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SPECIES CONCEPTS:

The Essentialist Species: A species is characterized by an unchanging essence. Species are defined as groups of similar
individuals that are different from
individuals belonging to other species.

The Nominalist Species: Only individual organisms exist, and the species is a man-made construct; all that
classes of similar things share is a nhame. Darwin seemed to have believed this

Biological Species Concept: A species is a group of individuals fully fertile inter se, But, barred from interbreeding with other similar
groups by its physiological properties (producing incompatibility of parents, or sterility of the hybrids, or both). (Dobzhansky 1935).

Species are groups of actually or potentially interbreeding natural populations that are reproductively isolated from other such groups.
(Mayr 1942).

Evolutionary Species Concept: A species is a single lineage (an ancestral-descendent sequence) of populations or organisms that
maintains its identity from other such lineage, and which has its own evolutionary tendencies and historical fate. (Wiley 1978)

Phylogenetic Species Concept: A phylogenetic species is an irreducible (basal) cluster of organisms that is diagnosably distinct
from other such clusters, and within which there is a parental pattern of ancestry and descent. (Cracraft 1989).

A species is the smallest monophyletic group of common ancestry. (de Queiroz and Donoghue 1990).

Recognition Species Concept: A species is the most inclusive population of individual biparental organisms that share a common
fertilization system. (Paterson 1985).

Cohesion Species Concept: A species is the most inclusive population of individuals having the potential for phenotypic cohesion
through intrinsic cohesian mechanisms. (Templeton 1989).

Ecological Species Concept: A species is a lineage (or a closely related set of lineages) that occupies an adaptive zone minimally
different from that of any other lineage in its range and which evolces separatedly from all lineages outside its range. (Van Valen
1976).

Internodal Species Concept: Individual organisms are conspecific by virtue of their common membership in a part of the
genealogical network between two permanent splitting events or between a permanent split and an extincetion event. (Kornet 1993)
Note: These concepts are not necessarily mutually exclusive.



Species | where Is the problem?

Ernst Mayr (*1904 in Kempten, *2005 in Cambridge)
Ph.D. 1926 - age 23! from the University of Berlin

Mayr and Th. Dobzhansky the biological species concept in 1938

1) Sympatric species are distinct

2) Geographically separate populations
maintain their cohesion.




Table 17.1 Some species concepts

Biological species concept Species are groups of actually or potentially interbreeding nat-
ural populations that are reproductively isolated from other such groups (Mayr 1942).

Evolutionary species concept A species is a single lineage (an ancestor—-descendant
sequence) of populations or organisms that maintains an identity separate from other such
lineages and which has its own evolutionary tendencies and historical fate (Wiley 1978).

Phylogenetic species concepts (1) A phylogenetic species is an irreducible (basal) cluster
of organisms that is diagnosably distinct from other such clusters, and within which there
is a parental pattern of ancestry and descent (Cracraft 1989). (2) A species is the smallest
monophyletic group of common ancestry (de Queiroz and Donoghue 1990).

Genealogical species concept Species are “exclusive” groups of organisms, where an
exclusive group is one whose members are all more closely related to one another than to
any organism outside the group (Baum and Shaw 1995).

Recognition species concept A species is the most inclusive population of individual
biparental organisms that share a common fertilization system (Paterson 1985).

Cohesion species concept A species is the most inclusive population of individuals
having the potential for phenotypic cohesion through intrinsic cohesion mechanisms
(Templeton 1989).
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Species through time (Evolutionary Species Concept)
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Evolutionary species and chronospecies

Morphology

Morphology

Futuyma (1998)




Examples of ways in which
different species might be
diagnosed by different
species concepts

Species trees are not the
same as gene trees!!!




The transition from genetic polyphyly to paraphyly to monophyly in speciation
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Die Entstehung neuer Arten: -
Darwins Geheimnis der Geheimnisse

Was sagt der Darwin des 20. Jahrhunderts dazu?




Quick history of thought on the nature of species and speciati

The biological species concept

Theodosius Dobzhansky (1900-1975) Ernst Mayr (1904-2005)

Born in 1904 in Kempten, Germany




Quick tour on the history of thoughts on speciation

The biological species concept

Mayr’s opinion on species and speciation:

» Species are special and real. They differ qualitatively from
varieties (subspecies, morphs) or higher taxonomic units.

= Speciation is difficult and mostly happens in allopatry
(passively, through accumulation of mutations).

» Species are reproductively isolated (biological species
concept - BSC).

» Species form as by-products, often without natural selection.
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THE ORIGIN OF SPECIES
BY MEANS OF NATURAL SELECTION,
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By CHARLES DARWIN, M.A,,
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Die Entstehung neuer Arten:
Darwins Geheimnis der Geheimnisse

Darwin's opening paragraph in The Origin of Species

"When on board H.M.S. Beagle as naturalist, | was much struck
with certain facts in the distribution of the organic beings
inhabiting South America, and in the geological relations of the
present to the past inhabitants of that continent. These facts, as
will be seen in the latter chapters of this volume, seemed to
throw some light on the origin of species - that mystery of
mysteries, as it has been called by one of our greatest
philosophers. On my return home, it occurred to me, in 1837,
that something might perhaps be made out on this question by
patiently accumulating and reflecting on all sorts of facts which
could possibly have any bearing on it. After five years' work |
allowed myself to speculate on the subject, and drew up some
short notes; these | enlarged in 1844 into a sketch of the
conclusions, which then seemed to me probable: from that
period to the present day | have steadily pursued the same
object. | hope that | may be excused for entering on these
personal details, as | give them to show that | have not been
hasty in coming to a decision.”
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Darwin Uber Artbildung
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The Origin of Species

Darwin bezeichnet Arten anlas&keal vy amii ehjt =
die durch divergente Selektion hervorgebracht werden und die die besten
Chancen zu lberleben hatten. Sein Fokus war diversifizierende (disruptive)
Selektion er glaubte, dass Artbildung auch ohne geographische Isolation
maoalich ist.




Ernst Mayrs Meinung zu Arten und Artbildung seit etwa 1942

A Darwin verstand/erklarte Artbil d

A Arten sind obesonderso und real
von "varieties" (Unterarten, Morphen) oder h6heren taxonomischen

Einheiten (wie beispielsweise der Gattung oder der Familie)

A Artbil dung passiert meistens nuein Allgpatrien d
(quasi passiyv, allein durch die Akkumulation von Mutationen)

A Arten sind fireproductiv i-880)i ert

A Arten entstehen als fiBeiprodukt o




Evolution of the concept of the biological speci
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"variety" = any form below speciesndividual sports, local polymorphisms and geographic races
Geographic & other forms often regarded as speeietergradations : Darwiniansevidence for stages in speciation
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Then it was suddenly realized by the more progressive systematists that those species between which they had f

intergradation were their own creations, and not biological units" (Mayr, 1942:111143.



Ernst Mayr
(1904-2005)
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Evolution of the concept of the biological speci
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Species are real

and reflect groups of actually or potentially interbreeding organisms

SPECIATION "We ...
@e®  reproducing organisms..."
a0

conclude that species are indeed discrete in sexually

"Most biologists agree that species are real in a way that
supraspecific taxg including ranks like genera and familgare not"




G{ LISOASE NBE YSNBEf &
or local forms which, when in.contact, do not
intermix, and when inhabiting distinct areas arg
generally regarded to have had a separate orig
and to be incapable of producing a fertile hybrid

offspring® & 6.2 FEE I OS85 My cp O 7 EP
3 ‘

On the phenomena of variation and
geographical distribution as illustratec
by the Papilionidae of the Malayan
region. (1865)

Trans. Linn. Soc. Lond. 25711



(Alfred Russel Wallace) Edward Poulton (1904)
iIn "What is a species?"Relations of populations

Today

(Mayr et al. since 1940)

Syndiagnostic

"Morphological" species concept
e.g. Darwin's concept

Syngamic (vs. Asyngamic)

Biological / Mate Recognition concepts
= reproductive compatibility, vs. Reproductive
Isolation

Synepigonic
(descent, or breeding from ancestors in
common)

Phylogenetic species concept(s)

Sympatric (vs. Asympatric)

Sympatric vs. Allopatric( Mayr coi ned
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Evolution of the concept of the biological speci



Evolution of the concept of the biological speci
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Evolution of the concept of the biological speci
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Table 17.1 Some species concepts

Biological species concept Species are groups of actually or potentially interbreeding nat-
ural populations that are reproductively isolated from other such groups (Mayr 1942).

Evolutionary species concept A species is a single lineage (an ancestor—-descendant
sequence) of populations or organisms that maintains an identity separate from other such
lineages and which has its own evolutionary tendencies and historical fate (Wiley 1978).

Phylogenetic species concepts (1) A phylogenetic species is an irreducible (basal) cluster
of organisms that is diagnosably distinct from other such clusters, and within which there
is a parental pattern of ancestry and descent (Cracraft 1989). (2) A species is the smallest
monophyletic group of common ancestry (de Queiroz and Donoghue 1990).

Genealogical species concept Species are “exclusive” groups of organisms, where an
exclusive group is one whose members are all more closely related to one another than to
any organism outside the group (Baum and Shaw 1995).

Recognition species concept A species is the most inclusive population of individual
biparental organisms that share a common fertilization system (Paterson 1985).

Cohesion species concept A species is the most inclusive population of individuals
having the potential for phenotypic cohesion through intrinsic cohesion mechanisms
(Templeton 1989).




TABLE 15.2 A classification of isolating barriers (Part 1)

I. Premating barriers: Features that impede transfer of gametes to members of
other species

A.Ecological isolation: Potential mates (although sympatric) do not meet

1. Temporal isolation (populations breed at different seasons or times
of day)

2. Habitat isolation (populations have propensities to breed in different
habitats in the same general area, and so are spatially segregated)

B. Potential mates meet but do not mate

1. Behavioral (sexual or ethological) isolation (in animals, differences
prevent populations from mating)

2. Pollinator isolation (in plants, populations transfer pollen by different
animal species or on different body parts of a single pollinator; may
also be classified as ecological isolation)

Source: After Coyne and Orr 2004.



TABLE 15.2 A classification of isolating barriers (Part 2)

II. Postmating, prezygotic barriers: Mating or gamete transfer occurs, but zygotes
are not formed

A. Mechanical isolation (copulation occurs, but no transfer of male gametes
takes place because of failure of mechanical fit of reproductive structures)

B. Copulatory behavioral isolation (failure of fertilization because of behavior
during copulation or because genitalia fail to stimulate properly)

C. Gametic isolation [failure of proper transfer of gametes or of fertilization,
either due to intrinsic incompatibility or to competition between con-
specific and heterospecific gametes (conspecific sperm precedence or
pollen tube precedence)]

Source: After Coyne and Orr 2004.



TABLE 15.2 A classification of isolating barriers (Part 3)

III. Postzygotic barriers: Hybrid zygotes are formed but have reduced fitness
A.Extrinsic (hybrid fitness depends on context)

1. Ecological inviability (hybrids do not have ecological niche in which
they are competitively equal to parent species)

2. Behavioral sterility (hybrids are less successful than parent species
in obtaining mates)

B. Intrinsic (hybrid fitness is low because of problems that are relatively
independent of environmental context)

1. Hybrid inviability (developmental problems cause reduced survival)

2. Hybrid sterility (usually due to reduced ability to produce viable
gametes; also “behavioral sterility,” neurological incapacity to
perform normal courtship)

Source: After Coyne and Orr 2004.



Secondary sexual characteristics, such as bright color patterns and elaborate crests an
feathers, vary greatly among male hummingbirds
(they surely contribute to reproductive isolation)




Annual distribution of the mating activity of sympatric
living frog species of the genus Rana

D - A Waldfrosch (R. sylvatica)
B Leopardfrosch (R. pipiens)
C Pickerelfrosch (R. palustris)
D Grinfrosch (R. clamitans)
E  Ochsenfrosch (R. catesbeiana)
B MAR  APR MAIL JUN UL

Jahreszeit

Wehner & Gehring (1995) Fig. 11.22



Oscillograms of songs of three morphologically indistinguishable
species of green lacewings

C. plorabunda
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Blinking patterns of four North-American
luminescent beetle species of the genus Photinus




