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Abstract
Richard L. Mayden and Kevin de Queiroz have devised and developed �a hierarchy of species concepts� and �a unified species concept�,
respectively. Although their integrated frameworks of species concepts are rather different as to how to integrate the diverse modern concepts of
species, the end result is that they are likely to agree on species recognition in nature, because they virtually share the same major components (i.e.
evolutionary or lineage concept of species; same way of delimiting species), and have the same important consequences. Both the hierarchical and
unified frameworks, however, are interpreted to have shortcoming regarding the way of integrating the modern species concepts. I reformulate
these ideas into a framework of species concepts as follows: It treats the idea of species as population-level evolutionary lineages (sensu Wiley
1978) as the concept for species category, and it adopts the contingent biological properties of species (e.g. internal reproductive isolation,
diagnosability, monophyly) as operational criteria in delimiting species. I also suggest that existing and revised versions of the integrated
framework of species concepts all are not new species concepts, but versions of the evolutionary species concept, because they treat the
evolutionary (or lineage) species concept as the concept for species category.
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Introduction

Species are one of the fundamental units of comparison in

various subfields of biology, making them comparable in
importance to such units at lower levels of biological organi-
zation as genes, cells and organisms (e.g. Wiley 1981; Mayr
1982; Mayden 1997; de Queiroz 2005b). Using species as the

unit, so far biologists have promptly communicated to their
colleagues the ideas about the groups they study and with a
natural hierarchical classification used for species, they

efficiently provide a means to organize our knowledge of
biodiversity. Thus, species have been considered to be the
common currency in biological science (Agapow et al. 2004).

Species are such important units in biology that biologists have
eagerly argued over the problems from various stances or
viewpoints, as to what species are and how we can recognize
them.

The era of modern species concepts began in 1942;
when Ernst Mayr gave concept names to several different
approaches by different people or groups as to the question of

species and their delimitation (Hey 2006). Since then, much
time has been spent by biologists debating the topic over the
search for the �best� species concept to solve the species

problem – an issue not unusual in many areas of the natural
science, wherein there are various views as to what an entity is
and how we define it (Mayden 1997, 1999, 2002). In fact, as

candidates, more than 20 species concepts have been advanced
by modern biologists, depending largely upon their expertise
and the type of organisms that they study (Mayden 1997).
Instead of searching for �the best species concept�, Mayden and

de Queiroz have adopted a new way of integrating the modern
concepts of species. In this study, a framework created by the
new way is called �an integrated framework of species

concepts�, because the diverse modern concepts of species are
integrated in some fashion under that framework.

The debate and competition for the species concept as the

�Holy Grail� created significant and unnecessary controversies
among biologists and philosophers as a result of a number of
outlined reasons that ultimately lead to inaccurate estimates of
diversity and likely extinction of lineages that should be

recognized as species before their demise (Mayden 1997).
Biodiversity studies suffered from those controversies, while
biologists lacked interest in philosophy of science and philos-

ophers had minimal clear communication with practicing
biologists as to the importance of the nuances of such things as
concepts and definitions of species in the natural world. As a

solution to minimize conflict among biologists fighting over
whether a species is an entity or not or whether a particular
type of character class is appropriate for recognizing species,
Mayden (1997) evaluated all of the concepts in detail, both

pros and cons, and outlined in plain and simple terms what
one might expect to find in nature and what one might expect
to exclude from such inventories with each concept. And then,

he created a hierarchy of species concepts with a critical
division between a primary, theoretical lineage concept and
operational concepts or means and methods for recognizing

things that are consistent with the primary concept; the latter
concepts were referred to as secondary concepts. That is, he
proposed one version of integrated framework of species

concepts. On the other hand, de Queiroz (1998, 1999,
2005a,b,c, 2007) has separately advocated and developed a
�unified species concept�, or the other version of the integrated
framework of species concepts created by unifying the modern

species concepts under the common idea shared by them.
The modern species concepts (e.g. biological, cohesion,

ecological, recognition, phylogenetic) are still now very pop-

ular in the biological community and continue to mislead
many students every year via textbooks for general biology as
if these concepts are alternative views that are equally valid

in the scientific community and are useful frameworks by
which to understand the biodiversity on the Earth. How
confusing such discussions must be to those students as to theCorresponding author: Shun-Ichiro Naomi (naostenus@hb.tp1.jp)
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presentations by these authors of what the species as real
entities in nature are. However, Mayden (1997, 1999, 2002)
and de Queiroz (1998, 1999, 2005a,b,c, 2007) clearly and

effectively argued that these concepts have serious faults in
logic concerning the matters of species conceptualization and
species delimitation, as well as the conflation of these two

critically important and independent topics. That is, the issue
of species conceptualization is often confused with the issue of
species delimitation, because the same property used for
delimiting species is also regarded as necessary for considering

lineages to be species (Mayden 1997; de Queiroz 1998, 2007;
Wiley and Mayden 2000a; Hey 2006).
The newly proposed frameworks (of viewing species con-

cepts) devised by Mayden and de Queiroz, on the other hand,
provided a logical structure necessary to rectify the defects
inherent in how modern species concepts are taken up and

used for a more accurate account of natural species diversity.
Those frameworks had different nuances, but the end results in
an operational sense could be considered to be same. Virtually,

those integrated frameworks equate species with real entities in
nature known as evolutionary lineages (Mayden 1997; de
Queiroz 1998). In contemporary science, biologists tend to
focus their attention on those types of entities in studies of

various fields including, for example, phylogeography (Avice
2000), ecology and biogeography (Riddle and Hafner 1999),
conservation biology (Ryder 1986, etc.), and systematics

(Adams 1998; Grismer 1999; Wake 2006, etc.). Those inte-
grated frameworks are thus advantageous for biologists in that
the frameworks aid them to focus on treating the objects of

their studies as basic taxonomic units with names (i.e. species).
At present, however, there exist two integrated frameworks

of species concepts. Although both authors employ frame-

works that equate species with evolutionary lineages, they are
different as to how to integrate the diverse modern concepts of
species. Nevertheless, until now, no one has examined in detail
whether they are one and the same integrated framework nor

whether their ways of integrating the diversity of modern
concepts of species are legitimate. Therefore, in this study, I
wish to examine the hierarchy of species concepts proposed by

Mayden (1997, 1999, 2002) and the unified species concepts
proposed by de Queiroz (2005a, 2007). First, I argue that the
frameworks proposed by these authors are basically the same

one, with some exceptions. Second, because both of these
frameworks of dealing with multiple species concepts have
shortcomings regarding their ways of evaluating and synthe-
sizing modern species concepts, I propose a revised frame-

work. Third, I also argue that neither existing nor the revised
frameworks are new species concepts, but versions of the
evolutionary species concept, the only concept that treats

species as lineages and permits all types of species diversity to
exist and be recognized.

Proposed frameworks for integrating the modern
views of species

In the first subsection, I briefly describe Mayden�s hierarchy of
species concepts and some of its major consequences. Then, to
correctly understand Mayden�s proposed framework, I exam-
ine what species concept he treats as appropriate for species

category under this framework and also how the framework
recognizes species. I do the same examination for de Queiroz�s
unified species concept in the second subsection. In the final

subsection, based on results of my examination of their

frameworks, I demonstrate that basically they are for all
practical purposes the same, and de Queiroz�s unified species
concept are virtually considered to be synonymous with the

evolutionary species concept and Mayden�s hierarchy of
species concepts.

Mayden�s hierarchy of species concepts

Mayden (1997) proposed a hierarchy of species concepts,
namely an integrated framework of species concepts that

comprises primary and secondary concepts of species. The
primary concept is a theoretical concept about real entities in
nature, reconciled with various types of diversity represented

by species.
After a thorough review of the existing concepts and their

eventual consequences for the recognition of diversity, Wiley�s
(1978) modified version of Simpson�s (1961) evolutionary
species concept, which was further modified by Wiley and
Mayden (2000a,b,c), is the only non-operational concept of

species as lineages to qualify as the primary concept. Here,
species are evolutionary lineages and are defined under the
evolutionary concept as: �an evolutionary species is a lineage
(an ancestral-descendant sequence of populations) evolving

separately from others and with its own unitary evolutionary
role and tendencies� (Simpson 1961:153) or �a species is a single
lineage of ancestral descendant populations of organisms

which maintains its identity from other such lineages and
which has its own evolutionary tendencies and historical fate�
(Wiley 1978:18). Although these two versions define species in

a similar manner, the consequences of two versions are quite
different because Simpson�s version condones the delineation
of artificial successional species (Mayden 1997). Of these two

versions, only Wiley�s version of the evolutionary species
concept corresponds to the concept satisfying the requisite
element (Mayden 1999, 2002). Thus, it serves as the primary
concept encompassing diversity we refer to as species as

currently understand. On the other hand, the alternative
species concepts are considered secondary concepts (see
Mayden 1997:384; Table 19.1); they can, taken together, serve

under the evolutionary species concept as a set of operational
concepts that are necessary for discovering the diversity as
species consistent with the primary concept. They are, so to

speak, operational surrogates to the evolutionary species
concept (Mayden 1999:97, 2002:184).

A consequence of Mayden�s hierarchical framework of
species concepts is that all evolutionary lineages are species.

This specifically follows from the adoption of the evolutionary
species concept of Wiley as a single primary concept (Mayden
1997), which considers species are evolutionary lineages. Thus,

well-developed and incipient lineages, sexual and asexual
lineages, and intrinsically and extrinsically (i.e. geographically)
isolated lineages all are species (Mayden 1999, 2002). A

critically important consequence for Mayden�s hierarchy of
primary and secondary concepts is that this framework does
not confuse issues of species conceptualization with issues of

species delimitation. This is because, although the hierarchical
framework adopts secondary species concepts as operational
tools (or criteria) for discovering, delimiting and diagnosing
species, they are relevant only at this level and not at the

primary level (that is, relevant only to species delimitation),
and therefore, species delimitation is clearly separated from the
conceptualization of species as evolutionary lineages. Another

consequence is that any and all of the secondary species
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concepts (now or in the future) can be used under the primary
concept as operational criteria adequate for discovering and
diagnosing species and thus are relevant to the issue of species

delimitation.

Discussion

Mayden�s hierarchical framework of species concepts treats
Wiley�s version of the evolutionary species concept as the
primary concept; what is obvious is that the framework

considers species to be evolutionary lineages. How does this
hierarchical framework recognize species? Alternative second-
ary concepts themselves are regarded as the operational tools

that humans use in delimiting species, similar to the case of
synapomorphies being used to discover and diagnose mono-
phyletic groups (Mayden 1999; see also, Wiley and Mayden

2000a). Problem of adopting modern species concepts as
operational criteria is that modern species concepts are
generally made up of the various components, including

ontological claims on the existence of species that are
undoubtedly irrelevant to delimiting species as evolutionary
lineages (sensu Wiley 1978). For example, phenetic species
concept claims that local populations (but not species) are

worthy of being considered evolutionary units (Sokal and
Crovello 1970).

A key to solving this question is the fact that modern species

concepts provide their own restrictive species criteria. The
species criteria (such as intrinsic reproductive isolation,
monophyly and diagnosability) are essentially tools that have

function to link the theoretical concept of species with the
practical operations and empirical data used to recognize the
entities consistent with that concept (de Queiroz 1998). Those

operational criteria are virtually regarded also as the necessary
properties of species in every species concept and purported to
be possessed by all species. How do species (as lineages) evolve
those biological properties in the course of lineage divergence?

The divergence of heritable characters leads to the acquisition
of those biological properties by species. However, because
divergence is a random phenomenon in the process of descent,

it is highly unlikely that every property has been acquired by
all but a restricted number of species, and in fact, our
knowledge of current biological science seems to support this

observation.
Keeping this mode of lineage divergence in mind, in his

hierarchical approach to species concepts, Mayden (1997,
1999) regarded the role that operational criteria play in the

modern species concepts as inadequate and thus rejected those
criteria. Instead, he seemed to adopt those randomly evolving
biological properties of lineages as lines of evidence (opera-

tional criteria) relevant to assessing the existence of or
diagnosing a new lineage (as species). This will be judged,
for example, from his idea that �it is highly unlikely that any

species will ever be consistently recognized by all available
operational concepts (Mayden 1999:112–113)�, although he
regarded �secondary concepts� (but not those properties!) as

operational tools for species delimitation (e.g. Mayden
1999:104–105, Fig. 2). The important point to be perceived
here is that any one and all of those operational criteria (i.e.
secondary concepts) serve a vital role under the primary concept

as tools for discovering evolutionary species.
What then serve substantially as the tools for delimiting

species in Mayden�s hierarchy of species concept? As is obvious

from the mode of lineage divergence mentioned above, every

property has substantially a limited ability to discover species
diversity. For example, the properties such as intrinsic repro-
ductive isolation and specific mate recognition can be used only

in delimiting sexual species; the property such as ecological
distinctness only in delimiting species that occupy a unique
ecological niche. In addition, those properties are not necessarily

easy to use; for example, properties such as reciprocal mono-
phyly and interbreeding often must be inferred using other
properties (de Queiroz 1998). Any one and all of the properties
implied in Mayden�s hierarchical framework from secondary

concepts are, thus, necessary for delimiting evolutionary species.
Given the nature of biological properties described above, those
properties are equal to the contingent properties of species in the

context of Queiroz�s unified species concept (see the next
subsection). Those contingent properties of species (but not
secondary species concepts!) must be regarded virtually as the

requisite components for species delimitation under Mayden�s
hierachical framework. It will follow that the discovery method
of species under the hierarchical framework amounts to recog-

nizing species (as evolutionary lineages), using all of the
contingent biological properties of species as operational
criteria. Thus, the discovery method of species must certainly
be an effective and efficient means for discovering various types

of diversity called species (Mayden 1999).

de Queiroz�s unified species concept

According to de Queiroz (1998, 1999), modern species
concepts share a common element, although they disagree in

adopting different biological properties of lineages as species
criteria. The common element is the idea of species as
metapopulation-level evolutionary lineages, which he called

the general lineage concept of species (de Queiroz 1998:60). de
Queiroz (2005a,b, 2007) thought that the general lineage
concept will in turn provide the basis for unifying the diverse
modern concepts of species, and he tried to devise a species

concept by unifying them under that general lineage concept,
namely a unified species concept.
The solution on the basis of the unified species concept is,

according to de Queiroz (2005a), as follows: First, he retained
the general lineage concept of species, and thus, the existence as a
separately evolving metapopulation lineage is considered the

defining (only necessary) property of species category. Second,
he removed from the modern species concepts the elements that
create the incompatibilities among them. If species criteria of
modern species concepts are interpreted as the defining prop-

erties of species category, then those modern concepts become
incompatible one another, because they have different species
criteria and lead to different conclusions concerning the bound-

aries and number of species. With this in mind, he rejected that
interpretation, and instead, he reinterpreted the species criteria
of modern species concepts as contingent properties of species,

namely the properties that species may or may not acquire
during their persistence. Those contingent properties, which he
called �secondary properties� of species (de Queiroz 2005a:205),

can serve as different lines of evidence (operational criteria)
relevant to assessing the lineage divergence.
A consequence of the unified species concept is that all

evolutionary lineages are species (de Queiroz 2005a:206–207).

This is because the unified concept treats being an evolutionary
lineages as the only defining property of species category. Species
taxa previously described by traditional taxonomists, infra-

specific taxa such as subspecies and variety, and informal
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taxonomic entities such as evolutionary significant units (i.e.
ESUs;Ryder 1986) andphylogroups (Avice 2000) all are species,
if they evolve separately from other such lineages (de Queiroz

2005a). de Queiroz (2007) described also the consequences for
species delimitation. An important consequence is that the
unified species concept clarifies the issue of species delimitation

by distinctly separating the issue of species conceptualization
from the issue of species delimitation; in fact, species criteria (i.e.
contingent or secondary properties of species) are not related to
species conceptualization, but only to species delimitation under

the concept. Another consequence is that all of the contingent or
secondary properties of species formerly treated as the species
properties of modern species concepts are regarded under the

unified species concept as lines of evidence (operational criteria)
relevant to assessing lineage separation and thus are relevant to
the issue of species delimitation.

Discussion

de Queiroz (1998, 1999) defined species as population-level
evolutionary lineages. What species concept did he treat as the
concept for species category? The very important points for
correctly understanding the concept of species devised by de

Queiroz are the following two. First, as is obvious from the
definition of species in which only the existence as an
evolutionary lineage is explained, the definition of species is

based on the basic nature of species, �without specifying either
the causal processes responsible for their existence or the
operational criteria used to recognize them in practice� (de

Queiroz 1999:53). Second, he equated species with real entities
in nature known as evolutionary lineages. He certainly
emphasized this point by stating that species are �entities that
form lineages� or �lineage-forming biological entities� (de
Queiroz 1999:67). Here, the entities are individuals in the
philosophical sense of the term, namely, internally integrated,
cohesive units, with spatiotemporal location and continuity

(Ghiselin 1974; Hull 1976). Thus, de Queiroz�s species concept
is the theoretical, non-operational concept on the real entities
in nature known as evolutionary lineages. de Queiroz (1999:53)

called it the lineage concept of species. Here, he used the term
lineage for a single line of direct ancestry and descent sensu
Simpson 1961 (e.g. de Queiroz 1998:60, 1999:50). However,

both Simpson (1961) and Wiley (1978) conceptualized species
as evolutionary lineages; Simpson (1961:163–171) permitted
the delineation of artificial successional species within a single
lineage, whereas Wiley did not. Given this, the lineage concept

of de Queiroz is virtually equal to that of Wiley (1978) and
Wiley and Mayden (2000a,b,c), but not that of Simpson. Thus,
it is concluded that the lineage concept of species proposed by

de Queiroz (1998, 1999) is nothing more than a synonym of the
evolutionary species concept of Wiley (1978), Mayden (1997,
1999) and Wiley and Mayden (2000a,b,c).

As shown earlier, the unified species concept has the lineage
(or evolutionary) species concept as the concept for species
category, and as clearly outlined by de Queiroz, it also

provides a method of recognizing species. To put it briefly,
species are �recognized, using contingent or secondary prop-
erties of species as operational criteria. If this is all the case
with de Queiroz�s unified species concept, then all evolutionary

lineages are recognized as species under the unified concept,
and in the end, the species category becomes a class whose
members are solely species that are those evolutionary

lineages. We will find no problem at all in this unified concept

of species. We will see, however, that de Queiroz�s unified
species concept is an inadequate concept for species category,
when we notice the difficulty regarding the general lineage

concept of species. (Concerning the problem of de Queiroz�s
unified species concept, see next section.)

Mayden�s hierarchy of species concepts and de
Queiroz�s unified species concept are basically the
same integrated framework of species concepts

Mayden�s and de Queiroz�s approaches to species concepts are
obviously different from each other in the way of integrating the
modern concepts of species. The former integrates the modern

species concepts by hierarchically arranging them into primary
and secondary concepts, whereas the latter unifies them under
the general lineage concept of species, by removing from them

the elements that create their incompatibilities among them.
However, these two integrated frameworks share common
elements. First, as clarified from the examination of those

frameworks in the previous section, both virtually include two
same major components, namely (1) a concept for species
category: evolutionary (or lineage) concept of species and (2)
multiple operational criteria for species delimitation or the

contingent biological properties (that evolve in a species as
lineage that humans are capable of recognizing) to serve to
diagnose the said lineages. Second, they both have virtually the

same important consequences, major ones of which I enumerate
herein. A consequence is that all evolutionary lineages are
species (de Queiroz 1998, 2005a; Mayden 1999, 2002). Both

share the same consequences also for species delimitation. First,
the issue of species delimitation is clearly separable from the
issue of species conceptualization (Mayden 1997, 1999, 2002; de

Queiroz 2007). Second, all of the biological contingent proper-
ties of species (or secondary concepts in Mayden�s hierarchical
approach) are relevant to the issue of species delimitation (de
Queiroz 2005a, 2007; this article).

Given that those two frameworks share the same major
components and thus have the same important consequences,
they will be considered to be basically the same framework of

species concepts. While identifying their same important
consequences, however, they are not completely the same
framework. They do have some important different conse-

quences. For example, de Queiroz�s unified concept considers
that �species can be nested within other species� (de Queiroz
2005a:208); this idea is applied to some particular situations
�involving incomplete or partial lineage separation, as exem-

plified by cases of introgressive hybridization� (p. 208). On the
other hand, Mayden�s hierarchical approach rejects this idea as
clear evidence of demonstrated lineage independence.

A revised version of the integrated framework of
species concepts

In this section, first I examine problems of two existing
integrated frameworks of species concepts, and next I intend to

propose a revised framework.

Problem with Mayden�s hierarchy of species
concepts

Mayden�s hierarchy of species concepts seems to be a good
framework, in that it properly incorporates a method for

delimiting species (as evolutionary lineages) as well as a clear
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idea of the species. The only shortcoming of that framework is,
I suppose, his adoption of the secondary species concepts as
operational criteria for species delimitation. However, it may

not be a critical mistake, because those secondary concepts
certainly include components for species delimitation (i.e.
biological properties of species) and thus serve under the

primary evolutionary concept as the working operational tools
in delimiting species.

Problem with de Queiroz�s unified species concept

The shortcoming of de Queiroz�s unified species concept is
concerned with his newly proposed terminology for a new

species concept – the general lineage and unified concepts of
species. When devising his unified species concept, de Queiroz
scrutinized existing species concepts and showed that the idea

of species as evolutionary lineages is explicitly or implicitly
stated in the proposed definitions of species or in the extended
discussions (de Queiroz 1998:62–63). Assuming that the varied

modern species concepts do share the common idea, namely a
general lineage concept (as advocated by de Queiroz 1998), he
characterizes the modern concepts of species as not being
different at base, although he did recognize that there are some

conceptual differences among those definitions (de Queiroz
1998:59–60).

However, modern species concepts are highly diverse, and

their conceptual divisions are indeed real and major (Mayden
1997). Claims of some modern species concepts are contradic-
tory to his characterization of the modern species concepts and

definitions. As an example, the claim of the phenetic species
concept (Sokal and Crovello 1970) is that species are phenetic
units, whereas local populations are evolutionary units; this is

distinctly contradictory to de Queiroz�s characterization of the
modern species concepts. Quite a few of the modern species
concepts and definitions, as de Queiroz described, do consider
species to be evolutionary lineages. But those modern species

concepts do make important different ontological claims. For
example, the biological species concept (Mayr 1970) does not
permit the recognition of asexual organisms; that is, asexual

organisms do not form species, whereas the cohesion species
concept (Templeton 1989) claims that they do. Wiley�s version
of the evolutionary species concept claims that the origin of a

species corresponds exactly with lineage splitting, whereas
diagnostic version of the phylogenetic species concept (Nixon
and Wheeler 1992, etc.) claims that anagenetic speciation can
occur, and thus the origin of a species does not necessarily

correspond exactly with lineage splitting. Given these real
conceptual divisions, it is clear that de Queiroz mischaracterize
disagreements among proponents of the various modern

species concepts (Ereshefsky 2010). When he insisted that
while there is a diverse range of modern species concepts but
they all share the general concept of species as evolutionary

lineages, he created an abstraction on the basis of misinter-
pretation and reached an accommodation that does not exist
(Wiley 2002).

Then, does the general lineage concept of species have any
ontological significance? I argue, no. This is because it is too
abstract to imply clearly even the very basic nature of species.
In fact, we will find no significant ideas presented as to even the

origin and integrity of species in the general lineage concept,
because of the aforementioned real divisions among the
modern species concepts. What is obvious is that the �general
lineage concept� of species is distinct from his lineage concept

of species (e.g. de Queiroz 1999:53), in which species are clearly
described as real entities (evolutionary lineages), as already
developed in Wiley�s version of the evolutionary species

concept. All things considered, the general lineage concept of
species is ill-formulated and is ontologically empty. In spite of
this, he uses the general lineage concept as the basis for

unifying the diverse modern species concepts. This is, I think,
the substantial flaw of de Queiroz�s unified concept of species.
de Queiroz (1998, 1999, 2005a, 2007), on the one hand,

made a significant contribution towards the accomplishment

of lineage-based unification of the modern species concepts, by
performing the task of searching after the requisite compo-
nents (that is, contingent biological properties of lineages) for

delimiting species as evolutionary lineages, and also the task of
nicely incorporating them into the unified concept. On the
other hand, de Queiroz failed to incorporate the clear idea of

species as entities into his unified concept, because, as
mentioned earlier, he unified the diverse modern species
concepts via the general lineage concept of species, which is

very problematic. However, before advocating his unified
species concept, he described the lineage (=evolutionary)
concept of species. Yet, in doing this, he confused the lineage
concept of species with �the general lineage concept of species�
(e.g. de Queiroz 1999:53) and incorporated both concepts into
his unified species concept under the name of �the general
(lineage) concept of species� (de Queiroz 2005a), as if they were

one and the same species concept. Because the lineage (or
evolutionary) concept of species is, as many students correctly
understand and have argued, the concept appropriate for

species category, de Queiroz�s unified concept of species also
seems to be so at first sight, such that not a few researchers
(e.g. Sites and Marshall 2003; Wake 2006; Wiens 2009) seems

to have conceived of de Queiroz�s unified concept as a good
and legitimate concept. However, given the critical problem of
�the general lineage concept of species� clarified in this study, de
Queiroz�s unified species concept will be, in conclusion, simply

a mismatch of the fictitious general lineage concept of species
and the working operational criteria (contingent or secondary
properties of species) by which to delimit species as popula-

tion-level evolutionary lineages.

Proposal of a revised version of the integrated
framework of species concepts

Known versions of the two hypothesized frameworks of
species concepts have, as shown earlier, some problems

regarding the way of integrating the modern species concepts.
That is, the shortcoming of Mayden�s hierarchy of species
concepts is that it adopts the secondary species concepts as the

operational criteria for delimiting species, whereas the short-
coming of de Queiroz�s unified species concept is that it treats
the general lineage concept of species as the concept for species

category. To accomplish a better integrated framework for
dealing effectively with the varied modern species concepts,
these shortcomings have to be completely eliminated.

With this in mind, I would like to propose a revised version
of the integrated framework of species concepts as follows:
First, Wiley�s version (Wiley 1978) of the evolutionary species
concept is treated as the concept for species category and

second, the contingent biological properties of species (e.g.
internal reproductive isolation, diagnosability, reciprocal
monophyly, ecological distinctiveness, phenetic distinguish-

ability) are adopted as operational criteria in delimiting species
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as population-level evolutionary lineages. I extracted the first
component from Mayden�s hierarchy of species concepts and
the second component from de Queiroz�s unified species

concept in such a way that no original ideas are, I think,
included in my version of unified framework of species
concepts except for my proposal of a new combination of

those components needed for a more logically coherent version
of integrated framework of species concepts. As in the existing
versions of unified framework, this revised version is monistic
with regard to the fundamental species concept in that it

espouses the only one theoretical concept for species category,
whereas it is pluralistic with regard to the species criteria in
that it adopts various contingent properties of lineages as

operational criteria for recognizing species (see also Mayden
1999:97).

Existing and revised versions of the integrated
framework of species concepts all are versions of the
evolutionary species concept

Finally, I argue over the question of whether different versions
of hypothesized frameworks for dealing with synthesizing the
varied species concepts are new species concepts or conceptu-

alizations of how to deal with the varied species concepts that
exist.
The evolutionary species concept is the only truly theoretical

concept of species. Because it is non-operational (Sokal and
Crovello 1970; Mayr 1982; Mayden 1997; Wiley and Mayden
2000a, etc.), some operational criteria as to how species as

lineages can be or are recognized are needed, especially when
biologists use it in empirical studies. Frost and Kluge (1994)
considered the evolutionary species to be the best approxi-

mated by the diagnostic version of phylogenetic species
concept. This version of the phylogenetic concept provides a
currently accepted discovery operation, namely organismal
character analysis that uses fixed character differences as

evidence on the existence of new species. They actually viewed
the phylogenetic species concept as operational manifestation
of the evolutionary species concept. Grismer (1999) used this

combination of species concepts in his empirical study. And
this combination of species concepts used by Grismer was
considered a version of the evolutionary species concept by de

Queiroz (2005c:1264). Considering this combination of species
concepts to be a version of the evolutionary concept seems to
be legitimate, because the evolutionary species concept is
treated as the concept appropriate for species category.

Let us here examine existing and revised versions of the
integrated framework of species concepts. Both Mayden�s
hierarchy of species concepts and my version of integrated

framework of species concepts are composed of the evolution-
ary species concept and the components for species delimita-
tion; those two proposed frameworks clearly derive from the

evolutionary species concept of Wiley (1978) and specifically
use the Concept for the species category. Thus, it is clear
that both are versions of evolutionary species concepts, as

Grismer�s combination of species concepts are.
On the other hand, it is difficult to judge whether or not de

Queiroz�s unified species concept is a version of evolutionary
species concept. An important point to be perceived for

answering this question seems to be at first sight de Queiroz�s
(2007:883) statement that the unified species concept is �not a
new species concept but simply the clear separation of

the theoretical concept of species (as separately evolving

metapopulation lineages) from operational criteria (lines of
evidence) that are used for its empirical application�. However,
contrary to his own statement, he opted to coin a new

conceptual term or another new species concept as his new way
of viewing and synthesizing the existing diversity of species
concepts. His new concept, referred to as the �unified species

concept� (de Queiroz 2005a), developed a framework in which
the general lineage concept of species (de Queiroz 1998) is
treated as the concept for species category, and the contingent
properties of lineages are adopted as operational criteria for

species delimitation. The problem here is that the general
lineage concept of species is, as clarified in this study, a
fictitious species concept that has no clear ontological claim for

the existence of species as entities in nature. Yet, in and for
devising and developing his unified species concept, he also
described the lineage concept of species (de Queiroz 1999) that

is just equal to the evolutionary species concept. Thus, in short,
we will be able to consider that de Queiroz (1998, 1999,
2005a,b,c, 2007) eventually proposed and developed the same

idea that was described in detail by Wiley (1978) and Wiley
and Mayden (2000a,b,c) that species are evolutionary lineages.
In conclusion, given that de Queiroz�s unified species concept
has the lineage (=evolutionary) species concept of Wiley

(1978) as the concept for species category and provides a
means for recognizing species as lineages, I will suggest here
that it is a version of evolutionary species concept (see also,

Wilkins 2009).

Conclusion and perspective

So far, no modern species concept has been known that first
equates species with entities in nature (as evolutionary

lineages), and second provides appropriate operational criteria
for delimiting the species, without confusing the issue of
species conceptualization with the issue of species delimitation.
However, we now have the integrated framework of species

concepts that simultaneously provides these two important
characteristics. It is the integrated framework that has been
substantially devised and developed by Richard L. Mayden

and Kevin de Queiroz. The framework is, however, not a new
species concept, but a new version of the evolutionary species
concept (Wiley 1978). Publication of articles on the integrated

frameworks started in the late 1990s. Given that no new
species concept has been proposed by biologists after publi-
cation of those articles (see also Hey 2006), perhaps we can say
that species conceptual problems may have been already

solved by the proposal of the integrated frameworks, as de
Queiroz (1998, 1999) suggested. As a realist and a systematic
entomologist, I do welcome this optimism regarding species

problem (but see, Reyden 2005:136): Species are just indepen-
dently evolving population-level lineages, as the evolutionary
species concept succinctly says (Wiley 1978; Wiley and

Mayden 2000a,b,c). Here, I would like to celebrate Mayden�s
and de Queiroz�s effort towards accomplishing the lineage-
based integration of various modern views of species, most of

which have been proposed in the second half of 20th century.
Because the integrated framework of species concepts

equates species with real entities in nature, it is expected that
its acceptance by biologists will bring the following merits to

the studies in biology and systematics. First, because species
are considered to be comparable in a theoretically important
manner (Wiley and Mayden 2000a), they can be used as

appropriate basic units for studies in various subfields of
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biology including genetics, ecology, biogeography, morphol-
ogy, etc. Second, the unified framework will be well reconciled
with the theory of the contemporary systematics (Wiley and

Mayden 2000a), because systematics aims at discovering
species (as entities) and determining the phylogenetic relation-
ships of those species (Wiley 1981). Third, the term species has

a significant role in the theory of biology. Fourth, because the
integrated framework provides the method of discovering
various types of species diversity, by using any and all of the
contingent biological properties of species evolving in lineages

via divergence during speciation as operational criteria, it is
supposed also that the integrated framework will positively
contribute to biodiversity studies (Mayden 1999, 2002), in

which the biodiversity of study areas is estimated mainly by
counting the number of species that the areas possess (Agapow
et al. 2004). Taking into account the aforementioned merits of

the integrated framework, those species recognized under the
framework will no doubt become a valuable common currency
shared across the fields of systematics and biology. And, if so,

the integrated framework will be able to play a vital role in
combining theories of these two biological sciences into an
integrated one. Thus, its acceptance and use by the biologists�
community will accelerate the integration of biology and

systematics.
A potential problem of the integrated framework may be

that many more species on Earth will be recognized under the

framework than would be under the traditional practices of
discovering, recognizing and describing species (Mayden 1999,
2002; de Queiroz 2005a), because all evolutionary lineages,

both distinct and �indistinct�, are considered species under the
framework. Ever since the period of Linnaeus, biologists have
long been accustomed to the classification in which species are

usually recognized as distinct morphological units. They may
be still reluctant to regard as species morphologically indistinct
cryptic lineages and other lineages that are diagnosable by
other criteria such as ecological and behavioural distinctive-

ness (Mayden 2002). However, these more or less �indistinct�
lineages are evolutionary lineages that have incipient biological
qualities that are consistent and virtually comparable with

other qualities that are considered valid for lineage recogni-
tion, and those lineages should be recognized and counted as
the biodiversity being produced on Earth. Therefore, if we

accept the integrated framework of species concepts, then
biologists must regard all of them as lineages that merit
recognition as species.
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Zusammenfassung

Über die einheitlichen Theorien von Artkonzepten: Maydens �Hierarchie
der Artkonzepte� und de Queiroz� �einheitliches Artkonzept�

Richard Mayden und Kevin de Queiroz haben eine �Hierarchie von
Artkonzepten� bzw. ein �Einheitliches Artkonzept� entwickelt. Obwohl

sich ihre einheitlichen Theorien deutlich darin unterscheiden, wie die
verschiedenen modernen Artkonzepte vereinheitlicht werden können,
stellen sie doch beide grundsätzlich dieselbe einheitliche Theorie dar,
weil sie faktisch dieselben Hauptkomponenten verwenden (das
Evolutions- oder Stammbaumkonzept; gleiche Definitionen von Art-
grenzen) und dieselben wesentlichen Konsequenzen haben. Was die
Methode der Vereinheitlichung moderner Artkonzepte angeht, weisen
sie jedoch beide Defizite auf. Deshalb definiere ich die vorliegenden
einheitlichen Theorien von Artkonzepten folgendermaßen neu:
Behandelt wird das Artkonzept: Abstammungslinien auf der Popula-
tionsebene (sensu Wiley 1978) als das Konzept für die Kategorie
Art, und die impliziten biologischen Eigenschaften einer Art (z.B.,
Fortpflanzungsisolation, Diagnostizierbarkeit, Monophilie) werden als
handhabbare Kriterien zur Artabgrenzung angewendet. Es wird
vertreten, dass bekannte und revidierte Vorstellungen von einem
einheitlichen System von Artkonzepten allesamt keine neuen Artkonzepte
darstellen, sondern nur verschiedene Formen des evolutionären
Artkonzeps sind, weil sie das evolutionäre Artkonzept zur Grundlage
der Kategorie Art machen.
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