


Classification

o classification 1s the 3rd goal of systematics

e ancient search for “natural”
system of classification

e important non- Western systems
e Parashara (India) 2000 BC
e Chinese
WAVATSIOR
e Egyptians -
* Mayan (Tzeltal) - ethnotaxonomy




Systems of Classifications

Examine three main systems of
classifications and how they “evolved” in
the context of western civilization

suites of evolutionary
characters interpretation
Artificial —» Phylogenetic
— Theophrastus — Andre Caesalpino — George Bentham
— Herbalists — John Ray — Engler/Prantl
— Carolus Linnaeus — Pierre Magnol — Charles Bessey
— Antoine-Lauren de Jussieu — Arthur Cronquist
— Robert Thorne
— Roilf Dalghren
— APG

— "Rankless"




Artificial Classifications

Theophrastus (372-287 BC) took the

philosophical ideas of Plato and Aristotle and
applied them to taxonomy R

4 . . V4
essentialism

Habit as an “essence’ or essential
character

herb subshrub shrub tree




Artificial Classifications

Theophrastus (372-287 BC) took the

philosophical ideas of Plato and Aristotle and
applied them to taxonomy

4 . . V4
essentialism

Habit as an “essence’ or essential
character

herb — subshrub — shrub — tree

Theophrastus saw a linear gradation when
essences are used to arrange organisms

De Historia Plantarum

THEOPHRASTI ERESII
De
HISTORIA PLANTARVM|
LIBRI DECEM.
rece X Latine




Artificial Classifications

This linear gradation concept 1s the

Aristotlean Scalae Naturae or Great
Chain of Being or Ladder of Lite

Unidirectional progression and rank on
ladder leads to (false) ideas of
relationships — “fish more closely
related to molluscs than fish are to
humans”

Concept of ladder of life still around
today and causes much of the
controversy and mis-understanding
surrounding evolution




Artificial Classifications

T-l'lq

Evolution does not advocate this

“ladder” of life, but rather advocates a
“branching tree”

Plantae Proé:n 4\.niun|::'

Evolution asserts (testable!) that fish
are more closely related to humans
because they have a more recent
common ancestor A than the common
ancestor B with molluscs

” .‘??-'-u)‘ NG )
o g 52, Monophyletischer
e Stammbaum der Organismen

A wfon wnd gromhaedl e
Kriet Nacdkel . Jona, 856,




Artificial Classifications .

. . . back to Theophrastus and his
classification of plants

* clearly artificial as conifers are © PRaErs P i B
placed with some (woody) trée fer™
angiosperms and some (woody) ferns |

v ',,“.‘,. s

‘-red_ oak: ’; z’
herb — subshrub — shrub -

e Jogical, efficient, easy, but rigid system
of classification — a priori choice of
characters




Artificial Classifications

Herbalists - physicians: a second group using
Bein 2 Wloereus Sever.

artificial systems of classification - 15-16"

centuries

e |ittle emphasis placed on system of
classification of the plants — alphabetical
or medicinal property

e Jess than 1000 species of
plants were known; no need for
intricate classification system
in the herbals




Artificial Classifications

Herbalists - physicians: a second group using
artificial systems of classification - 15-16"
centuries

e herbals often lavishly illustrated

o herbalists referred to as the
‘German Fathers of Botany’

- / -
' £
4 / /./
B SOV

4

De Historium Stirpium - 1542

/ - ‘\\




1580 - 1800; Pivotal Period

Artificial or Natural Systems?

suites of evolutionary
characters interpretation

Artificial — > Phylogenetic

— Theophrastus — Andre Caesalpino — George Bentham
— Herbalists — John Ray — Engler/Prantl
— Carolus Linnaeus — Pierre Magnol — Charles Bessey
— Antoine-Lauren de Jussieu — Arthur Cronquist
— Robert Thorne
— Roilf Dalghren
— APG

— "Rankless"




1580 - 1800; Pivotal Period

Artificial or Natural Systems?

e world-wide trade and exploration —
many new plant species were seen by
European taxonomists

[innaeus & students travels




1580 - 1800; Pivotal Period

Artificial or Natural Systems?

.

-

Andrea Caesalpino (1519-1603) - Italian doctor

o struggled with question how to form a
more natural classification [De plantis

libri XVI (1583)]

e private collection of 768 plants
arranged 1n 266 sheets in 3 volumes

e arranged by reproductive features
of the plants - flowers and fruits

e {irst natural system, first
herbarium




1580 - 1800; Pivotal Period

Artificial or Natural Systems?

x’

Andrea Caesalpino (1519-1603) - Italian doctor

Caesalpinia

e {irst natural system, first
herbarium, first botanical garden
arranged by classification




1580 - 1800; Pivotal Period

Artificial or Natural Systems?

John Ray (1628-1705) - English blacksmith

e argued that all parts of the plant
should be used in classification

e classified 18,000 species in
Methodus Plantarum (1703)
first by fruit types and
subdivided by flower and leaft
features

Joaxyis Rajg
Socirtatiz Regie Secii,
METHODUS
PLANTARUM

EMENDATA ET AUCTA.

GRAMINUM, JUNCOR UM

T
CYPERORUM
Specialis,

Prodes AMSTELED AMI,
X Cxam, Wersrenion HFF
MDCCX

_— / / .
O LS I US ~
. - x5
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Lol led o\ o)

i




1580 - 1800; Pivotal Period

Artificial or Natural Systems?

John Ray (1628-1705) - English blacksmith

* first recognized distinction between dicots

and monocots

25 ‘classes’ of dicots
4 ‘classes of
Monocots

many = orders today

Joaxyis Rajg
Socirtatiz Regie Secii,
METHODUS
PLANTARUM

EMENDATA ET AUCTA.

METHODUS
GRAMINUM, JUNCOR UM

T
CYPERORUM
Specialis,

Prodes AMSTELED AMI,

aam, Wearsravio
MDCCX
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O LS I US ~
. - x5
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1580 - 1800; Pivotal Period

Artificial or Natural Systems?

Pierre Magnol (1638-1715) - French botanist

o considered Ray s system of 29 ‘classes’
too cumbersome

o classified 76 ‘families’ — first to recognize
family level (Magnoliaceae honored after him)




1580 - 1800; Pivotal Period

Artificial or Natural Systems?

Carolus Linnaeus (1707-1778) - Swedish
taxonomist

e work of Caesalpino, Ray, and
Magnol in producing a workable
classification system culminated in
Linnaeus  Sexual System

* howeyver, this classification system
was a backward step to artificial!

suites of
characters
Artificial T
— Theophrastus _ — Andre Caesalpino

— Herbalists — John Ray
— Carolus Linnaeus — Pierre Magnol




[Linnaeus - Sexual System

What did he do? -
CAROLI LINNEI

S1& Rici® Miris Svicia Arcriatri, Mepic. & Boran.
Proress. Upsar. EQuiTts AUR. DE SteL1A Poraa,
nec non AcAD. IMper. Movsper. Beror. Toros.

e greatest achievement - Species Ursat. Stacku. Soc. & Paxis. Conese

Plantarum in 1753 arranged as S P E C l E S
Systema Sexuale PLLANTARUM.

EXHIBENTES
PLANTAS RITE COGNITAS.

o classification based on CENERA RELATAS.

CUM

reproductive features like Diererentns Sercieicis,

NowmiNisus TRIVIALIBUS,
SyNONYMIS SELECTIS,

Caesalpino, but selective and Locss NasASGS,
features chosen a priori simply A4 Sk
on workability Touws L

-
Cum Privilegio S. R. Mtis Swecie ©® 5. R Mty Pelonica ac Elelloris Soxen.
D e

T N ——
HO L MI_E,
ImPENSIS LAURENTII SALVIL
1753.




[Linnaeus - Sexual System

S iDoor L INNA LN b 8
N'P:'l.ll()l)l‘.\ ,‘J.murlm SEXUALIS: =

Take a closer look inside Species
Plantarum <k
5,
o [St]level based on number of et Y . S
stamens WV U N\

e 2nd Jevel based on number of
pistils




[Linnaeus - Sexual System

Y i Door L INNALN | ,
N'P:'l.ll()l)l‘.\ ,‘J.murlm SEXUALIS: =

Take a closer look 1nside Species
Plantarum in fws’I‘P_.:ll\»rl.'v\.',nl,‘:': NATURLE

 [innaeus got some intense
criticism — especially from Johan
Siegesbeck

e “loathsome harlotry . .. who
would have thought that
bluebells, lilies, and onions could
be up to such immorality?”

G.D_EHRETS,
FECITT X EDIDIT
LLugd:bat: 1756,




[Linnaeus - Sexual System

Take a closer look inside Species
Plantarum

 [innaeus got some intense
criticism — especially from Johan
Siegesbeck

e “would God allow 20 men or
more [the stamens] to have one
wite in common [the pistil]?”

VEGETABLE KINGDOM

KEY OF THE SEXUAL SYSTEM

MARRIAGES orF PLANTS.
Florescence.
PUBLIC MARRIAGES.
Flowers visible to every one.
[ IN ONE BED.
Husband and wife have the same bed.
All the flowers hermaphrodite: stamens and. pistils in the same flower.
~ WITHOUT AFFINITY.
Husbands not related to each other.
Stamens not joined together in any part.
WitH EQUALITY.
All the males of equal rank.
Stamens have no determinate proportion of length.
1. ONE MALE. 7. SEVEN MALES.
2. TWO MALES. 8. EIGHT MALES.
. THREE MALES. 9. NINE MALES
. FOUR MALES. 10. TEN MALES.
. FIVE MALES. 11. TWELVE MALES.
. SIX MALES. 12. TWENTY MALES.
13. MANY MALES.
WitH SUBORDINATION
Some males above others.
Two stamens are always lower than the others.
14. TWO POWERS. | 1s. FOUR POWERS.
WITH AFFINITY
Husbands related to each other.
Stamens cohere with each other, or with the pistil.
16. ONE BROTHERHOOD. 19. CONFEDERATE
17. TWO BROTHERHOODS. MALES.
18. MANY BROTHERHOODS. | 20. FEMININE MALES.
INn Two Beps.
Husband and wife have separate beds.
Male flowers and female flowers in the same species.
21. ONE HOUSE. r23. POLYGAMIES.
21. TWO HOUSES.
CLANDESTINE MARRIAGES.
Flowers scarce visible to the naked eye.
24. CLANDESTINE MARRIAGES.




[Linnaeus - Sexual System

Take a closer look inside Species
Plantarum

e [innacus got some intense :
criticism — especially from Johan 25§
Siegesbeck

e “would God allow 20 men or
more [the stamens] to have one
wite 1n common [the pistil]?”

* Linnaeus had the last laugh




[Linnaeus - Sexual System

How does it work? Oenothera
biennis Or evening primrose

346 | OCTANDRIA MONOGYNIA.

oins. Folia amgaflo-lanceolata, srinervia, oppofita,
}u."m, [wbfeffilia. Flores terminales alignat, feffiles,
cindi foliis 4 flore longiaribus pasemtibus.

RHE XIA.
sirginiza, 1. RHEXIA calycibus glabris. Gron.:virg. 41.
Alitaaus vegetabilis carolivianus. Pluk. emalt. 8.
Lyiimachia non pappofa virginiana, tuberariz foliis hir-
!l:utigs, Hore tetrapetalo rybello. Plak. abm. 23§. £.202.

Halitas in Virginia.

Caulis zezrazonns angslis membranaceis. Foliz oppofita,
Jublanceolata, internodiis longiora, feffilia, trinervia,
ilis vagis bifpidinfenla, fubjerrata ferraturis fetaceis.

écdunculus terminalis | dichotomus. Flores folizarit

ex dichotomig, [ubfeffiles, petalis rubris; Antheris fal-

catis, Inteis.

2. RHEXIA foliis ciliatis.
Liyfimachia non pappofa, terre: marianz , 1ptoneuros,
tlore petalo rubetlo, folio & caule hirfutie ferru~
i vidis. lth:E. mant, 123, ¢, 428. . 1.
andia. .

. OENOTHEROAE;:IH%I\E&IEIQ;OM&plmis. Vir. ® Oe]/LOl'her a haS 8 Stamens - placed ln

cliff. 33. Hort. npf. 94. Grom. virg. 254. Roy.lugdb.
251. Gort, gelr. 78

Ocno::’rrba folils ovato- lanceoht[i’s dcmll‘}ilatis, floribas . s t

lateralibus in fammo caulis. Hosz. cliff. 144.

LyGmachia lutea corpiculata. Baxb. pin. 245. 516. * Octandrla (] level)
orif, Biff. 2, p271. L 3 8 a0 fo g,

R S S * Oenothera has 1 pistil (but 4 fused
Qcnothera folils lineari-lanceolatis dentatis, floribus e

medio caule. Horz. upf. x,ﬂH.
Onugra borarienfis villofz, flore mutabili. Dill. elth.

s e o carpels) - placed in Monogynia (2"¢ level)

friticefs. 3, QENOTHERA foliis lanceoladis, capfulis acutan-
uiis.
Ognorhcr: florum calyce monophyllo, hinc tantum a-
pereo. Grom, wirg. 42. o
na~




[Linnaeus - Sexual System

Note that Oenothera 1s placed with other
genera of the family Onagraceae

346 OCTANDRIA MONOGYNIA.

oins. Folia amguflo-lanceolata, trinervia, oppofita,
fl’a."m, [rbfeffilia. Flores terminales aliguat, feffiles,
cinééi foliis 4 flore lomgiaribus pasewsibus.

RHEXIA.
sirgiica, 1. RHEXIA calycibus glabris. Gron.:virg. 41.
Ali vegetabilis carolivianus. Plek. amalz, 8.
Lyfimachia non pappofa virginiana, tuberariz foliis hir-
?\:Iias , Hore tetrapetalo rybello. Plak. abm. 23§. £.202.

Halitas in Virginia.

Caulis zezrazonns angslis membranaceis. Folia oppofita,
Jublanceolata, internodiis longiora, {/éﬁlt’a, trinervia,
F‘Ii: vagis hifpidinfenla, fm'{ferfa:c erraturis fetaceis.

edunculus zermizalis, dichotomus. Flores folizarii
ex dichotomia, [ubfeffiles, petalis rubris; Auntberis fal-

catis, Inteis.

mariang, 2. RHEXIA foliis ciliatis.
i 2 non pappofa, terre marianz, leptoneuros,
repetalo rubello, folio & caule hirfutie ferru-
. givea hitoidis. Plek. mant, 123, 2. 428, . 1.
Habivar in Marilandia. :

OENOTHERA.
bz, 3, OENOTHERA foliis ovato-lanceolatis planis. Fr.
cliff. 33. Hort. npf. 94. Grom. virg. 254. Roy.lugdb.
251. Gort, gelr. 78 :
Ocrothera follis ovato-lancealatis denticulatis, floribus
lateralibus in fammo caulis. Hors. cliff. 144.
LyGmachia lutea corpiculata. Baxb. pr. 245. 516. *
Morif. biff. 2, p.271.f. 3. 8. 10 1 .
Habitat in Virginia usde 1614, wunc valgaris Europe.3

meliifies. 2, QENOTHERA foliis Janceolatis undulatis. Vzr. cliff.
33. Gron. wirg. 43. Roy. lugdb. 251.
Qcnothera folils lineari-lanceolatis dentatis, floribus e
medio caule. Horz. upf. 134.
Onagra borarienfis villofa, flore mutabili. Dill. elth.
297. . 219, f. 286.
Habitat in agro Bomarienfi. @
fraticofs. 3. QOENOTHERA foliis lanccolatis, capfulis acutan-
wiis.
nglhcr: floram calyce monophyllo, hinc tantum a-

pereo. Gron, wirg. 42.
Ona-~

OCTANDRIA MONOGYNIA. 347 Gaura = ’
Ox)agx;a_ angudtifolia, caule rubro, flore minore. Zanrmef:-

.
inft. 302, /
Habitai in Vicgini. % 0€n0ﬂ’léu a.‘
Calyx parpurafcens, xet_ra%b)'lfw /'ea’ rumpitur altero ‘ ,

Sapins(5 unico latere. "Tibus pliformis, anguftsffi~ \

mus. Caplula amgulis 4 acutis compreffis, Folia rari~

%5 denticwlata,

. GAURA. Gen - dienniz.
Ly limachia lutea anguftifolia virginiana, flore minore,
Llgk. alm.

2. 202, f. 9. mala.
Uabices 19 Vs, Boiomin o

1. EPILOBIUM foliis lineari-lanceolatis. ifold
Eplobium foribus. diformibus, pillo declinato. I, PN
nec. 304,
Epilobium foliis lanceolatis integerrimis. F/. lapp. 146..
Hort. cliff. 154. Roy. lagdb. 250.
Lyfimachis, Chamanerion dicta anguftifolia. Baxb. pim,

245. ,
@ Lyfimachia Chamanerion dita latifolia. Baxh. pin.,

245.

z.Lyamnchh Chemanerion ditta alpina. Bawd. pin. 245,
. prodr. 116, i i v
Habitat in Europa boreali. %

2. EPILOBIUM foliis aliernis lanceolato-ovatis, 7
Habirat in Sibiria, 3 e
Differt a precedenti floribus duplo majoripus , foliis Ln~

ceolgto-ovatis, alternis nec fparfis, utringue leviffivso
tomento  molliffimis. Mec antecedens differnst
a fequentibus in nox pascis, bis epim Kloxes inogua-
les petalis. integris; Piltillu. declipatum; Folia_ al-
;_mn'c; Folia " erumpentia revoluta contra ac in re-
iquis.

* Staminibus ereddis regulavibus, petalis bifidis,
3. EPILOBIUM foliis oppofitis lanceolatis [ercais. birfieam,
j{-lar;.l liff. 145. Fl, fucc. 305. Grom. virg. 154
oy. Iugdb. 25T,
Lyﬁmnch?_a filiquafa hirfuta, magno flore. Baxh.pin.245,
Lyfimachia purpurea. Lachl. bift, 4o1.. ﬁ " ’
. Lyfi-




[Linnaeus - Sexual System

[Linnaeus and followers DID realize that
the system would have 1ssues

e cacti and cherries have little overall
similarity to each other

* but both have many stamens and a single « 4
. . . . . Opuntia™
pistil — placed in Polyandria / Monogynia

Prunus
e [Linnacus more concerned with mechanics:

usable, predictable, expandable, immutable

e Sexual System artificial, and thus backward
step away from ‘natural” classifications




Natural Classifications

Period of Natural Systems: 1760 - 1880

e Jate 18th century saw

suites of
accumulation of botanical characters m
collections >

— Theophrastus — Andre Caesalpino
— Herbalists — John Ray

® Linnaeus had pI’OVided pOpulaI' — Carolus Linnaeus — Pierre Magnol
and efficient cataloguing scheme
but unrelated plants were often

grouped * taxonomists reconsidered

purposes of classification;
revisited older ‘natural ideas




Natural Classifications

Period of Natural Systems: 1760 - 1880

e de Jussieu family of Paris sues of
produced the most complete —

‘natural’ classification

e their natural system came from
the practice of ‘taxonomic
gardens’

Antoine-Laurent de Jussieu




Natural Classifications

Period of Natural Systems: 1760 - 1880

e private and public gardens were then
arranged according to the LLinnaean
Sexual System of classification

N, B Ksiii#}“xlﬁm ,, an

LLinnacan Gardens in Uppsala, Sweden




Natural Classifications

Period of Natural Systems: 1760 - 1880

e Bernard de Jussiceu experimented by
replanting in the Trianon Garden on
Versailles Palace grounds so that those most

“similar” looking on the basis of many
features would be 1n proximity




Natural Classifications

Period of Natural Systems: 1760 - 1880

e Antoine Laurent de Jussieu published
Genera Plantarum in 1789 based on the de
Jussieu family’s new, more natural
classification system - and today reflected
in the plantings at the Trianon Gardens

ANTONII LAURENTII DE JUSSIEU

REG! A CONSILIIS ET SECRETIS, DOCTORIS MEDICI
PARIMINGGS , REGLE SCUNTIARUM ACADIMLE RIGIAQUE
BOCITTATES MIDGCA PARISINSIS , NICNON ACADEMIARUM UPSAL
MATRIT, LUGD, SOCII, IT IN MORYO MIGIO PARIS
BOTANICES PROFISSONRES,

GENERA PLANTARUM

SECUNDUM
ORDINES NATURALES
' DISPOSITA,

JUXTA METHODUM IN HORTO REGIO PARISIENSI
EXARATAM , ANNO M. DCC. LXXIV.

~ 'D . ¢ V& ’,:‘ ’
o lobrim — /24" Cottorea

3 C Y on /.
Gn %
|
- i

"

PARISIIS,

Apod Vidaatn HERISSANT, Typogrphom, vd sovd
B. M. b figno Crucis Auorex. :

Ei Turormitum BARROIS, ad rpam Acpaitisanceont,

1780




Phylogenetic Classifications

Phylogenetic systems date to 1859 and publication of
Origin of Species by Charles Darwin

evolutionary
interpretation

—Jp | Phylogenetic




Phylogenetic Classifications

Phylogenetic systems date to 1859 and publication of
Origin of Species by Charles Darwin

» ‘Natural” had meant different things to
different people

o to Linnaeus and others ‘natural’ referred
to the ordered structure of the universe and
biota as ordained by God - specific or
special creation

e to others “natural” groupings of taxa into
larger groups implied relationships based
on genealogy - with or without a God




Phylogenetic Classifications

Phylogenetic systems date to 1859 and publication of
Origin of Species by Charles Darwin

» ‘Natural” had meant different things to
different people

e to Darwin, natural implied that two
species looked similar because they shared
features from a common ancestor in their
genealogy




Phylogenetic Classifications

Phylogenetic systems to Darwin must include
genealogy + amount of change (or similarity)

o “classification must be genealogical”

 “genealogy alone does not give
classification”

o “descent with modification” : or
genealogy plus change = evolution




Phylogenetic Classifications

T-flq

Phylogenetic systems represented by T e ] e el

‘% ”y . A
the tree” metaphor i i 3l st R
 Darwin argued that “common
ancestry is a fact — and outcome

is a phylogenetic tree’

e |[ess than a decade later Ernst
Haeckel published the first tree of
life

e all classification systems since
have been phylogenetic

{ﬂ-‘u—u,i
(J Niassnss ) e
(F Ntaww ) Nadix ¥

v ,‘J‘. " M ¢ *




Phylogenetic Classifications

Bentham & Hooker at Kew Royal Botanic Gardens first
systematists to wrestle with phylogenetic classifications

 provided Darwin with
much of his botanical
evidence for evolution

e rudimentary
phylogenetic system
quickly over-shadowed by

two younger Germans A '
George Bentham Joseph Hooker

1800-1884 1817-1911




Phylogenetic Classifications

Engler and Prantl produced the monumental Die
Naturlichen Pflanzenfamilien between 1887-1915

Adolph Engler Karl Prantl
1844-1930 1849-1893




Phylogenetic Classifications

Engler and Prantl produced the monumental Die
Naturlichen Pflanzenfamilien between 1887-1915

e original classification
was natural’ and based
on many characters

* by 1915 their system had
a phylogenetic flavor with
simple plants listed first
and progressing to more

complex plants
Adolph Engler Karl Prantl

1844-1930 1849-1893




Phylogenetic Classifications

Engler - Prantl classification system became the standard
to arrange herbaria and floras by early 20" century

o stressed that “simple”
flowers - that 1s with few or no
parts - were ~ primitive

13 . 77
°c.g., Amentiferae - a group
with reduced flowers were
considered primitive

e their system can be called
“simple = primitive” or ~Salix Salix - willow
= primitive”




Phylogenetic Classifications

Engler - Prantl classification system became the standard
to arrange herbaria and floras by early 20" century

Salix - willow

= University of Wisconsin Student Herbarium — five
years ago - Salicaceae listed first in dicots




Phylogenetic Classifications

Charles Bessey revolutionized the classification of
angiosperms by his ideas on primitive vs. advanced characters

* hypothesized the primitive vs.
advanced state of many Charles Bessey (1848-1915)
characters of plants - see v > at University of Nebraska

jandou AR TP T

_ YRR IONT T o (R r il
* Bessey’s ‘dicta” or rules Ve SO N I B 'r j;"f"ﬂ’k -
were the basis of his W™ bl \:‘ T

W e : -_ - : . i' ‘ ?"r

!

phylogenetic classification
scheme

e formed the basis for all
subsequent modern systems




Phylogenetic Classifications

What were Bessey’s main dicta or rules?

Character Primitive State

all present, many in

|". Floral parts Cumber

2. Floral tusion parts separate

3. Floral symmetry |actinomorphy

4. Ovary position | hypogynous




Phylogenetic Classifications

Bessey’s dicta or rules

e similar to foliar theory of the
flower

» “Muagnolia = primitive” idea

e oeneral trend 1in angiosperms
has been reduction, loss, and
fusion




Phylogenetic Classifications

Bessey’s classification ( “cactus’ )

e Bessey produced a
classification system based on
his rules

e orders (-ales) of flowering
plants attached showing
relationships and degree of

primitive vs. advanced features a
o order Ranales (Magnolia) ’\ p;_i_d__ polypetaly
considered most primitive &% hypogyny

| actinomorphic

|le<se cha h relationships of orders he recog




Phylogenetic Classifications

. o . sympetal
Bessey’s classification ( ‘cactus’) | YIPEE
epigyny
" | actinomorphic

ﬁ sympetaly
polypetaly g f
epigyny > :

hypogyny
zygomorphic

actinomorphic

e zygomorphy, fused petals,
and inferior ovary are found
turther up the chart

o order Ranales (Magnolia)
considered most primitive




Phylogenetic Classifications

Contemporary classitications

* most based on Bessey’s
principles

e which characters stressed,
though, varies (subjective)

Takhtajan .Cronquist

B (d. 1992)

FIGURE 11.16 “Takhtajan’s flower garden,” which shows the putative relationships
between the orders and subclasses of the flowering plants.

9:wpmtu.lb“. “\U_lullp“
\
aricales

4
MAMELTDIDAE
MaGnoL1IDAE

SOURCE: From Takhtajan, 1980.

Armen Takhtajan’s and Arthur
Cronquist’s are stmilar with
subclasses (-1dae) as the major
groupings




Phylogenetic Classifications

Contemporary classitications

AN IN‘l“l-l()RA'l'ED SYSTEM
OF CLASSIFICATION
OF FLOWERING PLANTS

* most based on Bessey's . L AR e
principles T

e which characters stressed,
though, varies (subjective)
Takhtajan Cronquist
(d2009) : |
o
Cronquist’s best developed of the

contemporary classifications
based on morphology




Phylogenetic Classifications

Contemporary classitications

e Rolf Dalhgren (d. 1987):

Danish taxonomist who
emphasized chemical features

e Robert Thorne (d. 2014;
Rancho Santa Ana Botanical
Garden): was still modifying his
morphology based system using
DNA evidence |
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PHYLOGENETICS OF SEED Mark W. Chase,* Douglas E. Soltis,

i Richard G. Olmslcad.“ David Morgan,?
PLANTS: AN ANALYSIS OF Donald H. Les,* Brent D. Mishler*

11 1 NUCLEOTIDE SEQUENCES ; * Rober, rice,t
Molecular classifications FROM THE PLASTID - ot & pn v o g™
Kathleen A. Kron,? ] H. Reutig,’
GENE rbeL! E;:lna é:nli,"' t]ae}’rcye‘;').’.e;alme:'mg
James R. Manhart,® Kenneth J. Sytsma,"

111 Helen J. Michaels," W. Cress,'”
e the 1993 paper examining DNA Mink o e Ft
Mikael Hedrén,' Brandon S. Gaut,’
Robert K. Jansen," Ki-Joong Kim,"

of 500 genera of seed plants Charis F Wimpee: Janes F Snith”
Glenn R. Furnier,' Steven H. Strauss,"

Qiu-Yun Xiang,® Gregory M. Plunkeut,?
Pamela S. Soltis,* Susan M. Swensen,"

revolutionized phylogenetic | e By iy o

Christopher J. Quinn,® Luis E. Eguiarte,’
Edward Golenberg,” »

Clas Slflc atlon Gerald H. Learn, Jr.; Sean W. Graham,
Spencer C. H. Barrett,**
Selvadurai Dayanandan,” and
Victor A. Albert?

_—m_
ABSTRACT

We present the results of two exploratory parsimony analyses of DNA sequences from 475 and 499 species of
seed plants, respectively, representing all major taxonomic groups. The data are exclusively from the chloroplast gene
rbeL, which codes for the large subunit of ribulose-1,5-bisphosphate carboxylase/oxygenase (RuBisCO or RuBPCase).
We used two different state-transformation assumptions resulting in two sets of cladograms: (i) equal-weighting for
the 499-taxon analysis: and (ii) a procedure that differentially weights transversions over transitions within characters
and codon positions among charagters for the 475.taxon analysis. The degree of congruence between these results
and other molecular. as well as morphological, cladistic studies indicates that rbcL sequence variation contains historical
evidence appropriate for phylogenetic analysis at this taxonomic level of sampling. Because the topologies presented ]
are necessarily approximate and cannot be evaluated adequately for internal support, these results should be assessed
from the perspective of their predictive value and used to direct future studies, both molecular and morphological.
In both analyses, the three genera of Gnetales are placed together as the sister group of the flowering plants, and
the anomalous aquatic Ceratophyllum (Ceratophyllaceae) is sister to all other flowering plants. Several major lineages
identified correspond well with at least some recent taxonomic schemes for angiosperms, particularly those of Dahlgren
and Thorne. The basalmost clades within the angiosperms are orders of the apparently polyphyletic subclass Magnoliidae
sensu Cronquist. The most conspicuous feature of the topology is that the major division is not monocot versus dicot,
but rather one correlated with general pollen type: uniaperturate versus triaperturate. The Dilleniidae and Hamamelidae ~
are the only subclasses that are grossly polyphyletic; an examination of the latter is presented as an example of the
use of these broad analyses to focus more restricted studies. A broadly circumscribed Rosidae is paraphyletic to
Asteridae and Dilleniidae. Subclass Caryophyllidae is monophyletic and derived from within Rosidae in the 475-taxon
analysis but is sister 1o a group composed of broadly delineated Asteridae and Rosidae in the 499-taxon study.

' The authors acknowledge the following support: U.S. National Science Foundation (NSF) grant BSR-8906496
1o MWC; BSR-9007614 to DES; BSR-9002321 10 MRD; BSR-9107827 to RGO; BSR-8817992 10 DHL and CFW;
BSR-9107484 1o BDM; BSR-9007293 and BSR-9020055 1o KJS: BSR-8821264 1o KAK: BSR-8717600 and BSR-
8996262 to JDP; BSR-9020171 to RKJ; BSR-8817953 to SHS and RAP and BSR-8957023 10 SHS; BSR-880193
to W. Alverson; a Sloan Postdoctoral Fellowship to KJK: BSR-8914635 to VAA: a grant from the American
Philosophical Society to SEW; Australian Research Council grant AD9031851 to PAG and CJQ: an operating grant
to SCHB and a graduate scholarship to SWG from the Natural Sciences & Engineering Research Council of Canada;
a grant to MWC and doctoral fellowship to VAA from the American Orchid Society: and a postdoctoral scholarship

ANN. Missourt Bor. Garp. 80: 528-580. 1993,
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Molecular classifications

e Angiosperm Phylogeny Group e APGIII (2009) — used in course
classification — APGI (1998), and Plant Systematics, 2nd ed.
APGII (2003) text [APGIV (2016) “tweaked”]

Botanical Journal of the Linnean Society, 2009, 161, 105-121. With 1 figure

An update of the Angiosperm Phylogeny Group
classification for the orders and families of flowering
§ plants: APG III

THE ANGIOSPERM PHYLOGENY GROUP*!

'Recommended citation: APG 111 (2009). This paper was compiled by Birgitta Bremer, Kare Bremer;
Mark W. Chase, Michael F. Fay, James L. Reveal, Douglas E. Soltis, Pamela S. Soltis and Peter F.
Stevens, who were equally responsible and listed here in alphabetical order only, with contributions
from Arne A. Anderberg, Michael J. Moore, Richard G. Olmstead, Paula J. Rudall, Kenneth J.
Sytsma, David C. Tank, Kenneth Wurdack, Jenny Q.-Y. Xiang and Sue Zmarzty (in alphabetical
order). Addresses: B. Bremer, The Bergius Foundation at the Royal Swedish Academy of Sciences, PO
Box 50017, SE-104 05 Stockholm, Sweden; K. Bremer, Vice Chancellor, Stockholm University, SE-106
91 Stockholm, Sweden; M. W. Chase, M. F. Fay, Jodrell Laboratory, Royal Botanic Gardens, Kew,
Richmond, Surrey, TW9 3DS, UK; -J. L. Reveal, L.H. Bailey Hortorium, Department of Plant Biology,
412 Mann Building, Cornell University, Ithaca, NY 14853-4301, USA; D. E. Soltis, Department of
Biology, University of Florida, Gainesville, Florida 32611-8525, USA; P. S. Soltis, Florida Museum of
Natural History, University of Florida, Gainesville, Florida, 32611-7800, USA; and P. F. Stevens,
Department of Biology, University of Missouri-St. Louis and Missouri Botanical Garden, PO Box 299,
St. Louis, Missouri 63166-0299, USA

Received 12 August 2009; accepted for publication 18 August 2009
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Molecular classifications

e Angiosperm Phylogeny Group e APGIII (2009) — used in course
classification — APGI (1998),  and Plant Systematics, 2nd ed.
APGII (2003) text 8 F—

e APG uses DNA and a lot of
morphology

* ¢.g., use of pollen
features to delimit
“eudicot” — the 3-pored
pollen bearing flowering
plants
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Molecular classifications

e Angiosperm Phylogeny Group

classification — UW Botany
Gardens first garden based on
the APG system!

Botanical Journal of the Linnean Society, 2009, 161, 105-121. With 1 figure

An update of the Angiosperm Phylogeny Group
classification for the orders and families of flowering
plants: APG III

THE ANGIOSPERM PHYLOGENY GROUP*!

'Recommended citation: APG 111 (2009). This paper was compiled by Birgitta Bremer, Kare Bremer;
Mark W. Chase, Michael F. Fay, James L. Reveal, Douglas E. Soltis, Pamela S. Soltis and Peter F.
Stevens, who were equally responsible and listed here in alphabetical order only, with contributions
from Arne A. Anderberg, Michael J. Moore, Richard G. Olmstead, Paula J. Rudall, Kenneth J.
Sytsma, David C. Tank, Kenneth Wurdack, Jenny Q.-Y. Xiang and Sue Zmarzty (in alphabetical
order). Addresses: B. Bremer, The Bergius Foundation at the Royal Swedish Academy of Sciences, PO
Box 50017, SE-104 05 Stockholm, Sweden; K. Bremer, Vice Chancellor, Stockholm University, SE-106
91 Stockholm, Sweden; M. W. Chase, M. F. Fay, Jodrell Laboratory, Royal Botanic Gardens, Kew,
Richmond, Surrey, TW9 3DS, UK; -J. L. Reveal, L.H. Bailey Hortorium, Department of Plant Biology,
412 Mann Building, Cornell University, Ithaca, NY 14853-4301, USA; D. E. Soltis, Department of
Biology, University of Florida, Gainesville, Florida 32611-8525, USA; P. S. Soltis, Florida Museum of
Natural History, University of Florida, Gainesville, Florida, 32611-7800, USA; and P. F. Stevens,
Department of Biology, University of Missouri-St. Louis and Missouri Botanical Garden, PO Box 299,
St. Louis, Missourt 63166-0299, USA

Received 12 August 2009; accepted for publication 18 August 2009
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UW Botany Department Student
Herbarium

Botanical Journal of the Linnean Society, 2009, 161, 105-121. With 1 figure

An update of the Angiosperm Phylogeny Group
classification for the orders and families of flowering
plants: APG III

THE ANGIOSPERM PHYLOGENY GROUP*!

‘ 'Recommended citation: APG 111 (2009). This paper was compiled by Birgitta Bremer, Kare Bremer;
Mark W. Chase, Michael F. Fay, James L. Reveal, Douglas E. Soltis, Pamela S. Soltis and Peter F.
Stevens, who were equally responsible and listed here in alphabetical order only, with contributions
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[ssues in Grouping

I. Convergence a problem with any system

r?/ )

Reduced flowers Inferior ovary C roll tube
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I. Convergence a problem with any system

Sympetaly in Cronquist's Dicot Subclasses

Ham- 0 e
) ) | |

Corola tube
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2. “Tree Thinking~ - what a phylogenetic tree iS . . .

* various trees that you will see 1n this course

rooted rooted

unrooted rooted
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2. Tree Thinking~ - what a phylogenetic tree is not . . .

Fish =™ Newt — Lizard Mouse

N

h h

Is a Newt more closely related to a Fish than to a Human?




Issues in Grouping

2. Tree Thinking~ - what a phylogenetic tree is not . . .

Human Mouse Lizard = Newt = Fish
e <

Same tree / topology!
o
W P

Is a Newt more closely related to a Fish than to a Human?
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2. Tree Thinking~ - what a phylogenetic tree is not . . .

Fish =™ Newt — Lizard Mouse

N

h h

Same tree / topology!

Is a Newt more closely related to a Fish than to a Human?
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2. Tree Thinking~ - what a phylogenetic tree is not . . .

Fish = Human—" Mouse Lizard

Same tree / topology!

Is a Newt more closely related to a Fish than to a Human?
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2. Tree Thinking~ - what a phylogenetic tree is not . . .

Fish — = Human — — Mouse — — Lizard — — Newt

Tip reading 1s ladder reading, incorrect!
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2. Tree Thinking~ - what a phylogenetic tree is not . . .

Fish Human Mouse Lizard

ancestor of human and
newt

Newt 1s more related to Humans than Fish! They share a more
recent common ancestor than either does with Fish.




Issues in Grouping

3. Named groups are monophyletic (ancestors and all
descendants)

® — ancestor
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3. ... vs. paraphyletic (not all descendants included - usually
because these are highly modified) - should these be allowed?

i :=excluded descendant

— = modifications
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legumes are paraphyletic

Relationships of Three Legume Subfamilies
Based on DNA Evidence

e [aboid (beans, peas)
and

(acacia, mimosa)

Gl | legumes are highly
modified

Faboideae

Mimosoideae

Caesalpinia

Tamarindus

e but descended
from the common
ancestor of
caesalpinoids

Caesalpinioideae

Cercis

Bauhinia

Polygalaceae
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3. ... vs. polyphyletic (more than one ancestor - defined by
convergent feature) - these are avoided

® — ancestor

— = Convergence

tree fern
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4. Not all monophyletic groups are named - limited categories
available in ranked (Linnean) systems

= named group

= not named group
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5. Ranks are abitrary - but follow Linnean categories:
kingdom, phylum, class, order, family, genus, species

)| Magnoliophyta
"% °| Pinophyta

s 2 x| Gnetophyta

Cycadophyta

Ginkgophyta

Gymnosperms
=4 phyla
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5. Ranks are abitrary - but follow Linnean categories:
kingdom, phylum, class, order, family, genus, species

| M liophyt
agnoliophyta or . . .

Gymnosperms
=4 classes 1n 1
phylum

Pinopsida

i k| Gnetopsida

Pinophyta

Cycadopsida

Ginkgopsida
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6. International Code of International Code of
Phylogenetic Nomenclature or  vs. Nomenclature or “ranked” /
PhyloCode (established 2004) “Linnean” system
http://www.ohiou.edu/phylocode/

e taxon based on phylogeny e ranked taxon defined based
(a “clade”™) - rankless on types

e content of taxon specitied e content of defined taxon not
by the phylogeny or tree specitied except for type

 any clade can be named e limited number of groups or

... ranks can be named
e what clade a species i1s in

will not change! e what taxa a species 1s 1n can
change!




Issues in Grouping

-Amborellaceae
Nymphaeaceae
Austrobaileyales
hioranthaceae
anellales
E'w,a,,s }magnolllds
Magnoliales
Acorales
Alismatales

angiosperms

* in practice and informally,
recent phylogenetic
classifications have been s |

eratophyllales

monocots

Ranunculales

using a hybrid of ranked and v

rankless groupings

o APGIII uses ranks for
families and orders; informal
rankless names for larger
groups

core eudicots

euasterids |

euasterids Il




