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Future of Systematics

1. Genomics Q

2. Biogeogr'GPhY Biogeogr‘GP

3. ECO'OQY ‘“
AR

i
Mor'pholog »
Ecology and phylogenetics 4 v/ AN
intertwined in a number of Deve,meen
new fields of study called
Phylogenetic Ecology




Phylogenetic Ecology

Ecology Letters, (2009) 12: 693-715 doi: 10.1111/j.1461-0248.2009.01314.x

REVIEW AND
SYNTHESIS The merging of community ecology and phylogenetic

biology

Jeannine Cavender-Bares et al.

Phylogenetics
l N can/should inform

- ecological processes
——p (| Ecosystem at many scales!

« Traits
/ processes

Evolu\tion\ L /

Communities




Phylogenetic Ecology

The use of phylogeny to understand
species loss due to global climate change

Original habitat climate niche I

New habitat climate nichef I




Phylogenetic Ecology

R

pre-warming

The use of phylogeny to understand
species loss due to global climate change
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Phylogenetic Ecology

R . _ OnWisconsin
Projecting species niche models to

2070 under climate change model

CALCULATION

Plant Family Tree

By Meg Jones '84

Spalink et al. 2018 American DNA Barcode phylogenetic tree

Journal of Botan . .
g of Wisconsin flora




Phylogenetic Ecology

Examined speciation events
within Southern Hemisphere
continental biome types

—

New Caledonia

A >
\ P, 4% e L\, New Zealand
7\ ;\-’~ Australia LAY
8 N & N
. » \\\
H

-2 7 ‘South America
| S 4
Madagascar

Sclerophyll

Do most transoceanic colonizations

Michael Crisp et al. (2009) - read! ~ occur within same or different
biome types?




Phylogenetic Ecology

1. Genomics
2. Biogeography
3. Ecology

Ecology and phylogenetics

intertwined when looking at Developmen
the emergence of life forms

on earth and their

subsequent diversification




Emergence of Life Forms

Cup tung)

water molds

? e emergence of 3 domains of
life with 6+ kingdoms




Emergence of Life Forms

* rise of major lineages of
eukaryota - many of which we
do not yet know how related




Emergence of Life Forms

* movement of plants onto land
and their subsequent
diversification

Nonvascular
plants

Vascular plants
—'—’/&—
‘N

onseed Seed plants
plants

Ancestral

Mosses,
liverworts,

Ferns Confers

hornworts
‘v 1 }

i
f ’5@ First seed
f

N plants

First vascular
plants

Ordovician-Devonian




Emergence of Life Forms




Variation in Lineage Diversity

Variation in lineage diversity relates to the appearance of unequal
numbers of species in sister lineages - unequal radiations

Basal Angiosperm Phylogeny

APGIII - 2009

—

ca. 210,000 species eudicots

Eud cots

VS.

Ce atophyllales

O

Monocots

5-30 species coon's tails

Magnoliales

Laurales

What "causes” these
imbalances despite same
amount of time to radiate?

Canellales

Magnoliids

m%%%ﬂ“w“
<, . : - A e
T Sl Pl

Piperales

Chloranthales

ca. 300,000 species all flowering plants

Austrobaileyales |

VS.

O

ANITA

Nymphaeales

Amborellales

1 species Amborella

Gymnosperms



Variation in Lineage Diversity

Variation in lineage diversity relates to the appearance of unequal
numbers of species in sister lineages

Expectation is that sister
lineages should show
roughly equal numbers of
species - as they are equal
In age

Clade 1 — 10 species

No Lineage Variation
between Sister Clades

Clade 2 — 10 species

What are the exceptions?




Variation in Lineage Diversity

Variation in lineage diversity relates to the appearance of unequal
numbers of species in sister lineages

1. Differential extinction

SRR One lineage ( ) is
more diverse simply
neage Variaton because the other was
S E R maladapted perhaps to a
¥ = Extinction changing environment

Clade 2 — 4 species




Variation in Lineage Diversity

Differential extinction is well known in
the fossil record:

Pleistocene
6 great extinction events megafauna

The Great Extinctions




Variation in Lineage Diversity

Differential extinction is well known in
the fossil record:

= e e

Diverse lycopods & horsetails in Carboniferous




Variation in Lineage Diversity

Variation in lineage diversity relates to the appearance of unequal
numbers of species in sister lineages

Clade 1 — 10 species

Lineage Variation
between Sister Clades

Co-evolved group
spurring speciation

Clade 2 — 20 species

2. Coevolution

One lineage (clade 2) is
more diverse because of
the ability to co-evolve with
other organisms




Variation in Lineage Diversity

Flowering plants show remarkable ability
to co-evolve with other organisms: Pollination

Fig and Fig Wasp Coevolution

Spex iation
D D E E

2 related wasp L 1 waspon 2 .0ab .
y “xn : “\:é\l 37 1:1 speciation r|-|‘|t<~|d .[i})‘\ 1:1 speciation 1:1
A A' A B B C C C'

Ficus phylogeny

| S
|

/

Fig wasp phylogeny
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A 2012 paper showing extreme co-
evolution of figs and fig wasps:

Pollination

Fig wasps




Variation in Lineage Diversity

Flowering plants show remarkable ability e
to co-evolve with other organisms: Scutellaria,,

|

y

-~

Chemical arm’ s race b

-~

Hoplasoma spp. Clerodendrum

Beetle Host-plant \
subgenus J— ‘

phylogeny Stachysivora Stachys phylogeny
subgenus
Phyllobrotica: Scutellaria:

A‘ y 1

!
y
!
!

:

\

!

|

P. adusta S. altissima

P. quadrnimaculat
S. galericulata
P. decorata

P. circumdata S. integrufolia

P. costipennis S. arenicola
P. sp. nov. S. incana

P. sororia S. drummondii

P. physostegiae Physostegia

P. limbata S. laterifiora

Fig. 3. Phvlogenv of the cnrvsomelid genus Phyllobrotica tand its sister genus. Hoplasoma), and of its
host plants:’ Each beetie taxon is placed opposite its host. Physostegia. which branches off after
Clerodendrum. i1s placea to depict its occupation by P physostegiae. Phylogeny concordance is
significant or nearly so unaer several randomization distributions. The diagram exciudes plant taxa not
known to be hosts ot Phyvi/lobrotica and species of Phvllobrotica with unknown host associations

%
Phyllobrotica




Variation in Lineage Diversity

Variation in lineage diversity relates to the appearance of unequal
numbers of species in sister lineages

Clade 1 — 10 species

Lineage Variation
between Sister Clades

Key innovation &
adaptive radiation

Clade 2 — 20 species

3. Adaptive radiation

One lineage (clade 2) is
more diverse due to
combination of species
radiation and adaptation
info many ecological zones
perhaps due to the origin of
a novel feature - key
innovation




Adaptive Radiations

| ff_".;: > s %
Emergence of flowering plants has two important facets:

1. Radiation - large number of species resulted

2. Adaptive - exploited incredible array of
ecological strategies or niches




Adaptive Radiations

o
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* in 130 my, angiosperms dominate
biomes from tropical forests to arctic

¢ © Ron Niebrugge

tundra . . .
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ive Radiations

. . .life forms from giant emergent
tropical trees to the tiniest aquatic
duckweeds . . .




Adaptive Radiations

. . .and exploited reproductive biology in elaborate outcrossing
and seed dispersal methods to forgoing sex altogether via apomixis
and parthenogenesis




Adaptive Radiations

e Angiosperms show all necessary
characteristics of an adaptive
Basal Angiosperm Phylogeny rad ia-rion

APGIII - 2009

Eudicots

* Key innovation(s) spurring this
adaptive radiation?

Ceratophyllales

Monocots

Magnoliales flower'S? Tr'i(]per""ur'a're pollen?

Laurales

vessels? whole genome duplications?

Magnoliids

Canellales

tricolpate of friporate

Piperales polien™

Chloranthales

Austrobaileyales_

Placospermum 8§
Proteaceas "

Nymphaeales | (basal Eudicot)

Amborellales

ANITA
% % (}“.j -‘

Gymnosperms




Adaptive Radiations

Givnish et al. (2015) - read!

 Orchids show all necessary
characteristics of an adaptive
radiation

* Key innovation(s) spurring this
adaptive radiatio
B




Adaptive Radiations

a defintion?

Santiage
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The natural history of these islands

is emminently curious and well deserves
attention....Both in space and time, we
seem to be brought somewhat near to
that great fact - that mystery of
mysteries - the first appearance of new
beings on this earth.

Charles R. Darwin




Adaptive Radiations

". .. species occasionally arriving after long intervals in a new and
isolated district, and having to compete with new associates, will

be eminently liable to modification, and will often produce groups
of modified descendants” [Darwin, 1859]

1

The natural history of these islands

is emminently curious and well deserves
attention....Both in space and time, we
seem to be brought somewhat near to
that great fact - that mystery of
mysteries - the first appearance of new
beings on this earth.

Charles R. Darwin




Adaptive Radiations

. . an isolated region, if large and sufficiently varied in its
topography, soil, climate and vegetation, will give rise to a
diversified fauna according to the /aw of adaptive radiation from
primitive and central types. Branches will spring off in all
directions to take advantage of every possible opportunity of
securing food.” [Henry Osborn, 1900]

11

First use of term
adaptive radiation




Issues in Adaptive Radiations

* It is clear that few of the classic cases of adaptive radiation
had been studied rigorously from a combined systematic and
ecological point of view

G. fortis

G. fuliginosa

Two main issues: N [ sepn

Warbler finch

Sympatric Santa Maria,
populations | San Cristobal

Cactus ground finch

Sharp-beaked
ground finch

Smcll ground

G. fortis,
allopatric

insectivorous
tree finch

G. fuliginosa,

allopatric Los Hermanos

Vegetarian
tree finch

Percentages of individuals in each size class

10 12 14 16
Beak depth (mm)




Issues in Adaptive Radiations

1. The very characters whose diversification is being examined
(e.g. beak size, shape, function in Darwin’ s finches), also were
used to determine relationships of and classify the organisms
possessing them - potentially circular!




Issues in Adaptive Radiations

2. Extreme convergence and divergence is likely in groups that
are undergoing adaptive radiations

Divergence: changes in homologous structures

among related species; changes permit each
species to specialize in different environments

Convergence: changes in analogous structures

among unrelated species; changes permit each
species to specialize in the same environment




Issues in Adaptive Radiations

These two issues in studying adaptive radiations are best

addressed by using an independent source of information -
molecular phylogenetic characters

Molecular Evolution
and Adaptive Radiation
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AGATTS STCGGCGC (
.
'V I'TTGTGC
CTGCACAAATTAA
\GGGCTAGGTCC
CTTTTCATTGA IAG *GATGCACGG A
G GAGGAC 1 o T( 4 TAACATGGGAT
CGATGAAGAGGATAA GEIFGCTAAGAGAA ‘
ACATTAGCACATY( - \CCAATG(
JAACAACTTGTG o v WCACACCCY
FTGGGAACATG | ; A AT rca CATTTGC(
TTAATTTCAA , s \ FTGTTAT M h |
$1/0 ~CTGCACAAATTAA orpholog
AGAAAGTCT "% T - e CTAGGTC(C
<™ \
CTTTTCATTC - - ATGCACGGAAA
GCAGAGGAC AATC L STTAACATGGGAT/
CGATGAAGAG WACACCAC < \AGAGAA,
{ : ATT CCGCA1 A" . ACCAATG

ACATTAGCACATGCGACGGGCCATI

PAACAACTTGTGAACTTATTCAG TTCA1 sAC v I GEGACACET I
[GGGAACATGITATAGATGGATG: AGATCAATTCGGC GGG Developmen

\TAATTTCAACTAGCTTTCCGCAAAGCGATTTCTTTTC TGN T IETAT
CCAATTGCAATCCAATTITAATTTGTATAGATACAATACCTAERC ABREIA A

AAAGAAAGTCTTCTTTTTGAATAT 1.‘\\“\‘\\\)*.‘4..\&.\ I'I(‘(
CATAGATACAAGTACTCI : T | TGA
s

EDITED BY
Thomas J. Givnish
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Adaptive Radiations

Illustration of these problems with 2 examples of adaptive
radiation - African cichlid fishes and Hawaiian lobeliads

Cichlids of Lake Victoria

?w =
Hwﬂ

L. Tanganyika %
— L. Malawi




Rift Valley Cichlids

Cichlids possess a double jaw system, the pharyngeal jaw is
thought to be a key innovation for species proliferation and
divergence in feeding strategies

» species with similar feeding
strategies bziween laxes related?

« species showing different feeding
strategies within a lake related?

Lake Tanganyika Lake Malawi




Rift Valley Cichlids

Cichlids possess a double jaw system, the pharyngeal jaw is
thought to be a key innovation for species proliferation and
divergence in feeding strategies

MtDNA tree

04 03 0.2 0.1
Mean pairwise difference

* Species within each lake related!

* divergence within each lake!

* convergznce between lakes! Lake Tanganyika  Lake Malawi




Hawaiian Island Radiations

Isolated, oceanic islands provide some of the most classic examples
of adaptive radiation

* isolation - once you
get there, you can’ t
go back
S TSRS * great ecological
diversity - many
niches to exploit

2 volcanic i ‘
ridges * low diversity -

many hiches open

* low competition,
predation, herbivory -
you can be different




(5.8 mya) (3%0230) (Molokai

2.1 mya)

e archipelago is a
series of geologically
dated islands

* fixed volcanic
hotspot but Pacific
plate conveyor belt
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Hawaiian Lobeliads

Why the Hawaiian lobeliads?

Hawaiian Lobeliads

Cyrtandra, Mints, Melicope

Schiedea, Silverswords

Lineage rank

* largest group: 6
genera, 140 species

e 1/8th of native
flora




Hawaiian Lobeliads

Why the Hawaiian lobeliads?

* largest group: 6
genera, 140 species

e 1/8th of native
flora

* phenomenal
variation in habitat,
life form, flowers,
and fruits

e considered derived
from 3-5 separate
colonizations




Hawaiian Lobeliads

Why the Hawaiian lobeliads?

* appear to have co-
evolved with the
endemic Hawaiian
honeycreepers




Hawaiian Lobeliads

Why the Hawaiian lobeliads?

* appear to have co-
evolved with the
i . s endemic Hawaiian
The Beak (.; the Haw \m\m\\ : i FETT honeycreepers

Honevyc reej

* honeycreepers
represent a
separate adaptive
radiation




Hawaiian Lobeliads

What are the Hawaiian lobeliads?

U/ ‘
‘J/( _\f"
XV
P k7 74
W /,—\

/ g 7 AR
Lobelia gloria-montis

- \

Lobelia re/elé)ll Mt. I(enyo




Hawaiian Lobeliads

What are the Hawaiian lobeliads?




Hawaiian Lobeliads

What are the Hawaiian lobeliads?

Delissia
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Hawaiian Lobeliads

What are the Hawaiian lobeliads?




Hawaiian Lobeliads

What are the Hawaiian lobeliads?

S v




Hawaiian Lobe]iads

sequenced over 6 million base pairs of DNA in
each of about 100 species - to test for “finger
print” of ancestry




Hawaiian Lobeliads

H e ] Lobelia kauaensis
— s | L Lobelia villosa
a WG I I a n ) Lobelia gloria-montis

. 100 I: Tremalobelia kauaiensis
I O b e l l ad S Tremalobelia macrostachys
Lobelia hypoleuca
Lobelia yuccoides
Lobelia niilhauensis
[ Brighamia insignis
e Brighamia rockii
— Delissea rhytidosperma
b Delissea subcordata Hawaii

) Cyanea floribunda
! I E Cyanea pilosa var. longipedunculata
Cyanea acuminata

( Cyanea hirtella
Cyanea kuwehewa

= Cyanea coriacea
b Cyanea leptostegia

Clermontia kakeana
: ; Clermontia parvifiora
— Clermontia arborescens
Clermontia fauriei

1 Lobelia columnaris
) _mglbenoa Africa
_{— Lobelia petiolata =l
Lobelia organensis _] Brazil

Sclerotheca jayorum )
) Sclerotheca forsteri Society,
3 Austral, and
Apetahia margaretae Cook Islands
| I Apetahia longistigmata _
Lobelia boninensis 7] Bonin Islands
Lobelia nicotianaefolia -1 S. Asia
Burmeistera crispiloba

J
—l be— Centropogon gutierrezii S. America
Lobelia excelsa

Isotoma axillaris 7] Australia
Lobelia vivaldii 7] Caribbean
Lobelia cardinalis 7] N. America

10 changes

DNA supports common ancestry of ALL Hawaiian lobeliads - one
single ancestral seed dispersed to Hawaii & radiated into the more
than 140 species




Hawaiian Lobeliads

Bottom-up calibration ‘

@Iop«mwn calibration

I
|
I
|
I
I
I
|
I
|
I

SCher
Ap margareiae
Ap longistigmata

L caxinails

| |
ey M e — — e
20 5 0 0 5 15 20

Two clock calibrations - using
Asterid fossils or using
Hawaiian Island ages - place the
differentiation of Hawaiian
lobeliads at 13-14 mya




Hawaiian Lobeliads

200 KILOMETERS

EXPLANATION
ic high
ouguer gravity anomaly high (> 250 mGal)
Loci of shield volcanoes
<> Area of closed low

Origin of fleshy-fruited clade

Two clock calibrations - using
Asterid fossils or using
Hawaiian Island ages - place the
differentiation of Hawaiian
lobeliads at 13-14 mya

Original colonist arrived in
Gardner Pinnacles or French

Frigate Shoals - large volcanic
islands 12-16 mya




Laysan
20.7 My Gardner

15.8 My
.‘ 4 ‘ French Frigate Shoals

12.8 My
Necker
SOMY  inod
7.3 My
) Kauai
© 47My Oahu
3.0-2.6 My

Maui Nui complex
2.2-1.2 My

o
Nilhau
5.1 My

Hawai
0.5-0 My

Bottorn-up calibration L kauensis
L villosa
L gloria-montis
Tr kauaiensis
Tr macrostachys
L hypoleuca
L yuccoides
L niihauensis
Bng insignis
Brig rockil
Del rhytidosperma
Del subcordata
Cy fioribunda

Cy hirtella
Cy kuhihewa
Cy conacea
Cy leptostegia
Cl kakeana
Cl parvifiora
Cl arborescens
Clfauen
L columnaris

L organensis
L petiolata

* Early lobeliads had 7= ° More recent radiation

initial radiation with el of lobeliads pimarily with

L nicotianaefolia

Hawaiian honeyeaters -3 Hawaiian honeycreepers

L excelsa

now extinct o now going extinct

L cardinalis




Future of Systematics

... it is central to biological sciences!




Concluding thoughts .

The field of plant systematics epitomizes
the work of all other branches of biology
centered on the organism itself, and
brings the varied factual information
from them to bear on the problems of
interrelationships, classification, and
evolution.

Thus, systematics is at once the alpha
and omega of biology.
Reed Rollins 1957




Concluding thoughts .

Plant systematics has not outlived
its usefulness; it is just getting under
way on an attractively infinite task.

Lincoln Constance, 1957




