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SPECIES CONCEPTS
Woody Cotterill

Introduction and Scope of this Summary

Since this Species Concepts presentation in October, | have attempted to distill afew key ideas of
what was enthusiagtically debated and presented, and incorporated more detail that time precluded
being said then. Aswith the evolution of lineages, time has not stood till since the afternoon these
ideas about species were discussed. The stance is even more partisan. As my argument on the
species debate has consolidated even more so on the Evolutionary Species Concept (ESC); and |
have not shied away from these developmentsin these few pages. | have not followed the flow of
the seminar precisdy, but rather tried to present asummary and overview of the species problem,
the solutions, and the way forward. Obvioudy, much more remains to be discussed, and refined! In
particular, there is no subgtitute for reading the key literature, of which there' sindeed a greeat dedl.
Kluge (1990), Frost et al. (1992) are key and illuminating summaries that one benefits from reading
closdy, and then reading again and again. Above dl, nothing beats applying species theory to red
specimens and populations.

This seminar tackled a very broad topic covering many complicated issues; in which the source of
their understanding lies largely in the redlm of metgphysics. The importance of the “ Species
Problem” has been repeatedly raised both informaly and formaly within BFA. Attention to the
multifaceted issues as to what the species category is, and how species are characterized has waxed
and waned for decades. The temperature of the debate is currently a an apex; for the arguments
have increased in content and thus scope (and volume too!) since the mid 1980s. The audience and
contributors has grown and diversified to include many new protagoniss. Thisis for the following
Mgjor reasons.

1. Philosophy of Science and Philosophy of Biology. The spread of an historica philosophy
through biology. This began in the 1960s in biogeography, and especidly in the development of
phylogenetic systematics - using the methodologies and philosophies of cladistics, inaugurated by
German entomologist, Willi Hennig (see below). The species problem isatopica issuein the
philosophy of science, feeding a cottage industry of debates. An important aspect and pardld
development has been dissatisfaction with the Neo-Darwinian synthesis, which is centred on the
BSC (Biologicd Species Concept) as the multidisciplinary definition of the gpecies category;

2. BSC and the Neo-Darwinian Synthesis of Evolutionary Biology. Criticiams of the Neo-
Dawinian synthesis of evolutionary biology have been many and diverse. An important axiom of the
synthesis has been its gpparent dependence on the Biologica Species Concept (BSC)

which emphasizes that species are reproductive communities. This idea dovetailed rather nicely with
the theories and practices of population genetics and classicad community ecology. So much so that
Brooks & McLennan (1999) distinguish the heyday of this period (1960s to 1970s) as forming an
‘eclipse of higtory’ from biology. The idea that species might have atime dimension (as lineages



namely) did not get much attention, if any. So certain very useful ideas about species proposed by
evolutionary biologists soon after World War 11, notably G. G. Smpson, have had to await wider
gopreciation only in the 1990s.

Dissatisfaction with the BSC has been widespread and growing since the early 1980s. The BSC
was never popular with botanists and microbiologigs. It seems that something resembling a
morpho-species concept has persisted and persists in the latter disciplines since the 19 century.
One should not forget that Mayr and Dobzhansky and colleagues pushed biologica understanding
forward agreat ded. Notably, the Synthesisfindly grappled with typologicd thinking that can be
traced back to the Ancient Greeks. The forgers of the Synthesis recognized that populations vary;
and population-thinking spread through and structured taxonomic theory. This rediscovery of what
Mayr came to term popul ation-thinking vindicated Darwin’s philosophy nearly a century after the
Origin of Species was published.

3. The* Cladistics Wars” in Systematics. By the end of the 1970s, the school of cladistics
(phylogenetic systematics) had won out over that of phenetics, as the superior scientific
methodology to classfy biodiversty. The ided of the phenetists had been to classfy organisms using
comparisons of their overal smilarity. Cladidtics, founded by German entomologist Willi Hennig,
argues that classfications mugt reflect true phylogeny. The third school, evolutionary taxonomy,
took amore ambivaent view being a mixture of phenetics and phylogenetic gpproximation
(apparently). Each of these different philosophies have coined their own species concepts. As
detailed below, the Phylogenetic Species Concepts (PSC) are adirect result of tree-thinking
(sensu O'Hara 1997 - the term for the philasophy underpinning phylogenetic systematics).
Criticisms of the synthesis have dovetailed with the spread of an historica philosophy through
biology. Its most pertinent aspect has seen the advocation and adoption of ideas emphasizing the
tempord dimension of the lineages that form species. In hindsight, and as detailed below, the
Evolutionary Species Concept (ESC) introduced by palasontologist G. G. Simpson in the mid 20"
century was proposed decades before a critical mass of biologists acknowledged that history
matters avery great ded in biology. Brooks & McLennan (1999) term this period that saw (and in
fact is seeing) cladigtics and tree-thinking spread through systematics as “ Eclipse of the Eclipse’ -
bresking down the hegemony in which the NeoDarwinian Synthess fathered an “ Eclipse of Higtory”
in biology.

4. Biodiversity Crisis. Concern over species extinctions has injected an urgency and wider
gopreciaion by society of the importance of systematics and taxonomy. Conservation biology has
come to realise how critica sound taxonomy isto far reaching decisons over the future of biota
Biologigts have to know what they are working with; and this especialy gppliesto biodiversity
prospectors and biotechnologists - if they want to know where exactly they discovered that new
biocontrol agent or wonder drug. It especially matters what species concept we use to identify such
organisms. Not only billions of dollars are potentialy at stake but humans' futures. As Cracraft
(2000) has emphasized, the exigencies on accurate and precise taxonomies of organismal
biodiversty have never been greater.



5. A Unified Nomenclature for Linnaean Taxonomy. The burgeoning attention to biodiversity
(extending across the three Domains of Life) has brought unprecedented demands for a unified
codes of taxonomic nomenclature. Up to now, botany, microbiology and zoology have named
species and higher taxa independently according to the own rules and quirks of their respective
codes. Since the 1980s, there have been cdls to unify these three codes of taxonomic nomenclature
(Hawkesworth 1994). While welcomed as alogica step forward to a unified biology, it has dso
generated great angst in some quarters of biology. A unified code will obvioudy hinge on a universd
concept of the species category. We need a species concept that accounts precisaly and accurately
for the organismd diversity across dl three Domains - vertebrates, plants, microbes, dl of the
invertebrates, and fossils too.

6. Phylocode. A development even more radical than that of a unified taxonomic nomenclatureis
grounded in dissatisfaction with deficiencies of the Linnaean system of taxonomy in characterizing
biodiversty accurately; there have been recommendations for its complete replacement (De
Queiroz & Gautier 1994; Ereshefsky, 2001; Pennid, 2001). The deficiencies of the Linnaean
system are more serious than many redlize, and the system has been patched and stretched asto be
unrecognizable from theided Linnaean system that its protagonists believe they are defending.
There are recent and credible suggestions in the form of a Phylocode to provide a phylogenetic
taxonomy that maps phylogenetic patterns accurately with respective unique phyla (Cantino et al.
1999). The battle lines have been drawn in this debate, whose underlying am is for an optimal
replacement for the Linnaean system. Here again, a universal species concept is a prerequidte for
the Phylocode.

Philosophical Foundations

Species areindividuas, not classes. This means that an organism isapart and not amember of a
species. This metgphysica foundation of the species category leads to some interesting and
perplexing caveets. Notably, the identity of a Species lineage perssts even though thereis a turnover
or flux of organisms through time; and episodes of hybridization Smilarly do not dter itsidentity. An
organism isamore familiar example of an individud. An organism, such as any dung beetle (cdl him
Horace) maintains his identity from the formation of the zygote to adulthood. Horace looks very
different through his life history, as egg, grub, and adult. The key to the persstence of Horace's
individudity are the unbroken cell lineages through the insect’ s life. Likewise, a Species perssts
because its populationa lineage does. Y es, history redly mattersin biology.

Species comprise lineages that have formed from the more-making activities of congtituent
organisms. Andogoudy to an organism, each lineage has alife history; such that cell lineagesin an
organism are andogous to the populationd lineages (comprised of organisms) that make up species.
A species originates as a neospecies: budding off from an ancestral lineage and either goes extinct
or perssts. Only diagrammatic renditions of these and related ideas can describe these properties of
the species category adequately (see Harrison 1998; De Queiroz 1998, 1999). Some people might
term a neospecies (or budding lineage) a subspecies, or incipient species. The most ardent
proponent of the subspecies concept, Ernst Mayr (1982 - see Frost et al. 1992), admits that
subspecies are merdy a means of sorting museum specimens in sorage. The subspecies concept



has aso regppeared in the guise of the phylogroup (Avise & Woallenberg 1997), but the same
problems, and more, gpply to this typological concept (Klicka, & Zink. 1999).

Mogt darmingly, infatuations with notions of incipient evolution and progpective reproductive
isolation runs counter to the fundamenta goa of systematics, namely to discover and describe
patterns of evolutionary history. The resultant taxonomies are maps or descriptions of these
elucidated patterns. Attempting to predict the future properties of living entities liesin the redlm of
adrology etc. Inthisvein, it is noteworthy to recall that the BSC purported ability to predict
reproductive isolation is maintained asits key scientific strength! In asmilar vein, little, if | recal
correctly, was said about subspecies during the seminar. Well, until someone comes up with a
scientific definition of the concept, the subspecies concept will continue to be abused and ridiculed.
Frost et al. (1992) neatly disposed of any scientific credibility of the subspecies concept. | am
amazed that some taxonomigts sill employ it.

Species cannot be defined, but their existence can be discovered - evidence permitting. Again, this
digtinction is critical and prescribes how biologists can operate in characterizing species. The reason
for it liesin the higtorically derived properties of species and monophyletic phyla being individuas.
(Thisaxiom was revisted severd times during the seminar, notably in response to questions from
AG and JT.) It isno mere affair of semantics. Elucidation of red species requires ataxonomist use
al the evidence he or she has to hand. This can be genetic, behaviourd, coevolutionary deta (e.g.
mutuaisms and specific parasites) to compare whether or not sampled popul ations represent one or
more Species.

“All true classfication is genedlogicd; that community of descent is the hidden bond which
naturaists have been unconscioudy seeking, and not some unknown plan of cregtion, or
enunciation of genera propositions, and the mere putting together and separating of objects
more or lessdike’ (Darwin, 1859:420)

The Consilient Solution to the Species Debate

The answer to what is long-agonized-over problem “What is the universal concept of the species
category?’, | term the “Conglient Solution”. The Conslient Solution not only provides biology with
auniversal species concept, but even more importantly empowers biologists to discover and
characterize species. The ‘condlient’ label refers to how the same solution as been converged on
from different starting points through independent processes of discovery about the properties of the
Species category and species. These solutions are not only complementary but mutudly reinforcing
(Cotterill in press ab). Perhgps even more sgnificantly, severd of these papers have tackled very
different parts of biodiversity (nematodes and vertebrates, for example). The essence of the
Conslient Solution to the species problem distinguishes and agrees on the following points:

1. Species, whether comprised of asexud or sexua organisms, are segments of populationd
lineages, whose existence forms a trgectory through space and time;

2. There are theoretical (primary or non-operational) and operationa (secondary or
practicable) species concepts, This point gppears to have been first emphasized by Mayr
(1957) and then ignored (especidly by Mayr himself) until resurrected by Mayden (1997);



3. Only one species concept comes anywhere near gpproximeating dl the hetereogeneous
properties of the species category. Thisis Smpson’s (1951) Evolutionary Species Concept
(ESC) - amended by Wiley (1978).

4, All other species concepts are secondary to the ESC, and we can employ them to evauate
lineages, and so discover evolutionary species. The methodology is to test whether or not
two or more extant populations represent a single populaiond lineage;

5. The theoretica supremacy of the ESC has been condliently arrived a by severd authors:
including Brothers (1985), Brooks & McLennan (1991, 2000 in press), Frost & Kluge
(1994), Wiley & Mayden (1995), Mayden (1997), Adams (1998), and Wiley & Mayden
(2000). The recognition that species are lineages has been formdized by De Queiroz (1998,
1999), and his conclusions mirror those of Mayden (1997);

6. In fact, De Queiroz (1998, 1999) went further by emphasizing that operationa species
concepts are better termed species criteria, as each has a complementary function in
distinguishing between different properties of lineages. For example, the PSC picks out
divergence; the RSC (Recognition Species Criteria) coheson; and the Genedlogica Species
Concept (GSC) (Avise & Bdl, 1990) genetic coa escence.

Use of the ESC is spreading in herpetology and ichthyology. It has penetrated ornithologica
taxonomy more successfully than many would believe. Contemplation of the well known arguments
over the PSC versus BSC (e.g. Zink 1996) reved that what is a stake is anon historical versus
historicd philosophy of biology, and the avian species characterized by the PSC are actudly
evolutionary species. R. M. Zink (in litt.) recently admitted as such...“that the PSC isthe
operationd andogue of the ESC”. All these“new” phylogenetic species of birds are merely
evolutionary specied

On adifferent tack, the ESC is equaly gpplicable to asexua populations. In addition, the Ecologica
Species Concept (ECSC, Van Vden 1976) can identify discrete lineages that have persisted
through ecological selective pressures (Ereshefsky 2001).

It isinteresting that mammalogy is one of the last bagtions of the BSC, where it seems that the trend
has been to try and ignore the debate and hitoricaly grounded revolution in microtaxonomy that
began in herpetology and ornithology in the 19808 The forthcoming 3 edition of Mammal's of the
World is adopting “amore phylogenetic viewpoint” (D. E. Wilson pers. comm.), and a draft of the
chapter on Chiroptera now recognizes an additional 110+ species to those acknowledged to exist
(using the BSC) by Karl Koopman in 1993. Groves (2001) aso acknowledged that the PSC isthe
operationa anadogue of the ESC, but remarkably perssted to employ trinomias for arevison of the
world' s extant primates! The ESC (with PSC and RSC as operationd criteria) has proved essentid
to decipher the real species diversity of Afrotropical bovids and bats (Cotterill 2001a,b; 2002, in
press ab). So it gppears that expurgation of the BSC from mamméian taxonomy has begun. The
most pogitive atribute of this revolution is the replacement of a non-historically based taxonomy
with that grounded intrindcdly in the philosophies and methods of historica biology.

Compared againgt the ontologica scope of the ESC, other species concepts fail to accommodate
the species category in dl its entirely; and some of these are of little usein any secondary rolein



helping ataxonomist discover and characterize a species. Ther falures hinge on being unable to
conceptudize higtoricaly derived properties of lineages. It may strike many biologists as remarkable
news that one notorious fallure isthe BSC. Being prospective, it does not consider any historica
aspect of lineages, and any test it purportedly enables of reproductive isolation are far more ably
conceptuaized and framed by the RSC (better employed as the Recognition Species Criterion, or
Cohesion Criterion). The latter frames comparisons of characters of organisms to evaluate whether
alineage has evolved a distinct SVIRS. Contrary to what many authors (e.g. Mayden 1997,
Ereshefsky 2001) have concluded, the RSC differs fundamentaly from the BSC. The BSC is
prospective; the RSC is retrospective. An SMRS and with it reproductive isolaion are historicaly
derived products - incidental products of evolution for successful syngamy in sexualy reproducing
organisms.

"Rather than getting over the species problem, we need to get over the inclination to
obliterate history by changing the names of historica entities whenever reticulation or, asis
more often the case, limited exchange or donation of parts has been detected or inferred.”
(Zink & McKitrick 1995: 711)

Practical Examples

Two examples were used to try and interface this theoretica stance with red biodiversty. Both
used recent research on African bats and bovids. A CVA - Canonica Variates Analysis (or
Discriminant Function Andyss) for Damaliscus (tsessebes) specimens plotted the results of
andyssof 12 variablesintermsof 2 CVA’s (Cotterill in press a). The point of this example was
contrary to the time-honoured phenetic anadlyss of overdl smilarity. Rather, the use of these
multivariate statistical methodsisto test whether or not these populations of antelopes are
sgnificantly different. The discovery that they do indeed differ, suggests beyond reasonable doubt
that we are dealing with two divergent lineages. In clear-cut cases, one character may be sufficient
to distinguish two divergent populationd lineages. This methodology is bascdly employing the
rationae of the PSC to discover species. Here, the PSC has discerned an evolutionary species, in
this case the Bangweulu Tsessebe, in terms of its dichopatry (see Cracraft, 1984) and
morphologica distinctiveness (Cotterill, in press a).

Species Conceptsand Errorsin Classfication

Typel, I1, and lIl errors. | am not going to try and summarize and explain the attached figures, as
they are based on detailed discussion by Adams (1998), who provides afar better argument than |
fed capable of mustering. The explication and avoidance of these errors places a priority on
accurate and precise taxonomies. Here again, one's choice of species concept is critica. Note how
the supergpecies concept (a massaging of the BSC - which has been very popular with many
vertebrate taxonomists) fails miserably to correctly classfy these duikers. Incidently, a phylogeny for
selected Cephal ophus was published a couple of months back (by Jansen Van Vuuren & Robinson
2001) and came to my atention only after presenting this seminar.

Here, precision (degree of detail) pertains to whether the red species are characterized; while
accuracy (correctness) refers to whether or not one classifies species correctly with respect to their
evolutionary relaionships, and thus phylogenetic uniqueness. The scientific costs of errorsin



characterizing species centre on describing too many or too few (Type | and |1 errors, respectivey).
A now entrenched criticism of the BSC is that it misses species, and invariably lumps lineages into
non historical groups (see Frost et al. 1992; Zink & McKitrick 1995 among others). Incorrect
taxonomies aso arise through inaccurate constructs (and depictions) of phylogenetic uniqueness.
Type lll errors &flict many taxonomies, especidly of vertebrates. Mammaogy isrife with these
problems, as depicted in lumping Hook’ s Duiker (Cephal ophus hooki) as a subspecies of the
Black-fronted Duiker (C. nigrifrons). These falures to characterize phylogenetic uniqueness
precisely are indgdious in being harder to detect. Here, | use accuracy to denote characterization of
the actua number of species that have evolved in aclade; while precision refers to whether or not
one classfiesthem correctly. An example of a Type I error is the failure of the superspecies
concept to discern the phylogenetic uniqueness of the duikersin theillustrated example. Note how
Peters Duiker, Cephalophus callipyrus, was erroneoudy lumped into a superspecies dongside a
auite of red duikers. Contrary to popular belief, the superspecies concept (whether trying to employ
the vague concepts of semigpecies, alospecies, or megasubspecies) does not overcome
inadequacies of the BSC. In fact, it is compounds inaccuracies, because it confers afa se sense of
“taxonomic security”.

So to emphasize, it is not sufficient to just avoid Type | and Il errors, such that you diagnose the
correct number of species. A correct phylogeny, therefore avoiding a Type ll1 error, is equally
critical. So the point to remember is that phylogenetic uniqueness redlly does métter, and only one
gpecies concept (the ESC), among the many suggested, comes anywhere near coping with temporal
dimensions of species lineages. Only the ESC comes anywhere near characterizing the red diversity
of the duikers depicted in Fig 4a

Uncertaintiesand Conclusions

The more | have read and interacted with working biologists, the more convinced | have become
that the most commonly used species concept employed routinely in biology (on aday to day basis)
is some variant of an idea of a morpho-species. Too few consider the theoretical underpinnings and
gods of what taxonomy istrying to classfy; and equdly fail to appreciate how the historicaly
properties of organisma biodiversity constrain the options for species characterization.

Debates over what species are, and how biologists go about characterizing them seem st to rage
on and on. My persond conclusion isthat little new has been added to the philosophicad and
theoretical aspects of the debate since the early 1990s, abeit earlier ideas have been refined and
interfaced. This rehashing of decades-old ideas, and especidly progressin their refinement and
consolidation, has been masked by considerable hyperbole and woolly thinking about the ontology
of biodiverdaty and episemology of biology. Latterly, the Condlient Solution has reveded that we
actually have had a universal species concept since the mid 20" century. It is only very recently that
our understanding of the ESC has been refined sufficiently so we can now use it practicably. It isfar
more challenging and important to get on with the practica issues of charting the biosphere. The
centra theoretical and operationd problems about species characterization have been solved over
the past decade; biologists now need to get to grips with biodiversity and actualy describe alot
more species. Only then can theory be tested with real data. Perhaps, we might then have to face
up to the problems that redlly are no evolutionary species of microbes, dime molds and protozoa



Beyond the species debate, there is afar more disquieting and chalenging problem for comparative
biology. Thisisthe demands to define and objectively articulate what characters are. An important
aspect of the character debate dates back at least to arguments about the concept of homology in
the early 19" century, if not earlier. In part, cladistics smoothed brows furrowed from trying to
undergtand the concept of homology (and adso homoplasy); now the problem has swung back with
avengeance in developmenta biology, with agoniesin trying to understand and refine the character
concept, and a swelling debate over the ideas of homologous genes, biochemicas, and subcdl lular
gructures. Very rapid progressin genomics and molecular biology catalyse this debate, and have
injected thornier problemsinto the sphere of consderation. The idea of the character is centrd to
what and how comparative biologists compare and understand parts of organisms, and isintegra to
the study of their form and function. Characters are the currency of taxonomy, and the study of
organisma biodiversity (Wagner, 2001). Elucidation of the “Character problem” islikely to
influence how we go about phylogenetic systematics and species discovery more and more in the
years ahead.
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