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Abstract. The biological species concept (BSC) has been generally accepted by orni-
thologists in theory and practice for haif a century. The concept has been considered useful
both from evolutionary and taxonomic viewpoints. Criticisms of the BSC, largely by non-
ornithologists, have not led to substantial modification of the concept in ornithology. We
discuss the concepts of grouping individuals into taxa and ranking these taxa as biological
species, defined as reproductively isolated groups. The dimensionality of species is discussed,
and we suggest that the problems in extending the BSC from nondimensional (sympatric)
to multidimensional (polytypic species) situations are too serious to ignore. Reproductive
isolation has no consistent genotypic or phenotypic correlates that can serve as predictors
of reproductive compatibility of allopatric groups. Thus, many biological species are in-
appropriate groups for comparative biology or analyses of evolutionary history, as they are
frequently conglomerates of several independent, not necessarily monophyletic groups. We
discuss why hybrid zones do not necessarily contribute to clarification of species limits. The
theoretical and practical limitations of the BSC lead us to advocate a phylogenetic species
concept (PSC) (sensu Cracraft 1983), in which taxa are monophyletic, diagnosable clusters
of individuals and species are the smallest diagnosable clusters. Diagnostic characters are
considered to flag independent evolutionary histories and are used to delineate species
boundaries. Phylogenetic species are therefore basal evolutionary units that should be the
units used in phylogeny reconstruction, speciation analysis, and biogeography. We discuss
the potential use of subspecies names, and recommend that they not be used. Problems with
the PSC are discussed, such as its apparent neglect of important biological information, its
use of seemingly trivial characters to delimit species, its apparent typological nature, and
resulting unwieldy classifications. Implementation of the PSC is discussed with reference to
practical problems in determining the statistical limits of phylogenetic species.
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INTRODUCTION

In 1961, Paul Ehrlich published a paper entitled,
““Has the biological species concept outlived its
usefulness?” Others have expressed dissatisfac-
tion with the biological species concept (BSC;
Mayr 1969) throughout the last three decades
(e.g., Ehrlich 1961, Sokal and Crovello 1970, So-
kal 1973, Cronquist 1978, Wiley 1978, Dono-
ghue 1985). It has been suggested that many dif-
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ferent kinds of species exist, such as sibling, ring,
biological (polytypic), morphological, hybrid, and
paleospecies, and that each requires the appli-
cation of a different species concept (Scudder
1974). This suggestion, although not without
merit, side-steps the issue because it results in
taxa that are not comparable. We believe that a
consistent species concept, irrespective of pro-
cess, should be sought. However, the word
‘““species” is an ancient one, predating any con-
cept of evolution by millennia; with such a long
history it is no wonder there is disagreement about
its meaning and importance.
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In ornithology the answer to Ehrlich’s query
was, evidently, “no,” because the BSC still pre-
vails (see Vuilleumier 1976, Mayr 1982b, Fjeldsa
1985, Haffer 1986). The BSC has stimulated work
on geographic variation, clines, hybrid zones,
mate choice, and speciation (Selander 1971). Al-
though Mayr (1982b:280) disagreed with the
claim of some authors that the BSC applies main-
ly to birds, Donoghue (1985:173) expressed a
different opinion, . . . most botanists (and many
zoologists) have long since abandoned [the BSC].”
Mayr (1982b) suggested that the BSC, ajthough
not without some problems, “works’; this sen-
timent may account for the popularity of the BSC
in ornithology. For North American birds, only
46 populations (of 607 species) posed a problem
at the species level (Mayr and Short 1970); i.e.,
46 well-differentiated subspecies have each been
considered distinct species at one time. Because
a species concept is perceived to rank most taxa
correctly, however, does not mean that the ranks
are appropriate nor that the concept should not
be scrutinized, amended or, if necessary, re-
placed.

Cracraft (1983) recently questioned the appli-
cation of the BSC in avian biology. Cracraft con-
tended that the BSC hinders comparative anal-
ysis of speciation and other aspects of avian
evolution. In this paper we examine the species
concept proposed by Cracraft (1983). We address
several issues we feel he underemphasized, such
as the distinction between the species taxon and
category (Mayr 1982b), implementation of the
PSC, the significance of reproductive isolation,
monophyly of species, and the subspecies con-
cept.

This paper is not intended as a review; neither
do we claim to solve the ‘“‘species problem”
herein. Instead we hope to stimulate further dis-
cussion of species concepts in ornithology.

DEFINITIONS

Mayr (1970:12) defined species as “groups of in-
terbreeding natural populations that are repro-
ductively isolated from other such groups.” He
recently (1982b:273) added that these reproduc-
tive communities also occupy ““a specific niche
in nature.” Mayr (1982b) distinguished between
the species category and the species taxon; this
distinction is operational only in sympatry (the
“non-dimensional” concept; see below). A taxon
is a group of individuals, and is ranked categor-
ically as a population, subspecies, or species. That

is, we group individuals into taxa and rank these
taxa into categories. We do not group individuals
into species directly; the process requires two
steps. Thus, in the application of the BSC, the
category (rank) of species is defined as those taxa
that are reproductively isolated from other such
groups. The “grouping” criterion can be any trait,
usually it is an aspect of external morphology,
such as body size, bill shape, or plumage color
pattern; the grouping criteria are judged to reflect
reproductive isolation or compatibility. Mayr
(1982b:254) stated that most debates about
species concepts are actually debates about how
one groups individuals into a species taxon, in-
stead of debates over the ranking of taxa.

Cracraft (1983:170) espoused a phylogenetic
species concept (PSC) as an alternative to the
BSC: “A species is the smallest diagnosable clus-
ter of individual organisms within which there
is a parental pattern of ancestry and descent.”
This resembles the definition of Nelson and Plat-
nick (1981:12). Cracraft (1983:170) noted that
whereas “most species will be defined by unique-
ly derived characters,” this uniqueness cannot
be part of the definition of species because an-
cestral forms will have no unique characters and
therefore could not be part of a species. The clause
“parental pattern of ancestry and descent” re-
quires that the organisms included in any given
species actually constitute a lineage, such that
juveniles, adults, males, and females are not
placed in separate species. It also implies that
species-specific traits are inherited, and not
maintained solely by the environment. Dono-
ghue (1985) offered a definition similar to that
of Cracraft, but he stressed the distinction be-
tween grouping and ranking criteria.

To make the above definitions consistent, we
suggest that the grouping criteria of the PSC are
diagnosability and monophyly, which are as-
sessed by cladistic analysis of character varia-
tion. The smallest diagnosable cluster is given
the rank of species. The concept is “multidi-
mensional” (see below) because of (1) the tem-
poral dimension that monophyly implies and (2)
its applicability to allopatric populations. In these
definitions, reproductive compatibility is not
grounds for conspecificity because it is analogous
to grouping individuals by an ancestral trait (the
ability to interbreed).

We agree with Donoghue (1985) that the dis-
tinction between the species category and taxon
is ambiguous in the BSC. The BSC uses repro-



ductive isolation (indirectly) for both grouping
and ranking of allopatric populations. Also the
BSC focuses more on ranking than on grouping,
whereas we believe (like Donoghue) that this em-
phasis should be reversed. Because reproductive
isolation is difficult to measure and is inconsis-
tently related to phenotypic and genotypic dif-
ferentiation, a ““better species concept . . . might
best be tied to a more general and less contro-
versial theory, namely that evolution occurs and
produces a hierarchy of monophyletic groups”
(Donoghue 1985:175).

The PSC emphasizes discernible patterns and
permits a more objective analysis of speciation.
Cracraft (1983:160) viewed speciation as “the
phylogenetic deployment of differentiated taxo-
nomic units through space and time.” Donoghue
(1985) considered speciation to be the “process
of origination of a separate lineage characterized
by a new trait” (p. 179). Such units and lineages
should be called species. By focusing on discern-
ible patterns of variation, the delimitation of
phylogenetic species and analysis of their origin
becomes increasingly objective: it does not de-
pend on predictions of reproductive isolation
where no information is available, such as in
allopatric populations.

ALLOPATRIC POPULATIONS

An often-cited problem in the application of the
BSC is the subjective judgment of the status of
allopatric forms (Futuyma and Mayer 1980).
Mayr and Short (1970:2) stated this difficulty
clearly: “The biological species concept has a
meaning only for populations that coexist or are
contiguous in space and time. Here it is self-
operationally defined and it is only here that its
application is truly important.” Mayr and Short
(1970) did not consider this to be a critical prob-
lem, and they used biological species, containing
allopatric components, as units of comparison.
It is the concept of dimensionality that renders
tests of sympatry unimportant. Mayr (1982b)
distinguished between the nondimensional bio-
logical species concept (at the level of rank or
category) and the multidimensional species tax-
on (determined by some grouping criterion). In
the former, only sympatric populations are im-
portant because it is only here that the criterion
of reproductive isolation (compatibility) is
meaningful and applicable. In this situation, as
in studies of community ecology, there is no nec-
essary reference to geography or time; hence, the
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concept is said to be nondimensional. The mul-
tidimensional species taxon, an example of which
is the polytypic species, is extended from the
nondimensional species concept only by infer-
ence (Mayr 1982b:273). Therefore, lack of tests
of sympatry among allopatric populations is con-
sidered essentially unimportant to the concept
of the biological species category, rather it is a
problem in grouping individuals into a taxon. In
fact, for biologists, excluding . . . taxonomists,
paleontologists, and evolutionists . . . . Whether
or not two populations that are not in contact
with each other either in space or time are con-
specific is in most cases biologically uninterest-
ing, if not altogether irrelevant” (Mayr 1982b:
286). In other words, the category “biological
species” is not compromised by the inability to
test for reproductive isolation among allopatric
units. We appreciate the position taken by Mayr
but do not agree that polytypic species are a de-
sirable consequence of the extension from the
nondimensional to the multidimensional situa-
tion. The theoretical inapplicability of the BSC
to allopatric units is an underemphasized prob-
lem because there are thousands of allopatric avi-
an populations. The phylogenetic species con-
cept is operational for both sympatric and
allopatric forms. For this and other reasons, we
cannot agree with Mayr (1982b:296) that the bi-
ological species is the basic unit of evolutionary
biology. Phylogenetic species are appropriate
units for use by all biologists, including those
interested in geographic variation, speciation,
phylogeny, and biogeography, in addition to those
who study nondimensional situations. The log-
ical basis for systematic and many other com-
parative studies is the evolutionary unit, which
biological species often are not.

Despite the proclaimed irrelevance of the con-
cept to allopatric populations (Mayr 1982b:286),
ornithologists do rank such populations. Species
limits are based on whether morphological or
behavioral attributes of allopatric populations are
of the same quality as those apparently serving
as reproductive barriers between sympatric, non-
interbreeding populations (i.e., the grouping and
ranking criteria are the same). Mayr (1948:210)
noted that “Most of the morphological charac-
ters studied by the taxonomist are neutral in re-
gard to the maintenance of isolating mecha-
nisms,” but he later (1969:28-29) acknowledged
that morphological and ecological criteria could
be used to infer reproductive isolation. No ob-
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jective framework exists for this procedure. Con-
siderable among-population divergence in mor-
phology and behavior may precede the origin of
reproductive isolation (Mayr 1982b, Donoghue
1985, Zink and Remsen 1986). It is this diver-
gence, rather than the retention of reproductive
compatibility, that permits systematists to doc-
ument the evolutionary history of populations
or species. Although genetic and morphological
divergence and reproductive isolation are relat-
ed, the relationship is imprecise. Reproductive
isolating mechanisms will arise eventually, given
sufficient time for divergence in allopatry.
Nevertheless, it is very difficult to predict the
presence of reproductive isolation from assess-
ment of the differences between allopatric pop-
ulations (Amadon 1950).

The difficulty in applying the BSC to allopatric
forms is exemplified in the analysis of species
limits in the brown towhee (genus Pipilo) com-
plex. This complex includes four taxa: Abert’s
Towhee (P. aberti), White-throated Towhee (P.
albicollis), and eastern (“fuscus™) and western
(“crissalis”) components of the Brown Towhee
(P. fuscus) (Davis 1951). Analyses of the phe-
notypic and taxonomic relationships (Davis
1951), behavior (Marshall 1964), and zoogeog-
raphy (Hubbard 1973) of the complex have re-
vealed differences between the eastern and west-
ern forms of the Brown Towhee. The American
Ornithologists’ Union Committee on Classifi-
cation and Nomenclature (AOU 1983) conclud-
ed without documentation that the two forms
were conspecific. Zink (1988) studied patterns of
genetic and phenotypic variation among the four
taxa (including crissalis from Baja California,
Mexico) using protein electrophoresis. Pipilo al-
bicollis and P. f. fuscus were genetically more
similar to one another than either was to the
western form of the complex (P. /. crissalis); be-
cause the distances passed the relative rate test
we infer that genetic distances track phylogeny
and therefore the two taxa are sister species. In
the brown towhee example the BSC has probably
been misapplied in the absence of information
on interbreeding (i.e., in a case of allopatry), be-
cause the grouping characters were judged in re-
lation to their potential value as reproductive
isolating mechanisms (the BSC ranking crite-
rion). The genetic data corroborated phenotypic
patterns and clarified that the “Brown Towhee™
is a paraphyletic taxon as presently described and

actually comprises two species. We recognize that
the brown towhees might be considered distinct
under the BSC (AOU 1983:685). However, in-
terpretation of the patterns of variation would
differ under the two species concepts if hybrid-
ization occurred. If the two brown towhees met
and hybridized, they would constitute one species
under the BSC; this would not affect the inter-
pretation under the PSC. More studies are need-
ed to determine if such situations are widespread.

In other cases one wonders why inferences of
species status have not been made. For example,
the Florida and California Scrub Jays (4dphelo-
coma coerulescens) exhibit different breeding
systems; the former is a group breeder and the
latter is not (Woolfenden 1975). The eastern and
western Scrub Jays are morphologically distinct,
and do not overlap geographically. Pitelka (1951:
375) suggested they be considered conspecific
“until further evidence indicates that some of the
races are better regarded as species . . . .”” He fur-
ther noted (p. 375) that “the onus of proof lies
in the view which assumes specific distinction
rather than that which assumes conspecificity.”
We view this as a matter of opinion. At any rate,
the Scrub Jays are a good candidate for consid-
eration from the perspective of alternative species
concepts (or for reconsideration using the BSC).
J. W. Fitzpatrick (pers. comm.) noted that 300
to 500 allopatric populations of Scrub Jay occur
in Florida, and suggests that each constitutes a
phylogenetic species. However, allopatry alone
is insufficient for species status (although it is
probably necessary)—unless there is evidence of
speciation (diagnostic traits), we will be unable
to detect it.

The western populations of Marsh Wren (Cis-
tothorus palustris) have larger song repertoires
and a larger archistriatum (one of the telence-
phalic nuclei of the brain) than eastern popula-
tions. These differences have a genetic basis
(Kroodsma and Canady 1985). Such behavioral
and anatomical features may indicate that re-
productive incompatibility exists. In the Scrub
Jay and wren cases, these populational differ-
ences are clearly perceptible. There may be other
cases, however, where differences are more sub-
tle, and reproductive isolation does not exist. Do
such differences warrant species status by PSC
criteria? We believe they do, provided they are
heritable and widespread throughout a popula-
tion (i.e., not aberrations; see “Criticisms of the



phylogenetic species concept,” below). That bi-
ological species include distinct but allopatric
evolutionary units, some of which are not mono-
phyletic (e.g., brown towhees) is sufficient rea-
son for an extensive modification of the biolog-
ical species concept.

REPRODUCTIVE ISOLATION

The evolution of reproductive isolation is con-
sidered to be the crux of speciation (Nei et al.
1983). We think, however, that the role of re-
productive isolation has been misinterpreted: it
does not cause evolutionary diversity, it main-
tains it (whereas geographic isolation probably
precedes divergence, divergence precedes repro-
ductive isolation and not the converse). We sug-
gest, as do others (Rosen 1979, Nelson and Plat-
nick 1981, Cracraft 1983), that reproductive
isolation should not be a part of species concepts.
Whereas the phylogenetic species concept does
not necessarily consider all interbreeding groups
conspecific, it will not permit reproductively iso-
lated groups to constitute a single species. This
is not a contradiction to the foregoing discussion.
If males and females do not recognize each other
for mating purposes then they are not members
of the same species because monophyly requires
reproductive continuity (de facto). Reproductive
isolation (pre- or postmating) results from usu-
ally unknown genetic changes. These changes are
in effect apomorphies, and the resultant repro-
ductive isolation can constitute a diagnostic,
species-specific trait. As Cracraft (1987) noted,
all species concepts (even purely typological ones)
include reproductive cohesion within species.

EXPERIMENTAL TESTS

In criticizing the subjective ranking of allopatric
populations, we realize that experiments can be
used to “test,” at least indirectly, for character-
istics of reproductive isolation (Ratcliffe and
Grant 1985). The importance of vocalizations
for mate recognition has been demonstrated con-
clusively for some passerine birds (e.g., Dilger
1956; Stein 1958, 1963; Lanyon 1963; Emlen
1972). In Darwin’s finches, both song and mor-
phology are necessary for mate discrimination
(Grant 1986). In other species the advertising
song is more important in eliciting response from
territorial males than is the physical appearance
of a model or stuffed specimen presented in con-
junction with sound recordings. For example,
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Great Crested Flycatchers (Myiarchus crinitus)
were equally vigorous in attacking mounts of
conspecifics and of Eastern Kingbird (Tyrannus
tyrannus), Yellow-bellied Flycatcher (Empido-
nax flaviventris), Yellow-browed Tyrant (Satra-
pa icterophrys), Baltimore Oriole (Icterus gal-
bula), and Red-eyed Vireo (Vireo olivaceus) when
these were accompanied by recordings of crinitus
vocalizations, but not when they were accom-
panied by vocalizations of other species of
Myiarchus (Lanyon 1963). Lanyon (1978, 1982,
pers. comm.) used playbacks to determine that
the South American Myiarchus s. swainsoni and
M. s. ferocior do not respond to each other’s
vocalizations in allopatry. In a zone of contact,
however, the two forms are morphologically in-
termediate and will respond to recordings from
allopatric populations of both swainsoni and fe-
rocior. Because of the importance of vocaliza-
tions for species recognition in the Myiarchus
flycatchers (Lanyon 1963, 1967, 1978), Lanyon
advocated conspecificity for swainsoni and fero-
cior. However, swainsoni and ferocior would
probably be separate phylogenetic species be-
cause of the distinctness of the parental (allo-
patric) forms.

The results of playback experiments have dif-
ferent implications for the biological and phy-
logenetic species concepts. Both concepts require
reproductive continuity within species, and con-
sequently reproductive gaps reflect species
boundaries for both concepts. Lack of response
to playbacks, with proper controls and under ap-
propriate circumstances, may aid in determining
limits of either biological or phylogenetic species.
A positive (conspecific) response to a recorded
vocalization, however, is analogous to the
expression of an ancestral trait, as is the occur-
rence of interbreeding; it does not necessarily
reflect conspecificity under the phylogenetic
species concept (furthermore it might not always
reflect conspecificity under the BSC, if controls
are improper and circumstances inappropriate).
It should also be noted that some species are
interspecifically territorial (Johnson 1980:116).

THE EVOLUTIONARY SIGNIFICANCE OF
REPRODUCTIVE ISOLATING MECHANISMS

In advocating a phylogenetic species concept we
do not imply that reproductive isolation and the
origin of mechanisms that maintain it are not of
evolutionary importance (see Nei et al. 1983).
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Because many species are (eventually) sympatric,
sometimes with their close relatives, reproduc-
tive isolation maintains evolutionary indepen-
dence and diversity (Futuyma 1987). The “clo-
sure” or sealing of a gene pool is therefore an
important evolutionary event. In effect, repro-
ductive isolation permits species diversity to in-
crease. We believe that other proponents of the
PSC (Cracraft 1983, Donoghue 1985) have not
sufficiently emphasized the importance of repro-
ductiveisolation as an evolutionary factor. How-
ever, we believe that the criterion of reproductive
isolation confounds the understanding of the or-
igin of species, both because it can obscure phy-
logenetic relationships and because speciation can
occur without it. Nor do we feel that the “mate
recognition concept” of Paterson (1985; see also
Butlin 1987) justifies interbreeding as the pri-
mary criterion of conspecificity. Biological species
are initially recognized by systematists by the
phenotypic markers that usually accompany re-
productive isolation (i.e., there are no avian
species recognized solely because they are repro-
ductively isolated) (Cracraft 1983). Because the
ability to interbreed is a primitive state, mem-
bers of different phylogenetic species that hy-
bridize are not “making a mistake,” “defying”
our attempts to rank them in taxonomic cate-
gories, nor “telling” us they are the same species.
Under the PSC, such hybridization tells us that
reproductive isolation is incomplete.

HYBRIDIZATION AS AN INDEX TO
PHYLOGENETIC RELATEDNESS

Prager and Wilson (1975) showed that the ability
to hybridize was not correlated with level of dif-
ferentiation in many bird species, and therefore
hybridization (i.e., lack of reproductive isolation)
is not an adequate index of phylogenetic relat-
edness. We recognize the distinction between hy-
brid swarms (or zones) and occasional intra- or
intergeneric hybridization (Short 1965:417,
1969). However, to our knowledge no one has
demonstrated conclusively that the former oc-
curs, in birds, only between sister species, or that
the propensity for hybridization somehow tracks
phylogenetic patterns (at least among congeners).
In general the phylogenetic analyses required to
establish such sister-species relationships are
lacking (a situation that makes application of any
species concept more difficult). The occurrence
of interspecific hybrids suggests only that the pa-
rental forms are part of a clade of unknown size

and species composition, not that the two forms
are necessarily sister species (or conspecific).

GENE FLOW, HYBRID ZONES, AND
BIOLOGICAL SPECIES

Many authors consider hybrid zones the proving
grounds of biological species. Several reasons can
be advanced for emphasizing the importance of
hybridization (gene flow), and for understanding
why many authors consider differentiated pop-
ulations that hybridize to be conspecific. Differ-
entiated forms that hybridize in sympatry might
maintain a genetic “cohesion” and be prevented
from evolving independently. As long as repro-
ductive isolating mechanisms are absent, these
forms might coalesce because of gene flow or
converge because of similar selective pressures
(and transmission across a hybrid zone of the
genetic response to natural selection). However,
consideration of the nature and genetics of hy-
brid zones reveals the complexity of assessing
the taxonomic status of hybridizing forms (Bar-
ton and Hewitt 1983, 1985). If two differentiated
forms meet, mate nonassortatively, and form a
stable hybrid zone, one must conclude that the
forms are different biological species. Mayr
(1982b:285) implied that such forms should be
accorded species status because they will not “fuse
into a single population.” Unfortunately, judging
the stability of a hybrid zone is complicated, and
might require hundreds or thousands of years of
observation (Barton and Hewitt 1983). In orni-
thology, the “null hypothesis” seems to be that
hybrid zones are fluid or dynamic, because many
hybridizing forms, in the Great Plains for ex-
ample, are considered conspecific. In a study of
the flicker (Colaptes) hybrid zone in the Great
Plains, Moore and Buchanan (1985) noted that
the hybrid zone is stable and not becoming
broader (fusion) or narrower (origin of premating
isolating mechanisms).

Barton and Hewitt (1983) noted that parental
forms are often genetically rather divergent, a
phenomenon inconsistent with the idea of ge-
netic fusion. Thus, the premise of genetic cohe-
sion predicted by attributing conspecific status
to forms that hybridize may not be valid; forms
on either side of a hybrid zone may evolve in-
dependently. In other words, two taxa that form
a hybrid zone may not be genetically the “same
species.” If traits that are used to distinguish pa-
rental forms are selectively neutral, fusion may
take a long time (Barton and Hewitt 1983).



Therefore, calling distinct but hybridizing forms
(e.g., flickers, orioles, yellow-rumped warblers)
separate phylogenetic species recognizes the sta-
tus quo, instead of an unpredictable future out-
come (viz., fusion) of current hybridization; we
advocate the former.

SPECIES AS MONOPHYLETIC GROUPS
HISTORICAL BACKGROUND

Until the publication of On the Origin of Species
(Darwin 1859), classification had as its vague
goal the grouping of organisms according to the
essentialistic concept of “naturalness” (see dis-
cussion in Popper 1950). Darwin’s work infused
the already active field of taxonomy with a new
theoretical foundation, namely that organisms
are related to others by “propinquity of descent”
(1859:413) and that classifications should reflect
this. Considering that the essentialism of the an-
cient philosophers had prevailed for 2,000 years,
this Darwinian view gained a relatively rapid
foothold in taxonomy and permitted the birth of
a new discipline called systematics, a primary
goal of which is the study of phylogenetic pat-
terns and the processes that produce them.

One of the admitted goals of classification in
our time is to group organisms in a manner that
reflects genealogy: “evolutionary classification
demands the delimitation of taxa consisting of
closest relatives” (Mayr 1969:83). Yet Mayr crit-
icized classifications that do just that, using as
an example two dissimilar taxa, the crocodilians
and birds. These are considered by some authors
to be sister taxa among living groups (Martin
1983; for review see Gauthier and Padian 1985).
Mayr stated (1969:75): “If a descendant group,
such as the birds among the archosaurian rep-
tiles, evolves more rapidly than the other col-
lateral lines, it not only can but it must be ranked
in a higher category than its sister groups.” This
is because, according to Mayr (1969:78), classi-
fications should “combine maximal information
content with maximal ease of retrieval of this
information’; i.e., they should reflect both
branching and “different rates of evolutionary
change in different phyletic lines” (1969:71). Mayr
(1969) also noted that the resulting taxa, Aves,
Crocodilia, and Reptilia are nevertheless mono-
phyletic. This characterization of monophyly is
not the one currently accepted by many evolu-
tionary biologists, namely that monophyletic
groups are those containing all the known de-
scendants of a single common ancestor (Farris
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1974); rather it is the definition of Simpson
(1961), that “Monophyly is the derivation of a
taxon through one or more lineages, from one
immediately ancestral taxon of the same or lower
rank” (see discussion of this dichotomy of defi-
nitions in Wiley [1981:255 ff.]).

Mayr (1969:76) stated that “the concept of
monophyly is important only at the level of the
higher categories. Taxa that are still crossable,
like subspecies, may produce hybrids which by
definition would not be monophyletic. Yet the
zoologist is not concerned with monophyly at
the species level.”

We believe that the zoologist’s concern with
monophyly should begin at the level of the
species, which should be both the evolutionary
unit and the fundamental unit of classification.
We agree with Mayr that classifications should
maximize the ease of information retrieval, but
this goal can conflict with the stated aim that
they should include information on both branch-
ing and degree of divergence. In such a classifi-
cation some taxa will be constructed with both
kinds of information; in other cases sister taxa
may have diverged at equal rates and hence the
two sets of information give the same taxonomic
answer. From the end product there is no way
to tell which kinds of information were used and,
of course, no way to determine the author’s phy-
logenetic hypothesis. This has been discussed ex-
tensively elsewhere (e.g., Cracraft 1981, Wiley
1981, Raikow 1985; see also Donoghue 1985 for
an excellent discussion of monophyly and the
biological species concept). The conflict between
the goals of phylogenetic and evolutionary or
eclectic systematics is directly analogous to the
conflict between the phylogenetic and the bio-
logical species concepts. The latter produces in-
consistencies in classification (both clades and
grades) whereas the former yields classifications
that are isomorphic with phylogenetic hypoth-
eses.

CAN SPECIES BE MONOPHYLETIC?

We believe that species not only can but must
be monophyletic. Wiley (1981:198) stated that
“the species is considered monophyletic by vir-
tue of its individual nature. (Individuals are nei-
ther monophyletic, paraphyletic, or polyphylet-
ic).” This presumably depends on the unit
adopted for the definition of monophyly. If a
monophyletic group is the descendant species of
a single common ancestral species, then the def-
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FIGURE 1. a. True phylogeny of taxa A, B, and C.

b. Phylogeny inferred from BSC criterion of interbreed-
ing between taxa A and C, and not B and C.

inition would appear not to apply, logically, to
species. If no units are assumed then there is no
problem in applying the definition to species or
any other group. A monophyletic group is a com-
plete lineage and species are terminal compo-
nents of such lineages. Regardless of the seman-
tics of definitions and whether or not species
should be considered individuals or classes (Ghi-
selin 1974; Hull 1976, 1980), Wiley’s statement
evades a critical issue: the biological species con-
cept permits the misapprehension of patterns of
phylogenetic change.

Consider a simple three-taxon pattern (Fig. 1a).
This depicts a situation in which B and C are
sister species, i.e., they share a more recent com-
mon ancestor than either does with A; B and C
are a monophyletic group. Assume that Figure
la represents the best phylogenetic hypothesis
for A, B, and C, as determined by cladistic anal-
ysis of morphological and/or biochemical data.
Suppose, however, that whereas B and C are
sympatric and do not interbreed, A and C are
observed to interbreed extensively (i.e., mating
is nonassortative). According to the BSC, A and
C will be considered a single species, AC (Fig.
1b). From the classification constructed on this
basis, one could not retrieve the information that
B and C are sister taxa; in other words we would
misrepresent the evolutionary history of this
group. An example of this type of situation oc-
curs in the quail-thrushes (Cinclosoma) of Aus-
tralia (Cracraft 1986). We consider the potential
for paraphyly to be a serious flaw with the bio-
logical species concept. Here, paraphyletic taxa
result from observations of interbreeding, where-
as in the brown towhee example (above), a para-
phyletic taxon resulted when interbreeding was
only inferred. We should add that many if not
most biological species probably are monophy-

letic, but probably most polytypic biological
species contain more than one evolutionary unit.
Because biological species each contain an un-
known number of evolutionary units, they are
not comparable. Phylogenetic species, however,
are comparable because they are evolutionary
units (although this does not imply that the di-
agnostic traits themselves are comparable).

We believe the use of the BSC in ornithology
has not encouraged detection of examples of phy-
logenetic relationships that are inconsistent with
the (reproductive) limits of biological species.
Even the classic monographs in ornithology lack
explicit hypotheses of relationships among com-
ponent forms of biological species.

PREDICTIVENESS IN CLASSIFICATIONS

Mayr (1969:79-80) suggested that classifications
should be predictive, such that once one has
identified an organism as a member of a given
taxon, one can “make precise statements con-
cerning its skeleton, heart, physiology, and re-
production without ever testing it.”” By this view,
stating that two individuals are members of the
biological species AC (from the previous ex-
ample and Fig. 1b) should let us predict that
individuals of AC share certain traits, but these
will all be primitive traits at the level of taxon
ABC. We would be unable to retrieve the infor-
mation that B and C are sister taxa, and indeed,
the discovery of the same derived traits in B and
C would have to be viewed as homoplasies rather
than synapomorphies! Predictiveness is desir-
able in scientific hypotheses, but we see no merit
in the ability to predict the sharing of primitive
traits.

THE SUBSPECIES CATEGORY

The phylogenetic species concept has implica-
tions for the taxonomic category of subspecies.
In a recent forum on subspecies (1982, Auk 99:
593-615), eleven authors almost unanimously
disapproved of the way in which geographic vari-
ation has been represented nomenclatorially. A
common thread through most of these authors’
essays is that the formal names reflect disconti-
nuity where frequently none exists, as in the
naming of populations that are parts of smooth
clines (see also Wilson and Brown 1953). There
is currently no particular biological definition of
subspecies (Storer 1982, Zusi 1982). Whereas
most authors contributing to the forum on sub-
species advocated modifications of the category,



Cracraft (1983) advocated abandoning the sub-
species category entirely.

Current subspecies names can indicate appro-
priate groups for study of geographic variation
(Johnson 1982). If a trinomial represents a pop-
ulation that is distinct from other populations in
one or more characters, it would be called a
species by our criteria. It seems likely, however,
that many named subspecies are valid neither as
subspecies nor as phylogenetic species. Some
subspecies might be distinguishable only with the
application of multivariate statistical proce-
dures, such as a discriminant function analysis.
Gene flow among such populations might be low
or nonexistent, permitting independent evolu-
tion, and yet no single character may exist by
which the populations may be distinguished. Al-
though an individual’s discriminant score might
be a diagnostic “character,” whether it is herita-
ble and indicates a monophyletic group is un-
clear. A name for such populations may be de-
fensible on the grounds that it signals phenotypic
divergence and a reduction of gene flow; in other
words, the populations might be potential incip-
ient phylogenetic species (PIPS?). However, until
a procedure is agreed upon, we advocate not
naming subspecies. We add that lack of a sub-
species category under the PSC does not mean
that phylogenetic species lack geographic varia-
tion, nor that study of processes and patterns of
geographic variation are uninteresting (Zink and
Remsen 1986).

CRITICISMS OF THE PHYLOGENETIC
SPECIES CONCEPT

The PSC leads to too many species. Mayr (1982a)
noted that the concept of subspecies underwent
a phase of maturation between the 1880s and
1920s, when 315 North American geographic
isolates first described as species were reduced
to subspecies status—*‘an extraordinary simpli-
fication of taxonomy at the species level” (Mayr
1982a:594). Implicit in the latter statement is the
view that simple classifications, or ones with few-
er species, are better than complex ones. Simple
classifications are easier to comprehend but are
misleading when phylogeny is complex. The
standardized use of phylogenetic classification of
evolutionary units will make classifications more
comparable among vertebrate groups; this would
enhance efforts to account for differing patterns
of diversity and rates of evolution (e.g., Sibley
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and Ahlquist 1982, Wyles et al. 1983, Hafner et
al. 1984, Raikow 1986).

Cracraft (1983) implied that the actual number
of diagnosable evolutionary units (species) might
not exceed the number of subspecific taxa in the
1957 AOU Checklist (a good place to begin
searching for phylogenetic species), and it could
be lower (see our discussion of subspecies, above).
However, scrutiny of morphological, behavioral,
or biochemical characters on the “microgeo-
graphic” level will reveal the existence of many
more phylogenetic species. The notion that there
should be an upper limit to the number of species
described does not appear to have any value,
heuristic or otherwise. Detection and analysis of
phylogenetic species is a goal that can only im-
prove our understanding of avian evolutionary
biology.

Species concepts should include biological cri-
teria. The biological, polytypic species concept
is said to yield taxa that are ““much more distinct,
real entities of nature” than those based on mor-
phological criteria (Mayr 1982a:594). We have
discussed (above) some reasons why criteria of
reproductive compatibility, although significant,
perhaps weaken species concepts. Despite his-
torical emphasis on the theoretical importance
of interbreeding for species-level taxonomy, rel-
atively few species are actually delimited on the
basis of reproductive compatibility. The North
American flickers (Colaptes; Short 1965), juncos
(Junco, AOU 1983, but see Miller 1941), and
orioles (Icterus; Sibley and Short 1964) provide
well known recent examples. Yet even these
studies, which are among the most thorough of
any taxa, lack complete information on repro-
ductive compatibility of all constituent forms.
Furthermore, interbreeding was frequently only
inferred, not tested—especially between popu-
lations at opposite ends of their distributions.
Thus, the “biological” component of allopatric
forms of biological species is phenotypic simi-
larity; in practice the BSC is no more biological
than the PSC.

Evolutionary units can be diagnosed on the ba-
sis of trivial characters. Suppose we discovered
that a group of Trumpeter Swans (Cygnus buc-
cinator) from a well-circumscribed geographic
region possessed one extra hooklet on a barb of
the seventh primary. We suspect that many or-
nithologists would argue that such a character is
too trivial to serve as a descriptor of species.
Probably implicit in this view is the notion that
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such a character must be “biologically signifi-
cant,” or that it is too likely to vary individually,
making phylogenetic hypotheses based upon it
suspect (McKitrick 1985a, 1985b, 1986). To be
sure, the latter possibility should be tested and
ruled out before the character can be used to
diagnose evolutionary units, necessitating ex-
amination of large samples. Chernoff (1982) doc-
uments how environmental influences on phe-
notypic expression lead to inaccurate
reconstruction of historical patterns. Such stud-
ies are only beginning for birds (James 1983).

What is the significance of such cryptic (“triv-
ial”) traits? If members of a given population(s)
consistently possess the trait, and it has a genetic
basis (which is testable through heritability stud-
ies), then its presence suggests that the popula-
tion’s recent evolutionary history is independent
of that of its ancestral and sister taxon/taxa. There
is no theory to suggest that a trait must be of a
certain quality or magnitude to provide histor-
ical information or to delimit species. The con-
cept that taxonomic characters must have a high
probability of unique occurrence (Bock 1967) or
be related to reproductive isolation has intro-
duced, we think, a bias against subtle characters
or characters of unknown adaptive significance.
Whether or not these characters function as iso-
lating mechanisms is not relevant to our use of
patterns of character variation to infer evolu-
tionary history. Thus, no character is potentially
more or less useful as a tool to reconstruct pat-
terns of speciation (sensu the PSC). Cryptic char-
acters may render field identification difficult in
some cases. This is a practical (not a theoretical)
problem for any species concept. The challenge
to field biologists that such a problem would
present will no doubt lead, not to chaos, but to
an increased understanding of avian natural his-
tory and evolution.

The PSC s typological. The typological species
concept was damned for its emphasis on speci-
mens rather than populations: “A purely mor-
phological species definition is employed. Many
species are known only from single or at best a
very few specimens” (Mayr 1942:6). The use of
morphological (or biochemical or physiological)
criteria to delineate species does not imply ty-
pology, however, when one also employs a cri-
terion of ancestry and descent (monophyly). The
units of the PSC are not specimens, they are
lineages. These lineages (clades) are hypothesized
to be such on the basis of morphological, genetic,

or other features, and the population is still of
importance to the practicing systematist. The
discovery of evolutionary novelties in one or a
few organisms does not lead to the description
of a new species (see discussion of Practical Ap-
plications below); such would result in arbitrary
dismembering of lineages. We are concerned here
with cladogenesis. The PSC is therefore con-
cerned with species as individuals (Ghiselin 1974;
Hull 1976, 1980), whereas the typological (mor-
phological) species concept of the “old system-
atics” (Mayr 1942:6) regarded species as classes.

Why not simply retain biological species but
only describe subspecies that possess character-
istics of evolutionary units (phylogenetic species)?
A frequent comment is that the distinction be-
tween the PSC and the BSC is a semantic one—
the advantages of the PSC could be realized with-
in the structure of the BSC if the latter is more
rigorously applied. We disagree, but consider the
option: If diagnostic characters of subspecies are
genetic rather than environmental in origin, sub-
species (even if they interbreed) could be denoted
as evolutionary units. We would thereby for-
mally recognize differentiated monophyletic
groups while retaining the information that the
groups interbreed or are thought to be able to do
so. This would often be an improvement over
current conditions, especially if we really did have
information on interbreeding and monophyly.
Thus, it could be argued that reproductive iso-
lation need not be abandoned as a ranking cri-
terion as long as only monophyletic groups were
permissable. In this case “species” could include
many evolutionary units, whereas other species
might be single evolutionary units; hence, species
would not be comparable. Although such species
might still be clades (as many current biological
species might be), we nevertheless find this ob-
jectionable. Of what use would such species be?
Comparative biologists would use evolutionary
units (subspecies) in their analyses, and few would
wish to use the new biological species as units of
analysis. Species should consistently be single
evolutionary units. We are again left with the
problem of inferring reproductive compatibility
of the component allopatric units of these “bi-
ological species.” As noted above, patterns of
reproductive compatibility need not correspond
to patterns of evolutionary history. Felsenstein
(1985) illustrated the importance of knowing the
underlying phylogeny when comparing attri-
butes of related organisms.



An important objection to this revised biolog-
ical species concept is that reproductive com-
patibility does not necessarily yield taxa that are
monophyletic. Given three evolutionary units
that interbreed nonassortatively in parts of their
range, we could classify them as three subspecies
of a biological species. There is a fourth evolu-
tionary unit that is a sympatric sister group of
one of these three subspecies, but it does not
interbreed with any of the three. By the criteria
of the revised biological species concept, how-
ever, this fourth unit would be excluded from
the three-subspecies taxon, and our classification
omits an important piece of information about
the history of this four-unit clade. Thus we do
not believe such a modified BSC would be pref-
erable to the PSC. The differences between the
PSC and the BSC clearly transcend the semantic.

THE PHYLOGENETIC SPECIES
CONCEPT IN PRACTICE

The criteria to be used in implementation of the
PSC have not been clearly specified, and there is
concern that small groups within populations
might qualify as phylogenetic species. However,
small groups within populations are unlikely to
satisfy both the grouping criteria of monophyly
and diagnosability. Furthermore, if a focal group
consists of more individuals than one can logis-
tically study, the grouping criterion of diagnos-
ability is obviousty a probabilistic one. Whether
the population should be 95% or 99% diagnos-
able before species status is warranted is unre-
solved, and depends on the nature and pattern
of character variation.

As a first attempt at outlining practical appli-
cations, we offer the following. Zink and Remsen
(1986) outlined a program of sampling and anal-
ysis for studies of geographic variation, including
the search for diagnosable groups of individuals;
as we suggest herein, these should be called
species. However, not evident is what to do in
the event of incomplete diagnosability (see above
discussion of subspecies). Several possible out-
comes require comment, and to anticipate the
following, the key will be a consideration of the
nature of character variation. Suppose that a
phylogenetic species is observed, in which 5% of
the individuals have a unique derived variant of
the character that distinguishes this species from
all others. Although the species is 100% diag-
nosable from other species its members do not
all possess the same state of the diagnostic trait.
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We would still conclude that the species is mono-
phyletic but that possibly we were observing the
origin of a new diagnostic trait (or an atavism;
Hall 1984)—that is, we might have observed a
transformation in progress (Hanken 1982, 1984;
McKitrick 1986).

Suppose that two groups are nearly diagnos-
able, but each contains breeding individuals with
the diagnostic trait of the other group. A possible
interpretation is that these individuals dispersed
into the other’s range and that each is a separate
species. For example, three well-differentiated
groups of Fox Sparrow (Passerella iliaca) exist,
and each may be a phylogenetic species (Zink
1986:105). If a few individuals from species A
were observed in the breeding population of B,
the B individuals nevertheless form a monophy-
letic group and must still be considered a phy-
logenetic species (i.e., hybridization does not im-
ply conspecificity). Monophyly of the parental
types is not compromised by gene flow between
them, and hybrid individuals do not belong to
either species. The individuals that contribute to
nondiagnosability are identifiable as belonging
to a different species. It is well to note that we
diagnose groups by characters, not by geography.
A second interpretation is that the two diagnostic
traits once existed as a polymorphism in a wide-
spread population; the occurrence of the alter-
native character state could represent a “relict”
situation. It is difficult to distinguish among the
possible causes of lack of diagnosability (dis-
persal and hybridization, plesiomorphy) when it
is due to character states shared between two or
more groups. Perhaps the groups can be tenta-
tively considered two phylogenetic species even
if they are less than 100% diagnosable; only if
we have evidence that neither group is mono-
phyletic must the two groups be considered con-
specific. Similarly, differentiated groups con-
nected by smooth clines would also be conspecific
(e.g., character analysis might reveal that the bi-
ological species Colinus virginianus is also a sin-
gle phylogenetic species).

It is important to note that no one knows the
probability of observing a lineage at a point when
it is 100% diagnosable—whether because of
anomalies or atavisms as discussed above, or
because subsequent anagenesis leads to changes
in the diagnosing characters. This will compli-
cate, but not necessarily compromise, our at-
tempts to reconstruct history. For example, we
have no difficulty in recognizing snakes to be
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members of the Tetrapoda, although they lack
feet. Monophyly is determined by compatibility
of characters, but there will undoubtedly be in-
stances when historical patterns cannot be re-
covered. This cannot be construed as a sign that
our philosophy or our methods are flawed. Rath-
er, these methods enable us to pinpoint where
the gaps in our knowledge lie.

CONCLUSIONS

The biological species concept is relevant only
in the nondimensional sense, as it does not apply
to allopatric populations. By using reproductive
isolation as both a grouping and a ranking cri-
terion, the BSC permits the recognition of species
that are not monophyletic and do not accurately
represent the results of evolution. The phyloge-
netic species concept requires that species be
monophyletic groups, and suggests that they will
be distinguishable from other such groups in one
or more characters. However, not every individ-
ual will always possess each of the characters by
which the unit is recognized. Individuals may be
“aberrant” due to abnormal development, ata-
visms, hybridization, external environmental
modification, or anagenesis; these are some of
the factors that contribute to variance within
evolutionary units. We believe that the PSC con-
stitutes a step forward, because it demands a
thorough and rigorous search for and analysis of
patterns of variation (Zink and Remsen 1986),
as well as bringing consistency in the hierarchical
ordering of organisms down to the fundamental
level, namely the level of species. It focuses at-
tention on the results of evolution, i.e., units of
diversification, and facilitates the reconstruction
of historical patterns. Furthermore, it is appro-
priate in the multidimensional sense. We do not
expect the PSC to have an immediate impact on
the status quo, particularly with regard to the
filing and housing procedures in existing mu-
seum collections. We do hope, however, that
consideration of the PSC will encourage orni-
thologists to reevaluate species concepts and
stimulate further research at the level of popu-
lations and species.
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