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Fig. 1. Tree showing relationships between 11 taxa (A–K). All of the monophyletic 
groups have been marked. All other combinations of taxa are non-monophyletic.

‘Biological’, 
‘phylogenetic’ and 

‘monophylectic’ species 
– same or different?

H umans have presumably al-
ways given names to differ-
ent organisms. Historically, 
almost any recognisable form 

was called a species. Virtually all plants 
have been classified based on such a ‘mor-
phological’ or ‘phenetic’ species concept 
(Gornall 1997). The same is probably true 
for most other organisms. The discovery of 
evolution in the 19th Century brought a 
completely new perspective on the nature 
of species. In 1942, Ernst Mayr formulated 
the ‘biological’ species concept (hereafter 
BSC), which soon became widely accepted 
among zoologists, especially ornitholo-
gists. However, the BSC has also been 
criticised, and several alternative species 
concepts have been proposed, for example, 
‘evolutionary’ (Simpson 1961), ‘ecologi-
cal’ (Van Valen 1976), ‘recognition’ (Pa-
terson 1985) and ‘cohesion’ (Templeton 
1989) concepts. None of these has ever 
been widely applied to birds. In particular, 
the BSC has recently been challenged by 
proponents of two kinds of ‘phylogenetic’ 
species concepts, the ‘phylogenetic’ species 
concept (hereafter PSC) and the ‘mono-
phyletic’ species concept (hereafter MSC) 
(e.g. Rosen 1978, Nelson & Platnick 1981, 
Mishler & Donoghue 1982, Cracraft 
1983, Lidén & Oxelman 1989, Nixon & 
Wheeler 1990, Davis & Nixon 1992, Zink 
& McKitrick 1995). Lists of ‘phylogenetic’ 
species of birds have been published for 
at least two areas, the Azores (Hazevoet 
1995) and the Netherlands (Sangster et 
al. 1999), as well as for at least one major 
group of birds, the birds-of-paradise (Para-
disaeidae) (Cracraft 1992).

According to de Queiroz (1998) “all 
modern species definitions are variations 
on the same general species concept,” and 
they should be viewed as complementary 
rather than incompatible. He concludes 
that the main discrepancies between the 
different species concepts result from 
their focus on different stages in the di-
vergence of lineages: diagnostic differ-
ences (the hallmark of the PSC) evolve 
before reproductive isolation (the crux 
of the BSC). We agree with that, and 
argue below that, also in their practical 
application, the differences between the 
BSC, MSC and PSC, especially the two 
former, are not so great as is generally 
believed.

The British Ornithologists’ Union has 
recently proposed guidelines to assist in 

the assignment of species rank (Helbig 
et al. 2002).

The ‘Biological’ Species 
Concept

The BSC rests on the notion that species 
are ‘harmonious gene pools’ that are pro-
tected from each other by reproductive 
isolating barriers (Mayr 1996). Species 
are defined as “groups of actually or po-
tentially interbreeding natural popula-
tions which are reproductively isolated 
from other such groups” (Mayr 1942). 
The cornerstones of this concept are the 
capacity to interbreed with individuals 
of the same species and the reproduc-
tive isolation from individuals of other 
species. Reproductive isolation refers to 

Per Alström & Krister Mild
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DNA data suggest that eastern and western Yellow Wagtails are distantly related to each other, and accordingly that they should 
be treated as at least two species. Under the PSC and the MSC the Yellow Wagtail could be split into up to eight species.
1. Motacilla flava flavissima. © Ray Tipper, England, 4.8.1990
2. Motacilla flava flavissima. © Ray Tipper, England, 31.5.1992
3. Motacilla flava taivana. © Ray Tipper, Hong Kong, 25.10.1987
4. Motacilla flava tscutschensis. © Ray Tipper, Hong Kong, 9.5.1987

intrinsic isolation by means of repro-
ductive isolating barriers (as opposed 
to extrinsic, geographical, isolation). In 
other words, species are defined based 
on the actual or, when it comes to dis-
junct populations, potential interactions 
between populations. Different taxa are 
treated as conspecific if they interbreed 
to the extent that they can be assumed to 
eventually fuse. Taxa that are not pres-
ently in contact are classified as the same 
species if they can be expected to fuse if 
their ranges would meet. 

‘Phylogenetic’ Species 
Concepts

There are two main ‘phylogenetic’ species 
concepts: (1) the ‘phylogenetic’ species 
concept (PSC; formulated or supported 

by Nelson & Platnick 1981, Cracraft 
1983, 1989, Nixon & Wheeler 1990, 
Davis & Nixon 1992, Zink & McKitrick 
1995) and (2) the ‘monophyletic’ species 
concept (MSC; supported by Mishler & 
Donoghue 1982, Donoghue 1985, Mish-
ler 1985, Lidén & Oxelman 1989, Lidén 
1990, and ourselves). (Lidén & Oxelman 
1989 referred to the MSC as the phyloge-
netic species concept, while they classified 
the PSC as the ‘operational’ species con-
cept. However, since the first one is widely 
known as the PSC that terminology is 
followed here to avoid confusion.)

Unlike the BSC, both the PSC and 
MSC give primacy to evolutionary his-
tory. The PSC attempts to delineate the 
(basal) products of a process of differ-
entiation. The presence of one or more 
(fixed) unique character(s) in a popula-

tion is considered to be evidence that it 
has had a unique evolutionary history. 
Cracraft’s (1989) definition, which has 
received most attention among orni-
thologists, reads: “A phylogenetic spe-
cies is an irreducible (basal) cluster of 
organisms, diagnosably different from 
other such clusters, and within which 
there is a parental pattern of ancestry 
and descent.” That it is “irreducible” 
means that it cannot be further subdi-
vided. “Diagnosably different” means 
that the individuals in the group should 
display unique characters. The unique 
characters can be, for example, morpho-
logical, biochemical, and/or ethological, 
and must be unique for the cluster. The 
demand for “parental pattern of ancestry 
and descent” in effect disqualifies single 
individuals, different morphs, different 
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Table 1. Possible classification of the Palearctic wagtails under different species 
concepts.  The classification in the right column is acceptable under the MSC, but 
we favour the MSC alternative in the left column to stress the presumed recent 
divergence of the taxa that are treated as subspecies. 
1. We believe that citreola and calcarata are recently diverged sister taxa (contra 
results from mitochondrial DNA [Ödeen & Alström 2001, Alström & Ödeen 2002, 
Voelker 2002] but in agreement with nuclear DNA data [Ödeen & Alström 2001, 
Alström & Ödeen 2002]). 
2. According to DNA data (Ödeen & Alström 2001, Alström & Ödeen 2002, Voelker 
2002), the Yellow Wagtail is non-monophyletic. If that is true, the Yellow Wagtail must 
be treated as at least two separate species under the MSC. The classification under 
the BSC depends on whether the different taxa can be expected to eventually fuse as 
a result of interbreeding. Although tschutschensis interbreeds with beema and thunbergi, 
the genetic divergence between tschutschensis and beema/thunbergi is so large that they 
seem unlikely to ever merge with each other. Accordingly, the Yellow Wagtail complex 
is probably most appropriately classified as two species under the BSC.
3. Since the White Wagtail complex is divided into two monophyletic groups (clades) 
according to mitochondrial DNA data (Ödeen & Alström 2001, Alström & Ödeen 
2002), it could be treated as at least two species under the MSC. The relatively small 
genetic divergence between these two clades and the frequent interbreeding between 
personata from one clade and alba and baicalensis from the other clade suggests that 
the White Wagtail is best treated as a single species under the BSC. 
4. The taxon vidua is not considered diagnosably different from aguimp with which it 
is, therefore, by priority, synonymised. 
5. The taxa patriciae and schmitzi are not considered diagnosably different from cinerea 
with which they are, therefore, by priority, synonymised.
6.  The taxon flavissima is not considered diagnosably different from lutea with which 
it is, therefore, by priority, synonymised.
7.  The taxon beema is not considered diagnosably different from flava with which it 
is, therefore, by priority, synonymised.
8.  The taxa thunbergi and macronyx are diagnosably different by molecular markers 
only. 
9. The taxa cinereocapilla and pygmaea are not considered diagnosably different from 
each other or from iberiae with which they are, therefore, by priority, synonymised.

Fig. 2. The three taxa A, B and C are 
diagnosably different (e.g., A shows a white 
supercilium, B a yellow supercilium and C 
lacks a supercilium). From this it can be 
deduced that they have had separate evolu-
tionary histories for some time (i.e., there 
has been little or no gene flow between 
them in that period). A and B have recently 
come into contact as the result of range 
expansion, and they interbreed to the extent 
that they are expected to fuse some time 
in the future (unless reproductive isolating 
barriers evolve before that). Both A and B 
are reproductively isolated from C. Under 
the BSC, A and B are treated as subspecies 
of the same species (because of the rampant 
interbreeding between them), while C is 
treated as a separate species (due to lack 
of interbreeding with A and B). Under the 
MSC, three classifications are possible: (1) A, 
B and C are considered to be three separate 
species (since all are distinct), (2) A, B and C 
are treated as the same species (since they 
form a monophyletic group), or (3) A and B 
are classified as the same species (since they 
form a monophyletic group, whose mem-
bers are believed to have diverged recently) 
while C is a separate species. We favour the 
third alternative. Under the PSC, A, B and C 
are treated as three separate species (since 
they are diagnosably different). If A and B 
eventually fuse as a result of hybridisation, 
they will no longer be recognised as separate 
taxa by any species concept.

sexes, different stages in an individual’s 
development and groups of individuals 
sharing some unique character(s) of mi-
tochondrial DNA (since mitochondrial 

DNA is inherited maternally) (Cracraft 
1983). Nixon & Wheeler (1990) and 
Davis & Nixon (1992), who formulated 
a similar phylogenetic species concept, 

stressed that diagnostic characters should 
be fixed in the population(s), that is, they 
should be found in all comparable indi-
viduals.

BSC/MSC PSC(/MSC)
M. aguimp with subspecies aguimp and vidua M. aguimp4

M. maderaspatensis M. maderaspatensis
M. samveasnae M. samveasnae
M. grandis M. grandis
M. cinerea with subspecies cinerea, patriciae and schmitzi M. cinerea5

M. citreola with subspecies citreola and calcarata1 M. citreola
M. flava with subspecies flavissima, flava, beema, thunbergi, M. calcarata
iberiae, cinereocapilla, pygmaea, feldegg, lutea and M. lutea6

leucocephala2 M. flava7

M. tschutschensis with subspecies tschutschensis, taivana and macronyx2

M. alba with subspecies yarrellii, alba, subpersonata, baicalensis, ocularis, 
lugens, leucopsis, alboides and personata3

M. thunbergi8

M. iberiae9

M. feldegg
M. tschutschensis
M. taivana
M. macronyx8

M. yarrellii
M. alba
M. subpersonata
M. baicalensis
M. ocularis
M. lugens
M. leucopsis
M. alboides
M. personata
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Carrion and Hooded Crows qualify as at least two separate species under the PSC and MSC, although their status under the 
BSC is more difficult to decide. © Jari Peltomäki (left) and © Antero Topp, Helsinki (right).

Unlike other species concepts, the MSC 
has not been explicitly formulated. Its 
proponents (Mishler & Donoghue 1982, 
Donoghue 1985, Mishler 1985, Lidén & 
Oxelman 1989, Lidén 1990) stress that 
species should be monophyletic (cf. Fig. 
1), in other words, that different popula-
tions of the same species should be more 
closely related to each other than to pop-
ulations of other species. This approach, 
therefore, requires that a hypothesis of 
relationship be formulated before species 
are defined. However, although desirable, 
such a hypothesis need not be based on 
an analysis using modern methods of 
phylogenetic inference. For example, the 
different subspecies of White Wagtail 
were considered to be each other’s closest 
relatives long before their relationships 
were analysed by modern methods.

Delimitation of  
least-inclusive taxa

Much of the disagreement between pro-
ponents of different species concepts has 
focused on the principles by which least-
inclusive taxa are delimited. Delimita-
tion of least-inclusive taxa refers to the 
identification of the smallest name-bear-
ing units. All taxonomists, irrespective 
of which species concept they favour, 
delimit least-inclusive taxa using mor-
phological and other characteristics. The 
PSC is unique among the three species 
concepts discussed here in explicitly stat-
ing how least-inclusive taxa should be 
delimited: ‘smallest diagnosable clusters’. 
The stringent principles used to delimit 
least-inclusive taxa under the PSC could 

equally well be adopted by proponents of 
the BSC and MSC – in which case the 
same least-inclusive taxa would, theoreti-
cally, be recognised by all taxonomists, 
irrespective of which species concept they 
favoured. However, in reality the delimi-
tation of allopatric least-inclusive taxa is 
often highly subjective, irrespective of 
the method and species concept applied. 
This is evidenced by the fact that different 
taxonomists often have differing opinions 
regarding the validity of certain taxa. 
For example, Mayr & Greenway (1960) 
recognised 41 least-inclusive wagtail taxa 
in the Palearctic, whereas Alström et al. 
(2003) only accept 30 of these. (Although 
the classification of Mayr & Greenway is 
based on the BSC, whereas Alström et 
al. is based on the MSC, that is not the 
source of the conflict.)

Ranking of least-inclusive taxa
Under the BSC, least-inclusive taxa are 
ranked as either monotypic species or as 
subspecies of polytypic species. Deter-
mining the rank of a certain taxon under 
this concept is often highly subjective, 
and depends on the degree of observed or 
inferred reproductive isolation between 
this and other taxa (Fig. 2). If two or 
more taxa meet and form a hybrid zone, 
the degree of hybridisation, the fertility of 
the parental birds and the hybrids, the vi-
ability of the hybrids and the geographi-
cal and temporal stability of the hybrid 
zone need to be studied. Hybridising taxa 
are generally considered separate species 
under the BSC when: (a) hybridisation is 
very limited; (b) hybrid pairs have much 

reduced fertility compared to pure pairs; 
(c) hybrids are sterile or have significantly 
reduced fertility; (d) hybrids are consid-
erably less viable than their parents; (e) 
the hybrid zone is narrow and tempo-
rally stable (suggesting the existence of 
incomplete reproductive isolating bar-
riers); or (f) if the geographical overlap 
increases as a result of a range extension, 
and hybridisation mainly occurs in the 
‘front wave’, while it gradually ceases in 
areas where the taxa have been in con-
tact longer (suggesting the evolution of 
reproductive isolating barriers). If these 
requirements are not met, the taxa are 
generally considered to be subspecies of 
the same ‘biological’ species – no matter 
how distinct they are in morphological, 
vocal and other aspects. 

Taxa with non-overlapping distribu-
tions are classified as separate species un-
der the BSC if it seems unlikely that they 
would interbreed freely in case of sympa-
try. The probability of interbreeding is 
inferred from the degree of similarity in 
morphology, vocalisations and other vari-
ables. Alternatively, experiments can be 
carried out to test whether sexual signals, 
such as song, are sufficiently different 
between taxa to prevent interbreeding 
between them in case of contact (how-
ever, interpreting the results from such 
experiments is not straightforward; cf. 
Alström & Olsson 1992 and Alström et 
al. 1997).

Most proponents of the PSC (Cracraft 
1983, 1989, McKitrick & Zink 1988, 
Hazevoet 1995, Zink 1997, Sangster et 
al. 1999) accept only one rank, species. 
In other words, all least-inclusive taxa are 
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Fig. 3. Under the BSC, the non-sister taxa B and C are treated as conspecific if they 
interbreed to the extent that they can be expected to eventually fuse. Under the 
PSC and MSC, non-monophyletic taxa are not acceptable. Accordingly, B and C are 
treated as separate species under the PSC and MSC, despite the rampant inter-
breeding between them.

cies, since they are considered likely to 
eventually fuse if their ranges meet (Fig. 
2). Such taxa can be treated as subspe-
cies also under the MSC (provided they 
are considered sufficiently distinct to be 
recognised) (Fig. 2). In contrast, popula-
tions that do not meet the diagnosability 
criterion lack formal recognition under 
the PSC (Fig. 2).

Differences will eventually become 
fixed in diverging taxa. The number of 
fixed differences will increase with time. 
For example, alba and yarrellii in the re-
cently diverged White Wagtail Motacilla 
alba complex exhibit fixed differences 
in plumage, but not in other variables. 
The older African Pied M. aguimp, Me-
kong M. samveasnae, White-browed M. 
maderaspatensis and Japanese M. grandis 
Wagtails are diagnosably different by 
morphology, songs, calls and mitochon-
drial DNA. Taxa that are at this evolu-
tionary stage, displaying fixed inter-taxon 
differences, are invariably treated as spe-
cies under the PSC, and may be treated 
that way also under the MSC (Fig. 2). 
Under the BSC, they are often classified 
as subspecies, since they are unlikely to be 
completely reproductively isolated from 
each other (cf. Fig. 2 and Table 1).

The White Wagtail complex is chosen 
here as a further example of differences 
and similarities in classification between 
different species concepts (Table 1). Un-
der the BSC, it is usually considered to 
be a single species with several subspe-
cies, because the different least-inclusive 
taxa (subspecies) interbreed where their 
ranges meet. The MSC may classify these 
taxa in exactly the same way, but not 
because they interbreed but because they 
are believed to be more closely related to 
each other than to other wagtails (i.e. 
they form a monophyletic group); rank-
ing as subspecies rather than as species 
in this case is based on the belief that 
the entire group has diverged recently in 
comparison with taxa that are ranked as 
species. Alternatively, since inclusiveness 
is arbitrary under the MSC, the White 
Wagtail complex can be divided into two 
to nine species. The only requirements 
are that any polytypic species includes 
only subspecies that form monophyletic 
groups, and that non-monophyletic taxa 
are not created by the elevation of certain 
taxa to species rank (as is the case if e.g. 
lugens is treated as a species separate from 
the others; cf. Ödeen & Alström 2001, 
Alström & Ödeen 2002, Voelker 2002). 

treated as species under the PSC (on the 
condition that they are diagnosable) (Fig. 
2). In contrast, Nixon & Wheeler (1990) 
and Davis & Nixon (1992) accept infra-
specific taxa, but remark that these do 
not exhibit fixed differences from other 
taxa. The focus of the PSC on unique 
characters (or unique combinations of 
characters) renders it in practice similar 
to a morphological/phenetic species con-
cept (Gornall 1997).

Any monophyletic group may be classi-
fied as a species under the MSC. However, 
in reality only least-inclusive taxa that are 
believed to have diverged relatively recent-
ly are classified as conspecific under the 
MSC (Fig. 2). Evidence of recent diver-
gence comes from slight differentiation in 
morphological, vocal, behavioural or ge-
netic traits in comparison with taxa that 
are treated as separate species. Ranking is 
thus often subjective. However, it is stressed 
that ranking has to be arbitrary, since evo-
lution is a gradual process and an histori-
cal (phylogenetic) “continuum can only 
be arbitrarily divided” (Lidén 1990). This 
rationale is different from that of the BSC, 
under which taxa are treated as conspecific 
if it is expected that present (or possible 
future) interbreeding may lead to fusion 
of these taxa. Importantly, unlike the BSC, 
subspecies of the same ‘monophyletic’ spe-
cies are required to form a monophyletic 
group (cf. Figs. 2 and 3). 

Discussion

Sympatric, reproductively isolated taxa 
are treated as separate species under all 
species concepts. However, the taxonomic 
rank of least-inclusive taxa with disjunct 
or marginally overlapping ranges often 
differs under different species concepts 
(Fig. 2 and Table 1). Many such taxa can 
be expected to have diverged compara-
tively recently. Initially, recently diverged 
populations will exhibit no, or only slight 
and overlapping differences from each 
other. With time, genotypic, phenotypic 
and culturally inherited differences, such 
as song in oscine passerines, will accu-
mulate in the separate populations. The 
rate of change can be expected to vary 
tremendously, both among lineages and 
among traits. During the initial stages in 
the differentiation process, the recently 
diverged taxa are necessarily difficult to 
define, no matter by which principles 
they are delimited. Several taxa in the 
western Yellow Wagtail Motacilla flava 
complex are presently at this stage (cf. 
Table 1). For example, adult males of 
iberiae, cinereocapilla and pygmaea dif-
fer on average from each other by mor-
phological characters, but the overlap is 
too extensive to allow separation of all 
individuals. In other aspects they are not 
separable. Under the BSC, such poorly 
defined taxa are usually treated as subspe-
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The White Wagtail can be split into up to nine species under the PSC and MSC, although it is probably best treated as a single 
species under the BSC. Although the plumages are distinctive, the different taxa differ only very marginally, if at all, in mi-
tochondrial DNA.
Motacilla alba alba © Ray Tipper, Portugal, 19.1.2004.
Motacilla alba ocularis © Ray Tipper, Hong Kong, 27.11.1994.
Motacilla alba leucopsis © Ray Tipper, Hong Kong, 19.10.1987.
Motacilla alba lugens © Ray Tipper, Hong Kong, 10.1.1988.

Under the PSC, all of the White Wagtail 
taxa are separate species (although some 
of the taxa traditionally recognised are 
not considered to be diagnosable, and 
are hence not recognised at all by PSC 
proponents).

Intrinsic reproductive isolation is cru-
cial in maintaining differences between 
species in sympatry. However, species 
definitions based on interbreeding and 
reproductive isolation, such as the BSC, 
inevitably misrepresent evolutionary 
history when non-monophyletic taxa 
are classified as the same species (Fig. 
3). Under the BSC, the future outcome 
of interactions between different taxa is 
considered more important than the past 
history of these taxa. Whether that is a 
problem or an advantage is a matter of 

taste. In our opinion, it is irrelevant for 
the present classification whether two 
distinct taxa with separate evolutionary 
histories might fuse sometime in the fu-
ture as a result of interbreeding.

It has been argued by PSC advocates that 
it is imperative that all taxa have the same 
rank. This dogma rests on the belief that all 
least-inclusive taxa are equal and compara-
ble. However, it is a necessary consequence 
of the process of evolution that all least-in-
clusive taxa are not equal (e.g. Lidén & Ox-
elman 1989, Lidén 1990, O’Hara 1993). As 
an example, consider the six least-inclusive 
wagtail taxa alba (White Wagtail), cinerea 
(Grey Wagtail), thunbergi (‘Grey-headed 
Yellow Wagtail’), flava (‘Blue-headed Yel-
low Wagtail’), iberiae (‘Spanish Yellow 
Wagtail’) and cinereocapilla (‘Ashy-headed 

Yellow Wagtail’). The four latter (belonging 
to the western Yellow Wagtail complex) are 
similar in most morphological, vocal, be-
havioural and ecological aspects, have para-
patric breeding distributions and interbreed 
where their ranges meet. They are usually 
treated as conspecific under the BSC and 
MSC, although at least the two former 
merit recognition as species under the PSC. 
Moreover, according to DNA (Ödeen & 
Alström 2001, Alström & Ödeen 2002) 
they form a monophyletic, presumably re-
cently diverged, group. In contrast, alba 
and cinerea are strikingly different from 
each other and from the Yellow Wagtail 
complex in a number of morphological, 
vocal, behavioural and ecological variables, 
and are sympatric with each other and with 
the Yellow Wagtail complex without inter-
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breeding. Both alba and cinerea are always 
treated as distinct species, and according to 
DNA (Ödeen & Alström 2001, Alström 
& Ödeen 2002, Voelker 2002) they are 
not very closely related to each other or 
to the western Yellow Wagtail complex. 
Much of the emotional resistance against 
the PSC among ornithologists and bird-
watchers surely stems from the fact that 
most of them cannot accept  the idea that 
all least-inclusive taxa are equal, and there-
fore dislike the idea of assigning the same 
rank to all least-inclusive taxa.

We favour concepts that give primacy to 
evolutionary history. We prefer the MSC 
over the PSC since the former accepts ar-
bitrary inclusiveness of taxa. However, in 
most cases we do not find it an impor-
tant issue whether a certain least-inclusive 
taxon is treated as a species or a subspecies. 

In our opinion, the main advantage of 
classifying all least-inclusive taxa as spe-
cies is that they receive more attention 
(which can be crucial for endangered taxa) 
and, importantly, that the risk of accept-
ing non-monophyletic species is reduced. 
In many evolutionary studies, it is crucial 
to deal with least-inclusive taxa rather 
than polytypic species, and we strongly 
advocate evolutionary biologists and bird-
watchers to make it a standard practice 
to report which least-inclusive taxon/taxa 
they have studied.
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Glossary

Allopatry (adj. allopatric): Two taxa are allopatric when they occur in 
separate geographical areas, at least during the breeding season. Disjunct al-
lopatry is the classic allopatry (opposite to sympatric), and means that taxa are 
completely separated geographically. Parapatry (adj. parapatric) describes the 
situation in which two ranges are contiguous without or with only a marginal 
overlap (in case of overlap, parapatric taxa are marginally sympatric, q.v.).
Clade: Synonymous with monophyletic group in a phylogenetic tree.
Lineage: “A single line of ancestry and descent”; “a population extended 
through time” (de Queiroz 1998).
Mitochondrial DNA: DNA coding for mitochondrial genes. Found in the 
cytoplasm of the cell (unlike nuclear DNA; q.v.).
Monophyly (adj. monophyletic): Having a single evolutionary ancestry; 
“a group whose parts [members] share a more recent common ancestry 
with each other than with parts [members] of other such groups” (Härlin 
1998). See Fig. 1.
Monotypic species: A species without any subspecies. Cf. Polytypic spe-
cies.
Nuclear DNA: The main DNA contained in the cell nucleus (unlike mito-
chondrial DNA [q.v.] which is in the cytoplasm).
Phylogeny (adj. phylogenetic): The evolutionary history of a taxon.
Polytypic species: A species divided into subspecies. Cf. Monotypic spe-
cies.
Reproductive isolating barriers: (1) External factors such as differences 
in voice, plumage or courtship behaviour that prevent mating, or (2) internal 
factors that prevent the formation of fertilised eggs or reduce fertility or 
viability in hybrids.
Sympatry (adj. sympatric): Two taxa are sympatric when they occur in 
the same geographic area (mainly used for breeding distributions). Opposite 
to allopatric (q.v.).
Taxon (plural taxa): Any formally established scientific name, at any level 
in the taxonomic hierarchy, for example, a species, subspecies or genus. A 
least-inclusive taxon is the ‘smallest’ named unit, that is, one which has not 
been further divided, hence either a monotypic species or a subspecies of a 
polytypic species. (According to ICZN 1999, a taxon need not have a formal 
name; it uses ‘nominal taxon’ for taxa with names.)
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