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Native trees and shrubs

Alder Alnus glutinosa Holly llex aquifolium

Ash Fraxinus excelsior Hornbeam Carpinus betulus
Aspen Populus tremula Juniper Juniperus communis
Beech Fagus sylvatica Large Leaved Lime | Tilia platyphyllos
Downy Birch Betula pubescens Small Leaved Lime | Tilia cordata

Silver Birch Betula pendula Maple Acer campestre
Blackthorn Prunus spinosa Pedunculate Oak Quercugobur

Box Buxus sempervirens Sessile Oak Quercus petraea
Alder Buckthorn, Rhamnus frangula Aspen Populus tremula
Purging Buckthorn | Rhamnus cathartica Black Poplar Populus nigra

Seabuckthorn, Hippophae rhamnoides Rowan/ Mountain Ash| Sorbus aucuparia
Wwild Cherry Prunus avium Scots Pine Pinus sylvestris
Bird Cherry Prunus padus Spindle Euonymus europaeus
Crab Apple Malus sylvestris Strawberry Tree Arbutus unedo
Dogwood Cornus sanguinea Whitebeam Sorbus aria

Elder Sambucus nigra Wild Service Tree Sorbus torminalis
Wych Elm Ulmus glabra Almondleaved Willow | Salixtriandra
English Elm Ulmus procera Bay Willow Salix pentandra
Smoothleaf EIm Ulmus minor Goat Willow Salix caprea
Hawthorn Crataegus monogyna White Willow Salix alba

Midland Hawthorn | Crataegus leavigata Crack Willow Salix fragilis

Hazel Corylusavellana Yew Taxushaccata




Suburban woodlands




Park and Street trees

Abies nordmanniana

Giant fir

Abies numidica
Acer campestre
Acer cappadocicur
Acer davidii

Acer hyrcanum
Acer monspessulg
Acer negundo
Acer opalus

Acer platanoides
Acer pseudoplatar
Acer rubrum

Acer saccharinum
Acer saccharum
Aesculus hippocag
Aesculus x carneal
Ailanthus altissimg
Alnus cordata
Alnus glutinosa
Alnus incana
Alnus rubra

Amelanchier cana

Betula ermanii

Betula lenta

Erman's

Fal™y m:l«

birch

ol

Betula pendula
Betula populifolia
Betula pubescens
Betula utilis
Betula x aurata
Calocedrus decur
Carpinus betulus
Carya tomentosa
Castanea sativa
Catalpa bignonioid
Catalpa ovata
Catalpa speciosa
Catalpa x erubesc
Cedrus atlantica
Cedrus deodara
Cedrus libani
Cercidiphyllum jap|
Chamaecyparis la
Chamaecyparis spg

Cladrastis lutea

Cornus mas

Cornelian cherry

Corylus avellana
Corylus colurna
Cotinus obovatus
Crataegus arkansan
Crataegus arnoldian
Crataegus azarolus
Crataegus canbyi
Crataegus champlain
Crataegus coccinioid
Crataegus crus-galli
Crataegus douglasii
Crataegus ellwangeri
Crataegus laciniata
Crataegus laevigata
Crataegus macranthg
Crataegus mollis
Crataegus monogyng
Crataegus oxycanthaj
Crataegus pedicellatd
Crataegus persimilis
Crataegus phaenopy

Crataegus punctata

Crataegus schraderiana

Crataegus sinaic
Crataegus sorbifd
]Crataegus submg
Crataegus wattia
Crataegus x dipp!
Crataegus x laval

Crataegus x morg

Cupressus glabr

Eucalyptus gunni
Eucalyptus pauci

Eucommia ulmoid

Fagus sylvatica

Fraxinus america

Fraxinus angusti

Fraxinus excelsio|

Fraxinus latifolia
Fraxinus ornus

Ginkgo biloba

Gleditsia triacanttj

llex aquifolium

llex x altaclerensi

Juglans regia

Juniperus scopulorum

Koelreuteria panicula

'Skyrocket'

-

aldooiaiolioo

Laburnum anagyroid
Larix decidua
Liquidambar styracifl
Liriodendron tulipiferd
Magnolia denudata
1Magno|ia X soulange
Malus domestica
Malus floribunda
Malus hupehensis
Malus sylvestris
Malus tschonoskii
f‘Malus x eleyi
Metasequoia glyptosf
Morus alba

Morus nigra
Nothofagus obliqua
Olea europaea
Ostrya carpinifolia

Parrotia persica

Picea omorika

Picea pungens 'Glau

Pinus halepensis

Aleppo pine

Pinus monticola
Pinus nigra

Pinus pinea

Pinus ponderosa
Pinus pyramidalis
Pinus sylvestris
Pinus x holfordiana
Platanus orientalis
Platanus x hispanid
Populus alba
Populus balsamifer
Populus nigra
Populus tremula
Populus trichocarpg
Populus x canaden
Populus x canesce
Prunus avium
Prunus cerasifera '
Prunus dulcis
Prunus padus 'Wat
Prunus sargentii

Prunus serrulata

Prunus speciosa

Prunus x hillieri 'S
Prunus x yedoens
Pseudotsuga menj
Ptelea trifoliata
Pterocarya fraxinif
Pterocarya x rehdg
Pyrus calleryana
Quercus canarieng
Quercus cerris
Quercus ilex
Quercus macrolep
Quercus palustris
Quercus petraea
Quercus robur
Quercus suber
Quercus x lucomb
Rhamnus cathartid
Robinia pseudoac
Salix alba

Salix babylonica I
Salix daphnoides

Salix fragilis

Sequoia sempervirens
Sequoiadendron giganteum
Sophora japonica

Sorbus aria 'Lutescens'
Sorbus aucuparia

Sorbus esserteauana
Sorbus hupehensis

Sorbus intermedia

Sorbus latifolia

Sorbus pohuashanensis
Sorbus thibetica 'John Mitchell’
Sorbus x thuringiaca
Taxodium distichum

Taxus baccata

Thuja orientalis

Thuja plicata

Tilia cordata

Tilia mongolica

Tilia platyphyllos

Tilia tomentosa

Tilia x europea

Ulmus carpinifolia var sarniensis
Ulmus glabra ‘Nana'

X Cupressocyparis leylandii

X Cupressocyparis ovensii

Zelkova carpinifolia

Wellingtonia, Giant redwood

Scholar tree, Japanese Pagoda

Mountain ash, rowan

Swedish whitebeam

Service tree of Fontaienbleau

Swamp cypress

Yew

Western red cedar
Small leaved lime
Mongolian lime
Large leaved lime
Silver lime
Common lime
Elm
Dwarf wych elm

Leyland cypress

Caucasian elm




Upper Cretaceous chalk sea

PALAEOCENE

Base 58.7 Ma

Thanetian

Erosion continues across UK
and Ireland but progressive
transgression in London Basin,

| Base 61.7 Ma

Selandian

Base 65.5 Ma

Danian

Major uplift and erosion over
Britain and Ireland; folding in

southern areas of England.

Initial uplift in Irish Sea early
in stage. Other areas resump-
tion of marly chalk deposition.

CRETACEOUS
(uppermost)

| Base 70.6 Ma

Maastrichtian

| Base 83.5 Ma

Campanian

Thick Chalk successions
deposited over most of Britain
and Ireland. Land areas at
minimum and likely only in
northern and western

Scotland and northeast
Ireland.

Santonian

Uplift in northwest Scotland
late in stage.

No identifiable plant macrofossils
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Cope, JCW. 2006. Upper
Cretaceous
palaeogeography of the
British Isles and adjacent
Areas.Proceedings of the
Geologists' Association,
117, 129143.



Tertiary

Marked changes In fossil flora in time and space

Red Crag London Clay Chalk

Warm conditions in the i3 1 0 4
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boundary a greenhouse
to icehouse transition.




The evidence

C fossils from named stages

QUATERNARY OR PLEISTOCENE
Flandrian 1G
Glaciations chiefly in wegt [ O1CH Weichselan
of British Isles : i
Glacial Wolstonian
Hoxnian 1G
. Cilaciations in east Glacial Anglian
| Q| Pieistocens C'Tnfﬂﬂ‘iln Iﬂ'
o] |, [CRwecene | Cold Beestonian
4 le Tﬂﬂp. Pasionian ]
o |8 Cold Baventian ]1"““'“ Crag
5 __ ﬁ Miocene TmP" Am‘l‘n
11 Cold Thurnian
e Temp. Ludhmun}m Crag
I Cold? Waltonian
N Cligocene TERTIARY
=7 Pliocene I eastern East Anglia - Coralline Crag
s M Largely absent in Britain (period of greal eanth-movement
418 iocene | und mouniain-building) TDerbyshire sink-haoles
s Hampstead Beds
e [8] Eccene Ohgocene| Bembridge and Osborne Bedy Bovey Tracey lignites
1le Upper and middlz Headon Beds
so | [ Lower Headon Beds Lough Neagh clays
. Barton Beds
55 ; Eocene  { Bracklesham Beds Mull lignites
N & Bagshot Beds
- | Paleoccenes Lﬂlll:lul'l m
65 MyrL=— | 1______| Palasocene Woolwich and Reading Beds, Thanet Sands

|8



Palaeocene Britian

Boreal palaeoarea Tethyan palaeoarea

A (includes northern Britain, A (includes southern Britain,
Canada, Scandinavia and much of USA, southern and
much of Russia) central Europe, Kazakhstan,

A = BritoArctic Igneous or Central Asia and China)
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A European Viewpoint
YOI 6S1 %® Hnndpod
Forest flora and vegetation of the European early Tertiary
Three zonal vegetation types:

1. Broadleaved evergreen/sermvergreen
guastparatropical foreswith a high diversity
of woody angiosperms related to tropical
families, ferns and a low diversity of conifers
(mostlyDoliostrobu$

2. Broadleaved nothophyllous evergreen forest
with evergreenFagaceae, Lauraceae,
Altingiaceae, Myrtaceae and some conifers
(Pinus DoliostrobusCephalotaxus

3. Polar deciduous to mixed mesophytic forest N :
with well diversified angiosperms Doliostrobus An extinct
predominantly deciduous and moderate genus of conifer perhaps
representation ofGinkgq conifers and ferns. related to Araucaria



Flowering plants are diversifying

Early Tertiary wood anatomy shows feature
sets found in living species of several

fam | I |eS-Anacardiaceae, Annonaceae, Aquifoliaceae, Apocynaceae,
Burseraceae, Caesalpinaceae, Euphorbiaceae, Fagaceae, Flacourtiaceae,

Hamamelidaceae, Meliaceae, Lauraceae, Lecythidaceae, Sapotaceae and Tilia

Anatomical results show increased diversit
by the latest Palaeocene, including the
oldest known wood with spiral thickening
of the vessels

There is a trend of increasingly warm
temperatures with less seasonality with
structures more typical of Recent tropice
regions by Late Palaeocene/Early Eocel
times in the British area.

spiral

Xylem Vessels
annular reticulate pitted

vessel  vessel vessel vessel

4;,\‘:

tal Station, 1997

ed Expenmen



Brito-Arctic Igneous or Thulean
Palaeoprovince

An outlier of a high Arctic
coniferous woodland
survived for many millions of
years

Deciduous conifers redwood
family (Taxodiaceae)

Broadleafed deciduous
angiosperms Hamamelidae
OGLIEINGSES agdl
G0 SSOKEéZ aoAN.




Ardtun Fossil Leaf Beds

Shicos

I KILDA

Leaf adpressions Iin
Interbasaltic
sediments

p RL'M‘J

ARDNAMURCHAN
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Nty

GULLION

BASIC DYKES
x_* AND DYKE SWARMS

®a | CENTRAL INTRUSIVE
COMPLEXES
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Deciduous

Temperate rain-forest Drip-tip
conditions?

Taxodiaceous conifer
foliage- possibly
deciduous




Tethyan Palaearea
Freshwater mires and woodland

The London Clay Fossil Flora is very largely one of seeds and fruits i some
twigs - preserved in the clay.



London Clay fruits and seeds

Geographical Affinities
73% Malesian

53% Indo-Malayan
40% Australasian

39% Tropical African
20% American

FOSSIL PLANTS
of the LONDON



//upload.wikimedia.org/wikipedia/commons/0/0f/Geological_map_of_London_Basin.jpg

Palms

A 8 genera of palms
are represented In
London Clay flora
iIncluding palmetto
palm type

A Nipa burtini
especially common
C its living relative
of N. fruticansa
prostrate
mangrove plant




Nyssac Tupeloand Taxodium Bald cypress

2 species oNyssaare recorded from TaxodiumSwamp cypress 3
the London Clay living species SE USA to
A Other species dflyssa Mexico

widespread and survive through
the European Tertiary into the
Pliocene

A 9 living species in North America
and Asia.



//upload.wikimedia.org/wikipedia/en/3/3a/Nyssa_aquatica.jpg
//upload.wikimedia.org/wikipedia/commons/e/ed/Fossil-leaf_Taxodium_dubium_Tertiary_Germany.jpg

DIFFERENT MODERN
AFFINITIES

Temperate elements

(plane, walnut, birch, katsura
families)Pinus prestwichii

Subtropical elements

(palms, frankincense, tea, iacin.
moonseed, grape and squasl
families)

Laurocarpum (Cinnnamomum?)

Vitis

Cleyera or Eurya

Symplocos




London Clay ancestors and
descendents

1. About one third of fossil taxa
can be placed In living genera
Magnolia Vitis, OncobaDracontomelon

but all are considered extinct ) \
species ;
Vitisand Platan\sfossils

2. Of the remainder:

a) Some can be assigned to a living
family but an unknown genus
though closely related to a living
genus;

b) Some assigned to a living fami ##
but of unknown generic .
relationship. »

0d hiKSNA Indeiae d ’
Sedis



Uncertain
relationships

One species has nutlets like
Carpinusor Ostryg bracts
like Corylusand leaves
unlike the Betulaceae at all

V4

| Platanug Kl a ¢ 2
fruit characteristic of
Platanusbut leaves unlike
any living species
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Tertiary diversification of beech Fagus



Percentage climatic distribution of
nearest living relatives of British
Tertiary floras

Palaeoceng London | Other Lower| Middle Upper | Oligocene
clay Eocene Eocene Eocene
79 60 127 53

Number of taxa

% Tropical 70-78 92 89 82 68-78 70
% Subtropical 70-78 60 73 80 69-80 77
% Temperate 68-80 42 /3 72 65-85 75

% N. temperate  21-30 12 13 23 22-48 45



Interpreting changing diversities

A Rapid onset of
Antarctic glaciation
near the =

Eocene/Oligocene

(E/O) boundary (ca. —>
34 million years ago) N o

¢ accompanied by

sealevel changes &= W
A - 70 m drop and then & = B

a brief marine i

Incursion marks the £ o crtrs A

early Oligocene In e

Europe.

£#4 Wet lowland communities




Oligocene

A Major changes during the Oligocent
Included a global expansion of
grasslands, and a regression of
tropical broad leaf forests to the
equatorial belt.

A The start of the Oligocene is marke&\ %
by a major extinction event, a fauna§ {

tf

g."-

Lig) rONC <l R L)
/nfw\\\“‘.
N"i' : © '\ o s

Bouldnor CIiff, Isle of Wight, 34 Ma
Rubus

0Sabal majat

llex

Sequoiadendron fordii

Pinus

Quercus




Palaeocene-
Eocene

Miocene

120°'W 150°W 180° 150°E 120°E

(@

90°E

o 8\ W Polar broad-leaved
' deciduous forest

Broad-leaved
/ o evergreen forest

/ Paratropical rain
forest

30°W 0° 30°E

Tropical rain

120°W 150°W 180° 150°E forest

[N

Notophyllous woodland
and xerophyllous scrub

Mixed coniferous
forest

Midlatitude
deciduous forest




Miocene

A St Bees Nest, DerbyshiresaVYa

A Pocket deposits in solution
cavities in Carboniferous
limestone

Cryptomeria anglicaery likeC.
japonica(Japanese Cedar)

Sciadopitys tertarigl extant
speciesS. verticillatag umbrella
pine - endemic to Japan)

BUT also fir, spruce and pine
Abies alba, Picea, Pinus




Pliocene
- N0 macrofossils from Britain

oak,
Older Pliocene of Italy plum,

: plane, Pinus
A warm temperate climate ider Glyptostrobus

elm, Taxodium

fig, Sequoia

laurel,

maple,

walnut,

birch,

buckthorn,

Carya, hickory,

sumach,

Smilax, sarsapatrilla,
sassafras,

s cinnamon,

a. Lezaf. b Partofsame. c. Fruit. 4. Seed Eningen

Persea,
Oreodaphne/Ocotea
Cassia,
Psoralea

Fig. 135

s vad
4o
Taaddo



Younger Pliocene of Italy

Glyptostrobus europaeus

Glyptostrobus pensilis ooma
now native to native to  museum
subtropical south
eastern China and

northern Vietham



| oss of elements

Tropical first
then North American and East Asian

Eocene | Oligocene| Miocene | Late Early
Pliocene| Pleistocene

Nypa

Phellodendron EA
Actinidia EA

+
Otherpalms T + + - - -
Symplocos T + + + -
Styrax T & EA + + + i,
Engelhardtia NA & EA  + + + - -
Nyssa NA & EA + + + -
Magnolia NA&EA + + +

+ + +

+ + +

+ + + +
+ + +



PLIOCENE PLEISTOCENE

EARLY HIDCLE LATE EAALY
Frankisrs Tapalen
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Links between
floras of
North America N
and Eastern Asia

Vicariant genera
Wiegela and Diervilla

Tripetaleia and Elliotia

Chionographis and Chamaelirium


http://media.duc.auburn.edu/media/858025517839.jpg

Vicariant genera
East ASla SN

Europe North America

?

A Deutzia

A Phlla‘gelpWS

S

A Kadsura™ . ¥ ? A Schizandra



http://upload.wikimedia.org/wikipedia/commons/9/96/Kadsura_japonica_SZ17.png

Acerc the mapleS(about 129 species)

Once native -

A.campestre  A.pseudoplatanus 4-5 other native Europear
A.platanoides species are close
A.monspessulanum relatives of A.

monspessulanum

96 native 61
endemic species
in China

Others in Taiwan
and Japan
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Includes several vicariant pairs
Acer capillepes/A. rufinerve ¢ A pennsylvanicum
A. henryii/A.cissifolium ¢ A. negundo
A. pycnanthum ¢ A rubrum

13 species
native to
USA
Others in
Mexico



Autumn colour

British Isles
and

“¥ N. America NW Europe
and

ia

YO AT (R, ~ -
The red autumnal colours are representative of a
more diverse tree flora i rich in Tertiary relicts in N.
America and E. Asia. In contrast the European tree

flora was greatly reduced and modernised

Lev-Yadun, S. 2009.



Magnolias
and Tulip Trees

80 species In East Ag26 In North Ameru;aw
1 speC|es oLiriodendronn each

Liriodendron chinense Liriodendron tulipfera



So what happened to the Europea
element of this Late Tertiary flora?

A Many of these Late Tertiary species have
surviving relatives in the fragments of
temperate rainforest trees
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o To To  To Do Do Do I»

Hyrcaniarforest and Humidnontane

forests { .
.! G o]

Fagus orientalis Ve "3
Carpinus betulus * ‘1
Maples Acer insigneA. laetum) X S
Wych elm Ulmus glabra)
Oak (Quercus macranther@uercus
castanaefolia .

Buxus sempervirens
Crataegus

Prunus laurocerasus
Prunus

_ Ruscus hyrcanus

Juniperus

llex aquifolium
Parrotia persica
Pterocarya fraxinifolia
Albizzia julibrissin
Gleditschia caspica

To T Jo Io T> Io I> I



http://www.summitpost.org/images/original/463592.JPG

The Europeanisation of the flora

No. of Native
considered (%)
: Pleistocene
Late Tertl_ary and ot s o84
Early Pleistocene ;f&oelh;: ss 9:.6
~ wa m o

| oss of N e X Ol JegeenS O and}} ;,Z

. . . s
Increasing S|m|Iar|t_y s e ” —_
to present-day native Willershausen 4 41.2
fl Rhine delta (Reuverian) 116 35.0
ora Krodcienko 13 33.8
Frankfurt 89 29.2
Pont de Gail 16 25.0

Miocene
Sodnice, ete. 46 311
Nicderlausitz 62 2.6
Wicliczka 27 18.5
Herzogenrath 19 12.8

Salzhausen a2 4.5
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5.0

about 2 mil
A Cold (G

The Pleistocene
lon years ago to about 10,000 years &

aclals) and Warm (Interglacials) Perio

A Stadials and Interstadials (coldest and warmest stages within the Glacials
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Age (million years before present)

Temperature changes correlate with the
oxygen isotope ratio in marine sediments



Early Pleistocene of Britain

Ludham borehole east of Wroxham

A A fluctuation from mixed
woodland to oceanic heath
repeated twice.

A both deciduous trees, and conife
A Now native: -

I QuercusAlnus Betula
CarpinusPinus

A Some elements of Midertiary 1
forests no longer native to Europ ¢
still hanging on

I Pterocarya and Tsuga.
A Also present and now exotic: EARLY

I PiceaCaryg Eucommia
Taxodium/Glyptostrobus

Trees

Heathers and

some herbs

A Betula (virch)

Pinus (pme)

Corylus (hazel)
== === Quercus (0ak)

—

<= (Jimus (elm)
LIS Alnus (alder)
Carpinus

(hornbeam)

S—
—
-~

|

Pterocarya (wingnut)

— Tsuga (hemlock)

=W

- ---==3 Picea (spruce)

% Pollen abundances



Early Pleistocene of Britain

Unnamed temperate mixed coniferous/deciduous forest | Cromer Forest Beds?
lacking Pterocarya and with only a few traces o
Tsuga.

Baventian I a3t FOAFTf ¢ &0l IHurnva®d NBcenad@HNE 1 K
with the return of oceanic heaths

Antian with temperate mixed coniferous/deciduous
forest includingTsugaand Pterocarya

Thurnian I a3t OALE¢e aldl3aS gAGK |y 20SI vy
vegetation;

Ludhamian, with temperate mixed coniferous/deciduous Red Crag s of Suffolk

forest including Tsugaand Pterocarya



