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Taxonomy and conservation units
Pritchard [S1] provides a thorough account of the history of Galápagos tortoise taxonomy, which has
repeatedly changed since they were formally described by Quoy and Gaimard [S2]. Currently, 15 taxa
are generally recognized. Of these, 11 are extant but threatened by human activities and introduced
species. These taxa have been described as full species of Geochelone [S3,S4], or alternatively,
subspecies of Geochelone nigra [S1]. Most recently, Le et al. [S5] recognized all Galápagos tortoise
taxa as subspecies of Chelonoidis nigra, a genus that now includes all South American tortoise
species. We adopt the genus‐level revision to Chelonoidis [S5], but continue to recognize the full
species status of many of these taxa (sensu [S3]) because it is most consistent with the morphological
[S6] and molecular evidence [S7]. In the context of conservation, it is the integrity of these distinct
lineages with unique historical evolutionarily trajectories that are the primary targets for protection.

Genetic screening
DNA was extracted from blood samples [S8] of 1669 tortoises from Volcano Wolf (VW), Isabela Island.
These were screened for genetic variation at 12 microsatellite loci [S9], and compared with our
existing database (354 individuals) that represents extant and extinct Galápagos tortoise species. Also
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for comparison with the database, we sequenced the mitochondrial (mtDNA) control region (705‐bp
[S10]) for 1628 VW individuals. Microsatellite data and aligned DNA sequences are available for
download at http://datadryad.org under DRYAD Repository entry doi:10.5061/dryad.948k7j42.

Individual assignment
Number of genetic groups in the Galápagos. Initially, we needed to determine the number of natural
genetic groups present within the reference dataset. Natural genetic clusters represent potential
parental gene pools contributing to hybrids. This a posteriori approach, where groups are inferred
directly from the genetic data, has advantages over simply using a priori groupings of individuals that
are based on the geographic distributions of formally recognized species. For example, recent
migrants due to human‐related activities or individuals of mixed ancestry can be more readily
recognized from their atypical multi‐locus genotypes (cf. morphology alone), and then removed from
the ‘reference’ dataset. Furthermore, it is the number of natural genetic groups, not the number of
named species per se, that determines the level of resolution that can be achieved in subsequent
assignment tests. This initial analysis was performed using STRUCTURE [S11], examining 1 to 25
clusters, with the same run settings as given below. Under both Prichard et al.’s [S11] and Evanno et
al.’s [S12] inferential frameworks, the existence of 12 clusters was strongly supported. Most named
species were each represented by a single cluster, although some geographically neighboring species
from Isabela Island clustered together (Table S1). Interestingly, C. becki from VW formed two distinct
clusters, as did C. porteri from Santa Cruz Island; the latter subdivision is clearly supported by
morphological data [S13] and has been identified in previous studies [S8,S14].
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Preliminary genetic assignment of unknown VW tortoises. Next, we assigned VW tortoises of
unknown ancestry to one or more of the 12 reference clusters using STRUCTURE membership
coefficients (Q‐values). All runs used correlated allele frequency and admixture models, 5x105
iterations (1x105 burn‐in), with five replicates combined using CLUMPP [S15]. For each individual, the
primary assignment (i.e., the reference cluster in which membership was strongest) was re‐examined
using GENECLASS [S16]; overall agreement was high (85.3%). Any individual assigned to multiple
reference clusters was tentatively considered to be of mixed ancestry.

Using simulations to determine parental gene pools of hybrids. To be able to infer which tortoise
species were hybridizing with one another, we needed to establish how Q‐values correspond to
biologically meaningful hybrids. This was done in three stages. First, given our focus on hybrid
ancestry in C. elephantopus, we needed to quantify background error (i.e., false assignment to that
genetic cluster). We simulated purebred and hybrid individuals (F1 plus backcrosses) for the crosses
between the two C. becki reference clusters in HYBRIDLAB [S17], and analyzed these datasets in
STRUCTURE. Since these scenarios involve no genetic contribution from C. elephantopus, they could be

used to determine the Q‐value threshold (QT) that yields a <1% probability of false assignment to C.
elephantopus. This was determined to be QT >0.13. Second, we needed to account for the
stochasticity associated with genotypic recombination that occurs during hybridization and
subsequent backcrossing. We first used theoretical expectations (e.g., F1 hybrids should have Q‐value
membership coefficients of approximately 0.50 in each of two parental clusters) to identify which
particular kinds of inter‐specific crosses had occurred on VW. This allowed us to focus resources on
simulating the subset of hybridization scenarios that are most relevant, rather than all possible
crosses, which would be a computationally prohibitive task. Twenty‐six different types of hybrid
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classes were identified. Interestingly, some putative hybridization events involved not just two, but
three, parental gene pools (mostly from the two C. becki genetic clusters and C. elephantopus). We
simulated 12‐locus microsatellite genotypes (100 individuals per hybrid class) under each of the 26
scenarios in HYBRIDLAB, and analyzed them in STRUCTURE to characterize Q‐value frequency
distributions [S10,S18]. Third, we needed to define criteria that could be used to distinguish among
hybrids resulting from different kinds of parental crosses, and from different levels of backcrossing.
Although simulations showed that some hybridization scenario have partly overlapping Q‐value
distributions (see Fig. 1 in the main text), we were nonetheless able to distinguish among them by
jointly considering two classification criteria: QR, the Q‐value range within each parental cluster, and
QD, Q‐value difference between parental clusters (Table S1).

Number of hybrids with C. elephantopus ancestry on Volcano Wolf
Of the 26 different hybrid classes for which we characterized Q‐value distributions via simulation, 15
involved some genetic contribution from C. elephantopus. More importantly, however, eight of these
15 hybrid classes involved a purebred C. elephantopus as one the immediate parents, suggesting that
C. elephantopus are still alive in the wild. Accordingly, we focused additional analyses on these eight
classes (labeled A–H in Fig. 1 of the main text, and Table S1 below). Since these eight hybridization
classes could be distinguished based QR and QD; Table S1), we were able to assign VW hybrids to one
of these classes. Where necessary, assignment ambiguities were resolved by comparing empirical Q‐
values to the distribution of simulated Q‐values, and then selecting the best‐fit hybrid class. These
analyses revealed that 84 Galápagos giant tortoise hybrids from VW fall into one of these eight
classes that involve a purebred C. elephantopus as one the immediate parents. Assignments were
also checked using another method, NEWHYBRIDS [S19], which unlike STRUCTURE can make assignments
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beyond two generations of hybridization, and can distinguish F1 vs. F2 hybrids. However, since
NEWHYBRIDS considers just two parental gene pools at a time, our analyses with this method focused

on only the 40 VW individuals belonging to five of the eight hybridization classes that met this
requirement (Table S1: A–C and G–H). Posterior probabilities confirmed the STRUCTURE‐inferred
existence of pure C. elephantopus as one of the immediate parents in 82.5% of cases. Thus, the
empirical genetic data are most consistent with the presence of pure C. elephantopus on VW on
Isabela Island within the last generation, since we found <15 year‐old juvenile hybrid offspring.

Minimum number of equally contributing C. elephantopus founders on Volcano Wolf
To quantify the genetic base of the C. elephantopus population on Volcano Wolf, mean kinship (MK,
[S20]) was used to estimate founder genome equivalents (FGE [S21]). This metric represents the
minimum number of equally contributing founders needed to produce the same genetic diversity
seen in the 84 focal VW hybrids, assuming no loss of founder alleles via drift and calculated as
MK=1/(2xFGE). Although the FGE concept is typically applied in captive population management, its
use to estimate the minimum number of C. elephantopus founders of identified hybrids is
appropriate because of the large sample size of the inferred F1 hybrids, the complete differentiation
of ‘source’ populations (i.e., C. becki and C. elephantopus are distinct species), the highly similar
levels of estimated gene diversity of ‘source’ populations (C. elephantopus Ho = 0.683; C. becki Ho =
0.691), and the independent estimates of the allele frequency distributions of the ‘source’ species to
calculate kinship coefficients as implemented in SPAGeDi [S22]. In this case, the minimum number of
C. elephantopus founders on Volcano Wolf was estimated as 0.5xFGE.
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Table S1. Upper panel. Details of the reference clusters (column 1) used for assignment of VW
individuals of mixed ancestry. Taxa within each cluster, native island, and number of individuals (N)
are listed for each of the 12 reference clusters in columns 2–4. Lower panel. Details of the eight
hybridization classes (A–H, column 1) with a purebred Chelonoidis elephantopus as one of the
immediate parents. Parental gene pools (column 2) for a given hybridization class are labeled
according to the reference clusters in the upper panel. Parental crosses (column 3) indicates whether
VW individuals are inferred to be first‐generation hybrids or second‐generation backcrosses (F1 or B1,
respectively; left). Genetic ancestry of the two parents is given in parentheses (right). The fourth
column lists the simulated Q‐value ranges (QR) and their differences (QD) used to circumscribe each
hybridization class. Subscripts indicate the parental gene pool(s). The last column shows the number
of individuals (N) inferred to be in each hybrid class, and their sex (M : F : J = males : females :
juveniles <15 years old).

Reference cluster
01
02
03
04
05
06
07

08
09
10
11
12
C. elephantopus
hybrid class
A

B

Species
C. hoodensis
C. chatamensis
C. porteri
C. porteri
C. ephyppium
C. darwini
C. microphyes +
vandenburghi +
guntheri
C. guntheri + vicina
C. abingdoni
C. elephantopus
C. becki
C. becki
Parental gene pools
10, 11

10, 12

Native island (region)
Espanola
San Cristobal
Santa Cruz (Cerro Fatal)
Santa Cruz (Caseta)
Pinzon
Santiago
Isabela (V. Darwin + V. Alcedo + Cazuela)

Isabela (V. Sierra Negra + V. Cerro Azul)
Pinta
Floreana
Isabela (V. Wolf ‐ Piedra Blanca)
Isabela (V. Wolf ‐ Puerto Bravo)
Parental crosses
Simulated
Q‐values
B1 (F1 10/11) x (pure 10)
QR 10 0.47–0.89
QR 11 0.04–0.43
QD 10 ‐ 11 0.05–0.87
B1 (F1 10/12) x (pure 10)
QR 10 0.48–0.83
QR 12 0.09–0.42

N
15
19
22
34
31
25
58

82
7
15
23
23
N
(M : F : J)
11 (3 : 4 : 4)

14 (3 : 7 : 4)
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C

09, 10

B1 (F1 09/10) x (pure 10)

D

04, 10, 12

B1 (F1 04/12) x (pure 10)

E

01, 10, 12

B1 (F1 01/12) x (pure 10)

F

10, 11, 12

B1 (F1 11/12) x (pure 10)

G

10, 11

F1 (pure 10) x (pure 11)

H

10, 12

F1 (pure 10) x (pure 12)

QD 10 ‐ 12 0.06–0.73
QR 09 0.07–0.44
QR 10 0.40–0.80
QD 10 ‐ 09 0.02–0.75
QR 04 0.03–0.41
QR 10 0.28–0.75
QR 12 0.08–0.51
QD 04 ‐ 10 0.02–0.69
QD 04 ‐ 12 <0.45
QD 10 ‐ 12 0.02–0.60
QR 01 0.02–0.43
QR 10 0.29–0.70
QR 12 0.09–0.41
QD 01 ‐ 10 0.02–0.64
QD 01 ‐ 12 <0.41
QD 10 ‐ 12 0.02–0.55
QR 10 0.30–0.65
QR 11 0.05–0.56
QR 12 0.10–0.48
QD 10 ‐ 11 0.02–0.57
QD 10 ‐ 12 0.02–0.52
QD 11 ‐ 12 <0.46
QR 10 0.22–0.59
QR 11 0.40–0.74
QD 10 ‐ 11 <0.54
QR 10 0.32–0.55
QR 12 0.44–0.67
QD 10 ‐ 12 <0.36

4 (1 : 3 : 0)

8 (2 : 4 : 2)

4 (1 : 3 : 0)

¥

32 (5 : 12 : 14)

1 (0 : 0 : 1)

10 (2 : 3 : 5)

No data for one individual
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