
Supplementary Information

Agalma analysis

Figure S1: 80% gene occupancy matrix for 41 species across 1,423 genes.
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SOWH analysis

Figure S2: Constrained topologies specified in SOWH testing. Test statistic and p-value for each tree
estimated under constraint are given.
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Stochastic Character maps
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Figure S3: Stochastic character map of presence of tentilla with Physalia included as not bearing tentilla.
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Figure S4: Stochastic character map of presence of tentilla with Physalia included as bearing tentilla.
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Figure S5: Stochastic character map of presence of nectosome.
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Figure S6: Stochastic character map of presence of a descending mantle canal in the nectophores. Cystonects
and Athorybia were excluded as they do not have a nectosome.
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Figure S7: Stochastic character map for the evolution of the position of the nectosome. Cystonects were
excluded as they do not have a nectosome.
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Figure S8: Brownian Motion character map of median depth of species observed with an MBARI ROV.
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Figure S9: Brownian Motion character map of median depth of species including blue water diving observations.
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B. GTR20+FO+R6
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Figure S10: Phylogenies obtained using different models of evolution in IQTree. We used ModelFinder
(Kalyaanamoorthy et al., 2017) to identify the model with the best relative model fit. We also present
results for the commonly used WAG and GTR models. Unlabeled nodes have support >0.99. A. JTT +
Empirically counted frequencies from alignment + FreeRate model with 7 categories (the model identified by
ModelFinder as having the best fit). Log likelihood:-8113694.922; AIC:16227609.9565 . B. GTR + Optimized
base frequencies by maximum-likelihood + Free rate model with 6 categories. Log likelihood: -8133157.335;
AIC:16266530.7277. C. WAG + Optimized base frequencies by maximum-likelihood + Free rate model with
6 categories. Log likelihood: -8156043.772; AIC score: 16312303.6120
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Figure S11: Bayesian (BI) CAT poisson phylogram with bipartition frequencies from the Bayesian posterior
distribution of trees. Unlabeled nodes have support >0.99. The numbers of valid described species estimated
to be in each clade based on taxonomy are shown below each clade name on the right.
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Figure S12: Bayesian (BI) WAG and Gamma phylogram with bipartition frequencies from the Bayesian
posterior distribution of trees. Unlabeled nodes have support >0.99.
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Figure S13: Brownian Motion character map of sexual characters on the consensus Bayesian tree topology.
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Figure S14: Brownian Motion character map of palpon presence/absence on the consensus Bayesian tree
topology.
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Figure S15: Stochastic character map of presence of tentilla with Physalia included as not bearing tentilla,
mapped on the consensus Bayesian tree topology.
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Figure S16: Stochastic character map of presence of tentilla with Physalia included as bearing tentilla,
mapped on the consensus Bayesian tree topology.
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Figure S17: Stochastic character map of presence of nectosome, mapped on the consensus Bayesian tree
topology.
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Figure S18: Stochastic character map of presence of a descending mantle canal in the nectophores, mapped
on the consensus Bayesian tree topology.
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Figure S19: Stochastic character map for the evolution of the position of the nectosome, mapped on the
consensus Bayesian tree topology.
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Figure S20: Brownian Motion character map of median depth of species observed with an MBARI ROV,
mapped on the consensus Bayesian tree topology.
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Figure S21: Brownian Motion character map of median depth of species including blue water diving
observations, mapped on the consensus Bayesian tree topology.
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