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ABSTRACT

Species definitions appear to have proliferated in the past 15 years; all aim to characterise
much the same biological entitics, but differ in how these entities are best viewed. The
Phylogenetic Species Concept is easiest to apply in practice. In the fossil record, species are
casiest to diagnose where there arc gaps, but applying empirically determined standard
parameters of variation gives additional clues where gaps are absent. The Composite Specics
Concept is the most logical where evolving lincages can be identified.
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INTRODUCTION

The ordering of the living world (taxonomy) has been regarded as an important task of
the life sciences ever since the birth of modern biology in the eighteenth century. The nested
ranks of classification introduced by Carl Linnaeus (1707-1778) - Species, Genus, Family,
Order, Class, Kingdom - have been enormously expanded since his day,-and since the
influential work of Charles Darwin (1809-1882) it has come to be appreciated that, in essence,
these ranks represent increasing time since shared common ancestry. It is probably true to say
that the majority of today’s practising taxonomists concur, if only in broad outline, with the
argument of Willi Hennig (1913-1976), that the very purpose of taxonomy should be to
represent phylogenetic history, so that a taxon represents an evolutionary lineage, and the
relative taxonomic separation of different organisms should make some kind of statement
about how long ago each evolutionary line became distinct; although Mayr and Ashlock (1991)
strenuously object to such a conception of taxonomy.

There has been much debate about whether extension of the phylogenetic concept of
taxonomy should extend to the species level. The latest reviewers, Crisp and Chandler (1996),
consider that this is desirable but, in practice, not possible. Yet no taxonomist seems to have
doubted that there actually is such a thing as this 'species level” it is the Linnaean baseline, the
bearer of the binomial, the lowest rank in the taxonomic hierarchy (except for subspecies,
which are by all accounts 'centric, not monothetic' [Nixon and Wheeler, 1990]).

What, then, is this thing called 'The Species', what does it represent, and why is it worth
fighting for? I will review the major definitions that have been offered over the years; I will
argue that there are detectably such things among the living fauna (and flora) and I will
consider how their presence might be detected in the fossil record.
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BIOLOGICAL SPECIES (Mayr, 1940)

Groups of actually or potentially interbreeding natural populations which are
reproductively isolated from other such groups.

It is curious that, until the coming of the Synthetic Theory of Evolution in the 1930s,
practising taxonomists all knew what they meant by 'species' but never seem to have said it in
so many words. G.S Miller (1934) came close to articulating this tacit agreement when he said
that he found no case of intermediacy among 72 specimens of Southeast Asian langurs: all
could be classified satisfactorily.

It was Mayr (1940), in his Biological Species Concept (BSC), who first promoted the
notion that species must be, in some sense, populations, and proposed that the reason why they
are recognisable by practising taxonomists is that, under natural conditions at least, they do not
interbreed, they are 'reproductively isolated'.

There has been much misunderstanding about this 'not interbreeding' business:

(1) Two species of zebras, Equus quagga (Plains Zebra) and E. zebra (Mountain Zebra)
coexist in northern Namibia and southern Angola and maintain their separate existence,
inferentially, they do not interbreed. Yet, when brought together in captivity and given no
choice in the matter, they do interbreed but their hybrids are not fertile (Gray, 1972). The
same is true for k. quagga and another species of zebra, £. grevyi (Grévy’s Zebra), coexisting
in northern Xenya.

(2) Leopards (Panthera pardus) and lions (P. leo) coexist over wide areas of Africa, and
also in Gujarat, India; leopards and tigers (P figris) coexist through much of South, Southeast
and East Asia; lions and tigers formerly coexisted from Iraq east into northern India (though
not today). Within these areas, each maintains or maintained its own separate existence, yet in
captivity hybridisation occurs between each of the three pairs, and female lion-tiger hybrids, at
least, are of proven fertility (Gray, 1972).

(3) Two species of baboons, Papio hamadryas and P. anubis, form a hybrid zone along
some 20km of the Awash River, Ethiopia. The hybrids are potentially fertile, although their
failure to conform to either of the (very distinctive) behavioural norms of the parent species
leads to them being relatively unsuccessful breeders. The two species appear to be adapted
respectively to xeric and more mesic environments, and the hybrid zone shifts back and forth
along the river according to the prevailing climate over the preceding dozen years or so. On
either side of this zone, baboons appear typical of their respective species (Phillips-Conroy ef
al, 1991).

Mayr (1963) discusses hybridization extensively, and makes it quite clear that he
regards taxa that are sympatric in the wild, whether or not they hybridise in captivity, as being
reproductively isolated, hence as good species. He is equivocal about such cases as (3) above,
regarding them as falling in a sort of arguable zone, in which the taxa in question interbreed but
there is no evidence that gene-flow occurs between them (see especially p.113fY).

What might be referred to as ‘offspring’ of the Biological Species concept are the
Recognition species concept (Paterson, 1982), which refocuses the interbreeding question, and
the Cohesion species concept (Templeton, 1989), which attempts to incorporate asexual
species in the same system  Templeton’s concept builds on Mayr’s, and extends it to
encompass asexual organisms. Paterson’s reverses the emphasis of Mayr’s definition from the
negative (isolation) to the positive (mate recognition), indeed he argues (see, for example,
Paterson, 1993) that the Mayrian concept ought to be known as the Isolation concept.
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EVOLUTIONARY SPECIES (Simpson, 1961)

A lineage evolving separately from others and with its own unitary evolutionary role
and tendencies.

Simpson’s Evolutionary Species concept expresses what, really, species are all about,
why species are an essential idea, and why the species is the lynchpin of the entire systematic
edifice. It says that there is a point, or, better still, a zone, beyond which a population sustains
itself from its own genetic resources. It is no longer receiving sufficient gene flow from other
populations to prevent its divergence along its own evolutionary pathway. It behaves as if it
were an individual (Ghiselin, 1974). Essentially, it adds the time dimension to Mayr’s
definition.

If Simpson’s definition encapsulates the nature of a species, it is absolutely impossible
to apply operationally. How would we tell?

One solution to this was proposed by Hennig (1966); a species is the zone between two
successive branching points in the fossil record, or subsequent to the latest branching point
(applicable to living species or to those which became extinct without issue). Nixon and
Wheeler (1990) designated this view the Internodal Species concept. It is obvious that in many
instances this would create a fiction: where a lineage splits, only one of the daughters (as in the
case of Founder Effect speciation) may undergo change, yet for Hennig the parent species has
automatically ceased to exist and two new species have come into being. We will return later
to palaeontologically based species concepts.

PHYLOGENETIC SPECIES (Cracraft, 1983)

The smallest group of organisms living at a particular time that is recognizable by a
unique set of properties shared by its members.

If the Evolutionary Species concept is impossible to apply operationally, the Biological
Species concept is at the very least problematic. Leaving aside such cases as that of the
baboon taxa (above), and of ring-species (where a interbreeds with b and b with ¢, but ¢ does
not interbreed with a), which one should expect in a dynamic world where evolution is a
reality, and accepting that some other criterion has to be adopted where asexual organisms are
concerned, we are still left with a vast corpus of allopatric taxa: would they interbreed if their
ranges met? The extrapolation that results is no more than a species is what a practising
taxonomist says is a species’.

To get around this problem, Cracraft (1983) proposed that we drop any reference to
interbreeding in the species definition. We have seen (above) that interbreeding, even in the
wild, does not necessarily result in gene flow, and this is the crux of the Simpsonian argument,
rather than interbreeding per se. Diagnosability is the closest we can generally get,
operationally, to assessing whether gene flow is occurring.

The Phylogenetic Species concept (PSC) has had enormous influence on taxonomic
thinking. For one thing, it is eminently practical and, for another, it is really what taxonomists
have been doing all the time (see Miller’s (1934) comment, above). Many specialists,
however, have been reluctant to go all the way; the consequences of doing so were well
illustrated in Cracraft’s (1992) own revision of the birds of paradise, in which 40-odd
previously recognised species were increased to 90. In Cracraft’s concept there are no such
things as subspecies, although in Nixon and Wheeler’s (1990) revision of the concept the
subspecies category is, to the relief of most taxonomists (especially this one), restored.
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COMPOSITE SPECIES (Kornet, 1993)

The set of all organisms belonging to an originator internodon, and all organisms
belonging 1o any of its descendant internodons, excluding further originator internodons and
their descendant internodons.

(Where an internodon is a part of the genealogical network contained between two
permanent splits, or between a permanent split and an extinction:

And an originator internodon is an internodon in which a character state achieves
fixation.)

Kornet’s new definition is to the PSC as Simpson’s is to the BSC; it adds the time
dimension. Like the PSC, it is readily applied in practice. It is a way of removing from the
Hennigian Internodal Species concept the ridiculous fiction that a parent species has ceased to
exist once it has given rise to a daughter species.

RECOGNISING SPECIES, ESPECIALLY IN THE FOSSIL RECORD
Do The Different Concepts Depict The Same Reality?

That there are so many competing species concepts is, at first sight, worrying. It is
legitimate to ask whether, in the final analysis, their proponents are talking about the same
entity. Closer scrutiny suggests that the different definitions are, to some extent, genuinely
focussing on different aspects of the same phenomenon. To restrict the argument to sexually
reproducing organisms: Mayr’s original BSC reminded us that the essence of species is that
they sustain themselves from their own genetic resources, Paterson’s Recogntion concept tells
us how they manage to do this, and Cracraft’s PSC tells us how to recognise them as a
consequence. Simpson’s concept gives the species a time depth; Kornet’s, like Cracraft’s, tells
us how to recognise species in the fossil record.

The lack of gene flow aspect flows through all these definitions; the problem is simply
to give this insight operational applicability. Cracraft (1992:3) made the crucial observation
that many attempts to apply the BSC to allopatric populations are in essence mere speculation
about 'the degree of reproductive isolation that might obtain if or when those populations were
ever to come into contact’. One cannot base an entire science on speculation. The working
taxonomist has little choice but to use the PSC. If two samples (read populations) maintain
their separate identities in sympatry, this is prima facie evidence for lack of gene flow and
hence for their separate species status; logically, two allopatric samples maintaining their
separate identity should be treated in exactly the same way.

In the fossil record, a single stratum is a time slice, not a moment in time, but is the
closest we can generally get to a biological instant. We have no option but to use the same
criteria to recognise fossil species as we do to recognise modern ones, with due
acknowledgement of the probability that we are underestimating taxonomic diversity (see
below). In those cases where nature has vouchsafed us a whole time series, we need the extra
dimension of phylogenetic polarity because this is the only evidence we can have of
monophyly, that is, that we really are dealing with an evolutionary lineage, and so we arrive at
the Composite Species Concept of Kornet (above).
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The Variability Criterion

With incomplete data, such as we get in the fossil record, we cannot always see two
populations 'maintaining their separate identity’, and so acting as species. So we must appeal
to our understanding of standard variability.

It is a commonplace observation that species vary, but not endlessly. Where metrical
data are concerned, one can measure variability by means of the Coefficient of Variation (CV).
Yablokov (1966) found that for most linear characters the CV within a species will not exceed
10%, while in a local population, 5% is more like the theoretical maximum (Groves, 1989).
For cubic measures, like cranial capacity, obviously, the limit will be greater. Theoretically,
one can take a fossil sample and measure its variability; if, for a given linear measurement, the
CV exceeds 5, it is plausible that two species are intermixed in it; if the CV exceeds 10, this
intermixing is probable.

Yet there are drawbacks to simply using CV. The most practical of these is that fossil
sample sizes tend to be small, so that a sample CV will be a poor estimate of the population
CV. Another problem is that the diagnostic characters of a species may not reside in the
anatomical parts which get preserved as fossils. Cope and Lacy (1992) (see also Cope, 1993)
took dental measurements of large samples of extant species of Cercopithecus, from which
they extracted random samples from single subspecies and also mixed samples of different
species. From these simulations, they derived probabilities of Type I and Type II errors. On
the whole, they concluded, one is more likely to underestimate than to overestimate species
diversity in the fossil record.

Plavcan (1993) performed simulations, and sought to differentiate species differences
from that other significant contributor to variability, sexual dimorphism. Importantly, he noted
that sexual dimorphism rarely produces non-overlapping metrical distributions, whereas
different species may (although there may still be two or more species in a given sample even if
there are no gaps in the distribution of a character). This is the PSC in operation; species are
diagnosably different.

I use the following protocol to determine that at least two species are present in the
hominin fossil record of East Africa around the Plio-Pleistocene boundary:

(1) Dental metrics. (a) From measurements of the postcanine dentition of hominins from
East African sites (mainly Koobi Fora and Olduvai) dating between 1.9 and 1.7 ma, using the
tables in Wood (1991), I calculated CVs, and compared them to those for living hominids. To
minimise any effects of evolutionary change over the 200,000 years represented among the
fossils, I divided them into two time slices: an earlier one (KBS Member at Koobi Fora, and
Olduvai Bed 1), and a later one (Okote Member, and Bed II). As Table 1 shows, every single
CV of the later time slice, and almost every one of the earlier, exceeds any CV of the living
samples. The CVs of Early Homo' sample by itself in many cases exceeds those of the living
samples.

Should we allow for some extra variability because each time slice represents a period,
not a moment in time? There is no way of knowing this, and no way of allowing for it except
at a very arbitrary level. At most, there may have been some oscillation in means (and with
them, of the normal curve), though no directed trends, because the same samples, with much
the same means, appear in both earlier and later slices.
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Table 1. Coefficients of variation for postcanine dentition of modern hominids and of samples of
Plio-Pleistocene fossil hominids: KBS - all specimens from between 1.9 and 1.8ma (Koobi Fora, KBS Member,
and Olduvai Bed I); Okote - all specimens from between 1.8 and 1.7ma (Koobi Iora, Okote Member, and
Olduvai, Lower Bed 1I); Early Homo - all specimens referred to Homo, of whatever specimens, from Plio-

Pleistocene of East Africa.

Homo sapiens* Pan Pongo Gorilla KBS Okote Early
Am.white  Amblack  froglodytes  pygmaeus  gorilla Homo

PPm-d 93 30 406 15 o064 26 7.4 22 7.0 40 9.6 11 7.2 13
b-1 85 30 54 15 52 24 7.5 22 70 40 119 10 9.4 13
P'm-d 46 11 65 10 42 26 107 22 61 40 12.4 8 7.9 12
b-1 9.2 12 6.1 9 35 24 82 22 63 39 150 7 7.8 12
M'md 7.2 16 122 9 53 26 6.8 22 61 40 63 8 5.7 19
bl 3.9 16 84 9 46 23 63 22 62 40 126 9 6.3 19
M’m-d 6.1 9 8.5 19 6.1 26 92 22 73 40 13.0 9 9.5 11
b-1 9.7 9 5.5 19 50 24 73 22 64 40 146 9 6.5 12
Mm-d 117 23 126 18 63 21 132 22 83 40 158 5 9.6 15
b-1 1.7 23 108 18 74 20 7.4 22 77 40 206 5 84 15
Pym-d 5.5 18 80 9 406 26 127 15 100 40 94 5 140 7 14.0 12
b-1 43 18 82 9 84 26 9.2 15 114 40 286 5 180 6 9.1 12
Pim-d 76 10 9.2 8 069 26 107 19 67 40 152 11 253 8 11.7 14
b-l 68 10 6.0 8 52 26 109 19 75 40 163 11 228 7 95 14
Miym-d 89 10 6.1 19 54 26 5.9 22 48 40 77 12 11.8 8 78 16
b-l1 59 10 52 19 55 26 6.6 22 55 40 138 12 13.2 10 5.1 15
Mym-d 3.2 13 74 17 54 26 8.2 22 65 40 106 13 174 7 8.1 16
b-l1 45 13 82 17 6.0 26 8.0 22 70 40 13.0 10 184 7 75 16
Mim-d 8.1 22 638 17 6.0 25 100 22 80 40 111 12 192 9 738 14
b-1 87 21 6.0 17 5.5 25 8.7 2275 40 12.8 11 155 11 56 13

Source: Homo sapiens (Moss et al, 1967)
Pan troglodytes, Pongo pygmaeus, Gorilla gorilla (Martin, 1983)
Fossil samples (Wood, 1991)

*A commentator on an earlier draft of this paper noted that there are two different populations of one of
the control species, namely flomo sapiens, in Table 1, and has suggested that some readers might query the
relevance of taking them separately: after all American blacks and whites are not two different species. The
point is that, whether it is a fossil site or a modern locale, sympatry applies between particular populations of
the given species, and one should use samples from as restricted an area as is feasible, not from the entire
geographic range of a species. Subspecies are not some sort of compromise solution to a casc of high
variability, by definition, they are geographic segments of a specics, and at any onc site there can be only one
subspecies per species.

Black and white Americans arc not, of course, subspecies, being sympatric; they are former subspecics
that are in process of fusion but still exhibiting partial separation as populations. But they are of separate
geographic origin and so stand proxy for subspecies in the present case. For gorillas, only members of G.
gorilla gorilla (Western Lowland gorilla) arc used and even this is, no doubt, drawing the population 0o
widely. For chimpanzees and orang utans, the comparative samples were species wide, giving in turn a CV
that is probably unduly high.

(b) I then plotted the measurements, tooth by tooth. Here, the third lower molar
metrics are used as an example: mesiodistal diameter on the abscissa, buccolingual on the
ordinate. The largest available modern sample where individual measuresments are given
(Pongo pygmaeus: Hooijer, 1948; n=35) ranges over 7mm in the mesiodistal dimension and
6mm in the buccolingual dimension. As both Bornean and Sumatran races are present, this
spread is somewhat larger than we might expect in a single population (see Table 2). The fossil
sample from the earlier time slice (n=13) ranges over 6mm mesiodistal and 6.5 buccolingual;






