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MOLECULAR BIOLOGY & GENETICS

Replies to the commentaries on the question of ‘Is it time to abandon
the biological species concept?’

In reassessing the biological species concept (BSC), the central
disagreement is whether the concept of species should be linked
to the process of species formation. Here, we argue that species
should be, and can only be, defined in the context of the pro-
cess of speciation. By evaluating BSC this way, we find the large
body of genomic evidence on ‘speciation with gene flow’ does
not constitute sufficient evidence to reject BSC. Whether and
how BSC should be continually re-examined in light of the ge-
nomic evidence will be the crux of the debate on species and
their origin.

WHAT IS, AND IS NOT, IN THE DEBATE
Wefirst clarifywhat the debate is and is not, as initiated byWang
et al. [1]. The debate is only about the biological species con-
cept (BSC) [2,3], and is not about any of themany other species
concepts. By using a provocative question in the title, Wang
et al. may have led to the suspicion of advocating for an alter-
native concept [4–6] but that was not the focus. (While Wang
et al. did use an alternative ‘genic view’ model byWu [7], it only
serves as an alternative hypothesis in a statistical test, aiming to
inform about the procedures of testing the null hypothesis, i.e.
BSC.)

Given the centrality of BSC in evolutionary biology, we
should rigorously and regularly re-examine this concept to
make sure it should still remain in the center court. The efforts
are to be focused on falsifying BSC as the null model. Our an-
swer to the question in the title is ‘Not yet’, the same as the one
reached in ref. [4].The difference is that we believe BSC is falsi-
fiable but Butlin and Stankowski do not.

THE CENTRAL DISAGREEMENT—PROCESS
VERSUS OUTCOME, OR SPECIATION VERSUS
SPECIES
Wang et al. [1] reviewed the published genomic evidence that
could be used to reject BSC. In doing so, we assumed that there
is a way to disprove BSC if one can link the process of
species formation with the outcome of speciation (i.e. the de-
lineation of species). For BSC, this process is allopatric specia-
tion, which requires the absence of gene flow during speciation.
The mechanism that prevents gene flow is usually geographical
isolation.

This linkingof process andoutcome in testingBSC is the cen-
tral disagreement in this debate. The two commentaries [4,6]
both suggest that species are theproducts of aprocess and it is in-
correct to link the process to the definition of a product. It would
be true if the making of species can be compared to the making
of cars. One does not have to know how Italian sports cars are
made in order to tell them apart from American SUVs. But this
product versus process dichotomy is a false argument. A car is
clearly defined as the machine that rolls off the assembly line to
be driven away. Before that, themachine is not a car. In the ‘mak-
ing’ of species, the products are always there, fully assembled at
all times.

An appropriate analogy to species and speciation is the de-
velopment of a child into an adult. Delineating the two stages,
much like delineating two taxa as two species, has to incorpo-
rate the transitional period into consideration. A person may
develop the various adult characteristics unevenly at different
ages and, hence, a teenager is somewhere between a child and
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an adult. The delineation of adulthood versus childhood hence
requires an understanding of the process of human develop-
ment.

The formation of species also progresses through the grad-
ual transitions in various reproductive, behavioral, morphologi-
cal and physiological characters, all of which are quantitative in
nature.The statement that ‘two taxa are reproductively isolated’
is rather imprecise since RI (reproductive isolation) is not an
on–off switch. If the F1 males between two taxa are 100% ster-
ile and F1 females are 95% fertile, are the species reproductively
isolated? This sort of half-way RI is the rule, rather than the ex-
ception, in most cases where the species status is not obvious
[3,8].The gradation is true for morphology, behavior and phys-
iology as well [3].

These concerns force us to ask a deeper question: why do we
need to define species? For a taxonomist or a conservation biol-
ogist with a need to classify animals and plants, BSC has played
little role in the actual classification of species. Instead, it is sug-
gested that BSC sets up the framework, within which we can at-
tempt to understand the process of evolution and, in particular,
speciation. Hence, BSC is the guiding principle [4,6].

We would like to propose a radical departure from the ap-
proach of ‘developing a species concept in order to study the
process of species formation’. Itwould seemmore logical thatwe
try to understand the process of speciation and, with that under-
standing, decide on where to draw a line (in fact, a fat band) in
the process to mark the completion of speciation. Similarly, the
adulthood–childhood dichotomy is built on the understanding
of the developmental process as well. A demarcation is then im-
posed on the process to separate the adulthood and childhood.
The delineation timing would depend on why we need to define
adulthood (for marriage, for voting, for alcohol consumption,
etc.).

Mayr [2] has emphasized that species, unlike genus or higher
taxonomic ranks, is a biological reality. We may take this view a
step forward – the biological reality is the process of speciation
and the concept of species is built on that reality. Regardless of
howone views the relationship, the species concept and the pro-
cess of speciation are inseparable.

CAN SPECIES DELINEATION BE SEPARATED
FROM THE PROCESS OF SPECIATION?
BSC can be delinked from the process of speciation only if
the transition period (frompopulation differentiation to species
separation) is very brief. There is no extended process, which
is compressed into a time point. This possibility is, however,
remote as the characters pertaining to species distinction (re-
productive, behavioral, morphological, etc.) are continuously
graded over a long time-span. For example, between full repro-
ductive compatibility and complete reproductive isolation lies
a long series of partial reproductive incompatibilities. Even the
three sibling species of Drosophila melanogaster that are unam-
biguously distinct species exhibit partial RI whereby F1 females
and backcross F2 females are nearly fully fertile. In contrast,
hybrid males are strongly sterile in any form of hybridizations

[9–12]. Full RI evolvedmuch later betweenD.melanogaster and
the trio. The transitional period is longer than the age of many
species. Again, BSC is a species concept that is critically depen-
dent on the process of speciation.

THE DISAGREEMENT OVER LINKING BSC TO
ALLOPATRIC SPECIATION
Does BSC then have to be linked to the allopatric mode of spe-
ciation? The linking is obvious in the literature since Mayr’s
days [2,3,7,13].Given the strong viewon genetic cohesion, BSC
would have to rely on geographical isolation to suppress gene
flow before genetic changes can lead to RI [1,3,7,14,15]. Fur-
thermore, the evolutionofRI, especially post-matingRI, ismuch
more likely in the absence of gene flow, whereas the parapatric
and sympatricmodes both permit gene flow [3,15–21]. It is thus
unsurprising that Mayr (1963 and later writing) opposed sym-
patric speciation and downplayed the importance of parapatric
speciation. The latter, as cogently argued by Endler [22], might
be the prevalent mode of speciation.

If BSC is decoupled from the allopatric mode of speciation,
we may ask ‘what would BSC become?’ It would be a concept
whereby species are separate gene pools that are reproductively
isolated from one another [3,13,23]. So defined, BSC would
skip the transitional period by defining species only after all
aspects of speciation are completed. At that late stage, there is
no hybridization and no gene flow, even in sympatry.

Nevertheless, a species concept should help resolve the
difficult issues of species delineation, rather than take up
only the obvious cases and leave the rest unexplained. By
the stringent requirement of complete RI, the three exten-
sively examined and well-defined sibling species of Drosophila
(D. simulans, D. mauritiana and D. sechellia) should be consid-
ered one single species. If so interpreted, BSC would be close
to the concept of a syngameon [24–26], a cluster of loosely
connected gene pools that are not connected to any others.
Decoupling BSC from allopatric speciation therefore would
lead to all sorts of inconsistencies.

THE DISAGREEMENT OVER CASES OF
‘SPECIATIONWITH GENE FLOW’ IN RELATION TO
BSC
We suggest that BSC should be accepted or rejected together
with allopatric speciation. Wang et al. [1] surveyed a large lit-
erature that shows speciation having occurred under gene flow.
While this literaturemay be used against BSC, we point out that
BSC is not inconsistent with speciation with gene flow, espe-
cially if the gene flow happens at the start of the speciation pro-
cess. The evidence against BSC should be the continual gene
flow until speciation is complete. We find no convincing evi-
dence in this regard as studies generally show gene flow near the
beginning of speciation.

We recognize that we could not infer the timing of gene
flow in every study. Such inferences demand a thorough
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understanding of the data, not privy to non-authors. Gao and
Rieseberg indicated that their studies [6,27,28] have offered suf-
ficient evidence to reject the BSC that we looked for. If more
studies, upon careful evaluation, will offer convincing evidence
against BSC, then the verdict against BSC should be ready.

Nevertheless, the proof of late-stage gene flow during speci-
ation is much more demanding than simply finding some evi-
dence of gene flow.Wang et al. [1] offer amodel for the expected
genomic patterns if gene flow continues toward the end of spe-
ciation. Clearly, we need more elaborate models against which
the ‘expanded’ BSC can be tested.

CONCLUSION
In Mallet’s commentary, an alternative species concept is pro-
posed but the current debate focuses on BSC [5]. When we do
need alternative concepts, as Mallet anticipates [5], we suggest
that they be linked to a process of speciation.The process is the
biological reality while species is, in essence, a concept. Finally,
we quote Butlin and Stankowski ‘that the BSC is highlighted in
every biology textbook and lecture course, more than 80 years
after it was introduced and formalized’ [4]. While this could
be the raison d’être for accepting BSC, we would argue that,
precisely because of its longevity and popularity, BSC needs to
be regularly and rigorously tested. After all, doubts have been
constantly expressed [7,29–33] while the textbooks continue
to put BSC at the center of evolutionary biology [13,34].
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