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Introduction Hypotheses
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examining its relationship with island size, isolation, age,
and competition. Our findings Integrate IBT with trait

fragmented landscapes.

Figure 1. Hypotheses and predicted outcomes regarding the relationship between venom complexity and island (A) area, (B) distance to
| _ o | | mainland (i.e., degree of isolation), (C) age, and (D) number of sympatric congenerics (i.e., other rattlesnake species found on the island).
evolution to predict biodiversity loss Impacts across Islands are drawn to scale. X-axis values represent true values. Y-axis values represent simulated values consistent with each hypothesis.

Materials & Methods Venom Complexity Predicted by Competition, Island Area, and Island Isolation

Data collection and processing: We sampled venom from 83 individuals across four A B C

rattlesnake species (Crotalus mitchellii, C. ruber, C. enyo, and C. pyrrhus sensu lato) on 11 1001 adj-R? = 0.19 1007 ﬂ AOH  4gix=0.10 1-°°'i A adiri=0.25
p-value < 0.001 A p-value < 0.001

Islands. Venom was analyzed using reversed-phase high-performance liquid
chromatography (RP-HPLC). Protein peak abundance was estimated as the area under
each peak relative to the total area of all peaks. Venom complexity was quantified using the
Shannon Diversity Index?(H).
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Statistical analyses: Using a mixed effects multiple linear regression accounting for spatial
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autocorrelation by individual species, we determined whether island area, isolation, age, and 0
number of competitors best explained relative venom complexity across all four species. To
validate the biological significance of the observed complexity patterns, we determined
which of the same factors best predicted multivariate venom expression variation using D
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conditional redundancy analysis (RDA).
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Figure 3. (A—C) Relationships between venom complexity and the significant factors identified via our MMLR.
(D-F) Heatmaps showing the relationship between venom complexity (tile color) and pairs of significant
predictors (x- and y-axes).
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_ Explanatory Variable F p-value  adj-R?
.,\8.. Age Area Distance  Cong. SVL AAICc Marginal Model 0.26
OO '
B C. pyrrhus® NA AH008Y SHHES.  SEEER: INZ D Congenerics 1557  0.001  0.15
& © mitchelli NA -0.0003  NA -0.1605 NA  0.96 Snake size 1243  0.001  0.11
A C. mitchellii NA NA -0.0113  -0.1815 NA 1.11 Conditioned Individual Variab]
@ C. enyo NA NA -0.0111  -0.1697 -0.0023 1.97 °;n;:(‘;";ze" vidual Yariables 263 0001 0.06
@ C. ruber NA -0.0003 -0.0104 -0.1452 -0.0010 2.23 Island area 7'43 0'001 0.06
N 0.0173  -0.0003 -0.0104  -0.1604 NA 2.24 , ' ' '
NA NA NA 01995 NA 5 63 Island distance 1.71 0.168 0.01
0 50 100 km ' ' Island age 0.15 0.946 0.00
. Congenerics 13.44  0.001 0.11
Table 1: MMLR model selection results for venom Full model 8.32 0.001 0.31
complexity. B coefficient values for island age, area, .
_ _ i f | . 1 9 <land f " 1 islands al " isoIaFt)ion tillu[ranber of congenerics (Cong.) agd snake Table 2: Results of the conditional RDA across all
Flgure 2 Sa.mplng_ of 83 ratt esnakes co ecte. across 11 Is ands. Le_t map shows all islands along the _ , ) species with venom expression as the multivariate
Baja California Peninsula, and right maps show insets of two regions with high island density. size (SVL) and AAICc.

response variable.

Conclusions

References & Funding

« Venom complexity follows IBT predictions for isolation but contradicts expectations for island area,
decreasing instead of increasing.

« Competition, more than island area, was the primary driver of venom evolution, suggesting that increased
putative competition on larger islands leads to niche partitioning and specialization.

* Island age did not significantly predict venom complexity, highlighting the potential for rapid functional
adaptation.

* Preserving functional trait diversity for conservation requires strategies that balance maintaining habitat
connectivity while considering the effects of increased habitat area on competition and niche partitioning.
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