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Abstract
It is shown that the species concept of Ernst Mayr does not consider the evolution and modes of reproduction of eucaryotic
organisms as a whole. It is only translatable into a taxonomic practice in a very special situation: sexually reproducing and
sympatrically occurring organisms that do not exchange genes. Mayr’s central criterion of reproductive isolation is not applicable
to the pervasive cases of reticulate evolution, to numerous groups of organisms with asexual reproduction, to the frequent situations
of allopatry and to classification of fossil organisms. Evaluating advantages and disadvantages of five broadly applied species
concepts and integrating elements of the related concepts of Sonneborn (1957), Sokal & Crovello (1970) and De Queiroz (2007),
a new synthesis, called the Pragmatic Species Concept, is presented: ‘A species is a cluster of organisms which passed a threshold
of evolutionary divergence. Divergence is determined by one or several operational criteria described by an adequate numerics.
A single conclusive operational criterion is sufficient. Conflicts between operational criteria require an evolutionary explanation.
Thresholds for each operational criterion are fixed by consensus among the experts of a discipline under the principle of avoiding
over-splitting. Clusters must not be the expression of intraspecific polymorphism.’ This concept is applicable to all known groups
of eukaryotic organisms independent from their mode of reproduction or evolutionary history. It allows both an approach by multisource integrative taxonomy as well as by a single discipline and is open for integrating new disciplines. The concept enables
sound taxonomic decisions also in case of reticulate evolution, parthenogenesis, apomixis, allopatry, separate time horizons and
reversal of strong evolutionary divergence. The complex problem could only be solved by focusing on the degree of evolutionary
divergence, reproducible numeric data recording, adequate numeric analyses and the threshold principle. Recommendations of how
to translate this concept into a taxonomic practice are given.

Keywords species concept | reticulate evolution | adaptive introgression | parthenogenetic reproduction |
cryptic species | fossil species | cluster analysis

1. Introduction – the incomplete
reality of species and a critique of
Ernst Mayr’s concept
The majority of currently recognized species are
considered to be more real and delimitable than categories
of higher rank such as genera. Yet, opinions on reality of
species differ widely: some authors consider species as the
only real taxonomic unit (Sudhaus & Rehfeld 1992) while

others even argue that Linnaean binary nomenclature is
no longer useful in taxonomy at all (Mishler 1999, Hendry
et al. 2000). Whoever is right, there is no doubt that the
reality of species is frequently overestimated. There
seems to exist no single trait of evolution that can be used
universally to decide which groups of organisms have to be
considered as the same or separate species. Taxonomists,
inevitably, have to find decisions in a very complex matter
and they must decide as well when evolution itself has
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not found a definite decision in a divergence process or
its reversal. To give classification a reasonable logic or
operating procedure, taxonomists have developed species
concepts from the beginning of the 20th century. Each
species concept remains a theoretical construct that can
hardly depict all facets of a complex reality. A species
concept is reasonable if it refers to those phenomena of
the real world which are significant from an evolutionary
point of view and when its theoretical concept can be
translated into to a sound taxonomic working routine.
The endpoint of development should be a species
concept applicable to all groups of extant and extinct
organisms independent from their mode of reproduction
or evolutionary history. This is expressed in the vision
of Mallet (2013): ‘Yet a unitary definition should be
possible if species are more real, objectively definable and
fundamental than, say, genera or subspecies. Conversely,
even if species have no greater objectivity than other taxa,
unitary nominalistic guidelines for delimiting species
might be adopted, perhaps after much diplomacy, via
international agreement among biologists; after all, if we
can adopt meters and kilograms, perhaps we could agree
on units of biodiversity in a similar way.’1
The so called ‘Biological’ Species Concept (BSC) of
Mayr (1942, 1982) has been the most widely recognized
species concept of the 20th century and perhaps it
continues to be so among many recent zoologists. The
versions of the BSC presented by Mayr himself over
40 years begin with ‘Species are groups of actually or
potentially interbreeding natural populations, which
are reproductively isolated from other such groups’
(Mayr 1942) and end with ‘A species is a reproductive
community of populations (reproductively isolated from
others) that occupies a specific niche in nature’ (Mayr
1982). Throughout these 40 years Mayr insisted on his
central criterion ‘reproductive isolation’. Yet, a rejection
of the BSC was already expressed by Tracy Sonneborn
who produced an éclat at the Annual Meeting of the
American Society for the Advancement of Science in
Atlanta in December 1955 (Sonneborn 1957, Schloegel
1999). Critical or rejecting voices towards the BSC
continued to appear afterwards (e.g., Sokal & Crovello
1970, Donoghue 1985, Cracraft 1989). It is obvious that
Mayr blinded out large segments of reproduction biology
and evolutionary history of big groups of eukaryotic
organisms such as protists, invertebrates or vascular
plants.
An excellent review of species concepts in general and
of their meaning in the practice was presented by Mallet
(2013). This paper aims not on reviewing the multitude of
existing concepts. It will concentrate on the development
1
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of a new species concept and a particular critique of the
BSC. This critique has the following main issues.

1.1. Reticulate evolution on the wholegenome and single-gene level
The BSC is not applicable to the pervasive cases of
reticulate evolution – i.e., hybridogenous speciation by
fusion of whole genomes or by introgressive transfer of
few alleles. With 70 % of hybridogenous species in some
genera, vascular plants are exemplary and the known
number of vertebrate and invertebrate animals involved
in some form of reticulate evolution is constantly growing
(e.g., Abbot et al 2013, Allendorf 1991, Arnold & Martin
2009, Bullini & Nascetti 1990, Cunha et al. 2011, Elgvin
et al. 2011, Ertan 2002, Grant & Grant 1996, Hermansen
et al. 2011, Mallet 2005, 2008, Mavarez et al. 2006,
Phillips 1915, 1921, Schliewen & Klee 2004, Schwarz
et al. 2005, Seather et al. 2007, Seifert 1999, 2006, 2010,
Seifert et al. 2010, Steiner et al 2012, Streit et al. 1994).
In contrast to plants, speciation by genomic fusion is
rarely observed in animals. Here, the less spectacular
form of reticulate evolution, interspecific transfer of
only few alleles, is much more frequent and represents a
serious problem for the BSC. A taxonomist considering
the term ‘reproductive isolation’ in its genuine meaning
of an impenetrable barrier would have to synonymize
a very big portion of taxa currently considered by any
taxonomist as well-separable species. Exemplary groups
are ducks (Phillips 1915, 1921), redstarts (Ertan 2002)
or butterflies (Mavárez et al. 2006, Kronforst 2008).
In Ernst Mayr’s focal group, the birds, reproductive
isolation is built up on average as late as 5 million years
after phylogenetic splitting in Passeres and after 17
million years in Nonpasseres – as a rule of thumb after
five million generations (Price & Bouvier 2002). This
is fully comparable with the situation in other groups
of vertebrates. In Heliconius butterflies hybrid sterility
was not achieved even 30 million generations after
phylogenetic separation (Kronforst 2008). F1-hybrids
of the majority of related bird species are fertile in
backcrosses with a heterozygous partner of a parental
species giving way for introgression of heterospecific
alleles into either gene pool (Ertan 2002, 2006, Elgvin et
al. 2011, Hermansen et al. 2011). This principle applies to
all animals with heterogametic sex and has been known for
a long time as Haldane’s Rule (Haldane 1922). Adaptive
introgression of certain heterospecific alleles became
a normal term in evolutionary genetics of Eukaryota
(Abbott el al. 2013, Arnold & Martin 2009, Mallet 2005)
and whole genome analyses are beginning to tell us in
a fascinating way which alleles precisely are transmitted
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between species and which functional consequences
they cause (e.g. The Heliconius Gene Consortium 2012,
Martin et al. 2013). Despite the rarity of hybridization
in animals, usually between 0.1 and 2 % per mating,
calculation models reveal that adaptive introgression
after rare hybridization should accelerate evolution by
two or three orders of magnitude faster than spontaneous
mutation (Grant & Grant 1994, Seifert 2012).

1.2. Parthenogenetic or apomictic
reproduction
The BSC is not applicable to the very many groups of
parthenogenetic or apomictic organisms. Clones cannot
be classified according to the criterion of reproductive
isolation. A list of only the major groups of asexually
reproducing organisms would need much printing space.
The BSC is not applied by botanists or protozoologists
and causes big difficulties in zoologists studying, e.g.,
Nematoda, Acari, Rotatoria or Tardigrada.

1.3. The allopatry problem
The BSC is not applicable to the numerous cases of
allopatric distribution in which nature does not provide a
test situation on reproductive isolation. Allopatric cases
can only be classified by pragmatic approaches – i.e.,
decision rules considering thresholds being defined as
an agreement between the researchers of the different
disciplines. This is explained in more detail in the next
sections. Conclusions on reproductive barriers between
species in a natural context are only possible in sympatry
or contact zones of parapatric species.

1.4 Differing time horizons
The BSC is not applicable if time horizons between
compared entities differ – typically in classification
of a series of fossil organisms from different strata.
Reproductive isolation as criterion can only be applied
synchronously.
What remains of the BSC? If the term ‘reproductive
isolation’ is mitigated to ‘reproductive barrier’, it can be
used as criterion in particular sympatric confrontations
of sexually reproducing organisms. Hence, the BSC can
be applied to a small segment of taxonomic reality. Yet,
it is by no means universal or in agreement with the
extended knowledge on evolution.
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2. Four published species concepts their advantages and disadvantages
It has been stated above that the development of species
concepts should move towards a concept applicable to
all groups of extant and extinct organisms independent
from their mode of reproduction and evolutionary
history. This concept should avoid all the weak points
of the BSC mentioned above. Considering the published
species concepts, four concepts attracted my attention:
the conceptions of Sonneborn (1957), Sokal & Crovello
(1970), Cracraft (1989) and De Queiroz (2007). The first
concept focuses on evolutionary divergence, the second
on objectivity of decision, the third emphasizes the
phylogenetic Hennigian aspect and the forth is providing
a way of how to integrate different species concepts. All
these concepts have in common that they do not confine
to a particular discipline of research (such as genetics,
ecology, ethology or morphology) and should have a
broad applicability.
Sonneborn (1957), an early critic of Ernst Mayr,
proposed that ‘A species is a biological unit that passed
a threshold of irreversible evolutionary divergence.’
This is a workable species concept because a translation
of ‘threshold of evolutionary divergence’ into a
taxonomic working routine is possible if there is an
adequate mathematic description and agreement among
taxonomists on what a reasonable threshold value might
be. Given this pragmatic solution, Sonneborn’s concept
will have no problems with the critical points (2), (3)
and (4). However, the term ‘irreversible’ is problematic.
It is, at least partially, in conflict with point (1). The
normality of reticulate evolution and the incredibly long
time span necessary to built up reproductive isolation
means that a reversal of even profound evolutionary
divergence is possible. Widely divergent species having
evolved in allopatry may fuse when their isolation is
bypassed either by natural processes or by anthropogenic
introduction. Hybridization with introduced species
constitutes a constantly growing threat for species
conservation – classical examples are the Nearctic Ruddy
Duck, Oxyura jamaicensis being introduced into the
range of the endangered Eurasian White-headed Duck,
Oxyura leucocephala (Muñoz-Fuentes et al. 2007) and
sticklebacks (Gasterosteus aculeatus complex) in British
Columbia (Behm et al. 2010). The conclusion is that
Sonneborn’s concept would become universal simply by
deleting the term ‘irreversible’.
Sokal & Crovello (1970) did not present an explicit
wording of their concept which later has been named in
a rather misleading way ‘Phenetic Species Concept’. We
can summarize that they considered species as clusters of
individuals delimited by multivariate statistical analyses.
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Multivariate statistical analysis includes diverse clustering
methods, discriminant analysis or ordination and there
is no other species concept imposing so explicitly the
imperative to introduce mathematics into the taxonomic
decision process. Another progressive trait was that they
allowed in their concept ‘all observable properties of
organisms and populations in estimating similarities
between pairs of Operational Taxonomic Units (OTUs)...
These would include morphological, physiological,
biochemical, behavioral similarity, DNA homologies,
similarities in ... proteins and ecological properties, and
even intercrossability...’ (Sokal & Crovello 1970). These
sentences are clearly advocating integrative taxonomy,
allowing use of information from any discipline of
biology provided that it can be translated into adequate
numerics. The Sokal & Crovello concept would become
insensitive to all the points (1) to (4) at which the BSC
fails if it would include the threshold principle explained
below. A frequent critique expressed by the phylogenetic
systematists is also that it does not distinguish between
plesiomorphies and apomorphies and, thus, could be
misled by convergent evolution and adaptive radiation.
I do not address this question here but will take it up
again when commenting the new concept below. There
is another weak point of the Sokal & Crovello concept:
‘clusters of individuals circumscribed using multivariate
statistical analysis’ will also apply to different morphs
of the same species. Most dangerous for the taxonomist
is here a non-overlapping polymorphism expressed by
fixed combinations of seemingly independent characters.
This issue will be taken up again when the new concept
is discussed below.
The third concept, the so-called ‘Diagnostic Species
Concept’ of Cracraft (1989), considered a species as an
‘irreducible (basal) cluster of organisms, diagnosably
distinct from other such clusters, and within which
there is a parental pattern of ancestry and descent.’
This is a reductionistic species concept focusing on
phylogenetic history, trying to implement the principles
of phylogenetic systematics – in particular the monophyly
criterion of Hennig (1966). This idea led to inner
logical inconsistencies and severe failures in practical
application (Mallet 2013). I consider this concept to be
of little use and perhaps even destructive because the
term ‘irreducible cluster’ has produced a rather severe
taxonomic inflation (Isaac et al. 2004).
The fourth concept, the ‘Unified Species Concept’
of De Queiroz (2007), reads as follows: ‘A species is a
separately evolving metapopulation lineage recognized
by at least one operational criterion.’ De Queiroz
formulated only a single conceptual property (‘a
separately evolving metapopulation lineage’) but left
open by which operational criterion of which discipline of
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research this property is recognized. He also argued that
many disciplines can be used simultaneously but also a
single one if it is conclusive. This flexible understanding
of operational criteria is fully congruent with the view
of Sokal & Crovello. Using the term metapopulation, De
Queiroz wants to avoid over-splitting but in practice it is
often difficult to decide which sub-populations form a
metapopulation.
Assessing the status of allopatric populations is perhaps
the biggest problem of taxonomy. Most of the existing
species concepts fail to give a solution here. This is also
the case with the concepts of Cracraft and De Queiroz
and can be illustrated by the following fictitious example.
Populations of a Lasius ant in the East Mediterranean
islands of Rhodes, Crete and Cyprus each show different
characters. An investigator A, who followed the concept
of Cracraft, showed significant differences between them,
concluded they represent three irreducible, diagnosably
distinct clusters and described each of them as a different
species. An investigator B, following the De Queiroz
concept, agreed that there are certain differences
between the three populations but he considered them
of belonging to the same metapopulation because he
compared it with another group of populations in the
West Mediterranean. He found that divergence between
the East and West Mediterranean population groups was
stronger than within the groups and decided that only
the West and East Mediterranean populations should
belong to different species. Who is right? The splitter
or the lumper? Nobody can decide this by a stringent
logic based on biological or evolutionary criteria. The
example shows: terms such as ‘irreducible, diagnosably
distinct cluster of common ancestry and descent’,
‘metapopulation lineage’ and ‘reproductive isolation’ do
not help here. Basically the same problem occurs with
allochronic populations and lines of parthenogenetic
organisms - independent if they live in sympatry or
allopatry. Energy-wasting disputes between taxonomists
are frequently the consequence. The recommended
way out of this dilemma is a pragmatism based on
mutual agreement between the taxonomists. Needed is a
conception setting an imperative to describe evolutionary
divergence numerically and focusing on the threshold
principle. This is explained below in more detail.
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3. The Pragmatic Species Concept
and its recommended translation
into the taxonomic routine
The analysis of the advantages and disadvantages of the
four species concepts discussed in the previous sections
led to the formulation of a new species concept. I propose
to name it the ‘Pragmatic Species Concept’ (PSC)
because it is an antipode to more academic approaches
by focusing on divergence between species alone instead
of inferring on evolutionary processes generating these
distances. This and the use of the threshold principle
is the primary cause for its universal applicability. The
same degree of divergence is considered to be equivalent
independent if observed in sympatry, in widely separated
allopatry or in allochrony. In order to avoid a complicated
wording and to increase lucidity, the concept was placed
in several sentences:
‘A species is a cluster of organisms which passed
a threshold of evolutionary divergence. Divergence
is determined by one or several operational criteria
described by an adequate numerics. A single conclusive
operational criterion is sufficient. Conflicts between
operational criteria require an evolutionary explanation.
Thresholds for each operational criterion are fixed by
consensus among the experts of a discipline under the
principle of avoiding over-splitting. Clusters must not be
the expression of intraspecific polymorphism.’
Comments on the wording of all elements of this
concept and recommendations for its translation into a
taxonomic practice are given in the following.
The reasons for accepting a part of Sonneborn’s
conception while deleting the term ‘irreversible’ are
already explained in the upper section. To repeat this
briefly: reversal of even strong evolutionary divergence is
possible under certain natural conditions and is currently
being accelerated by increasing passive introduction
of species via continental and transcontinental human
transport systems.
Operational criteria vary with the disciplines applied.
They can be determined by any discipline contributing
to assessment of evolutionary divergence. Leading
disciplines in classification of species are morphology,
genetics, ethology, biochemistry and ecology. New
operational criteria may be inferred by future research.
The presented concept needs only a single discriminative
operational criterion but the ideal approach to
classification is multi-source integrative taxonomy –
i.e., simultaneous application of different disciplines
with different operational criteria. Conflicts between
operational criteria do not necessarily exclude decisions
in favor of heterospecificity. Then, if practicable, the
source of conflicts between operational criteria should
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be considered requiring a biological or evolutionary
explanation (Schlick-Steiner et al. 2010).
An operational criterion should refer in the best case
to a complex character system. For example, such a
criterion may be ‘gaps between morphometric spaces
described by twenty characters’ or ‘gaps between clusters
of nuclear genes’. In the extreme, an operational criterion
may refer to a single character. Such a criterion may
be ‘gaps between pubescence density on clypeus’ or
‘courtship song with or without crescendo’. Apart from a
convincing sample size and broad geographic origin, the
use of single characters requires the condition that this
character is embedded in a complex character system that
is an expression of nuDNA – there is no doubt that species
in all their manifold biological properties are determined
by nuclear genes. This condition is violated by mtDNA
barcoding. Here a difference in a single triplet of mtDNA
may be used as criterion to describe, e.g., masses of
new species of Braconidae (Butcher et al. 2012). Turbotaxonomy of this kind will cause lots of trouble for future
taxonomists. Who can ever bring order into this chaos?
The backbone discipline of classification is morphology
and it is indispensible to have a careful phenotypic
investigation within the set of disciplines – at least
in multi-cellular animals and higher plants. This is
explained by the fact that > 98 % of the descriptions of
published multi-cellular taxa are based on morphology.
Accordingly, the link between a species under study and
Linnaean nomenclature is established by evaluation of
original descriptions and non-destructive morphological
investigation of primary type specimens (Steiner et al.
2009, Schlick-Steiner et al. 2010).
The concept recommends the use of an adequate numeric
(mathematic) evaluation system. Form and complexity of
this system depend upon the level of difficulty and the
discipline applied. In reply to subjectively operating
taxonomists who consider numeric differential diagnoses
too much time-consuming: many cases can be settled by
a simple, quickly done statistics of single discriminative
characters. If a taxonomist states in a verbal description
that two ant species can be safely distinguished by
the relative length of propodeal spines, is it then an
unacceptable work to measure this single character in
sufficiently sized samples and to show that there is a gap
between the data of the two species? The taxonomist
should make sure, or credible at least, that the proposed
interspecific differences are consistent throughout the
range of both species and apply with an acceptable error
rate. If a taxonomist has only a single specimen of a
species available (this is no exception in first descriptions
and material from poorly sampled regions), he should at
least provide a simple statistics describing the relation of
this specimen to the known variance in the next similar
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species. If this specimen is outside the 99 % confidence
interval, he might hypothesize heterospecificity. Given
that, he has fulfilled the requirements of the first three
sentences of the Pragmatic Species Concept. The next
step is considering if the case might represent discrete
intraspecific polymorphism instead of heterospecificity.
This is difficult – often a taxonomist has no tool at hand
to decide this a priori (but see below for the situation in
eusocial organisms). Furthermore, if he has a single or
very few deviating specimens, he should consider if these
specimens could represent abnormalities. This requires
much knowledge in developmental biology of the group
of organisms under study. If both polymorphism and
abnormality are considered to be unlikely, it is justified
(and recommended!) describing a new species based on a
single available specimen.
At the other end of difficulty scale we find cryptic
species. Cryptic species were defined by Seifert (2009)
as ‘two or more species which are not safely separable by
primary visual or acoustic perception of an expert. This
reflects the immediate sense of the word and restricts
the term to the truly cryptic cases – i.e., to species not
safely separable by training of innate pathways of the
human cognitive system.’ This definition is rather stable
in time because it considers the growth of knowledge
by excluding those species called cryptic in the past but
considered well-separable at the present. An example is
the Common Tern (Sterna hirundo) and the Arctic Tern
(Sterna paradisea) which were called hardly separable in
the field some 100 years ago but are currently distinguished
by trained hobby ornithologists at a quick glance. The
high level of difficulty imposes the imperative of using
some sort of a more complex multivariate analysis in
delimiting truly cryptic species. This is done in the best
case by a combination of exploratory and hypothesis
driven approaches (Seifert et al. 2013).
Using thresholds is considered the only practicable
way of decision finding in many disciplines of science,
economy and even policy. Defining the threshold of
evolutionary divergence beyond which heterospecificity
may be assumed is a matter of consent among the experts
of each discipline. Geneticists may have other approaches
than morphologists both in algorithms and in thresholds.
Quantitative analyses as they are recommended here have
demonstrated the danger of over-splitting by subjective
approaches (Mutanen 2005, Bose & De 2013, Seifert et
al. 2014) but the quantitative taxonomists should restrain
themselves. In order to avoid unreasonable over-splitting,
the experts should agree on rather rigorous thresholds.
The same threshold should be applied independently
if species are sympatric, parapatric, allopatric or
allochronous. The application of the threshold principle
can be explained by recent examples from ant taxonomy.
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A good remedy against over-splitting in multivariate
analyses of ant worker morphology is to require that a
discriminant function must confirm a minimum of 97 % of
the classifications proposed by explorative data analyses.
In case of two parapatric and cryptic Myrmica species,
a 100 % congruence of exploratory and hypothesisdriven data analyses allowed their taxonomic separation
(Seifert et al. 2014) whereas the intended taxonomic
description of a new partially sympatric sibling species
of Temnothorax lichtensteini was rejected because both
systems showed only 92 % of congruence (Czösz et al.
2013). Again, at least in the Myrmica case, there remains
checking for intraspecific polymorphism. This is done
in many different ways and will always require relating
morphological data to information from other disciplines.
In this particular Myrmica case, no other discipline but
only spatial information was available. The conclusion
in favor of heterospecificity was here that morphs, by
definition provided by the same gene pool, will not occur
in clean and separate parapatric populations. Taking the
Temnothorax case, where morphology failed to indicate
different species identities, it is possible that other
operational criteria (e.g., investigation of nuDNA) may
come to different conclusions. I remind of the above
recommendation of how to solve conflicts between
operational criteria (Schlick-Steiner et al. 2010).
It may be asked if it makes sense introducing into a
species concept the condition that clusters must not be an
expression of intraspecific polymorphism. This may refer
to both sexual, transsexual and within-sex or within-caste
polymorphism. This addition is a matter of formal logic
and of care. Morphs belong to the same gene pool but
nobody would deny that they are products of intraspecific
evolutionary divergence and are fully matching the first
sentences of the concept. This is the logic argument for
adding the polymorphism qualification. Simultaneously
it seems advisable to give an explicit warning. This is
the practical argument. Most dangerous for a taxonomist
is non-overlapping within-sex (or in ants within-caste)
polymorphism expressed by fixed combinations of many,
seemingly independent characters. Such a polymorphism
feigns different species in a treachery way. Fortunately,
this phenomenon seems to be rare. It is known, for
instance, from only 2.2 % of the 178 Central European
ant species – explicitly excluding the cases of the wellknown size dimorphism as for instance in the genera
Pheidole or Camponotus (Seifert 1992, 2003).
It may be criticized that including intraspecific
polymorphism in a species concept is a cognitive disaccord
as one cannot a priori distinguish between heterospecificity
and intraspecific polymorphism. This is true for the vast
majority of organisms in which this question cannot
be decided in the ‘first round’ of investigation. The
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only exceptions seem to be eusocial organisms where
discrete within-caste morphs can be identified a priori by
comparing within-nest and population-wide distributions
of morphological traits with those simulated by Mendelian
inheritance models. For clearing up the polymorphism
question in other organisms, we must inevitably run further
rounds of investigation using other tools or disciplines –
this is definitely a posteriori. However, what does this
matter here? A species concept is not invalidated if an
implemented criterion takes effect a priori or a posteriori
relative to a point in time. Recognition of species and good
taxonomy needs time. Evolutionary epistemology tells us
that cognition grows up in a circling, ever widening spiral
of induction and deduction, as a sequence of interaction
between a priori and a posteriori hypotheses (Campbell
1974, Vollmer 1975, Oeser 1976, Riedl 1988). It is good
to have a concept also reflecting the cognition process.

4. Is there weakness in the Pragmatic Species Concept?
It is doubtful that a species concept can offer solutions
to any thinkable case in an extremely complex system.
The PSC seems to be applicable to all groups of Eukaryota
independent from their mode of reproduction and
evolutionary history. It seems to allow sound taxonomic
decisions in case of reticulate evolution, parthenogenesis,
apomixis, allopatry, separate time horizons and reversal
of strong evolutionary divergence. A solution of all these
problems appeared possible by focusing on the degree
of evolutionary divergence and the threshold principle.
The concept also addresses the problem of intraspecific
polymorphism. It might also be asked if the application
of the concept could extend to Prokaryota. This seems to
be the case: broad fields of practical taxonomy appear to
use adequate approaches in assigning microbes to species
with high success in predicting pathogeneticity and
antibiotic sensitivity (Claridge et al. 1997).
A critique possibly being expressed by the phylogenetic
systematists is that classification by the PSC could be
misled by convergent evolution and adaptive radiation
as it does not distinguish between plesiomorphies and
apomorphies. This point may possibly be a matter of
debate when higher classification is considered. Species
concepts, however, are dealing with the very tips of
phylogenetic trees and it is difficult to understand in which
way in practice plesiomorphic and apomorphic traits
can be reliably distinguished at this level – this would
need looking into the past, knowing the true downward
phylogeny of a whole branch. Furthermore, selecting few
single traits as leading indicators in a parsimony analysis
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of species identities induces a higher risk of error than
using many or all studied traits without cladistic reduction.
Algorithms of most multivariate analyses automatically
evaluate the weight of a trait and the possible grouping
of unrelated species into polyphyletic taxa should have a
low risk in complex multivariate analyses if they consider
numerous traits. Yet, even if such a failure occurred,
we have to remember that the primary goal of species
concepts is a powerful delimitation of species and not
revealing their putatively correct cladistic placement.
Practitioners, at least, would agree.
A problem may arise in connection with reticulate
evolution. Above, we have accepted that introgression of
few alleles between species is possible. This may cause
conflicts with species concepts focusing on particular
gene clusters – i.e., species separated by the PSC may
be paraphyletic or even polyphyletic in different parts of
their genomes. This conflict probably cannot be solved.

5. Acknowledgements
I wish to thank Jim Mallet for useful comments to the
manuscript.

6. References
Abbott, R., D. Albach, S. Ansell, J. W. Arntzen, S. J. E. Baird, N.
Bierne, J. Boughman, A. Brelsford, C. A. Buerkle, R. Buggs,
R. K. Butlin, U. Dieckmann, F. Eroukhmanoff, A. Grill, S. H.
Cahan, J. S. Hermansen, G. Hewitt, A. G. Hudson, C. Jiggins,
J. Jones, B. Keller, T. Maczewski, J. Mallet, P. MartinezRodriguez, M. Möst, S. Mullen, R. Nichols, A. W. Nolte, C.
Parisod, K. Pfennig, A. M. Rice, M. G. Ritchie, B. Seifert,
C. M. Smadja, R. Stelkens, J. M. Szymura, R. Väinölä, J. B.
W. Wolf & D. Zinner (2013): Hybridization and speciation. –
Journal of Evolutionary Biology 26: 229–246.
Allendorf, F. W. (1991): Ecological and genetic effects of fish
introductions: synthesis and recommendations. – Canadian
Journal of Fisheries and Aquatic Sciences 48, 1: 178–191.
Arnold, M. L. & N. H. Martin (2009): Adaptation by introgession. –
Journal of Biology 8: 82.
Behm, J. E., A. R. Ives & J. W. Bougman (2010): Breakdown in
postmating isolation and the collapse of a species pair through
hybridization. – American Naturalist 175: 11–26.
Bose, R. & A. De (2013): Quantitative evaluation reveals
taxonomic over-splitting in extinct marine invertebrates:
implications in conserving biodiversity. – Proceedings of the
National Academy of Sciences, India Section B: Biological
Sciences 83/4: 533–537.

92

Bullini, L. & G. Nascetti (1990): Speciation by hybridization in
phasmids and other insects. – Canadian Journal of Zoology
68: 1747–1760.
Butcher, B. A., M. A. Smith, M. J. Sharkey & D. L. J. Quicke
(2012): A turbo-taxonomic study of Thai Aleiodes (Aleiodes)
and Aleiodes (Arcaleiodes) (Hymenoptera: Braconidae:
Rogadinae) based largely on COI barcoded specimens, with
rapid descriptions of 179 new species. – Zootaxa 3457: 1–232.
Campbell, D. T. (1974): Evolutionary Epistemology. – In:
Schilpp, P. A. (ed.): The philosophy of Karl Popper. – La Salle,
Illinois: The Open Court Publishing Company: 413–463.
Claridge M. F., H. A. Dawah & M. R. Wilson (1997): Practical
approaches to species concepts for living organisms. – In:
Claridge, M. F., H. A. Dawah & M. R. Wilson (eds.): Species:
The Units of Biodiversity. – London: Chapman & Hall: 1–15.
Cracraft, J. (1989): Speciation and its ontology: the
empirical consequences of alternative species concepts for
understanding patterns and processes of differentiation. – In:
Otte, D. & J. Endler (eds): Speciation and its consequences. –
Sinauer Association, Sunderland, MA: 28–59.
Cunha, C., I. Doadrio & J. Abrantes & M. M. Coelho (2011):
The evolutionary history of the allopolyploid Squalius
alburnoides (Cyprinidae) complex in the northern Iberian
Peninsula – Heredity 106, 1: 100–112
Csösz, S., B. Seifert, B. Müller, A. Trindl, A. Schulz & J. Heinze
(2013): Cryptic diversity in the Mediterranean Temnothorax
lichtensteini species complex (Hymenoptera: Formicidae). –
Organisms, Diversity & Evolution [DOI: 10.1007/s13127013-0153-3].
De Queiroz, K. (2007): Species concepts and species
delimitation. – Systematic Biology 56: 879–886.
Donoghue, M. J. (1985): A critique of the Biological Species
Concept and recommendations for a phylogenetic alternative. –
The Bryologist 88: 172–181.
Elgvin, T. O., J. S. Hermansen, A. Fijarczyk, T. Bonnet, T.
Borge, S. A. Saether, K. L. Voje & G.-P. Saetre (2011): Hybrid
speciation in sparrows II: a role for sex chromosomes? –
Molecular Ecology 18: 3823–3837.
Ertan, K. T. (2002): Evolutionary Biology of the Genus
Phoenicurus: Phylogeography, Natural Hybridisation and
Population Dynamics. Marburg: Tectum Verlag.
Ertan, K. T. (2006): The evolutionary history of Eurasian
redstarts, Phoenicurus. – Acta Zoologica Sinica 52: 310–313.
Grant, P. R. & B. R. Grant (1994): Phenotypic and genetic
effects of hybridization in Darwin’s finches. – Evolution 48:
297–316.
Haldane, J. B. S. (1922): Sex ratio and unisexual sterility in
hybrid animals. – Journal of Genetics 12: 101–109.
Hendry, A. P., S. M. Vamosi, S. J. Latham, J. C. Heilbuth &
T. Day (2000): Questioning species realities. – Conservation
Genetics 1: 67–76.
Hennig, W. (1966): Phylogenetic Systematics. – Urbana, IL:
University of Illinois Press: 265 pp.

Bernhard Seifert

Hermansen, J. S., S. A. Saether, T. O. Elgvin, T. Borge, E.
Hjelle & G.-P. Saetre (2011): Hybrid speciation in sparrows I:
phenotypic intermediacy, genetic admixture and barriers to
gene flow. – Molecular Ecology 18: 3812–3822.
Isaac, N. J. B, J. Mallet & G. M. Mace (2004): Taxonomic
inflation: Its influence on macroecology and conservation.
Trends in Ecology and Evolution 19: 464–469.
Kronforst, M. R. (2008): Gene flow persists millions of
years after speciation in Heliconius butterflies. – BMC
Evolutionary Biology 2008/8: 98.
Mallet, J. (2005): Hybridization as an invasion of the genome. –
Trends in Ecology and Evolution 20: 229–237.
Mallet, J. (2008): Hybridization, ecological races, and the
nature of species: Empirical evidence for the ease of
speciation. – Philosophical Transactions of the Royal Society
B 363: 2971–2986.
Mallet, J. (2013): Species, concepts of. – In: Levin, S. A. (ed.)
Encyclopedia of Biodiversity. Volume 6. – Waltham, Mass.
Academic Press: 679–691.
Martin, S. H., K. K. Dasmahapatra, N. J. Nadeau, C. Salazar, J.
R. Walters, F. Simpson, M. Blaxter, A. Manica, J. Mallet &
C. D. Jiggins (2013): Genome-wide evidence for speciation
with gene flow in Heliconius butterflies. – Genome Research
23: 1817–1828.
Mavárez, J., C. Salazar, E. Bermingham, P. C. Salcedo, C.
Jiggins & M. Linares (2006): Speciation by hybridization in
Heliconius butterflies. – Nature 441: 868–871.
Mayr, E. (1942): Systematics and the Origin of Species,
from the Viewpoint of a Zoologist. – Cambridge, Harvard
University Press.
Mayr, E. (1982): The Growth of Biological Thought. Diversity,
Evolution and Inheritance. – Belknap, Cambridge,
Massachussetts.
Mishler, B. D. (1999): Getting rid of species? – In: Wilson, R.
(ed.): Species: New Interdisciplinary Essays. – MIT Press:
307–315.
Muñoz-Fuentes, V., C. Vilà, A. J. Green, J. J. Negro & M.
D. Sorenson (2007): Hybridization between white-headed
ducks and introduced ruddy ducks in Spain. – Molecular
Ecology 16: 629–638.
Mutanen, M. (2005): Delimitation difficulties in species splits:
a morphometric case study on the Euxoa tritici complex
(Lepidoptera, Noctuidae). – Systematic Entomology 30 (4):
632–643.
Oeser, E. (1976): Wissenschaft und Information. Systematische
Grundlagen einer Theorie der Wissenschaftsentwicklung. –
Oldenbourg Wien-München, Volume 3: 118.
Phillips, J. C. (1915): Experimental studies of hybridization
among ducks and pheasants. – Journal of Experimental
Zoology 18: 69–112.
Phillips, J. C. (1921): A further report on species crosses in
birds. – Genetics 6: 366–383.

SOIL ORGANISMS 86 (1) 2014

A pragmatic species concept applicable to all eukaryotic organisms

Price, T. D. & M. M. Bouvier (2002): The evolution of F1
postzygotic incompatibilities in birds. – Evolution 56: 2083–
2089.
Riedl, R. (1988): Biologie der Erkenntnis. Die
stammesgeschichtlichen Grundlagen der Vernunft. –
Deutscher Taschenbuchverlag München: 321 pp.
Schlick-Steiner, B. C., F. M. Steiner, B. Seifert, C. Stauffer, E.
Christian & R. H. Crozier (2010): Integrative Taxonomy: a
multi-source approach to exploring biodiversity. – Annual
Review of Entomology 55: 421–438.
Schliewen, U. K. & B. Klee (2004): Reticulate sympatric
speciation in Cameroonian crater lakes. – BMC Frontiers in
Zoology 1: 5.
Schloegel, J. J. (1999): From anomaly to unification: Tracy
Sonneborn and the species problem in protozoa. – Journal of
the History of Biology 32: 93–132.
Schwarz, D., B. M. Matta, N. L. Shakir-Botteri & B. A.
McPheron (2005): Host shift to an invasive plant triggers
rapid animal hybrid speciation. – Nature 436: 546–549.
Saether, S. A., G. P. Saetre, T. Borge, C. Wiley, N. Svedin,
A. G. C. Andersson, T. Veen, J. Haavie, M. R. Servedio, S.
Bures, M. Kral, M. B. Hjernquist, L. Gustafsson, J. Traff
& A. Qvarnstrom (2007): Sex chromosome-linked species
recognition and evolution of reproductive isolation in
flycatchers. – Science 318: 95–97.
Seifert, B. (1992): Formica nigricans Emery, 1909 - an
ecomorph of Formica pratensis Retzius, 1783 (Hymenoptera,
Formicidae). – Entomologica Fennica 2: 217–226.
Seifert, B. (1999): Interspecific hybridisations in natural
populations of ants by example of a regional fauna
(Hymenoptera:Formicidae). – Insectes Sociaux 46: 45–52.
Seifert, B. (2003): The “Hippie Ant” - a case of extreme
intranidal polymorphism in Fennoscandian Formica lugubris
Zetterstedt 1838 (Hymenoptera:Formicidae). – Sociobiology
42/2: 285–297.
Seifert, B. (2006): Social Cleptogamy in the ant subgenus
Chthonolasius - survival as a minority. – Abhandlungen und
Berichte des Naturkundemuseums Görlitz 77: 251–276.
Seifert, B. (2009): Cryptic species in ants (Hymenoptera:
Formicidae) revisited: we need a change in the alphataxonomic approach. – Myrmecological News 12: 149–166.
Seifert, B. (2012): Evolution der Tiere neu verstanden –
interspezifische Hybridisierung ist ein wesentlicher
Evolutionsfaktor. – Berichte der Naturforschenden
Gesellschaft der Oberlausitz 20: 51–58.

SOIL ORGANISMS 86 (1) 2014

93

Seifert, B., Kulmuni, J. & P. Pamilo (2010): Independent
hybrid populations of Formica polyctena X rufa wood ants
(Hymenoptera: Formicidae) abound under conditions of forest
fragmentation. – Evolutionary Ecology 24/5: 1219–1237.
Seifert, B., M. Ritz & S. Czoesz (2013): Application of
Exploratory Data Analyses opens a new perspective in
morphology-based alpha-taxonomy of eusocial organisms. –
Myrmecological News 19: 1–15.
Seifert, B., A. Bagherian-Yazdi & R. Schultz (2014): Myrmica
martini sp.n. - a cryptic species of the Myrmica scabrinodis
species complex (Hymenoptera: Formicidae) revealed by
geometric morphometrics and Nest Centroid Clustering. –
Myrmecological News 19: 171–181.
Sonneborn, T. M. (1957): Breeding systems, reproductive
methods, and species problems in protozoa. – In: Mayr, E. (ed):
The species problem: a symposium presented at the Atlanta
Meeting of the American Association for the Advancement of
Science, December 28-29, 1955. – American Association for
the Advancement of Science, Washington 50: 155–324.
Sokal, R. R. & T. J. Crovello (1970): Biological Species Concept –
a critical evaluation. – American Naturalist 104: 127–153.
Steiner, F. M., B. C. Schlick-Steiner & B. Seifert (2009):
Morphology-based taxonomy is essential to link molecular
research to nomenclature. – Contributions to Natural History
12: 1295–1315.
Steiner, F. M., B. Seifert, D. A. Grasso, F. Le Moli, W. Arthofer,
C. Stauffer, R. H. Crozier & B. C. Schlick-Steiner (2011):
Mixed colonies and hybridisation of Messor harvester ant
species (Hymenoptera: Formicidae). – Organisms, Diversity
& Evolution 11: 107–134.
Streit, B., T. Städler, K. Schwenk, A. Ender, K. Kuhn & B.
Schierwater (1994): Natural hybridization in freshwater
animals: Ecological implications and molecular approaches. –
Naturwissenschaften 81: 65–73.
Sudhaus, W. & K. Rehfeld (1992): Einführung in die
Phylogenetik und Systematik. – Gustav Fischer Verlag
Stuttgart, Jena, New York: 241 pp.
The Heliconius Gene Consortium (2012): Butterfly genome
reveals promiscuous exchange of mimicry adaptations among
species. – Nature 487: 94–98.
Vollmer, G. (1975): Evolutionäre Erkenntnistheorie. – Stuttgart
Hirzel: 209 pp.

