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Extended Materials and Methods

Gamete collections — Diploria labyrinthiformis is a hermaphroditic broadcast-spawning coral
species with a known spawning window between 10 to 13 days after the full moon (AFM) during
the hour preceding sunset (Chamberland et al., 2017). On predicted spawning nights, we
monitored colonies for reproductive activity and tented spawning colonies individually with
weighted, cone-shaped plastic tarp nets equipped with an inverted plastic funnel attached to a 50-
mL polypropylene conical tube (BD Falcon), in which positively buoyant egg-sperm bundles
concentrated. Upon return to shore, samples were concentrated by removing seawater from
collection vials using clean, sterile plastic transfer pipettes, creating a 1:1 (vol:vol) ratio of egg-
sperm bundles to seawater and ensuring high sperm concentrations required downstream genetic
analyses, cryopreservation, and experimental crosses. Sample tubes were transported to the
CARMABI Research Station within 60 min after collection where they were gently agitated so
that egg-sperm bundles broke up. Gamete collections made during spring 2013 (n=17) and
autumn 2015 (n = 6) were used for sperm preservation destined for genomic analyses (Table S1),
and collections made in autumn 2018 (n =4) and spring 2019 (n = 4) were used in inter-seasonal
crosses that were made possible via the cryopreservation of the autumn-spawned sperm (Table

33).

Sperm cryopreservation — In September 2018 we cryopreserved sperm from a total of 4 colonies,
1 that spawned on day 11 AFM and 3 that spawned on day 12 AFM (Table S3), following
protocols described in Hagedorn et al. (2021). Once egg-sperm bundles had broken up, the
resulting sperm solution from each collection was pipetted out from under the buoyant eggs and
sieved through a 70-um cell strainer (BD Falcon) into clean 50-mL polypropylene conical tubes
(BD Falcon) to remove any remaining eggs, plankton, or debris. Sperm motility and
concentration were assessed using a phase microscope (Olympus BH2) and a CEROS 11
computer-assisted coral sperm analysis system (CASA, Hamilton Thorne, described in
Zuchowicz et al. (2021). We only cryopreserved samples with sufficient total motility (>25% of
cells) and cell density (>108 cells mL!) (Table S3). Sperm collected from the single colony on
day 11 AFM was frozen individually, whereas the three samples collected on day 12 AFM were

mixed in equal volumes and frozen as one pooled sample (Table S3). Before freezing, sperm



solutions were slowly diluted to a 1:1 (vol:vol) ratio with 20% cryoprotectant (dimethyl
sulfoxide, DMSO) prepared in sterile seawater (0.22-um Sterivex HA syringe filter, Millepore),
yielding a final cryoprotectant concentration of 10% DMSO. Aliquots of 1 mL were then
transferred into 2-mL cryovials (Corning) which were closed, placed into a cryofreezer rack, and
frozen at a rate of ~20°C per minute until reaching -80°C as described in Zuchowicz et al. (2021).
Samples were then quenched by direct submersion into liquid nitrogen and stored in liquid phase

nitrogen at temperatures below -175°C until they were thawed and used in spring 2019.

Gamete preparation for experimental crosses — In May 2019, we used gamete collections made
from 4 spring-spawning colonies (Table S3) to assess their degree of gametic compatibility with
frozen-thawed (FT) sperm collected from 4 autumn-spawning colonies in September 2018. These
experimental crosses included five treatments following Hagedorn et al. (2017): (1) inter-
seasonal crosses (spring eggs x FT autumn sperm), (2) spring-only crosses (spring eggs x FT
spring sperm), (3) cryoprotectant toxicity controls (spring eggs x fresh spring sperm mixed with
cryoprotectant), (4) fresh sperm controls (spring eggs x fresh spring sperm), and (5) no sperm
controls (spring eggs in 0.7-pum filtered seawater (FSW; Whatman GF/F, GE Life

Sciences)). Spring-only crosses were made as experimental controls using eggs from the same 3
colonies with a pool of FT sperm from 4 spring-spawning colonies that was collected,
cryopreserved, and thawed that same day. This ensured that sperm and egg cells in both inter-
seasonal and spring-only crosses were exposed to similar levels of stress during handling,
freezing, thawing, and exposure to cryoprotectants. For the cryoprotectant toxicity controls, eggs
were crossed with fresh spring sperm mixed with cryoprotectant at the same final concentration
(0.01% DMSO) as in both the spring-only and inter-seasonal crosses. In the fresh sperm
controls, spring eggs were mixed with fresh spring sperm, without cryoprotectant, and in the no
sperm controls, spring eggs were placed in 0.7-pm filtered seawater (FSW; Whatman GF/F, GE

Life Sciences) without any sperm.

First, once egg-sperm bundles had broken up, sperm and eggs from each spring collection were
separated and washed. First, the sperm solution was pipetted out from under the buoyant eggs and
sieved through a 70-um cell strainer (BD Falcon) into clean 50-mL polypropylene conical tubes

(BD Falcon) to remove any remaining eggs, plankton, or debris. Then, sperm concentration and



motility were assessed using a phase microscope (Olympus BH2) and a CEROS II computer-
assisted coral sperm analysis system (CASA, Hamilton Thorne, described in Zuchowicz et al.
(2021)). All were in the range of 10® to 10° cell mL! and above 75% motility (Table S3), and all
four samples were therefore pooled in equal volumes to serve as the sperm mixture for
experimental crosses. Afterwards, A 150-uL aliquot of this sperm solution was set aside for the
fresh sperm and cryoprotectant toxicity controls. For the latter, fresh spring-spawned sperm was
mixed with cryoprotectant (20% DMSO) to achieve a final concentration of 10% DMSO in the
sperm stock solution and a final concentration of (0.01% DMSO) in the fertilization containers,
matching the final cryoprotectant concentration during fertilization in both the inter-seasonal and
spring-only crosses. The remaining material was frozen in 2-mL cryovials (as described above)
and held in liquid nitrogen for one hour until it was thawed for use in spring-only crosses that
same evening. To thaw cryopreserved sperm samples, cryovials were gently swirled in a warm
seawater bath (approximately 30°C) for approximately two minutes. This FT sample was then
again assessed for motility and concentration (Table S3). Sperm aliquots from each of the 4

treatments were then distributed in their respective fertilization containers.

Eggs from each collection were poured into individual 1-L polycarbonate kitchen fat-separating
pitchers (Scandicrafts Cuisine International) in which they were gently washed. Just after the
buoyant eggs had concentrated at the water surface, the remaining seawater containing sperm,
plankton, and other potential contaminants was poured out through the spout of the fat-separating
pitchers, and the same volume of clean, 0.7-um filtered seawater (FSW; Whatman GF/F, GE Life
Sciences) was added back in. This step was repeated at least five times or until the water inside the
pitchers was clear, after which aliquots of eggs from each of the 3 donors were assigned to their

respective fertilization containers.

SNP filtering for genome-wide phylogenomic analyses — We maximized data quality by removing
all indels, retaining only biallelic SNPs, with a minimum Phred quality score of 30 and a
minimum mean coverage depth of 30x, that were genotyped in at least 50% of individuals.
Individuals with >50% of missing SNPs were removed from the dataset. We then identified
potential clones based on the degree of genetic dissimilarity (<0.05% Euclidean genetic distance)

as compared to technical replicates included in the sample dataset (i.e., separate sequencing



libraries prepared from the same sample) using the mig.filter function in the R package POPPR to
identify unique Multi-Locus Genotypes (MLGs) (Kamvar et al., 2014, 2015). After removing
clones (i.e., retaining the sample with the least missing data from each clone set or pair) along
with technical replicates, all loci were tested for signals of selection to remove those putatively
violating neutrality assumptions. We screened loci for statistical outliers using BayeScan (v.2.1)
(Foll & Gaggiotti, 2008) and the R package PCADAPT (Luu et al., 2017), a Bayesian and
Principal Component Analysis (PCA) approach, respectively. For BayeScan, the default settings
were used, and for PCADAPT, the g-value was set to 0.05. Loci were considered outliers if
identified by both methods only. Loci with a minor allele frequency of >5% were kept and
filtered for excess heterozygosity based on deviations from Hardy-Weinberg equilibrium in the
whole population with a p-value of 0.01. Finally, to reduce errors in population assignment due to
linkage disequilibrium, we kept only SNPs at least 1000 bp apart. All filtering steps were done
using VCFtools (v.1.16) (Danecek et al., 2011).

Single gene phylogenetic analyses — We amplified the nuclear introns of PaxC and CaM genes
with primers PaxC-F (5' GGAGGAGCTTGCGAATAAGA 3') and PaxC-R (5'
CCCGGCGATTTGAGAACCAAACCT 3"), and with CaM-F (5'
GGAACAGTAATGCGATCTCTTGGA 3') and CaM-R (5' TGTCTTTCATTTTCCGCGCCA
TCA 3"), respectively (Schwartz et al., 2012). Polymerase chain reaction (PCR) was performed in
a 15 pL reaction mixture consisting of 1 puL of 1:40x diluted genomic DNA, 3 puL 5% reaction
buffer, 2.1 uL. MgCl, (10 mM), 0.75 ul BSA (20 mg pL™), 0.6 ul of each primer (10 uM), 0.3 pl
dNTPs (10 uM), 0.3 pLL Taq polymerase (GoTaq, PROMEGA) and 6.35 pLL H2O. PCR reactions
were run at 94°C for 5 min, followed by 35 cycles of 94°C for 90 sec, annealing at 60.9°C (CaM)
and 64.4 °C (PaxC) for 90 sec, extension at 72°C for 60 sec, with a final 5 min extension at 72°C.
The resulting PCR products were Sanger sequenced in both directions. We inspected and edited
the chromatograms in Geneious v8.1 (Kearse et al., 2012) and aligned sequences in AliView

(Larsson, 2014) using Muscle (Edgar, 2004).



Supplemental Tables

TABLE S1 Information on the Diploria labyrinthiformis colonies under study, including spawning season, depth, sample collections
for genomic analyses, and identifying molecular markers. Colonies identified as UK are those for which sperm samples were collected
during spawning events but were not part of the population (n = 38) for which spawning activity was monitored between 2013 and

2021. DNA sources listed as excl. were not incorporated in Next RADseq analyses due to insufficient quality.

Sperm sampling Tissue sampling Genetic analyses

Spawning Spring  Autumn June  February March DNA source for Next
Colony  ason Depth 2013 2015 2014 2017 2019 genetic analyses PaxC  CaM  aDseq
1 spring 5.8 v N N tissue N
2 spring 5.7 N4 N sperm N N
5 spring 6.5 N v sperm N
8 spring 7.2 N4 N v tissue N N v
10 spring 4.3 N N N tissue N N N
12 spring 7.8 N N N tissue N N
13 spring 8.4 N N v tissue N
14 spring 7.6 N Vv tissue excl.
17 spring 49 N tissue N
20 spring 4.2 v N N tissue N
21 spring 4.8 N4 v tissue N
22 spring 4.5 N Vv v sperm N
29 spring 5.9 N4 N v tissue N N excl.
33 spring 8.1 N Vv tissue N N
34 spring 8.5 v N sperm N N N
35 spring 7.9 N4 v v tissue N N v
36 spring 6.4 v N N4 N4 tissue N
38 spring 5.3 N N N tissue N N N
UK1 spring Vv sperm N
UK2 spring v sperm excl.
UK3 spring v
UK4 spring N4 sperm excl.
UK5 spring N4 sperm excl.
UK6 spring N4 sperm N
UK7 spring v




TABLE S1 Continued.

Sperm sampling

Tissue sampling

Genetic analyses

Spawning Autumn June February March DNA source for Next
Colony season Depth 2015 2014 2017 2019 genetic analyses Paxc cam RADseq
26 both seasons 6.4 N N4 tissue excl.
32 both seasons 6.3 N N N tissue N N
3 autumn 5.0 N N N tissue N N N
4 autumn 6.0 N N sperm N N N
15 autumn 6.2 N tissue v N excl
18 autumn 4.5 N N4 tissue excl.
24 autumn 5.5 N N4 N tissue N N N
30 autumn 5.9 N N N tissue N N N
31 autumn 5.8 N N tissue N N N
39 autumn 4.5 N N4 N tissue N N excl.
40 autumn 4.1 N tissue N N N
UK8 autumn N N4 N tissue N N
UK9 autumn N N N
UK10 autumn N N N4 sperm N
UK11 autumn N N N sperm N
UK12 autumn N N N sperm N N excl
7 unknown 7.8 N N tissue N
9 unknown 4.7 N N tissue N N
11 unknown 6.0 N N tissue N
16 unknown 4.9 N N tissue N N excl
19 unknown 4.8 N4
23 unknown 5.4 N N N N N
25 unknown 6.4 N N N tissue N N
27 unknown 6.4 v N tissue N
28 unknown 6.5 N4 tissue N excl.
37 unknown 5.9 N N tissue N N N




TABLE S2 Accession numbers for PaxC and CaM sequences from Genebank.

Accession number

Species PaxC CaM
Colpophyllia natans JX452557 JX452317
1X452560 JX452319
1X452561 JX452318
Pseudodiploria clivosa JX452588 JX452336
JX452574 IX452337
1X452573 JX452338
Pseudodiploria strigosa JX452642 JX452390
1X452643 JX452391
1X452644 JX452392
Manicina areolata JX452555 -
1X452556 -

JX452554 -




TABLE S3 Overview of gamete collections used in experimental crosses between spring- and autumn-spawning colonies. d AFM

stands for days after the full moon.

Fresh sperm Frozen-thawed sperm
:z:::)r:‘ing Collection date Type of sample Donor ID co{ncj::::ﬁl;m m(:;jl)ity co(l::(:lnr:iil;iln m(:;zl)ity
autumn 9/6/2018 (11 d AFM) (' sperm - single donor 3 1.90E+09 43% 9.50E+08 >50%
9/7/2018 (12 d AFM) (? sperm - pooled donors 4, UK13, UK14 9.00E+08 25% 4. 50E+08 77%
4 2.53E+08 37% - -
UK13 - - - -
UK14 4.50E+08 36% - -
spring 5/1/2019 (12 d AFM) (' sperm - pooled donors 1,22, 33, 34 8.79E+08 >75% 4.40E+08 >50%
1 1.18E+09 >75% - -
22 1.65E+09 >75% - -
33 7.42E+08 >75% - -
34 3.61E+09 >75% - -
2 eggs - single donor 22 - - - -
2 eggs - single donor 33 - - - -

Y eggs - single donor 34 - - - -




TABLE S4 Statistical model comparison for genetic compatibility assays between the two lineages. Generalized linear mixed models

(GLMMs) with a binomial error distribution and logit link function were used to compare the outcome of different experimental

crosses on fertilization success, larval survival and larval settlement, while accounting for random variation among egg donors and

replicate containers. Full and reduced model fits were compared using Akaike Information Criterion (AIC), while statistical

differences in model fit were assessed with a Likelihood Ratio Test (LRT). Significant p-values are underlined.

Models

AIC deviance

Fertilization success

Treatments: fresh sperm control, cryoprotectant toxicity controf
full = {Fertilized, Total - Fertilized) ~ Treatment + {1 |Egg_donor) + {1 | Replicate)
reduced = {Fertilized, Total - Fertilized) ~ Treatment + (1 | Replicate)

Treatments: spring-only cross, inter-seasonal cross
full = {Fertilized, Total - Fertilized) ~ Treatment + {1 |Egg_donor) + {1 | Replicate)
reduced = {Fertilized, Total - Fertilized) ~ Treatment + (1 | Replicate)

Larval survival

Treatments: spring-only cross, inter-seasonal cross
full = {Alive, Total - Alive) ~ Treatment + {1 |Egg donor) + (1 | Replicate)
reduced = {Alive, Total - Alive) ~ Treatment + (1 | Replicate)

Larval settlement

Treatments: spring-only cross, inter-seasonal cross
full = (Settled, Alive - Settled) ~ Treatment + (1 |Egg donor) + {1 | Replicate)
reduced = {Settled, Alive - Settled) ~ Treatment + {1 | Replicate)

79.8
94.5

93.5
116.0

339.6
343.4

85.1
83.1

71.8
88.5

855
110.0

331.6
337.4

77.1
77.1

x2 df p-value
166 1 <0.001
246 1 <0.001
57 1 0.0167
00 1 1

10



Supplemental Figures

Spring-spawning colonies

FIGURE S1 Photographic overview of all 39 colonies for which reproductive activity was
monitored in Curagao at Holiday Beach reef between 2013 and 2021. In green are colonies only
observed spawning in spring, in orange only in autumn, in pink in both seasons, and in blue are
colonies that were never observed spawning.
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Autumn-spawning colonies

FIGURE S1 Continued.
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FIGURE S2 Box plot depicting the depth range of spring- and autumn- spawning Diploria
labyrinthiformis colonies under study. Whiskers are = 1.5 IQR. Colonies that were never

observed spawning (7, 9, 11, 16, 19, 23, 25, 27, 28, 37), that spawned in both seasons (26, 32), or

that were assigned to the wrong genetic cluster based on genome-wide sequencing (35) were
removed from the dataset, for a total of 17 spring-spawning and 9 autumn-spawning colonies. A
Kruskal-Wallis H-test showed that both subpopulations share the same depth range (H=2.04, p

= 0.15).
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FIGURE S3 Graphical representation of three different clustering algorithms collapsing
multilocus genotypes for 5301 SNPs from 45 Diploria labyrinthiformis samples. The horizontal
axis is Bruvo’s genetic distance assuming the genome addition model. The vertical axis
represents the number of multilocus lineages observed. Each point shows the threshold at which

one would observe a given number of multilocus genotypes. The horizontal black line represents
36 Multiocus Genotypes (MLGs) used as unique samples.
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FIGURE S4 Multilocus genotype histogram showing the distribution of 36 multilocus genotypes

from Diploria labyrinthiformis samples.
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FIGURE S5 Number of clusters (K) based on Bayesian information criterion (BIC) differences
between successive values of K.
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FIGURE S6 a-score values as a function of the number of retained principal components (PCs).
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FIGURE S7 Number of clusters (K) based on the cross-validation error differences between

successive values of K.
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