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SUMMARY

A central goal of evolutionary biology is to understand the molecular mechanisms that enable adaptive re-
sponses to novel environmental pressures. Extreme weather events like natural disasters can have cata-
strophic impacts on wildlife via habitat destruction, mortality,'~® population displacement,®’ and natural se-
lection,’?°89 even shaping broad biogeographic patterns of local adaptation on phylogenetic scales.'®!
However, few studies have investigated the functional changes in organismal performance or genomic tar-
gets associated with responses to such events.?'27'% Here, we investigate mechanisms of hurricane-medi-
ated selection associated with parallel morphological shifts observed in a small island endemic lizard, the Sil-
ver Key Anole (Anolis scriptus), on two islands of the Turks and Caicos struck by hurricanes Irma and Maria in
2017.° These observed changes suggest directional selection on clinging ability in the face of hurricane-force
winds.®1%121% Genome scans for parallel selection identified five loci with known roles in musculoskeletal
development and function. Among these loci, hs6st1 displayed the most significant genome-wide associa-
tion with the length of the longest rear toe. CRISPR-induced knockout of hs6st1 resulted in significant toe
length reduction and complete toe agenesis. Simulated high wind speeds revealed that shorter rear toe
length was associated with greater clinging performance in anoles. This study highlights the interactions be-
tween performance, morphology, and genetic variation underlying rapid adaptive responses to extreme
weather events in the wild. As extreme weather events become more frequent and severe in the coming de-
cades,'®'” understanding their evolutionary impacts will be critical for assessing their long-term effects on
the world’s biodiversity.'®

RESULTS AND DISCUSSION analysis of 221,549 genome-wide single-nucleotide polymor-
phisms (SNPs) revealed significant genetic differentiation be-

Parallel hurricane-induced selection on tween island populations but no detectable differentiation be-

musculoskeletal development loci

Genome-wide reduced representation sequencing (RAD-
seq'??°) of tissue samples collected from lizards on Pine Cay
and Water Cay before (2017; Pine Cay: n = 20; Water Cay: n =
20) and after (2018; Pine Cay: n = 61; Water Cay: n = 62;
Figure 1A) hurricanes Irma and Maria revealed no evidence of
storm-mediated interisland dispersal. Principal components

tween pre- and post-hurricane samples on either island
(Figure 1B). Discriminant function analysis identified two popula-
tion clusters (k = 2, BIC = 1,210.424; Figure S1A) as the best-fit
model for the data, aligning perfectly with island of origin (mem-
bership probability = 100; Figure 1B). These results support inde-
pendent and parallel selection of morphology across genetically
distinct island populations.
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Figure 1. Hurricane-mediated dispersal and genomic signatures of parallel selection

(A) We studied populations of Anolis scriptus on two islands of the Turks and Caicos (inset), Pine Cay (blue) and Water Cay (gold).

(B) Principal-component analysis of genetic variation reveals significant population structure associated with island-of-origin but no differentiation between pre-
(closed circles, solid ellipses) and post-storm (open circles, dotted ellipses) samples. Membership probability assignment displayed no evidence of hurricane-
mediated dispersal across islands (inset), setting the stage for the study of parallel responses to the hurricane season.

(C and D) Genomic candidates for selection based on the Z score-normalized populations branch statistic.”’ Gray dots represent non-significant (zPBS < 4)
regions across each chromosome. (C) Blue dots and (D) gold dots represent significant outliers (zPBS > 4) unique to a single island. Red dots represent significant
outliers (zPBS > 4) that are shared between the two islands. This latter class of outliers is considered a strong candidate for event-specific selection.

(E) One candidate locus, hs6st1, displays a significant association with the length of the longest hind toe (red dot, zZGWAS > 4). Co-localization of parallel
divergence signatures across the two islands and phenotypic correlation with a hurricane-responsive phenotype® make hs6st1 a strong candidate as a target for
hurricane-mediated interisland parallel selection associated with clinging performance.

See also Figure S1 and Tables S1 and S2.

Therefore, we next searched for genomic evidence of parallel  the normalized PBS (PBSn1) (see STAR Methods). Genomic re-
selection across the two islands by calculating the population  gions in the upper 1% of empirical distributions for at least two of
branch statistic®' (PBS) at each SNP genome wide (see STAR  the three statistics (PBS, PBE, and PBSn1) on both islands were
Methods). To identify regions of the genome displaying acceler-  retained for further analysis. Only regions supported by both the
ated divergence specific to hurricane survivors on each island, zPBS analysis and the cross-statistic comparison were taken as
we Z score normalized PBS scores and independently searched  strong candidates for parallel targets of hurricane-mediated
for extreme outliers (zPBS > 4) in each surviving island popula-  selection.
tion. We then compared shared variants between islands to Three shared genomic regions on chromosomes 2 and 3 dis-
identify shared outliers (SNPs displaying zPBS > 4 in both pop- played signatures of parallel selection across both surviving
ulations). To further reduce the potential for false positives, we populations (Figures 1C and 1D). One genomic region on
corrected for median branch lengths at all other loci using the  chromosome 2 overlaps a single gene, Transportin 1 (tnpo7),
population branch excess statistic (PBE) and rescaled our focal which plays a role in bone mass regulation.”>*®> A second
branch lengths with respect to outgroup branch lengths using region on chromosome 2 contains a long noncoding RNA
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(LOC103277965) and three annotated genes (cntn3, pdzn3, and
ppp4r2), all of which have known roles in vertebrate musculo-
skeletal development. Contactin 3 (cntn3) has been identified
as atendon-selective gene in rat and human musculoskeletal tis-
sues.” Protein Phosphatase 4 Regulatory Subunit 2 (oppp4r2) af-
fects the modulation of skeletal muscle via interaction with the
survival of motor neuron (SMN) protein and is associated with
progressive loss of motor neurons and spinal muscular atro-
phy.?®% Both cntn3 and ppp4r2 have been identified as candi-
date genes for musculoskeletal physiology and race perfor-
mance in thoroughbred horses.?>?” PDZ Domain Containing
Ring Finger 3 (pdzn3) negatively regulates bone morphogenic
protein 2 (BMP2)-induced osteoblast differentiation through inhi-
bition of Wnt signaling.?® The third genomic region on chromo-
some 3 contains a single gene, heparin sulfate 6-O-
sulfotransferase 1 (hs6st1), which plays a role in vertebrate
limb bud development.?® Previous studies have shown that
experimental knockdown of this locus in chickens resulted in a
20% reduction of the developing limb bud,*® and Hs6st1-defi-
cient mice displayed reduced or missing hind limb tarsi and pha-
langes, likely resulting from slower bone growth.’’ Taken
together, these genomic candidates for parallel selection sup-
port the hypothesis that the extreme weather events targeted
genes associated with climbing, coordination, and gripping per-
formance in this arboreal species.

The hs6st1 locus is associated with rear toe morphology

We next searched for significant associations between each
candidate locus and phenotypic traits that displayed parallel hur-
ricane-induced shifts in the surviving population on each island.
We performed genome-wide association analyses for each
morphological trait displaying parallel shifts in response to the
hurricanes using a two-step linear mixed model approach imple-
mented in the GENESIS software package®' (see STAR
Methods). We fit a mixed model for each trait based on a hypoth-
esis of no SNP effect.’’ We then used a linear mixed effects
model to determine the significance of association based on
the null model. For each model, the first principal component of
genetic variation was used as a fixed effect to account for sub-
stratification of individuals based on island of origin and genetic
relatedness. Phenotypes were size-corrected by quantifying re-
sidual values using linear regression against snout-vent length
(SVL) after log transformation. Sex was modeled as an additional
random variable to account for potential effects of sexual shape
dimorphism.®® Association scores were Z score transformed,
and we identified SNPs displaying extreme associations with
each trait of interest zGWAS > 4). Among candidate regions,
we identified a single-nucleotide variant within hs6st1 that dis-
played the strongest genome-wide association with the relative
length of the longest rear toe (rear toe IV) (Figure 1E), which was
significantly shorter among surviving lizard populations on both
islands when compared with their pre-storm counterparts (5 +
standard error [SE]: —0.03 + 0.009; t159 = —3.75; p = 0.0002).°

Co-localized genomic signatures around the hs6st1
locus

To further test for signatures of selection in this region of chromo-
some 3, we analyzed 10,299 SNPs from 109 individuals using
deep coverage (mean: 182x) capture sequencing of a 2 Mb
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region surrounding the gene, which included 39 additional loci.
To identify the gene(s) within the capture region to most likely
be the focal source of the signal detected in genome-wide scans,
we assigned SNPs to genes based on genomic overlap
and searched for gene-level evidence of co-localization of PBS
and genome-wide association study (GWAS) signals (total
gene score [TGS]). We estimated a composite score for each
SNP using the harmonic mean of p values (HMP) from the three
focal tests (PBSPine Cay: I:’BSWater Cays and GWASrear toe Iength)
and quantified the proportion of individual tests for which
each SNP was within the upper 1% tail of the statistical dis-
tribution. Those SNPs reaching nominal support for at least
two of the individual component tests were identified as
support SNPs within their given gene. TGSs were then calcu-
lated as —log10(HMP)yp 5 snps % (log10(total # of support + 1)/
log10(gene length + 10)). As a result, the TGS statistic rewards
both the strength of the strongest local cluster within a gene,
the consistency of support across individual tests, and the
recurrence of support across multiple SNPs while scaling for
variation in gene size. Similarly, gene-level PBS and GWAS
scores were calculated separately to assess independent
evidence for parallelism and trait association, respectively
(Figure 2A; see STAR Methods). Genes were then ranked by
score in each category. We found that hs6st7 was the top-
ranked gene for parallelism, trait association, and TGS across
the 2 Mb region (Figure 2A) and the only gene that was ranked
within the top 5 of all three scores (Table S3).

Within hs6st1, five SNPs reached the nominal support
threshold (Figure 2B), clustering within a 3 kb region of intron 1
that contains multiple adjacent structural elements (Figure 2C).
Among these were one miniature inverted-repeat transposable
element (DR0008031), two long interspersed nuclear element-1
retrotransposons (DR0007653 and DR0007765), one hAT family
DNA transposon (DR0007704), and one GTC(n) trinucleotide
simple repetitive element. Each of these structural element clas-
ses has been shown to impact gene expression via cis-regula-
tion,***° long-range gene regulation,*® epigenetic modifica-
tion,®”*® and/or induction of alternative splicing.***° Analysis
of individual supporting SNPs within this genotype block re-
vealed significant genotype-phenotype associations for three
variants (p < 0.01; Figure 2C). Linear model comparisons esti-
mated that the candidate variants within this genotype block
collectively explained 11.58% more total trait variation than the
null model (AR%: 0.1158; bootstrap permutation [n = 1,000],
p < 0.05; Figure 2D). Taken together, these findings support
our hypothesis that hs6st1 is the focal source of the co-localized
genomic signatures of parallel divergence and trait association
identified in the genome-wide analyses.

Functional effect of hs6st1 KO on Anolis rear-foot
morphology

To test if the hs6st1 locus has direct influence on hindlimb toe
morphology, we conducted a functional validation experiment on
an ecomorphologically convergent trunk-ground*’ anole species
and the common laboratory model, the brown anole (Anolis sagrei).
Using CRISPR-Cas9 technology, we performed genetic knockout
(KO) of hs6st1 by introducing indel mutations via non-homologous
end joining.** We used microinjection of immature oocytes within
the ovaries of A. sagrei females to produce FO embryos with
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Figure 2. Finer resolution analyses of co-localized signatures of parallelism and trait association by capture sequencing
(A) Gene-level integrated evidence for parallelism supports hs6st? as the most likely driver of the local genomic signal (inset) as the top-ranked gene for

parallelism and trait association across the capture sequence region.

(B) SNP-level analyses of the hs6st1 locus identified a 3 kb genotype block within intron 1 of the gene driving the gene-level signature.

(C) Five potential regulatory features overlap this region, with 3 of the five individual candidate SNPs displaying significant associations with the relative length of
the longest rear toe. Significant genotypic effects are denoted with one (p < 0.05) or two (p < 0.01) asterisks.

(D) Together, the 3 kb genomic block explains ~11.6% more trait variation than the null model (AR? = 0.1158, p < 0.05).

See also Table S3.

CRISPR-Cas9-induced KO mutations (crispants).* Crispant em-
bryos (n = 5) were then compared with a panel of homozygous
wild-type (WT) hs6st1 stage-matched embryos (n = 50). Images
of each embryo were used to obtain SVL and linear measurements
of the hindfeet, including the length of the rear toe IV. We then
cleared and stained dissected hind limbs from each individual
and used Alcian blue 8GX and alizarin red S to stain for cartilage
and mineralized bone, respectively. Cartilage area and bone length
were quantified for each bone element of the hindlimb, and all
phenotypic variables were log10-transformed prior to being
analyzed. We found that the hs6st7 genotype had a significant ef-
fect on the length of rear toe IV (ANOVA, F 500 = 5.53, p = 0.02),
with crispants displaying reduced toe length compared with their
WT counterparts (WT mean = 0.59, KO mean = 0.56).

KOs also displayed allometric divergence in toe length, indi-
cated by a significant genotype * body size interaction (ANOVA,
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F1, 5s0.0 = 5.43, p = 0.02; Figure 3A). Smaller KO individuals dis-
played disproportionately smaller elements and greater size
dependence of toe length than WT, a pattern consistent with pre-
viously described slower bone growth rates in mouse knockdown
lines.*° Individual element analyses of rear toe IV revealed similar
allometric relationships for the cartilage area of phalanx 1 (ANOVA,
F1, 51.0=12.9, p <0.001; Figure 3B) and phalanx 2 (Fy, 51.0=17.0,
p <0.001; Figure 3C). In addition, the hs6st1 genotype had a signif-
icant effect on cartilage area for both phalanx 1 (F4, 510 = 13.8,
p <0.001) and phalanx 2 (F¢, 51,0 = 18.2, p < 0.001), with crispants
showing reduced cartilage compared with their WT counterparts
(phalanx 1: WT mean = —1.23, KO mean = —1.48; phalanx 2: WT
mean = —1.43, KO mean = —1.82). A significant reduction in length
of the metatarsal (F+4, 530 = 7.1, p = 0.01; Figure 3D), phalanx 1
(F1’ 508 = 6.8, p = 0.012; Figure 3E), and phalanx 2 (F1’ 53.0 =
6.36, p = 0.015; Figure 3F) was observed in KOs compared with
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(A-F) Targeted KO of hs6st1 in A. sagrei resulted in alterations to the scaling and size of the skeletal elements within the hindfoot. KOs showed greater size
dependence of the (A) length of the rear toe IV and of the cartilage area within the (B) first and (C) second phalanges of the toe. Analysis of individual element
lengths reveals a significant reduction in the length of the (D) metatarsal, (E) first phalanx, and the (F) second phalanx of rear toe IV (all comparisons: ANOVA,

p < 0.05).

(G) Linear mixed model analysis reveals that the hs6st7 KO genotype results in significant reductions in trait length and cartilage levels compared with the WT
individuals (all comparisons: ANOVA, p < 0.05). Scale bar denotes standard error.
(H) A single hs6st1 KO individual also displayed oligodactyly due to complete agenesis of the 15 toe. Scale bar, 1 mm.

See also Figure S2.

their WT counterparts. Additionally, a single crispant individual dis-
played complete bilateral agenesis of hind foot digit | (Figure 3H).
While the Hs6st1 locus has been previously demonstrated as
necessary for normal limb development in chicken and mouse
models,?*° our experiments show that the locus is also necessary
for distal hindlimb development in anoles. This developmental
function further supports our hypothesis that the locus has
been a target of hurricane-mediated selection associated with
clinging morphology.

Rear toe morphology contributes significantly to
clinging performance under high wind speeds
Next, we directly assessed whether rear toe length provides a
significant advantage to the clinging ability of arboreal lizards
by conducting a high-wind-speed clinging performance assay
under controlled laboratory conditions. We used a custom-fabri-
cated wind shaper (testing section: 30 x 30 cm; Tyoto Robotics,
Gatineau, QC, Canada) to generate tropical storm wind speeds
(63-118 km/h) in a controlled environment (Figure 4A). Adult
male A. sagrei (n = 63) were placed head up on the leeward
side of a smooth vertical dowel (1.27 cm diameter) 40 cm in front
of the wind source. We tested wind speed at this distance using a
Kestrel 5500 Weather Meter mounted near the vertical perching
dowel (wind speed + SE: 106.2 + 0.36 km/h; Figure 4A). Each trial
was recorded using a high-speed camera (Sony DSC-
RX100M6), and body tracking software (DeeplLabCut*®) re-
corded changes in lizard body position and clinging release
time, which was used as the metric of clinging performance for
each trial (see STAR Methods). We then used X-ray measure-
ments to identify morphological associations with variation in
clinging performance among individuals.

We found that mean hindlimb clinging time (11.18 s + 2.10) was
significantly shorter than mean forelimb clinging times (22.72 s +
2.61; Welch’s t test: p = 0.0006), with hindlimbs releasing prior to

forelimbs in 83.7% of all trials. Further, phalanx 1 of rear toe IV
was the only skeletal element with a significant main effect on indi-
vidual variation in full clinging time, with shorter relative bone
lengths associated with longer total clinging times under high-
speed wind conditions (linear mixed effects model: estimate =
—0.573, df = 30.57, p = 0.042; Figures 4C and 4D). Femur length
followed the trend predicted by hurricane-induced selection differ-
entials in the wild® but was not significantly correlated with full
clinging time (estimate: —0.369, df: 27.57, p = 0.183). Additionally,
we found significant interactions between phalanx 1, femur length,
and hindlimb extension (phalanx 1 x femur length x hindlimb
extension; estimate: 0.92, df = 117.86, p = 0.0007), as well as pha-
lanx 1, metatarsus length, and hindlimb extension (phalanx
1 x metatarsus length x hindlimb extension; estimate: —0.498,
df: 115, p = 0.005). Taken together, these results suggest that
the relative length of rear toe IV contributes directly to enhanced
clinging performance under high-speed wind conditions in the
trunk-ground anole ecomorph. Although the two species repre-
sent the same Anolis ecomorph, to test whether the phenotypic
differences between the species may impact the functional
relationship of relative fourth toe length, we directly compared
phenotypic variation across species. Phenotypes differed signifi-
cantly (ANOVA, F4, 221 = 31.9, p = 0.024; mean residual fourth
toe length, A. scriptus = —0.012, A. sagrei = 0.030), with A. sagrei
displaying seven individuals outside of the boundaries of variation
displayed by A. scriptus. However, removal of these outliers still re-
sulted in the functional relationship between toe length and
clinging duration remaining significant (see Figure S3H).

As such, the parallel shifts in rear toe IV length and associated
genomic signatures of hurricane-induced selection at the hs6st1
locus observed in wild populations of the ecomorphologically
convergent A. scriptus appear to be the product of selection
for enhanced clinging ability on vertical perches during hurricane
events (for full model results, see Table S4). Longer hindlimb
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Figure 4. Effect of hind limb morphology on clinging performance
under tropical storm wind speeds

(A) Controlled high wind-speed clinging trials were performed on A. sagrei in
the laboratory. Vertical perches were placed 40 cm from the wind source
(vertical dotted line). Scale bar denotes standard error.

(B) Body tracking software (highlighted dots) and X-ray data were used to test
the contributions of hind limb morphology to overall clinging performance.

(C and D) Linear mixed model analyses of 19 total skeletal elements and their
interactive effects show that, among hindlimb elements, only the 15! phalanx of
hind limb toe IV (5, colored in red) displays a significant contribution to indi-
vidual variation in clinging performance, with shorter relative bone lengths
associated with longer clinging times. Error bars represent + 1 SE.

See also Figure S3 and Table S4.

digits have greater surface area and would therefore create
greater wind resistance, reducing clinging stability during high
wind force events; shorter digits may therefore help mitigate
this effect. Consequently, natural variation in digit length and
relative element proportions of the toe may provide a valuable
substrate for selection to act upon, enabling rapid evolutionary
changes in clinging performance under acute high wind condi-
tions. These results align with prior studies showing increased
grip strength in other anole species following hurricanes'® as
well as a broader evolutionary trend linking shorter toe lengths
to greater clinging ability on rough surfaces among 68 lizard spe-
cies across 13 squamate families.**

Conclusions

Catastrophic weather events are predicted to increase in both
frequency and magnitude in the coming decades, '®'” imposing
selective pressures on wild populations globally. However, the
role of such events in shaping evolutionary trajectories in nature
has been long debated.***® Unraveling the links between natural
selection, ecologically relevant performance, morphology, and
genetic variation in the wild is critical for understanding the last-
ing biological impacts of such events but can be exceedingly
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difficult to accomplish in field studies. This study demonstrates
how extreme weather events can simultaneously alter functional
performance, morphological variation, and the genetic underpin-
nings thereof to produce rapid adaptive responses in the wild.
Further, this work demonstrates that genetically distinct popula-
tions that endure similar extreme weather events can display
rapid parallel responses in complex traits that can be quantified
across multiple levels of biological hierarchy. These results have
implications for population persistence and conservation man-
agement in regions that are increasingly faced with such events,
particularly those harboring vulnerable island endemic species
with limited geographic distributions.
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REAGENT or RESOURCE SOURCE IDENTIFIER

Anolis carolinensis reference genome Broad Institute https://www.ncbi.nIm.nih.gov/datasets/
(AnoCar2.0) genome/GCF_000090745.1/

Anolis carolinensis reference genome Louisiana State University https://www.ncbi.nim.nih.gov/datasets/
(rAnoCar3.1.pri) genome/GCF_035594765.1/

Anolis sagrei reference genome Rutgers University https://www.ncbi.nim.nih.gov/datasets/
(AnoSag2.1) genome/GCF_025583915.1/

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

Lizard measurements and tissues were collected as outlined in Donihue et al.® Briefly, the initial survey and tissue collection of Anolis
scriptus on Pine Cay and Water Cay (Turks and Caicos) occurred from August 28, 2017 to September 4, 2017. Hurricanes Irma and
Maria hit Turks and Caicos on September 8 and September 22, 2017, respectively. The post-hurricane data and tissue collections
occurred from October 16, 2018 to October 20, 2018. Lizard populations were sampled across a ~2-km long transect. Lizards were
captured by noose and pole. A total of 159 A. scriptus individuals were collected and used for this study, corresponding to 92 males
(pre-storm; Pine Cay = 10, Water Cay = 11, post-storm; Pine Cay = 33, Water Cay = 38) and 67 females (pre-storm; Pine Cay = 6,
Water Cay = 8, post-storm; Pine Cay = 29, Water Cay = 24). During each survey, digital calipers (Mitutoyo 500-752) were used to
measure morphological variables (snout-to-vent length, and length of the humerus, radius, metacarpal, longest forelimb toe, femur,
tibia, metatarsal and longest hindlimb toe) for each lizard, which were subsequently released at their point of initial capture unharmed.
All collection procedures were approved by Harvard IACUC (26-11).

Additionally, we collected 62 adult male Anolis sagrei from Miami, Florida from August 710", 2023 to support the high wind
clinging performance analyses. Lizards were transported back to Princeton University and singly housed and fed crickets and meal-
worms three times a week, while water was provided ad libitum. Performance experiments were conducted from October 17—
October 20", 2023. Lizards were placed with their head oriented upwards on a 1.27 cm diameter wooden dowel positioned
40cm from the wind source which generated mean wind speeds of 106.2 km/hr. Soft padding was provided to ensure the safety
of the individual after falling off the perch. Each individual was tested three times in quick succession to ensure maximum perfor-
mance was reached. All experimental procedures were approved by Princeton IACUC (#3119).

METHOD DETAILS

RADseq DNA extraction, preparation, sequencing, and quality filtering

Genomic DNA was extracted from all Anolis scriptus tissue samples using the DNeasy® Blood & Tissue Kit (Qiagen) and quantified
using a Qubit fluorometer (Life Technologies). RAD-seq libraries were prepared and sequenced by Floragenex, Inc. (Portland Oregon,
USA) using a protocol adapted from Baird et al.?® and Etter et al.°" An average of 280ng of genomic DNA per sample was digested
with Sbfl-HF (NEB) for 60 min at 37°C in a 15uL reaction, followed by heat inactivation for 20 min at 80°C. Custom P1 adapters
comprising 10bp barcodes were ligated to each sample using T4 DNA Ligase (Enzymatics, Inc) at room temperature for 20 min,
following by heat inactivation for 20 min at 65°C. Samples were then pooled, sheared with a Bioruptor (Diagenode), purified and
concentrated with a MinElute Reaction Cleanup Kit (Qiagen). DNA fragments holding inserts in the 150-750bp range were isolated
from a 1.5% agarose, 0.5x TBE gel using a MinElute Gel Extraction Kit (Qiagen) and polished with an End Repair/dA-Tailing module
(NEB). After subsequent purification, custom P2 Y-adapters were ligated to the DNA fragments at room temperature. The ligated
product was purified and quantified using a Qubit Fluorometer with the dsDNA HS assay kit (Invitrogen/Thermo Fisher). Libraries
were amplified for 18 cycles and amplification reactions were pooled. Each library was cleaned and concentrated with a PCR Puri-
fication Kit (Qiagen), and size selected as previously described. The final libraries were quantified on an Agilent Bioanalyzer and
sequenced 2x100bp on an lllumina HighSeqg-4000.

Sequencing data for each library were analyzed separately using Stacks v2.5.*” Raw reads were processed and demultiplexed
using the Process_rapTaGs program. RAD loci were assembled de novo using the denovo_map.pl script. The mismatch parameters
M and n were set to 5. We identified and removed PCR duplicates (—-rm-pcr-duplicates) and selected only loci present in over half
the samples in the library (using the flag -X ‘gstacks: —dbg-min-loc-spls’). The final loci and variant sites were exported in VCF format
using the popuLATIONS program, keeping variants genotyped in at least 80% of samples (—r 0.8). RAD libraries using the Stacks v.2.5
pipeline.*” We identified and removed PCR duplicates (-rm-pcr-duplicates) and selected only loci present in a majority of samples
(flag -X “gstacks: —dbg-min-loc-spls” was set to half the number of samples in each library). Assembled RAD loci (contig length
~600bp) were mapped to the reference A. carolinensis genome (AnoCar2.0, retrieved from Ensembl) using Minimap2 v2.17%
with default nanopore (‘map-ont’) parameters, retaining alignments with qualities greater than 20. These alignments were then fed
to STACKS’s “integrate alignments” module to convert the de novo SNP generated above to A. carolinensis coordinates. Finally,
the populations program was used to export variants genotyped in at least 50% of samples (-r 0.5) in VCF format.
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Capture array preparation, sequencing, and quality filtering

We designed a custom capture array (myBaits® Custom Hybridization Capture Kits from Arbor Daicel) targeting a ~2 Mb region on
Anolis carolinensis chromosome 3 (rAnoCar3.1; Chromosome 3: 235,882,675 - 237,942,595), centered on the hs6st1 gene with ~1
Mb flanking sequence on each side. Baits were designed by Arbor Biosciences using 80nt probes at ~2x tiling density, yielding
61,727 initial candidate baits. Using the Basic Local Alignment Search Tool (BLAST), candidates were filtered against both versions
of the reference genome (AnoCar3.1 and AnoCar2.0) to remove probes matching over-represented loci or the mitochondrial genome.
This resulted in ~20,000 baits passing the filtering criteria. A subset of 109 individuals from the RADseq dataset were selected for
capture sequencing using the "Standard capture protocol" as described in their myBaits_Manual_v5.03.pdf. Individuals were chosen
due to having sufficient amounts of DNA remaining after RADseq. Libraries were pooled and subject to in-solution hybridization cap-
ture following the Arbor Biosciences myBaits protocol. Briefly, denatured libraries were hybridized with the baits. The resulting bait-
target hybrids were captured with streptavidin-coated magnetic beads, removing off-target DNA. Libraries were then on an lllumina
NovaSeq X Plus, generating 150bp paired-end reads across the capture region.

Raw paired-end reads were processed using the core snpArcher v1.0 workflow.*® Briefly, the raw reads were trimmed of adapter
sequences using fastp®® and aligned to the Anolis carolinensis reference genome (rAnoCar3.1.pri, GCA_035594765.1) using bwa-
mem.®' We called variants using GATK,>? using snpArcher’s default settings. Variants were also filtered with snpArcher using default
filtering settings. This resulting VCF file was manually filtered using vcftools®® v0.1.17 to retain variants with a minimum depth of 8x
coverage, a minor allele frequency that was greater than 0.05, and that contained no more than 75% missing data. These filtering
statistics were chosen because they recapitulate the patterns of population divergence observed in the RADseq data the best out
of several manually selected filtering schemes. This filtering reduced our snpArcher-generated VCF from 104,967 SNPs to 10,299
SNPs after filtering.

Targeted mutagenesis of hs6st1

CRISPR-based gene-editing was performed on wild-caught A. sagrei females collected from Orlando, FL. All gene-editing experi-
ments followed the National Research Council’s Guide for the Care and Use of Laboratory Animals and were performed with the
approval and oversight of the University of Georgia Institutional Animal Care and Use Committee (A2022 06-034-Y3-A9). Anolis
gene-editing was carried out as previously reported.* In brief, potential Cas9 gRNA target sites in hs6st1 were identified by retrieving
hs6st1 exon 1 sequence from the AnoSag2.1 genome reference and were chosen using CRISPOR 4.4,°%%? selecting targets with
CFD specificity scores of 95% or greater. Two hs6st7 gRNA targets sites were selected: 5’-GGCGCACGTTCTGGACCAGG-3’
and 5’-TCGAGGTGCCCTGCGACTGC-3’ (Figure S2A). 10 uM hs6st1 Cas9 RNP was produced by mixing SpCas9 2NLS with a
1:1 mixture of the two hs6st1 sgRNAs (Synthego Corp, Menlo Park, CA) in 10 mM Tris-HCI, pH 7.4. Prior to gene editing surgeries,
the ability of the hs6st7 Cas9 RNP to cut hs6st1 exon 1 was tested by mixing the Cas9 RNP with an hs6st7 PCR product than spans
the target site (PCR primers: hs6st1-F1 5’-ACCCGCACTACGTCAAGAAG-3’ and hs6st1-R1 5-CACGCAGTTGGTGAGCTCG-3’); the
presence of DNA cleavage products was then confirmed by agarose gel electrophoresis. Oocytes of 55 adult females were injected
with hs6st1 Cas9 RNP, and the resulting eggs were collected and incubated at 29°C. After 25 days of incubation, eggs were opened,
and late-stage embryos were isolated and fixed for 48 hrs in 10% buffered formalin. Embryos were screened for mutations by
isolating genomic DNA from tail clips and performing Sanger sequencing of hs6st1 PCR amplicons. Geneious Prime®” was used
to visualize chromatograms for each individual, while DECODR®® was used to analyze mutations, though high mosaicism in two in-
dividuals precluded reliable deconvolution. Sanger sequencing revealed open reading frame disrupting mutations in 5 of 55 embryos
(Figure S2B). Due to the presence of complex, mosaic genotypes, additional Oxford Nanopore sequencing was conducted on two
mutants. Nanopore reads were analyzed using CRISPRLungo®® and results were verified manually with Geneious Prime. No evi-
dence of wild-type alleles was detected in four of the five mutants, while one individual (hs6st1-Al 11) displayed 6.85% wild-type
alleles in the first exon of hs6st1.

External morphology was measured for hs6st1 knockout (N = 5) and wild-type anoles (N = 50) from dorsal images captured using
an Olympus SZX7 stereoscope and an Imaging Source DFK 37BUX250 microscope camera. On each image, snout-vent length (SVL)
was measured from the tip of the snout to immediately posterior to the hindlimbs. Femur length was measured from the hindlimb
insertion to the femorotibial joint. Tibia length was measured from the femorotibial joint to the talocrural joint. Metatarsus length
was measured from the proximal end of the metatarsus to the base of the fourth toe of the hindfoot. Toe length was measured
from the base of the fourth toe to the toe tip, excluding the claw. Measurements were extracted using Fiji V2.14°® and each measure-
ment was taken three times, and the average was used for downstream analyses. For bilateral phenotypes, the left and right sides
were measured separately and retained for further analysis. Limb measurements were logo-transformed prior to analyses.

After taking measurements from whole specimens, left and right hindlimbs were removed using dissection scissors (Fine Science
Tools). Skin was removed from each limb using Dumont #5 forceps. Cartilage and mineralized bone was stained and remaining tissue
was cleared following the protocol of Griffing et al.®® Briefly, cartilage was stained with Alcian Blue 8 GX, excess tissue is digested
using a 1% trypsin solution, mineralized bone was stained with Alizarin Red S, and tissue was cleared using 0.5% potassium hydrox-
ide (KOH) and glycerol.?*%> We visualized and photographed all specimens using an Olympus SZX7 stereoscope and an Imaging
Source DFK 37BUX250 microscope camera.

All individuals displayed low levels of overall bone ossification throughout their skeleton. For this reason, we did not include any
measurements of ossified bone in our final analyses for concerns of measurement accuracy. For each individual, bone length and
cartilage area were measured for the tibia, fibula, metatarsal, first phalanx of the fourth hind toe, and second phalanx of the fourth
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hind toe. The length of each long bone was measured from the distal to proximal ends, while cartilage area was measured by iden-
tifying and extracting the region where Alcian Blue 8 GX staining was visibly present. Cartilage in the distal and proximal epiphyses
were summed to calculate a total cartilage area per bone. Each measurement was taken three times for each bone using Fiji V2.4°°
and averaged. Because the left and right sides were retained, we included individual as a random effect in our linear mixed effect
models to account for the non-independence of repeated measurements.

High wind clinging experiment and analyses

We collected 62 adult male Anolis sagrei from Miami, Florida from August 7' — 10", 2023 and transported them back Princeton Uni-
versity. The lizards were singly housed and fed crickets and mealworms three times a week, while water was provided ad libitum.
Clinging ability of each lizard under tropical storm wind speeds was estimated using a custom-fabricated Windshaper (testing sec-
tion: 30cm x 30 cm, Tyoto Robotics, Gatineau, QC, Canada) to generate tropical storm wind speeds approximating the upper limit of
tropical storm classification (63 - 118 km/h) under controlled laboratory conditions. Lizards were placed on a 1.27 cm diameter
wooden dowel 40cm from the wind source with their head oriented upward. Wind speed was steadily increased over a 10 second
interval to reach the maximum wind speeds possible. This gave the animal enough time to hold on to the perch while reducing the
chance of it jumping off the perch and escaping before testing. We tested performance three times in succession and retained all
trials for further analysis. Performance experiments were conducted from October 17" - October 20™, 2023. Each trial was recorded
at 120 frames per second using a Sony DSC-RX100M6 digital camera. All experimental procedures were approved by Princeton
IACUC (3119).

We took x-ray images from all individuals in the study to identify morphological correlates to performance. Third metacarpal,
radius, ulna, humerus, femur, tibia, fibula, fourth metatarsal, first and second phalanx lengths of the fourth rear toe, and pectoral girdle
width, pelvic girdle width, and snout-vent length were obtained from the X-ray images. Measurements were taken using Fiji V2.4.°®
Each measure was taken three times and averaged. Left and right sides were averaged for further analyses, while right side measure-
ments were retained for specific lines of investigation. All imb bones were standardized to body size by creating logo —log+o regres-
sions of each measure to SVL. Residuals were used for downstream analyses.

QUANTIFICATION AND STATISTICAL ANALYSIS

Analyses of genomic data

To quantify patterns of hurricane-induced migration between islands before and/or after the focal hurricane season, we conducted a
discriminant analysis of principal components with the adegenet package®® in R.°° To identify the number of clusters best fit to the
data, we first used the find.clusters() function to estimate the cumulative variance explained as a function of the number of principal
components retained in the analysis. No discernable plateau in cumulative variance was observed across the first 150 PCs
(Figure S1B, so all were retained for downstream analyses. Bayesian information criterion was then used to assess the fit of each
of 40 models (number of clusters: 1-40) and the model with the lowest BIC value (humber of clusters = 2) was used as the best fit
model for the data (Figure S1A). To test for evidence of demographic impacts on the island populations resulting from the extreme
hurricane season. Surprisingly, we detected no significant signal of demographic impact on either population. Post-storm popula-
tions did not display a significant excess of rare genetic variants (estimated by Tajima’s D) as expected from a population bottleneck
event (multiple linear model; Year: Pr >|t| = 0.7389; Site: Pr >|t| = 0.0831; Site*Year: Pr >|t| = 0.0829), suggesting that lizard mortality
was not significant enough to result in a severe population decline (Figure S1C).

To identify regions of the Anolis scriptus genome displaying parallel signatures of selection across Pine Cay and Water Cay, we
utilized the population branch statistic®' to quantify polarized genomic divergence for the surviving populations on each island.
We selected autosomal genotypes in PLINK®® (v1.90b.3.45) and utilized VCFtools®® (v0.1.14) to select genotypes with Depth
(DP) > 8, genotype quality (GQ) > 20), biallelic SNPs with <20% missing data. To test for signatures of selection specific to post-hur-
ricane survivors, calculated the population branch statistic (PBS) at single SNP resolution following Yi et al.?" Briefly, we calculated
Weir and Cocheran’s st between all population pairs using VCFtools.>® We then performed a Cavalli-Sforza transformation of Fsr
values.”' Transformed values were then used to calculate the three branch PBS?" for each island using the surviving population as the
focal group, the pre-storm population on the same island as the sister group and the pre-storm population from the alternative island
as the outgroup. We then set negative values to 0, z-score normalized PBS values and calculated cumulative distribution functions to
calculate p-value with pnorm function in R. Threshold cutoff of zscore > 4 was utilized in identifying outlier SNPs, representing
genomic regions displaying elevated differentiation specific to the surviving populations on each island. We identified a total of
1622 outlier SNPs between the two islands. Of those, 1158 SNPs are present on both islands. 74 of those SNPs were shared outliers
between the two islands, 36 of which overlap genes. Those 36 SNPs overlap 5 genes: cntn3 (2 SNPs), hs6st1 (20 SNPs), pdzrn3
(3 SNPs), ppp4r2 (8 SNPs), and tnpo1 (3 SNPs) (see Table S1).

Additionally, to account for drift beyond the standard 3-branch PBS, we utilized the related statistical approaches of population
branch excess (PBE),°” which further accounts for genome-wide drift by rescaling branch lengths with respect to all loci in the
genome, and normalized population branch statistic (PBSn1),88 which rescales the branch lengths of the focal population with
respect to the outgroup branch lengths. Simulation studies have shown that, under some demographic scenarios, PBE and
PBSn1 can outperform PBS at detecting site-specific selection.®® We have found that the three statistics are highly correlated
with each other on both islands (Figures S1D and S1E). Therefore, we searched for genomic regions that overlapped at the upper
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1% of the empirical distributions for at least two of the three statistics (PBS, PBE, PBSn1; See Table S2). Only regions supported by
both the zPBS outlier analysis and the cross-statistic comparison were taken as the strongest candidates for hurricane-induced par-
allel selection.

To calculated associations between candidate regions and each phenotype that shifted in in parallel across both islands after the
hurricane season, we conducted genotype association tests using a logistic linear mixed effects model (binomial family) implemented
with the functions fitNullModel and assocTestSingle in the R package GENESIS,*' using a 500bp windows. To account for demo-
graphic structure across islands, we incorporated a genetic relatedness matrix and island as covariates. We identified outlier
SNPs as the smallest 1% of the distribution of P-values for the association test and identified outlier genes as those containing at
least one outlier SNP. From each analysis we extracted the chromosomal region associated with our a priori defined candidate re-
gions to identify SNPs therein displaying significant associations each phenotype (p < 0.05).

Integration of selection and trait association

To identify variants associated with both adaptive divergence and trait variation, we integrated evidence from Pine Cay PBE tests,
Water Cay PBE tests and genome-wide association tests (GWAS) for the length of the longest rear toe. For each SNP, the three
P-values were combined using the harmonic mean P-value (HMP) method, which is robust to heterogeneous evidence across mul-
tiple tests and reduces the influence of a single extreme P-value. The combined probability for each SNP was calculated as:

k

Pcombined =

M=

1
1P

i

where kis the number of statistical tests combined and p;are the individual P-values from the PBE and GWAS analyses. A SNP-level
combined score was then defined as:

combined score = — 109 10(Pcombined )-

To quantify the consistency of evidence across statistical tests, we calculated a support metric representing the proportion of tests
for which the SNP showed significant association.
For each SNP:

number of tests with p <0.01

rn =
suppo number of tests evaluated

A SNP-level local score was then defined as
local score = ( — 10g 10(Pcombined)) % SUpPpOTrt.

This metric prioritizes SNPs showing both strong statistical support and consistent evidence across multiple analyses. Gene an-
notations were obtained from the A. carolinensis genome annotation (rAnoCar3.1) and SNPs were assigned to genes if their genomic
position fell between the annotated gene start and end coordinates. For each gene, all SNPs located within the gene interval were
identified and used to calculate gene-level summary statistics.

Gene-level evidence for trait-associated selection was summarized using the SNP-level local scores of all variants within each
gene. For each gene we calculated the number of SNPs located within the gene the number of supported SNPs (SNPs with support
> 2/3) and the mean of the three highest SNP-level local scores The primary gene-level statistic was defined as

gene score = mean of top 3 SNP local scores x 10g 10 (Nsupportedsnes + 1)-

This approach emphasizes genes containing multiple SNPs with strong and consistent statistical support while reducing the influ-
ence of isolated outlier variants. The raw gene score statistic for each gene was then scaled by the gene length:

S(Iength-scaled) — %
gene log 10(Lg+C)’

where ¢ = 10is a small offset to stabilize scaling.

Each scoring method was applied separately to PBS-only signal (parallelism), GWAS-only signal (association) and Total integrated
signal (co-localization of parallelism and association). Genes were then ranked according to their gene scores in each category (See
Table S3). Candidate genes were defined as those displaying consistent high rankings (top 5) across all three statistics. Within candi-
date genes, supporting SNPs (as defined above) were further evaluated based on their genomic location relative to gene features to
assess potential functional relevance.

hs6st1 CRISPR knockout symmetry analysis

To assess whether the hs6st1 genotype influenced bilateral symmetry in our phenotypes, we quantified asymmetry for each trait as
the difference between the right and left values (right side - left side). Modeling each asymmetry index using linear mixed models, we
found that the KO genotype had a greater degree of asymmetry for the second phalanx of the fourth hind toe (p = 0.002) compared to
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wild-type individuals. Interestingly, wild-types displayed greater degrees of asymmetry of the metatarsal cartilage area (p = 0.036)
compared to the KO genotype. To determine whether the genotype effect on second phalanx length was consistent across both
sides of the animal, we reran the linear mixed effect model on the left and right sides independently. We found that the genotype effect
was driven primarily by the left side, where wild-type individuals had significantly longer second phalanges than KO individuals
(p = 0.002), while the right side showed no significant genotype effect (p = 0.16), indicating that the two sides contribute unequally
to the overall genotype difference observed in the repeated measures analysis.

High wind clinging analyses

Each performance trial was digitized using DeepLabCut.”” Two models were created, one to track the lizard, and one to extract the
position of the perch. The lizard tracking model was trained using 588 frames from 66 videos. The model was trained to track the
position of the snout, eye, hand, elbow, shoulder, hip, knee, foot, fourth toe, tail base, and tail tip. Due to camera positioning, we
only digitized the right side of each animal. Upon annotation of the training dataset, the model was trained through 100,000 iterations.
To obtain the position of the perch, a model was trained using 117 frames from 6 videos through 50,000 iterations. This model was
trained to extract the top and bottom of the perch. These models were used to extract lizard and perch position data from every frame
of 189 videos. For each video, x and y coordinates and a likelihood score were generated for each tracked point and used for further
analyses (supplemental information). For the lizard tracking model, a filtered csv file was used for further analysis, which applies a
tracking probability cutoff to enhance model performance.*®

All subsequent analyses were conducted in R.°® We set a new coordinate system with origins along the perch axis to calculate the
exact frame in which the lizard lost its grip on the perch. The positions of the top and bottom of the perch in each video were extracted
and used for further analysis. Release times of the right forelimb and hindlimb were calculated based on when the forefoot or hindfoot
passed the threshold of the perch. Each video was manually trimmed to begin at trial onset and end when the lizard exits the frame.
The full release time, when the lizard falls completely off the perch, was calculated by removing 10 frames from each video, reflecting
the time it took for lizards to exit the frame after releasing from the perch. Release time was calculated in seconds and used as the
metric for clinging success. Elbow and knee angles were also calculated by defining a vector from the proximal to the distal position
of each limb segment. We calculated the change in elbow and knee angles from the start of the trial to forelimb or hindlimb release,
respectively. This was done by taking the mean joint angle across 10 frames for the start of the trial and subtracting it from the mean of
10 frames right before limb release. We used these measures for downstream analyses.

To investigate the relative contribution of skeletal morphology and positioning to overall clinging performance under high wind
speed conditions, we used linear mixed effects models. We first built a full model consisting of the change in elbow and knee angles,
size-standardized limb bone lengths, and all biologically relevant interactions to predict full release time. All variables (change in
elbow and knee angles, size-standardized limb bone lengths, and full release time) were scaled to have a mean of 0 and 1 standard
deviation before being incorporated into the model. Additional models were built whereby we iteratively removed fixed effects and
compared it to the full model using likelihood ratio tests. All models contained random effects of individual and trial to account for the
effects of successive performance measurements.

Our analyses revealed that, in the high wind speed trials, the forelimbs of the anoles were able to maintain their grip on the perch
significantly longer than the hindlimbs (See main text for statistical details). To understand how variation in limb-specific clinging
duration impacts overall release time, we fit a mixed linear model consisting of forelimb clinging duration, hindlimb clinging duration,
and their interaction to overall clinging duration. All clinging durations were scaled to mean 0 and 1 standard deviation before being
incorporated into the model. This model, along with all models described below, contained random effects of ID and Trial to account
for the effects of successive measures from the same individual. We found that forelimb clinging time positively affects overall
clinging ability (Estimate: 0.777, df = 179.05, p < 0.0001; Figure S3F), with neither the hindlimb or the interaction playing a significant
role (p > 0.05). However, hindlimb release time was also a significant predictor of forelimb release time (Estimate: 0.773, df = 178.39,
p < 0.0001; Figure S3G), suggesting that early hindlimb release imposes greater stress on the forelimbs during extended clinging.
This is likely due to the two-fold stress of reduced surface area making direct contact with the substrate and the increase in supported
mass added by the unattached hindlimbs. Therefore, favorable variation would be such that it increases hindlimb clinging duration,
thereby improving forelimb clinging ability, and ultimately contributing to greater overall clinging performance.

To assess the importance of body morphology and kinematics on forelimb clinging duration, we fit another linear mixed model to all
size-standardized forelimb bone residuals (third metacarpal, radius, ulna, and humerus lengths), kinematics (change in elbow angle
during the trial), and biologically-relevant interactions to forelimb clinging duration. Due to the camera position, we could only track
the right side of the animal, so we only used the right morphological traits to fit this model. All variables (limb bone residuals, forelimb
kinematics, and forelimb clinging duration) were scaled to mean 0 and standard deviation 1 before incorporation into the model.

We found that the change in elbow angle was a significant positive contributor to forelimb clinging time (Estimate: 2.17, df = 151.87,
p = 0.023). Forelimb kinematics were also at the center of further higher order interactions with forelimb morphology, including in-
teractions between the change in elbow angle and radius length (Estimate: -0.371, df = 154.85, p = 0.0301), change in elbow angle,
ulna, and radius length (Estimate: -0.167, df = 145.68, p = 0.041), and change in elbow angle, humerus, ulna, and radius length (Es-
timate: 0.155, df = 140.21, p = 0.0448). Taken together, it seems that both the variation in forelimb kinematics and the relative ratios of
the forelimb skeletal elements drive forelimb clinging time variation.

Analyses of the determinants of hindlimb clinging performance reveal that both kinematic (change in knee angle during the trial) and
morphological variables influence hindlimb clinging ability. Hindlimb kinematics was a significant negative contributor to hindlimb
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clinging time (Estimate: -0.214, df = 155.98, p = 0.0105), while the length of the first phalanx contributes positively (Estimate: 0.287,
df =153.98, p =0.0087). Significant interaction effects between morphological variables also shape hindlimb clinging ability, including
a negative interactive effect of the first and second phalanges (Estimate: -0.184, df = 154.34, p = 0.039), and a positive interactive
effect of tibia and fibula lengths (Estimate: 0.313, df = 154.0, p = 0.009).

To identify the morphological correlates to forelimb kinematics, we fit a linear mixed model containing all scaled, size-standardized
forelimb bone residuals to the change in elbow angle during the trial. We found that the metacarpal length contributes positively to the
change in elbow angle during high wind speed conditions (Estimate: 0.158, df = 169.0, p = 0.043). Fitting a linear mixed model as
described above, we found that the tibia is also a positive contributor to the change in knee angle during hurricane conditions (Es-
timate: 0.201, df = 55.28, p = 0.024).

In summary, our results demonstrate that overall clinging ability in high wind conditions is primarily driven by forelimb performance,
which itself is influenced by forelimb kinematics and morphology. While forelimb clinging time has the strongest direct effect on over-
all performance, hindlimb clinging time indirectly contributes by potentially influencing forelimb strain. We also show that skeletal
traits contribute to limb kinematic variation during high wind speed conditions. Taken together, these results suggest that an inte-
grated suite of morphological and kinematic traits acting both at the limb level and across the whole organism form the basis for per-
formance under extreme environmental stress.

Comparison of A. sagrei and A. scriptus

To ensure that species-specific differences in fourth toe morphology between Anolis scriptus and A. sagrei didn’t bias the results of
our high wind speed performance experiments, we evaluated the extent of morphological overlap between the two species. First, we
calculated residual fourth toe length by creating log10 - log10 regressions against body size (SVL), combining both species into the
same model. This approach allowed us to compare relative toe lengths across species independent of body size. We then examined
the distribution of residual toe lengths across our two species (Figure S3H). We identified 7 A. sagrei individuals that fell outside of the
range of the pre-storm A. scriptus populations, representing ~11% of our total A. sagrei sample size, with 6 individuals having resid-
ual fourth toe lengths greater than this range and a single individual possessing a smaller relative trait value. Because these individ-
uals represent morphology not present in our A. scriptus sample at the time of selection, we conducted an analysis to test if the exclu-
sion of those individuals altered the functional relationship between toe morphology and clinging performance. We repeated the
linear mixed model analysis relating fourth toe length to clinging performance in A. sagrei on the data set that only contained individ-
uals that had overlapping fourth toe residuals with the A. scriptus. When doing so, we found that the first phalanx of the fourth hind toe
still remains significant, with the estimate remaining consistent with the inclusive model (Overlapping Model: N = 56, Estimate =
-0.545, df = 28.1, p = 0.045; Full Model: N = 63, Estimate = -0.573, df = 30.1, p = 0.042; See main text for statistical details regarding
the linear mixed effects models). Together, these results indicate that our functional analysis is robust to the exclusion of individuals
that lie beyond the variation present at the time of selection.
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