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CHAPTER 3

VAINLY BEATING THE AIR: SPECIES-CONCEPT DEBATES NEED NOT
IMPEDE PROGRESS IN SCIENCE OR CONSERVATION
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AssTrACT. —Debate over species concepts has been a persistent theme in biology. We briefly
summarize competing species concepts and facets of the debate itself. We maintain that the
inherent subjectivity within all species concepts is likely to ensure continued disagreement
on where to place species limits. Although the debate itself contributes to the understanding
of speciation and evolutionary processes, it can take on political overtones through posturing,
caricatures, and provocative statements. Empirically, neither basic nor applied science would
seem to have been slowed appreciably because the species-concept debate remains unresolved.
Similarly, continued disagreement must be placed in its proper context (e.g., be shelved) when
considering the preservation of biodiversity. To a considerable extent, this has occurred
within the conservation community. The biological species concept (BSC) and its inclusion
of diagnosably distinct populations as subspecies remain dominant in ornithology. This may
be attributable, in part, to the seemingly infinitely fine divisions possible under phylogenetic
species concepts (PSC)—which, among other things, could strain public credulity over what
constitutes a species. Nevertheless, the strengths of each of these concepts are being applied
to improve our understanding of biodiversity. The longstanding disagreement over species
concepts should not become an impediment to responsible conservation and wildlife manage-
ment. It probably has not occurred broadly yet, but there may be potential for such an effect in
the political arena. Received, accepted.

ResuMEN. —El concepto de especie es un tema polémico en biologia. Resumimos brevemente
los distintos conceptos de especie y las facetas del debate. Consideramos que la subjetividad
inherente en todos los conceptos de especie garantizan un continuo desacuerdo en como
delimitar las especies. Aunque el debate en si mismo contribuye a entender el proceso de
especiacion y otros procesos evolutivos, muchas veces se desarrolla en términos demasiado
caricaturescos, burlescos y provocativos. De hecho, la continuidad del debate no parece haber
ralentizado ni la ciencia bésica ni la aplicada. De igual modo, el continuo desacuerdo debe
contextualizarse cuando consideramos la conservacion de la diversidad. El concepto biologico
de especie (BSC) y la inclusion de las poblaciones diagnosticables como subespecies, sigue
predominando en ornitologia. Esto puede deberse en parte a las infinitas divisiones que se
pueden realizar bajo el concepto filogenético de especie (PSC), lo que entre otras cosas, puede
afectar el entendimiento del publico en general sobre qué es una especie. Sin embargo, los
puntos fuertes de cada concepto se estan aplicando para llegar a un mejor entendimiento de la
biodiversidad. Este desacuerdo historico sobre el concepto de especie no tiene por qué ser un
impedimento para una politica responsable para la conservacion y gestion de la vida salvaje.
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SPECIES-CONCEPT DEBATES

...Nor shall I here discuss the various
definitions which have been given of the term
species. No one definition has as yet satisfied
all naturalists; yet every naturalist knows
vaguely what he means when he speaks of a
species. (Darwin 1859:44)

...But to discuss whether they are rightly called
species or varieties, before any definition of
these terms has been generally accepted, is
vainly to beat the air. (Darwin 1859:49)

Waat DpEFINEs A species? This question
has divided biologists and been a persistent
theme in biology for >150 years (e.g., Darwin
1859; Mayr 1942, 1993; Wiley 1978; Cracraft
1983; Paterson 1985; Templeton 1989; Nixon
and Wheeler 1990; Mallet 1995; Avise and
Wollenberg 1997; de Quieroz 1998; Harrison
1998; Johnson et al. 1999; Wheeler and Meier
2000; Hey 2001; Coyne and Orr 2004). The
debate over species concepts can evoke such
passion that arguments often focus on the
weaknesses of competing concepts and rarely
acknowledge the benefits of the debate itself.
Given that we are attempting to place broadly
definitive lines upon a continuous process, the
debate is certain to continue. At present, no spe-
cies concept can claim convincingly to provide
rigorous methods for objectively defining when
speciation has occurred —at least not in a man-
ner that can be usefully applied within or across
taxa on a broad scale. Nonetheless, the lack of a
unifying species concept has not hindered seri-
ous progress in the biological sciences or in the
development of appropriate units for conserva-
tion priorities.

We find humor in Darwin’s statement that
defining species is like “vainly beating the
air” (Darwin 1859:49), but the ongoing debate
has helped to point out areas where further
investigation is needed. We propose that tax-
onomists and systematists put aside arguments
for scrapping the current species structure
until a more robust and objective alternative
can be implemented with broad agreement.
To date, we know of no such alternative. Here,
we briefly review the species-concept debate
and then address several questions: (1) Has the
biological species concept (BSC) failed us? (2) Is
the phylogenetic species concept (PSC), widely
considered the preferred alternative to the BSC
in ornithology, an objective and robust concept
ready to impose new species boundaries? (3) Is
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it appropriate to abandon the BSC for promo-
tion of conservation initiatives? And (4) has
disagreement about species concepts impeded
basic or applied science? Finally, we consider
the realities of geographically partitioned varia-
tion within species and the scientific and legal
(at least in the United States and Canada) bases
for continuing to recognize divisions below the
species level.

Process-BASED SPECIES CONCEPTS

Several species concepts focus on reproduc-
tive mechanisms or the processes that define
species. The concepts receiving most attention
in this category include the BSC (Mayr 1942),
the recognition species concept (RSC; Paterson
1985), and the reproductive-cohesion spe-
cies concept (CSC; Templeton 1989). In what
is widely referred to as the BSC, Mayr (1963:
19) defined species as “groups of actually or
potentially interbreeding natural populations
which are reproductively isolated from other
such groups.” The BSC, and our working model
of it, is the most widely accepted definition of
species.

Despite its widespread use, the BSC has
been criticized for failing to identify species
in allopatric populations, for its difficulty in
dealing with hybridization, and for its inap-
plicability to asexually reproducing organ-
isms. Paterson (1985) and Templeton (1989)
recognized the usefulness of defining species
by isolating mechanisms and attempted to
improve the BSC by adding additional crite-
ria for naming species. The RSC emphasizes
the evolutionary development of prezygotic
isolating mechanisms, defining species as “the
most inclusive population of individual bi-
parental organisms which share a common fer-
tilization system” (Paterson 1985:15). The RSC
changed the focus in defining species from
mechanisms that prevent mating to those that
facilitate reproduction. Under the RSC, specific
mate-recognition systems serve as signal-and-
response interactions between individuals of
a species (Paterson 1985) and are the main
criteria by which species are defined. Because
mate recognition can occur only within a spe-
cies, hybridization is theoretically impossible
under the RSC (King 1993). Although Paterson
attempted to improve the BSC by identifying
species in hybrid zones, the RSC has received
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criticism for difficulty in evaluating specific
mate-recognition systems and its inability to
deal with asexual or allopatric populations
(Templeton 1989, Mayden 1997).

Templeton (1989) introduced the CSC, which
focuses on processes that maintain similarity
among populations. Under the CSC, species
are “the most inclusive population of individu-
als having the potential for phenotypic cohe-
sion through intrinsic cohesion mechanisms”
(Templeton 1989:12). Rather than focusing
on the mechanisms that separate species (i.e.,
BSC and RSC), the CSC focuses on factors,
both genetic and phenotypic, that hold a spe-
cies together. The CSC merges central ideas
from process- and pattern-based concepts
into a species concept that is operational for
both sexual and asexual organisms. Although
the CSC is operational for a wide variety of
taxa, it has remained unimplemented, mainly
because “phenotypic cohesion” remains largely
undefined (Endler 1989). Templeton’s effort to
incorporate pattern into a species concept was
not new; most of the major competing concepts
to the BSC are pattern-based.

PATTERN-BASED SPECIES CONCEPTS

Pattern-based species concepts focus on evo-
lutionary history, phylogenetic relationships,
and character states. These concepts include
the evolutionary species concept (ESC; Wiley
1978), the PSC (Cracraft 1983), the genealogical
species concept (GSC; Baum and Shaw 1995),
and the genotypic-cluster species definition
(Mallet 1995). The ESC, with its roots in pale-
ontology, defines a species as “a single lineage
of ancestor—descendant populations which
maintains its identity from other such lineages
and which has its own evolutionary tendencies
and historical fate” (Wiley 1978:18). Because the
ESC includes ancestral populations, it is diffi-
cult to test scientifically and does not seem to be
applied much outside the field of paleontology,
although others have shown interest in it (e.g.,
Peterson 1998, Taylor et al. 2005).

The PSC has received the most attention and
consideration recently as a potential alternative
to the BSC (e.g., Cracraft 1989, 1997; Nixon and
Wheeler 1990; Zink and McKitrick 1995), and in
ornithology (at least) it is routinely portrayed
as the leading opponent to the BSC. There are
actually multiple PSCs, but they all share a
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focus on identification of historically related
groups (Coyne and Orr 2004). Here, we focus
on the most ornithologically relevant aspects
and consider the PSC in the singular. Cracraft
(1997:329) defined a species under the PSC as
“the smallest population or group of popula-
tions within which there is a parental pattern of
ancestry and descent and which is diagnosable
by unique combinations of character-states.”
This definition was modified from its original
form to address earlier criticisms.

The PSC has been criticized by other propo-
nents of pattern-based concepts for relying too
heavily on the principles of cladistics and diag-
nosing species in terms of apomorphies (char-
acters derived and different from the ancestral
condition; Nelson and Platnick 1980, Mallet
1995). A general fear among many of these crit-
ics is that perfectly good species that lack such
apomorphies will not be diagnosed properly.
To avoid the use of apomorphies as the unit
of diagnosability, Mallet (1995:296) proposed
the genotypic-cluster species definition, which
defines species as

distinguishable ~ groups of individuals
that have few or no intermediates when
in contact...[C]lusters are recognized by a
deficit of intermediates, both at single loci
(heterozygote deficits) and at multiple loci
(strong correlations or disequilibria between
loci that are divergent between clusters).

Although the genotypic-cluster definition can
diagnose species without apomorphies, it con-
founds species diagnosis with the requirement
that species must be “in contact” (e.g., parapat-
ric or sympatric; Harrison 1998).

Baum and Shaw (1995) also chose to reduce
the emphasis placed on character states or apo-
morphies by the PSC, proposing the GSC (con-
sidered by Coyne and Orr [2004] to be a third
general version of the PSC). The GSC defines
species as “exclusive groups of organisms,
where an exclusive group is one whose mem-
bers are more closely related to each other than
any other organisms outside the group” (Baum
and Shaw 1995:290). Relatedness under the GSC
is determined by the concordance of gene gene-
alogies; however, the amount of concordance
necessary between two populations for them to
be named genealogical species is not specified
(i.e., all gene genealogies or just some; Harrison
1998). The amount of introgression between
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species and across a species’ genome can vary;
consequently, alleles can become fixed at some
loci and not at others, resulting in discordant
gene genealogies (Harrison 1998). Under these
circumstances, the GSC, which requires con-
cordance over a number of loci, may be too
stringent in how it defines species limits or
boundaries (Harrison 1998).

Finally, with the advent of genetic tools, we
are seeing a resurgence in typological species
concepts, though proponents are not naming
their concepts as such. Typological species con-
cepts based on phenotype have been disfavored
since the mid-19th century because of inherent
conceptual flaws (Mayr 1963, 1982). Mayr (1963:
5-6) wrote:

The replacement of typological thinking by
population thinking is perhaps the greatest
conceptual revolution that has taken place in
biology.... Virtually every major controversy
in the field of evolution has been between a
typologist and a populationist.

Typological species are defined by speci-
fying an arbitrary degree of morphological
or genetic difference (Coyne and Orr 2004).
Naming groups “species” on the basis of an
arbitrary degree of genetic divergence seems
to have become widespread (e.g., Konig et al.
1999, Hebert et al. 2004). Although it is true
that genetic divergence generally increases as
lineages diverge, there is no genetic measure
yet that enables us to determine when specia-
tion has occurred between lineages in the class
Aves (e.g., Funk and Omland 2003, Johnson and
Cicero 2004, Moritz and Cicero 2004). Genetic
diversity is certainly part of biodiversity, but
using simplistic genetic distance data to des-
ignate species status is decidedly a step back-
wards in our efforts to understand biodiversity
and its generation —in every way a return to the
flaws of historical typological species concepts
(see Mayr 1963, 1982). Given the stochastic
and often selectively neutral processes inher-
ent in DNA mutation and evolution, a lineage
showing reciprocal monophyly in a single
locus (to some researchers an indication of a
phylogenetic species) may represent another
of these arbitrary thresholds (see also Avise
2000b, Coyne and Orr 2004). At the least, such
approaches do not accurately reflect what we
know about the genetics of speciation (Orr 2001;
Avise 2000b, 2004; Coyne and Orr 2004).
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SuourLp WE ABANDON THE BIOLOGICAL SPECIES
CoNcerT?

No—although it has its problems. The BSC
does not apply to asexual populations, because it
is based on reproductive properties. Mayr (1996:
266) was unapologetic for this flaw, believing
that “a species definition that is equally appli-
cable to both sexually reproducing and asexual
populations misses the basic characteristics of
the biological species definition,” and he turned
to the specialists to sort out species in these
organisms. That no single species concept can be
applied equally well to all taxa has been stated
repeatedly (e.g., Bock 1992, Mayr 1996).

The BSC’s requirement of reproductive iso-
lation creates confusion in naming allopatric
species because this requirement is generally
not tested. This is commonly viewed as the con-
cept’s biggest drawback (e.g., Zink 1996). Mayr’s
original definition did not include “potentially”
with regard to interbreeding natural popula-
tions; it was inserted later with the hope that it
would diminish the criticism regarding allopat-
ric populations. For some critics, it did not. In
areas of allopatry, determinations of reproduc-
tive isolating mechanisms are often extrapo-
lated using cues from morphology, behavior,
and ecology (Cracraft 1989, Johnson et al. 1999,
Helbig et al. 2002) and require a certain degree
of subjectivity. In this sense, the BSC is guilty of
inferring process from pattern (Harrison 1998).
The processes of differentiation create patterns,
and making inferences from the latter has been
a standard practice in BSC-based taxonomy.

Expounding on classic methods regarding
relative differentiation between forms, Mayr
(1969:196-97) suggested that the status of repro-
ductive isolation in allopatric populations be
inferred by using phenotypic divergence as a
yardstick, employing three types of divergence
data in closely allied taxa “to calibrate such a
scale”: differences between sympatric species,
between intergrading subspecies within spe-
cies, and between hybridizing populations.
Such methods are hardly foolproof (Mayr 1969),
but this approach remains important today
(see Remsen 2005). Experimental approaches
to determining whether reproductive isolation
exists between allopatric populations are pos-
sible (e.g., through playback, captive breeding,
or mate-choice experiments), but interpretation
of results is confounded by many factors (Mayr
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1969), not the least of which is the difficulty of
determining the fitness of hybrid individuals
in relation to pure individuals of the parent
lineages.

Known hybridization of distinct BSC species
has been proposed as another major limita-
tion of this concept (Cracraft 1997). Although
~10% of bird species can hybridize (Grant
and Grant 1992), the extent of this problem
is limited because much hybridization does
not result in production of fertile offspring or
in individuals with increased fitness likely to
drive evolutionary change. Also, effective gene
flow and its effects are considered important
by the working model of the BSC; the extent
and nature of hybridization can be studied and
incorporated within this concept (e.g., Johnson
et al. 1999). Basically, the failure of prezygotic
isolating mechanisms to prevent hybridization
still leaves the opportunity for postzygotic iso-
lating mechanisms such as reduced fertility or
fitness to operate to prevent the likelihood of
lineage reticulation. Additionally, such lineage
crossings are likely a challenge to any species
concept when they make it difficult to recover
evolutionary history (Grant and Grant 1992).

Mace and Collar (2002) did not consider a
movement to a phylogenetic species concept
useful from the conservation perspective, but
they recognized that a needed “unlumping” of
biological species of birds was given impetus
by PSC advocates in their criticisms of the BSC.
They, like Avise (2000a), considered that the best
way forward was through accommodation (Mace
and Collar 2002). This accommodation is prob-
ably coming to pass, at least in part (see below).
Despite many criticisms, the BSC remains the
preferred species concept in well-studied groups
such as birds (Avise and Wollenberg 1997,
Johnson et al. 1999, Avise 2004). Although its
many strengths have been widely recognized,
perhaps the most important of these is its inher-
ent inclusion of population thinking (see, e.g.,
Avise 2000a, Coyne and Orr 2004).

SHouLp WE IMPLEMENT THE PHYLOGENETIC
Srecies CoNCEPT TO DEFINE NEW SPECIES
BoOUNDARIES?

The ability to name asexual organisms is
an advantage of the PSC, but by emphasizing
pattern the PSC has the potential to ignore
processes important to speciation in sexually
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reproducing organisms. Proponents of the PSC
may recognize the importance of process (inter-
breeding, reproductive isolation, and barriers
to genetic exchange), but process is not among
the criteria used to define phylogenetic species
(Harrison 1998). We know, however, that gene
flow is of profound importance in the speciation
process.

Another criticism of the PSC concerns its
emphasis on cladistics and the identification of
apomorphies. Advocates of the PSC acknowl-
edge this concern but remark that all species are
hypotheses and that designations may change
with the advent of new information (Cracraft
1997). In this approach, PSC proponents assume
that phenotypic diagnostic characters are genet-
ically based. By relying on these identification
techniques, the PSC confines the speciation pro-
cess to a simple presence—absence condition.

This is apparent in the manner in which the
PSC deals with reticulation (the evolutionary
reuniting of differentiated lineages) and hybrid-
ization. The PSC has been accused of ignoring
reticulation and the existence of paraphyly (a
species derived from a common ancestor but
which does not include all the descendants of
that ancestor), and the single-locus approach
of mitochondrial DNA (mtDNA) phylogenetic
studies and determination of species limits can
clearly run afoul of polyphyly (a species derived
from two or more ancestors) and paraphyly
(Patton and Smith 1989, Avise and Wollenberg
1997, Johnson et al. 1999, Funk and Omland
2003). The BSC is able to group nonhistorical
taxa as species when those taxa come into con-
tact and freely interbreed (e.g., Northern Flicker,
Colaptes auratus; Moore et al. 1991). The PSC, by
focusing on historical pattern, could diagnose
freely hybridizing non-sister taxa as separate
species; the PSC simply ignores gene flow
between them. Advocates of the PSC maintain
that hybridization is a useless criterion in delin-
eating species (Cracraft 1997). But in attacking
the BSC on hybridization, PSC advocates tend
to view the ability to interbreed as a single
“character” rather than as the complex, vari-
able process for genetic interchange that it is. In
ornithology, the working model of the BSC does
not treat hybridization as a presence-absence
“character state,” but rather assesses its likely
importance by its degree and probable evolu-
tionary consequences. This working model of
the BSC ignores hybridization between lineages
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that is an evolutionary dead end (e.g., compare
Gray 1958 and American Ornithologists’ Union
[AOU] 1998; see also Johnson et al. 1999).

It has been argued that the PSC is not appli-
cable in its current form because of difficulties
in implementing species diagnoses (Avise and
Wollenberg 1997; see also Avise 2000b). Critics
suggest that using detailed morphological anal-
yses and modern molecular evolutionary tech-
niques will lead to a proliferation of the number
of species (Mayr 1993) and ultimately to the
ability to diagnose individuals (Avise and Ball
1990; Avise 2000b, 2004; Mallet 1995). The PSC
provides no definition of “diagnosable charac-
ter states,” leading to subjectivity in recogniz-
ing species. This subjectivity has the potential to
create an imbalance between taxa (King 1993),
creating new species in well-studied organisms
while cryptic species in less-studied organ-
isms may go undetected. Thus, as Collar (1997)
pointed out, the PSC may produce species that
are not the smallest diagnosable clusters, but
rather those diagnosable to the point at which
the search was abandoned. Johnson et al. (1999)
presented evidence that this has been done
already. Indeed, molecular techniques are so
robust in diagnosing lineages to the individual
level that Avise (2004:361) stated that “most
individuals and family units within sexually
reproducing species can be distinguished from
one another with high-resolution molecular
assays.” Clearly, diagnosability under such
modern methods requires some subjectively
placed thresholds to associate diagnosed units
with species limits.

Several species concepts have been proposed
under process- and pattern-based ideologies,
and their introduction has contributed to the
understanding of speciation and the evolution-
ary process. Insofar as species concepts have
been forged and reforged to aid progress in
understanding biodiversity and evolutionary
processes, the absence of agreement on a spe-
cies concept has probably not been a major
impediment to scientific progress. It even
seems likely that some principles of competing
concepts have been helpfully incorporated into
taxonomy in cases that are difficult to resolve
under any concept. But a fervent debate contin-
ues, especially between proponents of the BSC
and the PSC, with each side extolling the virtues
of one concept and emphasizing the flaws of the
other. The PSC, in particular, has generated
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heated discussions of species limits, but it has
little likelihood of being adopted wholly (see,
e.g., Avise 2000b). We believe that phylogenetic
research can help us to define species bound-
aries, develop taxonomic hierarchies, infer
evolutionary relationships, and help prioritize
conservation. However, we find that the PSC
is no less subjective in defining species limits
than the BSC; it simply moves the subjectivity
to another dimension of the problem (see also
Avise and Wollenberg 1997, Johnson et al. 1999,
Remsen 2005). Single-locus reconstructions
of the evolutionary history of populations or
species can be illuminating or deceiving regard-
ing species units (e.g., Cronin 1993, Talbot and
Shields 1996, Funk and Omland 2003, Avise
2004). In this regard, the simplistic totting up
of largely neutral genetic changes between lin-
eages (e.g., Konig et al. 1999, Hebert et al. 2004)
should be shunned as another potential metric
by which to determine species status; this set-
ting of arbitrary thresholds, as noted above, is a
throwback to typological thinking and its asso-
ciated overly simplistic species concept.

THE REALITY OF SUBSPECIES

Within zoology, ornithology has been perhaps
the most stalwart bastion of the recognition of
subspecies as formally named intraspecific
taxonomic wunits (Cutright and Brodhead
1981), despite a nihilistic attitude toward this
taxonomic entity by some PSC advocates
(e.g., McKitrick and Zink 1988, Zink 2004).
Subspecies—interbreeding (or likely capable
of interbreeding) but phenotypically diagnos-
able populations—have long been considered
by many to be a useful, albeit messy, taxonomic
unit. Although subspecies have been neglected
by the American Ornithologists’ Union since the
5th edition of the Check-list of North American
Birds (AOU 1957), they nevertheless remain an
important aspect of described avian biodiver-
sity (e.g., Peters et al. 1934-1986, del Hoyo et al.
1992-2005, Dickinson 2003).

Mitochondrial DNA sequence data indicate
that conspecific populations can be structured
at a wide variety of evolutionary depths (Avise
2000a). Although subspecies have fallen into
disfavor with some because they comprise a
mixed bag of units representing variable and
often unknown levels of evolutionary differ-
entiation, the PSC would elevate these units
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to full species status when diagnosable. This
would, in effect, decrease the average level of
differentiation among species while increasing
the variation of among-species differentiation
encompassed within a genus. Furthermore, it
would ignore geographically partitioned varia-
tion below the species level if not fully diagnos-
able (e.g., through reciprocal monophyly of
molecular markers). Although many subspecies
under the BSC will prove to be perfectly good
species with further study, changing species
concepts to make it so seems rather extreme.
In addition, to sweep remaining intraspecific
variation under the proverbial rug by denying
any formal taxonomic status for those subspe-
cies not making species status (under whatever
sort of revision or criteria) is, in our view, a dis-
service to historic studies and to modern under-
standing of avian diversity.

At intraspecific levels we expect the largely
neutral genetic variation that dominates cur-
rent genetic-sequence-based data sets to be
decoupled from differentiation attributable to
selection. Thus, mtDNA sequence data have
little bearing on the validity of named subspe-
cies, which are based on among-population dif-
ferences in phenotype that are more likely than
mtDNA differences to be the result of selection
(e.g.,, Mumme et al. 2006). However, subspecific
variation provides a suggestion of underlying
genetic differentiation, and genetic data can
help us understand some of the evolutionary
history of intraspecific variation. Genotypic
data also can be valuable for genetic diagnoses
of populations and regions that warrant special
management or conservation importance—as
long as we understand the nature of concor-
dance and discordance between phenotypic
and genotypic data sets.

An excellent example of subspecific variation
that exhibits both morphological and genetic
concordance among described subspecies (i.e.,
partitioned geographic variation correlated in
both phenotype and genotype) occurs among
Song Sparrow (Melospiza melodia) populations
in northwestern North America. Genetic study
of populations in this region showed a strong
concordance between population-level micro-
satellite data and previously described, mor-
phologically based subspecies (Fig. 1; Pruett
and Winker 2005). These subspecific units do
not meet anyone’s definition of species, with
gene flow occurring among most populations
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and a lack of reciprocal monophyly exhibited
among traditionally used characters (Gibson
and Kessel 1997, Pruett 2002, Pruett and Winker
2005). However, we believe that they clearly
indicate the value to basic and applied science
of formal taxonomic recognition of geographi-
cally partitioned variation. The BSC’s inclusion
of such subspecific units can be viewed as a
decided advantage, but this does not validate
the reality of all described subspecies. For
example, the only other Song Sparrow subspe-
cies (M. m. amaka) in this region that did not fit
this pattern was found to be an undiagnosable
and, thus, an invalid taxon after additional
genetic and morphological study (Pruett et al.
2004; similar treatment without presentation
of relevant data was provided by Gibson and
Kessel [1997] and Arcese et al. [2002]).

Although some subspecies do not reflect
biological reality (often having been based on
insufficient evidence) and thus are virtually
useless or even deceiving, others appear to be
good indicators of how variation is distributed
across a species” geographic range. Continued
recognition of subspecies has several advan-
tages. As Mayr (1969) pointed out, the trinomial
informs us about the closest relationship and the
allopatric condition of breeding populations.
Subspecies are also taxonomic bookmarks,
informing scientists and wildlife managers that
a species is not homogeneous throughout its
range. Finally, the trinomial can serve as a form
of conservation triage, in that it relegates minor
geographic variants to a lower rank (and thus a
lower conservation priority) than the more dis-
tinct units that practically everyone would agree
are species (J. V. Remsen, Jr. pers. comm.).

As Hey (2001) pointed out, evolutionary
processes that created the patterns recognized
today occurred largely in the past, and the place
where these groups exist now is at the “wave
front” of the evolutionary processes of the pres-
ent. Too great a focus on events of the distant
past risks a disregard for diversity generated in
response to recent selection (see also Crandall
et al. 2000); subspecific morphology may reflect
more of the latter than the former. Debates
about the meaning of such partitioned variation
with regard to adaptation, natural selection,
and environmental influences on development
(phenotypic plasticity) are another issue that
we will not consider here; the causes of sub-
specific variation represent a suite of questions
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Fic. 1. Bootstrapped distance tree of Song Sparrow (Melospiza melodia) populations and subspecies across
northwestern North America based on Nei’s (1978) genetic distance using eight microsatellite loci. Genetic
distance values are shown below the tree and bootstrap support for each branch is listed above that branch

(adapted from Pruett and Winker 2005).

stimulated in large part because we recognize
that such variation exists. Finally, as long as
adaptation remains a possible reason for parti-
tioned phenotypic variation, management and
conservation of such evolutionary potential
remains a legitimate goal.

CONSERVATION

Conservation biology has the potential to be
more affected by a change in species concept
than any other discipline. How can we conserve
what we cannot define? Realizing the effects
that a species concept can have on preserving
biodiversity, both sides of the BSC-PSC debate
have looked to conservation biology to support
their positions. For example, proponents of the
PSC have claimed that “lumping” genetically
diverse, evolutionarily distinct, and geographi-
cally separate populations into single species
is detrimental to conservation efforts and have
therefore recommended a change in concept
(Zink and McKitrick 1995, Cracraft 1997). As
conservation efforts move from a species- to a

community-level focus, PSC advocates believe
that an understanding of patterns of diversity
and evolutionary history is essential (Zink and
McKitrick 1995). Cracraft (1997) claimed that
lower species limits under the PSC would give
international governing agencies more legal
incentive to protect these units. How such peren-
nially resource-limited agencies would find the
support to widen conservation efforts under a
simple definition change, however, is unclear.
Some conservation biologists believe that
implementing the PSC would increase the total
number of threatened species and devalue their
status (e.g., Collar 1997). Conversely, BSC sup-
porters charge that a change in species concepts
is not only logistically impossible, but unneces-
sary because the Endangered Species Act (ESA)
in the United States specifically includes pro-
tection of subspecies of vertebrates and plants
and distinct population segments of vertebrates
(ESA 1973). Setting conservation priorities for
these subspecific units is not at all unusual
(e.g., O’Brien and Mayr 1991), and Canada has
recently adopted similar subspecific protections
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(e.g., Committee on the Status of Endangered
Wildlife in Canada [COSEWIC] 2005).
Appropriate units for conservation atten-
tion can be and have been developed without
assigning formal taxonomic status. The taxo-
nomic “trick” of lowering species boundaries
will not magically increase funding or concern
for biological diversity in various national or
international governing agencies. Although
conservation biology can be considered a crisis
discipline, taxonomy probably should not be
(but see Godfray 2002, Mace 2004). We believe
that lowering the bar for species recognition
by changing the definition of what constitutes
a species is a bit of professional legerdemain
that will cause a portion of the nonprofessional
public to lose faith in the biological sciences,
especially in how we treat such widely visible
groups as birds and other vertebrates. Applying
the term “species” to vertebrate groups that are
not discernible to the untrained observer (or
even to professionals without genetic analyses,
for example) is something to be strenuously
avoided. More than 100 years ago, Teddy
Roosevelt (before he was President of the United
States) eloquently expressed this same barrier to
acceptance of what we now term oversplitting:

[Dr. Merriam] will do his work, if not in better
shape, at least in a manner which will make
it more readily understood by outsiders, if he
proceeds on the theory that he is going to try
to establish different species only when there
are real fundamental differences, instead of
cumbering up the books with hundreds of
specific titles which will always be meaningless
to any but a limited number of technical experts,
and which, even to them, will often serve chiefly
to obscure the relationships of the different
animals by over-emphasis on minute points of
variation. It is not a good thing to let the houses
obscure the city. (Roosevelt 1897:880)

Despite the claims of various species-concept
factions, conservation biology has flourished
while this debate has continued (e.g., BirdLife
International 2000, Norris and Pain 2002).
Conservation units such as subspecies, evolu-
tionarily significant units (ESUs), distinct popu-
lation segments (DPSs), management units
(MUs), and designatable units (DUs) have been
developed to prioritize within-species diver-
sity (ESA 1973; Ryder 1986; Moritz 1994, 1996;
Green 2005; COSEWIC 2005). These units differ
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in their focus. For example, MUs represent sets
of populations that are currently demographi-
cally independent, whereas ESUs are based on
historically isolated sets of populations that
together encompass the evolutionary diversity
of a taxon (Moritz 1994). These subspecific units
are not without their own inherent difficul-
ties of definition (e.g., Paetkau 1999, Crandall
et al. 2000), but they can provide a common,
taxonomically largely neutral, ground —where,
for example, the loaded term “species” can be
ignored —upon which the majority of biologists
can agree, regardless of species concepts. For
example, Barrowclough and Flesness (1996)
simply equated phylogenetic species with ESUs
and discussed the latter to communicate more
effectively with conservation biologists.

The collective job of conservation biologists,
systematists, taxonomists, and wildlife man-
agers is to recognize, conserve, and manage
biological diversity from the population to the
species level. These complex subjects of species
concepts, geographic variation, differentiation,
taxonomy, and hybridization play a central
role in this business. But recognition of units,
regardless of what we call them, can be accom-
plished. Assessment of these units’ uniqueness
and value are critical to future management and
conservation, and they require the best scientific
evidence available. Clearly, units for conserva-
tion priority can and have been developed
and determined without major impediment
from the species-concept debate and without
scrapping current species concepts. Indeed, in
looking forward, it seems that a BSC frame-
work is more likely to prevail if only because
it enhances stability (Agapow et al. 2004, Mace
2004). Regardless of species concepts and
debates, however, we should recognize that an
ever-growing body of data and an improved
understanding of evolution are, in part, contrib-
uting to this effervescent front.

One area where the species-concept debate
has potential to be detrimental is in the politi-
cal arena. Issues regarding conservation of our
planet’s biodiversity are fertile battlegrounds
for disagreement. Public and political support
is germane to protecting populations and com-
munities; conservation priorities are weighed
against economic and political priorities.
The public and politicians look to biologists
to describe the organisms, populations, and
higher units that need consideration. Public
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or institutional debates often ensue, and often
during these debates the science is questioned.
For example, scientific debates over concepts
in evolutionary biology have left an opening
for religious agendas in the U.S. education sys-
tem (e.g., the “intelligent design” movement).
Scientific debate over the causes and effects of
global warming has left an opening for govern-
ments to delay development or implementation
of effective policies to address the problem. It is
not unreasonable to consider that debates over
species concepts might provide an opening
for government agencies or pro-development
forces to neglect or postpone costly conserva-
tion efforts until species concepts are resolved.
Biologists should recognize the social dimen-
sion to this scientific issue and be prepared to
stand united on the fact that global biodiversity
losses are—and will likely continue to be—
staggering, and that responsible management
and conservation of this diversity is imperative.
Our longstanding disagreement over species
concepts should not become an impediment to
these goals. We should be prepared to shelve the
debate and agree on the importance of respon-
sible conservation and management regardless
of what labels are used to denote the focal
unit(s). Hey et al. (2003) drew parallels between
species uncertainties and medical diagnoses or
major weather events such as droughts—all are
areas where professionals deal with inherent
uncertainties in matters of great importance
to society, and the uncertainties in each can be
explained.

Conservation biology has moved forward in
three major ways, despite disagreement over
species concepts: (1) top-down conservation,
working with higher-level taxa to formulate
conservation plans, or effectively implement-
ing conservation at the ecosystem level by
preserving communities that exhibit shared
patterns of evolutionary history (e.g., Moritz
1996, Williams et al. 1997, Villasefior et al. 2005,
Brooks et al. 2006); (2) “coat-tails” conservation,
in which management or preservation of par-
ticularly desirable organisms (e.g., old-growth
trees, cranes, waterfowl) necessarily brings
additional biodiversity along; and (3) redefin-
ing and proceduralizing the recognition of
units on the population-to-species continuum.
This area has moved forward well since Mayr’s
(1969) Principles of Systematic Zoology, and recent
advances can be seen in Helbig et al. (2002),
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Patten and Unitt (2002), and Sites and Marshall
(2004). In addition, ESUs, MUs, DPSs, and DUs
have been brought to bear in conservation and
management. Mace’s (2004) suggestion and the
demonstrated utility (e.g., Bulgin et al. 2003,
Pruett et al. 2004, Barrowclough et al. 2005)
of combining taxonomy-systematics and con-
servation biology to address issues in the bio-
political realm is a likely roadmap to success.
Likewise, Moritz’s (2002) suggestion to aim for
protection of both the patterns of biodiversity
and the processes that generate this diversity
emphasizes a most sensible multidimensional
aspect to the scientific basis of biological conser-
vation. Finally, we should remember that con-
gruence among multiple data sets will enhance
acceptance of determinations regardless of the
units under consideration.

CONCLUSIONS

Although there is little agreement on which
species concept or suite of species concepts is
best, we must acknowledge that the debate has
helped guide speciation research and furthered
our knowledge and understanding of evolu-
tionary processes. Many advocates of a PSC
have suggested complete abandonment of the
BSC (e.g., Nixon and Wheeler 1990, Zink and
McKitrick 1995, Cracraft 1997). In our opinion,
this would be a grave mistake. In establishing
and defending the BSC, biologists have contrib-
uted to our understanding of the process of spe-
ciation in sexually reproducing organisms, thus
identifying mechanisms that lead to reproduc-
tive isolation. Similarly, extensive research on
phylogenetic lineages under the framework of
the PSC has increased our understanding of his-
torical patterns of differentiation (Avise 2000a).
Modern molecular evolutionary techniques are
bridging the historical gap between population
genetics and systematics, and both sides are
beginning to realize how intimately related
their fields are (Avise and Walker 1999, Avise
2000a). Undoubtedly, the strengths of each of
these concepts are being applied to improve our
understanding of biodiversity.

Cracraft (2000) did a service in pointing out
the “my concept is best” phenomenon among
the species-concept debaters. This strong and
repeated trend in the debate emphasizes its
political and subjective nature. Levin's (1979)
view that species are essentially tools or abstract
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constructs that we create to handle biodiversity
is a useful insight. Endler (1989) discussed the
use of different concepts for different aspects of
the study of speciation, further strengthening
the analogy to tools. Hey (2001) determined
that the species problem is inherent in the clash
between the human propensity to categorize
and the desire among biologists to make the
categorical bin of “species” concordant with an
evolutionary group. Regardless of how future
facets of the species-concept debate develop, we
can be assured that it will continue; no immi-
nent solution is likely (though see Hey [2006] on
perceived progress). But we can learn from this
debate and successfully continue both basic and
applied research in biodiversity.

Within ornithology, the political and public
landscapes still seem to be dominated by the
BSC (e.g., del Hoyo et al. 1992-2005, AOU
1998, Dickinson 2003). However, this appar-
ent stability in species concepts does not equal
a rigidity in recognized species. Since the
widespread adoption of the biological species
concept, the number of recognized bird species
has grown more rapidly than new species have
been described (on the latter, see Banks 2004).
Mayr (1946) estimated that there were 8,616
species of birds. Decades later, he raised that
estimate to about 9,000 (Mayr 1982). Sibley
and Monroe (1990) considered that there were
9,672 bird species, and Dickinson (2003) gave
9,721. Implementation of the BSC resulted in
over-lumping (see Peters et al. 1934-1986), and
as our understanding of species (and subspe-
cies) limits has improved and more data have
become available, many taxa treated as subspe-
cies under the BSC have undergone taxonomic
revision and are now recognized as species
(compare Dickinson 2003 with Peters et al.
1934-1986; see also Haffer 1997). This trend
of increasing numbers of recognized species
will continue without a change in species
concepts (all of the works cited here use the
BSC), even if no more bird species new to sci-
ence are described. A similar phenomenon has
occurred in primate taxonomy (Mace 2004).
The point is that continued study of diversity
under the BSC is not stymied or frozen in time
by adherence to that concept, and some of the
complaints against it are being recognized and
rectified.

As Hey (2001) pointed out, we have been with-
out a consensus on how to define species over the
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entire history of evolutionary biology. Ongoing
development of this field has probably occurred
because our science has progressed toward a
working solution that separates the semantic
from the empirical aspects of understanding
species, an approach explicitly recommended
for continued progress (Hey et al. 2003). As
major works in evolutionary biology continue to
purposely use the BSC (e.g., Avise 2000a, West-
Eberhard 2003, Coyne and Orr 2004), basic sci-
ence is continuing without undue angst over this
lack of consensus on what constitutes a species.

ACKNOWLEDGMENTS

We thank G. Spellman for insightful discussions
and participation in the early phases of this manu-
script and C. Cicero, M. Patten, and J. V. Remsen for
helpful comments.

LiteraTURE CITED

Acarow, P-M., O. R. P. Bininpa-Emonps, K. A.
CranpALL, J. L. GirtLEMaN, G. M. Macg, J. C.
MarsHALL, AND A. Purvis. 2004. The impact
of species concept on biodiversity studies.
Quarterly Review of Biology 79:161-179.

AMmEeRrICAN OrNITHOLOGISTS UN1ON (AOU). 1957.
Check-list of North American Birds, 5th ed.
American Ornithologists’” Union, Baltimore,
Maryland.

AMmEeRrICAN OrNITHOLOGISTS UNION (AOU). 1998.
Check-list of North American Birds, 7th ed.
American Ornithologists” Union, Washington,
D.C.

Arcesg, P, M. K. SocGe, A. B. MARR, AND M. A.
Parten. 2002. Song Sparrow (Melospiza melo-
dia). In The Birds of North America, no. 704
(A. Poole and F. Gill, Eds.). Birds of North
America, Philadelphia.

Avisg, J. C. 2000a. Phylogeography: The History
and Formation of Species. Harvard University
Press, Cambridge, Massachusetts.

Avisg, J. C. 2000b. Cladists in wonderland.
Evolution 54:1828-1832.

Avisg, J. C. 2004. Molecular Markers, Natural
History, and Evolution, 2nd ed. Sinauer
Associates, Sunderland, Massachusetts.

Avisg, J. C., anp R. M. BaLr, Jr. 1990. Principles of
genealogical concordance in species concepts
and biological taxonomy. Oxford Surveys in
Evolutionary Biology 7:45-67.

Avisg, J. C, axp D. WaLker. 1999. Species
realities and numbers in sexual vertebrates:
Perspectives from an asexually transmitted
genome. Proceedings of the National Academy
of Sciences USA 96:992-995.



SPECIES-CONCEPT DEBATES

Avise, J. C, anp K. WorLenBErG. 1997. Phylo-
genetics and the origin of species. Proceedings
of the National Academy of Sciences USA 94:
7748-7755.

Banks, R. C. 2004. Ornithological nomenclature.
Pages 13-25 in Handbook of the Birds of
the World, vol. 9 (J. del Hoyo, A. Elliott, and
D. A. Christie, Eds.). Lynx Edicions, Barcelona,
Spain.

BarrowcrougH, G. F, anp N. R. FLeEsNEss. 1996.
Species, subspecies, and races: The problem
of units of management in conservation.
Pages 247-254 in Wild Mammals in Captivity:
Principles and Techniques (D. G. Kleiman,
M. E. Allen, K. V. Thompson, S. Lumpkin, and
H. Harris, Eds.). University of Chicago Press,
Chicago, Illinois.

BarrowcroucH, G. F,, J. G. GroTH, L. A. MERTZ, AND
R.J. Gurrtigrrez. 2005. Genetic structure, intro-
gression, and a narrow hybrid zone between
northern and California spotted owls (Strix
occidentalis). Molecular Ecology 14:1109-1120.

Baum, D. A, anp K. L. SHaw. 1995. Genealogical
perspectives on the speciation problem.
Pages 289-303 in Experimental and Molecular
Approaches to Plant Biosystematics (P. C. Hoch
and A. G. Stephenson, Eds.). Monographs in
Systematic Botany, Missouri Botanical Garden,
St. Louis, Missouri.

BirpLire  INTERNATIONAL.  2000. Threatened
Birds of the World. Lynx Edicions and
BirdLife International, Barcelona, Spain, and
Cambridge, United Kingdom.

Bock, W.J. 1992. The species concept in theory and
practice. Zoological Science 9:697-712.

Brooks, T. M., R. A. MirrermEIER, G. A. B.
Da Fonskca, ]J. GerLacH, M. Horrmann, J. F.
Lamoreux, C. G. MITTERMEIER, J. D. PiLgriwm,
AND A. S. L. Ropricues. 2006. Global biodiver-
sity priorities. Science 313:58-61.

Burcin, N. L., H. L. Gisss, P. Vickery, aND A. J.
Baker. 2003. Ancestral polymorphisms in
genetic markers obscure detection of evolution-
arily distinct populations in the endangered
Florida Grasshopper Sparrow (Ammodramus
savannarum floridanus). Molecular Ecology 12:
831-844.

Corrar, N. J. 1997. Taxonomy and conserva-
tion: Chicken and egg. Bulletin of the British
Ornithologists’ Club 117:122-136.

COMMITTEE ON THE STATUS OF ENDANGERED WILDLIFE
IN Canapa (COSEWIC). 2005. Guidelines
for recognizing designatable units below the
species level (Appendix F5 in the COSEWIC
O&P Manual). Committee on the Status of
Endangered Wildlife in Canada, Ottawa,
Ontario. [Online.] Available at www.dfo-
mpo.gc.ca/csas/Csas/Schedule-Horraire/

41

Details/2005/11_Nov/COSEWIC_DU_guide-
lines_EN.pdf.

Coyng, J. A, anp H. A. Orr. 2004. Speciation.
Sinauer Associates, Sunderland, Massachusetts.

CRACRAFT, J. 1983. Species concept and speciation
analysis. Pages 159-187 in Current Ornithology,
vol. 1 (R. F. Johnston, Ed.). Plenum Press, New
York.

CRACRAFT, ]. 1989. Speciation and its ontology:
The empirical consequences of alternative
species concepts for understanding patterns
and processes of differentiation. Pages 28-59
in Speciation and Its Consequences (D. Otte
and J. A. Endler, Eds.). Sinauer Associates,
Sunderland, Massachussetts.

CRACRATFT, ]. 1997. Species concepts in systematics
and conservation biology —An ornithological
viewpoint. Pages 325-339 in Species: The Units
of Biodiversity (M. F. Claridge, H. A. Dawah,
and M. R. Wilson, Eds.). Chapman and Hall,
London.

Cracrarr, J. 2000. Species concepts in theoreti-
cal and applied biology: A systematic debate
with consequences. Pages 3-14 in Species
Concepts and Phylogenetic Theory: A Debate
(Q. D. Wheeler and R. Meier, Eds.). Columbia
University Press, New York.

Cranparr, K. A., O. R. P. Bininpa-Emonbs, G. M.
Macg, anp R. K. Wayne. 2000. Considering
evolutionary processes in conservation biol-
ogy. Trends in Ecology and Evolution 15:
290-295.

CroNIN, M. A. 1993. Mitochondrial DNA in
wildlife taxonomy and conservation biology:
Cautionary notes. Wildlife Society Bulletin 21:
339-348.

CutricHr, P. R., anp M. J. BRopueaDp. 1981. Elliott
Coues: Naturalist and Frontier Historian.
University of Illinois Press, Urbana.

Darwin, C. 1859. On the Origin of Species by
Means of Natural Selection. John Murray,
London.

per Hovo, J., A. Erriort, J. SArGaTAL, AND D. A.
CurisTiE, Eps. 1992-2005. Handbook of the
Birds of the World, vols. 1-10. Lynx Edicions,
Barcelona, Spain.

pE Quieroz, K. 1998. The general lineage concept
of species, species criteria, and the process of
speciation: A conceptual unification and ter-
minological recommendations. Pages 57-75
in Endless Forms: Species and Speciation
(D. J. Howard and S. H. Berlocher, Eds.).
Oxford University Press, Oxford, United
Kingdom.

Dickinson, E. C., Ep. 2003. The Howard and Moore
Complete Checklist of the Birds of the World,
3rd ed. Princeton University Press, Princeton,
New Jersey.



42

EnpANGERED Species Act (ESA). 1973. Public Law
93-205, Approved Dec. 28, 1973, 87 Stat. 884,
As Amended Through Public Law 107-136,
Jan. 24, 2002.

ENDLER, J. A. 1989. Conceptual and other problems
in speciation. Pages 625-648 in Speciation
and Its Consequences (D. Otte and J. A.
Endler, Eds.). Sinauer Associates, Sunderland,
Massachussetts.

Funk, D. J., anp K. E. OmranD. 2003. Species-level
paraphyly and polyphyly: Frequency, causes,
and consequences, with insights from animal
mitochondrial DNA. Annual Review of Ecology,
Evolution, and Systematics 34:397-423.

Gisson, D. D., anp B. KesseL. 1997. Inventory of
the species and subspecies of Alaska birds.
Western Birds 28:45-95.

Goprray, H. C. J. 2002. Challenges for taxonomy.
Nature 417:17-19.

GranT, P. R, aAND B. R. GranT. 1992. Hybridization
in bird species. Science 256:193-197.

Gray, A. P. 1958. Bird Hybrids: A Check-list with
Bbibliography. Commonwealth Agricultural
Bureaux, Farnham Royal, England.

GreeN, D. M. 2005. Designatable units for sta-
tus assessment of endangered species.
Conservation Biology 19:1813-1820.

HAFFER, J. 1997. Species concepts and species limits
in ornithology. Pages 11-24 in Handbook of
the Birds of the World, vol. 4 (J. del Hoyo, A.
Elliott, and J. Sargatal, Eds.). Lynx Edicions,
Barcelona, Spain.

Harrison, R. G. 1998. Linking evolutionary
pattern and process: The relevance of spe-
cies concepts for the study of speciation.
Pages 19-31 in Endless Forms: Species and
Speciation (D. J. Howard, and S. H. Berlocher,
Eds.). Oxford University Press, Oxford, United
Kingdom.

Hesert, P. D. N, M. Y. StoEKLE, T. S. ZEMLAK, AND
C. M. Francis. 2004. Identification of birds
through DNA barcodes. PLoS Biology 2:
1657-1663.

Hersig, A.J., A. G. Knox, D. T. PArkIN, G. SANGSTER,
AND M. Corrinson. 2002. Guidelines for assign-
ing species rank. Ibis 144:518-525.

Hey, J. 2001. The mind of the species problem.
Trends in Ecology and Evolution 16:326-329.

Hey, J. 2006. On the failure of modern species
concepts. Trends in Ecology and Evolution 21:
447-450.

Hey, J., R. S. WarLes, M. L. Arnorp, R. K. BurLIN,
AND R. G. Harrison. 2003. Understanding and
confronting species uncertainty in biology and
conservation. Trends in Ecology and Evolution
18:597-603.

Jounson, N. K., anp C. Cicero. 2004. New mito-
chondrial DNA data affirm the importance

ORNITHOLOGICAL MONOGRAPHS NO. 63

of Pleistocene speciation in North American
birds. Evolution 58:1122-1130.

Jounson, N. K., J. V. REmskNn, Jr., anp C. Cicero.
1999. Resolution of the debate over species
concepts in ornithology: A new comprehen-
sive biologic species concept. Pages 1470-1482
in Acta XXII Congressus Internationalis
Ornithologici (N. J. Adams and R. H. Slotow,
Eds.). BirdLife South Africa, Johannesburg.

King, M. 1993. Species Evolution: The Role of
Chromosome Change. Cambridge University
Press, New York.

Konig, C., E. Weick, anp J.-H. Becking. 1999.
Owls: A Guide to the Owls of the World. Yale
University Press, New Haven, Connecticut.

Levin, D. A. 1979. The nature of plant species.
Science 204:381-384.

Macg, G. M. 2004. The role of taxonomy in species
conservation. Proceedings of the Royal Society
of London, Series B 359:711-719.

Macge, G. M., anp N. J. Corrar. 2002. Priority-
setting in species conservation. Pages 61-73
in Conserving Bird Biodiversity: General
Principles and Their Application (K. Norris
and D. J. Pain, Eds.). Cambridge University
Press, London.

MarLLET, J. 1995. A species definition for the mod-
ern synthesis. Trends in Ecology and Evolution
10:294-299.

Mavypen, R. L. 1997. A hierarchy of species con-
cepts: The denouement in the saga of the spe-
cies problem. Pages 381-424 in Species: The
Units of Biodiversity (M. F. Claridge, H. A.
Dawah, and M. R. Wilson, Eds.). Chapman
and Hall, New York.

Mavyr, E. 1942. Systematics and the Origin of
Species from the Viewpoint of a Zoologist.
Columbia University Press, New York.

MAYR, E. 1946. The number of species of birds. Auk
63:64-69.

Mayr, E. 1963. Animal Species and Evolution.
Belknap Press of Harvard University Press,
Cambridge, Massachusetts.

Mavyr, E. 1969. Principles of Systematic Zoology.
McGraw-Hill, New York.

Mavr, E. 1982. The Growth of Biological Thought:
Diversity, Evolution, and Inheritance. Belknap
Press of Harvard University Press, Cambridge,
Massachusetts.

Mavr, E. 1993. Fifty years of research on species
and speciation. Proceedings of the California
Academy of Science 48:131-140.

Mavr, E. 1996. What is a species and what is not?
Philosophy of Science 63:262-277.

McKitrick, M. C., anp R. M. Zink. 1988. Species
concepts in ornithology. Condor 90:1-14.

Moorg, W. S,, J. H. Granawm, anp J. T. Price. 1991.
Mitochondrial DNA variation in the Northern



SPECIES-CONCEPT DEBATES

Flicker (Colaptes auratus). Molecular Biology of
Evolution 8:327-344.

Moritz, C. 1994. Defining “evolutionarily signifi-
cant units” for conservation. Trends in Ecology
and Evolution 9:373-375.

Morirz, C. 1996. Use of molecular phylogenies for
conservation. Pages 203-216 in New Uses for
New Phylogenies (P. H. Harvey, A. J. Leigh
Brown, J. Maynard, and S. Nee, Eds.). Oxford
University Press, Oxford, United Kingdom.

Moritz, C. 2002. Strategies to protect biological
diversity and the evolutionary processes that
sustain it. Systematic Biology 51:238-254.

Moritz, C., aND C. Cicero. 2004. DNA barcod-
ing: Promises and pitfalls. PLoS Biology 2:
1529-1531.

Mumme, R. L., M. L. Gararowrrsch, P. G. JABLONSKI,
T. M. Srtawarczyk, anp J. P. Cycan. 2006.
Evolutionary significance of geographic varia-
tion in a plumage-based foraging adaptation: An
experimental test in the Slate-throated Redstart
(Myioborus miniatus). Evolution 60:1086-1097.

NEeLsoN, G. J., anp N. I. Prarnick. 1980. Multiple
branching in cladograms: Two interpretations.
Systematic Zoology 29:86-91.

Nixon, K. C., axp Q. D. WHEELER. 1990. An ampli-
fication of the phylogenetic species concept.
Cladistics 6:211-223.

Norris, K., anp D. J. Pain, Eps. 2002. Conserving
Bird Biodiversity: General Principles and Their
Application. Cambridge University Press,
Cambridge, United Kingdom.

O’BrieN, S. J., anp E. Mayr. 1991. Bureaucratic
mischief: Recognizing endangered species and
subspecies. Science 1187-1188.

Orr, H. A. 2001. The genetics of species differ-
ences. Trends in Ecology and Evolution 16:
343-350.

PaeTkAvU, D. 1999. Using genetics to identify con-
servation units: A critique of current methods.
Conservation Biology 13:1507-1509.

Paterson, H. E. H. 1985. The recognition con-
cept of species. Pages 21-29 in Species and
Speciation (E. S. Vrba, Ed.). Transvaal Museum
Monographs, no. 4. Transvaal Museum,
Pretoria, South Africa.

Parten, M. A, axnp P. Unrrt. 2002. Diagnosability
versus mean differences of Sage Sparrow sub-
species. Auk 119:26-35.

Parron, J. L., anp M. F. Smrtu. 1989. Population
structure and the genetic and morphologi-
cal divergence among pocket gopher species
(genus Thomomys). Pages 284-304 in Speciation
and Its Consequences (D. Otte and ]. A.
Endler, Eds.). Sinauer Associates, Sunderland,
Massachussetts.

Peters, J. L., ET AL. 1934-1986. Check-list of
Birds of the World, vols. I-XVI. Museum of

43

Comparative Zoology, Harvard University,
Cambridge, Massachusetts.

PeTERSON, A. T. 1998. New species and new species
limits in birds. Auk 115:555-558.

PruETr, C. L. 2002. Phylogeography and population
genetic structure of Beringian landbirds. Ph.D.
dissertation, University of Alaska, Fairbanks.

PruetrT, C. L., D. D. GiBson, anp K. WINKER. 2004.
Amak Island Song Sparrows (Melospiza melo-
dia amaka) are not evolutionarily significant.
Ornithological Science 3:133-138.

PrueTT, C. L., AND K. WINKER. 2005. Northwestern
song sparrow populations show genetic effects
of sequential colonization. Molecular Ecology
14:1421-1434.

RemseN, J. V., Jr. 2005. Pattern, process, and rigor
meet classification. Auk 122:403-413.

Rooseverr, T. 1897. The discrimination of species
and subspecies. Science 5:879-880.

RypER, O. A. 1986. Species conservation and sys-
tematics: The dilemma of subspecies. Trends in
Ecology and Evolution 1:9-10.

SisLey, C. G., anp B. L. Monrog, Jr. 1990.
Distribution and Taxonomy of Birds of the
World. Yale University Press, New Haven,
Connecticut.

Srres, J. W., Jr, anp J. C. MarsHarL. 2004.
Operational criteria for delimiting species.
Annual Review of Ecology and Systematics
35:199-227.

Tarsot, S. L., anp G. F. Suierps. 1996. Phylo-
geography of brown bears (Ursus arctos) of
Alaska and paraphyly within the Ursidae.
Molecular Phylogenetics and Evolution 5:
477-494.

Tavror, H. L., J. M. WALKER, ]. E. CorpEs, anDp G. J.
ManNING. 2005. Application of the evolution-
ary species concept to parthenogenetic entities:
Comparison of postformational divergence in
two clones of Aspidoscelis tesselata and between
Aspidoscelis cozumela and Aspidoscelis maslini
(Squamata: Teiidae). Journal of Herpetology
39:266-277.

TempLETON, A. R. 1989. The meaning of species
and speciation: A genetic perspective. Pages
3-27 in Speciation and Its Consequences (D.
Otte and J. A. Endler, Eds.). Sinauer Associates,
Sutherland, Massachusetts.

ViLraseNor, J. L., G. IBARRA-MANRiQUEZ, . A.
MEeave, anp E. Orriz. 2005. Higher taxa as sur-
rogates of plant biodiversity in a megadiverse
country. Conservation Biology 19:232-238.

West-EBErRHARD, M. J. 2003. Developmental
Plasticity and Evolution. Oxford University
Press, Oxford, United Kingdom.

WHEELER, Q. D., aAnD R. MEIER, Eps. 2000. Species
Concepts and Phylogenetic Theory: A Debate.
Columbia University Press, New York.



44

WILEy, E. O. 1978. The evolutionary species concept
reconsidered. Systematic Biology 27:17-26.
Wirriams, P. H., K. J. Gaston, aND C. J. HUMPHRIES.
1997. Mapping biodiversity value worldwide:
Combining  higher-taxon richness from
different groups. Proceedings of the Royal
Society of London, Series B 264:141-148.

Z1INK, R. M. 1996. Species concepts, speciation, and

sexual selection. Journal of Avian Biology 27:
1-6.

ORNITHOLOGICAL MONOGRAPHS NO. 63

Z1iNK, R. M. 2004. The role of subspecies in obscur-
ing avian biological diversity and misleading
conservation. Proceedings of the Royal Society
of London, Series B 271:561-564.

Zink, R. M., anop M. C. McKirrick. 1995. The
debate over species concepts and its implica-
tions for ornithology. Auk 112:701-719.



