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abstract: Many phylogeographic studies have revealed strongly
diverged lineages within species that are masked by a lack of con-
gruent morphological differentiation. To assess the extent to which
the genetic component of diversity affects conservation assessments,
we compared spatial patterns of endemism and conservation value
for 22 species of Californian amphibians and reptiles with the 75
phylogeographic lineages that they contain. We used bioclimatic dis-
tribution modeling with environmental layers to generate 5-km
spatial-resolution maps of predicted distribution for each species and
lineage. We found concentrations of lineage breaks across the Central
Valley, San Francisco Bay, the Sierra Nevada, and the Tehachapi and
Trinity ranges. Subdivision of the ranges of species into phylogeo-
graphic units revealed novel areas of endemism. Several areas of very
high conservation value for lineages were not evident in the species-
level analysis. These observations illustrate the importance of con-
sidering multiple levels of biodiversity in conservation assessments.
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Until recently, species have been diagnosed predominantly
by phenotypic (morphological) characters; however, the
use of genotypic (DNA, molecular) data has led to the
discovery of many morphologically cryptic phylogeo-
graphic lineages (Highton 1995; Wake 1997; Jockusch et
al. 2001; Daniels et al. 2003), some, but not all, of which
should be elevated to full species status (Sites and Marshall
2003). For several reasons, species recognized by existing
taxonomic practices will continue to underrepresent his-
torical lineages, yet this historical component of diversity
can be readily recovered and should, therefore, be incor-
porated into conservation planning (Riddle 1996; Bowen
1999; Moritz 2002; Agapow et al. 2004). In addition, con-
cordant patterns of phylogeography among species help
to elucidate the historical processes that have shaped re-
gional patterns of biodiversity (Avise 2000; Lapointe and
Rissler 2005) and are critically important in developing
strategies and selecting regions for conservation that will
maintain the processes and overall patterns of diversity
(Avise 1992; Smith et al. 1993; Moritz 2002). Yet despite
a growing number of comparative phylogeographic studies
(Riddle 1996; Avise 2000; Calsbeek et al. 2003), few have
assessed the extent to which species-level biodiversity anal-
yses will underrepresent phylogeographic structure within
species (Peterson and Navarro-Siguenza 1999; Whiting et
al. 2000; Agapow et al. 2004). Here we map and explicitly
incorporate multitaxon phylogeographic information into
a reserve design algorithm to evaluate how the estimation
of conservation value is altered relative to using species
alone.

The state of California contains 70% of the California
Floristic Province and is one of the 34 world hot spots
designated by Conservation International (Mittermeier et
al. 2005). Amphibians, in particular, but also reptiles, have
well-documented distributions and exhibit geographically
fine-scale endemism for both species and phylogeographic
units within species and are thus appropriate targets for
this analysis. For example, 25 of 37 currently recognized
species of salamanders that occur in the state are endemic
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(Stebbins 2003), and many of these contain morpholog-
ically cryptic phylogeographic lineages (app. A in the on-
line edition of the American Naturalist). High levels of
endemism and richness apparently derive from a combi-
nation of environmental heterogeneity and a complex geo-
logic history that together created multiple opportunities
for diversification in these and other taxa from California
(Raven and Axelrod 1978; Wake 1997; Calsbeek et al. 2003;
Lapointe and Rissler 2005). The biodiversity in California
is threatened by a high rate of growth of the human pop-
ulation and associated land use change, such that the state
has the dubious distinction of also being a hot spot for
endangered species (Dobson et al. 1997; Stein et al. 2000).

This analysis extends previous studies of Californian
diversity in two significant ways. The first is to use museum
specimen-backed point distribution data and high-reso-
lution spatial modeling to map species ranges (Graham et
al. 2004a, 2004b; Soberon and Peterson 2004). Previous
analyses of spatial patterns of phylogeographic concor-
dancy (Lapointe and Rissler 2005), endemism, and con-
servation priorities (Dobson et al. 1997, 2001; Seabloom
et al. 2002) for the state of California have been at a low
spatial resolution, that is, at the county or bioregional level.
Using a low spatial resolution increases the number of
records per spatial unit and hence the statistical power,
but the results at such resolutions may not be appropriate
for conservation action (Margules and Pressey 2000; Fer-
rier 2002) and can obscure important areas because of
averaging effects across topographically or ecologically
complex areas. The second, more fundamental advance in
this study is to consider lineages within species as impor-
tant components of diversity.

We use bioclimatic distribution modeling to predict the
distribution of 22 species and their component phylogeo-
graphic lineages (app. A) and compare biodiversity pat-
terns across the state of California for these two groups.
As is usually the case, the species considered in this study
have been described using morphological or a combina-
tion of morphological and molecular criteria, but not mo-
lecular divergence alone. Our goals are, first, to examine
where the geographical breaks between phylogeographic
lineages within species tend to occur, and, second, to eval-
uate the effect of including phylogeographic structure in
conservation assessments by comparing spatial patterns of
conservation value (e.g., irreplaceability; Pressey et al.
1994; Pressey 1999) for species only and those for the
phylogeographic lineages within each species. If the pro-
cesses driving the formation of species and lineages are
the same or highly correlated, one would expect overall
congruence between patterns of conservation value de-
rived using species and lineages because lineages will sep-
arate in areas where species boundaries also occur (Moritz
2002). On the other hand, if the processes affecting mor-

phological divergence (e.g., natural selection) are uncoup-
led from ones that predominantly affect genetic divergence
at nearly neutral loci (e.g., vicariant events), then the geo-
graphic patterns of biodiversity based on described species
and evolutionary lineages may not coincide, and species
will be a poor surrogate for phylogeographic lineages
within species. This study is not intended to provide an
analysis of conservation priorities for the Californian her-
petofauna—all species would need to be included for this
purpose. Rather, using a subset of the fauna, it is our goal
to determine how and where phylogeographic diversity
will be underrepresented if only a species-based approach
is used.

Material and Methods

Species and Lineages

We used data from specimens in the Museum of Vertebrate
Zoology (MVZ). Where needed, locality descriptions were
georeferenced (assigned latitude and longitude from tex-
tual locality descriptions) following the protocol by Wie-
czorek et al. (2004). A total of 22 species, 13 amphibians
and nine reptiles, were used, with a total of 7,177 unique
localities. The median number of points for a species was
273 (range 16–750; app. B in the online edition of the
American Naturalist). The MVZ database is taxonomically
current, reflecting the numerous discoveries and refine-
ments over the past decades (Stebbins 2003). We chose
species that had phylogeographic data and were wide-
spread across the state of California (app. A). Even with
the extensive sampling used in these analyses, there likely
are some biases in both geographic and environmental
space (fig. 1a). However, given that most (60%) of the
species examined in the study are amphibians, which occur
in the wet, well-sampled montane regions of the state, the
lack of sampling points in the Central Valley and Mojave
Desert (fig. 1) should not cause significant biases in our
study. Further, given that the same data set was used for
both species and lineages, biases should not influence our
ability to compare patterns of these two groupings.

We used published and unpublished phylogeographic
data sets to split the 22 currently recognized species into 75
lineages (app. A; fig. 2), each of which was clearly a mono-
phyletic and geographically bounded unit with statistical
support (see references in app. A). All phylogeographic units
within a species were treated as equivalent; that is, we do
not include information about branch lengths (Moritz and
Faith 1998). The geographic range for each lineage was
determined from these sources and used to assign lineage
membership to each individual observation of a species. We
assumed that lineages within a species had parapatric or
allopatric distributions; that is, there was no overlap across
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Figure 1: a, Bivariate graph of mean temperature and annual precipitation for 10,000 random point localities across California (light gray circles),
all amphibian and reptile point localities in the MVZ database (open circles), and the 22 species used in the current study (dark gray circles).
Amphibians and reptiles are not distributed randomly, but the 22 species are distributed randomly with respect to the amphibians and reptiles. b,
Physiographic regions of California.

lineages. All authors of unpublished data sets were individ-
ually consulted to confirm the geographic boundaries of
lineages. The median number of localities for a lineage was
59 (range 5–564; app. B).

Geographic Breaks between Lineages

We combined information on species distributions and
the number of phylogenetic lineage breaks in a given

-km grid cell to identify the location of geographic25 # 25
breaks. First, we mapped the distribution of each phylo-
genetic lineage. The locations where breaks between lin-
eages occur were mapped by drawing lines equidistant
from each of the groups of points representing the different
lineages. We did not use additional background layers to
guide the drawing of these lines to avoid biasing the results
toward expected places, such as mountain chains or in-
tervening valleys. In most cases, lineages were geograph-
ically near each other (parapatric), but in some species,
they were farther apart, for example, across the Central
Valley. To summarize the spatial pattern in the lineage

breaks, we counted the number of lines in each -25 # 25
km grid cell across the state of California and mapped
these; that is, each grid cell was given a value that tabulated
the number of lines it contained.

The number of possible breaks in a given grid cell is
influenced by the number of species ranges that cross that
cell. For each species, a range map was drawn using a convex
polygon encompassing all the points for a given species. A
few of these polygons were manually edited to remove areas
that bear no relevance to the distribution of the species in
order to avoid inflating the estimated number of species
that cross an area. For grid cells of -km spatial25 # 25
resolution, we determined the number of species (polygons)
in each cell. Then, for each cell, we divided the total num-
ber of breaks by the total number of species to evaluate
the spatial pattern of breaks, given the number of possible
breaks. To determine whether more lineages split at a given
location than expected by chance, we used a binomial test.
To establish the expected value, we calculated the total
number of breaks (S-breaks) across all grid cells in Cali-
fornia and the total number of species across all grid cells
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Figure 2: Examples of species and lineage distributions for two species used in the analyses: left, Taricha torosa (California newt); right, Lampropeltis
zonata (California mountain kingsnake). Phylogeographic lineages are represented by different symbols and the associated predicted distributions
with different gray scales.

(S-sp). We then used the proportion of S-breaks to S-sp
as the expected number of breaks for each grid cell and
compared this to the breaks per species for each individual
grid cell that had at least one break. This approach allowed
us to identify grid cells with significantly higher numbers
of breaks than expected by chance, given the number of
species that occur in a cell.

Environmental Data

We used elevation and climate data from the DAYMET
database (http://www.daymet.org; Thornton et al. 1997).
The data are 18-year means (1980–1997) of monthly min-
imum and maximum temperature, precipitation, humid-
ity, and solar radiation at a 30� spatial resolution. We pro-
jected the data to Teale-Albers (the commonly used
projection in California) at a 1-km spatial resolution. The
data were transformed into 54 bioclimatic variables de-
scribing yearly means, extremes, and seasonality. For spe-

cies distributional modeling (see below), it is preferable
to have a biologically meaningful set of relatively uncor-
related variables (Austin 2002). Climate data are often
highly correlated; therefore, we conducted a series of cor-
relations to remove redundant variables. To conduct cor-
relation analyses, we extracted the environmental infor-
mation from 5,000 randomly generated points in
California. Correlation matrices were then generated for
variables within each of four general climatic categories:
temperature, precipitation, relative humidity, and radia-
tion. We used a Pearson correlation coefficient of 0.75 to
identify highly correlated variables (data not presented).
When variables were highly correlated, we selected those
that we considered most biologically meaningful for the
taxa we examined. This resulted in the following 10 var-
iables: relative humidity (coefficient of variation of
monthly values and maximum value across all months);
precipitation (total annual precipitation, coefficient of var-
iation of monthly precipitation, and precipitation in the
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driest quarter of the year); solar radiation (coefficient of
variation of monthly values and maximum across all
months); temperature (coefficient of variation of monthly
values, mean diurnal range across months, and maximum
across all months).

Distribution Models

Species’ ranges can be predicted using an array of modeling
techniques such as logistic regression, machine learning
techniques, and distance and envelope methods (Guisan
and Zimmermann 2000). These techniques use point lo-
calities where a species has been documented to occur to
extract data from environmental layers at those localities
and construct a model of the occurrence of a species in
environmental space (Franklin 1995; Austin 1998; Guisan
and Zimmermann 2000). Using the same environmental
layers, a model is then used to project a potential distri-
bution of the species in geographic space. Thus, these
methods allow for ecologically meaningful interpolation
between point localities to obtain continuous surfaces of
species distributions that include only environmentally
suitable habitats. We explored several modeling methods
with our data (logistic regression, DOMAIN, BIOCLIM
[Nix 1986; Busby 1991], and GARP [Stockwell and Noble
1992; Stockwell and Peters 1999]), and all methods yielded
qualitatively similar results and conclusions; therefore, we
present only one of the methods, BIOCLIM.

BIOCLIM uses occurrence data to calculate percentile
distributions for each environmental variable. Then, for
each environmental layer and each grid cell, the environ-
mental values are compared to these percentile distribu-
tions, and the lowest (or highest; the two tails are not
distinguished) percentile score is mapped (Nix 1986). We
ran BIOCLIM for all lineages and accepted all grid cells
where the BIOCLIM algorithm predicted potential pres-
ence (i.e., within the minimum and maximum of the ob-
served values for any of the variables). Species distribution
models often predict presence outside of the true range
of a species in areas where similar climates exist but the
species is absent for reasons other than climate. Therefore,
we applied the additional constraint that the final predicted
area for a lineage must be within 25 km of any observation
for the unit being modeled. This was done because we
used the bioclimatic modeling simply to refine the distri-
bution of species and lineages. Results were aggregated to
5-km spatial resolution to facilitate the reserve selection
computations. We ran BIOCLIM for all lineages, and dis-
tributions of species were derived from the lineages; that
is, a species’ distribution is the sum of the distribution of
its lineages (e.g., fig. 2). Richness per cell is, by definition,
the same for species and their component lineages.

Endemism and Irreplaceability

To compare spatial patterns of endemism between lineages
and species, we used corrected weighted endemism scores
(CWE; Williams 2000; Bickford et al. 2004). This method
is a quantitative and spatially explicit approach that in-
corporates information on the range sizes of the suite of
species that occur in a given grid cell. For each species or
lineage, we calculated the inverse of its range size (i.e.,

range size) so that species with small ranges would1/total
have higher values. We then summed these values across
all species or lineages that occurred in a given cell to gen-
erate range-weighted CWE scores. We compared spatial
patterns of endemism between lineages and species after
rescaling the results by dividing by the highest score across
all grid cells for species and lineages combined. We also
used irreplaceability methods to compare the conservation
value of each -km grid cell separately for species and5 # 5
lineages (Pressey et al. 1993, 1994; Pressey 1999; Ferrier
et al. 2000). Complementarity is the extent to which an
area or set of areas contributes unrepresented species to
an existing set of areas. Irreplaceability, which is an op-
erational extension of complementarity, is defined as the
likelihood that a given site must be protected to achieve
a specified set of targets (i.e., number of occupied grid
cells necessary to conserve a species) or, conversely, the
extent to which options for achieving targets are reduced
if the site is not protected (Pressey et al. 1993, 1994). Site
irreplaceability ranges from 0 to 1. Low values indicate
that a site has many possible replacements for achieving
conservation targets for the species (or lineages) that it
contains. Sites with a single endemic component will al-
ways have a high site irreplaceability because once that
site is lost, the target of representing all species cannot be
achieved (Ferrier et al. 2000; Margules and Pressey 2000).

We used the C-Plan conservation planning software
(ver. 3.06) to compute irreplaceability per 5-km grid cell
(Pressey 1999; Ferrier et al. 2000); this program runs with
the Geographic Information Systems (GIS) software
ArcView (ESRI, Redlands, CA). To avoid artifactual infla-
tion of irreplaceability because of differences in the num-
ber of entities compared, we adjusted targets (i.e., the
number of 5-km grid cells required to conserve a taxon)
so that each species and the distinct lineages for a given
species were given equal weight. For example, if a species
was comprised of three lineages and we used a target level
of 30, we gave each lineage a target of 10 and the species
a target of 30. We investigated two different target levels
(30 and 60) to evaluate how changing the number of sites
(grid cells) conserved for each species would alter con-
servation values. We report only results at the target level
of 30 because the qualitative difference in spatial patterns
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of irreplaceability between species and lineages proved ro-
bust to target level.

Results

There was significant spatial concordance in phylogeo-
graphic breaks across taxa (fig. 3a, 3b). Concentrations of

-km cells in which a significant excess of species25 # 25
show phylogeographic breaks are shown in figure 4b. Im-
portant breaks include the Central Valley, which separates
lineages in 62% of the species that cross the region (eight
of 13 species); this warm and dry area is a strong envi-
ronmental barrier separating the cooler, mesic coastal and
Sierra Nevada environments. In fact, the concordance of
the Central Valley break is probably underrepresented (fig.
3a, 3b) because the wide geographic disjunction between
the lineages on either side means that the centrally placed
break lines may not overlap perfectly. The Tehachapi
Mountains (running east-west along the base of the south-
ern extent of the Basin and Range, Sierra Nevada, and
Central Valley physiographic provinces; fig. 1b) separate
lineages within 67% (eight of 12) of the species examined.
The San Francisco Bay also shows multiple phylogeo-
graphic breaks (31%, four of 13 species; fig. 3a, 3b). The
Russian River region in the northern Coast Ranges just
north of San Francisco Bay is a major break in 33% (four
of 12) of the species we examined. All but one of the five
amphibians (Bufo boreas, boreal toad) that were found in
the region showed lineage breaks in the Russian River
region. In contrast, none of the reptiles showed a lineage
break, despite the higher numbers of species of reptiles
(seven) crossing the region. Seventy-three percent (11 of
15) of the species in our study whose ranges transect the
Sierra Nevada exhibit lineage breaks across this barrier;
however, there is relatively little spatial concordance of
these breaks (fig. 3a, 3b). These phylogeographic bound-
aries are likely a result of isolation and divergence during
glacial advances and retreats (also see Calsbeek et al. 2003).
The last major significant break occurs around the Trinity
Mountains, separating the Coast Range from the Cascade
Ranges in northern California (fig. 3a, 3b). Forty percent
(four of 10) of the species that cross this region show
phylogeographic breaks, including two salamanders (En-
satina eschscholtzii, Ensatina salamander, and Aneides fla-
vipunctatus, black salamander) that each has three lineages
meeting at the Trinity Mountains.

Summation of the predicted ranges of the 22 selected
species (or their component phylogeographic lineages) re-
vealed highest richness along the central Coast Ranges
(especially north and south of San Francisco Bay), the
foothills of the Sierra Nevada, and the Transverse and
Peninsular ranges of southern California (fig. 3c). This
should not be taken to represent overall richness for the

Californian herpetofauna; rather, it depicts the geographic
focus of the current study.

As expected, there is an overall increase in endemism
when the finer-grained phylogeographic lineages (fig. 4a,
4b) are considered. When per-cell endemism for both lin-
eages and species was divided by the maximum value for
lineages, it revealed that per-cell endemism of lineages and
species increased disproportionately in several areas; these
include the Santa Cruz Mountains (north of Monterey
Bay in the Coast Ranges) and several other coastal regions,
several disjunct areas on the Modoc Plateau in the north-
east of the state, and the Peninsular Ranges in the south-
west. Along the Sierra Nevada, the crest and patches of
the west slope have enhanced endemism for lineages, as
do two areas in the Tehachapi Mountains and a small area
to the east of the Sierra Nevada.

Some areas in California are highly irreplaceable (10.8)
for the species considered and for their lineages (fig. 5a,
5b). These included several areas along the Sierra Nevada,
including the southern end in Kern County. In addition,
regions of the Transverse and Peninsular ranges are highly
irreplaceable (fig. 5a, 5b). However, several areas were
highly irreplaceable for lineages but not when species were
the unit of analysis. Regions with high irreplaceability for
lineages but not species included the Santa Cruz Moun-
tains, sections of the Modoc Plateau and Basin and Range
physiographic regions in northeastern California, multiple
mountain ranges in southern California, especially in the
Peninsular Ranges, and small areas east of the Sierra Ne-
vada in the Basin and Range (fig. 5c). Intriguingly, some
areas on the Sierra Nevada crest south of Lake Tahoe had
lower irreplaceability for lineages than for species. This
means there are more geographic options for managers to
conserve if they focus on evolutionary lineages rather than
species, but only in that particular region. In general, our
results confirm that many geographic regions harbor cryp-
tic evolutionary diversity, and an understanding of con-
servation value will differ if species rather than lineages
are used in conservation assessments. These patterns were
similar at the different target levels (data not shown).

Discussion

Incorporation of phylogeographic lineages provided a
complementary and unique picture of the biodiversity pat-
terns for the selected taxa in comparison to a species-level
analysis. If the underlying geographic patterns of diversity
are the same for species (defined mainly by morphological
criteria) and genetic lineages, perhaps because of common
biogeographic history, the coarser-grained species should
still provide an effective surrogate for finer-grained lin-
eages (Moritz 2002). In our analyses, however, both en-
demism and irreplaceability measures using lineages as the



Figure 3: Phylogeographic breaks and richness across California. a, Geographic breaks between lineages. b, Statistically significant breaks assessed using the binomial distribution to obtain the
probability of a certain number of breaks occurring, given the number of species in a grid cell (see text for details). c, Richness of the herpetofauna used in this analysis.
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Figure 4: Endemism of (a) species and (b) lineages. c, Difference in endemism between species and lineages. Endemism is calculated as the sum of the inverse of the range sizes of the species
present in a grid cell divided by the highest number in all grid cells for species and lineages combined (see text).
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Figure 5: Irreplaceability of (a) the 22 species and (b) 75 lineages across the state of California and (c) their differences. The incorporation of phylogeographic data results in several completely
new areas of “totally irreplaceable” regions (red in a and b) not shown when “species” are used as the unit of analysis (in c, blue areas show high irreplaceability for lineages but not species).
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unit of analysis highlighted several important geographic
regions that would not have been identified if species had
been the unit of analysis (figs. 4c, 5c).

The areas found to have higher irreplaceability for lin-
eages than for species do not correspond simply with con-
centrations of lineage boundaries; for example, the prom-
inent phylogeographic boundaries in the Central Valley,
Tehachapi Mountains, and San Francisco Bay explain rel-
atively little of the irreplaceability pattern. Conversely, ar-
eas that are uniquely irreplaceable for lineages—the Trans-
verse and Peninsular ranges in the south, the Santa Cruz
Mountains along the Coast Ranges, and the Modoc Plateau
in the northeast—do not correspond directly to foci of
lineage change. Rather, the differences in irreplaceability
seem more driven by spatial variation in endemism. High
endemism (for lineages) and irreplaceability occur in the
Santa Cruz Mountains, the Modoc Plateau, and scattered
areas of the Basin and Range. High endemism is also found
in the Cascade Range and the southern tip of the Sierra
Nevada, but these areas do not contribute to the highest
levels of irreplaceability.

Turning to individual species and areas, lineages within
Ensatina eschscholtzii, Batrachoseps attenuatus (California
slender salamander), Aneides flavipunctatus, and Eumeces
skiltonianus (Western skink) are found only in the Santa
Cruz Mountains, and these likely contributed to the in-
creased irreplaceability for lineages in this physiographic
region. Likewise, certain lineages within Bufo canorus (Yo-
semite toad) and Crotalus viridus (western rattlesnake) are
found only in the Modoc Plateau. East of the Sierra Nevada
in the Basin and Range province, Bufo boreas, Eumeces gil-
berti (Gilbert’s skink), and Sauromalus obesus (chuckwalla)
all contribute to the high irreplaceability of the region. Nine
different species (three amphibians and six reptiles) have
unique lineages within the mountain ranges of extreme
southern California along the Transverse and Peninsular
ranges and include Ensatina eschscholtzii, Batrachoseps major
(garden slender salamander), Batrachoseps gabrieli (San Ga-
briel slender salamander), and all reptiles in the study except
for Eumeces gilberti, Elgaria multicarinata (southern alligator
lizard), and Contia tenuis (sharp-tailed snake). These species
all had unique lineages in particular areas that drove the
differences in patterns of irreplaceability between species
and lineage analyses (fig. 5c).

Overall, the state of California has high endemism and
high congruence in phylogeographic breaks across taxa.
Even when species with very different life histories are
included (e.g., birds, mammals, insects, and plants), con-
cordance in phylogeographic breaks is detected (Lapointe
and Rissler 2005). Monterey Bay, San Francisco Bay, the
Tehachapi Mountains, and areas across the Sierra Nevada
are commonly detected breaks (see Calsbeek et al. 2003;
Lapointe and Rissler 2005). These areas should be given

high priority in field surveys of species that lack genetic
data because they are likely to separate lineages within
other sympatric cryptic species (ICBP 1992; Jepson and
Whittaker 2002; Agapow et al. 2004).

The incorporation of museum records in bioclimatic
modeling is a powerful and relevant approach to conser-
vation biology and environmental planning and manage-
ment (Pressey et al. 1993; Franklin 1995; Austin 1998;
Guisan and Zimmermann 2000; Stein et al. 2000). Fed-
erated museum databases, such as those available through
the Mammal Networked Information System (Stein and
Wieczorek 2004) and the Global Biodiversity Information
Facility (http://www.gbif.org), provide publicly accessible
locality data that can be combined with fine-scaled en-
vironmental data in a GIS framework (Graham et al.
2004b). These databases provide researchers with increased
numbers of point localities for use in modeling. In general,
bioclimatic modeling does not perform well with fewer
than five locality points. In our study, only three of 75
lineages had five or fewer point localities (app. B). The
use of bioclimatic modeling can provide a thorough way
to assess geographic distributions of species and the en-
vironmental correlates of biological diversity.

We emphasize that to conserve evolutionary history, it
is essential to understand phylogeographic patterns within
species because species are poor surrogates for lineages. It
is worth noting that the lineages defined in our study were
derived from mitochondrial markers (mtDNA), as is com-
mon for phylogeographic analyses. However, other genetic
markers could provide different patterns of geographic
breaks between lineages. Future studies should examine
how spatial patterns of conservation value differ when
phylogeographic lineages defined by alternative markers
are used in the analyses.

Clearly, both ecology and history can drive patterns of
genetic diversity through environmental transitions and
dispersal barriers unrelated to climate. Zones of sharp en-
vironmental transition enhance natural selection on mor-
phological variables that have been pertinent to classifi-
cation of the organisms. On the other hand, evolutionary
lineages based on nearly neutral genetic markers (such as
mtDNA) may not reflect environmental transition zones.
Our analyses show that evolutionary lineages are not sur-
rogates for species defined principally via typological or
morphological criteria. Conservation assessments based on
species and lineages will differ, suggesting that the pro-
cesses driving phenotypic and genotypic patterns differ
and operate at unique spatial and temporal scales. Future
analyses should concentrate further on the location of the
phylogeographic breaks to determine whether they are
more likely to occur in regions harboring high environ-
mental variability or simply in regions with potential dis-
persal barriers. Because species are comprised of multiple
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evolutionary lineages that are masked because of mor-
phological conservatism, a conservation program that does
not include lineage information is likely to focus man-
agement plans around areas that do not necessarily harbor
high genetic diversity (Sechrest et al. 2002). Whether or
not this is a concern will depend on the goals of the con-
servation program.
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