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ABsTRACT. — Many populations of tortoises within theGopherus agassizii — G. berlandiezomplex
could be designated as species, subspecies, Distinct Population Segments (DPSs), Evolutionarily
Significant Units (ESUs), or Management Units (MUs). However, the appropriate designations for
populations remain incompletely resolved. Ambiguities regarding the phylogenetic relationships
and taxonomic status of desert tortoises impede precise and efficient legal protection, and compro-
mise extrapolations from the studies of one population to another. Herein, we (1) identify the
impediments to constructing a phylogenetic taxonomy and both genetic and ecological determina-
tions of conservation units, (2) examine the consequences of delaying such resolution, (3) summarize
the current data base available for systematic studies, (4) compare taxonomic solutions in other
terrestrial chelonians, and (5) suggest remedies. A standardized program of sampling that includes
all major populations across the entire range of botls. agassiziand G. berlandieriis proposed to
complete the identification of populations and their assignments to mtDNA-based ESU and MU
categories. Populations in potential contact zones should be sampled more extensively to determine
the absence or extent of gene flow among different ESUs to resolve the identity of species. Finally,
morphological, ecological, behavioral, and physiological distinctions among populations would
establish a complete and broadly based array of DPSs.

Key Worbs. — Reptilia; Testudines; TestudinidaeGopherus agassiziiGopherus berlandieriphyloge-
netic systematics; morphology; genetics; haplotypes; distinct population segments; evolutionarily
significant units; management units; conservation; Nevada; California; Utah; Arizona; USA; Mexico

This issue ofChelonian Conservation and Biology  1997; Van Devender, 2002a). Most recent studies are site-
co-sponsored by the Desert Tortoise Council to celebrat@nd population-specific.
more than 25 years of annual Desert Tortoise Council Gopherus agassizibccupies portions of three major
symposia. Two years ago, scientists and students conductidgserts linearly spanning more than 1000 km (Fig. 1). In the
research on the extant gopherine tortoises were invited twrthern third of its range, it occurs from the edge of Great
submit papers for this special focused issue on the speciesidisin Desert scrub in central Nevada and southwestern Utah
Gopherus We are very pleased that this volume of 28south into saltbush scrub, creosote bush scrub, and tree
contributions contains 22 papers on desert tortoi€es ( yucca woodlands typical of the Mojave Desert. In Califor-
agassizi), three papers on gopher tortoigésgolyphemus  nia, populations extend southward into valleys and desert
one paper on Texas tortois€s perlandier), one paper on pavements with creosote bush and ocotillo broken by micro-
Mycoplasmatests applicable to both desert and gophephyll woodland washes typical of the western Sonoran
tortoises, plus this introductory overview. Most papers wer®esert (Fig. 2; U.S. Fish and Wildlife Service, 1994).
given at Desert Tortoise Council symposia, and several are Habitats in the central part of the geographic ran@e of
the products of graduate student research. agassiziiinclude rocky outcrops and palo verde—saguaro

Since the desert tortoise was Federally listed in theactus communities of the Sonoran Desert uplands as well as
northern one-third of its geographic range (U.S. Fish andcotonal desert grasslands (Martin, 1995; Averill-Murray et
Wildlife Service, 1990), more than 100 research papers haw., 2002a; Van Devender, 2002b). In Mexico, habitats
been published on the species in peer-reviewed journals, amtlude Sonoran Desert thornscrub and the dark, wet floors
in proceedings of symposia (e.¢erpetological Mono- of tropical deciduous forest (Bury et al., 2002). These
graphs No. 8; Bury and Germano, 1994; Van Abbema,landscapes and their tortoise populations are fragmented by
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Figure 1. Map of the distribution of the major Evolutionarily Significant Units (ESUs) or haplotypes (al-@53gdssizi{Lamb et al.,

1989; Lamb and McLuckie, 2002), and the Management Units (MUs) (inset) from Britten et al. (1997) for populations iretisterorth
Mojave Desert. The Management Units generally fall within the borders of pre-existing Evolutionarily Significant Units.pdaploty
(ESUs) are as follows: al = Western Mojave Desert; a2 = Nevada; a3 = Utah; a4 = Sonoran Desert; ab = Sinaloan. Managament Units
as follows: AM = Amargosan; BDS = Beaver Dam Slope; NLV = North Las Vegas; PV = Piute; SLV = South Las Vegas; WM = West
Mojave. Black circles = sampled populations (omitted only from WM because of its wide geographical distribution).

natural geographic barriers and in some cases have belypothesis that Sonor&h agassiziare different organisms
separated for millions of years (Lamb et al., 1989; McLuckigrom conspecific “Mojave” tortoises (Van Devender, 2002a).
etal., 1999; Lamb and McLuckie, 2002). Wiiiberlandieri  Indeed, the less studied “Sinaloan” haplotypic form is ge-
is considered as a member of tBe agassiziigroup, the netically and ecologically distinctive as well (Lamb and
distribution extends across Texas to the Gulf of Mexico. McLuckie, 2002; Bury et al., 2002).

Desert tortoises exhibit substantial genetic (Lamb etal., Little attention has been given to a critical subject:
1989; Lamb and Lydeard, 1994), morphological (WeinsteirfWhat is the desert tortoise?” G agassizia polymorphic
and Berry, 1987; Germano, 1993), physiological (Turner ebr polytypic species, a complex of sibling species, subspe-
al., 1986; Wallis et al., 1999; Averill-Murray, et al., 2002a; cies, or ecomorphs? In terms of conservation, does it have
Averill-Murray, 2002c), and behavioral (e.g., Woodbury diagnosable DPSs, ESUs, or management units (MUSs)
and Hardy, 1948; Burge, 1977; Averill-Murray et al., 2002b)(Moritz, 1994a; Waples, 1998; Moritz, 2002)? A stable
variation among populations. Differences recognized priophylogeny is a prerequisite to extrapolating recent discover-
to 1994 were formalized for Mojave and western Sonoraies on one population to new environmental circumstances
populations in theDesert Tortoise (Mojave Population) or different tortoise populations. But none exists. Effective
Recovery PlanRecovery Plan) (U.S. Fish and Wildlife conservation requires extrapolations and rigorous conserva-
Service, 1994). To ensure continuance of the recognized @ibn genetics (Funk et al., 2002; Moritz, 2002). Herein, we
putative diversity, the Recovery Plan recommended protegrovide an “assessment of need” for extant populatio@s of
tion of distinct population segments (DPSs) or evolution-agassizii We (1) identify impediments to constructing a
arily significant units (ESUs) in six “Recovery Units” (Ryder, phylogenetic taxonomy and both the genetic and ecological
1986; Waples, 1991). Recently, evidence has supported tidetermination of conservation units, (2) examine the conse-
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Figure 2. Diversity of habitats and phenotypes across the distributional range of the desert tdpissus agassiziandthe Texas
tortoise,G. berlandieri 1. Typical habitat ofG. agassiziin creosote bush scrub, Stoddard Valley, southern Mojave Desert, California,
where high densities of desert tortoises were reported in the 1970s and 1980s. Photo by Gag Bgtioal habitat of5. agassiziin

creosote bush scrub with galleta grass, Fenner Valley, eastern Mojave Desert, Mojave National Preserve, California,deinsigégsgh

of desert tortoises occurred through the early 1990s. Photo by Betty Bargkl. Specialized habitats &. agassiziin the northeastern
Mojave Desert at the Red Cliffs Desert Preserve, Utah, where tortoises live in dune sand and on very steep slopes. BtintBsioy.Kr

5. Typical habitat of5. agassiziin creosote bush scrub with ocotillo and cactus, Ward Valley, northern Colorado (a.k.a. western Sonoran)
Desert, California, where moderate to high densities of desert tortoises occurred through the early 1990s. Photo by BnT @hiieddis

habitat ofG. agassiziin creosote bush scrub, Chemehuevi Valley, northern Colorado (a.k.a. western Sonoran) Desert, California, where
moderate to high densities of desert tortoises occurred through the early 1990s. Photo by Mik& Walkieal habitat of. agassizii

in the eastern Colorado (a.k.a. western Sonoran) Desert, Chuckwalla Bench Area of Critical Environmental Concern, Chdifernia, w
highdensities of desert tortoises occurred through the mid-1980s in microphyll woodland washes that cut through desert patzelnyent. Ph
Peter Woodmar8. Typical habitat of5. agassiziin the Sonoran Desert: ironwood trees, palo verde, and saguaro vegetation at Ragged Top
study area at Ironwood Forest National Monument, Pima County, Arizona. Photo by Roy C. Averill-Nfigr&/continues on next page
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Figure 2. (continued 9. Typical habitat of5. agassiziin the Sonoran Desert: palo verde-saguaro vegetation at the Sugarloaf study site,
Maricopa County, Arizona. Photo by Roy C. Averill-Murrd. A round, high-domeé. agassizifrom the western Mojave Desert,
California. Photo by Bev Stevesdri. Light (xanthic) and dark colored neon@eagassiziipossibly siblings, from the southern Mojave
Desert, Marine Corps Air Ground Combat Center at 29 Palms, San Bernardino County, California. Photo by Curti Bjedinshaped,
flattened adulG. agassizifrom the Sugarloaf study site, Maricopa County, Arizona. Photo by Roy C. Averill-Md3ajuvenileG.
agassiziilestimated 1-2 yrs old) from the Sonoran Desert, Pima County, Arizona. Note the dark shell with orange-brown centers on some
scutes. Photo by Roy C. Averill-Murra¥4. Dorsal view comparison of Sonoran (left) and Mojave (right) juvenile carapace and head
squamation of5. agassiziiNote more “dentate” morphology in the posterior marginals of the carapace of the Mojave juvenile (From
Joyner-Giriffith, 1991)15. Typical tropical deciduous forest habitat for the Sinaloan genoty@eatfassizifrom Alamos, Sonora, Mexico.

Photo by permission of T. Wiewand. JuvenileG. agassiziof the Sinaloan genotype from Alamos, Sonora, Mexico. Photo by permission
of T. Wiewandt. Note similar dark and orange hues in the juvenile of the Sonoran genotype in Figig2 28o6tinues on next page
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Figure 2.(continued 17.Adult G. agassiziof the Sinaloan genotype from Alamos, Sonora, Mexico. Photo by permission of T. Wiewandt.

18. Typical Yucca-Mesquite grassland habitaGoberlandieriin Lower Rio Grande Valley, Texas. Photo by permission of L. Oifio.
SubadultG. berlandierifrom Texas (with black and yellow contrasting pattern). Photo by permission of L. Ztt@ld, adultG.
berlandierifrom Texas, illustrating the more uniform horn-colored carapace that occasionally replaces the contrasting pattern in large or
older tortoises. Photo by permission of L. Ditto.

guences of delaying such resolution, (3) summarize thpopulation status and trends, conducting research on health
database currently available for systematic studies, (4) conand disease, or established for a limited project. Conse-
pare taxonomic solutions applied to other terrestrial cheloguently, few analyses were designed to determine critical

nians, and (5) suggest remedies. boundaries (Britten et al., 1997; McLuckie et al., 1999), to
gather adequate samples, and to span the entire range of the
The Problem and Why It Continues deserttortoise (Jennings, 1985; Glenn etal., 1990; Lamb and
McLuckie, 2002).
Although populations db. agassizidiffer genetically Other factors have contributed to the lack of focus. All

and ecologically, we do not know the extent to which thes®lorth American species of tortoises are allopatric, and
populations differ from one another. Do discrete boundarieallopatry holds for most major population segments of the
exist between populations and if so, where are they lodesert tortoise, although not for all proposed MUs, espe-
cated—perhaps along major riverine systems (Weinsteinially in northeastern Nevada and adjacent Arizona and Utah
and Berry, 1987; Lamb et al., 1989)? Several underlyingErnst etal., 1994; Britten et al., 1997; Lamb and McLuckie,
problems compound this issue. Funding has focused d2002). There has been no need for diagnostic keys, taxo-
subjects necessary for managing declining populations: geaemic definitions, other identification tools, or a phyloge-
graphic distribution, demographic attributes of populationgetic framework to extrapolate results from one study to
(densities, size-age class structure, recruitment, sex ratiogpother. In addition, researchers must obtain Federal and
status and trends in populations, causes of mortality anfitate permits from several jurisdictions in the U.S. and
mortality rates, habitat preferences and requirements, arkéederal permits in Mexico. Additional permits are necessary
fundamental information on physiology and ecology. Untilto work in parks and military reservations. In areas where
recently, data did not reveal significant differences amongopulations have been depleted by disease or anthropogenic
populations. Second, relatively few studies have addresséwbitat degradations, sampling is likely to be especially
problems in systematics (Bramble, 1982; Crumly, 1994time-consuming, e.g., in the western Mojave Desert, and
Crumly and Grismer, 1994; Lamb and Lydeard, 1994gcentral Sonora, Mexico.

Britten et al., 1997; McLuckie et al., 1999; Lamb and Genetic studies add another layer of complexity. Previ-
McLuckie, 2002). Most samples for genetic or morphometously, most yielded data either insensitive to very small
ric analyses have been taken from previously existing studghanges, such as allozymes, or were entirely restricted to
plots, specifically study plots established for monitoringmaternal lineages, such as mtDNA. These data sets might
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not have registered subtle aspects of gene flow or its absenpeotection of the only genetically diverse populations
And even when all this information is used to define specieg;Trépanier, 2002). Due to subsequent extirpation, that error
weak and inconsistently applied terminology still impedeis now irrevocable. Misdirected priorities, based upon short-
our efforts Crandall et al., 2000). Still, another issue term ecological considerations only, could render similar
involves environmental vs. genetic effects. Many mor-harm to the desert tortoise.
phological features reflect epigenesis in which both gene  We echo a cover caption ona 1990 issue of Nature: “Bad
expression and environmental influences act on the orfFaxonomy Kills!” Is bad taxonomy allowing critical popu-
togeny of the phenotype. Environmental influences odations of the desert tortoise to slip away? The legislatively
tortoise development are considerable, ranging from semandated monotypic treatment of the geSphenodon
determination (Spotila et al., 1994) to body shape antjnored the existence of three species which led to the
absolute size (Jackson et al., 1976, 1978). Even sudxtinction of one species and compromised the protection of
features as growth rings on scutes are subject to enviroanother (Daugherty et al., 1990). Although thesase-
mental influences (Berry, 2002). guences and their remedies were revisited in the r8gstam-
Populations os. agassizidiffer regionally, but we do atic Biologyissue dedicated to Biodiversity Systematics, and
not know by how much, the nature of boundaries betwee@onservation (Funk et al., 2002; Moritz, 2002), perhaps the
populations, or whether they are discontinuous and isolatedost succinct summary was made by May (1990:130):
in both ecological and genetic terms. Without resolving  “Without taxonomy to give shape to the bricks, and
these dual gaps in genetic data from nuclear genes and fraystematics to tell us how to put them together, the house of
key geographic areas, indisputable taxonomic conclusiortsiological science is a meaningless jumble.”
may be elusive. Resolution of the current taxonomic ambi-  Land managers and agencies may need to extrapolate
guity is our first priority for a coherent tortoise conservationdata in critical decision-making for the desert tortoise. Such

program (e.g., Lovich and Gibbons, 1997). Why? extrapolations could prove disastrous if data from the
“Mojave” desert tortoise are used, for example, to guide
Consequences of Leaving Desert Tortoise conservation of the Sonoran desert tortoise (Van Devender,
Systematics and Categorization Unresolved 2002a). However, genetic extrapolations may occur in re-

sponse to increasing societal pressure to translocate tortoises
Our ultimate objective is to conserve the variation into reduce “take” or to augment depleted or extirpated popu-
populations ofG. agassiziin accord with accurate taxo- lations. Such actions may introduce poorly adapted animals
nomic and legal designations. Although the “Mojave Popuinto alien habitats, and induce long-term reductions in geno-
lation” is listed as threatened, limited data distinguish itgypic fitness due to outcrossing depressidestudo
features or delimit the precise boundaries of its range (U.&leinmannj which was recently split into two specids,
Fish and Wildlife Service, 1994). Six “recovery units” werewerneriand T. kleinmann{Per&l&, 2001), provides an ex-
identified as the focal points in the Recovery Plan. For eactample. Confiscated. kleinmannivere translocated into the
genetic, phenotypic, and environmental differences wergene pool off . wernerj initiating geneswamping Rhymer
tabularized and described. and Simberloff, 1996; Perala, 2001). Recent progress in
In the U.S., legal protection of organisms is generallydesert tortoise biology will not be utilized to its full potential
confined to species and subspecies. In Mexico, Procuradurgand conservation priorities will not be able to target popula-
Federal de Proteccion al Ambiente (PROFEPA) is the retions most in need of protection until the taxonomy of these
sponsible agency. Unlike state agencies within the U.Stortoises and their interrelationships are more thoroughly
Mexico’s federalLey General de Vida Silvest(&eneral established phylogenetically.
Law for Wildlife) designates the ecological population as
the focal point for conservation, and, in principle, has the = Generic Assignments and Species Definitions:
ability to consider populations individually for differing What's in a Name?
levels of legal protection. At the international level, the
IUCN Red List recognizes taxa as the primary conservation  The fundamental premise of phylogenetic taxonomy is
units, regardless of hierarchical rank (e.g., species, subspiirat taxa are grouped and named on the basis of their
cies, genus, family), although regional populations are occghylogenetic relationships (e.g., Farris et al., 2001; Brooks
sionally listed (e.g., the Mediterranean populatiofrainyx ~ and McLennan, 2002), and the relationships are based on
triunguis). With no recognized subspecies@®fagassizii  shared derived character states (Hennig, 1966). For tor-
and less formal units being poorly defined, protection otoises, both extant and extinct, current hypotheses are based
genetically, ecologically, or biogeographically importanton osteology and draw upon a robust array of evidence from
subunits ranges from difficult to impossible. fossils (Bramble, 1982; Crumly, 1994; but see McCord,
The recovery units recognized in the Recovery Plar2002 for major gaps in the late Tertiary record). Fossils
were constructed with genetic information (in particular,provide the anatomical perspective, especially¢hation-
Lamb et al., 1989). A recent study of the genetics of thehips among species groups within the gopherines. However,
Coachella fringe-toed lizardJma inornata revealed that ambiguities remain regarding whether fossil species outside
the recovery plan for this endangered species forfeited thbe verified clade db. polyphemus-G. flavomarginatjso-
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posed by Bramble [1982] &aptochelys junior synonym  through population genetics. If independent historical lin-

of XerobategdBour and Dubois, 1984]) are a monophyletic eages are not interbreeding, and each lineage expresses
group or several divergent lineages grouped by shared primtharacter state evolution, then each lineage can be recog-
tive characters. No synapomorphies unite the fossil species nized as a species, irrespective of the desirability of naming
Xerobates Since, within a phylogenetic context, taxonomicevery isolated population. To determine how many recog-
groupings must be based on synapomorphies, Bramble's geizable species might currently be referred @ amassizii

nus and taxonomy is inappropriate and indeed, the genuge need to evaluate how the lineages were formed and how
Xerobatess now rarely used. they maintain their identities. Populations isolated by geo-

ExtantG. berlandieriand the various populations@f  graphical barriers that will not disappear during the next
agassiziishare a number of synapomorphies (Germangglaciation could certainly be considered as permanently
1993; Morafka et al., 1994; Lamb and Lydeard, 1994)isolated (Frost and Hillis, 1990). This is the relationship
Synapomorphies merely establish monophyly and closbetweerG. berlandieriandG. agassiziiEvidence of inter-
relationships for a small group including both species, antireeding of nearby populations during the last glacial epi-
are not a justification for elevating the whole array of livingsode (i.e., an ephemeral isolation) can be directly assessed
and fossil Xerobate$from an less specialized “grade” to a from nuclear gene markers, such as microsatellites, or poten-
phylogenetic clade serving as a sister group tothe oféigle  tially inferred from mtDNA based on multiple shared
polyphemus—G. flavomarginatus haplotypes.

The fundamental unit of evolution is the species. Spe-  The problem witlts. agassiziis that we do not have the
cies are the means of measuring biodiversity and the primargquired phylogeny. To some extent, the maternal history of
unit of conservation. Species are formed by the irreversiblthe “species” has been investigated and at least some mater-
splitting of ancestral lineages regardless of the mechaal lineages have been identified (Lamb and Lydeard, 1994;
nism—vicariance, dispersal, ecology, or behaviorBritten et al., 1997). However, these relationships do not
(Dobzhansky, 1970). Although fundamental and essential,f@rm a phylogeny because they are not indicative of gene
universal definition remains contentious. Mayden (1997flow and genetic recombination; they are tokogenetic
noted that the problem derives from combining two distinc{Hennig, 1966), female lineages. Unabated gene flow would
systems: concept and operation. Species concepts basedoenso reticulate with homoplasy (= character conflict
phylogenetic relationships, i.e., “historical concepts of speewing to convergence, parallelism, reversal, or particu-
cies” (Brooks and McLennan, 2002), concern us. larly introgressive gene flow) that no dichotomous rela-

Among a variety of historical concepts, most are derivationships would be resolved. If phylogenetic relation-
tions of the evolutionary species concept of Simpson (195X%hips can be resolved with@. agassiziithen multiple
and Wiley (1978). The concept contains the essential elevolutionary species can be recognized. Unfortunately
ments of persistence and divergence through time, as histovire do not have sufficient data to address this most basic
cal entities and cohesive wholes (Brooks and McLennarquestion: what i$5. agassizi?

2002). But how does one recognize species? The evolution- Much of the anatomical differentiation is geographi-
ary species concept does not have an operational basis or sally constrained. Whether this variation reflects epigenetic
of criteria. Rather it recognizes as species those units that maygenetic effects is not known. More importantly, we cannot
be diagnosed, which are internally cohesive (have actual @ssociate the anatomical variation with historical lineages.
potential gene flow) and are the end points of a phylogenetithis leads to another problem, that of potentially recogniz-
tree. This is much more conceptual than operational. ing subspecies @. agassiziiSubspecies may be described

The operational basis of species starts with a phylogenetand recognized, but they do not represent exclusive histori-
analysis. The problem is simply how to divide a tree intacal units. Thus, they are unacceptable within a phylogenetic
individual species. Three operational tree-based concepts hasentext. Regardless of whether the naming of subspecies
been proposed (Mayden, 1997; Brooks and McLennan, 1998ffords greater legal protection, only ephemerally isolated,
2002), two based on the phylogenetic species concept and atiegnosable insular populations may be so recognized in
on the composite species concept (Kornet, 1993; Kornet armbntemporary taxonomy (Frost and Hillis, 1990; Murphy
McAllister, 1993). All concepts recognize species on the basiand Aguirre-Ledn, 2002b). If history can be associated with
of branching patterns and evidence of character state evolisolated lineages of tortoises, it might be possible to recog-
tion. The composite species concept requires fixed changetize subspecies, but then it may be preferable to make them
but the others typically do not. Whereas one version of thepecies so long as the naming corresponds to the conceptual
phylogenetic species concept allows for persistent ancestaasd operational criteria.

(and peripheralisolates), the other two do not. Regardless, how Academics and law differ in their definitions of “spe-
do we evaluate species of tortoises? cies.” Terminology has evolved independently in both legal

Among populations of sexually reproducing organ-and scientific communities and, unfortunately, the two com-
isms, such as desert tortoises, we can look for evidence ofunities often pursue different paths. Whereas one group
reproductive isolation, historical lineages, and diagnosableill favor a term or definition, the other will subordinate or
entities. Here the focus is on the functional differences andiscard it. For example, the disuse of subspecies in academ-
relationships between demographic units as determindds (Frostand Hillis, 1990) is a problem for taxon-based legal
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protection.The history of legal and academic interactionsspecies that “actually represent significant adaptive varia-
has been variously reviewed (Pennock and Dimmick, 199jon” and “evolutionarily significant units within species”

Waples, 1998; and indirectly, Moritz, 2002). (Ryder, 1986). It evolved to identify reproductively isolated
populations that are “separate from other populations and
Conservation and Law have unique or different adaptations” (Waples, 1991). This

definition became the official policy of NMFS, essentially
Legal terminology is important in conservation. Thetheir formal definition for Pacific salmon (U.S. Department
1978 amendment to the 1973 U.S. Endangered Species AiftCommerce, 1991). Subsequently, ESU was redefined in
(ESA) introduced DPS. Ryder (1986) contributed ESUterms of phylogenetic species (Volger and DeSalle, 1994),
Moritz (1994a, 1994b, 2002) refined the definition of ESUor evolutionary species (Mayden and Wood, 1995). The
and added MU. These terms bring a variety of concepts hyefinitions of Moritz (1994a, 1994b, 2002) rest upon units/
which to categorize geographical variatiorGnagassizii.  populations that are mutually monophyletic for mtDNA and
Distinctive Population Segments (DPS)The DPSis  are significantly divergent from one another in their frequen-
the primary unit for protection under the current ESA (U.Scies for nuclear loci as well. Moritz (2002) added a subordi-
Department of the Interior and U.S. Department of Comaate unit to the ESU, the MU, to designate genetically
merce, 1996) and is used by both the U.S. Fish and Wildlifdistinctive subdivisions. MUs could reflect distinctive al-
Service and National Marine Fisheries Service (NMFS)lelic frequencies (restriction fragment length polymorphisms
DPS units are designated on the basis of three elements: (&)mtDNA, allozymes, or sequenced DNA fragments), or
discreteness of the population segment in relation to thiesser differences within mtDNA sequences. The MU rec-
remainder of the species to which it belongs; (2) the signifiognizes and protects demographically distinctive popula-
cance of the population segment to the species to whichtibns to sustain the evolutionary viability of the larger ESU
belongs; and (3) the conservation status of the population {iMoritz, 2002). Britten et al. (1997), in part using allozyme
relation to the ESA standard for listing. differences among populations®f agassiziin the north-
Although the General Accounting Office requested thakastern Mojave Desert, suggested that these MUs were
ESA protection of populations be revoked because it was taequivalent to individual Recovery Units of the Recovery
broad in its potential applications, the U.S. Senate retaine@lan. However, the Recovery Plan equated Recovery Units
coverage with the suggestion that DPS protection be usetith ESUs. The MU has never enjoyed the formal legal
“sparingly” and “be well justified biologically” (U.S. Sen- recognition afforded to either the DPS or ESU. The use of
ate, 1979). Subsequently, the U.S. Department of the Int®é4Us by Britten et al. (1997) most closely approaches their
rior and U.S. Department of Commerce (1996) redefinedise in a legal context.
discreteness to be satisfied by a marked separation from The ESU and MU gave conservation a genetic basis and
other conspecific populations as a consequence of physxtended the principles of phylogenetic systematics to pro-
ological, ecological or behavioral factors. Physical separagressively smaller demographic units. However, these par-
tion was also acceptable, both as a result of natural getieular units exclude many of the criteria listed in the formal
graphicalisolation and along international boundaries whereederal definition of DPS, especially when only biogeo-
“discreteness” was created by differential protection/exploigraphical, ecological, physiological, or ethological criteria
tation of populations on each side of a border. are invoked. More recently, and paraphrasing Frankel (1974),
Several criteria gauge “significance of the DPS:” per-Moritz (2002: 239) stated that the goal of biological conser-
sistence in an unusual or unique ecological setting for thatation was “To maintain evolutionary processes and the
species; geographical distribution that would create a gap wiability of species and the functional landscapes necessary
the range of the species given local extinction/extirpationto achieve this.” Three elements were identified for conser-
the only surviving population within its historic range (evenvation planning: (1) the combinations of areas and popula-
if introduced populations are more common elsewhere)jons which maximize representation of species; (2) areas
marked differences from conspecific populations in genetithat represent specific evolutionary processes or admixtures
characteristics. Conservation status is determined separataf/historically isolated populations (corridors, edaphic com-
for each DPS within a species using ESA criteria. Individuamunities, ecotones, etc.); and (3) within areas identified in 1
vertebrate DPSs may be unlisted, threatened, endangereahd 2, the protection of contiguous habitats of sufficient area
and delisted. In effect, they are treated as separate speciesross major environmental gradients to ensure persistence.
terms of legal status. The ESA has differentially protected/oritz (2002: 251) concluded that “Conservation strategies
populations of five U.S. chelonians, includi@gagassizii  for species may be improved, and made more flexible, by
G. polyphemusthe flattened musk turtleSternotherus considering separately the genetic divergence that arises
depressusand two sea turtlesChelonia mydasand from adaptive rather than vicariant processes.” Only the
Lepidochelys olivace@Pennock and Dimmick, 1997). product of vicariance would be designated as the ESU, based
Evolutionarily Significant Units (ESU) and Manage- on mtDNA data most often involving presumptively neutral
ment Units (MU)— Like the DPS, the definition ESU has allelic alternatives. Perhaps the ESU is better characterized
evolved to become more explicit. Originally, it allowed zooas being the result of deep historical processes including, but
biologists to prioritize the propagation of groups within aby no means confined to, vicariance. The adaptive process
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involves both the genetic response and the environmentalstrict redefinition of distinct population segments as evolu-
induced selection. tionarily significant units will compromise management
There are opportunities for and difficulties in reconcil- efforts because the role of demographic and behavioral data
ing DPSs, ESUs, and MUs with each other and with thevill be reduced. Furthermore, strictly cultural, economic, or
Recovery Units and Desert Wildlife Management Areaggeographic justifications for listing populations as threat-
(DWMAS) described in the Recovery Plan (U.S. Fish ancened or endangered will be greatly curtailed.”
Wildlife Service, 1994). Collectively, the ESU and MU
integrate into the broader, legally binding concept of DPS. Precedence
The recognition of dynamic interactions between gene pools
and selective environments can define populations but need Conservation requires law, and the operational basis of
not be strictly genetic definitions. Although the ESU andlaw is precedence. Two models from other chelonians are
MU provide rigorous definitions for protection, DPS pro- available as precedence. Therrapenecarolina complex
vides latitude in more than a genetic sense for protecting thend the genu$estudoare both composed of small, terres-
aforementioned adaptive processes that have or potentialijal, moderately diverse (5-10 taxa) and predominantly
could produce these units. Likewise, recognition of theaemperate species. Their phylogeny, character states by
importance of unique habitats, habitat gradients, corridorsyhich each taxonomically recognized population is defined,
ecotones (Smith et al., 1997) and edaphic zones justifies tlaad evidence for gene flow are used to resolve the taxonomic
continued utility of the DPS, especially in the context of thestatus of individual units.
Department of the Interior and Department of Commerce  TheT. carolinaclade (Minx, 1996) presents parallels to
(1996) definition. These issues are important to defining théhe G. agassizii — G. berlandiedomplex. Both consist of
desert tortoise(s). two nominal species, one of which has much greater distri-
Considering Mojave and Sonoran populations, Lamibution and regional diversity than the oth&errapene
and McLuckie (2002: 81) stated that Recovery Units “dem¢oahuila is allopatric and confined to a single isolated
onstrate concordant geographical variation for certain nucleavetland in the state of Coahuila, Mexig¢errapene carolina
genes (Jennings, 1985; Glenn et al., 1990; Britten et alhas six subspecies, four of which are parapatric and inter-
1997), morphology (Weinstein and Berry, 1987) and behawgrade (e.g., Shannon and Smith, 1949; Smith and Sanders,
ior (Barrett, 1990).” Congruence between ESUs representei®52; Blaney 1968; Ward, 1968). Two subspecies are allo-
by Lamb and McLuckie’s (2002) major (mtDNA) geno- patric in southeastern Mexico (Ernst and McBreen, 1991).
types,al, a2, anda3, in their map and the subordinate six Morphometrics, skeletal anatomy, and the semi-aquatic
MUs described by Britten et al. (1997) are shown in Fig. 1behavior ofT. coahuilahave made its recognition unam-
Three MUs — West Mojave, Piute Valley and South Lashiguous. Some diagnostic character states are primitive with
Vegas —are subsumed within genotgfieThe Amargosan respect tdl. carolina(Minx, 1996; Bramble, 1974). Many
MU falls within the boundaries of genotyp2 and the MUs  defining character states of subspecies (Buskirk, 1993; Ernst
of North Las Vegas and Beaver Dam Slope are both enscribetl al., 1994; Dodd, 2001) are comparable to those used to
by Lamb and McLuckie’s (2002) genotype/ES8I define species among other taxa. However, a broad belt of
Legal applications of these units create challengesntergradation occurs between the four contiguous subspe-
Definitions of both ESUs and DPSs continue to evolvecies across northern Florida, western Georgia, and Alabama
academically and in the application of the ESA. On on€Dodd, 2001). These traditional subspecies might well be
hand, DPS and Recovery Units are the legal units of prote@ssigned DPS status today, and if supported genetically,
tion, and on the other hand ESUs and MUs are advancirgategorized as ESUs. The two allopatric Mexican subspecies
theory. The Recovery Plan (U.S. Fish and Wildlife Servicepf T. carolinaremain problematic. Unlik&. coahuila they
1994) adheres closely to ESUs as defined by Waples (1991ack the profound morphological (especially osteological)
and equates them with DPSs. Recently the definition of ESUifferences that define the former as species. Perhaps molecu-
has expanded, contracted, and been revised. In additioay analyses will further resolve their taxonomic status.
molecular systematics has advanced, and now includes the The small, Mediterranean and west-to-central Asian
widespread use of nuclear microsatellite DNA data. Consdertoises of the genusestudaexpress similar diversity, but
guently, delineations of Recovery Units®@fagassiziand  more of them have been ranked as spediegraeca, T.
some of their subordinate DWMAs need to be reconsideredhermanni, T. horsfieldi, T. kleinmanni, T. marginatadT.
as was done by Britten et al. (1997) for a localized arewerneri(Ernst and Barbour, 1989; Perald, 2001). The genus
centered in southern Nevada. Given the rigor with which theonsists of six species (Ernst and Barbour, 1989), divided
original Recovery Units were designated, none would bénto three subgenera (Loveridge and Williams, 1957,
invalidated, although they might be reshaped or subdividehozatsky and Mlynarski, 1966)estudpPseudotestudo
to better protect recently discovered MUs. Recovery Uniteind Agrionemys Both T. graecaand T. hermannihave
may need to be re-prioritized for protection. Revision mighsubspecies. Anatomical differences among the species are
also include designating more DPS, even if not defined irquivalent to those of the subspeciefatapene carolina
strictly genetic terms. In building upon the Recovery PlanSeveral specie$gestudo graecandT. hermannin particu-
we are reminded of Pennock and Dimmick (1997: 611): “Alar, have complementary ranges. Some Asian populations of
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Testudo graecare sympatric withrl. horsfieldi(Stubbs, centers of existing Recovery Units, both west and east of the
1989a, 1989b). In central and southern Grdedermanni  Colorado River (McLuckie etal., 1999), (2) Red Cliff Desert
is frequently sympatric with the endemic marginata Preserve in Utah, (3) west of Tucson, Arizona, and (4)
(Stubbs, 1989a, 1989b, 1989c). Despite the proximity andhroughout the Mexican state of Sonora, but especially
or overlap of these forms, hybrids are absent. Their moderabetween Guaymas and Alamos (Bury et al., 2002; Lamb and
morphological differentiation from one another belies theMcLuckie, 2002), and (5) along the Rio Yaqui. The latter
fact that they are species. Like b@t#rrapene carolinand  task may prove daunting, because the route of the major
someG. agassiziigllopatric populations dfestudo graeca Mexican federal Highway 15 traverses unfavorable habitat
pose taxonomic problems. A similar issue arises where thend cultivated plains in the Sonoran lowlands (Bury et al.,
Nile River separate¥estudo kleinmanrand T. werneri  2002), at some distance from the montane rocky slopes,
(Peral, 2001), much like the Colorado River approximatelyvhich the tortoises appear to occupy in this part of Mexico
separates two major haplotypes (ESUs)Gofagassizii  (Fritts and Jennings, 1994).
(Lamb and McLuckie, 2001). In both cases these allopatric = MtDNA data are not indicative of gene flow. Thus,
(or nearly parapatric) products of vicariance fragmentatiofnvestigations of nuclear genes across these maternal bound-
are difficult to assign taxonomically. aries must be pursued simultaneously. Microsatellite DNA
Likewise, these similar species déstudohave ex- data would be critical in unambiguously demonstrating the
pressed differential antibody production and susceptibilitygenetic integrity of maternal clades, i.e., the historical ab-
to viral diseases (rhinitis, pharyngitis, and stomatitis) whersence of gene flow among isolated or parapatric populations
exposed to both Sendai virus (Jackson and Needham, 1988)g., Edwards et al., 2002, for selected Sonoran Desert
and herpesvirus (Frost and Schmidt, 1997). Differentiapopulations). Such gene comparisons require large sample
responses to diseases provoke greater interest in establishsiges £30 individuals) collected uniformly across the entire
an accurate systematics for “populations'Gfagassizii, range ofG. agassiziandG. berlandieri As a part of the
where potentially different susceptibilities to infection aregenetic studies, karyotypes (Dowler and Bickham, 1982)

also a major concern. should be revisited in light of contemporary banding and
These examples provide precedence foGttegassizii  immunofluorescence techniques.
—G. berlandiercomplex. First, the extent of morphological Morphological differentiation is the next priority. Among

differentiation among putative DPSs may not, by itself,existing morphological studies, Weinstein and Berry (1987)
determine whether they are operational species. Severfalcused primarily upon differentiation of shell shape within
subspecies off. carolina are more distinctive than the the U.S., Germano (1992) addressed morphological ontog-
species of estudoSecond, the inability to recover a phylog- eny, and Germano (1993) evaluated shell morphology. The
eny and difficulty in evaluating degrees of differentiation aregenetic geographical gaps also apply to morphological stud-
puzzles when the entire body of evidence is phenotypic, ass. In particular, studies need to be extended across Arizona
it is in both these cases. Third, areas of real or potenti@nd Mexico. Work needs to be directed toward a more
contact are very valuable for resolving the degree and natudetailed evaluation of shell shape, including proportions and
of gene flow between populations. Genetic comparisonangularity of individual scute and bony elements (e.g., see
may identify allopatric, or even sympatric, populations withcommentary by Weinstein and Berry, 1987) by sex, size-

relatively “shallow” histories of separation. class, and age. Deep osteological variation needs to be
pursued, as does superficial shell coloration and pigmenta-
An Action Plan: tion. Figure 2 illustrates the graphic differences between
Resolving the Phylogeny and Taxonomy Among the  adultG. agassiziandG. berlandieriand three major haplo-
Gopherus agassizi+ G. berlandieriComplex typic forms withinG. agassiziiThe variation is comparable

to that of species ofestudoand subspeciesf Terrapene

An action plan for thes. agassizii — G. berlandieri carolina. Figure 2 also highlights the ontogenetic changesin
complex requires an evaluation of available resources armhrapacial shape, pigment, and pattern. Figure 2.14 illus-
deficits in databases. Current, comparative data encompasates the dramatic differences in carapacial and dorsal head
genetics, morphology, developmental biology, ecologysquamation in Sonoran vs. Mojave juvenile tortoises. Of
physiology (including nutrition), behavior, and life history. particular interest, the pointed posterior marginals are well
Ouir first priority is an assessment of the taxonomic status afeveloped only in Mojavean juveniles. Similar differences,
the isolated populations and distinctive morphological formgontingent on ontogenetic stage, have been used to separate
of G. agassiziiSince the maternal genealogy may stronglyGeochelone carbonaridrom G. denticulata(Ernst and
reflect deep history, especially when cladogenic patterns aiarbour, 1989) and. kleinmannfrom T. werneri(Peréla,
repeated in several other taxa (e.g., Riddle et al., 200@001). The pronounced differences in individuals and popu-
Murphy and Aguirre-Ledn, 2002a), we recommend thatations in Fig. 2 illustrate the potential importance of many
gaps be filled in the existing mtDNA data sets. Subsequemhorphological and pigmentational characters used to define
analysis would identify and locate the boundaries of historitaxa inTerrapeneandTestudo
cal maternal lineages. Areas to be sampled thoroughly Aspects of physiology are important, but have a lower
include, but are not limited to: populations at (1) edges angdriority. The more striking findings between tortoise popu-
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A. Single Species B. Two Species (Current Status)
Moj Son Sin  Tex/Tam Moj Son Sin Tex/Tam
(1)
C. Three Species D. Four Species
Moj Son Sin  Tex/Tam Moj Son Sin  Tex/Tam

@ @ 1+@ —1+0

40

. .

E. Four Species with ESUs

W.Moj Nevada Utah
al* a2 a3
ESU ESU  ESuSon Sin Tex/Tam

at* - may be further
subdivided into DPS \

Figure 3. Alternative taxonomic arrangements of tBepherus agassizii — G. berlandiegsomplex based on current estimates of
phylogenetic relationships. This array of alternatives neither includes all possible permutations nor selects amongsa(i) radtive
potential taxonomic units are subspecies giolyphemu@axonomy of Mertens and Wermuth, 195B)} the taxonomistatus quoyith

two recognized specief) the Sonoran and Sinaloan genotypes are combined (Lamb et al., 1989) as a new species separate from both
G. agassiziandG. berlandierj (D) both Sonoran and Sinaloan genotypes are new sp@gjesimilar to D, but the three major Mojave

Desert genotypes (Lamb et al., 1989) are Evolutionarily Significant Units (ESUs), with the option of further subdividingahese
subordinate Management Units (MUs), or non-genetically based Distinct Population Segments (DPSSs).

3

lations occurring north and west of the Colorado Riverern, eastern, and northern Mojave populations (e.g., Peterson,
(“Mojave population™) and Sonoran population in Arizona 1996; Henen et al., 1998). Similar work needs to be under-
include differencesin reproductive physiology. Size at sexuabken in the Colorado Desert of California, as well as in
maturity varies substantially between Mojave and Sonoragonora and Sinaloa.
tortoises (Turner et al., 1986; Averill-Murray et al., 2002a; Ecological differentiation is also important. It is sum-
Averill-Murray, 2002). Mojave tortoises may initiate egg marized on the broadest scales, and with a geographically
laying at ca. 180 mm carapace length (CL), while Sonoranomplementary emphasis in the Recovery Plan, especially
tortoises have not been observed to lay eggs until 220 mits Section F, Distinct Population Segments of the Desert
CL. The number of clutches produced per season, timing dfortoise (U.S. Fish and Wildlife Service, 1994). Compara-
oviposition, and numbers of eggs in clutches are also markive work is also available in Van Devender (2002a).
edly different. This work needs to be extended to include the  If historical relationships can be resolved, and cohe-
Colorado (western Sonoran) Desert in California, the Rediveness demonstrated via genetic isolation, then multiple
Cliffs Preserve, and Mexico. species can and should be recognized. An array of possible
Comparative research on the physiology of field metaoutcomesis illustrated by Fig. 3, with the probable outcomes
bolic rates and water balance has been conducted on wesinging from one species, a version of which was proposed
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