Uil oaily 37 40Ky ol 4y

XN
R

SN 9w piSa NESAK

Sl QLWJ:‘

o~\.1.1§4:.€5
LS)J~5%5'h5x49

Ve J sl e

References

Mayr, E. and Ashlock, P. D. 1991. Principles of systematic
zoology

Kapoor, P. C. 1992. Theory and practice of animal taxonomy;,
Minelli, A. 1993. Bological systrematic: the state of art,

Simpson , G. 1990. Principle of animal taxonomy.

11/14/2022



s Jaad yu

3,0 5 amma pske 53 (S 035 5 (o055 S b (ST o g oK
a&T)Jb‘ﬁf):ﬂjC}S)@)}}Jb

(65 Sy 035 5 4y L0586 10 38) 05 5uS 65 S
(s 3 S s e b 1 65 bl y Izl 255
6 s 30,5 3 s S

Serer 0333 Do S5 5 (Gomer (2555 U

b 68 350 i 5 0l 68

LAAKI ;;gn BER"Y a\f.&ié

S5 K s

di::mi:% ;.:gﬁ SRR ﬂlfu\i}

a5 S b Dlao

Sol> o550 s0j5m

e 55 S b ol Ll

o5l L el 3

Taxonomy

» Jaxis (ordering) + nomos (law)
e Taxonomy is defined as:

The theoretical and practical science for animal classification.

11/14/2022
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Systematic

Systematic Systema

Although the words taxonomy and systematic are sometimes used
interchangeably, the definition followed in this book (chapter 1)
considers taxonomy to be the part of systematic dealing with the
description, naming, and classification of organisms. Systematic, by
this definition, is the entire scientific field that “deals with the
organization, history, and evolution of life. It ultimately asks, how
did life forms originate? How did they diversify and how are they
distributed both in space and time?”

(Novacek, 1992:103)

* Alpha Taxonomy:

Recognizing new species and describing them

* Beta Taxonomy:

Grouping them in a natural system of hierarchy
* Gama Taxonomy:

Analyzing the intraspecific variation and
studying on evolutionary and taxonomic
relationship



Systematic and biology

» Taxonomy was pioneer in all branches in biology (i.e.
Genetic, Ecology, Evolution and etc.)

* A need for a correct classification.

Dog Classification

Kingdom: Animalia

Phylum: Chordata | Dogsare i this phykim inchucies because hey have  spinal cod.

* Examples:

* Anopheles maculipennis
It was thought first that this mosquito is only
one species but later behavioral studies
showed they are more.

Syagrius fulvitarsis(parasite)

11/14/2022
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Therefore how taxonomy play role?

It is not only for curator at museums
Economy

Evolutionary history

Ecology

Behaviour

Biogeography

This science is not only for description of life

History of taxonomy

Simpson, 1961

Mayr, 1982

Hippocrates 400 BC
Aristotle (the father of classification science)

Linnaeus
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Downward classification

* This method was used by Cesalpino (1509-
1603) and Linnaeus (1707-1778)

— Dichotomy
* Disadvantageous

— Only for identification
— Not able to make an order in widespread fauna

Upward classification

* Mid-eighteenth centuries
— Grouping based on similarities (Bufon)
* Other development s in taxonomy (between linnaeus and
Darwin)
— Studies become specific
— Hierarchical classification
— It became an empirical enterprise
— A search for finding a natural system was intensified
* Effect of the origin of species book on taxonomy
— Common ancestor
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* Microtaxonomy
— Introduction
— Species category
— Species taxon
— Intraspecific variation
— Speciation and taxonomic decision

Population systematic

* Conflict between essentialist and population thinking
— Start from early nintheen century up to 1930 -1940
— Named modern systematic in 1940 by Huxley

— Population systematic is not a substitute for classical
taxonomy is not only morph but also includes physiology,
biochemistry and ....



11/14/2022

Microtaxonomy

» What is microtaxonomy?
- Species problems.

= Confusion in concept involving the basic terms
(i.e. phenon, Taxon and Category)

- Discontiniuty between the terms: individual and
reproductively isolated population

= Incipient species
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Phenon

» Camp and Gilly (1943) to describe homogeneous samples at
species level but later was developed by Sokal and Sneath
1973.

Varieties at population level:
* Sex dimorphism.

Nature Reviews | Genetics

Phenon

» Camp and Gilly (1943) to describe homogeneous samples at
species level.

Varieties at population level:
* Sex dimorphism.

Mallard (Anas platyrhynchos)



Phenon

(January) |

Varieties at population level:

__ Natal Down (if present)

* Sex dimorphism.

15t Basic Plumage

* Age P

15t Alternate Plumage

2nd January

| prtarte o
P - March to May

2nd Alternate Plumage

3rd Alternate Plumage

Definitive Basic Plumage

‘Preaiternste Molt

Seagull or gull

Definitive Alternate

Phenon

Varieties at population level:
* Sex dimorphism.
* Age

* Stage

Adult Butterfly

Butterfly leaves
. the cocoon

Cocoon with

Pupa turns into
Pupa ¢

a butterfly

Life Cycle of a Butterfly

11/14/2022
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Phenon

Varieties at population level:
* Sex dimorphism.

* Age

* Stage

* Seasonal varieties.

Arctic fox

Phenon

Varieties at population level:

* Sex dimorphism.

* Age

* Stage

* Seasonal varieties.

* Morphs (individual variability).

Reed frog

11
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Taxon
« Simpson 1961 (definition)

» Two aspects must be stressed, taxon:

— Refer to concrete zoological object, therefore species
IS not a taxon

— Taxon must be officially recognized by taxonomists
Examples: blue birds, Larks

« Historical groups (wiley, 1981).

— Higher taxa lack degree of cohesion as species does.

Kingdom Animalia
= L0000 specien
Fhylum Chardata
£44,004 species
Class s (hivs)
8,600 species
Order FPasseriformes
(sanghirds)
5,16 speies
Family Farulidas
gl warhlers]
L apeeiea
| Genus Ceroion
E ‘- D8 spenies
2 Classification under the
Specle Denelrevice fuesee: Linnaean System
The moss tose and the blackbumian war-
Blackburmian warbler bler as they are classified under the Lin-

naan syatenm,

12
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Taxon

* How Phena and Sibling species make problem
in classification.

Steppe Eagle

Category

 Means rank or level in hierarchic classification.
* They naturally fall into three groups:

— The species category

— Subspecies for distinguishing population within
species.

— Above the species level.

13



Fh‘y'lun'a. ,

Class s (hlns)

8,500 species

Order FPasseriformes
{samghirds)

5,16 speies

Family Farulidas

[ warbiers)
L2 aperica

Classification under the

Linnaean System

The moss tose and the blackbumian war-
bler as they are classified under the Lin-
naan syatenm,

Tell me now what is the relationship between species

and classification?

Every phyletic line and every higher taxa originated through a
speciation event, but only microtaxonomy is important at

species level not speciation??

This is supported by new taxonomy (1930).

— Geographical variation

— Polytypic species Fiyspeny
— Incipient species and etc. (.A 2 8 y
Macrotaxonomy (1960) and its connection to : ;
microtaxonomy, /,.”
Species are the vehicle of all macroevolution \*.,
or Species are the real unit of evolution y

11/14/2022
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Microtaxonomy

The Species Category

The Species Taxon
The Species Category

How to define Species delimitation

* Species Concept
— Typological
— Nominalistic
— Biological
— Evolutionary

15
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Typological or Essentialism Species Concept

(Linnaeus and his followers)

* Observed diversity = existence of limited number of
types.

* No any special relationship
* Using morphological evidence
* In their concept species consist of:

— Similar individual sharing the same essence
— Separated by distinct discontinuity

— Constant through time

— Limited variation within any species

Shortcomings of the definition

* Conflicting with Phena
* Sibling species or Cryptic species

16
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Nominalistic Species Concept

(Occam and his followers)

* Denying the existence the “real” universal
» Species is created by human thought

Easy to reject it

Biological Species Concept

(Late eighteenth century, Buffon and ....)

 Jordan was the first who formulated the
concept

« |t differs from the last two definition by
— Stressing the population nature
— Genetic cohesion

— Pointing out species’ reality comes from the historically
evolved shared information in its gene pool

17
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Characteristics

* Reproductive society
* Ecological unit
* Genetic unit

By this, biological species is not the same as
other species

Shortcomings of the definition

* Itis relational term (A is species in relation to B)
— Space
— Time

Species Recognition Concept (Peterson, 1985)

18
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Evolutionary Species Concept

« Simpson (1961) definition (An evolutionary
criteria)

“It is a lineage evolving separately from the others

Difficulties

* This is a definition of phyletic lineage

It solve the time dimension but it denies the real
problem of the species; the causation and
maintenance of discontinuity of between

contemporary species

19



TABLE 1. Alternative contemporary species concepts (i.e., major classes of contemporary species definitions) and the properties upon which
they are based (modified from de Queiroz, 2005). Properties (or the converses of properties) that represent thresholds crossed by diverging
lineages and that are commonly viewed as necessary properties of species are marked with an asterisk (*). Note that under the proposal for
unification described in this paper, the various ideas summarized in this table would no longer be considered distinct species concepts (see de
Queiroz, 1998, for an alternative terminology). All of these ideas conform to a single general concept under which species are equated with
separately evolving metapopulation lineages, and many of the properties (*) are more appropriately interpreted as operational criteria (lines of
evidence) relevant to assessing lineage separation.

Species concept

Property(ies)

Advocates/ references

Biological

Isolation

Recognition

Ecological

Evolutionary

(some interpretations)
Cohesion

Phylogenetic
Hennigian

Monophyletic
Genealogical
Diagnosable

Phenetic

Genotypic cluster (definition)

Interbreeding (natural reproduction resulting in
viable and fertile offspring)

*Intrinsic reproductive isolation (absence of
interbreeding between heterospecific organisms
based on intrinsic properties, as opposed to
extrinsic [geographic] barriers)

*Shared specific mate recognition or fertilization
system (mechanisms by which conspecific
organisms, or their gametes, recognize one
another for mating and fertilization)

*Same niche or adaptive zone (all components of
the environment with which conspecific
organisms interact)

Unique evolutionary role, tendencies, and
historical fate

*Diagnosability (qualitative, fixed difference)

Phenotypic cohesion (genetic or demographic
exchangeability)

Heterogeneous (see next four entries)

Ancestor becomes extinct when lineage splits

*Monophyly (consisting of an ancestor and all of
its descendants; commonly inferred from
possession of shared derived character states)

*Exclusive coalescence of alleles (all alleles of a
given gene are descended from a common
ancestral allele not shared with those of other
species)

*Diagnosability (qualitative, fixed difference)

“Form a phenetic cluster (quantitative difference)

*Form a genotypic cluster (deficits of genetic
intermediates; e.g., heterozygotes)

Wright (1940); Mayr (1942); Dobzhansky (1950)

Mayr (1942); Dobzhansky (1970)

Paterson (1985); Masters et al. (1987); Lambert and
Spencer (1995)

Van Valen (1976); Andersson (1990)

Simpson (1951); Wiley (1978); Mayden (1997)

Grismer (1999, 2001)
Templeton (1989, 1998a)

(see next four entries)

Hennig (1966); Ridley (1989); Meier and Willmann
(2000)

Rosen (1979); Donoghue (1985); Mishler (1985)

Baum and Shaw (1995); see also Avise and Ball
(1990)

Nelson and Platnick (1981); Cracraft (1983); Nixon
and Wheeler (1990)

Michener (1970); Sokal and Crovello (1970); Sneath
and Sokal (1973)

Mallet (1995)

From phenon to taxon and category

* Paleontologist problem

e Taxonomist in fact use evidence to make a decision what
taxon they do belong.

* Reproductive isolation not only protect gene pool but also
morphology and other aspects of phenotype produced by
genotype (for preserved sample and fossil record).

* Biological taxonomist and typological taxonomist use

morphlological characters differently.

* Importance of molecular data

11/14/2022
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Shortcomings of the definition

* Inadequate knowledge
— Neontology

* Uniparental reproduction
* Permanent

* Temporary

importance of morph differences for determining of species
delimitation

Difficulties in application of biological definition

1- Insufficient information

21



11/14/2022

2- Uniparental reproduction

e Automixis "away from" + "mixing" : asexual

reproduction, without fertilization. This
definition notably does not mention meiosis.

Partenogenesis

In animals, parthenogenesis
means developmentofan =
embryo from an unfertilized =l
egg cell. '

The asexual, all-female whiptail species
Cnemidophorus neomexicanus (center), which
reproduces via parthenogenesis, is shown
flanked by two sexual species having males C.
inornatus (left) and C tigris(right), which
hybridized naturally to form the C.
neomexicanus species.

22
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Vegetative reproduction

Self fertilizing hermaphroditism

* Hermaphroditism occurs when a given individual in a species
possesses both male and female reproductive organs, or can
alternate between possessing first one, and then the other.

An anemone fish couple guarding their anemone. If
the female dies, a juvenile male moves in, and the
resident male changes sex.

23
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Gynogenesis

* form of asexual reproduction
related to parthenogenesis is
gynogenesis. Here, offspring are
produced by the same mechanism
as in arthenogenesis, but with the
requirement that the egg merely
be stimulated by the presence of
sperm in order to develop

Spotted salamander, Ambystoma maculatum

Uniparental

* Sometimes called, agamospecies, binomes,
paraspecies

* Daphnia, rotifer, aphids have alternation
between sexual and parthenogenetic
generation. therefore they are temporary
clone and based on nomenclature can be not
called

24
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3- Evolutionary intermediacy

1- Acquisition of reproductive isolation without
equivalent morphological change

2- Acquisition of morphological difference
without reproductive isolation

Cerion

FIGURE 2-1

Irregular distribution of populations of the halophilous land snail Cerion in eastern Cuba.
Numbers refer to different races or species. Where two populations come in contact (with
the exception of fepida), they hybridize (H) regardiess of difierence. In other cases
contact is prevented by a barrier (B). in = isolated populations. (From Mayr 1963.)

25
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3- occasional breakdown of isolating mechanism

The hybrid between a jack and a mare is a mule

a - Hybrid swarms
b - Parthenogetic species formed through hybridization

Thelytoky (from the Greek thélys "female" and tokos "birth") is a type of parthenogenesis
in which females are produced from unfertilized eggs.

26
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4- semi species and allospecies

* Superspecies
e Subspecies

27



Meaning of the species categotry

* Monotypic taxons
e Local phena

* The proper assignment of allopatric and
allochronic populations

The species taxon

* Species definition:
— by old philosophers
— By naturalist

Need for help to assemble the book

11/14/2022
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The species taxon

* Polytypic species
* Importance of the detecting polytypic species

— Easiness in classification

— Restoration of biological meaning and
homogeneity to the species category

The best evidence for allopatric speciation and
evolutionary innovation

difficulties

* Lack of criteria for subspecies definition
* Species with the same ecological requirements

* Isolated population are on the border line
between species and subspecies

11/14/2022
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Polytypic species in animal kingdom

* What group has more polytypic species

* Dimensions in polytypic species
LW (“7 '

e\
DOR \ s SRS -
quil S i o marém,
w hermogenes
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alithea

‘‘‘‘‘ i

Reacilis

Nomenclature problems

* There were first monotypic but now......
* Who is the real author?

30
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Mutacilla alba

Conservation status
Extilnct Threatened Clﬁ?\?csetrn
EX) [EW) (CR| (EN| [vU) [NT
Least Concern gucn 3.1)"

Scientific classification

Kingdom: Animalia
Phylum: Chordata
Class: Aves

Order: Passeriformes
Family: Motacillidae
Genus: Motacilla

Species: M. alba
Binomial name

Motacilla alba
Linnaeus, 1753

— 2

Maailaatsprsasa Wotacila alba dboicks

31



Intraspecific categories and terms

1- Variety

Intraspecific categories and terms

1- Variety

* The subspecies (overlapping)
— Nineteen century
— Wrong application

— Subspecies are allopatric and allochronic
* Exception migratory birds and parasites
— definition

" The subspecies may be defined as follows: A subspecies is an aggre-
gate of phenotypically similar populations of a species inhabiting a geo-
graphic subdivision of the range of that species and differing taxononi-

cally from other populations of that species.

11/14/2022
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Difficulties in the application of sub species category

* Independent trend of geographic variation for different character

* The independent occurrence of similar or phenotypically indistinguishable
populations in geographically separated areas

* Occurrence of microgeographic races within formally recognized
subspecies

* Arbitrary the degree of distinction considered by different specialist

Intraspecific categories and terms

1- Variety
* The subspecies (overlapping)
* Temporal subspecies

33



Intraspecific categories and terms

1- Variety

* The subspecies (overlapping)
* Temporal species

* Races

Intraspecific categories and terms

1- Variety
The subspecies (overlapping)
Temporal species

* Races

Cline
— Huxley 1939

— Isophen
— Two opposite end population can be two subspecies

11/14/2022
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FIGURE 3-1

Cline in the darkness of the upper side at different Fennoscandian locallties of Pieris napi
females of the first generation. Isophenes of various darkness values are indicated on the
map. {(From Petersen 1949.)

Population taxonomy

* When the term “population” came along the
typological definition was replaced by
Biological definition

Why
Because:

It is not only morph that has to be considered

And vast sampling is needed not only couple of specimens and
the rest are just repetition

11/14/2022
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Infrasubspecific categories

* Subdividing subspecies into smaller taxa and
accepting as categories e.g., nation

* Populations are not formal category

Some terms are neutral in population

— Forms

— Species complex instead of subgenus example drosophila
and Garrulus glandarius (28 subspecies in 7 subspecies
group)

— Species group

v

— Series, section and division for above species leve

36
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Population taxonomy

* Another important task for taxonomist to use
population for helping taxonomy.

* Why? Because species taxon as group of
population help in developing biological
definition.

Population features

* continuity

e Geographic isolate
— Incipient species
— Evolutionary unit

* Secondary contact zone

37



biosystematic

* Accept population (Huxley, 1940)
» Different methods other than purely morph

* Individual and geographical variation using
statistical methods

Superspecies

rothschildi

FIGURE 3-4 _ ) .
A superspecies of paradise magpies (Astrapia) in the mountains of New Guinea. Some

(From Mayr 1963.)

hybridization has been recorded in the zorle of contact between mayeri and stephaniae.

11/14/2022
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intra-population variability and
comparison

* Same morph

- phena of the individual SpECies (no reproductive isolation)

- Slb|lng species (reproductive isolation)

* Different morph

— Different phena of the same species (no reproductive isolation)

— Different species (reproductiveisolation)

Sympatric specimens

* Problems in diagnosis:

* extreme differences in phena of the same species

* Sibling species
* Morph overlapping

5 Butterfly leaves
Xy the cocoon

Cocoon with
Pupa

j
N ! Pupa tums into
A a butterfly

Life Cycle of a Butterfly

11/14/2022
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Character Displacement

* the purpose of the present paper to discuss a seldom-recognized
and poorly known speciation phenomenon that we consider to be
of potential major significance in animal systematics. This condition,
which we have come to call "character displacement," may be
roughly described as follows. Two closely related species have
overlapping ranges. In the parts of the ranges where one species
occurs alone, the populations of that spe- cies are similar to the
other species and may even be very difficult to distinguish from it.
In the area of overlap, where the two species occur together, the
popula- tions are more divergent and easily dis- tinguished, i.e.,
they "displace" one an- other in one or more characters. The
characters involved can be morphological, ecological, behavioral, or
physiological; they are assumed to be genetically based.

Character Displacement

W. L. BROWN, JR. and E. O. WILSON

Phena or different species

* Some characters are very stable at intra-specific level
— Genitalia
— Hinge
- Palp hinge | umbo

ligament

hinge teeth

muscle
scars

B pallial sinus

pallial line ventral margin

40
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Principle of covariation

Difference in character also finding difference in unrelated
character b, ¢, d and etc

— Minvet birds: short-billed minivet ( Pericrocotus brevirostris)

Non genetic variation

Ecological variation

Social variation

Traumatic variation

Individual variation in time

41



Non genetic variation

* Individual variation in time

— Age variation
— Seasonal variation

— Seasonal variation in an individual

1- Age variation

* Too easy
* Too difficult

LIFE CYCLE OF A FROG

adult frog tadpole

frog M M

start of

pulmonary
eggs
4 breathing

embryo front legs

break t? )

(January) |

2nd January |

P~ March toMay
3rd Alternate Plumage

Definitive Basic Plumage

Definitive Alternate

11/14/2022
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Larval stages

Aud

Eel species
and ages

Migration patterns

Leptocephalus

American
Just hatched
European
Just hatched

American
2 months
European
2 months

American
5 months
European
8 months

American
10 months
European
18 months

American
1 year
European

3 years

American
610 years

European
8-15 years

Leptocephalus brevirostris

11/14/2022
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2- Seasonal variation in consecutive generation

* Seasonal variation in consecutive generations e.g. Insects (dry season and
wet season phena) e.g. some freshwater organisms (Cyclomorphosis)
rotifers and cladocerans Changes through the season in connection with
water properties (temperature, ...)

* Cyclomorphosis:
— rotifera and cladocera

44
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Sept. $
16°C

>

FIGURE 16-38 Cyclomorphosis in (a) Daphnia cucullata of Esrom Se, Denmark and (b) Dapbmia
retrocurva of Bantam Lake, Connecticut. The small individuals at the right are first instar juveniles
drawn to the same scale as the adults. (a) From Hutchinson, G. E.: A Treatise on Limnology, Vol. 2,
New York, John Wiley & Sons, Inc., 1967; (b) From Brooks, John Langdon: Cyclomorphosis in Daph-
nia: Ecological Monographs 16:1946. Copyright 1946 by Duke University Press.)
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Non genetic variation

* |ndividual variation in time

— Age variation
— Seasonal variation in consecutive generation

— Seasonal variation in an individual

45
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3- Seasonal variation in an individual

46



Social variation

* Insect Castes (Hymenoptera, Isoptera)

Queen
M a l €s nasute soldier winged \ pé:l\;::'r"y;‘
Workers \y/ N\ : g
Soldiers N iﬁj‘;:ﬁ )
R{wl ﬁ ) ® 2008 Encyclopsdia Britannica, Inc =
Ecological variation

* Habitat changes

— Microsubspecies or ecological races

— Non genetic ecophenotype
e Climate change
* Host changes
* Density changes
* Allometric growth

More than 251 invalid species!!

[ ]

Neurogenic or hormonal

11/14/2022
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Ecological variation

* Habitat changes
e Climate change

— variation induced by temporary climatic
conditions (drought, cold, food supply, etc.)
Produce year classes, rapid or slow growth

Ecological variation

* Habitat changes
* Climate change

* Host changes

* Density changes

— One of the more dramatic examples of phenotypic plasticity is the density-dependent
phase change seen in many insects, particularly members of the Orthoptera (e.g. locusts
and grasshoppers) and the Lepidoptera (e.g. armyworms). Individuals in both taxa can
exist in solitary (low-density) and gregarious (high-density) forms, and it is well
documented that these two forms can have significant divergences in physiology,
behaviour and ecology (Applebaum and Hei- Fetz 1999).

48
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Ecological variation

Habitat changes ) i %
Climate change
#om |

Host changes

Density changes

Allometric growth Yy .
Neurogenic or hormonal 0

Traumatic change

* Parasite-induced variation
* Accidental and teratological variation

(post mortem changes)

49
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Parasitic induced variation

» Stylopes and sand bees

Intra-populational variation
Genetic variation

* 1. Sexual dimorphism

1.1 Primary sex differences
1.2 secondary sex differences

1.3 Gynandromorphs and
intersexes (in interspecific hybrids)

50
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Intra-populational variation
Genetic variation

* 2.reproductively different generations

alternation of generations

Soybean Aphid
(Aphis glycines Matsumura)

Late fall thru early spring is spent on buckthorn

Late spring until fall 15 spent on soybean

All individuals are female, except briefly in the fall
All reproduction 1s parthenogenetic (clones) until
after mating on the winter host

‘Winged individuals are produced for moving between
hosts and for dispersal during the summer

Winter survival is as an egg under buckthorn leaf buds

Intra-populational variation
Genetic variation

* 3. Ordinary genetic variation

3.1 Discontinuous variation (genetic polymorphism)

(e.g. Mimetic polymorphisms)

Papilio dardanus complex: 1 male and 5 female morphs

(3 of them mimics of two other butterfly families)

3.2 Continuous variation
(slight genetic and morphologic differences)
Studying character by character

ited mimetic ism in Papilio polytes

mimetic models
female forms

non-mimetic non-mimetic
female forms  male forms

Pachliopta
romulus hector

cyrus

’ g polytes  aristolochiae

Papilio polytes romulus

Pachliopta

/
cyrus
Papilio polytes alphenor
Pachliopts

theseus  aristolochiae
(black form)

©Knshnamegh Kunte, NCBS
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Precautions in Analysis

Comparison of population samples
— Qualitative character
* Comparison in presence of other samples

— Quantitative character
* Increasing the accuracy

Population comparison for species delimitation
qualitative character

11/14/2022
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Population comparison for species delimitation
quantitative character
1- Morphometry

Population comparison for species delimitation
quantitative character
1- Mersitic

number of fin rays or scales
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Strategy of population sampling for statistical analysis:

— Random sampling

— Time

— Locality

— Heterogeneous sampling

— Sex bias species description

Measurements and counts in quantitative analysis:

- scaling
- higher accuracy

examples:
— Mammals: Tail length, BL,
—  birds: Tail, beak, wing
— Insects: Tarsal width, antennal formula

11/14/2022
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Chapter 5

Speciation and taxonomic decision

Population structure of species

* Infact species consist of innumerable local populations or demes that
stand in a certain relationship to each other! And subspecies is
inadequate!

* In the point of population, a species has 3 major population
phenomena:

1) The population continuum Q/"‘b\'/®

i

o
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2- The zone of secondary intergradation

Figure 28.2. Expansion of Chorthippus parallelus from glacial refugia. The shaded area represents
the approximate location of potential refugia based on the distribution of deciduous forest at the last
glacial i Arrows rep the colonization routes inferred from the data of Cooper et al.
(1995).

3- The geographic isolate

56



Origin of new species taxa

* Two aspects of evolution responsible for difficulties in species
delimitation:

1. Variability within populations
2. Existence of incipient species
Species are the product of evolution!

To interpret correctly the difficulties it is necessary to analyze
the process of speciation

Defining Speciation

Speciation is a lineage-splitting event that produces two or more separate species.

Two aspects of speciation

1) Genetic phenomena

. Genetic: still uncertainty regarding its mechanisms!
Enzyme genes,
Regulatory genes,
acquisition of isolating mechanisms,

Linking phenotypic data with genotype data has traditionally been done using the method
called QTL (Quantitative Trait Locus) mapping

& &
. The level of genetic differentiation between populations is tradi & @‘&9

C «

F-statistic .H_"' %"' .H_"'

Speciation
events.

11/14/2022
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2- Population phenomena

a simplified model of speciation by
geographic isolation

http://evolution.berkeley.edu/evolibrary/article/evi
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Reproductive isolation

* The evolution of different mating location,
mating time, or mating rituals

* Lack of "fit" between sexual organs

* Offspring unviability or sterility

Causes of speciation

Geographicisolation

(2% ww
>, > -
S5 SR
»/ we Sy
S R A
‘yﬂyf

e

Reduction of gene flow
Original species Daughter species with hybrids
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Tl 3 g g e OB By
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80%

50% |

20% Ghance of mating
0% | across a given distance
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Speciation is a population phenomena other than genetic

1. instantaneous production of a reproductivelyisolated individual within a
population i.e. polyploidy
This may raise two problems:
— Polyploidy with no morphological difference (complete sterility)
— Stasiopatric (not complete sterility)

* Stasipatric speciation: new species populations originate within the range of the
parental species through chromosomal mutation and subsequent displacement of
the parental species.

2- gradual speciation

Two different process
2. Result from a gradual genetic reconstruction of populations

Six postulated classes:
1. Sympatric speciation Allopatric Peripatric Parapatric Sym patric

3. Allopatric speciation

O
3.1 Dichopatric speciation !'Qli!;’ﬁf,ﬁ“' GD @) Cj) O

2. Parapatricspeciation Original O

population

3.2 Peripatric speciation Barrer  Newnihe Newrichs  Geneto
farmation entered ertered  polymorphism
4. Speciationin time Cvolution of o _
reproductive GD O .
isg\ation @
Inisolation Inisolated In adjacent ‘Within the
niche niche popuktion

New distinct
species after
equilibration

of new ranges

11/14/2022

60



11/14/2022

Speciation

1. Sympatric speciation
Origin of a new species reproductively isolated species

population within the dispersal area of the offspring of the
parental deme

The most probable cases:
Host-specific plant eaters and host-specific parasites
Why?

Switch to a new host is most easily accomplished in a small founder
population

Speciation

2. Parapatric speciation

Isolating mechanisms build up in a cline, along an ecological
escarpment, until the two adjastment populations finally
are reproductively isolated
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Speciation
3. Allopatric or geographic speciation

reproductive isolation is gradually (at min. over several
generations) acquired in spatially isolated populations

Two subtypes:

3.1. Dichopatric speciation (traditional allopatric): a large
distributional area is divided by a newly arising barrier which
secondarily splits the previously continuous range into isolated

groups of populations B orier spored ow

(Strix occidentalis caurina)

=

n Spotted Owl
(Strix occidentalis lucida)

11/14/2022
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Speciation

3. Allopatric or geographic speciation

reproductive isolation is gradually (at min. over several
generations) acquired in spatially isolated populations

Two subtypes:

3.2. Peripatric speciation (speciation by budding): a new population
is founded outside the continuous species range by a single colonist
(a fertilized female), or a small founder group and remain isolated
long enough to acquire the genetic basis for reproductive isolation.
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Speciation

3. Allochronic speciation (Speciation in time)

A species (phyletic lineage) may change gnetically in the
course of time to such a degree that the descendents will
be reproductivley isolated from their own ancestral
population if the two could meet!

Speciation experiments

W
W W

¥ W
(T#Qﬁ?w

! I~ I~
- e
- U

=
fruit fly experiment suggests that makoss ood staroh food
isolating populations in different ¢ M oenarstins pase ¢
environments (e.g., with different

food sources) can lead to the che B .3
beginning of reproductive isolation. ‘?%iﬁj ol
These results are consistent with the v G
idea that geographic isolation is an \> T vq"c*'*/
important step of some speciation )
events. e SFwe

http://evolution.berkeley.edu/evolibrary/article/evo_45
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Cospeciation ,
peciati »

L R

http://evolution.berkeley.edu/evolibrary/article/evo_45

New sub species

* How to treat when the range of variability is
overlapped?

— First solution plot the linear overlap

FIGURE 5-5
Linear overlap of observed samples. A = 99-106 mm; 8 = 104114 mm

100 105 B 110 115

— Shortcommings
* It gives only overlapping of the collected samples
* |t exagerate the importance the endpoints of the range
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New sub species

* Second there is no benefit from splitting the continuum into several
species
— Otherwise
* Pronounce step in cline
* Great difference among endpoints

CHAPTER 5. SPECIATION AND TAXONOMIC DECISIONS 99

arall

FIGURE
Bl‘wm ‘geographic variation in the saiamander Plethodon jordani.

where mare than 95 percent have (A) red cheeks, (B
unml ..amws‘n Me hatched young. (D) laleral white spots, (E) a dark bslry (F) small
dorsal brassy flecks. An area with small dorsal white spots is indicaled by stippling in (F).
(From Highton 1962.)
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Gradient in species is the problem

Combined concept????

Recognition compatible mate recognition
Intrinsic coherent mechanism = cohesion concept
Monophyletic = derived character

What was the last definition

How amazing is a teacher

Morph and genetic is the most important one

Does the bifurcation keep the live fossils
What means population is the same as species

What to be used in biological definition evolutionary definition say
terminals are different species

11/14/2022
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Macrotaxonomy

General rules of classification

Items that are to be classified are assembled in classes that are made as
homogeneous as possible.

An individual item is included in that class with the member of which it shares the
greatest number of attributes

A separate class is established for any item that is too different to be included in
one of the previously established classes.

The degree of difference among the classes is expressed by arranging them in a
hierarchy of nested sets. Each categorical level in hierarchy expresses a certain
level of distinctness.
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Additional rules

* Classification based on some defining quality is not useful and
legitimate when actually it is in result of history or another
cause.

e.g., quick and slow recovery for diseases

* As result similarity and sameness of causation are responsible
for the organized grouping

Special classifications

* Sometimes special classification based on
single characteristics are needed for instance:
— Diploid Vs polyploid
— Annual Vs prenial

11/14/2022
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identification

* Fundamental difference between classification
and identification

— Classification orders a diversity of items into groups or taxa based on
principles

— ldentification is the placement of an undefined specimen in one taxon
or group

— Inidentification use a few characters and it is based on deductive
reasoning

— classification is a filing system

identification

* Prior to Linnaeus classification was actually
identification schemes (downward
classification)
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Criteria of zoological classification

* Pre-darwinian (Similarity)
* Darwin (Common descend genealogy)

* Hennig (similarity, Homoplasy, synapomorphy )

Phylogeny and classification

* Neither phylogeny is based on classification
nor is classification based on phylogeny

e Both science:

— Study on natural groups. Groups with character
combinations expect in the descendant of the
same ancestor

— Based on the same comparison of organisms and
their characteristics and on evaluation of
similarities and differences
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What is the evidence that permit inferences in

phylogeny?
e Taxonomic characters
* Fossils
— Archaeopteryx
— Seymouria

— Fossil records create difficulties if:

¢ Aberrant or belong to extinct groups

* Geographic distribution

Three schools of macrotaxonomy

* How classification can reflect both similarity and
descent (a source of disagreement)

* Four steps for solving the conflict:
— Giving primacy to one of the two sets of criteria,
hoping that the result will satisfy the other set:
* Phenetics
* Cladistics
— To consider the two sets of criteria equally but
sequentially:
* Evolutionary taxonomy
* Some school of cladistics
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comparison

A function of classification

Is an index to stored information
Has a heuristic properties

Permit the making a generalization
Has explanatory power

11/14/2022
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