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4 Why do some species have more genetic diversity than others? This ques-
5 tion is one of the greatest remaining mysteries in evolutionary biology, and
6 is particularly urgent in marine species, which are experiencing catastrophic
7 anthropogenic impacts. We address this critical gap by estimating genetic di-
8 versity for 93 marine species sampled over 9,000 localities. For each species,
9 we aggregate biotic traits and abiotic geographic data for their ranges. We
10 show that diversity increases with range extent and planktonic dispersal. We
1 hypothesize that these traits increase a species’ ability to avoid or recover from
12 bottlenecks, thereby maintaining diversity. Our findings provide insights into
13 the factors interacting to shape genomic variation in the ocean, and offer a pre-
1 dictive framework for understanding marine biodiversity in the face of global
15 change.
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« Introduction

17 Why does genetic diversity vary among species? This is a central question in population ge-
18 netics (/-4), and may inform a species’ adaptive potential, extinction risk, or conservation
19 priority (5—8). Little is known about the factors that predict the observed variation in diversity
20 across species (9). Indeed, for most species, we have no estimate of genetic diversity at all.

21 Understanding what drives variation in genetic diversity within and across species is par-
22 ticularly difficult and urgent in the study of marine biodiversity. Oceans are taxonomically
23 diverse (/0); how this diversity is generated and maintained in a dynamic, fluid environment,
24 without obvious barriers to gene flow, continues to be a fundamental problem in evolutionary
25 biology (/1/-13). This problem is compounded by the fact that the majority of the ocean is
26 difficult to sample (/4). Moreover, marine biota exhibit tremendous variation in range size and
27 life history traits that govern connectivity across those ranges (/5). These biological traits in-
28 teract with oceanic processes (physical and chemical) to generate spatial patterns of genomic
29 diversity, which in turn feedback to affect speciation and biogeography (/6—18). There is a
s critical need to understand and generalize such diversity patterns because oceanic biodiversity
st 1s being rapidly affected by climate change (/9-23) and other anthropogenic threats, including
32 overfishing (24), pollution (25), disease (26), and habitat change.

33 Species-level genetic diversity is ultimately the outcome of the relative rates of alleles enter-
s« ing and leaving the species gene pool, and is thus controlled by population genetic and ecolog-
35 1cal processes that affect those rates (9), such as the mutation rate, population demography, and
s selection. Although selection, including linked and background selection, can affect patterns
a7 of genetic diversity across the genome (27, 28), evidence from both theoretical and empirical
ss studies suggest that selection is unlikely to be the major determinant of genetic diversity across
39 species (4, 29). And, while data on mutation rate are rare for most non-model organisms (30),
a0 previous work suggests that variation in mutation rate alone is also unlikely to explain patterns
41 of genetic diversity across species (3).

P Population genetic theory offers several hypotheses about the mechanisms by which dif-
a3 ferent factors should increase or decrease genetic diversity within a species. First, the genetic
s diversity of a population is expected to increase with the census number of reproductive individ-
s uals (317). Second, for a continuously distributed species, the total amount of genetic diversity is
s expected to decrease with a species’ dispersal ability and increase with its range extent (32, 33).
47 Third, bottlenecks, whether local (i.e., confined to a local deme) or range-wide, are expected to
ss decrease a species’ genetic diversity (34, 35). Therefore, traits that impact a species’ population
a9 size, structure, and demography, have the potential to drive patterns of genetic diversity across
50 Species.

51 Some specific traits that have been hypothesized to predict genetic diversity include disper-
52 sal traits, morphological characteristics, and life history traits (/5, 36, 37), as well as abiotic
ss factors such as habitat stability and range location (38—41). In addition, factors that emerge as a
s« function of the interaction between biotic and abiotic traits, like range size and geographic com-
55 plexity (42), can also influence both recent and historical population demography, and thereby
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s affect genetic diversity. Understanding why levels of genetic diversity vary within and across
57 species has received considerable attention since the first molecular measurements of genetic
ss variation were made (43, 44), but despite these clear theoretical predictions and hypothesized
so relationships, empirically testing these ideas has proven challenging.

60 Several factors have hindered empirical progress in understanding drivers of genetic diver-
st sity across species. First, quantifying genetic diversity remains difficult, particularly in species
e2 for which field sampling is laborious or costly. Estimates made from limited genetic infor-
es mation, such as mitochondrial DNA or microsatellites, might give noisy (45) or biased (46)
e« estimates of diversity, but generating genomic datasets remains expensive. Second, even with
es genomic sequence data in hand, there are myriad bioinformatic pipelines and choices used to
es transform raw sequence data into assembled loci and called genotypes. Each bioinformatic
&7 decision point can have large impacts on downstream analyses (47). To make meaningful com-
es parisons of genetic diversity, it is therefore vital that the methods used for analyzing sequencing
s data and subsequently estimating genetic diversity are standardized across species. Finally,
70 in comparative population genetic studies, estimates of genetic diversity are implicitly treated
71 as species-level traits, which requires correcting for phylogenetic non-independence (48). Im-
72 plementing such a phylogenetic correction necessitates an accurate, time-calibrated phylogeny
73 that includes all species under consideration. Our understanding of phylogenetic relationships
74 across the tree of life continues to grow, but many species still lack a branch tip, constraining
75 the scope of comparative population genetic analyses that can be conducted.

76 Heterogeneity in sampling effort across species, and specifically in the spatial pattern and
77 extent of sampling, poses another hurdle to a comparative analysis of species-level genetic
78 diversity. Because many (if not most) species exhibit a pattern of isolation by distance (49,
79 50) — as well as possible hierarchical or cryptic spatial structure — the geographic extent of
so sampling may often be a strong predictor of the estimated genetic diversity in a species. Even if
st sampling effort were standardized, variation in density, dispersal, and recent demography across
g2 species could result in biased estimates of a species’ genetic diversity (57). These factors hinder
g3 our ability to accurately quantify genetic diversity within species and test hypotheses about its
s¢ predictors across species.

85 In the context of global environmental change and the sixth mass extinction event currently
s occurring, as well as from a basic science perspective, the ability to determine the effect of
&7 different factors on genetic diversity is critical (52, 53). Here, we begin to address this by
ss building a predictive framework using a novel, unified, spatially and phylogenetically explicit
s approach to test hypotheses about drivers of genetic diversity in the sea.

» Results

o1 We identified and downloaded all georeferenced, publicly available reduced-representation and
92 whole-genome datasets of marine species present in the International Nucleotide Sequence
o3 Database Collaboration as of October 2020. A total of 93 sampled species covered a signif-
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s+ icant proportion of the phylogenetic diversity of the eukaryotic tree of life (Fig[I]), including
95 representatives from vascular plants, invertebrate animals — including cnidarians, crustaceans,
9 and molluscs — and vertebrate animals, including cartilaginous fishes, mammals, birds, rep-
o7 tiles, and ray-finned fishes. We included as broad a phylogenetic diversity of species as we
98 could in order to maximize the generality of our findings. Starting from raw sequence reads, we
99 filtered, cleaned, and assembled each genetic dataset using multiple parameter combinations,
10 then picked the best using an objective optimality criterion (see Methods). This resulted in a fi-
101 nal dataset of 93 species (Figure 1a); each with a mean of: 101 individuals (range: 8—366), 3.6
12 million raw sequence reads per individual (range: 0.4—30.1 million), and 3.7 million aligned
13 nucleotide base pairs (range: 5, 800—22.3 million). The mean number of unique sample locali-
104 ties per dataset was 18 (range: 2—121). For each georeferenced genomic dataset, we calculated
105 sea-wise distance between all collection locations and estimated pairwise homozygosity (i.e.,
106 the probability that a pair of alleles sampled at random from two individuals are the same).

107 Using these genetic and geographic distances, we then employed the parametric model-
10 ing approach introduced by Hancock et. al (54) to generate an estimate of species-level ge-
100 netic diversity that is robust to heterogeneity in sampling area and intensity. Briefly, we fit an
110 asymptotic curve to the observed Isolation by Distance (IBD) pattern of pairwise homozygos-
11 1ty (49, 55) in each species; the asymptote — a parameter estimated as part of the model-fitting
112 procedure — captures the extrapolated genetic diversity contained within the entire species
13 range, which we refer to as . This estimate explicitly accommodates patterns of population
11a  structure in the genotyped data. Estimates of 7 varied greatly across species, spanning two
115 orders of magnitude from 3.369 x 10~* to 3.001 x 1072, with a mean of 5.224 x 103 (phylo-
116 genetically corrected mean: 5.335 x 1073) (Figure and .

17 To test hypotheses about what predicts genetic diversity across marine species, we assem-
11s  bled a time-calibrated phylogeny and aggregated biotic trait data as well as abiotic factors for all
119 93 species in our dataset (Figure [Ib). Genetic diversity is affected by species-level characteris-
120 tics and mechanisms that emerge as the result of the interaction of biotic and abiotic processes,
121 such as effective dispersal ability, reproductive census population size, and the frequency, mag-
122 nitude, duration, and geography of bottlenecks. These characteristics and mechanisms are diffi-
123 cult to directly observe, so instead we collated biotic and abiotic traits that are hypothesized
124 to affect them. The suite of biotic traits was comprised of body size, egg size, spawning,
125 pelagic larval duration, philopatry, iteroparity, planktotrophy (larval feeding behavior), ben-
126 thicity (degree of association with seafloor), and planktonicity. Abiotic predictors consisted of
127 mean species’ range latitude, the number of ecoregions within the species’ range (ecological
128 complexity), and overall range extent. Genetic diversity had significant phylogenetic struc-
129 ture (Pagel’s A=0.697, p = 0.039; Blomberg’s K=0.098, p = 0.016) (56-58), although the
130 strength of the correlation between phylogenetic relatedness and similarity in genetic diversity
131 was strongest over the most recent timescales (Figure [S4).

132 Range extent, number of ecoregions, and planktonicity had significant positive effects on
133 species-level genetic diversity (Figure [2] and [3); species with planktonic life stages, as well
134 as species with larger range extents or ranges that included more ecological regions, all had


https://doi.org/10.1101/2025.06.03.657718
http://creativecommons.org/licenses/by-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2025.06.03.657718; this version posted June 6, 2025. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under a CC-BY-ND 4.0 International license.

(a) Spatial and Phylogenetic Sampling (b) Biotic and Abiotic Predictors (c) Species-level Genetic Diversity
- Trait values
— present
_— discrete . N
. predictors intermediate
[ absent
[ missing data
. high
continuous
. predictors
—
[— low
Ray-Finned fishes (n=38) -
/t Birds and Reptiles (n=9) L —
L —
Mammals (n=6) .
’;- Cartilaginous fishes (n=3) I e —
Ectinadems (-2 — —
\—l:
% Molluscs (n=6) .
Crustaceans (n=7) = —
1| Cnidarians (n=18) S
L 4 B c—
Vascular plants (n=2) -_—
1400 1200 1000 800 600 ;",’ 0 0.01 0.02 0.03
Time (Mya) § Diversity

Figure 1: Species-level genetic diversity varies by orders of magnitude in the world’s
oceans. (a) Time-calibrated phylogeny of all species (N = 93) and map of all samples (N =
9,430) included in this study (b) Set of discrete (gray-scale) and continuous (blue-scale) biotic
and abiotic predictors collated for each species. Colors represent the trait state or value for
each species. (c) Species-level genetic diversity estimated using a spatially explicit model and
genomic sequence data.
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Figure 2: The estimated effects of biotic and abiotic predictors on species’ genetic diversity
vary in their magnitude and direction. Estimated effect sizes (presented via their marginal
posterior distributions) are standardized by the standard deviation of their predictor and are
ordered from top to bottom by mean effect on species-level genetic diversity. Significant pre-
dictors — those for which the 95% equal-tailed credible interval of the marginal distribution of
effect sizes did not overlap zero (gray, vertical dashed line) - are denoted with an asterisk.
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Figure 3: Species-level genetic diversity is most significantly predicted by species range
extent and the presence of a planktonic life stage. (a) Species with larger range extents have
higher genetic diversity. Shaded polygons represent 50%, 80%, and 95% model prediction
credible intervals. (b) Species that have at least one planktonic life stage have higher genetic
diversity than species that are never planktonic. Each point represents a unique species (N =
93) and is colored by taxonomic clade (as in Figure T)).

135 higher expected 7. Range extent, defined as the greatest overwater distance between any pair
136 of individuals of that species in the Global Biodiversity Information Facility (GBIF) — with
137 filtering to ensure incidental range-edge observations did not inflate this value, had a mean
138 effect of 0.53 (95% CI: 0.06-0.95). Number of ecoregions, defined as the number of ecoregion
139 polygons from Spalding et al. (2007) (59) that contained filtered GBIF observation points for
140 that species, had a mean effect of 0.007 (95% CI: -0.0002 — 0.011). Planktonicity, defined as
141 whether the species was planktonic at any point in their life cycle, had a mean effect of 0.560
122 (95% CI: -0.055-1.17). Planktotrophy and external spawning had a strongly positive estimated
143 effect on genetic diversity, and the effects of body size, iteroparity, and philopatry were strongly
1.4 negative. However, these effects’ credible intervals overlapped 0 and were not inferred to be
145 significant (see Methods), so those results should be interpreted with caution. Range extent and
s number of ecoregions were highly correlated (Kendall’s 7 = 0.78; Figure [S2), and subsequent
147 analyses (see Methods) suggest that the inferred effect of ecoregions on genetic diversity is
14 at least partially driven by the range extent. Planktonicity and range extent were very weakly
e correlated (Kendall’s 7 = -0.05; Figure[S2), indicating that the significance levels of their effects
150 are independent.
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s Discussion

152 Our analyses reveal enormous variation in the amount of genetic diversity harbored within ma-
153 rine species across the tree of life. Estimates of species-level genetic diversity varied over
15a almost two orders of magnitude. Such variation offers immense opportunity to test hypothe-
155 ses about what factors predict genetic diversity across species. We found strong phylogenetic
156 signal in genetic diversity, suggesting that diversity may be reasonably predicted in species
157 of known phylogenetic position but lacking population genomic sampling resources. We also
158 found strong evidence that range extent and planktonicity were positively correlated with ge-
150 netic diversity (Figure [3), in line with previous findings in terrestrial environments (3). Unex-
10 pectedly, we found that the estimated effects of all dispersal-related traits were in the opposite
1e1  direction of what is expected from theory; we propose that these relationships reflect the effects
12 of dispersal-related traits on species’ capacity to avoid or recover from bottlenecks. Below, we
s relate the biotic and abiotic traits we collected and their estimated effects on genetic diversity
162 back to the evolutionary mechanisms shaping variation in genetic diversity among species.

165 Based on population genetic theory, the genetic diversity of a species is expected to increase
1e6  With its census size of reproductive individuals (37). In lieu of estimates of census size, which
1e7 would be unreliable for the majority of taxa included in our study, we included two factors likely
18 to be correlated with census population size: body size and range extent. Body size is expected
160 to be negatively correlated with census size (60) and we find that body size has a negative effect
170 on genetic diversity. Conversely, range extent is expected to be positively correlated with census
171 population size (61, 62), and, consistent with predictions from theory, we find a positive effect
172 of range extent on diversity (Figure[2). Although neither body size nor range extent is a perfect
173 predictor of population census size, their mean estimated effect sizes are nonetheless consistent
174 with the predicted effects of census size on diversity.

175 Range extent is expected to be correlated with census size, and thereby with species-wide
176 genetic diversity, but it can also influence a species’ genetic diversity via its impact on spatial
177 population genetic processes. Range extent is expected to be positively correlated with genetic
178 diversity (32, 33) because lineages separated by a larger distance must wait longer before coa-
179 lescing, and the geographic distance between a pair of lineages can be larger in a larger area.
1s0 Thus, larger ranges increase the expected time to most recent common ancestor of a sample and
1s1  thereby also increase the amount of standing genetic diversity. Ecological complexity within a
1.2 range is also expected to increase the overall amount of genetic diversity, as ecological hetero-
183 geneity may act as a direct barrier to dispersal or decrease effective migration due to selection
18« against locally maladaptive alleles and linked variation (63, 64). However, because the total
1ss amount of ecological complexity contained within a range is inextricably linked to the range
186 size (e.g., Figure [S2), it is difficult to tease apart the relative contributions of range extent and
157 ecological complexity to total genetic diversity.

188 Intriguingly, all four dispersal-related traits were estimated to have the opposite of their pre-
180 dicted effects on species-level genetic diversity. Dispersal homogenizes local genetic variation
190 that has arisen due to drift, selection, and mutation; therefore, dispersal is expected to reduce the
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191 overall amount of genetic differentiation in a spatially structured metapopulation (65). In lieu of
192 direct estimates of the effective parent-offspring dispersal distance (66), we included biological
193 traits related to effective dispersal: planktonicity, planktotrophy, spawning (internal vs. nesting
104 vs. free-floating), and philopatry. Planktonicity, planktotrophy, and more dispersive spawn-
195 ing modes were positively correlated with diversity, while philopatry was negatively correlated.
196 Planktonicity and planktotrophy were strongly correlated with each other (Kendall’s 7 = 0.76),
197 and both were negatively correlated with philopatry (7 = -0.646 and -0.431 respectively; Figure
18 [S2)), so it is possible that some of the signal in the estimated effects of these predictors are due
199 to those correlations. Nonetheless, we see no evidence for the prediction, supported by theory,
200 that an increase in dispersal leads to lower levels of genetic diversity within a species.

201 The associations of dispersal-related traits with a species’ ability to recover quickly after a
202 local bottleneck might explain why their estimated effects were the opposite of what is predicted
203 via dispersal’s direct effect on diversity. Population bottlenecks will reduce the genetic diversity
204 Of a species, to an extent that is determined by their longevity and severity, so species traits
20s that reduce the prevalence or severity of bottlenecks, or that increase the rate of recovery after
206 a bottleneck, are predicted to increase species-level genetic diversity. Predictors associated
207 with higher dispersal (e.g., planktonicity, planktotrophy, dispersive spawning modes) might
208 lead to faster recovery from local bottlenecks, as extirpated demes may be recolonized more
200 quickly if there is greater connectivity among demes (67, 68). And, conversely, philopatry,
210 which decreases the connectivity between demes, might lead to slower recovery from local
211 bottlenecks and decreased genetic diversity (69, 70).

212 Other life history traits are also predicted to affect the capacity of a species to recover from
213 a bottleneck, and thereby genetic diversity. In addition to being highly dispersive, species with
214 higher fecundity are also expected to recover more quickly from bottlenecks and thus to harbor
215 more genetic diversity. In their comparative population genomic analysis, Romiguier et al. (3)
216 found strong support for this hypothesis, with more fecund species harboring more genetic di-
217 versity, as well as those species with smaller propagules. Likewise, the multiple reproductive
218 events of iteroparous species may speed their recovery to local bottlenecks, especially bottle-
219 necks resulting from a generation of failed reproduction. In line with these predictions, we
220 found egg size (which is often inversely correlated with fecundity (71, 72)) to have a negative
221 inferred effect on diversity and iteroparity a strong positive one.

222 Lastly, while dispersal and fecundity are expected to affect species’ responses to bottlenecks,
223 geographic position may influence how frequently species experience bottlenecks. Populations
224 closer to the equator are hypothesized to experience greater abiotic stability (73, 74) and may
25 therefore be subjected to fewer extreme climatic events and associated bottlenecks. In addition,
26 due to their geological history, lower latitude regions have had more similar abiotic environ-
227 ments for longer (75). Both patterns have been proposed as explanations for the latitudinal
228 gradient in species diversity (76) (but see (77)). These hypotheses also suggest predictions for
229 intra-specific diversity: namely that genetic diversity should be higher in lower latitudes. Con-
230 sistent with this prediction, we find that species with lower mean range latitudes have higher
231 genetic diversity.


https://doi.org/10.1101/2025.06.03.657718
http://creativecommons.org/licenses/by-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2025.06.03.657718; this version posted June 6, 2025. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under a CC-BY-ND 4.0 International license.

232 There are a number of important caveats to our results. First, the lack of information on
233 variation in mutation rate across taxa precluded employing mutation rate as a predictor in our
23« models. However, assuming mutation rate is phylogenetically correlated (78, 79), variation in
235 genetic diversity across species due to variation in mutation rate will have been captured by
23 the phylogenetic covariance structure of our regression analyses. Second, we focused on deep
237 evolutionary time, yet the lability of many life history traits can be quite high even within
238 families or genera (80). Therefore, we hope to see complementary comparative population
239 genomic analyses that focus on more recent phylogenetic scales. Only a minute subset of marine
2e0 diversity has been studied intensely enough to support such analyses (87), but this will change
241 as large-scale datasets become increasingly available. Finally, though we have controlled for
222 phylogenetic dependence on the associations studied, still greater insights could be gained from
243 removing as much of the phylogenetic effect as possible (82).

2« Conclusions

245 No single factor explained the majority of variation in genetic diversity across taxa (as in,
26 e.g., (3)). Instead, we found two factors that were significantly predictive of genetic diver-
247 sity in the sea; species with larger range extents had higher genetic diversity, as did species with
248 at least one planktonic life-stage. The effects of other predictors, though not significant, suggest
249 that species traits that facilitate greater resilience to, or quicker recovery from, bottlenecks have
250 higher diversity. Taken together, our work sheds light on the mystery of heterogeneity in genetic
251 variation across species and suggests exciting future avenues of comparative genomic research.
252 Predicting spatial patterns of diversity based on life history traits and spatial distribution repre-
253 sents a significant step forward in both fundamental research and applied conservation.
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» METHODS

«« Locating genomic datasets

ss  We located and downloaded all georeferenced, publicly available, reduced-representation and
a6 whole-genome sequence datasets of marine species present in the International Nucleotide Se-
sz quence Database Collaboration (INSDC) as of October 2020. We included an additional 48
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sss datasets for which we retrieved sampling coordinates external to INSDC (53). We retained
o datasets that had >10 georeferenced individuals and >2 sampled locations (Figure [ST). We
a0 excluded samples from non-native ranges, freshwater/inland locales, captive or lab populations,
st quantitative genetic studies, ancient time, pooled genetic sequences, known species hybrids,
a2 and salmonids (due to philopatry to freshwater habitats).

«s Bioinformatic processing of genomic datasets

a4 Starting from the raw sequence reads, we filtered, cleaned, and assembled each genomic dataset
a5 de novo using a standardized, custom pipeline and Stacks2 (83). Post-Stacks, we dropped low
a6 coverage individuals (mean number of genotyped and/or co-genotyped base pairs <30% of
207 median for dataset) and low coverage loci (scored in <50% of remaining individuals). We then
a8 used the r80 method to pick the optimal de novo assembly for each dataset of nine different
a9 standardized Stacks2 parameter combinations tested (84); we used the optimal assembly for
410 each dataset (unique species) to estimate species-level genetic diversity.

«1 Estimating species-level genetic diversity

412 We estimated species-level genetic diversity for each of the 93 species in this study using a
s13 Bayesian parameterization of the Wright-Malécot isolation by distance model (IBD) (54). This
414 approach allowed us to generate comparable estimates of genetic diversity across datasets that
#15  differed in sampling extent (number of individuals, absolute geographic area, and proportion of
s16 species’ range). We used pairwise homozygosity between sequenced individuals and pairwise
417 sea-wise distances (the distance in kilometers between sampling locations traveling via water
418 and avoiding land) as model inputs. We ran five independent chains of the Wright-Malécot IBD
s19 model per dataset and reported results from the chain with the highest mean log posterior prob-
420 ability (5,000 iterations/chain, 2500 iteration burn-in, chains thinned to every 500 iterations).
221 In all downstream analyses, we used an estimate of 7 (post burn-in mean of the marginal dis-
a2 tribution from the best chain) as our species-level estimate of genetic diversity. This parameter
223 1S best understood as long-term diversity; it describes the expectation of the maximum genetic
«2¢ divergence between any pair of samples in a species, regardless of where they are sampled in
a5 the species range. This quantity is related to the long-term effective population size, and is
26 determined by the species mutation rate, dispersal rate, and the geometry of its range (33).

2 Collecting biotic, abiotic, and phylogenetic predictors

428 We collected a suite of biotic traits, abiotic traits, and phylogenetic divergence times for all
220 species in the study to test the extent to which they predict species-level genetic diversity.
a0 We selected biotic traits hypothesized to influence levels of genetic diversity via their asso-
31 clations with population size and/or dispersal, specifically: iteroparity (whether individuals can
a2 mate multiple times before death, or once); philopatry (habitual return to birthplace to mate);
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a3 spawning mode (i.e., internal vs. nesting vs. free-floating, which relate to the degree of parent-
s34 progeny dispersal); benthicity (degree to which the adult species is associated with the ocean
a5 floor); planktonicity (whether the species has a planktonic stage); planktotrophy (larval feeding
a3 behavior, which is related to early-life dispersal and r- vs K-selection); pelagic larval duration
a7 (PLD - time spent drifting in the plankton); egg size; and body size.

438 We tested abiotic predictors related to the size and ecological complexity of each species’
a9 range, which may influence species-level genetic diversity via associations with population size
a0 and levels of genetic divergence. Specifically, we quantified: range extent (maximum linear
a1 extent of range); mean range latitude (absolute value of mean latitude of range); and the number
a2 of unique ecoregions present within each species’ range (Marine Ecoregions of the World (85)).
w3 We used species occurrence records from the Global Biodiversity Information Facility (GBIF)
a4 (86) as input for estimating these three abiotic predictors. Finally, we used the January 2022
a5 beta release of TimeTree 5 (87) to obtain estimates of the pairwise divergence times between all
as 93 species in the study. For the 26 species that were not present in TimeTree, we assigned them
47 randomly to a tip within the clade representing the lowest/shallowest taxonomic level possible
as  or formed a polytomy.

1 Modeling effects of predictors on genetic diversity

a0 We tested for an effect of phylogenetic relatedness on similarity in 7 using Blomberg’s K (57)
ss1 and Pagel’s A (56), implemented with the function phylosig in the R package phytools 2.0 (58).
a2 We tested for a correlation between phylogenetic relatedness and similarity in 7 using the R
a3 package phylosignal 1.3.1 (88). We tested hypotheses about the effects of biotic and abiotic
ss¢  predictors on 7, using a custom Bayesian phylogenetic multiple regression model with beta-
455 distributed errors (89) implemented in Rstan (90). To reduce model complexity, avoid issues
456 with multicollinearity, and increase the interpretability of estimated coefficients, we estimated
57 the effect of each biotic and abiotic factor on 7 one at a time, in each case incorporating a
a8 phylogenetic variance-covariance structure (97) as well as four technical “nuisance" predictors:
ss9 (1) number of individuals in the species’ dataset; (2) the mean raw read count; (3) the mean read
a0 length; and (4) the mean locus depth. By including these nuisance predictors in each analysis
st and jointly estimating their effects with those of the biotic and abiotic factors in which we are
sz interested, we ensured that technical artifacts are not having a significant impact on the results
se3  Of this study.
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= Supplementary Methods

ss Locating genomic datasets

504 We searched the International Nucleotide Sequence Database Collaboration (INSDC) to locate
sos publicly available genomic-level sequence data for marine organisms. We accessed the INSDC
soe from the United States National Center for Biotechnology Information (NCBI) data center using
s7 R (92) and the rentrez R package (v1.2.3, (93)). We used the entrez_search function to locate
sos entries in INSDC and entrez_summary and/or entrez_fetch to download the associated metadata.
so9  We first identified all non-human, non-viral, non-metagenomic, and non-bacterial datasets (Bio-
sio  Projects) that were focused on DNA sequencing and had publicly available sequence data. Next,
s11 we downloaded all metadata for the individuals in each of these datasets from the Sequence Read
sz Archive (SRA) and BioSample databases. We retained sequences with library strategies: WGS,
sis. WCS, WGA, RAD-Seq, or OTHER. We then queried the remaining organism names (assigned in
st4 the BioSample database) in the World Register of Marine Species (94) to identify marine organ-
s15 isms. We used the worms R package (v0.2.2, (95)) with no fuzzy name matching to execute this
516 qUETY.

517 We then filtered the remaining potentially marine genomic datasets to those that included at
s8  least 10 unique individuals (BioSamples) and 2 unique collection locations (based on the geospa-
st9  tial coordinates provided in the BioSamples database). Finally, we manually dropped samples (or
s20 datasets) from non-native ranges, captive or lab populations, quantitative genetic studies, ancient
s21 time, and pooled genetic sequences. We also dropped known species hybrids, salmonids (due to
s22 philopatry to freshwater habitats), and freshwater/inland samples. In cases where there were mul-
523 tiple genomic datasets for a species, we retained the dataset with the broadest geographic sampling
s24 extent (as our goal was to estimate species-level genetic diversity). We manually recovered lati-
s2s tude/longitude from associated scientific publications for 48 datasets that met all of our filtering
s26  criteria but lacked spatial coordinates in INSDC (53); we dropped those where latitude/longitude
s27 - were unrecoverable. We performed this search strategy on October 28, 2019 and again on October
s 19, 2020. See Appendix S1 for the exact search strategy and Appendix S2 for the citations of all
s20 93 genomic datasets used in this study.

s0 Bioinformatic processing of genomic datasets

531 We started with the raw reads published in the SRA for each relevant dataset, then cleaned, fil-
ss2  tered, and assembled them into loci using a standardized bioinformatic pipeline. Applying the same
s33  bioinformatic steps to all datasets allowed us to make meaningful comparisons across datasets.
s« Furthermore, many studies associated with the publication of these datasets only published di-
ss5  versity metrics (and/or derived files) for polymorphic loci. As a result, we could not calculate
s absolute measures of diversity without re-assembling the reads to obtain the number of both poly-
ss7 - morphic and nonpolymorphic base pairs sequenced (96). The following steps were all performed
sss  on the Michigan State Institute for Cyber-Enabled Research High Performance Computing Cluster
ss9  (https://icer.msu.edu/).

540 We downloaded raw reads from the SRA using the fasterq-dump function in the SRA Toolkit
st v2.10.7 (97). We treated all paired-end datasets as single-end datasets, retaining all forward reads
se2  (regardless of whether they had a reverse pair) and discarding all reverse reads (SRA Tools fasterg-
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ss3  dump —split-files option). Next, we used the Stacks2 process_radtags module v2.54 (83) to remove
s« reads with uncalled bases and/or where the mean Phred score in a sliding window 15% of the
s¢s  read length dropped below 15. After removing low quality reads, we used cutadapt v2.1 (98) to
se6  search for and remove adapter sequences (e.g. the Illumina common adapter) from the 3’ end
se7  of reads. See Appendix S3 for the complete list of next-generation sequence adapters that we
sss  searched for. Datasets with adapters were easy to identify by the presence of adapter hits in >25%
s¢9  Of the reads (compared to ~5% of reads in clean datasets). About a fifth of the datasets (20 of 93)
sso contained adapters. We confirmed that no adapter sequences remained in cleaned, trimmed reads
ss1 by running a final adapter search. Lastly, we trimmed all reads to a standardized length within each
ss2  dataset; de novo loci assembly is more robust when all raw reads are a uniform length within each
ss3  dataset (83). For datasets with variable length reads, we selected a uniform read length for each
ss« dataset by visually assessing the distribution of read lengths for the dataset and choosing a length
ss5  that retained long reads in a majority of samples.

556 We assembled each dataset de novo using Stacks2 v2.54 (83). For each dataset, we identified
557 a set of optimal assembly parameters following guidelines from (84) and (83). We used a custom
sss  parallel workflow to assemble each dataset with 9 different parameter combinations of M (ustacks)
sso and n (cstacks): {M = 3,n = 2}, {M = 3,n = 3}, {M = 3,n =4}, {M = 6,n = 5},
ss0o {M=6,n=6},{M=6n="7,,{M=9,n=8},{M=9n=29},and {M =9,n = 10}.
st These are the parameters that most strongly influence assembly behavior (83). The M parameter
ss2 controls the number of mismatches allowed between reads within individuals and » controls the
ses  number of mismatches allowed between loci among individuals. We used default values for all
se4 other parameters.

565 For each assembled dataset and parameter combination, we dropped individuals with a mean
se6 nhumber of genotyped and/or co-genotyped base pairs <30% of the median for the dataset (includ-
ss7 ing nonpolymorphic and polymorphic sites). These individuals with few final assembled loci also
ses commonly had few raw reads (suggesting they were poorly sequenced, rather than poorly assem-
sso  bled). We then dropped any loci that were scored in less than 50% of the remaining individuals. We
s performed this filtering after the populations module using the populations.samples.fa and popula-
st tions.snps.vef Stacks output files and custom R scripts. Finally, we selected the assembly parame-
sz ter combination (of the nine standardized combinations tested) that yielded the highest number of
s73 polymorphic loci scored in at least 80% of individuals for each dataset (r80 method, (84)). The 80
s+ method has been demonstrated to identify the set of assembly parameters that yield the maximum
s7s number of conservatively plausible polymorphic loci for a genomic dataset.

s Estimating species-level genetic diversity

577 Estimates of species-level genetic diversity can be heavily influenced by the number of in-
s dividuals sampled, where in the species’ range those samples are located, and what proportion
s79  of the species’ range is sampled. Such biases result from spatial genetic structure (i.e., corre-
ss0 lations between genetic ancestry and geographic location) within a species’ range (99—-101). To
ss1  generate unbiased estimates of diversity from datasets with heterogeneous sampling, we used the
ss2  Bayesian parameterization of the Wright-Malécot model of isolation by distance (IBD) (49, 55)
ss3 implemented in (54) for each of the 93 species in our study. Briefly, this method implements the
ss4 theoretical model of isolation by distance introduced by Wright (49) and Malécot (55) to describe
sss the decay of genetic relatedness between individuals as an asymptotic function of the geographic
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ses  distance separating them. The asymptote — a parameter estimated by the model-fitting procedure
se7  — captures the mean maximum genetic divergence between individuals of a species, regardless of
sss their geographic separation (54). In Hancock et al., the estimate of the value of this asymptote is
ss9 designated as collecting phase 7, or 7., in reference to the collecting phase of the spatial coales-
s0 cent (33); for simplicity, we refer to it as 7 throughout this manuscript. Our estimate of species-
st level genetic diversity is informative about long-term inbreeding V. and relatively insensitive to
se2  recent demography (54). Because this approach explicitly models the rate of isolation-by-distance,
ses our estimates of species-level diversity are robust to both the number of samples and their spatial
se¢ distribution (and comparable across studies with heterogeneous sampling schemes).

595 To calculate species-level genetic diversity, the Hancock et al. (54) model implementation re-
se6 quires as inputs — a matrix of pairwise homozygosity (identity-by-state) and a corresponding ma-
se7  trix of pairwise geographic distances between genotyped individuals. We calculated pairwise ho-
ses  mozygosity as 1-Dxy using custom R scripts following (54); these scripts accounted for missing
se9  genotypes by defining the denominator for Dxy as the total number of base pairs co-genotyped
s0 for each pair of individuals (within a dataset). We calculated pairwise geographic distance as the
o1 distance between each pair of individuals traveling via the sea (avoiding crossing land). We used
02 the National Oceanic and Atmospheric Administration ETOPO1 global bathymetric data with a
e0s resolution of 4 arc-minutes (/02) and the trans.mat and lc.dist marmap functions of the marmap R
s« package v1.0.6 (103) to calculate these sea-wise distances. For individuals that fell on land (e.g.,
e0s near coastlines), we used the dist2isobath marmap function with isobath = 0 to relocate each “land
ss point” to the closest point in water. We calculated each sea-wise distance using two resistance ma-
e07 trices (one with longitudes from -180 to 180, the other with longitudes from 0 to 360) and retained
e0s the shorter distance.

609 For each species dataset, we then ran five independent chains of the model in (54) for 5,000
s10 iterations each. We discarded the first 2,500 chains as burn-in and sampled the remaining chain
s11 ever 5S00th iteration to reduce autocorrelation. We discarded chains that mixed poorly and identified
s12 the single best chain for each species as that with the highest mean log posterior probability. We
13 used the mean of the marginal distribution of 7 from the best chain for each dataset as our estimate
s14 Of species-level genetic diversity in downstream analyses.

s Collecting biotic, abiotic, and phylogenetic predictors

s Biotic predictors We focused on nine biotic traits related to reproduction and dispersal: philopa-
s17 try, iteroparity, spawning, egg size, benthicity, planktonicity, planktotrophy, pelagic larval duration
st [PLD], and body size. We selected these traits because they have demonstrated associations with
s19 intraspecific spatial genetic diversity and divergence or are expected to be correlated with genetic
e20 diversity via their associations with population size and/or dispersal. We defined each discrete trait
et (i.e., all but PLD, egg size, and body size, which are continuous) as "present", "intermediate", or
s22 "absent" for each species (Figure[I).

623 Specifically, we defined iteroparity as “present" for species that can breed multiple times per
2« lifetime, and “absent" for species that can only breed once. We defined philopatry as “present” for
25 species where individuals return to their natal breeding area to reproduce and “absent" for species
26 that do not perform such migrations. We defined three categories for spawning to capture varia-
27 tion in how far embryos disperse from parents. Embryos can be internally fertilized and remain
e2s attached to the parent (“absent"), laid in nests or other benthically attached structures that are often
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20 (but not always) dissociated from the parents (“intermediate"), or free-floating, typically the prod-
s30 uct of broadcast spawning (“present"). Note this is a distinct life history facet from the presence
ss1 or absence of planktonic larvae (see below). We defined the trait benthicity to characterize the
sz degree to which species have a relationship with the ocean floor (or other fixed location). Ben-
s33 thicity was “present” for species that maintain a strong connection to the bottom throughout their
s« lifetime (e.g., hydrozoans and anemonefishes that lack planktonic larvae), “absent" for species that
e35 are never associated with the bottom (e.g., dolphins that give birth at sea to swimming young),
sss and “intermediate" for species that have both benthic and pelagic life stages (e.g., fish with plank-
37 tonic larvae and benthic adults). We used planktonicity to distinguish species that have at least
ess one planktonic — floating or drifting — life stage (“present") from those that are never planktonic
s39  (“absent”).

640 Planktotrophy is a predictor of the amount of time larvae spend drifting in the water column
s+t feeding, which is related to the level of provisioning provided by the egg as well as the capac-
sz ity for external feeding. We coded planktotrophy as “absent” for species that lack a (planktonic)
es3 larval stage and instead develop directly from embryo into young that resemble miniature adults.
s We coded planktotrophy as “intermediate” for species that produce planktonic larvae that feed on
sss yolk from well-provisioned eggs to facilitate metamorphosis into juveniles (i.e., lecithotrophic lar-
sss vae); as these larvae are planktonic, they drift in the water column while developing, but develop
se7 relatively quickly given the well-provisioned eggs. Lastly, we coded planktotrophy as “present"
sss  for species that produce planktonic larvae that must feed on particulates in the water column to
ss0 fuel metamorphosis into juveniles given they derive from minimally-provisioned eggs (i.e., plank-
es0 totrophic species); development usually takes longer than planktonic larvae derived from well-
es1  provisioned eggs (/104). We defined pelagic larval duration (PLD) as the mean (or midpoint) num-
es2 ber of days that marine larvae spend in the plankton. Finally, we defined egg size as the largest
es3  dimension of the egg at hatching (or progeny at birth) and body size as the largest dimension of an
es4« adult individual. Extended trait definitions are available in Appendix S4.

655 When possible, we used trait values reported in FishLifeBase (105), SealifeBase (106), and
ess large compilations (e.g., (/07) for reef fishes). For most values, however, we performed Boolean
es7 searches in Web of Science or Google Scholar (e.g., <species name> AND egg size). We were
ess able to obtain trait values for > 90% of the species in our study for all traits except egg size (72%
eso coverage across species; Figure [S6). All species had values for > 77% of the nine biotic traits
se0 (Figure[S7). Full citations for all biotic trait values are listed in Appendix S5.

st Abiotic predictors We used three abiotic predictors to characterize the geographic extent and
es2 amount of ecological complexity encompassed by each species’ range — range extent, mean range
ess latitude, and the number of ecoregions encompassed within the species’ range. We estimated
s« these three quantities for each species using species occurrence records from the Global Biodiver-
ess sity Information Facility (GBIF) (86). We first downloaded all GBIF presence records for each
ess species that were not fossils, not managed, and did not have identified geospatial issues using the
es7 occ_download() function of the rgbif R package (v3.5.0, (108)) on September 8, 2021 (see Ap-
sss pendix S6 for exact search parameters and full citations for all downloaded GBIF data). We then
es9 visually examined maps of the occurrence records returned for each species and manually removed
e70 spatial outliers (that were unlikely to be correctly identified records) and observations within non-
e71 native ranges. We used a combination of literature, expert opinion, and published range maps to
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e72 decide which additional GBIF occurrence records, if any, to manually drop for each species.

673 We defined the range extent as the longest axis of the species’ range “as the fish swims", that is,
e74 traveling via the sea and avoiding crossing land. For each species, we calculated all pairwise “sea-
75 wise distances" between the final, cleaned GBIF occurrence records using the same approach that
e7e  we employed for the genotyped individuals (see Estimating species-level genetic diversity). We
o7 then used the value at the 97.5" percentile of the resulting pairwise “sea-wise distance" distance
e7s matrix (between species occurrence records) as the final range extent; using the 97.5" percentile
e79 minimized the influence of any one individual occurrence record, especially those near the range
ss0 edges. For computational efficiency, we thinned occurrence datasets that had more than 15,000
es1 points using a raster proportional to the spatial extent of the dataset before generating the pairwise
ss2 “‘sea-wise distance" distance matrix.

683 We defined mean range latitude as the absolute value of the mean latitude of all the final,
ss¢ cleaned GBIF occurrence records for each species. We used original locations in this calculation,
ess (rather than relocating “land points" to the nearest ocean), but mean latitudes were highly correlated
sss between the two approaches (Pearson’s R = 0.98). We did not include the genetic sample locations
es7 1n the range extent or distance from equator calculations because they were nested within the spatial
esss extent of, and often duplicated in, the GBIF occurrence records.

689 Finally, we characterized the amount of ecological complexity contained within each species’
s0 range by calculating the total number of unique Marine Ecoregions of the World (MEOW) ecore-
o1 gions that at least one GBIF occurrence record or genetic sample fell within (59, 85). We refer to
so2 this predictor as “number of ecoregions". MEOW ecoregions are biogeographic units, developed
eos 1n large part to facilitate conservation priority setting and planning, whose boundaries reflect syne-
se4 thetic discontinuities in taxonomic assemblages, dominant habitats, ocean currents and tempera-
sos ture, and geomorphological features (59). MEOW ecoregions classify coastal and shelf systems,
s9s Where the majority of (known) marine species diversity resides (59). Note, the number of ecore-
se7 gions was highly correlated with the spatially coarser MEOW realms and provinces as well as the
sos Costello et al. (109) (Pearson’s R all > 0.87).

soo Phylogenetic relationships We derived estimates of the pairwise divergence times between all
700 species in the study using the January 2022 beta release of TimeTree 5 (87). We first identified
701 species that were present in TimeTree (67/93 species in study). When a focal species was not in
702 TimeTree but other closely related species were (more closely related than any other species in
703 our study, based on published taxonomy), we assigned the focal species randomly to a tip within
704 the clade representing the lowest/shallowest taxonomic level possible (15 species assigned to a
705 representative tip in their genus, 1 species assigned at level of family). This approach is sensible
706 because any tip within the focal clade will give the same divergence time to species outside of the
707 clade, however, it assumes that the oldest species defining the focal clade is present in TimeTree.
708 Divergence times for focal species in clades where this assumption is not met will be upwardly
700 biased. Ten focal species were missing from TimeTree and shared a clade with other species in
710 this study (meaning we could not assign them to a random tip within the clade). For 3 of these
711 10 species, we were able to identify the most closely related species present in TimeTree (using
712 published literature) and use this tip. For the remaining 7 species absent from TimeTree, we added
713 a tip to the tree that formed a polytomy with the lowest taxonomic level of classification present in
714 TimeTree.
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s Modeling effects of predictors on genetic diversity

7

716 To test hypotheses about the effects of biotic and abiotic predictors on 7, we used a custom
7 Bayesian phylogenetic multiple regression model with Beta-distributed errors (89) implemented
s 1in Rstan v2.32.3 (90). Specifically, we used the mean/precision parameterization of the Beta dis-
o tribution shown below:

7

7

7

7 ~ Beta(a, b) (1)
a=pxao (2)
b=(1-p)x¢ 3)
1
M= T exp(=6) @
O~ N7+ Bk, a¥ 5)
M

720

721 where a and b are the shape parameters of the Beta distribution, and x and ¢ function as the mean
722 and precision. The mean of the Beta distribution, u, is given by the inverse-logit transformed
723 parameter ¢, which is modeled as a draw from a multivariate normal distribution. The mean of that
72« multivariate normal distribution is given by the expression v + >, Bme, where v 1s a global
725 mean of 6, M is the number of predictor variables, )Z'm is the vector of predictor variable values for
726 the mth predictor, and [3,, is the effect size of the mth predictor. The covariance of the multivariate
727 normal distribution on 6 is given by aW, where ¥ is a phylogenetic correlation matrix (i.e. a
728 phylogenetic variance-covariance matrix scaled so that all values fall between 0 and 1), and « is
729 the estimated Brownian rate parameter (i.e. the macroevolutionary heritability) (97). We generated
730 the phylogenetic variance-covariance matrix from our ultrametric phylogeny using the R package
731 ape v5.0 (]]0).

732 The priors on our parameters were: « ~ N (0, 10), ¢ ~ Exp(V([r], 10), v ~ N (log(E[r]/(1 —
723 E[n])), 10), and 8 ~ N(0,10), where V[r| and E[r] denote the empirical variance and mean,
73 respectively, of observed 7 across species. Each model contained one focal predictor of interest,
735 the phylogenetic variance-covariance matrix, and four nuisance predictors (number of individuals
73 1n the species dataset; the mean raw read count; the mean read length; and the mean locus depth).
737 For each model, we included all species that were scored for the focal trait of interest (excluding
738 species with missing data or for which the trait was not applicable). We ran each MCMC chain for
739 20,000 iterations, discarding the first half of the iterations as burn-in and thinning the remaining
740 samples by retaining every 40th iteration. We assessed model convergence by examining parameter
741 trace plots, marginal distributions, and joint marginal distributions. For each predictor discussed
742 1n the text, we report the 95% equal-tailed credible interval from the thinned, burned-in marginal
743 distribution.

744 We assessed the significance of each parameter by determining whether the 95% equal-tailed
745 credible interval contained the value 0; if it did, the parameter was deemed not significant. To
746 compare effect sizes between predictors, we standardized them by multiplying the estimated effect
747 size by the standard deviation of the predictor. In order to evaluate model adequacy (i.e., the ability
748 of our model to describe the data), we used posterior predictive sampling (//7). For each model
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749 1un, we randomly sampled 500 MCMC iterations, with replacement, from the burned-in, thinned,
750 posterior distribution. For each sampled iteration, we recorded the estimated parameter values for
751 the shape parameters of the Beta distribution used to model our response variable a and b. We
752 then simulated draws from a Beta distribution parameterized by a; and b; for sampled iteration .
753 Those posterior predicted values of m were compared to the observed value of 7 for each species
75 to determine whether the model as a whole was effectively capturing patterns in the data, as well
755 as to determine whether diversity for specific species was well or poorly predicted by our model
756 (Figure [S3).

757 Because range extent and number of ecoregions were both significant predictors of genetic
758 diversity (Figure[2)), but were also highly correlated (Fig[S2)), we ran an additional analysis to try
759 to get closer to ascertaining causality. Number of ecoregions is necessarily correlated with range
760 extent, so we were concerned that the significance of ecoregions was being driven by its correlation
761 with range extant. To test whether this suspicion was correct, we analyzed diversity as a function of
762 number of ecoregions per unit range extent. The mean estimated effect size of this hybrid predictor
763 was -0.003, with a 95% equal-tailed posterior credible interval of -0.0072 — 0.0003 which was not
764 significantly different from zero. As a result, we cannot conclusively rule out the possibility that
765 the effect of ecoregions on diversity is entirely being driven by the correlation of ecoregions with
766 range extent, and we thus drop ecoregions from further investigation.
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Table 1: Biotic and abiotic predictors of species-level genetic diversity included in analysis. “Trait
values" describes the range of possible values species could have for each predictor. “Significant"
describes whether the effect size of the predictor was inferred to be significantly different from
zero. The final column gives the mean (unstandardized) effect size of the predictor, as well as the
lower and upper bounds of the 95% equal-tailed credible interval of the marginal distribution of

the effect size.

Predictor Trait values Significant | Mean effect (95% CI)

Benthicity absent/intermediate/present | no -4.401e-02 (-3.683e-01 — 2.881e-01)
Body size continuous no -5.366e-02 (-1.588e-01 — 4.708e-02)
Ecoregions integer yes 7.627e-03 (-1.954e-04 — 1.154e-02)
Egg size continuous no 4.396e-04 (-1.228e-02 — 9.218e-03)
Iteroparity absent/present no -3.795e-01 (-9.386e-01 — 2.721e-01)
Latitude continuous no -1.066e-03 (-1.302e-02 — 6.846e-03)
Pelagic larval | continuous no 1.314e-03 (-4.466e-03 — 3.453e-03)
duration

Philopatry absent/present no -4.665e-01 (-9.773e-01 — 4.253e-02)
Planktonicity | absent/present yes 5.625e-01 (-5.532e-02 — 1.169e+00)
Planktotrophy | absent/intermediate/present | no 1.650e-01 (-9.903e-02 — 4.216e-01)
Spawning absent/intermediate/present | no 1.071e-01 (-7.655e-02 — 2.765e-01)
Range extent | continuous yes 5.291e-01 (5.943e-02 — 9.515e-01)
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Figure S1: Spatial distribution and sampling intensity of sequenced individual marine organisms
included in this study (N = 9,430 total). Colors represent the number of sequenced individuals
within each grid square.
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Figure S2: Kendall rank correlations (using pairwise complete observations) between all biotic
and abiotic predictors analyzed. Blue and red colors indicate positive and negative correlations,
respectively, and color intensity is proportional to the absolute value of the correlation.
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Figure S3: Species-level genetic diversity estimated for each species included in analysis. Species
diversity estimates are colored by broad taxonomic group and sorted by value.
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Figure S4: Phylogenetic correlogram showing the estimated correlation between phylogenetic re-
latedness and species-level genetic diversity at different temporal depths.
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Figure S5: Relationship between range extent and species-level genetic diversity. Points are col-
ored by broad taxonomic group as in Figure [l Vertical gray lines show the 95% equal-tailed
quantile of the posterior predictive distribution of estimates for diversity for each species.
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Figure S6: Trait coverage for each of the nine biotic traits included in this study; coverage calcu-
lated as a percentage across all 93 species in the study. Note the x-axis starts at 70% (rather than
0). The vertical blue dashed line denotes 80%, a commonly accepted conservative threshold for
trait coverage. (Note the three abiotic predictors were available for all datasets in this study.)
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Figure S7: Biotic trait coverage for each species in the study (N = 93) as a percentage. There
are nine biotic traits total. Note the x-axis starts at 70% (rather than 0). Species are ordered
alphabetically by Latin name. The vertical blue dashed line denotes 80%, a commonly accepted
conservative threshold for trait coverage.
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+ Appendix S1: Search strategy used to locate relevant genomic
 datasets in the INSDC

769 This appendix details the search strategy that we used to locate relevant genomic datasets in
770 the International Nucleotide Sequence Database Collaboration (INSDC). Note that we accessed
771 the INSDC from the North American portal — the National Center for Biotechnology Information
772 (NCBI). We list the general types of filters that we applied, in the order we applied them, and the
772 number (and type) of records remaining after each filtering step in our pipeline. We also detail the
774 exact NCBI variable names and values that we used in our search and filtering pipeline to locate
775 genomic datasets. NCBI uses BioProjects to denote a study or dataset, BioSamples to refer to
776 individual organisms sampled, and SRA sequence records to refer to the genetic sequence data
777 derived from a BioSample.

778 After the final filtering step listed below — passing species names to the World Register of Ma-
779 rine Species — we identified and dropped BioProjects (datasets) with fewer than 10 BioSamples
750 (individuals) and 2 collection locations using R. We then curated the remaining potential datasets
781 by hand. We dropped known species hybrids, salmonids, freshwater/inland samples, samples from
782 locations not part of the native species’ range, and samples from ancient time. We also dropped
783 studies that were focused on specific organelles (e.g., chloroplast) and quantitative genetic studies.
784 Final sequence samples were included if they had collection latitude and longitude, the raw FASTA
75 file downloaded without errors, the FASTA sequence files were at the level of sampled individual
786 (not pooled sequencing), and were not outliers with respect to read count.

787

788
789 Overview of filters applied and number of records retained after each filtering step:

791 = 184,155 total BioProjects in INSDC on 10/19/2020

792

793 Search BioProject database for all BioProjects that are:

794 Non-human, non-viral, non-metagenomic, and non-bacterial

795 = 32162 BioProjects returned

796

797 Remove BioProjects related to:

798 Gene expression, RefSeq, targeted loci, metagenomic, metabarcoding, exome, microbial

799 = 19,495 BioProjects retained

800

801 Download metadata from the Sequence Read Archive (SRA) for all sequence records in each of the above
802 BioProjects.

803 = 948,446 SRA sequence records returned

804

805 Retain SRA records with library strategies:

806 WGS, WCS, WGA, RAD-Seq, OTHER

807 (removing: AMPLICON, ATAC-seq, Bisulfite-Seq, ChIA-PET, ChIP-Seq, CLONE, CLONEEND,
808 CTS, DNase-Hypersensitivity, EST, FAIRE-seq, Hi-C, FINISHING, FL-cDNA, MBD, MeDIP,

809 miRNA-Seq, MNase-Seq, MRE-Seq, ncRNA-Seq, POOLCLONE, RIP-Seq, RNA-Seq, SELEX,
810 Synthetic-Long-Read, Targeted-Capture, TetheredChromatinConformationCapture, Tn-Seq, WXS)
811 = 523,537 SRA sequence records retained

812

813 Merge retained SRA records to the BioProject records using PRJ BioProject accession numbers.

814 Remove BioProjects that did not return any SRA records matching the above specified library
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815 strategies.

816 = 7,314 BioProjects retained

817

818 Use the NCBI common tree online tool to view all taxonomic IDs assigned to the current list of
819 sequence records. Remove sequences with a taxonomic identification of:

820 Synthetic, metagenome, unidentified, bacteria, environmental, viral

821

822 Download metadata from the BioSample database associated with each of the above sequence
823 records.

824 = 505,932 SRA sequences from

825 = 432,400 BioSamples from

826 = 6,755 BioProjects retained representing

827 = 18,556 purported species

828

829 Retain records with species names present in the World Register of Marine Species (WoRMS).
830 = 114,865 SRA sequences from

831 = 100,118 BioSamples from

832 = 1,336 BioProjects retained representing

833 = 1,738 purported species

834

835

s3s Exact variables and terms used to locate and filter INSDC datasets:

837

838 The exact search terms and filters that we used to identify the INSDC datasets analyzed in this

ss9 publication follow. We use “!="below to denote “does not equal”. Bold headers refer to the NCBI
ss0 databases, quoted terms denote variables/fields of metadata defined by NCBI within said database,
s+t and text beneath quoted terms denotes controlled vocabulary values of the specified variable.

842
2«3 Initial BioProject search:

"scope multiisolate" [Filter] OR "scope multispecies"[Filter] OR

"scope other"[Filter] NOT "org human" [Filter] NOT "org archaea" [Filter]

NOT "org viruses"[Filter] NOT "org bacteria"[Filter] NOT "metagenome" [Filter]
NOT "targeted locus loci"[Filter] NOT "clone ends"[Filter]

NOT "metagenomic assembly"[Filter] NOT "transcriptome gene expression"[Filter]
NOT "proteome" [Filter] NOT "epigenomics"[Filter] NOT "exome" [Filter]

NOT "bioproject protein" [Filter] NOT "bioproject gds" [Filter]

NOT "phenotype genotype" [Filter] NOT "metagenome" [All Fields] NOT "map" [Filter]

s« BioProject filters:
"project_data_type" !=

RefSeq Transcriptome or Gene expression
Targeted loci cultured

RefSeq Genome

RefSeq Genome sequencing and assembly
RefSeqg Other

RefSeq Targeted Locus (Loci)

"project_target_material" !=
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Phenotype

Proteome

Purified Chromosome

Reagent

Transcriptome

Targeted loci environmental

"project_target_capture" !=

Clone Ends
Exome

"organism_name" does not contain:

metagenome

"project_title" does not contain:

metagenome, Metagenome, Metagenomic, metagenomic, metabarcoding
transcriptome, Transcriptome, Transcriptomic

RNA

16S, 1l6s, 18S, 18s

CRISPR

gene expression, Gene Expression, Gene expression”
viral

microbiome, Microbiome, microbial, microbiota
bacteria, Bacteria

methylation

Plasmodium falciparum

a5 SRA filters:

"library_strat" =
RAD-Seq

WCS

WGA

WGS

OTHER

"scientific_name" !=
metagenome, Metagenome

846 The below taxonomic IDs represent synthetic DNA, environmental DNA, metagenomic DNA,
sz and bacterial DNA that we identified using the NCBI phylogenetic common tree online tool.

"taxid" !=
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2293429
1440148
32630
1427524
81077
32644
496923
77133
669196
2282120
668369
727
2590021
28448
272943
2021969
527802
477819
562

227
83333
316407
703612
224308
1229511
1126252
1126251

sas  Taxonomy filters:

"division" !=
Environmental samples
Bacteria

Viruses

20 BioSample filters:
"organism" =

worms : :wormsbynames (match = FALSE, marine_only = TRUE)

850 We filtered remaining records to retain BioProjects with at least 10 BioSample IDs and at least
ss1  two unique georeferenced sampling locations per species/BioProject combination (dataset). Fi-
ss2 nally, we manually dropped samples (or entire datasets) that were located in non-native areas of
ss3 the species’ ranges, were sampled from captive or lab individuals, and those derived from quanti-
ss4 tative genetic studies, ancient time, or pooled genetic sequences. We also dropped known species
s55  hybrids, salmonids, and samples collected from freshwater or inland locations.
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= Appendix S2: Citations for genomic datasets

857 This appendix contains citations for the scientific papers associated with the genetic sequence
sss data utilized in this study. The BioProject accession number where the genetic data are archived
sso 1n the National Center for Biotechnology Information (NCBI) is also included with each citation.
sso INote some papers include multiple BioProjects and some genomic datasets (BioProjects) have
ss1  multiple paper citations.

« Citations

sss 1. Kelly S Andrews, Krista M Nichols, Anna Elz, Nick Tolimieri, Chris J Harvey, Robert Pa-

864 cunski, Dayv Lowry, K Lynne Yamanaka, and Daniel M Tonnes. Cooperative research sheds
865 light on population structure and listing status of threatened and endangered rockfish species.
866 Conservation Genetics, 19:865-878, 2018. Genetic sequence data archived under NCBI Bio-

867 Project Accession: PRINA451040.

sss 2. Emily S. Bellis, Reid. B. Edlund, Hazel K. Berrios, Harilaos A. Lessios, and Dee R. Den-

869 ver. Molecular signatures of host specificity linked to habitat specialization in Exaiptasia sea
870 anemones. Ecology and Evolution, 8(11):5413-5426, 2018. Genetic sequence data archived
871 under NCBI BioProject Accession: PRINA394157.

sz 3. Yacine Ben Chehida, Julie Thumloup, Cassie Schumacher, Timothy Harkins, Alex Aguilar,
873 Asuncion Borrell, Marisa Ferreira, Lorenzo Rojas-Bracho, Kelly M Robertson, Barbara L
874 Taylor, et al. Mitochondrial genomics reveals the evolutionary history of the porpoises (Pho-
875 coenidae) across the speciation continuum. Scientific Reports, 10(1):15190, 2020. Genetic

876 sequence data archived under NCBI BioProject Accession: PRINA659918.

s77 4. Laura Benestan, Thierry Gosselin, Charles Perrier, Bernard Sainte-Marie, Rémy Rochette,

878 and Louis Bernatchez. RAD genotyping reveals fine-scale genetic structuring and provides
879 powerful population assignment in a widely distributed marine species, the American lobster
880 (Homarus americanus). Molecular Ecology, 24(13):3299-3315, 2015. Genetic sequence data
881 archived under NCBI BioProject Accession: PRINA281764.

ss2 5. Laura Benestan, Brady K. Quinn, Halim Maaroufi, Martin Laporte, Fraser K. Clark, Spencer J.
883 Greenwood, Rémy Rochette, and Louis Bernatchez. Seascape genomics provides evidence for
884 thermal adaptation and current-mediated population structure in American lobster (Homarus
885 americanus). Molecular Ecology, 25(20):5073-5092, 2016. Genetic sequence data archived

886 under NCBI BioProject Accession: PRINA281764.

ge7 0. Giacomo Bernardi, Peter Nelson, Michelle Paddack, John Rulmal Jr, and Nicole Crane. Ge-
888 nomic islands of divergence in the yellow tang and the brushtail tang surgeonfishes. Ecology
889 and Evolution, 8(17):8676-8685, 2018. Genetic sequence data archived under NCBI BioPro-
890 ject Accession: PRINA449377.

st 7. Pim Bongaerts, Cynthia Riginos, Ramona Brunner, Norbert Englebert, Struan R Smith, and
892 Ove Hoegh-Guldberg. Deep reefs are not universal refuges: reseeding potential varies among
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893 coral species. Science Advances, 3(2):¢1602373, 2017. Genetic sequence data archived under
894 NCBI BioProject Accession: PRINA361144.

sos 8. Elisa Boscari, Marco Abbiati, Fabio Badalamenti, Giorgio Bavestrello, Lisandro Benedetti-

896 Cecchi, Rita Cannas, Angelo Cau, Carlo Cerrano, Giovanni Chimienti, Federica Costan-
897 tini, Simonetta Fraschetti, Gianmarco Ingrosso, Ilaria A. M. Marino, Francesco Mastrototaro,
898 Chiara Papetti, Marta Paterno, Massimo Ponti, Lorenzo Zane, and Leonardo Congiu. A pop-
899 ulation genomics insight by 2b-RAD reveals populations’ uniqueness along the Italian coast-
900 line in Leptopsammia pruvoti (Scleractinia, Dendrophylliidae). Diversity and Distributions,
901 25(7):1101-1117, 2019. Genetic sequence data archived under NCBI BioProject Accession:

902 PRINA521302.

o3 9. Kristina M. Cammen, Thomas F. Schultz, W. Don Bowen, Michael O. Hammill, Wendy B.
904 Puryear, Jonathan Runstadler, Frederick W. Wenzel, Stephanie A. Wood, and Michael Kin-
905 nison. Genomic signatures of population bottleneck and recovery in Northwest Atlantic pin-
906 nipeds. Ecology and Evolution, 8(13):6599-6614, 2018. Genetic sequence data archived
907 under NCBI BioProject Accession: PRINA450328.

o8 10. E. Sally Chang, Maria E. Orive, and Paulyn Cartwright. Nonclonal coloniality: Genetically
909 chimeric colonies through fusion of sexually produced polyps in the hydrozoan Ectopleura
910 larynx. Evolution Letters, 2(4):442-455, 2018. Genetic sequence data archived under NCBI
911 BioProject Accession: PRINA420851.

sz 11. Julie C Chow, Paul E Anderson, and Andrew M Shedlock. Sea turtle population genomic
913 discovery: Global and locus-specific signatures of polymorphism, selection, and adaptive po-
914 tential. Genome Biology and Evolution, 11(10):2797-2806, 2019. Genetic sequence data
915 archived under NCBI BioProject Accession: PRINAS559677.

o6 12. Gemma V. Clucas, Jane L. Younger, Damian Kao, Louise Emmerson, Colin Southwell, Bar-
917 bara Wienecke, Alex D. Rogers, Charles-André Bost, Gary D. Miller, Michael J. Polito,
918 Patrick Lelliott, Jonathan Handley, Sarah Crofts, Richard A. Phillips, Michael J. Dunn,

919 Karen J. Miller, and Tom Hart. Comparative population genomics reveals key barriers to
920 dispersal in Southern Ocean penguins. Molecular Ecology, 27(23):4680-4697, 2018. Genetic
921 sequence data archived under NCBI BioProject Accession: PRINA343012, PRINA493660.

o2 13. Lila Colston-Nepali, Anna Tigano, Brian Boyle, and Vicki Friesen. Hybridization does
923 not currently pose conservation concerns to murres in the Atlantic. Conservation Genetics,
924 20(6):1465-1470, 2019. Genetic sequence data archived under NCBI BioProject Accession:
925 PRINA564451.

o6 14. David J. Combosch, Sarah Lemer, Peter D. Ward, Neil H. Landman, and Gonzalo Giribet.
927 Genomic signatures of evolution in Nautilus - an endangered living fossil. Molecular Ecology,
928 26(21):5923-5938, 2017. Genetic sequence data archived under NCBI BioProject Accession:
929 PRINA369717.

s30 15. Brendan H. Cornwell. Gene flow in the anemone Anthopleura elegantissima limits signatures
931 of local adaptation across an extensive geographic range. Molecular Ecology, 29(14):2550—
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932 2566, 2020. Genetic sequence data archived under NCBI BioProject Accession: PR-
933 INA632874.

sas 16. Nicole L Crane, Juliette Tariel, Jennifer E Caselle, Alan M Friedlander, D Ross Robertson,
935 and Giacomo Bernardi. Clipperton Atoll as a model to study small marine populations: En-
936 demism and the genomic consequences of small population size. PLoS One, 13(6):e0198901,
937 2018. Genetic sequence data archived under NCBI BioProject Accession: PRINA448430,
938 PRINA448438.

ss9 17. Hayley M. DeHart, Leocadio Blanco-Bercial, Mollie Passacantando, Jennifer M. Questel, and
940 Ann Bucklin. Population connectivity of chaetognath Eukrohnia hamata. National Center
941 for Biotechnology Information, BioProject Accession: PRINAS576675, Registration date: 09-
942 October-2019.

sz 18. M. Lisette Delgado, Konrad Goérski, Evelyn Habit, and Daniel E. Ruzzante. The effects of
944 diadromy and its loss on genomic divergence: The case of amphidromous Galaxias maculatus
945 populations. Molecular Ecology, 28(24):5217-5231, 2019. Genetic sequence data archived
946 under NCBI BioProject Accession: PRINA564121.

a7 19. James L. Dimond, Sanoosh K. Gamblewood, and Steven B. Roberts. Genetic and epigenetic
948 insight into morphospecies in a reef coral. Molecular Ecology, 26(19):5031-5042, 2017.

949 Genetic sequence data archived under NCBI BioProject Accession: PRINA379028.

50 20. R Ferndndez, M Schubert, AM Vargas-Veldzquez, A Brownlow, GA Vikingsson, U Siebert,
951 LF Jensen, N @ien, D Wall, E Rogan, et al. A genomewide catalogue of single nucleotide poly-
952 morphisms in white-beaked and Atlantic white-sided dolphins. Molecular Ecology Resources,
953 16(1):266-276, 2016. Genetic sequence data archived under NCBI BioProject Accession: PR-

954 JNA280898.

os5 21. Maria José Frugone, Maria Eugenia Lopez, Nicolds 1. Segovia, Theresa L. Cole, Andrew

956 Lowther, Pierre Pistorius, Gisele P.M. Dantas, Maria Virginia Petry, Francesco Bonadonna,
957 Phil Trathan, Andrea Polanowski, Barbara Wienecke, Ke Bi, Cynthia Y. Wang-Claypool,
958 Jonathan M. Waters, Rauri C.K. Bowie, Elie Poulin, and Juliana A. Vianna. More than the
959 eye can see: Genomic insights into the drivers of genetic differentiation in Royal/Macaroni
960 penguins across the Southern Ocean. Molecular Phylogenetics and Evolution, 139:106563,
961 2019. Genetic sequence data archived under NCBI BioProject Accession: PRINA523574.

92 22. Michelle R. Gaither, Moisés A. Bernal, Richard R. Coleman, Brian W. Bowen, Shelley A.
963 Jones, W. Brian Simison, and Luiz A. Rocha. Genomic signatures of geographic isolation and
964 natural selection in coral reef fishes. Molecular Ecology, 24(7):1543-1557, 2015. Genetic
965 sequence data archived under NCBI BioProject Accession: PRINA371502.

s6 23. Michelle R. Gaither, Darren J. Coker, Samuel Greaves, Fatih Sarigol, Samuel D. Payet, Veron-
967 ica Chaidez, Tane H. Sinclair-Taylor, Joseph D. DiBattista, and Michael L. Berumen. Does
968 color matter? Molecular and ecological divergence in four sympatric color morphs of a coral
969 reef fish. Ecology and Evolution, 10(18):9663-9681, 2020. Genetic sequence data archived
970 under NCBI BioProject Accession: PRINA640135.
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o 24. Michelle R Gaither, Georgios A Gkafas, Menno De Jong, Fatih Sarigol, Francis Neat, Thomas
o72 Regnier, Daniel Moore, Darren R Grocke, Neil Hall, Xuan Liu, et al. Genomics of habitat
973 choice and adaptive evolution in a deep-sea fish. Nature Ecology & Evolution, 2(4):680-687,
974 2018. Genetic sequence data archived under NCBI BioProject Accession: PRINA430030.

75 25. Genomic Resources Development Consortium, P. Alvarez, Wolfgang Arthofer, Maria M.
976 Coelho, D. Conklin, A. Estonba, Ana R. Grosso, S. J. Helyar, J. Langa, Miguel P. Machado,
977 I. Montes, Joana Pinho, Alexander Rief, Manfred Schartl, Birgit C. Schlick-Steiner, Julia See-
978 ber, Florian M. Steiner, and C. Vilas. Genomic resources notes accepted 1 June 2015 — 31
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Appendix S3: List of sequencing adapters used in sequence read
cleaning

Below is a list of all adapter sequences that we searched for on the 3’ end of all raw sequence
reads downloaded from the International Nucleotide Sequence Database Collaboration. Lines that
start with > denote adapter names and the directly succeeding line contains the adapter sequence.

We generated the below list from:
https://github.com/stephenturner/adapters/blob/master/adapters_combined_152_unique.fasta;
FastQC (https://github.com/s-andrews/FastQC/blob/master/Configuration/contaminant_list.txt);
and BBMap (https://github.com/BiolnfoTools/BBMap/blob/master/resources/adapters.fa);
all accessed on April 9, 2020.

We removed duplicate adapters among the above sources and merged adapters with highly sim-
ilar sequences using [UPAC base pair ambiguity (names of merged adapters begin with “MERGED”).
Using the program cutadapt, we searched each FASTQ sequence file in our study for each of the
below sequences. Datasets that contained adapters were easy to distinguish from those that did not;
datasets with adapters returned hits in >25% of the reads per individual compared to <5% of reads
per individual in clean datasets. When present, we removed identified adapter sequences from all
reads in the dataset. We then performed a final adapter search to ensure no adapters remained
in raw reads (i.e., all sequences below returned hits in ~ 5% or fewer of the sequence reads per
individual across the dataset).

>Adapterl / aka PhiX_readl_adapter aka the Illumina common adapter
AGATCGGAAGAGCGGTTCAGCAGGAATGCCGAGACCGATCTCGTATGCCGICTICTGCTTIG
>MERGED-Primers_and_dimers—-GROUP
AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTMRWKMDRMRGMSVSSWYMVVVRBBHWY
VCBVWBWCCSWWCWCGWMKSYCKTCYKMTSYTTG

>MERGED-PCR_Primerl_rc-PhiX_ read2_adapter
AGATCGGAAGAGCGTCGTGTAGGGAAAGAGTGTAGATCTCGGTGGTCGCCGTATCATTAAAAAA
>MERGED-Reverse_adapter-1-Reverse_adapter-2
MKRTCKSWWRWRCACACGTCTGAACTCCAGTCACATCACGATCTCGTATGCCGTCTTCTGCTTG
>MERGED-TruSeq_Adapter_Index—-GROUP1
GATCGGAAGAGCACACGTCTGAACTCCAGTCACVNBNVNNNATCTCGTATGCCGTCTTCTGCTTG
>MERGED-TruSeq_Adapter_Index—GROUP2
GATCGGAAGAGCACACGTCTGAACTCCAGTCACNNNNNNNTCTCGTATGCCGTCTTCTGCTTG
>MERGED-TruSeqg3_IndexedAdapter / PE2_rc-Bisulfite_R1
AGATCGGAAGAGCACACGTCTGAACTCCAGTCAC
>MERGED-ABI_So0lid3_Adapter_B-ABI_So0lid3_5p_ AMP_Primer
CCACTACGCCTCCGCTTTCCTCTCTATGGGCAGTCGGTGAT
>MERGED-Illumina DpnII_and NlaIII_Adapters-GROUP
ACAGGTTCAGAGTTCTACAGTCCGACATG

>MERGED-I7_Primer_Nextera_XT-GROUP
CCGAGCCCACGAGACNNNNNNNNATCTCGTATGCCGTCTTCTGCTTG
>MERGED-Clontech_SMARTer_II_A_Oligonucleotide-Clontech_SMART_CDS_Primer_II_A
AAGCAGTGGTATCAACGCAGAGTACT
>MERGED-ABI_So0lid3_Adapter_A-ABI_Solid3_3p_AMP_Primer
CTGCCCCGGGTTCCTCATTCTCTCAGCAGCATG
>MERGED-I5_Primer_Nextera_XT-GROUP
GACGCTGCCGACGANNNNNNNNGTGTAGATCTCGGTGGTCGCCGTATCATT
>MERGED-Bisulfite_R2-PE1l_rc / TruSeqg3_UniversalAdapter
AGATCGGAAGAGCGTCGTGTAGGGAAAGAGTGTA
>MERGED-Nextera_Transposase—-GROUP
CTGTCTCTTATACACATCTSHSRBBSSVSDVGVVAGGC
>MERGED-Illumina_PCR_Primer_Index—GROUP
CAAGCAGAAGACGGCATACGAGATNNNNNNGTGACTGGAGTTC
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>PrefixPE_1 / PEL

TACACTCTTTCCCTACACGACGCTCTTCCGATCT

>TruSeq2_PE_r

AGATCGGAAGAGCGGTTCAGCAGGAATGCCGAG

>I5_Adapter_Nextera

CTGATGGCGCGAGGGAGGCGTGTAGATCTCGGTGGTCGCCGTATCATT
>I7_Adapter_Nextera_No_Barcode
CTGAGCGGGCTGGCAAGGCAGACCGATCTCGTATGCCGTICTTCTGCTTG
>Nextera_LMP_Readl_External_ Adapter / Illumina Multiplexing Index Sequencing Primer
GATCGGAAGAGCACACGTCTGAACTCCAGTCAC

>Nextera_LMP_Read2_External_Adapter

GATCGGAAGAGCGTCGTGTAGGGAAAGAGTGT

>Stop_Oligo_STP_8

CCACGGGAACGTGGTGGAATTC

>TruSeq2_SE

AGATCGGAAGAGCTCGTATGCCGTCTITCTIGCTITG

>PrefixNX_1 / >PrefixNX/2

AGATGTGTATAAGAGACAG

>I1llumina_Single_End_Adapter_1

GATCGGAAGAGCTCGTATGCCGTCTTCTGCTTG

>Illumina_Single_End_Adapter_2 / Illumina Single End PCR Primer 2 /
>Illumina DpnII expression Adapter 2

CAAGCAGAAGACGGCATACGAGCTCTTCCGATCT

>TI1lumina_Single_End_Sequencing_Primer / Illumina Paired End Adapter 1 /
>Illumina Paried End Sequencing Primer 1 / Illumina Multiplexing Adapter 2 /
>I1lumina Multiplexing Readl Sequencing Primer
ACACTCTTTCCCTACACGACGCTCTTCCGATCT

>I1llumina_Paired_End_Adapter_2

GATCGGAAGAGCGGTTCAGCAGGAATGCCGAG

>T1lumina_Paired_End_PCR_Primer_2 / PrefixPE/2 / PCR_Primer2
CAAGCAGAAGACGGCATACGAGATCGGTCTCGGCATTCCTGCTGAACCGCTCTTCCGATCT
>I1llumina_Paired_End_Sequencing_Primer_2
CGGTCTCGGCATTCCTGCTGAACCGCTCTTCCGATICT

>I1llumina_DpnII_expression_Adapter_2 / Illumina DpnII expression PCR Primer 1 /
>Illumina NlaIII expression Adapter 2 / Illumina NlaIII expression PCR Primer 1 /
>Illumina Small RNA RT Primer / Illumina DpnII Gex Adapter 2 /

>Illumina DpnII Gex PCR Primer 1 / Illumina NlaIII Gex Adapter 2.01 /
>I1lumina N1aIII Gex PCR Primer 1 / Illumina Small RNA PCR Primer 1
CAAGCAGAAGACGGCATACGA

>I1lumina_DpnII_expression_PCR_Primer_2 /

>Illumina NlaIII expression PCR Primer 2 / Illumina DpnII Gex PCR Primer 2 /
>I1lumina N1laIII Gex PCR Primer 2
AATGATACGGCGACCACCGACAGGTTCAGAGTTCTACAGICCGA
>Illumina_DpnII_expression_Sequencing Primer / Illumina DpnII Gex Sequencing Primer
CGACAGGTTCAGAGTTCTACAGTCCGACGATC
>I1llumina_NlaIII_expression_Sequencing_Primer / Illumina NlaIII Gex Sequencing Primer
CCGACAGGTTCAGAGTTCTACAGTCCGACATG

>Illumina_Multiplexing_ Adapter_1

GATCGGAAGAGCACACGICT

>Illumina_Multiplexing PCR_Primer_2_ 01 / Illumina Multiplexing Read2 Sequencing Primer
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCT

>I1lumina_DpnII_Gex_Adapter_1

GATCGTCGGACTGTAGAACTCTGAAC

>I1lumina_DpnII_Gex_Adapter_2_01 / Illumina NlaIIl Gex Adapter 2.02
TCGTATGCCGTCTITCTIGCTITG

>I1lumina_N1aIII_Gex_Adapter_1_01

TCGGACTGTAGAACTCTGAAC

>ABI_Dynabead_EcoP_Oligo

CTGATCTAGAGGTACCGGATCCCAGCAGT

>ABI_Solid3_EF1l_alpha_Sense_Primer

CATGTGTGTTGAGAGCTTC

>ABI_Solid3_EF1l_alpha_ Antisense_Primer

GAAAACCAAAGTGGTCCAC

>ABI_So0lid3_GAPDH_Forward_Primer

TTAGCACCCCTGGCCAAGG

>ABI_So0lid3_GAPDH_Reverse_Primer

CTTACTCCTTGGAGGCCATG

>Clontech_Universal_Primer_Mix_Short

50


https://doi.org/10.1101/2025.06.03.657718
http://creativecommons.org/licenses/by-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2025.06.03.657718; this version posted June 6, 2025. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under a CC-BY-ND 4.0 International license.

1342 CTAATACGACTCACTATAGGGC

1343 >Clontech_Universal_Primer_Mix_Long

1344 CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT
1345 >FlowCell2

1346 TTTTTTTTTTCAAGCAGAAGACGGCATACGA

1347 >FlowCelll

1348 TTTTTTTTTTAATGATACGGCGACCACCGAGATCTACAC
1349 >Transl

1350 TCGTCGGCAGCGTICAGATGTGTATAAGAGACAG

1351 >Trans2

1352 GTICTCGTGGGCTCGGAGATGTGTATAAGAGACAG
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= Appendix S4: Extended definitions and coding of biotic traits

1354 This appendix contains detailed explanations of how we defined the nine biotic traits included
1355 1n this study. Headers indicate the variable name used in the paper followed parenthetically by the
1356 variable name used in archived data files and scripts. Bullet points denote possible values for dis-
1357 crete traits; values after the colon specify the short-hand coding (capital letters) used to record trait
1358 data, numerical values represent the dummy numerical values that characters were transformed
135 into for modeling, and bracketed text specifies how discrete traits are shown in Figure[I] See Sup-
13e0 plemental Methods — Collecting biotic, abiotic, and phylogenetic predictors for a description of
1361 how trait values were obtained.

1362

1363

1364

1365 Iteroparity (""Generational_Structure'’)

1366 This variable captures variability in the number of times an individual can breed in its lifetime.
137 [teroparous species can breed more than once in their lifetime, whereas semelparous species only
1368 breed once.

1369 e [teroparous: I =1 [present]

1370 e Semelparous: S =0 [absent]

1371

1372 Philopatry (''ReturnToSpawningGround'')

1373 We defined philopatry as the intentional movement of reproductively mature individuals back
1374 to an established spawning or breeding area to reproduce. Species where evidence indicated such
1375 migration were coded as TRUE and species lacking such evidence were coded as FALSE. For
1376 species that could plausibly have such migratory life histories (i.e., Bathyraja panthera and Py-
1377 roteuthis margaritifera, with large bodied and strong swimming adults with poorly described life
1378 histories with related species known to be philopatric), we scored this trait as unknown.

1379 e Philopatric: TRUE =1 [present]
1380 e Not philopatric: FALSE = 0 [absent]

1381 e Unknown trait state: NA [missing data]

1382

1383 Spawning (''Spawning_mode'')

1384 Marine taxa have a wide array of reproductive strategies with respect to fertilization and sub-
1385 sequent embryonic development and parental care. Our primary focus here was on capturing vari-
1386 ation in how far embryos disperse from parents. For animals, eggs or developing young can be
137 internally fertilized and then retained in a parents’ body or on a parent’s body in specialized brood-
1388 1ng structures (pouches, chambers, sacs). Alternatively, animals can lay eggs in nests or other
1380 benthically attached structures; parents often (but not always) then disassociate from the laid eggs.
1300 Finally, many fishes and invertebrates release free floating embryos, typically preceded by broad-
1391 cast spawning of gametes. We coded all mammals as "I" and all birds as "N"; fishes and inverte-
1322 brates had a diverse mix of values. For plants and algae, we applied similar logic as for animals
1383 and scored species that retain young on the parent as "I".
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e Embryos internally fertilized and attached to parents: I = 0 [absent]
e Embryos in a nest or otherwise benthically attached: N = 1 [intermediate]

e Embryos free floating: F = 2 [present]

Benthicity (''isBenthic'')

This variable attempts to capture the diversity of relationships between organisms and a fixed
location (e.g., for birds this can be nesting sites on land). We considered organisms to be “never”
benthic if their entire life cycle was dissociated from any bottom surface (e.g., anchovy that have
planktonic larvae and pelagic swimming adults or dolphins that give birth at sea to swimming
young). “Sometimes” benthic organisms have a mixture of life stages that are benthic and pelagic,
for example many fishes and invertebrates with planktonic larvae and benthic adult stages. “Al-
ways” benthic organisms live their entire life with a strong connection to the bottom (such as
hydrozoans and anemonefishes that lack planktonic larvae).

e Always: A =2 [present]
e Sometimes: S = 1 [intermediate]

e Never: N = 0 [absent]

Planktonicity (''isPlanktonic_atanypoint'’)

We defined planktonicity to capture whether or not species were planktonic — floating or drift-
ing and not able to actively swim against ocean currents — at any point in their lifetime. This
variable attempts to distinguish species that have at least one planktonic life stage (larval, adult,
or both) from species that entirely lack a planktonic stage. For example, all mammals, birds and
elasmobranchs were coded as FALSE.

e Species is planktonic at any point in their lifecycle: TRUE = 1 [present]

e Species is not planktonic at any point in their lifecycle: FALSE = 0 [absent]

Planktotrophy (''Larval_feeding'")

Many marine species, especially invertebrates, have a larval stage that differs in morphology
from their adult forms. One common way to classify differences in larval life history is based on
larval feeding mode, which in turn influences dispersal (as well as development time and survival
probabilities). We defined three categories of larval feeding for this trait: species that do not have
planktonic larvae, species with non-feeding planktonic larvae, and species with feeding planktonic
larvae. Species that do not have planktonic larvae produce progeny that develop directly into
young that resemble miniature adults; these young do not spend time drifting or floating in the
water column. Species with non-feeding planktonic larvae, often called lecithotrophic, produce
energy-rich eggs that facilitate development from larvae into juveniles without the need to feed;
as these larvae are planktonic, they drift in the water column while developing, but development
is relatively quick given the well-provisioned eggs. Finally, feeding (or planktotrophic) planktonic
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1432 larvae derive from eggs that provide only enough energy to produce a larvae; these larvae must
1433 then spend time drifting in the water column feeding on particulate food to fuel development into
1434 Juveniles, which usually takes longer than in (well-provisioned) non-feeding planktonic larvae. All
1435 fish with planktonic larvae are feeding (coded "P"). For corals, we coded species that do not have
136 zooxanthellae in their larvae and rely fully on maternal provisioning as "L", and coded corals with
1437 larvae that eat at some point and/or are autotrophic (contain zooxanthellae that can photosynthesize
13s and provide nutrition “on the go”) as "P".

1439 e No planktonic larvae: N = 0O [absent]
1440 e Non-feeding (lecithotrophic) planktonic larvae: L = 1 [intermediate]
1441 e Feeding (planktotrophic) planktonic larvae: P = 2 [present]

1442

143 Pelagic larval duration (""PLD_point2'"')

1444 A continuous variable representing the mean or midpoint of the estimates available for each
1445 species for the length of time (in days) that marine larvae spend in the plankton. We assigned this
146 variable a value of 0 for species that have live birth or brood their young that become benthic adults
1447 (1sBenthic=Always) and for species who are never benthic (isBenthic=Never); thus pelagic larval
144¢  duration and benthicity are not conflated in our analyses.

1449

uso Egg size (""Fecundity_EggSize'')

1451 A continuous variable in millimeters, representing the largest dimension of the egg or juvenile
1s2  at birth or hatching (the propagule size, in the sense of (3)).

1453

1454 Body size ("'BodySize')

1455 A continuous variable in centimeters, representing the largest dimension of an average organ-
156 1sm of each species at its full-grown adult size. As corals and seagrasses are colonial, the meaning
1s7  of body size is unclear. While we acknowledge that genet size (the collective size of a genotype
14ss  that might include many discrete ramets or colonies) would be most appropriate in terms of scal-
1459 ing to likely reproductive output, genet sizes are largely unknown and therefore we used ramet or
1460 colony size. In some instances only colony area was provided, so we assumed a circular shape to
1461 derive the diameter.

1462
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ws Appendix S5: Citations for biotic trait data

1464 This appendix contains the citations for all of the biotic trait values used in this study. The
165 citation numbers in this document correspond to the numbers in the columns labeled:

es “‘<trait_name>_citation” in the data file: “/data/biotic/final_biotic_traits_for_suppmat-with-
1467 citation-numbers.csv” in the Dryad archive for this study. Note that the trait Benthicity ("isBen-
168 thic") does not have a corresponding citation column (in "final_biotic_traits_for_suppmat-with-
1469 citation-numbers.csv") because these values reflect common knowledge within our author group.
1470 Other individual trait values that have "NA" in the corresponding citation column also reflect com-
1471 mon knowledge within our author group.

1472 We obtained as many trait values as possible from public trait databases (e.g., FishLifeBase
1473 (105) and SealLifeBase (106)). For species/trait combinations not present in centralized databases
1474 (which were the majority), we performed Boolean searches in Web of Science or Google Scholar
1475 (e.g., <species name> AND egg size).

1476

«»  Citations

1478 1. L.E. Timm, L.M. Isma, M.W. Johnston, and H.D. Bracken-Grissom. Comparative popula-
1479 tion genomics and biophysical modeling of shrimp migration in the Gulf of Mexico reveals
1480 current-mediated connectivity. Frontiers in Marine Science, 7, 2020.

1481 2. J.S. Madin, K.D. Anderson, M.H. Andreasen, C.L.T. Bridge, S.D. Cairns, S.R. Connolly,

1482 E.S. Darling, M. Diaz, D.S. Falster, E.C. Franklin, R.D. Gates, A.T.M Harmer, M.O. Hoogen-
1483 boom, D. Huang, S.A. Keith, M.A. Kosnik, . Kuo, C.-Y, J.M. Lough, C.E. Lovelock, O. Luiz,
1484 J. Martinelli, T. Mizerek, J.M. Pandolfi, X. Ponchon, M.S. Pratchett, H.M. Putnam, T.E.
1485 Roberts, M. Stat, C.C. Wallace, E. Widman, and A.H. Baird. The coral trait database, a cu-
1486 rated database of trait information for coral species from the global oceans. Scientific Data,
1487 3, 2016.

1488 3. K.P. Sebens. Reproductive ecology of the intertidal sea anemones Anthopleura xanthogram-
1489 mica (Brandt) and A. elegantissima (Brandt): Body size, habitat, and sexual reproduction.
1490 Journal of Experimental Marine Biology and Ecology, 54:225-250, 1981.

1491 4. BirdLife International. Aptenodytes patagonicus. The IUCN Red List of Threatened Species
1492 2020, e.T22697748A184637776, 2020.

1493 5. B.L. Chilvers and S.D. Goldsworthy. Arctocephalus forsteri. The IUCN Red List of Threat-
1494 ened Species 2015, €. T41664A45230026, 2015.

1495 6. BirdLife International. Aythya marila. The IUCN Red List of Threatened Species 2018,
1496 e.T22680398A 132525108, 2018.

1497 7. E. O’Reilly, B.M. Titus, M.W. Nelsen, S. Ratchford, and N.E. Chadwick. Giant ephemeral

1498 anemones? Rapid growth and high mortality of corkscrew sea anemones Bartholomea an-
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1500 and Ecology, 509:44-53, 2018.
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2047 This appendix contains the search parameters and citations for the resulting occurrence records
2045 that we downloaded from the Global Biodiversity Information Facility (GBIF) for each species
2049 included in this study. The search parameters section denotes the exact search and filtering terms
2050 that we passed to the occ_download function (rgbif R package V3.5.0, Chamberlain and Boet-
2051 tiger 2017) to retrieve species occurrence records from GBIF for each species in this study. The
2052 citations capture the specific snapshots of GBIF data used in this study; the DOIs are specific to
2053 the exact search parameters that we used and the date that we executed the query.

2054
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OurSearchRequest <- occ_download (type=
pred('taxonKey', taxonKey),
pred("hasGeospatialIssue", FALSE),
pred("hasCoordinate", TRUE),
pred_not (
pred("basisOfRecord", "FOSSIL_SPECIMEN")

)

pred_or (
pred_not (pred ("establishmentMeans", "MANAGED") ),
pred _not (pred notnull ("establishmentMeans"))

),

'and',

pred_or (
pred("occurrenceStatus", "PRESENT") ,
pred_not (pred_notnull ("occurrenceStatus"))

)
format='SIMPLE_CSV',
ser=user, pwd=password, email=email)

s  Citations

2057 1. GBIF.org. GBIF occurrence download for species: Acanthephyra purpurea. The Global
2058 Biodiversity Information Facility, 08 September 2021. doi1:10.15468/DL.TFGCY5.

209 2. GBIF.org. GBIF occurrence download for species: Acanthurus olivaceus. The Global Biodi-
2060 versity Information Facility, 08 September 2021. doi:10.15468/DL.UVAHKV.

201 3. GBIF.org. GBIF occurrence download for species: Acropora cervicornis. The Global Biodi-
2062 versity Information Facility, 08 September 2021. doi:10.15468/DL.36NY9X.

2003 4. GBIF.org. GBIF occurrence download for species: Acropora palmata. The Global Biodiversity
2064 Information Facility, 08 September 2021. doi:10.15468/DL.AU6DJV.

2005 5. GBIF.org. GBIF occurrence download for species: Acropora prolifera. The Global Biodiver-
2066 sity Information Facility, 08 September 2021. doi:10.15468/DL.WZCUDM.

2007 6. GBIF.org. GBIF occurrence download for species: Agaricia fragilis. The Global Biodiversity
2068 Information Facility, 08 September 2021. doi:10.15468/DL.B9X8M6.

72


https://doi.org/10.15468/DL.TFGCY5
https://doi.org/10.15468/DL.UVAHKV
https://doi.org/10.15468/DL.36NY9X
https://doi.org/10.15468/DL.AU6DJV
https://doi.org/10.15468/DL.WZCUDM
https://doi.org/10.15468/DL.B9X8M6
https://doi.org/10.1101/2025.06.03.657718
http://creativecommons.org/licenses/by-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2025.06.03.657718; this version posted June 6, 2025. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under a CC-BY-ND 4.0 International license.

2000 /. GBIF.org. GBIF occurrence download for species: Agaricia undata. The Global Biodiversity
2070 Information Facility, 08 September 2021. doi:10.15468/DL.T3Y6RZ.

201 8. GBIF.org. GBIF occurrence download for species: Amphiprion bicinctus. The Global Biodi-
2072 versity Information Facility, 08 September 2021. doi:10.15468/DL.TSQNZD.

2073 9. GBIF.org. GBIF occurrence download for species: Anthopleura elegantissima. The Global
2074 Biodiversity Information Facility, 08 September 2021. do1:10.15468/DL.8GXBNZ.

2075 10. GBIF.org. GBIF occurrence download for species: Aptenodytes patagonicus. The Global
2076 Biodiversity Information Facility, 08 September 2021. doi1:10.15468/DL.DCVKOIN.

2077 11. GBIF.org. GBIF occurrence download for species: Arctocephalus forsteri. The Global Biodi-
2078 versity Information Facility, 08 September 2021. doi:10.15468/DL.5AG5D8.

2079 12. GBIF.org. GBIF occurrence download for species: Aythya marila. The Global Biodiversity
2080 Information Facility, 08 September 2021. |doi:10.15468/DL.QEBGXH.

2081 13. GBIF.org. GBIF occurrence download for species: Bartholomea annulata. The Global Biodi-
2082 versity Information Facility, 08 September 2021. doi:10.15468/DL.NFGHK2.

2083 14. GBIF.org. GBIF occurrence download for species: Bathygobius cocosensis. The Global
2084 Biodiversity Information Facility, 08 September 2021. doi1:10.15468/DL.86NGUR.

205 15. GBIF.org. GBIF occurrence download for species: Bathyraja aleutica. The Global Biodiver-
2086 sity Information Facility, 08 September 2021. doi:10.15468/DL.JAKMBR.

207 16. GBIF.org. GBIF occurrence download for species: Bathyraja panthera. The Global Biodiver-
2088 sity Information Facility, 08 September 2021. doi:10.15468/DL.C57HRQ.

2089 17. GBIF.org. GBIF occurrence download for species: Callinectes sapidus. The Global Biodiver-
2090 sity Information Facility, 08 September 2021. doi:10.15468/DL.2NYJZA.

2000 18. GBIF.org. GBIF occurrence download for species: Caretta caretta. The Global Biodiversity
2092 Information Facility, 08 September 2021. doi:10.15468/DL.BH7VFR.

2003 19. GBIF.org. GBIF occurrence download for species: Coryphaenoides rupestris. The Global
2094 Biodiversity Information Facility, 08 September 2021. do1:10.15468/DL.ZYK7RM.

2005 20. GBIF.org. GBIF occurrence download for species: Cranchia scabra. The Global Biodiversity
2096 Information Facility, 08 September 2021. |doi:10.15468/DL.W3P2G7.

2007 21. GBIF.org. GBIF occurrence download for species: Ctenolabrus rupestris. The Global Biodi-
2098 versity Information Facility, 08 September 2021. doi:10.15468/DL.MNVJY9.

2000 22. GBIF.org. GBIF occurrence download for species: Dascyllus trimaculatus. The Global Bio-
2100 diversity Information Facility, 08 September 2021. doi:10.15468/DL.VMSTXW.

2100 23. GBIF.org. GBIF occurrence download for species: Ectopleura larynx. The Global Biodiversity
2102 Information Facility, 08 September 2021. doi:10.15468/DL.GPKI9PA.
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2103 24. GBIF.org. GBIF occurrence download for species: Engraulis encrasicolus. The Global Bio-
2104 diversity Information Facility, 08 September 2021. doi:10.15468/DL.SC82NB.

2105 25. GBIF.org. GBIF occurrence download for species: Eudyptes chrysolophus. The Global Bio-
2106 diversity Information Facility, 08 September 2021. doi:10.15468/DL.72SJT9.

2107 26. GBIF.org. GBIF occurrence download for species: Eukrohnia hamata. The Global Biodiver-
2108 sity Information Facility, 08 September 2021. doi:10.15468/DL. 7FNKN4.

2100 27. GBIF.org. GBIF occurrence download for species: Exaiptasia diaphana. The Global Biodi-
2110 versity Information Facility, 08 September 2021. doi:10.15468/DL. 7DD 9HN.

2111 28. GBIF.org. GBIF occurrence download for species: Fibramia amboinensis. The Global Biodi-
2112 versity Information Facility, 08 September 2021. doi:10.15468/DL.UHFXAZ.

2113 29. GBIF.org. GBIF occurrence download for species: Gadus macrocephalus. The Global Biodi-
2114 versity Information Facility, 08 September 2021. doi:10.15468/DL.A3G3S2.

2115 30. GBIF.org. GBIF occurrence download for species: Gadus morhua. The Global Biodiversity
2116 Information Facility, 08 September 2021. doi:10.15468/DL.NMKD65.

2117 31. GBIF.org. GBIF occurrence download for species: Galaxea fascicularis. The Global Biodi-
2118 versity Information Facility, 08 September 2021. doi:10.15468/DL.DQONHKE.

2119 32. GBIF.org. GBIF occurrence download for species: Galaxea horrescens. The Global Biodi-
2120 versity Information Facility, 08 September 2021. doi1:10.15468/DL.K2MUNY.

2121 33. GBIF.org. GBIF occurrence download for species: Galaxias maculatus. The Global Biodi-
2122 versity Information Facility, 08 September 2021. doi1:10.15468/DL.UHQEZM.

2123 34. GBIF.org. GBIF occurrence download for species: Holacanthus passer. The Global Biodi-
2124 versity Information Facility, 08 September 2021. doi1:10.15468/DL.NNSR9J.

2125 35. GBIF.org. GBIF occurrence download for species: Homarus americanus. The Global Biodi-
2126 versity Information Facility, 08 September 2021. |doi:10.15468/DL.C5U8NF.

2127 36. GBIF.org. GBIF occurrence download for species: Istiblennius lineatus. The Global Biodi-
2128 versity Information Facility, 08 September 2021. doi:10.15468/DL.Z5CXH6.

2120 37. GBIF.org. GBIF occurrence download for species: Lagenorhynchus acutus. The Global Bio-
2130 diversity Information Facility, 08 September 2021. doi:10.15468/DL.NEWHAA4.

2131 38. GBIF.org. GBIF occurrence download for species: Laguncularia racemosa. The Global
2132 Biodiversity Information Facility, 08 September 2021. doi1:10.15468/DL.RKDKAS5.

2133 39. GBIF.org. GBIF occurrence download for species: Larimichthys polyactis. The Global Bio-
2134 diversity Information Facility, 08 September 2021. doi:10.15468/DL.Y43WRW.

2135 40. GBIF.org. GBIF occurrence download for species: Lateolabrax japonicus. The Global Biodi-
2136 versity Information Facility, 08 September 2021. doi1:10.15468/DL.PUB9HS.
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2137 41. GBIF.org. GBIF occurrence download for species: Leptopsammia pruvoti. The Global Biodi-
2138 versity Information Facility, 08 September 2021. doi1:10.15468/DL.X5U5WQ.

2130 42. GBIF.org. GBIF occurrence download for species: Lutjanus campechanus. The Global Bio-
2140 diversity Information Facility, 08 September 2021. doi:10.15468/DL.NHDMZG.

2141 43. GBIF.org. GBIF occurrence download for species: Lutjanus fulvus. The Global Biodiversity
2142 Information Facility, 08 September 2021. doi:10.15468/DL.YRXHMU.

2143 44. GBIF.org. GBIF occurrence download for species: Montipora capitata. The Global Biodiver-
2144 sity Information Facility, 08 September 2021. doi:10.15468/DL.53R9JZ.

2145 45. GBIF.org. GBIF occurrence download for species: Nautilus pompilius. The Global Biodiver-
2146 sity Information Facility, 08 September 2021. doi:10.15468/DL.8EBKFQ.

2147 46. GBIF.org. GBIF occurrence download for species: Orbicella faveolata. The Global Biodiver-
2148 sity Information Facility, 08 September 2021. do1:10.15468/DL.85WJZ9.

2149 47. GBIF.org. GBIF occurrence download for species: Ostrea lurida. The Global Biodiversity
2150 Information Facility, 08 September 2021. doi:10.15468/DL.TA4X9R.

2151 48. GBIF.org. GBIF occurrence download for species: Paracentrotus lividus. The Global Biodi-
2152 versity Information Facility, 08 September 2021. doi1:10.15468/DL.DCTTTT.

2153 49. GBIF.org. GBIF occurrence download for species: Paracirrhites forsteri. The Global Biodi-
2154 versity Information Facility, 08 September 2021. doi1:10.15468/DL.YR3BTX.

2155 50. GBIF.org. GBIF occurrence download for species: Paralichthys dentatus. The Global Biodi-
2156 versity Information Facility, 08 September 2021. doi:10.15468/DL.RYM5CK.

2157 51. GBIF.org. GBIF occurrence download for species: Penaeus duorarum. The Global Biodiver-
2158 sity Information Facility, 08 September 2021. doi:10.15468/DL.3TAZ82.

2159 52. GBIF.org. GBIF occurrence download for species: Phocoena phocoena. The Global Biodi-
2160 versity Information Facility, 08 September 2021. |doi:10.15468/DL.W8G4JW.

2161 53. GBIF.org. GBIF occurrence download for species: Phocoena sinus. The Global Biodiversity
2162 Information Facility, 08 September 2021. |doi:10.15468/DL.545WD7Z.

2163 54. GBIF.org. GBIF occurrence download for species: Pisaster ochraceus. The Global Biodiver-
2164 sity Information Facility, 08 September 2021. do1:10.15468/DL.MTVEGS.

2165 55. GBIF.org. GBIF occurrence download for species: Planes minutus. The Global Biodiversity
2166 Information Facility, 08 September 2021. doi:10.15468/DL.9VNBHU.

2167 56. GBIF.org. GBIF occurrence download for species: Platichthys flesus. The Global Biodiversity
2168 Information Facility, 08 September 2021. doi:10.15468/DL.279XZB.

200 57. GBIF.org. GBIF occurrence download for species: Pocillopora damicornis. The Global Bio-
2170 diversity Information Facility, 08 September 2021. doi:10.15468/DL.VCTSTZ.
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211 58. GBIF.org. GBIF occurrence download for species: Pomacanthus maculosus. The Global
2172 Biodiversity Information Facility, 08 September 2021. doi1:10.15468/DL.95A22Y.

2173 59. GBIF.org. GBIF occurrence download for species: Porites astreoides. The Global Biodiversity
2174 Information Facility, 08 September 2021. doi:10.15468/DL.BVRJKB.

2175 60. GBIF.org. GBIF occurrence download for species: Porites compressa. The Global Biodiversity
2176 Information Facility, 08 September 2021. doi:10.15468/DL.TMQUON.

2177 61. GBIF.org. GBIF occurrence download for species: Pygoscelis adeliae. The Global Biodiver-
2178 sity Information Facility, 08 September 2021. doi:10.15468/DL.HEVD2H.

2179 62. GBIF.org. GBIF occurrence download for species: Pygoscelis antarcticus. The Global Biodi-
2180 versity Information Facility, 08 September 2021. doi:10.15468/DL.XSFVMM.

2181 63. GBIF.org. GBIF occurrence download for species: Pygoscelis papua. The Global Biodiversity
2182 Information Facility, 08 September 2021. |doi:10.15468/DL.F9C8AG.

2183 64. GBIF.org. GBIF occurrence download for species: Pyroteuthis margaritifera. The Global
2184 Biodiversity Information Facility, 08 September 2021. doi1:10.15468/DL.F5JGYN.

2185 65. GBIF.org. GBIF occurrence download for species: Rhizophora mangle. The Global Biodiver-
2186 sity Information Facility, 08 September 2021. doi:10.15468/DL.RWEYY6.

2187 66. GBIF.org. GBIF occurrence download for species: Robustosergia robusta. The Global Biodi-
2188 versity Information Facility, 08 September 2021. doi1:10.15468/DL.9J5NM3.

2189 67. GBIF.org. GBIF occurrence download for species: Sargassum muticum. The Global Biodi-
2190 versity Information Facility, 08 September 2021. doi1:10.15468/DL.4C6P4V.

2191 68. GBIF.org. GBIF occurrence download for species: Scomber scombrus. The Global Biodiver-
2192 sity Information Facility, 08 September 2021. doi:10.15468/DL.G9KUEH.

2193 69. GBIF.org. GBIF occurrence download for species: Sebastes diaconus. The Global Biodiversity
2194 Information Facility, 08 September 2021. doi:10.15468/DL.SZPU3S.

2195 /0. GBIF.org. GBIF occurrence download for species: Sebastes paucispinis. The Global Biodi-
2196 versity Information Facility, 08 September 2021. doi:10.15468/DL.MJP3JG.

2197 71. GBIF.org. GBIF occurrence download for species: Sebastes pinniger. The Global Biodiversity
2198 Information Facility, 08 September 2021. |doi:10.15468/DL.PDKCR3.

2199 72. GBIF.org. GBIF occurrence download for species: Sebastes rastrelliger. The Global Biodi-
2200 versity Information Facility, 08 September 2021. doi:10.15468/DL.XQK8D6.

2201 73. GBIF.org. GBIF occurrence download for species: Sebastes ruberrimus. The Global Biodi-
2202 versity Information Facility, 08 September 2021. doi1:10.15468/DL.ZYTDQOY.

2203 74. GBIF.org. GBIF occurrence download for species: Sebastiscus marmoratus. The Global
2204 Biodiversity Information Facility, 08 September 2021. doi1:10.15468/DL.M7G2UC.
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2205 75. GBIF.org. GBIF occurrence download for species: Seriola lalandi dorsalis. The Global
2206 Biodiversity Information Facility, 08 September 2021. URL: https://www.gbif.org/occurrence/
2207 download/0013024-210819072339941, doi:10.15468/DL.S2ZFUB.

208 76. GBIF.org. GBIF occurrence download for species: Siphamia tubifer. The Global Biodiversity
2209 Information Facility, 08 September 2021. doi:10.15468/DL.RVNHSA.

2210 77. GBIF.org. GBIF occurrence download for species: Sphyrna tiburo. The Global Biodiversity
2211 Information Facility, 08 September 2021. doi:10.15468/DL.NKFBDI.

2212 78. GBIF.org. GBIF occurrence download for species: Stegastes beebei. The Global Biodiversity
2213 Information Facility, 08 September 2021. doi:10.15468/DL.U38T9S.

2214 719. GBIF.org. GBIF occurrence download for species: Stegastes leucorus. The Global Biodiver-
2215 sity Information Facility, 08 September 2021. doi:10.15468/DL.X79N5K.

2216 80. GBIF.org. GBIF occurrence download for species: Stephanocoenia intersepta. The Global
2217 Biodiversity Information Facility, 08 September 2021. doi1:10.15468/DL.Y85A8A.

2218 81. GBIF.org. GBIF occurrence download for species: Symphodus melops. The Global Biodiver-
2219 sity Information Facility, 08 September 2021. do1:10.15468/DL.BRSXN6.

2220 82. GBIF.org. GBIF occurrence download for species: Systellaspis debilis. The Global Biodiver-
2221 sity Information Facility, 08 September 2021. do1:10.15468/DL.Y6SQ7R.

222 83. GBIF.org. GBIF occurrence download for species: Tegula funebralis. The Global Biodiversity
2223 Information Facility, 08 September 2021. |doi:10.15468/DL.UTQWTI.

2224 84. GBIF.org. GBIF occurrence download for species: Thunnus thynnus. The Global Biodiversity
2225 Information Facility, 08 September 2021. doi:10.15468/DL.JMXT2M.

2226 85. GBIF.org. GBIF occurrence download for species: Trachidermus fasciatus. The Global Bio-
2227 diversity Information Facility, 08 September 2021. doi:10.15468/DL.BERRPG.

2228 86. GBIF.org. GBIF occurrence download for species: Uria aalge. The Global Biodiversity
2229 Information Facility, 08 September 2021. doi:10.15468/DL.F5S5AE.

2230 87. GBIF.org. GBIF occurrence download for species: Uria lomvia. The Global Biodiversity
2231 Information Facility, 08 September 2021. doi:10.15468/DL.2AHRUG.

232 88. GBIF.org. GBIF occurrence download for species: Vampyroteuthis infernalis. The Global
2233 Biodiversity Information Facility, 08 September 2021. do1:10.15468/DL.EYPAXR.

223 89. GBIF.org. GBIF occurrence download for species: Zalophus wollebaeki. The Global Biodi-
2235 versity Information Facility, 08 September 2021. doi:10.15468/DL.77C2WD.

2236 90. GBIF.org. GBIF occurrence download for species: Zebrasoma flavescens. The Global Biodi-
2237 versity Information Facility, 08 September 2021. |do1:10.15468/DL.WGS9RC.
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2238 91. GBIF.org. GBIF occurrence download for species: Zebrasoma scopas. The Global Biodiver-
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