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ABSTRACT: The biological species concept, long entrenched in herpetological taxonomy, has
been seriously challenged conceptually and operationally over the past decade. We review alter-
native concepts and operational approaches as they apply in herpetology, and argue for a concept
of species that is consistent with recovered phylogenetic history. We further argue that the entities
whose names should be placed in the Linnaean species category can be either largest recovered
biparental lineages or uniparental tokogenetic arrays. We also show that any method used for the
identification of species is bound to fail with some frequency, and that invoking a particular arbitrary
level of genetic distance or morphological divergence as a “species criterion” is neither appropriate
nor fruitful. Finally, we present some examples of application of the evolutionary species concept

to amphibians and reptiles.
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“The foundations of systematics lie in on-
tology, not in subjective epistemology. Systems
and their elements should be distinguished from
classes; only the latter are constructed from
similarities. The term classification should be
restricted to ordering into classes; ordering ac-
cording to systematic relationship may be called
systematization”. [G. C. D. Griffith, 1974:7]

OUR purpose is to discuss and contrast,
within the context of herpetology, the cur-
rently popular species concepts as they re-
late to biparentals, uniparentals (e.g., some
species of Cnemidophorus), and hybrido-
gens (e.g., many organisms in the Rana
“esculenta” complex), as well as to discuss
species concepts and definitions with re-
spect to operationalism (e.g., the taxonom-
ic partitioning of former Plethodon glu-
tinosus by Highton, 1989). Because species,
unlike higher taxa, have been considered
to be unitary evolving entities (= lineages),
they have been regarded with particular
interest by evolutionary biologists. How-
ever, the nature of species has always been
controversial, and recent discussions have
been increasingly sophisticated philosoph-
ically (e.g., Cracraft, 1987; Ghiselin, 1987;
Mayr, 1987; Williams, 1985). This rena-
scence of systematic philosophy has oc-
curred concomitantly with the popular-
ization of the notion that taxonomy, as a

“set of statements about relationships, must
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be logically consistent with the recovered
history of evolution (Hennig, 1966; Hull,
1964; Wiley, 1981a).

In this discussion, we shall distinguish
the Linnaean species category from the
theoretical class(es) of entities whose names
are arguably placed at that rank. Often,
this distinction has been obscure, in large
part because many authors have not con-
sciously distinguished them. We recognize
that our taxonomically biased discussion
could result in some misunderstanding; be-
cause species concepts must apply across
all life, our discussion will be “herpetolog-
ical” only in the examples noted. Our pur-
pose is not to prescribe a set of operations
that will allow the unerring determination
of species status. In fact, we shall suggest
that any such set of operations or rules will
fail at some level [i.e., we will have to ac-
cept errors of Type 1 (recognizing more
species than exist) and Type II (recogniz-
ing fewer species than exist)] because of
the properties of the entities being discov-
ered, and because of the fact that data
from any “snapshot” in time provide an
inadequate amount of information on
which to make decisions about the limits,
properties, and fates of dynamically evolv-
ing entities. Instead of rules and opera-
tions, we offer a view that allows us to
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appreciate the limits of our inferential
abilities, and thereby to recognize insolu-
ble problems.

REVIEW OF SPECIES CONCEPTS
Biological Species Concept

The genetic or biological species con-
cept (Dobzhansky, 1937; Mayr, 1942,
1957a, 1969) has been the dominant con-
cept of species for many years, and al-
though it has been the object of consid-
erable controversy, its staying power cannot
be denied. According to Mayr (1969:26),
“Species are groups of interbreeding nat-
ural populations that are reproductively
isolated from other such groups”. Mayr
considered “species-ness” (reproductive
compatibility) to be a “nondimensional”
(= relational) property of populations. That
is, “species-ness” shared between two pop-
ulations is an essential property indepen-
dent of appeal to phylogenetic proximity
or distinctiveness of diagnosis. This “non-
dimensional” aspect of the “biological”
species concept depends on sympatry as
the critically important test of species dis-
tinction. That is, two populations are not
parts of the same species if their constit-
uent organisms are reproductively incom-
patible in sympatry.

Because allopatric populations cannot
be evaluated directly under this concept,
Mayr developed the “multidimensional”
(= polytypic) species concept. Under this
concept, separated populations would be
ranked as conspecific if they were judged
to be reproductively compatible. Because
of difficulties in evaluating reproductive
compatibility directly, inference of rank
of relationship between populations usu-
ally has been made by correlation with a
subjective measure of overall organismal
similarity between populations, although
organismal ability to hybridize in labora-
tory crosses (i.e., gametic compatibility)
has been used as an indication of shared
“species-ness”, or propinquity of relation-
ship, in some studies (e.g., Blair, 1972, in
Bufo; Moore, 1947, in the Rana pipiens
complex). Assessment of reproductive
compatibility, either by inference or ob-
servation, is both a grouping and a ranking

criterion under the biological species con-
cept.

Because Mayr and supporters did not
regard species necessarily either as lin-
eages or as monophyletic groups, this view
renders “biological” polytypic species as
essentialist constructs. That is, “species-
ness” is an essence, shared among groups,
independent of propinquity of descent.
Therefore, it is possible (and under this
concept, acceptable) that some popula-
tions of a biological species are more closely
related phylogenetically to other biologi-
cal species than to populations with which
they are reproductively compatible. Al-
though one might assume intuitively that
reproductive compatibility between pop-
ulations should be a reasonably good mea-
sure of evolutionary relationship, this be-
lief has not been borne out by data. In
frogs of the Rana pipiens complex, for ex-
ample, some of the more distantly related
species show high gametic compatibility
(a subset of reproductive compatibility) in
artificial hybridization experiments,
whereas gametic incompatibility is well
developed in many pairs of more closely
related species (Hillis, 1988).

If reproductive compatibility among
populations is seen for what it is, a shared
primitive feature, discordance between
overall similarity and evolutionary (= phy-
logenetic) relatedness should not be sur-
prising (Rosen, 1978). Because reproduc-
tive compatibility is not an accurate
measure of evolutionary relatedness,
grouping of populations into taxonomic
“species” (= binomials) on the basis of re-
productive compatibility must be rejected
as logically inconsistent with the study of
the underlying process, evolution (Hennig,
1966; Rosen, 1978; Wiley, 1978). There-
fore, as a working concept, the biological
species concept is worse than merely un-
helpful and nonoperational—it can be
misleading. Indeed, application of the bi-
ological species concept often hinders at-
tempts to recover the history of evolution
(Bremer and Wanntorp, 1979; Cracraft,
1983; Donoghue, 1985; Rosen, 1978, 1979;
Wiley, 1978, 1981b).

In addition to obstructing progress in
recovering history, the biological species
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concept does not apply to uniparental pop-
ulations because uniparentals do not have
reproductive compatibility with other or-
ganisms under normal circumstances.
There is no reproductive interaction with-
in uniparental populations, and, therefore,
no formation of a plexus of tokogenetic
relationships. Although not wrong in prin-
ciple, a strict application of the biological
species concept would require that every
individual uniparental organism be re-
garded as a distinct species, because each
is reproductively isolated, both potentially
and actually, from other organisms. The
problem of uniparentals is not unique to
the biological species concept and will be
discussed more fully below.

Evolutionary Species Concepts

The biological species concept was, in
part, a reaction to the typological (= Ar-
istotelian) concepts of species that had gone
before. Real progress was not made in the
philosophy and practice of species recog-
nition until the ideas were popularized that
(1) taxon recognition must be logically
consistent with recovered history (Hennig,
1966; Hull, 1964; Wiley, 1981a); and (2)
species cannot be viewed as classes (= sets
of organisms), but instead as particulars (=
individuals = systems = entities) that have
objective reality (Ghiselin, 1966, 1974,
1981, 1987; Griffith, 1974, 1976; Hennig,
1966; Hull, 1976, 1978, 1980, 1981; Mayr,
1976). In response to these philosophical
advances,” a “family” of concepts has
emerged in which the recognition of en-
tities is dependent on, and logically con-
sistent with, the recovered history of evo-
lution.

The evolutionary species concept of Wi-
ley (1978, 1980, 1981b) is rooted histori-
cally in the evolutionary species concept
of Simpson (1961). Unlike the biological
species of Dobzhansky (1937) and Mayr
(1942, 1969), the evolutionary species of
Simpson is explicitly dimensional. First de-
fined by Simpson (1961:153) as ““a lineage
(an ancestral-descendant sequence of pop-
ulations) evolving separately from others
and with its own unitary role and tenden-
cies”’, this was subsequently modified
slightly by Wiley (1978:18) to “a single

lineage of ancestral-descendant popula-
tions which maintains its identity from
other such lineages and which has its own
evolutionary tendencies and historical
fate”. Although the views of Simpson and
Wiley could be construed as identical, as
evidenced by their species definitions, in
fact their concepts are considerably dif-
ferent. Simpson believed that the recog-
nition of polytypic species followed logi-
cally from his definition; Wiley did not.
Simpson did not believe that statements
about species were logically reducible to
statements about the recovered historical
relationships of the constituent populations
of polytypic species; Wiley did. That is,
Wiley would apply his evolutionary species
concept only in ways that are consistent
with recovered historical relationships;
Simpson would not. Simpson believed that
his lineage concept, because of its conti-
nuity, required that arbitrary ““chronospe-
cies” be recognized; Wiley did not, ar-
guing instead, like Hennig (1966), that
species are delimited from speciation to
speciation. At least for biparentals, one is
hard pressed to find any difference of sub-
stance in terms of application between
Simpson’s (1961) concept of species and
the biological species concept of Mayr
(1942, 1969).

Both Simpson and Wiley considered the
evolutionary species concept to apply
equally well to uniparentals and biparen-
tals. However, uniparentals clearly do not
form “lineages of populations”, forming,
instead, historical groups of organism lines
(tokogenetic arrays®). In uniparentals, phy-
logenetic and tokogenetic relationships are
identical because tokogenetic relationships
in these organisms are inherently hierar-
chical (de Queiroz and Donoghue, 1988;
Hull, 1980). However, in biparentals, phy-
logenetic relationships of lineages (= his-
torical relationships among sexual plexus-
es) cannot be reduced to tokogenetic
relationships of organisms within those

8 These are usually referred to as “clones”. Because
the term “clone” carries an erroneous implication of
“identicalness”, it has resulted in considerable con-
fusion in discussions of uniparentals (Frost and Wright,
1988).



90 HERPETOLOGICA

[Vol. 46, No. 1

sexual plexuses, because biparental toko-
genetic relationships are not inherently hi-
erarchical (Hennig, 1966: his Fig. 6).

According to Wiley, evolutionary species
are the largest evolving entities, as opposed
to larger units (i.e., monophyletic groups)
that are solely the historical products of
speciation. That is, an evolutionary species
is the largest lineage on a single phyloge-
netic trajectory. Relatively small geo-
graphic components (sublineages) may
evolve through differential reproduction
of their constituent organisms, and these
components may interact through time,
causing the larger system to evolve (Hull,
1980). Whether or not this leaves room for
distinctive populations that are nearest rel-
atives to be considered conspecific remains
arguable, if not practically untestable.
There is clearly no technique, short of very
long term observation, that will unambig-
uously identify “largest” evolving systems.
This failure of identification stems in part
from our inability to know anything pre-
cisely about the limits, origin, and fate of
historical entities (= individuals in the
philosophical sense) (Ghiselin, 1974, 1981;
Hull, 1976, 1978, 1980).

Wiley’s and Simpson’s views share the
same operational problem, but to consid-
erably different degrees. As theoretical
concepts, they deal with dynamic evolving
lineages (possibly composed of interacting
sublineages). Some groups of populations
judged “paraphyletic” by character anal-
ysis under Wiley’s view may reconsolidate
in the future and prove really to have been
temporarily isolated parts of a single Simp-
sonian evolutionary species. Also, allopat-
ric lineages, whose component organisms
are mutually apomorphic but which share
reproductive compatibility, would be
judged conspecific under the Simpsonian
concept, but would be considered distinct
species under the Wiley criterion. Further,
these allopatric populations may never
come back together, but instead continue
to differentiate and even develop repro-
ductive incompatibility. Operational dif-
ficulties notwithstanding, no one can se-
riously doubt that there must be “largest”
components that evolve, because there
clearly is a disjunction between evolving

lineages and the “ghosts of lineages past”,
those entities called historical or mono-
phyletic groups. Such groups were once
species, but they lost their internal cohe-
sion and integration through time, and their
parts (component lineages) have contin-
ued to evolve (e.g., Terrapene, Chamae-
leonidae, and Amniota). What makes Wi-
ley’s view superior to that of Simpson is
that it makes a concerted effort to be log-
ically consistent with recovered history.
This is only reasonable, because one can
only tell where lineages (or their parts)
have been, not where they are going.

Phylogenetic Species Concepts

According to the operational views of
Rosen (1978, 1979), Nelson and Platnick
(1981), and Donoghue (1985; discussed and
amplified by de Queiroz and Donoghue,
1988), and the more theoretical views of
Cracraft (1983, 1987; discussed at length
by McKitrick and Zink, 1988), species are
defined as the smallest detectable samples
or populations with unique sets of char-
acters. Rosen would restrict this to geo-
graphically constrained populations diag-
nosed by one or more apomorphies.
Donoghue would consider those popula-
tions that are diagnosed by apomorphies
to be species, and those without apomor-
phies to be metaspecies, but the intent ap-
pears to be the same.

Cracraft (1983:169-170) held that a
phylogenetic species is “the smallest di-
agnosable cluster of individual organisms
within which there is a parental pattern
of ancestry and descent”. Although this
resembles the definitions of Rosen and
Nelson and Platnick, Cracraft separated
the concept of species from the character
distribution of a species’ constituent or-
ganisms, because “ancestral” species could
not be recognized in any other way. More
importantly, however, the characteristics
of parts (= organisms) of a supraorganis-
mal entity are clearly irrelevant to the ex-
istence of that supraorganismal entity. A
phylogenetic species need only have lin-
eage integrity; characters, which are prop-
erties of organisms and not properties of
higher level entities, are not “defining
properties” of lineages, but instead are



March 1990]

HERPETOLOGICA 91

simply “symptomatic” of evolutionary re-
lationship, and therefore useful in the in-
ference of evolutionary entities.

What joins the “phylogenetic” species
concepts of Rosen (1978, 1979), Platnick
and Nelson (1981), Cracraft (1983, 1987),
and Donoghue (1985) with the “evolu-
tionary” species concept of Wiley (1978,
1981D) is that they all are logically consis-
tent with the recovered history of evolu-
tion. The difference of consequence be-
tween the “phylogenetic species” of Rosen,
Platnick and Nelson, Cracraft, and Don-
oghue and the “evolutionary species” of
Wiley is that a “phylogenetic species” is
the smallest detectable supraorganismal
system. Problems with this view are im-
mediately apparent. Although it might be
dismissed as an operational complaint, the
time-frame in which phylogenetic species
are discerned becomes critically impor-
tant. Is a jar of fruit flies, with or without
apomorphies, a phylogenetic species? If
not, what is the justification for excluding
entities such as these micro-lineages? Ro-
sen (1978, 1979) and Nelson and Platnick
(1981) rejected the utility of a theoretical
species concept in favor of an operational
concept that would consider terminal taxa
in biogeographic analysis to be species. In
contrast, Cracraft (1983) explicitly re-
stricted his discussion to biparental lin-
eages, and was looking for the smallest
evolving units, the “atoms” of the evolu-
tionary process. Donoghue (1985) took a
similar position by equating speciation with
the acquisition of apomorphies and, more
surprisingly, attempting to reduce phylo-
genetic explanations to tokogenetic expla-
nations (a position rejected by Hennig,
1966)*. Regardless, any attempt to find the
basic unit of evolution is doomed to failure
because any cohesive supraorganismal his-
torical system is a lineage, and therefore
something that can evolve. If there are
“atoms” in evolutionary theory, they must

+ More recently, de Queiroz and Donoghue (1988)
have accepted the species-as-individuals thesis, but
continue to reduce statements about “monophyly” or
“paraphyly” of a single population to tokogenetic
explanations, a view that requires that populations be
treated as sets of organisms.

be replicators and interactors in the sense
of Hull (1980, 1988). Species, either evo-
lutionary or phylogenetic, are lineages, but
any evidence to support them necessarily
as replicators or interactors is lacking.
Looking for a general class of entities at
the small end of the continuum of orga-
nization of evolving supraorganismal en-
tities is not going to be fruitful or helpful.
This is not to say that a class such as de-
scribed by Cracraft does not exist; as with
largest entities that evolve, there must be
smallest entities that evolve, however tran-
sitory.

Although Simpson (1961) and Wiley
(1978, 1980, 1981b) believed that their
concepts applied to uniparentals, this was
in error. Only the phylogenetic operation-
alists, Rosen (1978, 1979), Platnick and
Nelson (1981), and Donoghue (1985), pro-
vided definitions that were amenable to
recognizing uniparental historical groups
as species. We will discuss this problem
further under “Uniparentals”.

OUR CONCEPT OF SPECIES

Within evolutionary biology, the choices
between alternative species concepts and
applications of the species category are
clear.

(1) The species category could be used
to carry names that represent hypotheses
of future interactions of parts of evolving
lineages, regardless of the phylogenetic re-
lationships of those parts to other evolving
lineages [roughly equivalent to the view
supported by Simpson (1961) and Ghiselin
(1987), and in a relational sense by Mayr
(1942, 1969)]. Although no operation can
foretell the future, these hypotheses are
theoretically testable (one need only live
for a very long time to observe the future
as it unfolds). The reason for using the
species category for estimated “largest
evolving entities” is to make the species
category contain the names of a class of
comparable entities. This “comparability”
supposedly would enhance making gen-
eralizations about the process of “‘specia-
tion” (i.e., the development of intrinsic iso-
lation of a lineage from other lineages). To
accept this position, one needs to adopt the
view that knowledge of these “largest”
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evolving entities cannot be obtained mere-
ly by recovering the history of their parts,
because there is no reason to believe that
interacting sublineages must appear
“monophyletic” at all points in time.
Therefore, the species category could be
used to depict “paraphyletic” groups of
populations, because we hypothesize that
these populations will reconstitute in the
future. The problem with this view is that
“speciation” as a process of developing lin-
eage independence is not studied using a
taxonomy. In fact, a taxonomy based on
inferences of reproductive compatibility
would not be particularly helpful for these
studies. Because ‘‘speciation” studies de-
pend on relational comparisons, ideally,
one would want to study populations that
are cladistic nearest relatives. This would
be best served by using a taxonomy that
was logically consistent with recovered his-
tory (i.e., following Alternatives No. 2 or
No. 3).

(2) The species category could be used
to carry names of lineages whose compo-
nents (if distinguishable) are not incon-
trovertibly on different phylogenetic
trajectories (i.e., sublineages, if distin-
guishable, are reproductively compatible),
as long as these sublineages do not form a
paraphyletic group in recovered history.
The species category would carry names
of single populations or monophyletic
groups of populations that are either un-
resolved or estimated to be interacting
through time. The species category would
then not be a class of largest evolving lin-
eages; instead it would represent the larg-
est entities that have evolved whose parts,
if distinguishable, are not likely to be on
different phylogenetic trajectories. Instead
of being a class of entities reflecting “spe-
ciation”, the category would be useful for
historical investigations (e.g., biogeogra-
phy, character evolution, ecological evo-
lution, evolution of reproductive incom-
patibility) and would still represent
relatively large entities. Operational prob-
lems would remain, but would be mini-
mized in comparison with Alternative No.
1. The subspecies category could be used
theoretically for sublineages not incon-
trovertibly removed from the possibility

of interaction with other sublineages, but
the use of this category would necessarily
follow recovery of the historical relation-
ships of the subpopulations.

(8) The species category could be used
for the smallest geographically constrained
lineages discovered by character analysis
and geographical investigation (i.e., species
as the smallest geographically integrated
lineages detectable by character analysis).
As with Alternative No. 2, this view is log-
ically consistent with historical questions
asked of taxonomies. However, although
Alternative No. 2 logically has a useful
upper limit (i.e., a monophyletic group of
reproductively compatible populations),
the lower limit of application of Alterna-
tive No. 3 could be extremely transitory
components (i.e., local demes).

Our concept of entities to be placed in
the species category conforms to Alter-
native No. 2, a view that is reasonably close
to that of Wiley (1978, 1980, 1981b). We
also accept the ontology of Ghiselin (1966,
1974, 1981), Griffith (1974, 1975), and Hull
(1976, 1978, 1980, 1981). That is, species
(as well as all unitary or historical taxa)
are entities (individuals in the philosoph-
ical sense of the term). This does not aid
in the operational identification of species.
In fact, it allows us to walk away from
some insoluble problems, because all re-
cent philosophy of individuality predicts
that our knowledge about the limits,
origins, properties, and fates of historical
entities is limited. Because of this, fre-
quently lineages will not be identifiable
except within very broad “confidence in-
tervals”. We may be wrong that “biolog-
ical species” (Alternative No. 1) are essen-
tialist notions based on reproductive
potential, and that statements about them
are not reducible to statements about the
recovered history of geographically con-
strained constituent populations. It seems
to us, however, that the biological species
concept and its lineage equivalent, the
evolutionary species of Simpson, are not
useful or philosophically sound concepts,
because they obstruct our ability to infer
much of the history of evolution (Bremer
and Wanntorp, 1979; Cracraft, 1983; Don-
oghue, 1985; Nelson and Platnick, 1981;
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Rosen, 1978, 1979; Wiley, 1978, 1981b),
and because trying to identify evolving
lineages, whose existence is not recover-
able from history, does not promise any
particular payoff.

Any choice of species concepts has op-
erational difficulties. The biological species
concept has been most severely criticized
on these grounds (e.g., Ehrlich, 1961; Sokal
and Crovello, 1970), but Wiley’s evolu-
tionary species concept is no exception.
However, given the choice of whether to
search for “smallest” evolutionary entities
(Alternative No. 3—phylogenetic species),
which has both operational and theoretical
drawbacks (like recognizing ephemeral
units), or largest evolutionary entities whose
recognition is constrained by evidence of
recovered - history, we see evolutionary
species as preferable.

The standard practical worry about ap-
plication of evolutionary and phylogenetic
species concepts is that they would result
in a great increase in the numbers of bi-
nomials (Cracraft, 1983). This concern is
a case of the tail wagging the dog, since
our taxonomy should report on biological
diversity, not conceal it. However, as noted
by Cracraft (1983) and McKitrick and Zink
(1988), application of this kind of species
concept would remove all of the “subspe-
cies” denoting sections of clines or other
arbitrarily delimited sections of geograph-
ically constrained populations and would,
in fact, “clean up” our taxonomy signifi-
cantly.

Conceiving of species as largest lineages,
or, in some cases, as monophyletic groups
of allopatric populations not likely to be
on independent phylogenetic trajectories,
does not provide a robust set of operations
for the identification of species that are
temporarily fragmented, nor can any the-
oretical concept. Minimally, however, if
one thinks that allopatric populations are
likely to interact, or be interacting in time,
and wants to join them under a single bi-
nomial, one should demonstrate that these
populations are reproductively compatible
(not merely gametically compatible) and
together form a monophyletic group. Con-
versely, general practice has “constructed”
many polytypic binomials solely on the

basis of overall organismal similarity be-
tween populations providing an implica-
tion of reproductive compatibility, rather
than on evidence of monophyly of, and
reproductive compatibility among, the
component populations of the polytypic
species. We assume that the likelihood of
reproductively compatible populations
being part of a cohesive lineage is higher
if organisms (semaphoronts) are behavior-
ally, ecologically, and structurally very
similar among populations. If the organ-
isms among populations have already di-
verged strongly, we assume that it is less
likely that the populations are influencing
each other via immigration or that they
will ultimately reconstitute a single pop-
ulation.

As a practical matter, no one wants to
name weakly differentiated or undiffer-
entiated allopatric populations if there is
no phylogenetic reason (i.e., paraphyly of
a group of allopatric populations, or re-
productive isolation in the absence of mor-
phological and/or biochemical differen-
tiation) to do so. In fact, to start down this
path is to end up imposing the “phylo-
genetic” species concept with its possible
overreductionism.

In cases where allopatric populations
have not been demonstrated to be parts of
a monophyletic group of very similar pop-
ulations (e.g., Bufo m. microscaphus and
B. m. californicus), we consider them to
be distinct evolutionary species and name
them as binomials (i.e., B. microscaphus
and B. californicus). In part, this is because
as we have learned more and more about
genetic cohesion and integration of sexual
plexuses, and more “polytypic” species
have been revised taxonomically, we see
that there are few examples of widespread
genetically integrated and cohesive taxa.
It seems that each time that a traditionally
viewed polytypic species has been exam-
ined closely, it turns out that species (even
“biological” ones) have been confounded:
see the revision of the Pseudemys concin-
na-P. floridana complex, in which Ward
(1984) recognized a restricted P. floridana,
P.texana,and P. concinna (containing the
distinct allopatric “subspecies” P. ¢. gor-
zugi and P. c. suwanniensis, which should
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be considered species, and the broadly in-
tergrading defined ‘“‘subspecies” metteri,
hieroglyphica, and concinna, which have
no reality as entities); the partition of
Thamnophis elegans (sensu Fox, 1951) into
T.atratus, T. couchii, T. elegans, T. gigas,
and T. hammondii (Lawson and Dessauer,
1979; Rossman, 1979; Rossman and Stew-
art, 1987); the partitioning of Sceloporus
aeneus into S. aeneus and S. bicanthalis
(Guillette and Smith, 1985); and the rec-
ognition that former Nerodia sipedon real-
ly is at least three species (N. sipedon, N.
fasciata, N. clarkii) (Lawson, 1987; Schwa-
ner et al., 1980). It seems that we have
good reason to be suspicious of all poly-
typic species and particularly of unusual
phenomena, like sympatry of subspecies
in Lampropeltis triangulum (Williams,
1974) or Ensatina eschscholtzii (Stebbins,
1949). For this reason, we predict that most
of the large “polytypic” species left (such
as Ambystoma tigrinum, Necturus macu-
losus, Sceloporus jarrovii, S. undulatus,
Diadophis punctatus, Pituophis melano-
leucus, Lampropeltis getula, Tantilla ru-
bra, Thamnophis sirtalis, and Crotalus
durissus) will be found to be composed of
several evolutionary species.

Nonetheless, because recovered history
cannot reject that reproductively compat-
ible populations will interact in time, rec-
ognizing monophyletic groups of repro-
ductively compatible populations as species
is logically consistent with the evolutionary
species concept. Therefore, there is noth-
ing in the evolutionary species concept that
necessarily abjures trinomials (= subspe-
cies). However, the subspecies category has
been long abused for use in naming ar-
bitrarily defined “slices” of clines (e.g., the
arbitrary delimitation of a number of
“subspecies” in Opheodrys aestivus by
Grobman, 1984; and in Lampropeltis
triangulum by Williams, 1974). These
“slices” are clearly not evolutionary enti-
ties under any definition of the term (Mayr,
1982; Wilson and Brown, 1953). In part as
a result of this long-standing misuse of the
subspecies category (as well as for reasons
discussed above), it would be better to con-
sider as species the allopatric and clearly

diagnosable populations that were for-
merly confounded with arbitrarily defined
“clinal subspecies” (Wilson and Brown,
1953). As a methodological justification,
because intelligent use of trinomials could
only follow phylogenetic analyses that
demonstrate evolutionary propinquity
among populations, their application in al-
pha taxonomy would be precluded. Ad-
ditionally, use of the subspecies category
would necessitate the hypothesis that the
subspecies will be subsumed into a larger
species in the future, not could potentially
be subsumed; they would necessarily be
seen as temporarily isolated parts of the
larger species.

The evolutionary species concept should
also give a better measure of “species di-
versity”, which, with the precipitous de-
cline in the world diversity (by any defi-
nition or measure), has become such an
important topic of discussion. Obviously,
the decision to regard a monophyletic
group of populations as a single interacting
lineage (one species) or as several distinct
species is not operational and comes down
to traditional inanities of “lumping” or
“splitting”. We believe that prior to phy-
logenetic analyses, or studies of geographic
variation, it is better to overestimate bio-
logical diversity (i.e., to “split”’); we see no
theoretical or operational advantage in
underestimating biological diversity.

APPLICATIONS OF THE
EVOLUTIONARY SPECIES CONCEPT

If we take seriously that our taxonomy
should report on the recovered history of
supraorganismal entities (which in them-
selves are inferred), we should not shrink
from applying this concept, even if the
application does not follow traditional
practice. To this end, we will discuss sev-
eral examples of taxonomically trouble-
some groups of amphibians and reptiles
and critique their recent treatment by tax-
onomists. We do not mean to indicate that
any of these authors were “right” or
“wrong”, only that their taxonomic treat-
ments are either consistent or inconsistent
with our belief that taxonomy should re-
flect evolutionary history.
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The Plethodon glutinosus Complex

It may be difficult to recover the his-
torical relationships of components of bi-
ologically diverse groups that show little
morphological differentiation. The Pleth-
odon glutinosus complex (slimy salaman-
ders), recently reviewed by Highton (1989),
is such a group. In his study, Highton ex-
amined allozymic variation among 135
populations formerly recognized as P. glu-
tinosus, and suggested that the nominal
species actually consists of “16 groups that
have achieved the species level of diver-
gence”, which he named as species. Al-
though we agree with Highton that many
(perhaps all and perhaps more) of these
taxa are distinct lineages that should be
named, we disagree with his operational-
ism in identifying lineages. Specifically, he
argued that any set of populations that
differ in a phenogram by a Nei’s genetic
distance, Nei's D (Nei, 1972), of 0.15 or
higher should be considered distinct
species. This kind of arbitrary application
of some criterion of overall similarity to
the species problem is saddled with all of
the same problems as is an arbitrary ap-
plication of some measure of reproductive
compatibility (i.e., as with the biological
species concept). Although such an appli-
cation “solves” the species problem by
turning species into artificial class con-
structs, it moves us further away from pro-
ducing a taxonomy that reflects evolution-
ary history.

Highton (1989) agreed that his chosen
level of genetic distance (as estimated by
Nei’s D) was arbitrary, but cited Baver-
stock et al. (1977), who suggested that if
two allopatric populations possess fixed dif-
ferences at 15% of their loci, then it is
probable that they belong to different “bi-
ological species”. Aside from the fact that
one would almost never know if allopatric
taxa were different biological species (so
we cannot imagine how this probability
statement could be formulated), we see no
justification for this argument. Taxa need
not show 15% divergence to be intrinsi-
cally reproductively isolated (an adequate
criterion for the recognition of species un-

der all species concepts), and many repro-
ductively continuous clines exceed this
limit if the populations at each extreme
are compared. This is noted in passing by
Highton, who argued that 97-98% of
species follow the 15% rule (by citing
Thorpe, 1982). Even if this is true, Highton
probably overestimated the number of dis-
tinct historical lineages in some cases and
underestimated this number in other cases.
For instance, Highton de-emphasized
morphological evidence in delimiting
species; in some cases, he ignored mor-
phological evidence of additional species
because the levels of genetic differentia-
tion were “too low”. As an example, within
the nominal taxon P. albagula, Highton
included two morphologically distinct,
parapatrically distributed forms that show
no evidence of hybridization, and which
apparently are distinct species.

Because Highton (1989) argued that his
approach provides an objective operation-
al method for delimiting species, we shall
disregard the theoretical objections to his
approach for a moment and consider some
major operational problems. After arguing
in favor of a criterion of 15% fixed differ-
ences in allozyme loci (the criterion of
Baverstock et al., 1977), he stated that “two
populations that have fixed differences at
15 percent of their loci would have . . . [a
Nei’s] D < 0.16”. This is not correct; the
actual limits on Nei’s D for populations
with fixed differences at 15% of their loci
are 0 and infinity [Fig. 1; see also Hillis
(1984) and Tomiuk and Graur (1988) for
additional discussion of the problems with
Nei’s D]. The possible range of Nei’s D at
a set level of differentiation increases rap-
idly with increasing levels of polymor-
phism; in populations with 10 alleles/lo-
cus, the theoretical range of Nei’s D in
populations with 15% fixed differences
greatly exceeds the range of Nei distances
reported by Highton among all of his sam-
ples. Although many studies of interspe-
cific variation concentrate on relatively in-
variant loci with low polymorphism,
Highton scored loci with as many as 36
alleles/locus in his study. His use of highly
polymorphic loci highlights another op-
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F1G. 1.—Nei’s D (Nei, 1972) and Modified D* (Hil-
lis, 1984) at 15% divergence under the conditions of
polymorphic identical loci and polymorphic diver-
gent loci. In the case of polymorphic identical loci,
85% of the loci have identical frequencies among
alleles within a locus for each population, as well as
among populations. The remaining 15% of the loci
are fixed for alternative alleles in the two populations.
In the case of polymorphic divergent loci, 85% of the
loci are fixed for the same invariant allele in the two
populations and the remaining 15% of the loci are
represented by an array of alleles equally divided in
frequency within a species, but with no alleles in
common among species. Both conditions represent
15% fixed differences.

0.2 A A

erational problem—Ilocus selection is the
single biggest determinant of any genetic
distance measure. Some loci are extraor-
dinarily variable (such as the esterase and
transferrin loci examined by Highton);
others evolve very slowly (Sarich, 1977).
Therefore, measures of genetic distance
can be increased or decreased simply by
examining faster or slower evolving loci;
the measures, then, are largely arbitrary.

It might be argued that although the
theoretical range of Nei’s D is great for
a particular level of divergence, the range
in real populations is more closely related
to actual divergence. However, this prob-
lem clearly affected Highton’s (1989) re-
sults. For instance, he chose to make an
exception to his D = 0.15 criterion for two
subgroups of P. chlorobryonis that differed
by a mean D = 0.155, because of the bor-
derline Nei distance and “because these
populations are all morphologically similar
and come from contiguous areas”. How-
ever, if one corrects for the polymorphism

bias problem by using a corrected version
of Nei’s D (= D*) (see Fig. 1 and Hillis,
1984), then these populations differ by D*
= 0.184, well above the level of differen-
tiation of some of the taxa recognized as
distinct species by Highton. Although we
do not know whether these populations are
distinct species, we do suggest that the ap-
proach of using an arbitrary measure of
similarity to define species is doomed to
failure on both theoretical and operational
grounds.

If all the problems of genetic distance
did not exist, and if the problems of using
a phenogram to infer phylogeny did not
exist, and if one were to accept the arbi-
trary criterion used by Highton (1989),
then there are still problems with the sug-
gested taxonomic changes. If his pheno-
gram does, in fact, reflect phylogeny
(which we doubt), then at least one of the
taxa recognized by Highton is polyphy-
letic. One population called P. albagula by
Highton clustered more closely to eight
other species than it did to other popula-
tions called P. albagula. We think (as did
Highton) that this reflects a failure of the
clustering algorithm to reflect phylogeny
accurately, but if this is the case, then it
casts doubt on the other clusters as well.

So, what are the evolutionary species in
the P. glutinosus complex? The study of
Highton (1989) suggests that there are
many historical lineages, but it is difficult
to tell how many from his analysis. If P.
glutinosus were a continuously variable,
wide-ranging species, without any sharp
contact zones, then the phenogram of ge-
netic distances could be identical to the
one presented by Highton. We are not ar-
guing that any of the nominal taxa named
by Highton are not evolutionary species;
we feel that Highton erred only in trying
to construct an artificially defined class
concept for species. Additional study and/
or analysis will be required to identify the
distinct historical lineages.

The Ensatina eschscholtzii Complex

This complex of salamanders presents a
problem similar to that of the P. glutinosus
complex, except that the levels of differ-



March 1990]

HERPETOLOGICA 97

entiation (allozymic and morphological)
are greater than for slimy salamanders
(Stebbins, 1949; Wake and Yanev, 1986;
Wake et al.,, 1986). The morphological
identification classes in this complex have
traditionally been treated as subspecies.
However, the taxon known as Ensatina
eschscholtzii klauberi is sympatric with,
and shows only rare hybridization with,
the taxon known as E. e. eschscholtzii
(Wake et al., 1986). The justification for
considering E. e. klauberi and E. e. esch-
scholtzii to be part of the same species is
that they are supposed to be termini of a
ring of hybridizing subspecies; however,
E. e. klauberi contacts only E. e. esch-
scholtzii, with which it is sympatric and
nonintergrading, not E. e. croceator, to
which E. e. klauberi is most similar. Clear-
ly, Ensatina e. klauberi and E. e. esch-
scholtzii are different evolutionary species,
and appeal to “intermediate” populations
not in contact with klauberi as justification
of a single taxonomic species is only thinly
veiled essentialism. Minimally, the spotted
San Diegan population should be called
Ensatina klauberi. The remaining “‘sub-
species” in the complex require additional
study; however, the existence of narrow,
stable hybrid zones and no evidence of
effective gene flow among other “subspe-
cies” in the complex (Wake and Yanev,
1986) indicates that additional species
should be recognized in this complex. Re-
ferring to this nonintegrating series of pop-
ulations as the Ensatina eschscholtzii
complex may be the preferable course
pending resolution of the problem.

The Adelphicos veraepacis Group

An application of the evolutionary
species concept to allopatric populations
was published recently. Campbell and
Brodie (1988) described a new species of
snake (Adelphicos ibarrorum) from Gua-
temala and examined the phylogenetic re-
lationships of this species to the other
members of the Adelphicos veraepacis
group in Guatemala and Mexico. All mem-
bers of this species group are allopatrically
isolated in small areas of montane cloud
forest. The new species is phenotypically

similar to a species (A. nigrilatus) in south-
ern Mexico, but phylogenetic analysis
shows that it is more closely related to two
other species in other montane areas of
Guatemala. In the past, taxonomists might
have considered the new taxon to be an
allopatric population or subspecies of A.
nigrilatus, but the phylogenetic analysis
demonstrates that the A. ibarrorum lin-
eage is historically distinct from A. nigri-
latus, and the new species must be rec-
ognized if one is interested in a taxonomy
that reflects evolutionary history. Conceiv-
ably, the authors could have considered all
members of the A. veraepacis group to be
subspecies of a larger, polytypic A. ver-
aepacis. This view, however, would have
necessitated the hypothesis that these pop-
ulations could and would reintegrate in the
future. There is little to recommend this
alternative. If the phylogenetic analysis had
been based on molecular data, then it
would have been appropriate to recognize
A. ibarrorum even if it were morpholog-
ically identical to A. nigrilatus.

UNIPARENTALS

In biparental lineages, the sexual plexus
is the unit of systematic interest, because
the history of evolution cannot be reduced
to the tokogenetic histories connecting or-
ganisms (Hennig, 1966). This is true in
spite of the operational truism that the
characteristics of a sexual plexus’ constit-
uent parts (= organisms) are used to infer
the history of these higher order entities.
Unlike organisms, sexual plexuses (like all
supraorganismal entities) have as charac-
teristics only their distribution in space and
time and the internal cohesion that allows
them to form lineages.

Comparison across all historical entities
formed by tokogenetic relationships [sex-
ual plexuses (biparental species) and to-
kogenetic arrays (uniparental species)]
would show internal cohesion ranging from
extremely high in small panmictic popu-
lations of biparentals to extremely low in
highly inbred lineages of biparentals, to
absent in obligate uniparentals. Even
though in some biparental lineages (e.g.,
highly inbred lineages of rare parasitic
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wasps) phylogenetic relationships may ap-
proach tokogenetic relationships, only in
uniparentals (e.g., asexuals, parthenogens,
gynogens, and other monoecious organ-
isms such as obligately self-fertilizing her-
maphrodites and cleistogamonts) do phy-
logenetic and tokogenetic relationships
reach identity. Therefore, in obligate uni-
parentals, there can be no unitary evolving
supraorganismal entity, and descent with
modification (which still occurs) must be
visualized as a between-organism phe-
nomenon (Hull, 1980).

If one takes the phenomenological view
that species are merely unresolved ter-
minal sets of organisms on a cladogram
(Nelson and Platnick, 1981), there is no
problem in the treatment of uniparentals.
And, indeed, if one does not distinguish
between intrinsic and extrinsic “cohesion”
of “populations” then there is no problem
(Simpson, 1961; Wiley, 1978, 1981b).
Problems arise only because of the onto-
logical difference between biparental lin-
eages and the tokogenetic arrays produced
by uniparentals.

Most recent authors agree that unipa-
rentals do not form entities of the same
kind as biparentals, and, as we have dis-
cussed, so do we. However, Frost and
Wright (1988) argued that because descent
with modification does occur in tokoge-
netic lines, to ignore the existence of to-
kogenetic arrays is to ignore the products
of evolution. Their solution, though not
particularly elegant or original with them
(cf. Mayr, 1957b, 1969; Mishler and Don-
oghue, 1982), was to maintain that the ob-
jective of taxonomy is to store information
on the history of evolution, and that this
objective is best served by assuming that
the Linnaean species category can contain
two kinds of entities, lineages estimated to
be largest recovered phylogenetic units
(evolutionary species) and “significant to-
kogenetic monophyletic groups. This may
not be satisfying philosophically, but until
some evolutionary solution to the problem
is suggested, they (and we) resist the al-
ternative of excluding tokogenetic arrays
from Linnaean nomenclature. If we make
the decision to exclude them, we exclude
some of the historical entities produced by
evolution. Because we do not choose to

exclude uniparental historical entities, we
must make, therefore, a formal distinction
between the Linnaean species category
(i.e., binomials) and the kinds of entities
that are appropriate to be ranked at that
level.

Distinctive tokogenetic arrays are most
well known in Cnemidophorus (Frost and
Wright, 1988) and Lacerta (Darevsky et
al., 1985), but they have been reported in
a few species in Gekkonidae, Pygopodidae
(sensu Kluge, 1987), Chamaeleonidae
(sensu Frost and Etheridge, 1989), Xan-
tusiidae, Gymnophthalmidae, and Typh-
lopidae (see Darevsky et al., 1985, for re-
view).

Cole (1985) held that parthenogenetic
“populations” should be named as species
because they so closely approximate the
attributes of biparental lineages (see also
Holman, 1987; Mishler and Brandon,
1987). Although Frost and Wright (1988)
were sympathetic with Cole’s treatment of
uniparentals, they disagreed with Cole’s
treatment of multiple hybrid-origin classes
under single binomials, arguing that if taxa
are to be evolutionary, they must have uni-
tary origins and limits. Therefore, they held
that each discerned hybrid-origin of a uni-
parental “lineage” constituted the origin
of an independent taxon. More recently,
Walker (1986), in an attempt to circum-
vent the inferential and philosophical
problems inherent in the recognition of
parthenogenetic tokogenetic arrays of
Cnemidophorus, fell back onto subjective
identification classes, outside of the Lin-
naean hierarchy, to contain these tokoge-
netic historical groups. Subsequently, Smith
(1987) adopted a phenetic stance in favor
of “utility”” and arranged Walker’s subjec-
tive classes of parthenogenetic Cnemi-
dophorus into species and subspecies equal
to Walker’s forms within class-complexes.
This was in spite of the fact that most of
the “subspecies” have demonstrably in-
dependent origins in time and space, ren-
dering the “‘species” polyphyletic (Frost
and Wright, 1988). Both Walker’s and
Smith’s approaches are clearly inconsistent
with any taxonomy appealing to evolution
for its justification and should be rejected.

Frost and Wright (1988) made a num-
ber of recommendations with regard to the
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recognition of uniparental species. These
can be summarized by saying that dis-
tinctive monophyletic tokogenetic arrays
should be named as species, unless to do
so would result in paraphyly of another
named species. In the case of most (all?)
parthenogenetic species in squamates, par-
ticular importance was attached to the his-
torical origin of these tokogenetic arrays
as boundaries justifying their ranking as
Linnaean species. When the evidence was
ambiguous with regard to single or mul-
tiple origins of hypothesized taxa, these
problematic “taxa” were denoted by re-
ferring to them as complexes (e.g., Cne-
midophorus velox complex), as temporary
“solutions” pending resolution.

The hypothesized unisexual reproduc-
tion (either gynogenesis or parthenogen-
esis) in Ambystoma “‘platineum’, A.
“tremblayi” (Cuellar, 1976; MacGregor
and Uzzell, 1964; Uzzell, 1964; Uzzell and
Goldblatt, 1967), and A. “nothagenes”
(Downs, 1978; Kraus, 1985a,b) has been
rejected by Bogart et al. (1985) and Bogart
and Licht (1986) (summarized in Lowcock
et al., 1987). Lowcock et al. (1987) pro-
posed an identificatory nomenclature
(“name tags”) for the various permutations
of known hybrids between organisms in
the biparental species A. jeffersonianum,
A. laterale, A. texanum, and A. tigrinum.
Their system does not apply to lineages, is
strictly identificatory, and is explicitly ex-
cluded from evolutionary nomenclature;
it is therefore not a topic of discussion here.
At this point in time, there is no compelling
evidence for the existence of unisexual
(either parthenogenetic or gynogenetic)
“lineages” in Ambystoma, so any discus-
sion of uniparental species in amphibians
is premature.

HYBRIDOGENS

One of the most exotic phenomena
known in vertebrates is hybridogenesis.
Most well understood in fishes of the genus
Poeciliopsis (Schultz, 1969), hybridogen-
esis is also known in the Rana “esculenta”
complex in Europe (Dubois and Giinther,
1982; Monnerot et al., 1985; Tunner, 1974;
Uzzell and Berger, 1975; Uzzell et al., 1975,
1980). Hybridogenesis is the formation of
interspecific hybrids that differentially

produce gametes of one parental type and
differentially breed with members of the
other parental type, producing new hy-
brids with each generation. Although sev-
eral hybridogenetic systems involving dif-
ferent biparental species are known in
European green frogs (summarized by Uz-
zell, 1982, and Dubois and Giinther, 1982),
the most well-known system is the R. les-
sonae-R. ridibunda-R. “esculenta” sys-
tem. In most of Europe, members of the
class R. “esculenta’ are formed as hybrids
between members of R. ridibunda and R.
lessonae, produce only R. ridibunda ga-
metes, but differentially breed with R. les-
sonae to produce new R. “esculenta”. The
esculenta phenon was named by Linnaeus
(1758) as Rana esculenta, and although it
has been traditional to refer to the class of
organisms that share a ridibunda-lessonae
genotype as R. esculenta, the phenon is
clearly a class of hybrids, and thus nonevo-
lutionary except in the sense of reflecting
whatever evolution may occur in the pa-
rental species.

In the part-whole ontology that we have
adopted, there is no supraorganismal en-
tity whose existence could be inferred that
we could call Rana esculenta. Rather, the
name Rana esculenta simply represents a
class of frogs sharing a class of genotypes.
There seem to be unusual processes going
on in some of these populations of frogs
(e.g., Uzzell et al., 1975, reported diploid
and triploid progeny from a single R. “es-
culenta”). However, there are populations
in which individuals of R. “esculenta”
breed with other R. “esculenta” to pro-
duce R. “esculenta” (Dubois and Giinther,
1982); this implies that within the class R.
“esculenta” there may be frogs that are
not hybridogens and that these may form
lineages. Although we disagree that hy-
bridogens can, by their nature, form su-
praorganismal evolving entities®, we think
that they should be denoted in some way,

5 Although each “hemi-lineage” of hybridophilic
DNA in hybridogens can be regarded as forming an
historical group, this does not translate to being a
lineage of frogs. This would be analogous to regarding
males in Homo sapiens (possessing Y chromosomes)
as forming an evolutionary entity independent of
females.
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if for no other reason than that they are
some of the most abundant vertebrates in
Europe. Dubois and Giinther (1982) sug-
gested the term “klepton’® for these, and,
taken as a class construct outside of evo-
lutionary taxonomy, we have considerable
sympathy with this notion as a way of
keeping the nomenclature of these classes
of frogs under the International Code of
Zoological Nomenclature (Anon., 1985).
However, a more acceptable solution
would be to adopt an identificatory no-
menclature along the lines of that supplied
by Schultz (1969) for hybrid Poeciliopsis
or by Lowcock et al. (1987) for hybrids in
the Ambystoma jeffersonianum-A. lat-
erale complex. Regardless of the unpalat-
ability of names like Rana (2) lessonae-
ridibunda or Rana lessonae-ridibunda, or
the more general Rana ridibunda-R. les-
sonae hybridogenetic complex, these no-
menclature systems do not imply that the
names apply to evolutionary entities, and
would retire names that apply to hybrids
as such, like Rana esculenta. Again, if we
take our system of taxonomy to be nested
sets of similarity classes containing ideal-
ized phena, there would be no problem
with “classifying” hybridogens, nor would
there be with mules, or with having dif-
ferent taxa for males and females of a sin-
gle evolutionary entity. Any evolutionary
taxonomy, however, stores names of en-
tities composed of organisms, not sets of
organisms.

SUMMARY

Operational difficulties will always exist
in trying to discern real historical entities
in nature. This is a consequence of the
nature of individuals (philosophical sense);
they are by nature slippery. However, we
see the alternatives to evolutionary species

. -
as having an equal or greater number of

operational problems and additional the-
oretical problems. We view the primary
aim of taxonomy to recover and describe

¢ We do not agree with their other proposal that
historical groups of gynogens could be called “klep-
tons”. The tokogenetic historical groups formed by
gynogens are ontologically equivalent to those formed
by other uniparentals and not to the interspecific classes
of hybridogens.

evolutionary history. This aim is not com-
patible with using reproductive isolation
as a defining characteristic of a class con-
cept of species, nor is it compatible with
any arbitrary operational definition of
species. Doubtless, we will be criticized on
the grounds that the taxonomy that results
from the concept of evolutionary species
is too subjective. We see the alternatives
as no less subjective, and resulting in much
poorer descriptions of historical reality.
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APPENDIX 1

Glossary of Terms

Apomorphy: An organismal character that is evolu-
tionarily derived with respect to an homologous
ancestral character. A relational term. See Plesio-
morphy.

Character: Any portion of the structure or behavior
of an organism that may provide evidence of re-
lationship. See Apomorphy, Plesiomorphy.

Cladistic: (1) Referring to the practice of ordering
taxonomic entities on the basis of phylogenetic re-
lationships. (2) Referring to a viewpoint that main-
tains that statements about taxonomic ordering and
evolutionary history must be logically consistent.

Cladogram: A branching diagram reflecting phylo-
genetic relationships. See Phenogram, Phyloge-
netic.

Class: A set of particular things, considered together
because of a defining property. Not necessarily lo-
calized in time and space. Because defining prop-
erties cannot evolve, classes cannot evolve. Defi-
nitions may be arbitrary (e.g., not blue) or appeal
to natural regularities (e.g., diurnal predators, at-
oms of gold), but there is no implication that the
items gathered in a class make up a working or
historical system. Examples: stars, ions, predators,
herbivores, all paraphyletic or polyphyletic groups.
See Individual.

Cohesion: The result of the genic integration of a
population that forms a tokogenetic plexus and
promotes the existence of a unitary lineage. See
Lineage, Sexual plexus.

Diagnosis: Characters that delimit a set of sample
organisms from which the existence of a higher
order entity (i.e., species or historical groups) may
be inferred. A diagnosis will always fail to “iden-
tify” some to many members (e.g., developmental
monsters, undeveloped zygotes) of a taxon, because
taxa, as individuals, cannot be defined, only delim-
ited ostensively. See Class, Individual, Ostensive.

Entity: An individual in the philosophical sense. See
Historical entity, Individual, Monophyletic.

Epistemology: The study of knowledge and the con-
ditions of knowing. Inquires into the justification
of knowledge claims. See Ontology.

Essentialism: The doctrine that “kinds” are deter-
mined by intrinsic, essential properties (= es-
sences). See Typology.

Gynogenesis: Unisexual reproduction in which un-
reduced gametes may be activated by sperm pen-
etration, although the paternal genome is not in-
corporated into the zygote. See Parthenogenesis.

Historical entity: A taxon. See Historical group, In-
dividual, Taxon.

Historical group: An entity whose parts form a mono-
phyletic group. An ancestral species and what it
has become through evolution (= ancestor and all
of its descendants). In uniparentals, an ancestral
organism and all of its descendants. Examples: Tes-
tudines; Terrapene; Cnemidophorus exsanguis; the
group composed of Plica, Uracentron, and Stro-
bilurus. See Individual, Monophyletic, Paraphy-
letic, Taxon.

Individual: A particular thing; characterized by being

localized in time and space, having a unitary origin
and fate, and having “fuzzy” limits, both tempo-
rally and spatially. Individuals are discovered and
named ostensively, because any definition will al-
ways fail at some level because of the inherent
“fuzziness” of individuals. If cohesion is strong
enough, an individual (e.g., a mitochondrion, cell,
organism, colony, hive, or kin group) may undergo
some process as a unit, ie., as an interactor, al-
though this is not a requirement of individuality.
Examples: the moon, New York, John Wright, Tes-
tudines, a cell, a mitochondrion, Rana bwana. See
Interactor, Replicator, System.

Intensional: In reference to defining by use of a list
of descriptive statements allowing one to assign to
(or exclude from) membership in a class. See Class,
Ostensive.

Interactor: An individual with enough integrity to
undergo some process as a unit (e.g., an organism,
a hive, a kin group). There is no compelling evi-
dence that historical groups or species are inter-
actors. See Individual.

Lineage: A sexual plexus (or interacting sexual plex-
uses) viewed through time. See Phylogenetic, Sex-
ual plexus, Tokogenetic.

Logical consistency: Congruence between state-
ments, or, at least lack of disagreement between
statements.

Monophyletic: Not excluding from an historical group
any descendants of the ancestor of that group. See
Historical group, Paraphyletic.

Ontology: The branch of metaphysics relating to the
nature and relations of being,

Operationalism: Defining the entities or classes to be
discovered in a way that extends from the opera-
tion used for discovery. A scientific viewpoint that
excludes metaphysics. Examples: “A species is the
smallest detectable cladistically unresolved cluster
of organisms”, or “Art is that which sells”. See
Phenomenalism.

Ostensive: In reference to identifying by enumeration
or pointing. See Diagnosis, Intensional.

Paraphyletic: Referring to an arbitrarily defined group
(a class) containing an ancestor and some, but not
all, of its descendants. Examples: Reptilia (exclud-
ing Aves), Agamidae (excluding Chamaeleonidae),
Fritziana (excluding Flectonotus). See Historical
group, Monophyletic.

Parthenogenetic: Unisexual reproduction involving
the development of unreduced, unfertilized ga-
metes. See Gynogenesis.

Phenogram: A branching diagram representing sim-
ilarity (by some arbitrary measure) between ter-
minal units. Sometimes erroneously considered to
depict historical relationships. See Cladogram.

Phenomenalism: The doctrine that we should trans-
late theories about physical objects into theories
about observations and the techniques undertaken
to make those observations. See Operationalism.

Phenon: An identification class.

Phylogenetic: Referring to historical relationships
among lineages of biparental organisms. In uni-
parentals, relationships among ancestor-descen-
dant lines. See Paraphyletic, Tokogenetic.

Plesiomorphy: An organismal character that is prim-
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itive with respect to a derivative homologue. See
Apomorphy.

Polyphyletic: Referring to an arbitrarily defined group
(a class) composed of entities whose common ances-
tor is not included in the group. Example: Hae-
mothermia (mammals + birds).

Reductionism: The doctrine that it is desirable to
interpret a phenomenon in terms applicable to its
parts. Sometimes, a doctrine that desires to convert
all knowledge of some system into a representation
characteristic of (and only appropriate to) a small
subsystem of the system. Examples of absurd re-
ductionism: (1) systematic theory can be reduced
to population genetics theory; (2) theories of com-
munity ecology can be reduced to those of popu-
lation ecology; (3) all of biology can be explained
by DNA sequences.

Replicator: An entity that reproduces itself. See In-
dividual, Interactor.

Reproductive compatibility: The condition in which
there are no intrinsic premating or postmating fac-
tors that would result in reduced successful mat-
ings. Unrestricted potential fecundity within or be-
tween populations.

Semaphoront: An organism at a particular stage in
its life history.
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Set: A class. See Class.

Sexual plexus: A lineage taken at any section in time.
A group of biparental (at least occasionally) organ-
isms inclusively connected by a nonhierarchical
“net” of tokogenetic relationships. See Lineage.

Speciation: The process of lineage origination. See
Lineage.

Supraorganismal entity: An historical entity whose
parts are organisms. See Historical group, Individ-
ual, Taxon.

System: An integrated whole composed of parts. An
individual in the philosophical sense. See Historical
group, Individual

Taxon: An historical entity composed of organisms:
either a monophyletic group or an evolutionary
species. A taxon may or may not be named. See
Historical entity, Monophyletic.

Tokogenetic: Referring to ancestor-descendant rela-
tionships between organisms. Examples: mother -
daughter (uniparental); mother - daughter « fath-
er (biparental).

Typology: A concept in which variation (both onto-
genetic and interorganismal) is disregarded and
members of a taxon are considered as, or nearly
as, replicas of the “type”.

WHEN IS AN INDIVIDUAL NOT A SPECIES?

CHARLES J. COLE

Department of Herpetology and Ichthyology, American Museum of Natural History,
New York, NY 10024, USA

I THANK editors David Cundall and
Robert G. Jaeger and the authors, Darrel
R. Frost and David M. Hillis (1990), for
the opportunity to comment on “Species
in Concept and Practice . ..”. The paper
broadly reviews the recent literature on
how systematists view species, with signif-
icant personal input from the authors.
Readers who have not followed the species
debates in detail can use this paper, with
its nice selection of illustrative herpetolog-
ical examples, to get a good understanding
of the major points and alternative views
under discussion. Rather than praise the
many good points of the paper, however,
my role is to differ in ways that may be
helpful, so I shall proceed accordingly.

I doubt that Mayr, as cited by Frost and
Hillis, viewed “species-ness” as “‘an es-

sence, shared among groups, independent
of propinquity of descent”. Mayr viewed
reproductive compatibility as reflecting
common descent, and most of us would
agree that populations of biparental (bi-
sexual, outcrossing) organisms should be
judged to have completed the process of
speciation if they are reproductively in-
compatible. However, there are good ex-
amples of populations that are reasonably
considered as separate species even though
they share reproductive compatibility as a
primitive character.

The discussions of the various species
concepts illustrate well the difficulties in
obtaining universal agreement on species
limits. While one hopes that the use of
explicitly stated character analyses, the
concept of “the recovered history of evo-
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