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e Backgroud and Aims The Caesalpinia hintonii group comprises six species of endemic shrubs or trees,
C. epifanioi, C. hintonii, C. laxa, C. macvaughii, C. melanadenia and C. oyamae, found in scattered patches of sea-
sonally dry forest in the Rio Balsas depression and the neighbouring Tehuacan—Cuicatlan valley, which are part of
the Mexican morphotectonic province of Sierra Madre del Sur. An evaluation is made of phylogeographic patterns
and genetic diversity with a phylogenetic analysis of the C. hintonii complex in order to study the dynamics of spe-
ciation in this endemic group of legumes.

e Methods A phylogeographic study based on four highly variable non-coding plastid regions (trnL intron, trnL-F
intergenic spacer, trnH-psbA intergenic spacer, and accD-psal intergenic spacer) was carried out for the Caesalpinia
hintonii complex. Five of the six taxa of the C. hintonii complex were included.

e Key Results and Conclusions The plastid analyses involving multiple accessions of each taxon from throughout
their ranges resolved C. epifanioi and C. hintonii as well-supported clusters, but C. oyamae has two unexpectedly
divergent lineages. Two well-supported geographic clades: eastern (C. epifanioi, C. melanadenia and C. oyamae)
and western (C. hintonii and C. macvaughii) were established. The analyses performed provide evidence of
recent morphostatic radiation in C. oyamae resulting from isolation and local adaptation. This pattern of genetic
differentiation without morphological divergence may be a model that fits many groups of tropical woody taxa inha-
biting similarly dry forests subjected to shifting selection.

Key words: Caesalpinia hintonii complex, legumes, Mesoamerica, Mexico, plant phylogeography, population

differentiation, seasonally dry forest.

INTRODUCTION

All currently observed distribution patterns and evolutionary
processes are the product of the interplay of historical and
ecological factors. A substantial body of evidence indicates
that climatic changes have led to major reshuffling of
species ranges, dispersal and colonization (Hewitt, 1996,
2001; Dynesius and Jansson, 2000). These have left a
distinct imprint on the genetic structure and variation of
many species (e.g. Taberlet er al., 1998; Austin et al.,
2002). For many taxa, climatic changes during glacial
periods have caused range adjustments and extinctions
(Hewitt, 2000; Kropf et al., 2002), population subdivision
and divergence (Wakeley, 2000), and in some cases radi-
ation (Saez et al., 2003).

Phylogeographic studies for plant species in Europe (e.g.
Dumolin-Lapegue et al., 1997; Petit et al., 1997; Comes
and Kadereit, 1998; King and Ferris, 1998; Taberlet
et al., 1998; Abbott et al., 2000; Kropf et al, 2002),
North America (e.g. Sewell et al., 1996; Tremblay and
Schoen, 1999) and the tropics (e.g. Dutech et al., 2000;
Caron et al., 2000; Ogden and Thorpe, 2002; Knapp and
Mallet, 2003), have mainly focused on identifying refugia
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and tracing routes by which glaciated territories were
recolonized. However, much less is known about deserts
(Riddle et al., 2002) and even less about rates of plant spe-
ciation and radiation in seasonally dry forests during these
periods. The main reason for this is probably the difficulty
of unravelling the spatial genetic history of species in these
refuges as compared with northern regions where climatic
changes have been better characterized.

Within areas of seasonally dry forest, a complex of veg-
etation types occurs, depending on local climate, soil and
topography (Pennington et al., 2000). Thus, the complexity
of patterns expected in seasonally dry forest is due to con-
traction—expansion cycles that took place with limited geo-
graphical displacement as compared with northern areas.
Distributions of taxa in the same place should be histori-
cally related and display common patterns resulting from
orogenic and widespread ecological events. Therefore,
because seasonally dry forest species have similar ecologi-
cal requirements, major geographical barriers may have led
to similarities in their refuge areas and migration routes,
even if their migration was asynchronous.

There is evidence from the distribution of species that
disjunct areas of seasonally dry forests have an historical
link. Pennington et al. (2000, 2004) suggested that the con-
temporary, fragmented distribution of seasonally dry forests
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Fic. 1. Geographical distribution of the Caesalpinia hintonii complex. The shaded area is part of the Tehuacan—Cuicatlan valley.

in the Neotropics must be considered in relation to the
climatic fluctuations of the Quaternary. However, for South
American seasonally dry forests, population migration and
long-distance dispersal are other explanations for their
current biogeographic pattern (Mayle, 2004). In Mexico, it
is well known that a wide area of disjunct seasonally dry
forest occupying the Rio Balsas Depression (RBD) contains
a diverse endemic biota (Sousa and Delgado-Salinas, 1993;
Becerra and Venable, 1999) in which some of these
species represent old and others recent elements of the
Mexican flora (Sousa and Soto, 1987). The nature of this
endemism and role of climatic changes in evolution and
the speciation rates of this diverse biota have so far not
been explored.

The Caesalpinia hintonii complex (Contreras, 1991; Lewis,
1998) comprises six allopatric taxa, C. epifanioi, C. hintonii,
C. laxa, C. macvaughii, C. melanadenia, and the recently
described C. oyamae (Sotuyo and Lewis, 2007), distributed
in patches along the RBD and Tehuacan—Cuicatlan Valley
(TCV; Fig. 1). Previous genetic analyses of this group of
taxa have shown a clear population structure and apparently
recent speciation (Sotuyo et al., 2004) based on morpho-
logical similarity among species of the complex. However,
given that the taxa of the C. hintonii complex are
restricted to dry areas, that their flowers are bee- (Centris
and Xylocopa) or hummingbird-pollinated, and that they
appear to be dispersal limited (with dehiscent seed pods),
their observed local endemicity suggests ancient fragmenta-
tion of a previously more-widespread ancestor. Moreover,
morphological and genetic differences among species in
the C. hintonii complex may provide evidence of timing

and patterns of distribution of several other groups of taxa
in the RBD and TCV.

Earlier results based on isozyme data (Sotuyo et al.,
2004) demonstrated that Caesalpinia hintonii diverged
genetically as a by-product of local adaptations to different
habitats and that the genetic structure of these populations
was in close accordance with their spatial distribution.
Nevertheless, no conclusive explanation of the observed
genetic structure of the six species currently recognized in
the complex in the RBD and TCV exists due to the lack
of a temporal framework in which to interpret results.

The Caesalpinia hintonii complex does not have a fossil
record (Ramirez and Cevallos-Ferriz, 2000), and dispersal
time and distance rates are unknown. If populations
expanded and experienced an increase in inter-population
gene flow during glaciations, as predicted by refugial
theory (Haffer, 1969), the following would be expected:
no significant genetic structure among populations; no iso-
lation by distance effect; and no clear phylogenetic structure
among populations. In contrast, if populations remained
fragmented throughout these periods, clear genetic structure
and isolation by distance, as well as a highly structured phy-
logenetic tree would be expected, reflecting long-standing
genetic divergence among populations.

Under the latter scenario, two hypotheses should be con-
sidered: vicariance versus dispersal. Under the vicariance
approach, existence of several allopatric lineages in the
RBD and TCV might reflect fragmentation of the ancestral
population, and, thus, species distributed in the two regions
would be sister taxa. On the other hand, under the dispersal
hypothesis allopatric taxa should not necessarily be linked
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temporally. Dispersal and mixing of lineages during glacia-
tions should have homogenized their haplotypes, and these
taxa should exhibit lower genetic diversity and divergence
than those taxa not exposed to climatic displacements and
homogenization. Support for either of the two scenarios is
evaluated in this study by molecular phylogenetic recon-
struction, inferring the phylogeographic patterns and
genetic diversity of the Caesalpinia hintonii complex. To
achieve this, plastid DNA sequence variation was examined
in one intron and three intergenic spacers, all of which are
known to be variable at the species level in several legume
genera (e.g. Bruneau et al., 2001), and microstructural
changes, primarily those involving insertion/deletion
events (indels) that have been reported as especially fre-
quent in these regions. Plastids are generally maternally
inherited in angiosperms and, therefore, dispersed by
seeds only. Because colonization of new habitats occurs
through seeds, plastid DNA markers provide information
on past changes in species distribution that is unaffected
by subsequent pollen movement.

MATERIALS AND METHODS
Study sites and species sampling

The Rio Balsas Depression (RBD) and Tehuacan—
Cuicatlan Valley (TCV) subprovinces are located in the
Mexican morphotectonic province of Sierra Madre del
Sur and include parts of the following states: Michoacén,
Guerrero, Morelos, Puebla and adjacent Oaxaca (Fig. 1).
The RBD is an east—west oriented basin that forms the low-
lands of the Balsas River drainage basin surrounded by
mountains, some of which exceed 2000 m and have an
horizon that extends towards the east of the TCV in
Puebla and Oaxaca states. These subprovinces together
form one of the most geologically complicated regions of
Mexico (Ferrusquia-Villafranca, 1993). The isolated TCV
is located on the east side of the RBD and is considered
to be an ecological island containing assemblages of
endemic species.

A total of 60 individuals from 13 populations from the
C. hintonii complex were analysed (Table 1). Caesalpinia
laxa was not included in the study because it was not avail-
able for sampling. Eight species (19 individuals) were speci-
fied as outgroups: C. caladenia, C. coccinea, C. eriostachys,
C. exostemma subsp. exostemma, C. hughesii, C. nelsonii,
C. mexicana, and their sister taxon C. pannosa. These taxa
were selected because a previous phylogenetic analysis
resolved the latter and C. exostemma as sister to C. hintonii
(Simpson et al., 2003). All taxa were sequenced for four
plastid regions. Voucher specimens were deposited at
either MEXU or K (Table 1).

Molecular methods

Total DNA was isolated from frozen or silica gel-dried
leaf tissue (Chase and Hills, 1991) or herbarium samples
using a modified 2x CTAB miniprep protocol (Doyle
and Doyle, 1987). Polymerase chain reaction (PCR) was
used to amplify the #rnL intron, trnL-F spacer (primer
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information for both regions in Taberlet et al., 1991),
the trnH-psbA intergenic spacer (Hamilton, 1999), and
the accD-psal spacer (Mendenhall, 1994). For trnL and
trnL-F, the following programme was used: initial dena-
turing at 94 °C for 2 min, 30 cycles of denaturing at
94 °C for 20 s, annealing at 58 °C for 20 s, extension at
72 °C for 20 s, and a final extension at 72 °C for 5 min.
For trnH-psbA and accD-psal, an initial denaturing at
94 °C for 2 min, 30 cycles of denaturing at 94 °C for 45
s, annealing at 49 °C for | min, extension at 72 °C for
1-15 min, and a final extension at 72 °C for 7 min was
used. PCR amplifications were purified with QIAquick
silica columns following the manufacturer’s protocol
(Qiagen, Inc.). Purified PCR products were sequenced
on an Applied Biosystems, Inc. (ABI), 3100 automated
sequencer using the ABI 3-0 cycle-sequencing protocol.
Individual sequences were edited and assembled using
Sequencher 4-1 (Gene Codes, Corp.). Complete sequences
were aligned by eye following the guidelines of Kelchner
(2000). Sequences reported here have been deposited in
the NCBI GenBank database.

Phylogenetic analyses

All phylogenetic studies were conducted using PAUP
version 4-0b8 (Swofford, 2001). Phylogenetic relationships
were established using the maximum parsimony criterion.
Because the plastid regions used are inherited without
recombination and share a single history, data from all
four regions were not analysed separately and were directly
combined. The heuristic search employed 100 random
additions of sequences with tree bisection reconnection
branch-swapping, which was restricted to 1000 retained
trees. Bootstrap resampling (Felsenstein, 1985) was
applied to assess support for individual nodes using tree
bisection reconnection swapping and 1000 bootstrap repli-
cations. DELTRAN character optimization was used to
illustrate branch lengths throughout, due to reported errors
with ACCTRAN optimization in PAUP version 4-0b. In
some individuals, two different inverted repeats in the
trnH-psbA spacer were found; these were eliminated for
the analyses. Indels were coded separately as binary charac-
ters using the simple coding of Simmons and Ochoterena
(2000).

RESULTS

The lengths of the aligned sequence matrices were as
follows: trnl, 612bp; trnl-F, 518 bp; trnH-psbA,
654 bp; accD-psal 803 bp. The base frequencies were:
AccD-psal, A =0310, C=0-163, G=0-153, T=
0-372; trnH-psbA, A =0-330, C=0-135, G=0-137,
T=0-395; trnL, trnLF, A=0340, C=0:169, G=
0-172, T=0-317. Levels of sequence divergence for the
accD-psal showed values that ranged from 0-003 to
0-021 in the C. hintonii complex and from 0-004 to
0-019 between the other Caesalpinia species. The
trnH-psbA region ranged from 0-005 to 0-033 among the
C. hintonii complex species and from 0-019 to 0-065 in
the other species. The trnL, trnL-F regions showed less
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TaBLE 1. Localities of the Caesalpinia hintonii complex and outgroup specimens included in this study

Species/population/ Voucher specimens
abbreviation State n*  Co-ordinates (N, W)  Elevation (m) Genbank number
C. oyamae (Coya) 25 , ,
Huajuapan (HU) Oaxaca 4 17°52 56, 98°05 1325 Sotuyo & Gonzdlez DQ208808-DQ208806,
17; Sotuyo et al. 72, DQ208736-DQ298733,
74,75 DQ208880-DQ208877
Tehuitzingo (TE) Puebla 5 18°20', 98°117' 1100 Sotuyo et al. 65, 66, DQ208805-DQ208801,
67, 68 DQ208732-DQ208728,
DQ208876-DQ208772
Tlayahualco (TL) Guerrero 9 17°50, 99°06' 660 Sotuyo et al. 55, 57 DQ208800-DQ208792,
DQ208727-DQ208719,
DQ208870-DQ208863
Valerio Trujano (VT)  Guerrero 7 17°50', 99°36' 500 Sotuyo & Sotuyo 18; DQ208790-DQ208785,
Sotuyo et al. 58, 59, DQ208717-DQ208712,
60 DQ208862-DQ208856
C. hintonii (Chin) 15 , ,
Zicuitaro (ZIC) Guerrero 8 18726, 100°51 300 Sotuyo et al. 50, 52 DQ208757-DQ208751,
DQ208897-DQ208890,
DQ208824-DQ208817
Infiernillo (IN) Michoacan 6 18”24,4, 101°55' 240 Sotuyo et al. 41, 46, DQ208749-DQ208743,
47, 48 DQ208815-DQ208809,
DQ208887-DQ20888 1
Playa azul (PA) Michoacan 1 18°24'4, 101°55' 200 Sotuyo et al. s.n. DQ208816, DQ208750, DQ208889
C. macvaughii (Cmac) 9 , ,
Descansadero (DE) Michoacan 3 18738, 101°57 450 Contreras et al. s.n. DQ208840-DQ208836,
DQ208762-DQ208760,
DQ208912-DQ208910
Nueva Italia (NIT) Michoacan 1 19°00, 102°04’ 400 Steinmann 3175 DQ208843, DQ208916,
San Francisco (SFC)  Michoacéan 1 18°38, 101°59' 330 Steinmann 3176 DQ208766, DQ208917
Zirandaro (ZIR) Guerrero 4 18°32', 101°13’ 270 Sotuyo et al. 8, 8bis DQ208842-DQ208840, DQ208767,
DQ208765-DQ208763, DQ208909,
DQ208765-DQ2088913
C. epifanioi (Cepi) 6 , ,
Mezcala Guerrero 6 18°17, 98°05 500 Sotuyo & Sotuyo 20, DQ208830-DQ208825,
Sotuyo et al. 63 DQ208742-DQ208737,
DQ208903-DQ208898
C. melanadenia (Cmel) 5 , .
Zapotitlan (ZAP) Puebla 5 18719, 97°27 1500 Sotuyo & Gonzdlez DQ208835-DQ208831,
S.1. DQ208772-DQ208768,
DQ208908-DQ208904
C. pannosa Baja 12 24°09°, 110°56’ 10-700 Contreras 2050, DQ208855-DQ208844,
California 2696, 2703, 2715, DQ208784-DQ208773,
Sur 2721, 2726, 2727, DQ208930-DQ208919
Hawkins 87, Lewis
et al. 2047, 2051;
Carter 2124; Gentry
4365; Wiggins 15688
C. caladenia Michoacan 1 Not available 220-410 Contreras 2818 EF177383, EF177390, EF177397
C. coccinea Oaxaca 1 15°55°, 95°48’ 100 Lewis 1803 EF177386, EF177393, EF177400
C. eriostachys Guerrero 1 18°13’, 101°47° 450 MacQueen 449 EF177389, EF177396, EF177403
C. exostemma subsp. Guatemala 1 14°59°, 89°40° 180-190 Lewis et al. 1712 EF177388, EF177395, EF177402
exostemma (Chase 15196)
C. hughesii Oaxaca 1 Not available 15-130 Lewis 1795 EF177384, EF177391, EF177398
C. mexicana Nuevo 1 24°51°, 99°24° 350 Delgado 01-2114 EF177387, EF177394, EF177401
Leon
C. nelsonii Oaxaca 1 18°45’, 098°10° 100-500 Sotuyo s.n. (Chase EF177385, EF177392, EF177399

18851)

* n = sampled number.
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divergence with a range of 0-002—0-019 in the C. hintonii
complex and 0-016-0-33 in the rest of the species.
Caesalpinia caladenia was the least divergent (accD-psal
0-005-0-017; trnL, trnl-F 0-016—0-021; trnH-psbA 0-009—
0-033), while C. nelsonii was the most divergent
(accD-psal  0-009-0-022; trnL, trnL-F 0-016—0-035;
trnH-psbA 0-036-0-047). Caesalpinia oyamae showed
similar values (accD-psal 0-009-0-021; trnL, trnL-F
0-010-0-035; trnH- psbA 0-008—0-047).

Diversity in the C. hintonii complex was high, and
numerous indels (109) were present throughout the four
plastid regions. Ninety-four of these indels (86 %) are phy-
logenetically informative. Four indels were identified for
the C. hintonii complex relative to C. pannosa, three in
trnH-psbA (3, 25 and 28 bp) and one in #rnL (6 bp). One
synapomorphic indel region was found in C. hinfonii and
C. macvaughii (73 bp). Seven were shared by C. oyamae,
C. melanadenia, C. epifanioi and C. pannosa; these are
synapomorphic for C. hintonii and C. macvaughii, which
is why that branch is so long (Fig 2A). Six were identified
in trnH-psbA (4, 39, 34, 4, 6 and 6 bp), and one in trnL-F
(23 bp). Caesalpinia hintonii shared one accD-psal indel
(8bp) with C. pannosa. One shared trnL-F indel was
found in C. hintonii, C. macvaughii and C. pannosa
(23 bp), whereas one accD-psal indel was synapomorphic
in all C. hintonii populations (12 bp).
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Phylogenetic analyses

The strict consensus trees for each region analysed
showed the same topology and were combined. The com-
bined plastid matrix (2602 bp) yielded trees of 575 steps
long, with a consistency index (CI) of 0-68 and retention
index (RI) of 0-86. The indels matrix yielded trees of
1535 steps long, CI =0-53 and RI=0:91. Of the 828
sites examined, 61 were parsimony informative. Indels
were less homoplasious than non-indel characters (HI =
0-0328 vs. HI = 0-44, respectively). The combined plastid
matrix including gaps has 766 potentially parsimony infor-
mative sites and produced trees of 2141 steps long, with
CI=056 and RI=091. The tree shows that the
C. hintonii complex contains two geographically matching
lineages, one eastern (84 % bootstrap support) and the
other western (92 % bootstrap support) parts of the RBD
(Fig. 2B).

The eastern RBD region cluster includes C. oyamae,
C. epifanioi and C. melanadenia. Included in this eastern
cluster, the Valerio Trujano population of C. oyamae is
isolated from the other three eastern populations (91 %,
99 % bootstrap support). Within the eastern lineage,
C. melanadenia, restricted to TCV, was poorly supported,
although in all shortest trees the four accessions clustered
together. The western region cluster containing Caesalpinia
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Fi1G. 2. Trees produced by simultaneous analysis of sequences from all four plastid DNA regions. (A) One of the most-parsimonious trees showing the

number of changes for the Caesalpinia hintonii complex based on accD-psal, trnL, trnL-F and, trnH-psal plastid regions including indels (DELTRAN

optimization). (B) Strict consensus tree of all equally most-parsimonious trees found in the 1000 replicates of random taxon-addition; numbers above
branches are bootstrap percentages >50. The C. hintonii complex is in a grey square. The abbreviations are given in Table 1.
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hintonii and C. macvaughii populations is well supported
(bootstrap 92 %). The western lineage also contains a diver-
sified and weakly supported C. macvaughii.

DISCUSSION
Phylogenetic analyses

At the molecular level, the most striking difference between
species of Caesalpinia in the RBD—TCV was the clear evi-
dence of isolation between most populations. This study
shows that the Caesalpinia hintonii complex possesses
high levels of genetic divergence over its entire range,
which could indicate that the places where the constituent
populations currently exist could be refugia isolated by
changes in climate. Previous studies of other plant species
have implicated vicariance with climate change in the spe-
ciation process (Riddle et al., 2002) and, thus, the origin of
genetic structure among populations (Vijverberg et al.,
2000). When vicariance has occurred, more distant haplo-
type relationships are expected. Conversely, recent immi-
grants, under a secondary contact scenario, would present
haplotypes identical to the donor population(s). Therefore,
the population structure shown by the C. hintonii complex
could be the result of populations having been isolated in
two or more glacial refugia, followed by population expan-
sion and a subsequent long period without secondary
contact as the Neotropics became wetter and cooler
(Pennington et al., 2000).

Two major lineages were found in the RBD and TCV
(Fig. 2) that fit the two physiographic units proposed by
Miranda (1947). The separation of the eastern and
western lineages of the Caesalpinia hintonii complex may
well correspond to fragmentation that was triggered by
the development of the Sierra of Taxco-Teloloapan,
which divided the RBD (Cabral-Cano et al., 2000). This
most prominent physical barrier appears to be a clear
obstacle to the movement of some Caesalpinia taxa; popu-
lations of C. hintonii and C. macvaughii apparently have
not exchanged plastids (Tsitrone et al., 2003) since their
establishment on the western side of the RBD. Likewise
C. oyamae, C. epifanioi and C. melanadenia are restricted
to the eastern flank of the Depression. Furthermore, volcan-
ism and geological perturbations in the Trans-Mexican
Volcanic Belt (Ferrari et al., 1999) must have had a con-
siderable influence on population divergence within
C. oyamae in the RBD.

Within the western lineage, the molecular markers used
in this study indicate that both populations (Infiernillo and
Zicuitaro) of Caesalpinia hintonii are genetically a close-
knit homogeneous group, even though they are morphologi-
cally distinct (Contreras, 1991; Lewis, 1998). The genetic
similarity of these populations, also supported by allozyme
analysis (Sotuyo et al., 2004), indicates that their morpho-
logical differences are the result of changes in only a few
genes or phenotypic plasticity.

In contrast, populations of the eastern lineage species
proved to be morphologically homogeneous (Sotuyo and
Lewis, 2007) but genetically distinct. Caesalpinia epifanioi
and C. melanadenia, the first restricted to eastern RBD, the
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latter endemic to the TCV, proved to be both morphologi-
cally and genetically different. In contrast, results of this
study indicate that there are two distinct population assem-
blages in Caesalpinia oyamae (Fig. 2), which could each be
considered cryptic species following the model of recent
and rapid speciation demonstrated by Weinberg et al.
(1992). Evidence for speciation in C. oyamae populations
was revealed by the high level of well-supported phyloge-
netic structure. However, allozyme analysis indicated the
same degree of genetic isolation as the plastid DNA ana-
lyses (Sotuyo et al., 2004) except in the Huajuapan popu-
lation (C. oyamae) which was not sampled for that study.
Studies on a diverse range of taxa suggest that selection
due to shifts in ecology or invasion of new habitats can
cause extremely rapid divergence and might play a promi-
nent role in speciation (Orr and Smith, 1998). Proposed
cryptic species in this eastern lineage may indicate the pre-
sence of optimal phenotypes that are subject to strong stabi-
lizing selection and thus remain morphologically similar
(e.g. Shaw, 2001; McDaniel and Shaw, 2003).

However, relationships of the eastern populations are
suggestive of a recent origin of Caesalpinia oyamae, as
would be expected for genotypes at the limits of a recently
expanded range (Posada and Crandall, 2001). Plastid DNA
variation also corresponds closely to geographical distri-
bution, which is likely to reflect dispersals that involve
interruption of gene flow among populations. Dispersals,
together with genetic drift in the early stages of local estab-
lishment, may result in decreases in genetic variation within
populations and in increases between populations (Okada
et al., 1997).

The results presented in this study provide evidence of
reproductive  isolation of lineages in allopatry.
Explanations for cryptic radiation have ranged from high
mutation rate to developmental constraints and long-term
environmental stability. It has been further suggested that
stabilizing selection (Hansen, 1997) and lack of additive
genetic variance for morphological traits (McDaniel and
Shaw, 2003) may play an important role in maintaining
morphological stasis if the environment has been stable
over long periods of time. In contrast, Sheldon (1996) has
argued that morphological stasis should occur in unstable,
changing environments (e.g. changes in climate), whereas
habitats which have been stable for a long time should
promote gradual morphological evolution. His model pre-
dicts that initial major environmental perturbations select
for generalist phenotypes that are well adapted to sub-
sequent environmental fluctuations. If Sheldon’s assump-
tion is correct, this process might help to explain why
morphostasis has occurred in taxa such as C. oyamae.

The phylogeographic complexity of the eastern clade
suggests that species expansion of the Caesalpinia hintonii
complex in the region considerably predated the contem-
porary expansion of the species across the RBD and/or
that greater geological heterogeneity of the Trans-Mexican
Volcanic Belt has caused a reduction in gene flow leading
to increased population subdivision. There are no previous
phylogeographic studies in plants within the RBD region.
However, a phylogeographic study of pocket gophers
demonstrated a clear phylogeographic structure in the
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Trans-Mexican Volcanic Belt and Mesa del Norte of the
Mexican Plateau that was associated with a recent expan-
sion and displacement of existing populations by volcanic
activity (Desmastes et al., 2002).

Divergence into two geographically distinct clades
remains evident in the C. hintonii complex. Taken together,
the present analysis supports the hypothesis that isolated
populations of C. oyamae in the RBD diverged in refugia
during times of climatic change and that the geographical
variation reflects patterns of recolonization. The
C. hintonii complex fits the model of Pennington et al.
(2004) better because all the species are dispersal limited.

Taxonomic implications and concluding remarks

The Caesalpinia hintonii complex currently comprises
six essentially allopatric taxa: C. epifanioi, C. hintonii,
C. laxa, C. macvaughii, C. melanadenia and C. oyamae.
Caesalpinia oyamae is the most morphologicaly similar
species to C. hintonii; in the past they were considered
the same species. The present results support the hypothesis
that both species are genetically distinct lineages in which
gene flow between the two species by seeds is likely to
have ceased long ago. In contrast, the two species are mor-
phologically separable by differences in flower size and
colour, hardly significant diagnostic characters (Sotuyo
et al., 2004).

Furthermore plastid DNA analysis established two
lineages within Caesalpinia oyamae that are morphologi-
cally identical but genetically divergent. Should these two
geographically distinct lineages within C. oyamae also be
formally recognized as species despite their morphological
similarity? We consider it unwise to take this course, unless
some morphological evidence can be found that facilitates
recognition of taxonomic distinctiveness.

Diversification in the Caesalpinia hintonii complex is
clearly linked to environmental conditions, orogeny, vol-
canism and glaciations, suggesting that a more detailed
analysis will reveal more data that facilitate taxonomic
decisions. The apparent transformation of a single, region-
ally endemic, molecularly variable ancestor into a
complex of at least eight species is noteworthy. Each
species now occupies different ecological environments in
the Mexican morphotectonic province of Sierra Madre del
Sur. It appears likely that other endemic species complexes
such as the C. hintonii complex will be shown to be an
amalgam of isolated lineages. Therefore, genetic differen-
tiation without morphological differentiation may prove
wider in plants than previously acknowledged and, with
more studies like the present one, may become established
as another differentiation pattern that has led to species
diversification in the RBD. In addition, studies like this
one offer an exciting way of analysing intricate taxonomic
group complexes.
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