sample. Rates have been omitted. Arrow width
corresponds to the relative magnitudes of the rates.
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Fig. S2. Sample of the 158 supertree phylogenies where Azoox Labile is a transition state
under the HRM+3. (A) Individual ancestral state reconstructions of state/rate-category on a



subsample of the 158 supertree phylogenies for which Zoox Labile is a transitional state.
Branches are colored according to the most likely state at their ancestral node. (B)
Corresponding rate diagram calculated from the sample. Rates have been omitted. Arrow width
corresponds to the relative magnitudes of the rates.
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Fig. S3. Molecular tree ancestral state reconstruction and transition rates estimated under
the HRM+3. (A) Ancestral state reconstruction of each state/rate-category combination inferred
across 100 randomly sampled molecular phylogenies under the HRM+3. Phylogeny shown is the
95% consensus tree of thel00 sampled molecular phylogenies. To calculate the probability at
each internal node the mean of each state/rate-category across all 100 phylogenies was calculated
for all nodes that are bifurcating in the 95% consensus tree. Pie charts at selected nodes show the
probability of being in each state/rate-category. Branches are painted according to the state that
is most likely at each internal node. (B) Schematic version of the transition matrix of the HRM+3
fit to the 100 molecular phylogenies. Transition rates printed here are the median of the transition



rates estimated for the 100 molecular phylogenies. Errors printed here represent the 95% quantile
around the median as estimated via bootstrapping. Median values and errors are multiplied by
1000 to aid interpretation. The width of the arrows corresponds to relative magnitude of the
rates.
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Fig. S4. Supertree ancestral state reconstruction and transition rates estimated under the
HRM+3: Facultative corals pruned. (A) Ancestral state reconstruction of each state/rate-
category combination inferred across 100 randomly sampled supertree phylogenies under the
HRM+3 with facultative species pruned. Phylogeny shown is the 95% consensus tree of the 100
supertree phylogenies. To calculate the probability at each internal node the mean of each
state/rate-category across all 100 phylogenies was calculated for all nodes that are bifurcating in
the 95% consensus tree. Branches are painted according to the state that is most likely at each
internal node. (B) Schematic version of the transition matrix of the HRM+3 fit to the 100
supertree phylogenies with facultative species pruned. Transition rates printed here are the



median of the transition rates estimated for the 100 supertree phylogenies. Errors printed here
represent the 95% quantile around the median as estimated via bootstrapping. Median values and
errors are multiplied by 1000 to aid interpretation. The width of the arrows corresponds to
relative magnitude of the rates.
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Fig. S5. Molecular tree ancestral state reconstruction and transition rates estimated under
the HRM+2: Facultative corals pruned. (A) Ancestral state reconstruction of each state/rate-
category combination inferred across100 randomly sampled molecular phylogenies under the
HRM+2 with facultative species pruned. Phylogeny shown is the 95% consensus tree of the 100
molecular phylogenies. To calculate the probability at each internal node the mean of each
state/rate-category across all 100 phylogenies was calculated for all nodes that are bifurcating in
the 95% consensus tree. Branches are painted according to the state that is most likely at each
internal node. (B) Schematic version of the transition matrix of the HRM+2 fit to the 100



molecular phylogenies with facultative species pruned. Transition rates printed here are the
median of the transition rates estimated for the 100 molecular phylogenies. Errors printed here
represent the 95% quantile around the median as estimated via bootstrapping. Median values and
errors are multiplied by 1000 to aid interpretation. The width of the arrows corresponds to
relative magnitude of the rates.



Fig. S6. (see external file abh4243 Suppl. Other File Type_seql_v2.pdf)

Detailed ancestral state reconstruction of each state/rate-category combination inferred
across the 1000 supertree phylogenies under the HRM+3. Phylogeny shown is the 95%
consensus tree of all 1000 supertree phylogenies used for the analysis. To calculate the
probability at each internal node the mean of each state/rate-category across all 1000 phylogenies
was calculated for all nodes that are bifurcating in the 95% consensus tree. Pie charts show the
probability of being in each state/rate-category. Branches are painted according to the state that
is most likely at each internal node. Tips are labeled according to species.



Fig. S7. (see external file abh4243 Suppl. Other File Type seq2_ v2.pdf)

Detailed ancestral state reconstruction of each state/rate-category combination inferred
across the 3,361 molecular phylogenies under the HRM+2. Phylogeny shown is the 95%
consensus tree of all 3,361 molecular phylogenies used for the analysis. To calculate the
probability at each internal node the mean of each state/rate-category across all 3,361
phylogenies was calculated for all nodes that are bifurcating in the 95% consensus tree. Pie
charts show the probability of being in each state/rate-category. Branches are painted according
to the state that is most likely at each internal node. Tips are labeled according to species.



Table S1. (See external file abh4243 Suppl. Other File Type_seq3_v2.csv) Table of species
included in the supertree with corresponding observed state (AZ: Azooxanthellate, Z:
Zooxanthellate, F: Facultative) and estimated probability of being in each rate category.



Table S2. (See external file abh4243 Suppl. Other File Type_seq4_v2.csv) Table of species
included in the molecular tree with corresponding observed state (AZ: Azooxanthellate, Z:
Zooxanthellate, F: Facultative) and estimated probability of being in each rate category.
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