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Materials and Methods

Population genetic analyses

Haplotypic diversity (4; Nei 1987) was calculated based on mitochondrial DNA
(mtDNA) control region (CR) sequences. Levels of genetic divergence between samples
were calculated with the fixation index ¢, (Excoffier et al. 1992) using the Kimura 2-
parameter (K2P) genetic distance with a gamma value of 0.5 (empirically-determined for
CR sequences only; Beheregaray et al. 2004). Significance of ¢y for all possible pairwise
population comparisons was assessed using 2,000 permutations. Tests for significant
geographic structure among populations on Santa Cruz were conducted using analysis of
molecular variance. All of the above analyses were executed in ARLEQUIN (Schneider
et al. 2000). MtDNA sequence alignments (CR, 12S, 16S, cyt b) for the three Santa Cruz
lineages were further employed to identify diagnostic nucleotide sites by means of
population aggregation analysis (Davis & Nixon 1992). The presence of characters fixed

and different between populations was used as evidence to diagnose distinct units. A



mtDNA CR haplotype tree was reconstructed for the population level sampling using
PAUP*4.0b10 (Swofford 2002) under maximum parsimony and employing a heuristic
search with 1,000 random addition replicates and TBR branch swapping.

Genotypic diversity within populations was calculated as the mean number of
alleles per locus, observed and expected heterozygosity at nine microsatellite loci using
GENEPOP (Raymond & Rousset 1995). Levels of nuclear DNA differentiation among
populations were estimated by: 1) pairwise population comparisons of the fixation index
using the estimator © (Weir & Cockerham 1984) as calculated in ARELQUIN
(Schneider et al. 2000); and 2) assignment tests of individual tortoises based on a
Bayesian method (Rannala & Mountain 1997) implemented in GENECLASS (Cornuet et
al. 1999). Assignments were conducted using a simulation procedure with 10,000
randomly generated genotypes. Tortoises with a likelihood < 5% of belonging to their
sampled population were not assigned to that locality.

Type I error rates for analyses involving multiple simultaneous comparisons were

corrected using the sequential Bonferroni procedure (Rice 1989).

Phylogenetic analyses

Consensus DNA sequences for 26 operational taxonomic units including extinct and all
extant G. nigra lineages, and three outgroups were aligned in Clustal X (Thompson et al.
1997) employing default settings for gap opening and extension cost, and corrected by
eye. Bayesian phylogenetic analysis for the combined dataset (2332 aligned nucleotide
characters) was conducted in MrBayes 3.0b4 (Ronquist & Huelsenbeck 2003) assuming a

mixed-model of nucleotide substitution. Specifically, data were partitioned into “coding”



(cyt b) and “non-coding” (1285, 16S, CR), and the best-fit model of nucleotide
substitution was selected for each partition following a series of hierarchical likelihood
ratio tests (hLRTs) as implemented in Modeltest (Posada & Crandall 1998). A codon
substitution model (HKY+G) was applied to the coding partition and a standard 4X4
model (HKY+I+G) was assumed for the non-coding partition. Both partitions were
allowed to have different overall rates. The analysis ran four simultaneous chains for 2.0
x 10° total generations with trees sampled every 100 generations for a total 20,000 trees.
The first 2,000 trees were discarded as burn-in samples and the remaining 18,000 trees
were used to construct a majority-rule consensus tree and derive posterior probability
values. Additional measures of nodal support were calculated using bootstrap re-
sampling under a maximum likelihood (ML) optimality criterion assuming a general
HKY+I+G model for the complete data set as selected by hLRTs. ML topologies were
subjected to 500 bootstrap replicates with the starting tree for TBR branch swapping
obtained by neighbor-joining.

In order to further test hypotheses of monophyly, additional ML searches were
performed, constraining the analyses to include a: 1) monophyletic porteri (La Caseta
and Cerro Fatal); and 2) monophyletic Santa Cruz lineages (La Caseta, Cerro Fatal and
Cerro Montura). ML phylogenetic analyses were executed as described above while
enforcing topological constraints and searching for compatible trees. ML topologies
resulting from the constrained and unconstrained searches were compared using the
Shimodaira-Hasegawa log-likelihood test (Shimodaira & Hasegawa 1999) as

implemented in PAUP*4.0b10 (Swofford 2002).



Divergence times of the Santa Cruz lineages both within and among island(s)
were calculated based on mtDNA CR pairwise K2P genetic distances (selected as
described above) and a mutation rate of 3.4% per million years. The rate of evolution
was previously estimated using the r8s program (Sanderson 2003) and two calibration
points to allow scaling of times to real units: 1) assigned root of the tree 3.3 mya which is
the approximate subaerial age of the oldest island in Galépagos (e.g. Espafola); 2)
enforced a maximum age of 700,000 years (approximate age of emergence of Isabela) for

a clade including all Isabela populations (Beheregaray et al. 2004).
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