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INTRODUCTION

Biology has long endured arguments over species concepts. The reasons
for this contentiousness are not simple, but the willingness of biologists to
engage in continued intellectual debate underscores the critical impor-
tance placed on species and the fact that no solution to the “species prob-
lem” has been generally accepted. Species concepts have assumed this
role as instigators of debate lar|'gely because biologists have used species
with two different objectives in Lnind. First, species have served as the basis

for describing and cataloging biptic diversity and for our attempts to repre-
sent the historical relationships of that diversity in a hierarchical manner.
Species are thus taken to be the primary taxa of systematic biology. Second,
species have also been employed as basic entities of evolutionary theory.
They are said to be the things produced by the process called speciation
and the entity that speciates. |
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It may seem that these two roles are not disparate | enough to require
different conceptions of species, but biologists have found it difficult to
reconcile them. At the center of this dialogue is the biological species con-

- cept (Mayr 1942, 1963, 1969), which has a wide following within evolu-

tionary biology (Dobzhansky et al. 1977; Futuyma 1986), particularly in
those disciplines concerned with processes operating at the microgeo-
graphic level of demes and populations. Thus, populatjon geneticists and
ecologists have generally embraced the biological species concept (BSC)
even though most of their studies are not directly concerned with species-
level taxa (e.g., Lewontin 1974; Endler 1977; Nei 1987).

In spite of this general acceptance, controversy over species concepts
has arisen because many evolutionary biologists and| systematists have
found the BSC to be untenable in theory and unworkable in practice. The
list of critiques of the BSC is long indeed, emanating from both botanists
(Cronquist 1978; Levin 1979; Raven 1980; Mishler and Donoghue 1982;
Donoghue 1985; Ehrendorfer 1984) and zoologists (Ehrlich 1961; Sokal
and Crovello 1970; Rosen 1978, 1979; Cracraft 1983, 1987, 1988 McKit-
rick and Zink 1988). The majority of this criticism, however, has gone un-
answered by supporters of the BSC and has been overlooked or discounted
by those many evolutionary hiologists who endorse biological species in
their work. This is perplexing because most botanists,|and an increasing
number of zoologists, have chosen to abandon the BSC (Donoghue
1985:173).

One theme of this chapter is that systematic and evolutionary biologists
can no longer atford to ignore this body of criticism. Use of the BSC pre-
sents fundamental obstacles to describing and interpreting patterns and
processes of evolutionary differentiation. At present, many biologists have

¥ ot realized the depth of these difficulties, which suggests that further

dialogue is desirable. The ensuing discussion will deemphasize the theo-

- retical reasons for abandoning the BSC as these have belen treated in detail

elsewhere (see especially Rosen 1978, 1979; Cracraft 1983, 1987; Rosen-
berg 1985; Donoghue 1985; McKitrick and Zink 1988)| Instead, the focus
will be on the empirical consequences of using the BSC in evolutionary
studies. A major conclusion will be that evolutionary biologists should
abandon the BSC. No doubt this will be a radical proposal to some, yet if the
BSC obscures our ability to reconstruct evolutionary history accurately and
to investigate the processes responsible for evolutionary differentiation,
then abandoning that definition is a decision having strong scientific
Justification.

A decision such as this necessitates adopting an alternative definition
that does not possess the difficulties of the BSC. One yiable candidate is
the phylogenetic species concept (Rosen 1978, 1979; Nelson and Platnick
1981; Cracraft 1983, 1987, 1988; McKitrick and Zink 1988). It will be
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argued that, compared to the BSC, the phylogenetic species cmiéept is
more successful at unifying the two roles of species, namely serving as the
entity of evolutionary theory and as a basis for describing the histori¢al pat-
tern of taxonomic diversity and reflecting that pattern in biclogical
classifications.

BIOLOGICAL AND PHYLOGENETIC SPECIES: .
CONCEPTUAL CONTRASTS '

Speciation is the process whereby new species originate. Species are
speciated; they are effects of lower level processes. From this persliec:tive,
a theory of speciation has as its units entities we call species. Speci¢s must
be treated as discrete real entities because all theories require this (Hull
1976, 1977, 1978; Gaukroger' 1978): empirical theories cannot be about
unreal, arbitrarily delimited e\iﬁiﬁes and it would be hiological nansEnse to
say “species are speciated” if they were not real things. Entities chosen to
function in a particular theory, moreover, must be irreducible to other units
that serve a similar role within the domain of that theory. This mean5 that if
we are to compare these entities, or use them in descriptions of pattern, or
perhaps as participants in pracesses specified by some theory, theén they
must be the same kind of entity (Gaukroger 1978; Cracraft 1987).! These
simple requirements of every theory have been largely overlooked by
evolutionary biologists. “Biological species” are often delimited subjec-
tively, many are clearly reducible to other discrete entities, and they fre-
quently lack comparability athong themselves as basal evolutionary taxa
(Rosen 1978, 1979; Cracraft 'Ll983, 1987). In numerous instances| more-
over, “biological species” are hot the entities that result from “speciation”
(taxonomic differentiation).

These introductory remarks emphasize the utmost importance of a
species definition within evolutionary theory: that definition estab'ishes a
particular ontology for the theory itself. If the ontology specified by the
definition fails to match the rLeal entities participating in or produced by
natural processes, then not only will nature be described incorrectly, but it
will be difficult to evaluate any theory that makes use of those éntities.
Such is the effect of the BSC, for it does not describe a correct ontology for
theories about species origing. To appreciate this more tully, we need to
identify the characteristics of entities presumably produced by the process
of speciation {hereafter, thest entities will be termed evolutionary taxa).

First and foremost, the speciation process produces differentiated taxa,
that is, populations of interbreeding (reproductively cohesive) organisms
having one or more evolutichary novelties distinguishing this new unit
from all other similar units. These novelties could be any intrinsic at ribute,
from fixed differences at thel genomic level to new morphological, bio-
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chemical, or beéhavioral characters. Whatever the novelty, populations are
delineated as new taxa when they are, in principle, 100% diagnosable (see
below). Many populations exhibit quantitative differences from other pop-
ulations, but recognizing them as a taxon means that! a biologist would have
to apply some|subjective criterion to subdivide continuous variation. In
these instances, however, the taxa of our theories would be individuated
arbitrarily and would not have ontological status as discrete entities.
Evolutionary taxa (as discrete entities) are also basal in the sense that
none of them (Fm be further subdivided into smallér populations that are

themselves discrete, diagnosable units. Speciation theory does not specify
the sizes of differentiated populations, and some can clearly be quite small
(many founder populations, tor example). Thus, size is irrelevant to the
question of whether a population is a basal, differentiated taxon; what is im-
portant is whether that population can be recognized as being distinct.
Finally, the entities of speciation theory would be expected to have

 some degree of geographic integrity if reproductive cohesion is to be main-

tained over time. An essential element of current speciation theory is that
an incipient new taxon will have some degree of spa[ﬁa.l disjunction from its
ancestral population (or sister taxon) so that reproductive cohesion can he
disrupted, thereby allowing differentiation to take place. Note that this
does not necessarily imply reproductive isolation (in|the sense of the BSC),
only that the loss of cohesion through spatial isolation leads to ditferentiation.

These are the minimal characteristics seemingly possessed by entities
that are produced by processes of differentiation. Ifthis is an accurate rep-
resentation of ¢urrent knowledge about the origin of|evolutionary taxa, how
well do existing definitions of species facilitate 'our understanding of
these events? |

The biological species concept

As noted earlier, a major contributor to controversies over species con-
cepts has been the conceptual antagonism between seeing species as tax-
onomic entities or as evolutionary entities. The biOlL:)gical species concept
has exacerbated that antagonism through the use of a plethora of subsidiary
concepts, including nondimensional, multidimensional, and polytypic
species, which|ostensibly enable application of thel}}SC to biologically dis-
parate situations. Of these, the polytypic species! concept has had the
widest influenge.

Polytypic species are taxonomic, not evolutignary, constructs, and
gained broad acceptance in the 1930s and 1940s as a response to what was
perceived to be a pernicious trend within taxonomy! the tendency to name
differentiated |isolates as distinct species (what Mayr calls “typological-
morphological species,” e.g., 1963:338). As an alternative, it was proposed
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that diagnosable, or nearly diagnosable, taxa which replace one another
spatially be united into a single “polytypic species.” Historically, the main
function of this procedure was to simplify classification and reduke the
number of species names (Mayr 1942:126; 1969:38). As Mayr (1942:127)
noted about the advantage of| polytypic species within birds: “The total
number of species to be memotized by the taxonomist has thus been cut by
two-thirds.” |-

Although the notion of polyitypic species may be thought benefidial for
taxonomists memories, it unfortunately has canalized thinking about the
historical pattern of speciation. Species are envisioned to be subdivided
into numerous geographic races or subspecies. These taxonomic urIits ex-
hibit a broad range of phenotypic differentiation, from being barely dis-
tinct quantitatively from their neighbors to being diagnosably distinct pop-
ulations. The glue uniting all t:tese units into a single polytypic spegies is
the presumption of potential i iterbreeding; that is, it is assumed ‘rhEy are
not reproductively isolated, no matter what their degree of differentiation.
It a population is so markedly different that a taxonomist would judge it
could not interbreed with other closely related taxa if they were in sym-
patry, then it is treated as a separate biological species. Speciation, under
this ontology, is a process whelreby these populations become more and
more differentiated, so much solthat they eventually cross the line of repro-
ductive compatibility with thel other populations of the same polytypic
species. |

The fact that the biological| polytypic species concept was created to
solve what was felt to be an undesirable glut of species names has jhad a
profound affect on our attempts to describe and explain evolutionary pat-
tern and process. Given this ontology, what is the unit of evolution? [What
entity speciates? Certainly it is not the polytypic species itself. [Most
workers seem to think it is the subspecies that is differentiating and bécom-
ing a new taxonomic unit, and Mayr himself held this view until rec ntly.
Now he considers subspecies ds merely “pigeon-holing” devices for tax-
onomists (Mayr 1982:289). Unfortunately, subspecies names are frequent-
ly applied to a population showling any degree of differentiation de[{amed

worthy of recognition by a taxonomist. This contributes to a classifi atory
system that is meaningless for ieseﬂbing evolutionarily relevant variation
(see below). Given that many lsubspecies are themselves arbitrarv sub-
divisions of continuous variatimii it seems inescapably clear that many sub-
species could hardly be considered units of evolution inasmuch as th y do
not qualify as objective units in the first place. Indeed, it can only bel con-
cluded that under the biological polytypic species concept there is nd con-
sistent, objective unit of evolutipn and, as such, the concept does not pro-
vide an empirically sound ontology for studying the origin of specises.

It is essential for evolutionary biology to have an objective ontblogy
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with which to individuate the entities relevant to our theories. The biologi-
cal species concept is frequently characterized as an ;E:;jective or nonarbi-
trary descriptor of taxonomic diversity (Mayr 1969/27; Sudhaus 1984;
Willmann 1987).|In fact, in all situations that are critical for evolutionary
analysis, the biological species concept can be applied only subjectively.
The sole case in which the BSC can be said to be UbjecIEve is in spatially re-
stricted areas in which two diagnosably distinct taxa are in sympatry and
reproductively isflated. But this is also a case in which all other species
concepts currently in use would treat this situation in| precisely the same
manner. Cases of sympatry, therefore, do not speak for the objectivity of
the BSC any more than for other concepts of species|

There are, however, two situations in which we would expect different
species concepts to provide alternative interpretations of species limits. In
both the BSC cani be applied only subjectively and inconsistently. The first
case involves two largely allopatric taxa that hybridize in a zone of contact.
A decision as to| whether a systematist recognizes one or two species
depends on a personal assessment of the amount of hybridization and the
width of the hybrid zone. Cases of this kind cannot be resolved in a
straightforward manner using the BSC, as even proponents of that concept
readily admit.

The second situation involves decisions about the specific status of dif-
terentiated populations that are entirely allopatric. As Mayr notes
(1969:196), the criterion of reproductive isolation cannot be directly ap-
plied to these taxa, and all surrogate criteria used tg evaluate potential
reproductive isolation also fail the test of objectivity. These solutions gen-
erally include extrapolations from comparisons of morphological, be-
havioral, and ecological differences in closely related species that are sym-
patric or parapatric (e.g., Mayr 1963:31). But morphological differentiation
among populations is not always closely correlated with their genetic com-
patibility, even among closely related taxa, therefore a solution such as this
would require ac¢eptance of numerous untested and juntestable assump-
tions. Perhaps thel most important requirement for this methodology is ap-
proval of the proposition that morphological, hehawior?, and genetic rates
of difterentiation have been constant across the taxa being compared. Only
if rates are constant can assessments between the amount of morphological
differentiation and reproductive isolation in one group be used to guess at
this relationship in allopatric taxa in other groups. (Ironically, the hy-
pothesis of constant rate cannot be examined unless the biological species
concept is abandoned and a corroborated phylogenetic hypothesis for all
the differentiated taxa is obtained,

Decisions about the species status of hybridizing taxa or differentiated
allopatric taxa are critical in any analysis of speciation. Because the
criterion of reproductive isolation cannot be applied in a uniform and ob-
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jective manner, the ontological status of the units ide'ntified l?y the binlngit
cal species concept must always be fin doubt. :I'hls pm?lt requires emphb.-aig;&i
the ability to interbreed—reproductive cahemﬂnf-by itself cannot estslt”ig
those populations as a discrete, evolutionary 11‘mt (ccmtra‘ A?’(il]& 1981: ) ),
because reproductive cohesion, which manifests a primitive morp E-
genetic organization, can transcend well-defined species l?oundanes. RL;
uctive disjunction, on the other hand, reﬂec:t_s.evnlutmnary chax:fl s
that signify the presence of discret¢ taxonomic entities, but so too dﬂhu r
changes that fail to affect reproductive isolation. This is one reason w y.:[ll e
BSC cannot establish a consistent pntology for evolutionary theory. Si g-
larly the recognition concept of Ispecies (Paterson 1981, ]:982, 1985)
. possesses many of these same diffi¢ulties. Although the e:vc}lutmn of an 1W
“specific-mate recognition system] could be used to diagnose an eanS-
tionary unit, many evolutionary taxa obviously are cagable of sharing thal e
systems. Thus, the recognition concept of species, like Fhe .BSC:, has. C
potential to confound the historical analysis of taxonomic dm.ﬂ_*:rmﬁcahjn.
Many investigators have stressed that the biological species concept
confounds the causal analysis of differentiation because the hl‘stor{cal ptt-
tern of differentiation will not always be congruent with the hlstn‘ncal pat-
tern of reproductive isolation. Wnkse still, the BSC can lead to incorrgct
conclusions about the causal relationship between morphological (and
genetic) differentiation and rtjprﬂductive disjune‘tinn. Thus, Mayr
(1963:31) claims that “The degree of mﬂrphologica.l dlfferenf}e N_:ilsplaﬂ d
by a natural population is a by-product of the genetic d]SCDH't]Hlflty I'{?Sle-
ing from reproductive isolation.” In fact, however, repmdpchv? isolation is
itself a by-product of genetic differentiation fnlinmng 15tﬂlatmn and r*nt
causal of any accompanying morphological differentiation (e.g., Lemﬁn
1979:383). Reproductive isolatior], therefore, is merely a subset. of ’é e
numerous possible consequences of the more general process of difteren-

tiation, as many biologists have re#]ized.
|

Phylogenetic species concept |

The preceding section outlines sothe conceptual difficulti@ of the biﬂ]ﬂEl—
cal species concept that impair its effectiveness in evolutionary analysis.
This raises the guestion of whether an alternative species concept can pro-
vide a better ontological foundation for evolutionary theory z.md at the
same time satisty the needs of systématic biology. In this regard, 1t.has been
suggested that a phylogenetic spedies concept constitutes a solution to Ele

problems presented by the BSC |(see discussions of Rosen 1978, 19 9
Nelson and Platnick 1980; Cracraft 1983, 1987; McKitrick and Zink 1988;

Zink 1988). | |
A phylogenetic species is an itreducible (basal) cluster of organismns,
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diagnosably distinct from other such clusters, and within which there is a
parental pattern of lancestry and descent (Cracraft 19885, 1987, see also
Rosen 1978, 1979; Nelson and Platnick 1980). The phy*mgenetic species
concept circumvents all of the difficulties of the BSC because, as defined
here, species are equivalent to evolutionary taxa in the sense they were
portrayed earlier. Phylogenetic species are, therefore, bashl, differentiated.
evolutionary taxa. In the majority of cases, phylogeneti¢ species will be
demonstrably monophyletic; they will never be nonmonophyiletic, except
through error. Some phylogenetic species may be dia rmosably distinct
from other such units and yet not possess characters that/can be hypothe-
sized to be derived. |In some instances, these species may be truly mono-
phyletic but evidencg of that fact has remained undiscovered. Or their his-
torical status may be unresolved because relative to their sister species they
are primitive in all rgspects. Whether they might be the “ancestor” of that
species, and therefore be truly paraphyletic with respect|to the historical
structure of their populations, is probably unresolvable.
The phylogenetic species concept emphasizes the most general aspect
of taxonomic diversification, namely differentiation. Some differentiation
results in reproductive isolation and some does not. By relying solely on re-
productive isolation a3 the central criterion for species status, the BSC pre-
cludes recognition c;;‘ a very large class of evolutionary taxa, namely that
constituting all instances of diagnostically distinct populations that are not
reproductively isolated from other such populations. The BSC relegates
this ubiquitous phenjomenon to a position of secondary importance, and
this is a primary reasgn why so many botanists in particulaj: have not found
the BSC useful in evolutionary analysis (Cronquist 1978; Levin 1979;
Raven 1980; Donoghue 1985; Ehrendorfer 1984). THe phylogenetic
species concept, in contrast, views reproductive isolation As an important,
but not necessarily predominant subset of effects produced by the process
of differentiation. Reproductive isolation signifies the evohition of diagnos-
tic characters, but nat all newly evolved characters necessarily affect re-
productive isolation.
The phylogenetic species concept, as all species con¢epts must, rec-
ognizes the critical importance of reproductive cohesion. This component
of the definition is required if we wish to avoid assigning species status to
individual organisms,|to different sexes and morphs, or to developmental
stages. In this sense, then, reproductive cohesion is a trividl component of
all species concepts, including those that are purely morphological.
Because phylﬂgﬂngtic species are equivalent to basal eﬁ,ﬂlutionar}f taxa,

their use at once unifies the notion of species as it is applied to evolutionary
theory, and as it is used in taxonomic practice. This concept thus provides a
theoretically coherent ontology for systematic and evnlufﬂnary biology.
The phylogenetic species concept emphasizes diagnostic character varia-
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tion for individuating basal evblutionary taxa, thereby allowing non-
diagnostic character variation to 'be partitioned into its evolutionary rele-
vant intra- and interspecitic cnmpnnents Because the biological SPBCIES
concept does not necessarily divide nature at its true historical “joints”
(Rosenberg 1985:197), there will always be the possibility of confounding
within- and among-taxon patterns of variation. |
The phylogenetic species conpept is not a resurrected version of the so-
called morphological species c:ﬂmcept Diagnostic characters can be J
resented by any intrinsic attribute of organisms, from the genome level on
up. Determining whether character variation is diagnostic or n dt is
decidedly more objective than assessing whether allopatric populations
might hybridize or whether hybridization is sufficiently extensive to
recognize a single biological spe{cles (contra Coyne and Barton 1988). In
principle, populations should bE' 100% diagnosable, that is, all of the in-
dividuals will have the relevant dmgnﬂshc character(s). But realistically,
the biological situation will almost always call for deeper analysis (see
McKitrick and Zink 1988). Dlagnﬂstlc characters may be restricted to
males, to females, or perhaps to|a particular ontogenetic stage; some i
dividuals, moreover, may exhibit variation that obscures recagnitjﬂkm of
diagnostic characters. It is because of situations such as these that| un-
derstanding the reproductive relationships of individuals within pop-
ulations is often critical for delineating species correctly. In spite of poten-
tial difficulties, assigning a differentiated population to species rank ujnder

the phylogenetic species concepi is still a hypothesis whose verificatian or
rejection will always be dependent on the data available and the thﬂrﬂ?gh—
ness with which they are interpreted.

It was noted earlier that some diagnosable populations may be quite
small. This is not an arbitrary artifact of the phylogenetic species coneept
(Coyne and Barton 1988) but snnp]y a reflection of natural processes of
taxonomic differentiation: populations of all sizes can become isolated and
then differentiate. If the delineation of species were based on the relgtive
degree of similarity or dissimilarity, as is effectively the case with the BSC
(direct application of reproductive disjunction being relatively rare in
practice), then species limits inevitably will be arbitrary in many cases. The
polytypic species concept has sought to unite many small differenﬁ{eated
populations into larger ones to “simplify” taxonomy. Yet, this too is arbi-
trary, and it confounds an accurate description and causal analysis of
evolutionary diversity. Because the phylogenetic species concept recog-
nizes the evolutionary singularity of diagnosably distinct pﬂpulaﬁﬂnsl—ﬂf
whatever size—it offers the ontological foundation on which we can begin
to understand any historical pattern underlying population differentiafiﬂn.

The preceding sections indicate that the conceptual differences be-
tween biological and phylogenetic species are profound. It remains tp be
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seen how these concepts have different consequences for interpretation of
real-world data.

EMPIRICAL CONSEQUENCES OF ALTERNATIVE
SPECIES CONCEPTS

The analysis of eviolutionary pattern and process begins with an established
species ontology |derived from a theoretical expectation of how nature is
organized and from previous empirical experience, In speciation analysis,
for example, observational data on patterns of character variation and spa-
tial distribution, '}Iﬂng with perhaps a theoretical mﬂcfel of speciation, are

used to individuate species-level taxa prior to subsequent investigations
into their history] Within this context, then, species might be considered
units of evﬂlutmlh and might be expected to exhibit|a pattern of phylo-
genetlic deplﬂmént through space and time. These Elementary precepts
can be used to cr}knpare the emplrlcal\Qﬂnsequences ot applying biological
and phylﬂgenetld species concepts.

The historical pattern of taxonomic diversification

Different C{mceplrts of species influence analysis in sevieral ways. The most
important of thes¢ will be considered first: different species concepts often
imply ditterent ontologies and this results in mlsmteﬁetatmns of the his-
torical pattern of differentiation. The following ex

influence.

ples illustrate this

Example 1. Speciation in Cinclosoma. The quail-thrushes (Cinclosoma) of

Australia consist lof six well-defined taxa distribute

] allopatrically and

parapatrically in central and southern Australia (Figure 1). Considerable

controversy regarding species limits has arisen beca

use various authors

have not been able to apply the biological species concept in a consistent

manner. Table 1! summarizes ornithologists’ attempt

s to assign species

status to these taxa. Within the context of the BSC, conspecificity is
typically decided on the basis of relative phenotypic similarity, which
functions as a surrogate for a direct measure of reprodpictive compatibility
(Mayr 1942, 1963, 1969). In the quail-thrushes, this procedure has failed
because estimating relative similarity has been subjective at best.

These different judgments of species limits within Cinclosoma have ob-
vious implications for speciation analysis. Taken at face value, each implies
a different histony for the pattern of differentiation| More importantly,
each of these different estimates of species limits infliuences our ability to
reconstruct that historical pattern accurately, because if biological species
are real entities ih nature and these are our best interpretations of those
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I I i TABLE 1. Historical summary of species limits among the quail-thrushes
(Cinclosoma) of Australia,
3> Ep& (@GG N Qd‘b} ,a*_e} | —
& 9 @ of of & N Campbell and
qf.@‘ da’% o8 B ¥ Q ,5{3' Campbell (1926) Condon (1962) Ford (1974, 1976) Ford (1983)
12 12,15,22
32 31 1. punctatum 1. punctatum 1. punctatum 1. punctatum
10,74,21.26 2. castanotum 2. castanotum 2. castanotum 2. castanotum
4.11 19 258,17.29 3. alisteri 3. alisteri 3. cinnamome 3. cinnamomeum
4. cinnamomeum 4. cinngmomeum (marginatum) (alisteri)
5. marginatum 5. marginatum (castaneothorax) 4. castaneothorax
6. castaneothorax 6. castaneothorax (marginatum)
3,6,9,20,30
| 7,912
MacDonald Wolstenholme
| (1968, 1973) Deignan (1964) Pizzey (1980) (1926)
16,18,23,24,27,28 | |
1 1. punctatum 1. punctatum 1. punctatum 1. punctatum
2. castanotum 2. castanotum 2. castanotum 2. castanotum
1.13,25 {alisteri) 3. cinnamomeum 3. cinnay 3. cinnamomeum
| - 3. cinnamomeum (castaneothorax) (castaneothorax) 4. castaneothorax
| . (castaneothorax) (alisteri) (marginatum) (marginatum)
| (marginatum) (marginatum) 4. alisteri 5. alisteri
cinnamomeum
ATt castaneothorax
marginatum [ ~TTTH j”:j;f}f;ij-f;-{=';:_=;!I Lo | 3 |
//—_ :‘><T 490D AN NS | | entities, then clearly many of these sets of postulated species limits will
- / { ::-I:;}-::';}::{ff};-:}j-_f::-:::;-:;:}:f::Lj'-:::l:::f;;,f “Ef;‘;#} AT = lead us astray as we attempt to recover the one true history. Reproductive
— ;;:fjx,j,;?ji;:jj,:.{:,;-;,: ;,;:',;';j" ’f;u;:;;e{,"f A syt -1 ] isolation is not a‘n intrinsic attribute, but a relational concept, and thus does
7 =4 *::{{j{f;;-jd:{*f;ﬁjej-'fll=,J=,fo S N 1’ B  not constrain biological species to be strictly monophyletic. By definition,
SR uEEESS T ] “{:{jj,-j:-j:{;ﬁ;:::f{::;.-;:i’r"*f'-"‘{:‘i;’:}:j;-;:;:':;:lj- e ‘) - nonmonophyletic species imply history has been misrepresented.
r‘r "J'“’f-’ﬁ’fj.-":; ,:{ﬁjf;}-}jjr’ = = &S These problems do not exist with the phylogenetic species concept.
i 52 4L T o 3 When this concept is applied, minimally six ph;ﬂagenetic species are
alisteri | - 2R M  recognized in Australia (diagnoses are contained in the data of Table 2). A
L= stanotum L i hypothesis of their phylogenetic relationships can then be generated by
- ] . ] cladistic analysis of a set of discrete character data derived from external
s dunctatum 3 morphology {Tdble 2). The hypothesis of Figure 1, for example, is the most
Cinclosoms parsimonious tree for the data (length = 35 steps; consistency index =
Or L e 0.914) and represents our current best estimate of the historical pattern of
| taxonomic differentiation (see also Cracraft 1986).
FIGURE 1. Distribution and [phylogenetic hypothesis for Fhe phylugeneuz B This phylogknetic hypothesis also permits analyisis of patterns of hy-
species of Australian quail-thrushes ((.?‘inclo&mna). An EiI]Hl}’SlS“ of 3‘2 -m:l:lere_ _ bridization in a way that is not possible when employing the BSC. The
characters (Table 2) pmduced. a best-fit tree of .35 55&3; (zznalist;nq;t;lazzg species pairs, | castanotum-marginatum and cinnamomeum~-castaneo-
0.914). The tree was rooted using the outgroup taxa, Ptilorrhoa castun ‘ thorax, hybridize sporadically in zones of overlap (Ford 1983). Hybridiza-

leucosticta. Underlined characters identify parallelisms and brackets link taxa that

| tion is apparently not extensive because of habitat segregation of the

are known to hybridize. Distributions are after Ford {1983).
38




Characters

123455789101112131415161713192[}212223242526272829303132

Taxa

TABLE 2. Character-state data for the genus Cinclosoma.®
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these habitat differenceswere abolished, then hybridization could become
rampant. Given that this might occur, use of the BSC would imply these
species pairs #e conspecific. The problem, however, is that these differen-
tiated evolutignary taxa are not sister groups but are each separated by
three and four speciation events. In fact, sister species within this complex
are typically widely separated geographically. Application of the BSC has
created parap}ny]etic taxa and has hindered recognition of this historical

pattern, but it is easily revealed when the phylogenetic species concept
is employed.

parental formg. It might be imagined, however, tha:i'f climate changed, and

Example 2. Stpeciatian in Daphoenositta. A classic and frequently men-
tioned example of avian speciation used to illustrate the biological species
concept invojves the sittellas of Australia (e.g., Keast 1961; Mayr
1963:372-373). Five well-differentiated taxa are distributed peripherally

~ around northern, eastern, and southern Australia (Figure 2). At one time

the five forms|were thought to be essentially allopatric, and some authors
(e.g., McGill 1948) considered them to be distinct species. With more ex-
tensive collecting and examination of specimens, itf soon was realized that
these taxa hav#a much larger ranges than previously|thought. Individuals of
these taxa exhibit a substantial capacity to disperse, and the result has been
hybridization in zones of contact. Indeed, there is ¢vidence for hybridiza-
tion among all the forms in parts of Queensland (Ford and Parker 1974,
Ford 1980; Short et al. 1983a, 1983b).
Documentation of hybridization has led most workers to recognize a
single polytypic biological species (Mayr 1950; Keast 1961; Ford 1980;
Short et al. 1983a, 1983b), with each form being ranked as a subspecies or
even something called a “megasubspecies” (Short et al. 1983a). The con-
ventional story about speciation is that the ancestor of the five parental
forms was once distributed broadly across Australia, with the tive pop-
ulations becoming isolated in relatively more humid refuges during a time
of increased aridity. With amelioration of the climate, these populations,
now differmj;llted, spread outward from these |refuges to eventually
hybridize in areas of overlap (Keast 1961; Mayr 1963:372; Ford 1980).
At first it might appear that the sittellas provided a clear example of the
success of the biological species concept. Yet, application of the BSC in this
and many other similar cases raises some serious difliculties. The first is on-
tological in nature: what is the unit of evolution in a situation such as this?
The single glpbal biological species is certainly [not the unit that was
speciated: it possesses no singularity as a differentiated taxon that is not
shared by anyv monophyletic group. Instead, virtually all workers have
treated the subspecies as the unit of evolution, because each of these pop-
ulations is interpretable as having evolved its own|characters in isolation.

Ironically, if subspecies are only “a unit of convenience for the tax-
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sion about the identity of its units. Are they speci
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Example 3. Speciation in the Pipilo fuscus complex. The brown towhees of
the southwestern United States and Mexico include four differentigted
taxa (Figure 3). Two of these, P. aberti and P. albicollis, are moderately dis-
tinct, whereas P. fuscus and P. crissalis are very similar, differing prim rily
in the presence (fuscus) or absenge (crissalis) of a breast spot. Virtually all
workers have united these latter two taxa into the same biological species
on the assumption that if they wefre in contact, they would probably inter-
breed (Davis 1951; Marshall 1960, 1964; Mayr and Short 1970; AOU
1983). Eight subspecies have been described within the crissalis group
and 11 within the fuscus group (Davis 1951). Populations of crissalis from
southern Baja California are said to bridge the morphological gap between
more typical crissalis and populations in the fuscus group. None of these
subspecies is apparently diagnosably distinct.

Placing fuscus and crissalis in|the same biological species, even thaugh

they are diagnosably different, has clearly seemed like a reasonable deci-
sion to many biologists. Yet, it constrains our view of speciation within the
brown towhees. Such a decision implies fuscus and crissalis are more
closely related to each other than either is to albicollis or aberti. The
analysis of speciation has effectively been reduced to a three-taxon
statement.
The history of these taxa has recently been reevaluated by Zink (1 88).
Using variation at 39 presumptive loci and 29 skeletal measurements, he
was able to demonstrate, first, that P. fuscus and P. crissalis are not closest
phenetically given either data| set. Furthermore, cladistic analysis of
Rogers’ genetic distances (Zink 1988:76, Table 3) suggests that P. cri alis
is the sister species of P. aberti] and P. fuscus is the sister species pf P.
albicollis (Figure 3), although the data are by no means unambiguous.
Assuming that this historical hypothesis will be substantiated by fyture
work, the similarities that led workers to unite fuscus and crissalis i the
same biological species are easily interpretable as retentions of primitive
characters. Even if fuscus and ¢rissalis are eventually shown to be gach
other’s closest relative, they still remain diagnosably distinct, evolutignary
taxa. Research undertaken within the context of the biological species;con-
cept has led to misunderstandings about the evolutionary roles of these
taxa and their history, whereas use of the phylogenetic species concept can
avoid these misinterpretations.

Example 4. Speciation in the Thomomys umbrinus complex. Use of the
biological species concept ofter results in species taxa that lack a unitary
historical role. This is illustrateg by the pocket gophers of central Mexico
that are currently placed in the biological species, Thomomys umbyinus.
Patton and Feder {1978) and Hafner et al. (1987) have shown that lt the
gross level of chromosomal variation, this species can be subdivided into

.-
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two karyotypic groups, one of 2N = 76 and the other 2N = 78. Hafner et al.
(1987) present arguments anfi evidence to suggest that populations in
each group are reproductively isolated from populations in the| other.
Taken at face value, these pbservations would seem to suggest that
minimally two biological speciEs are involved instead of one. The si

is more complex, however, for each of these karyotypic entities is
paraphyletic and is comprised of sets of populations having closer phyletic
relationships to populations with a different karyotype than to popylations
within the same karyotypic group.

The biological species congept cannot be applied to the T
brinus complex unless one is willing to accept paraphyletic species, and to
do that would be a de facto admission that biological species are not iinits of
evolution. Hafner et al. {1987:18) conclude that “paraphyletic specjes may
be common, perhaps the rule, in naturally occurring organisms™ (
Patton 1981, and Patton and Sfmith 1981, for similar observations).[To the
extent this is true, the biologidal species concept will fail to provide an ac-
curate trace of the history of taxonomic differentiation. The phylogenetic
species concept, on the other hand, does not present this diﬁ’iculty,
because it identifies the unit of evolution to be differentiated| evolu-

tionary taxa. |

Species concepts and the analysis of geographic variation

Evolutionary biologists have long known that the study of ge:::faphie

variation is central to understanding the patterns and processes of |specia-
tion (e.g., Dobzhansky 1937; Mayr 1942), and countless studies haye been

undertaken over the last half dentury (for reviews of only a small portion of
this extensive literature see Mayr 1963; Gould and Johnston 1972; Endler
1977; Zink and Remsen 1986). Much of this research has been motivated
by two important goals: first, tL elucidate the causal agents responsible for
spatial patterns of phenotypic or genotypic variation, and second, to iden-
tify those microevolutionary processes by which new species arise. It is
clear the second problem canFnt be solved without having answers to the
first, yet the observation that variation can often cut across species bound-
aries indicates that an investigator could pursue facets of the first problem
without necessarily directly being concerned with the second. Thus,
although some evolutionary bLUIUgiStE have treated these two problems as
inseparable, this need not be;so.

There has been very little discussion about the influence that djfferent
species concepts might have on the analysis of geographic variation (but
see Zink and Remsen 1986). For certain kinds of questions, it may r_EJt mat-
ter how species are defined|or how that concept is applied to |natural
situations. Thus, a causal analysis of a well-defined cline that trends across

two taxa may be of interest negardless of whether the two taxa are con-
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sidered subspecies of a single biological species or two sister species.
Nevertheless, an interpretation of any pattern of variation is predicated
upon a correct description of the pattern itself, and sEmetimes the latter is

influenced by the choice of species boundaries. Sensitivity to this influence
is particularly important when the impetus for an analysis of geographic
variation is the study of speciation. In this case, the investigator is pre-
sumably interested in the processes that apportion variation within an an-
cestral population into variation between descendant populations. If this is
the case, then a?plicatiﬂn of the biological species concept to this problem
would seem to require an emphasis on variation that is considered of im-
portance for reproductive isolation (e.g., Frost and Platz 1983: Nevo et al.
1987; Zink and Remsen 1986:33), whereas use of a phylogenetic species
concept, in contrast, would focus attention on thos¢ aspects of variation
that are relevant to the origin of any evolutionary novelty (including those
affecting reproductive isolation). Of more importance for the present dis-
cussion is a consjderation of the ways in which alternative species concepts
might cause us o resolve patterns in different ways

Some of the Pntential influences of species concepts can be ilustrated
by the following hypothetical situation. Consider three parapatric pop-
ulations (call them A, B, C) distributed along a latitudinal transect. Assume
that each is weakly differentiated but still diagnosably distinct and that
some hybridizatjon is observed between each adjacent pair of populations
(A X B, B X C]. Finally, assume that the population means for some at-
tribute, say body size, exhibit a pattern of clinal variation, with size increas-
ing with latitude. Many such cases have been described in the literature.
The standard interpretation would be to treat these¢ populations as sub-
species of a single biological species (e.g., Mayr 1942] 1963; Endler 1977).
Defined as a single species, the task at hand would he to find an explana-
tion for the trend in size, employing perhaps correlation analysis with a
suite of environmental variables. In this case, the biological species con-
cept predisposes us to look at and attempt to explain an intraspecific pat-
tern of variatiﬂnl: and, as Endler (1977:7) noted for dimilar situations, this

type of variation|is generally not deemed important from the standpoint of
speciation because the populations in these cases are neither strongly
allopatric nor strongly differentiated.

The use of a phylogenetic species concept compels us to investigate
this same problem in a different way. Even though weakly differentiated,
the presence of diagnostic characters implies that we are dealing with
three evnlutiﬂnjxv taxa. As such, both intra-and interspecific patterns of

variation are potentially of interest and therefore must be defined. In this
example, it is entirely possible that intraspecific size patterns will not be
concordant with the interspecific pattern: variation within each species
might show a decrease in body size as latitude increases even as the pop-
ulation means themselves increase. Such an observation might caution us
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against accepting an explanation for the interspecific trend when that ex-
planation is based only on a carrelation with some environmental variable
that also happens to show a trend across the distributions of the species.

This example can be made|still more complex, and once again species
concepts are important in the resolution of pattern. An historical analysis of
geographic variation requires|a phylogenetic hypothesis for the ¢ntities
under study (Straney and Patton 1980). If Mayr’s {1982:289) assessment
that subspecies should not be |interpreted as units of evolution is correct,
then application of the binlngi]:al species concept to situations suc:l;Es this

implies that historical analysis will be at an impasse. In contrast, the
phylogenetic species concept compels us to ask how the threg evo-
lutionary taxa—A, B, C—might be interrelated. If there is reason to believe
they form a monophyletic group, then there are three relevantTphylﬂ—
genetic hypotheses that could be considered. Two of these hypothgses, in
which the centrally distributed taxon is more closely related to eith jr adja-
cent taxon [i.e., (A + B) + Cand A + (B + C)], would imply concordance
between the historical pattern |of speciation and the size trend. As al‘:cﬂnse—
quence, either (or both) environmental causation and historical cmlstraint
could be important in explaining the observed trend. The third hypathesis,
in which the northernmost and southernmost taxa are sister groups li.e., (A
+ C) + B], would suggest that differentiation associated with body size is
not related to phylogenetic history, which strengthens the case for seeking
a causal relationship with some environmental factor (see Straney and Pat-
ton 1980; and below).
Although the preceding example is hypothetical, many published
studies of geographic variation|illustrate instances in which the description
of intra-and interspecific patterns of variation could potentially be|misin-
terpreted by application of the| BSC. Some aspects of the problem will be il-
lustrated by the following examples using data from natural situatjons.

Geographic patterns of morphological differentiation. One imertant
component of the study of geqgraphic variation is the most elementary: to
describe and explain spatial patterns of differentiation. In this type of
analysis, it is of interest to explore whether the spatial patterns of variation
are correlated with spatial patﬁarns of environmental variation or with the
phylogenetic pattern of the entities being studied. Each type of correlation
implies a different underlying|causal fabric for the observed pattern of dit-
ferentiation (Straney and Patton 1980). Resolution of the phylogenetic
pattern itself is strongly influenced by decisions about species limits. This
influence can be illustrated by again considering variation within the
brown towhee complex (Zink 1988). lT

The question to be investigated is whether patterns of morphglogical
variation are congruent with phylogenetic pattern. If they are, this m‘;ggests
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differentiation has a strong historical component |that is related to
divergence following cladogenesis; if patterns of vatiation exhibit con-
gruence with environmental patterns but not with phylogenetic history,
then adaptive or| epigenetic determinants on variatipn might be inter-
preted as being' more important (see Straney and Patton 1980, for
detailed discussidn). |

The best available estimate of phylogenetic pattern for the brown
towhees is a cladistic analysis of Rogers™ genetic distanices (data from Zink
1988; Figure 3). These results can be compared to an estimate of phenetic
relationships that'has been calculated using the standardized group means
of six external dimensions for each of 46 populations (data taken from
Davis 1951). A phenogram was generated using UPGMA on a matrix of tax-
onomic distances (Sneath and Sokal 1973}, and this hag been mapped onto
the phylogenetic hypﬂthesis (Figure 4, left). Given these data and the sim-
ple approach used to analyze them, patterns of mﬁrghﬂlﬂgical variation
across space are not very congruent with the phylogenetic pattern. Thus,
Pipilo crissalis is generally phenetically more similar tql) P. albicollis and P.

fuscus than to P. aberti ‘P

This relationship between the two patterns would be altered if the
species limits themselves were moditied. Previous workers, using phenetic
assessments of plumage, ecology, and behavior to judge the extent of re-
productive isolation, have considered crissalis and fu.s'cu,s to be parts of a
single biological species. Rearranging the phyletic pattern to reflect this
conception of species limits, and then juxtaposing that with the phenetic
pattern, reveals alnew set of relationships (Figure 4, right). Now there is
somewhat more congruence between the two patterns) particularly as they
are expressed between crissalis and fuscus. |

The purpose of this exercise is to show that the perceived pattern of
geographic variation is in part dependent on prior judgments about species
limits. The decisicrn to place P. crissalis and P. fuscus in'the same biological
species has been! based on overall resemblance. If, hypothetically, they
happened to be s%patﬂc and hybridize, this would seemingly strengthen
and justify this interpretation. Yet, they are apparently distantly related
geographically aqd do not comprise an evolutionary unit with a singular
history. Only be treating them as if they were phylogenletic species can the
historical pattern| be resolved. And if it is necessarly to treat them as
phylogenetic species for analytical purposes, then it makes scientific sense

to call them phylogenetic species. The biological species concept is super-
Huous in this case.

Clinal variation across evolutionary taxa. Uniting evolutionary taxa into a
single biological species may cause us to describe a pattern of clinal varia-
tion where one dpes not exist. Two evolutionary taxa within the galliform
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| Phenetic
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chssalis aberti atbicollis fusq::us crissaiis crissalis fuscus aberti | albicollis
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species species
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FIGURE 4. Comparison of the congruence between phenetic and phylogenetic
patterns using phylogenetic species (left) and biological species (right). The
phenetic pattern was generated !as discussed in the text.

family Cracidae, Ortalis cineteiceps and O. garrula, are often plagced in a
single biological species on the basis of their potential to hybridize (Vaurie
1965, 1968). Although recognizing these two taxa as phylﬂgenetrc units,
Vaurie {1965) described a sige cline across them. Ortalis cinereiceps ex-
hibits a cline of decreasing [size from Nicaragua south to northwestern
Colombia. Ortalis garrula, which is distributed across northern Cplombia
to the east of Q. cinereiceps,is smaller still but shows no noticeable size
variation across its range. It is doubttul that there is any significant gene
flow between these two forms: only one specimen seems to be inter-
mediate, and the taxa themsielves are allopatric (Delacour and Amadon
1973:95). Within the contextjof a single biological species, there is a strong
predilection to describe and seek a causal explanation for intra15peciﬁc
clinal variation, even when it pxtends across two or more evolutionary taxa.
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Because these two forms of Ortalis are diagnostically distinct, however, the
transspecific trend may be spurious. There exists the pgssibility that O. gar-
rula may be more|closely related to a third species of Grtalis than it is to O.
cinereiceps. If such is the case, the small size of O. garrula might be a primi-
tive character shared with that other species. Use of phylogenetic species
and a search for their relationships could help solve this problem.
| |

Geographic variation and the historical analysfs‘ of hybridization.
Within the context of a biological species concept investigators rarely
make a distinction between diagnostic and nondiagngstic components of
variation. The history of speciation can thereby be obsdured. In those cases
in which differentiated isolates have presumably cm!fne into geographic
contact and hybrjdize, the usual procedure is to unite these taxa into a
single biological species. From this perspective, subsequent analysis of
geographic variation focuses almost entirely upon nondiagnostic variation
because the prﬂblFm of interest is to document character variation through

the zone of intergradation. Indeed, under the aegis of the biological
species concept, the study of hybridization has taken |center stage in the
analysis of geographic variation in contrast to those investigations that em-
phasize the historical analysis of taxonomic diversiﬁcatfnn. Without an un-
derstanding of thrE historical pattern of taxic origins, however, it is very
likely that the causal dynamics of hybridization itself will be misconstrued.
This general point can be illustrated by one example from Haffer’s (1974)
classic study of geographic variation and hybridizatiﬂ'L in the toucans of
Amazonia. |

Haffer’s (1974:265-284) study included an analysis of variation within
an entity said to be a biological species. Thus, Ramphastos vitellinus is dis-
tributed across much of Amazonia, but is subdivided into three well-
marked evolutionary taxa (assigned subspecific rank by Haffer) that
broadly hybridize north and south of the Amazon, althqugh apparently not
across the lower Amazon (Figure 5). Haffer examined patterns of variation
in a number of varjables, only one of which will be considered here. Haffer
(1974:274, Figure 16.34) demonstrated a zig-zag clinelin the width of the
red breast band, first decreasing from the population in the Guianas and
Venezuela (R. v. vitellinus) toward that in eastern EcuElﬂr and Peru (R. v.

culminatus) and then increasing again toward the population of central
and southeastern Brazil (R. v. ariel). These and other clines are interpreted
by Haffer (1974) as the result of gene flow within hybridizing populations
that have come into secondary contact.

Haffer’s general interpretation appears correct. Yat, interpreting pat-
terns of variation within what is taken to be a single biological species has
made it conceptually more difficult to examine that shme variation from
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FIGURE 5. Distribution of thra!p*e phylogenetic species in the toucan genus
Ramphastos. Distributions of hybrids between R. vitellinus and R. culmindtus and
between R. culminatus and R. ariel are shown by black dots. Ramphastos vitellinus
and R. griel are apparently sisterispecies (Prum 1982}, Distributions from Haffer
(1974). See text. |

the perspective of historical pal,ttems that may have arisen among ditHferen-
tiated taxa. The three taxa of toucans in this example are well-defined
evolutionary units, or phylogenetic species. Prum (1982, 1988) has pro-
posed that vitellinus of the Guianas is the sister species of thd south
Amazon form, ariel, and that both comprise the sister group of culminatus
from upper Amazonia. Consequently, historical analysis indicates that the
sister species of this clade do not hybridize and that all hybridization is tak-
ing place among taxa separated by at least two speciation events. Whether
the sister species vitellinus and ariel are capable of hybridizing is ronjec-
ture at this point, for in spite of having an ability to fly long distancés, they
are isolated by the Amazon. |
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Two important conclusions can be drawn from |this historical hy-
pothesis. First, the patterns of variation resulting from|gene flow must be
the result of secondary contact and hybridization and not primary in-
tergradation because the hybridizing taxa are not sister Emups. Second, the
clines themselves must be younger than the speciation event that gave rise
to vitellinus and ariel If that event could be dated in some manner, either
by a geological anfnlﬂgica] clock, then it would establish a time constraint
on any analysis that attempted to describe or reconstruct the dynamics of
this hybridization;

The preceding example is also similar in some ways|to the situation de-
scribed earlier for|the Australian sittellas (Daphoenositta). Using hybridiza-
tion as a criterion for uniting all these taxa into a single biological species
clearly impairs the historical analysis of hybridization |itself: even though
two differentjatei taxa hybridize, they may not be sister species (Rosen
1978, 1979). In the sittellas (Figure 2), patterns of hybridization are ex-
pressed across a complex pattern of historical interrelationships. These ex-
amples illustrate the point that as long as hybridization is used as a criterion
to define species limits, those limits cannot then be used to study the de-
gree of concordance between phylogenetic history and the ability to hy-
bridize. This circuhaﬁty is not confronted when using phylogenetic species.

It might be argued that these observations and conclusions could be
studied within the context of the biological species concept. One response
to this is that if investigations of history were an integral part of the applica-
tion of the biological species concept to speciation analysis, then we might
expect to see man examples. We do not, however, and it is only necessary
to inspect the major texts on speciation to document what little role histori-
cal analysis has played (e.g., Mayr 1942, 1963, 1969; Endler 1977; White
1978). This situation has begun to change, primarily because workers are
seeing the benefits of treating differentiated taxa as evglutionary units hav-
ing a unique hist(){ical pattern of interrelationships. As this work continues,
more and more patterns of variation and hybridization will be found to
transcend the boundaries defined by speciation events. When this occurs,
the biological species concept not only becomes inapplicable, it carries
with it the pﬂtenﬁial to complicate evolutionary analy

Species concepts| and the genetics of speciation

species concept, have viewed the genetic analysis of|speciation and dif-
ferentiation as two separate problems, what Templeton (1981:25) calls the
genetics of speciitjon versus the genetics of species difterences. To most

Evolutionary genEticists, operating within the framework of the biological

evolutionary geneticists, probably, the genetics of speciation is essentially
equivalent to the genetics of reproductive isolation [(Ayala 1975; Bush
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tle 1983; Barton and Charlesworth 1984; Barton and Hewitt 1985; Kri¢ber
and Rose 1986), and the researchiprotocol is one of searching for the kinds
of genetic changes that bring ab:)ﬂut reproductive disjunction. As Tlem-
pleton (1981, 1982) notes, however, generalities have failed to emerge
from this work. =

Acceptance of a phylagenet:ic species concept implies a shift in

1975 Avise 1976; Templeton 1&%11, 1982: Nei et al. 1883; Rose and Doplit-

perspective: the genetics of specjation now becomes one component|of a
causal chain that seeks to explaip the origin of evolutionary noveltigs in
populations. Once again, we assutne these novelties can be any intrinsic at-
tribute as long as it characterizes the existence of an evolutionary [tax-
onomic unit. To simplify the problem, we can envision the contribution of
evolutionary genetics to be twofpld:

1. to propose causal explanation’ for the origin of these novelties within
the ontogenies of individual grganisms within a population, and
2. to propose causal explanations for the spread and fixation of those
novelties in the population, thus characterizing the latter as a new,|ditf-
ferentiated taxon. |

The first contribution appears to reside within the realm of develop-
mental molecular genetics and |the second within population gene¢tics
and ecology. |

Seeing speciation from the étandpﬂint of phylogenetic species thus

calls for a new emphasis on the genetics of species differences, but not in
the way this subject has sometimes been studied in the past. Attempts tp re-
late genetic distance to taxonomic rank (Ayala et al. 1974; Ayala 1975;
Avise 1976; Zimmerman et al| 1978) are unlikely to lead to useful
generalizations because within ihe context of current widely accepted

methods of classification, any correlations might well be spurious (see|also
Patton 1981:286-287). Given the methods of evolutionary classification, in
which taxonomic rank is often a subjective assessment of the degree of
phenotypic divergence, there is no reason to expect that taxa assigned to
ranks such as subspecies, semispepies, sibling species, or nonsibling species
will be internally homogeneous| with respect to age or be comparpble
phylogenetically. Many so-called subspecies or semispecies, for example,
might be as old as, if not older tji;an, entire clades of species.

This cautionary note implies that studies on species differences should
have a strong measure of phylogenetic control. By definition, sister taxa,
whatever taxonomic rank they might be given, are of the same age,|and
comparisons between sister groups offer a wealth of opportunities tg ex-
plore the relationships between genetic differences, on the one hand,jand
phenotypic divergence or relative differences in diversity, on the other.
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In one sense, it is possible to remain pessimistic regarding the possibil-
ity of finding general explanatory laws relating genetic divergence and
speciation. Many difterent kinds of genetic change appear responsible for

-perturbations of developmental pathways and hence tontribute to the

origin of novelties] Moreover, many of these processes have a strong
stochastic component, which contributes even more to the state of
pessimism about the generation of deterministic laws, Yet, at an idio-
graphic level, at least, population genetics has contributed substantially to
our understanding of differentiation, including the origin of reproductive
isolation. From a systematic viewpoint, however, there seems to be a need
for more discussion] about the exact nature of the problems facing those
biologists interested in the genetics of speciation and what the major ques-
tions might be. Only by defining the problems more precﬁsely are we likely
to develop major explanatory generalizations.

CONCLUSIONS

Carson (1985:380) has recently argued that evolutionary biology suffers
from “a regrettable |lack of unification of theory relatiné{ to the modes or
processes involved in the origin of new species.” One primary reason for
this, he contends, is the biological species concept, whi¢h Carson sees as
having been particularly unsuccessful in plants. The exanples discussed in
this chapter demonstrate that the difficulties of the binlﬂ%ica.l species con-
cept are much more|general and extend to animals as well. Even in the two
groups most often associated with the biological species cbncept, birds and
mammals, these difficulties are commonplace. As Hafner bt al. (1987) note,
many biological species are likely to be paraphyletic. If s0, then it will not
be possible to recover the true history of speciation, and ajl results based on
these taxa will be misleading, Moreover, even so-called “monophyletic”
biological species will obscure historical reconstruction because they mask
the true number of differentiated evolutionary taxa and their genealogical
relationships. Given these difficulties, nothing is served by using the
biological species concept.
Equating differentiated evolutionary taxa with species at once provides

a basis for unifying the description of evolutionary pattern in both plants
and animals. Phylogenetic species are basal taxonomic units, and as such
are broadly comparable. Although many different processes may underlie
evolutionary change, a constant outcome is the origin of ¢volutionary taxa.
The phylogenetic species concept recognizes this, and consequently pro-
;ides a powertul ontological framework for systematic r'.md evolutionary
iology.
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