Demise of the non-avian
dinosaur lineage

Edmontosaurus ¥

Great Mysteries to Zoologists

Rise of the birds from a dinosaur lineage
Archaeopteryx

Adaptive radiation of
mammals after dinosaurs

Eocene in Kansas
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Great Mysteries to Botanists

Origin of land plants _\ 8 -
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Greatest Mystery to Botanists

Origin and rise of
angiosperms







Angiosperms have NOT always dominated

e

Fossil Record

as seen by Charles Darwin
« tree-like lycopods, horsetails,
primitive gymnosperms - the
Carboniferous

« ferns, cycads, ginkgos, conifers -
the Triassic/Jurassic

« flowering plants suddenly show
up at start of Cretaceous

Fossil Record

as seen by Charles Darwin

* by mid-Cretaceous, 50 families
of angiosperms seen

¢ including 5 monocot

¢ including 4 ament/catkin




Fossil Record

as seen by Charles Darwin

* by mid-Cretaceous, angiosperms also dominate the face of
the earth (based on fossil diversity)

% of total fossils

PTERIDOPHYTES
F75%

OTHER
SEED PLANTS
I 50%

CYCADOPHYTES
-25%

the Abominable Mystery

“The rapid development, as far as we can
Jjudge, of all the higher plants within recent
geological time is an abominable mystery”

(Darwin, 1879, in a letter to
Hooker)

Joseph Dalton Hooker

Director of the Kew
Royal Botanic Garden
and good friend of
Darwin (the only
acknowledged person in
the “Origin of Species™)

(page 3, letter of 22 July 1879) P P

the Abominable Mystery

- Continues with speculations on
how to answer the mystery

« originated in alpine J b~

conditions sfig s %5 peF NI

« originated in isolated = gt B

* arose in response to rise
of ‘flower-frequenting
insects’

1. When did the Angiosperms arise?
2. What were the first Angiosperms? |§
3. Where did the Angiosperm arise?

4. From what Gymnosperm clade e
. _ . 2009 AJB
did the Angiosperms arise ? volume

5. Why did they take over the world’s flora?




the 2018 Evidence

1. Modern fossil record

2. Geographical distributions

3. Morphological phylogenetics
4. Evo-devo studies of flowers
5. Molecular phylogenetics

6. Molecular “clocks”

Pollen Record

* ubiquitous - preserves well due to exine layer

* often diagnostic to specific gymnosperm or angiosperm
groups

Plasma
lemma @]

Pollen Record

« ubiquitous - preserves well due to exine layer

* often diagnostic to specific gymnosperm or angiosperm
groups

* but different levels of production and fossilization
L7l

« little Senecio pollen in tropics

« abundant pine pollen in lake sediments

Pollen Record

* gymnosperm vs. early angiosperm pollen differentiation
often requires TEM vs. SEM visualization - both one pored
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Pollen Record

75w~ Jim Doyle - UC Davis

Cenomanion

Upper Cret

Alsion

Tower Croton

Triassic

Figure | Time dntnbution and presumed refationships of principal Early Cretaceows and
Cmoun-u- u[u-pu-: pollen m-n (e=p), and selected pre-Cretaceous polien types (a-d)

Triassic of Cornet (0 ¢: cycad-type
d-mhr m: d: saccate Alvmlu pclkn of Caytonisceae and Corystospermacea.
e Ci f R & Liliwcsdaes. n possible monsocot;

« retculate tricolpate; /£ striate meoiput & smooth tricolpate; I grain with tricolporate
tendency; m: tricolpodiorate; a° polyporate, a: smooth, oblate-triangslar tricolporate; p: early
member of triporate Normapolles complex.

« all pre-Cretaceous
pollen = gymnosperm

* Neocomian (130 mya)
= oldest angiosperm
single pored pollen
(basal angiosperms)

e Barr.-Aptian (125 mya)
= oldest tricolpate pollen
(eudicots)

Pollen Record

Albian (110 mya)
diversity

» magnoliids

* monocots

Aptian « cordate-leaved
d)*\ @ / @ eudicots
=N
* aments - wind

2] 3 sioges

wonic pollinated
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Figure | Time dwtrbution and presumed refationships of priscipal Early Cretaceows and
meu-uu upnpm pollen lypn (e-p), and selected pre-Cretaceous polien types (a-d) Umr Cnttms (lm
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Pollen Record

* pollen diversification continues through Upper Cretaceous
into Tertiary

« family Asteraceae
first seen in mid
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| genus Fuchsia
(Onagraceae) first
seen 30 mya in

Eocene: 47 mya /
n Oligocene

Leaf Record

* consistent trends emerge with leaf fossils

* Neocomian (130 mya)
Rogersia (basal
angiosperm) simple,
pinnately veined, entire

Figwre 2 Princpel Early Cretaccous and Cenomanias anpsperm leaf types. o small,
pinmasely veined leaf of Vakhramees (143). & resiform, & serrate; & oblasceolate. e Froophyl-
Tum: £ Acocionphyilem, & possible monocot. g kobate reniform; A peltate, actmadromonss.
 ovate condate; £ pinnstibd Somdopus: A early plantanod, [ compound Sapndopris:
m later plantanced, with rigidly organized hine venation, n- Lisophplium: o dichetomously
compound; g secondarily simple platanced derivative




Leaf Record

* consistent trends emerge with leaf fossils

Figwre 2 Prinoipal Early Cretaceous and Cemomanian anpwsperm leaf types. o small
pinmasely veined leaf of Vakhramees (143). & resiform, & serrate; & oblasceolae. e Froophyl-
Tum: £ Acocioephyilm, & possible monocot. g hobate reniforms. &' peliate, a<tmadteonces,
¢ ovate condate; /- pinnstifd Sapmdopues: A early plantanoid. [ compound Sapindopris:
m: lter plantancid, with rigily organized fine venation; n Liriophpllum: o dichceomously
compound; - secondarily simple platanced derivative

« early Aptian (125 mya)
Archaefructus (basal
angiosperm) palmately
compound

* Aptian to Albian (120-
110 mya) = magnoliids
(pinnate veins), cordates
(palmate veins),
monocots (parallel
veins)

great leaf diversity within 15my

Leaf Record

* consistent trends emerge with leaf fossils
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Figere 2 Principal Early Cretaceous and Cenomanisn anpwsperm leal types. o small,
pennasely veined leaf of Vakhrameev (143). b resiform. & serrate: & oblasceolate. e Froophyl
Tum: £ Avaciorphyllem, & possible monocot, g lobate reniform: A peftate, a<tmadromons
¢ ovate condate, - pinnstid Sapindopues: & early plantanoid, [ compound Sapindopris:
m: lter plantancid, with rigidly organized fine venation; n Liriophpllum: o dichceomously
compound; - secondarily simple platanced derivative

* by Upper Cretaceous
(100 mya) a variety of
primitive eudicot leaves
are seen

\ Platanoid - lobed

Sapindopsis - compound

Leaf Record

* consistent trends emerge with leaf fossils

« early Aptian (125 mya)
Archaefructus (basal
angiosperm) palmately
compound

* Aptian to Albian (120-
110 mya) = magnoliids
(pinnate veins), cordates
(palmate veins),
monocots (parallel
veins)

Leaf Record

* consistent trends emerge with leaf fossils

* by Upper Cretaceous
00 mya) a variety of

itive eudicot leaves
seen




Flower Record

* the “Magnolia = primitive” idea has biased the way
paleobotanists have looked at the fossil record
1. bisexual flower
2. oo gpirally arranged stamens &
carpels
©o perianth parts
4. cone-like receptacle
5. beetle pollination

* what does the fossil record
actually say?

Flower Record

* large flowered, insect-pollinated flowers are seen (such as
these 98-90 mya mid-late Cretaceous fossils) . . .

Archaeanthus (Magnoliaceae) — Magnoliaceae with

from Kansas 98-95 mya stingless bee — 90 mya

Flower Record

* large flowered, insect-pollinated flowers are seen (such as
these 95-85 mya late Cretaceous fossils) . . .

. . . but the earliest and most Science Times .
numerous are small, bisexual or 7 e ey o /)K
unisexual, wind or insect-pollinated ,??‘““""\“S" ¢

Flowery World -

?' ol

3
-
G
-

TR 18

e

ol L,

i
‘e

Flower Record

* what are the earliest fossil flowers?

Tiee sew youx Tines NATIONAL cwvnay; SERRUARY & 1

Fossil, After 120 Million Years,
Is Believed the Oldest Flower

1990 - Leo Hickey

* 120 mya - Australia

e

e small, unisexual flowers
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* placed into Piperales
(pepper, wild ginger)
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Flower Record

* what are the earliest fossil flowers?

The World's Oldest Flower

A British scientist claims 1o have dscovered the  Hill was tod o search fock form 1 i
workds oldest fowerin 130 milion year ol clay rocks  "caled We. M%::ﬂ scuthern England m‘iv r:mm ] 996 - Chns H]]l
1 the 50U of England. 1 ropon m Scevice (9 February 1990, p. 702) by

Flowering plants or angiosperms, which range  David Taylor and Leo Hickey of Yale University
from grasses 1o 0aks.  Thar analysis of angiospermike lossd plants from H 5
¢ reprocuce via ovules  his geclogic wor:’-m Crotaceous. in Austrafia * Bthals"a Peb]“
§ bome 1 an endosed  ndated Mt early Howeeng plants may have been
© cavity. They have
Gomialed the world's
vegedation ot the last
65 milon years, but

* 130 mya - England

* small, 25cm aquatic
herb

tal questions such as  we
which group Is the  #
e o .
from what G thay  scme feaves resemble those of modern AQuatic
ovolve. plarts). Ml who has christonad his fnd Beviuwsti
Soma scientiats  pebia. says thet i form is quite unike Bry oINer .
Anclont bloom, Cretsosous M0 SU300ISG Al  Fare rom P Eary Cretacenus i « dissected leaves
owet Impant in English ciay e sariest Sowaring David Bafton, an oxpart on Cretaceous polien at
Inset: compuier-enhanced PN were lrge,  the Universey of Wakes, says the find is “rteresting

mage. Actua size (g 7 mm. WOy, magnoliathe
shruts. But the new

* most not convinced
Snd, reporied by palecbotanist Chns Hill m the Feb-
Cretaceous
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Flower Record

* what are the earliest fossil flowers?

1998 - David Dilcher & Chinese

@fc \y colleagues

¥
* Archaefructus

¢ 125 [135 1%'] mya - China
» small, dissected leaves

/ « stamens and carpels on long axis

Flower Record

* what are the earliest fossil flowers?

\ » morphology phylogenetic
/ analyses place it before Amborella
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Flower Record

* what are the earliest fossil flowers?

AA
2015 - David Dilcher & Spanish
colleagues

* Montsechia
* 125-130 mya - Pyrenes

* aquatic, fruiting

Amborella
Nymphaeal
Austrobaileyales
Chloranthaceae
Magnoliids

Montsechia

core eudicots

10



Flower Record

e what are the earliest fossil flowers?

’d e
A

2018 - Qiang Fu & Chinese
colleagues

* Nanjinganthus

® 174 mya Jurassic! - China

@ e

An unexpected noncarpellate epigynous
flower from the Jurassic of China

Clong By, Juns Biovewable Ouua’, Mbe Pule’, Murusd w
Zronp Ase U™, Hang O, Yaras Hou', Pengfel Yo, Gee-Giaeg Drang’.
Kb Ou', A Wang

Flower Record

2018 — Qiang Fu & Chinese
colleagues

* Nanjinganthus
® 174 mya Jurassic! - China

« fierce debate!

Hunting the Snark: the flawed search for mythical Jurassic
angiosperms

Richard M, Bateman

Jodrell Laboratary, Royal Botanic Gardens Kew, Richmond, Surrey, TW9 305, UX.

Flower Record

» what did the earliest flower look like based on morphological
analyses?

2017 — Herve Sauquet et al.

Summary of Angiosperm
Evolution
1. When did the Angiosperms arise?
* Fossils - after boundary of Jurassic and Cretaceous

- 130 mya

* DNA - some molecular clocks suggest >200 mya
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* stem node Bt J : 1. When did the Angiosperms arise?
with living ——
350 mya
gymnosperms >
« perhaps older but unseen (in fossil record) radiation
* crown node of angiosperms
of living 225 mya o ,
angiosperms * perhaps older radiation but we can’t tell them apart
. from ancestors (share features of gymnosperms and
Stamiiczzg some but not all of angiosperms)
* perhaps “molecular clock” methods are flawed — not
really that old
Magallsn 2010 S e e
Summary of Angiosperm Summary of Angiosperm
Evolution Evolution
2. What were the first Angiosperms? 2. What were the first Angiosperms?
* “Magnolia = primitive” not justified * “Magnolia = primitive” not justified
* Amborella and water lilies are first extant taxa to * Amborella and water lilies are first extant taxa to
separate separate
« earliest extinct fossils are small, probably aquatic
plants




Summary of Angiosperm
Evolution

3. Where did the Angiosperms arise?

* Australasia if based on earliest diverging extant
families

« earliest (extinct) fossils come from many areas -
China, England, Australia (most tropical or
subtropical or warm temperate in early g
Cretaceous)

Summary of Angiosperm
Evolution

3. Where did the Angiosperms arise?

« likely in wet margins of gymnosperm dominated
forests

Summary of Angiosperm
Evolution

4. From what Gymnosperms did they arise?

* no consensus based on extant lineages!

* Gnetales have been the favorites for some time
(vessels, double fertilization, broad leaves) . . .

Ephedra

Gnetum

 Welwitschia

13



« but this “Anthophyte” hypothesis is strongly
rejected by DNA sequence data!

support

{ cY G PI co
=tales-Sister”

support

CY GI cOo Pl
"Gnepine”
Fig. 1. Four mujor hypotheses of relationships among extant seed plant

lincages. AN = angiosperms; CY = ¢ycads; Gl = Ginkgo; GN = Gnetales;

PI = Pinaceae; CO = non-Pinaceac conifers.

* 2018 Next Generation Sequence data place ALL
living gymnosperms as a monophyletic lineage

« likely that Angiosperms arose from a now extinct
Gymnosperm lineage

« likely that Angiosperms arose from a now extinct
Gymnosperm lineage such as Bennettitales or other
“seed fern” groups

Bennettitales (Cycadeoid or “cycad like")
Seed “Ferns”

Williamsonia Seed fern fossils - 320 mya

14



* likely that Angiosperms arose from a now extinct
Gymnosperm lineage or the understory Petriellales

= megaphanerophyta

B [Recerve perencisl)

W CSten: paronnial

Summary of Angiosperm
Evolution

5. Why did Angiosperms dominate quickly?

* BIG story! We will deal with it throughout the
course

* vessel elements?

» mycorrhizal interactions with fungi?
« the flower as a “key innovation”?

» genome duplication(s)?

* co-evolution with animal pollinators?

15



