Vegetation vs. Flora

* Vegetation refers to the physical appearance (physiognomy) of
the forest type - ecology driven

* Flora refers to the species (genus, family) composition of any
given forest - history driven

. Northern hardwood forests in WI and MI
O e have sugar maple, but beech co-dominates

Pleistocene - the Ice Ages

* The vegetation and flora as
we see it now (Holocene) was
dramatically affected by
Pleistocene events

Maximum extent of glaciation
in the most recent or Wisconsin stage
(Pleistocene epoch).




Pleistocene - the Ice Ages

Maximum extent of glaciation
in the most recent or Wisconsin stage
(Pleistocene epoch),

* In the Tertiary, earth experienced
intensification towards climatic
cooling

* Culminated with a series of glacial-
interglacial cycles in Pleistocene

* North American flora and
vegetation profoundly influenced by
these “ice-age” events

Pleistocene - the Ice Ages

Break-up of the great Northern Hemisphere Arcto-
Tertiary forests

Maximum extent of glaciation
in the most recent or Wisconsin stage
(Pleistocene epoch).

* Wisconsin glaciation (last
epoch) most important -
maximum at 18,000 ya

* Assembly of flora and
vegetation of most Great Lakes
was during the late Pleistocene
and Holocene - (14,000 ya to
present)

Pleistocene - the Ice Ages
Ice-free Areas

* Southern North America of
glaciers

* Beringia, much of Alaska,
Siberia

* Coastal plains, steep coastlines
of Pacific northwest

* Wisconsin Driftless Area -
never completely surrounded by

Maximum extent of glaciation .
in the most recent or Wisconsin stage 1ce
(Pleistocene epoch).




Pleistocene - the Ice Ages

* North America south of
glaciers

* Beringia, much of Alaska,
Siberia

* Coastal plains, steep coastlines
of Pacific northwest

* Wisconsin Driftless Area -
never completely surrounded by
ice

Pleistocene - the Ice Ages

What was happening south
of the glacial maxima?

£ Maximum extent of glaciation
in the most recent or st
(Pleistocene epoch).
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Yearly deposits accumulate in lake
bottoms to be covered by silt in
layers, or in bog peat strata

he pollen record (especially trees)
1 Pleistocene vegetation and flora

Assembly of Flora & Vegetation
Importantly, the different species of trees (and herbs) entering the Great
Lakes region after the glaciers retreated entered via different routes - that
is, they came from different refugia or survivia

strobus

White
Pine

6l
B oY
‘White pine from the Alleghenian
refugium and present distribution
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11

12




Assembly of Flora & Vegetation

Importantly, the different species of trees (and herbs) entering the Great
Lakes region after the glaciers retreated entered via different routes - that
is, they came from different refugia or survivia

e/

Quercus macrocarpe

\ (12
P ) 14
g Quercus
3250 spp
»0ak
Q__400%m .
[ Z

Bur oak from the Ozarkian
refugium and present distribution

* Much of eastern North
America outside these refugia
would have looked like this
boreal scene

White spruce - Picea
¢ glauca

Most widespread tree
in North America

& llinois 16K years ago
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Assembly of Flora & Vegetation

How and when did this assembly in the Great Lakes happen?

B2
)

P
[ "= ~'~'§\Z.‘ -
Jew

=il

16



Assembly of Flora & Vegetatlon

‘4‘

* Pollen record shows waves of species over time
* Boreal elements (spruce) early in the Holocene, followed by
pines, and then oaks, maples and lastly beech

Assembly of Flora & Vegetation

Shifts of vegetation belts starting
at about 13,000 ya with tundra,
= | spruce, pine, northern hardwood,
pine-oak, and then oak-hickory
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Assembly of Flora & Vegetation
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Assembly of Flora & Vegetation
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Coniferous specnes mlgmted into the
, ;k. <o ” e Great Lakes region in waves (flora):
Yy 4 L5 Boreal species like spruce & tamarack
SEsl o+ arrived first
v Jebeb | |, PAoF- A7
At Lg% |
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Coniferous specxes mlgmted into the
;{7‘}‘0 ” - 3,?5‘9 | Great Lakes region in waves (flora):
C Y ';‘ Boreal species like spruce & tamarack
(-84 20 arrived first
o penares) R~A-fre| Teom TATYS " 7| Sy
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Assembly of Flora & Vegetation

Coniferous specles mlgmted into the
g ;k. -f 'I\* L Great Lakes region in waves (flora):
v 1, “‘q;':_i“-” Boreal species like spruce & tamarack
A Y7 1 arrived first, and later balsam fir
o (Penanco) "R=R-k e Tanurn -Q.'-t—;’ | _
At | |
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Assembly of Flora & Vegetation

Coniferous spec:es rmgrated into the

’ i, ” ’\,* o Great Lakes region in waves (flora):
_‘_l‘_ i '. L Of pine‘species, xeric jack pine and red
mmm_b‘_lw o g 45 1./ pine arrived first
atal| SRRy Sl
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Assembly of Flora & Vegetation

Coniferous specles mlgrated into the

t ;k‘:‘h_m n.hfj e Great Lakes region in waves (flora):
L""_‘_-" - L| . . followed by more mesic loving
A=A 77 white pine
m.m-w»‘l-i-.“_,z: T - - t‘
amt | | TUpak
< !\A‘-w
"‘-' 7.

Satsam > ‘-‘-A- 4
e camarseal
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Assembly of Flora & Vegetation

= Coniferous specxes mlgrated into the
z ;i\ Tl ~ "'\ Vs Great Lakes region in waves (flora):
K LA _’ '. _. | 'Hemlock, characteristic of mesic

ey & Terwr 4o )= 0"‘

Northern Hardwood forests, arrived last
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D1s-assembly of the forests"

Tsuga canadensis

Pinus strobus - white pine

Tsuga canadense - hemlock
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Assembly of Flora & Vegetation

Angiosperm hardwoods migrated into
\o_a gt Ao the Great Lakes region in waves
?"‘f';‘ % 75y 8 towards the end of conifer migration:
Balg. *&%1./| Elms arrived at about the same time
g 57 W i '._ from the southeast - 11,000 ya

Assembly of Flora & Vegetation

Angiosperm hardwoods migrated into
\k. o e the Great Lakes region in waves
PN NS
, p ' 3 V- & towards the end of conifer migration:
Bl ;\-.;, Oaks arrived first from the south -
a!i o i S 11,000 ya
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e oM
et
Masle (hcersco) g g @0
|
‘ 2 )&"1 ' i
oy 59 e
renge m ‘ {;}6"‘ ;—' 5
\ {.}5’ —s

26

27

Assembly of Flora & Vegetation

Angiosperm hardwoods migrated into
\w_. S % o . the Great Lakes region in waves
’ B ' ; 7y T towards the end of conifer migration:
g %<&\, Hickories arrived shortly thereafter
e B o e from the southwest - 10,500 ya
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Assembly of Flora & Vegetation

Angiosperm hardwoods migrated into
\a,. : \. - the Great Lakes region in waves
?""“"‘ . 7 ‘\,“ towards the end of conifer migration:
. Followed by mesic-loving maples . . .
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Assembly of Flora & Vegetation

Angiosperm hardwoods migrated into
the Great Lakes region in waves
towards the end of conifer migration:

.. and finally American beech last
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Assembly of Flora & Vegetation

The flora of the Great Lakes can be divided into a number of

elements, each of which shares a common geographlcal origin
(refugia).

Closely related species
(such as oaks) can often be
part of different floristic
elements.

This is due to both different
ecological preferences (such
as hydric vs. mesic vs.
xeric) and to geographical
origin,

Quercus - the oaks
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Dis-assembly of the forests?

ol EARLY VEGETATION OF WISCONSIN

Substantial changes in forest and
prairie communities since
presettlement times due to
urbanization, farming, and
forestry

How do we know what
presettlement forests or
community types were actually
present mid-1800s?

Dis-assembly of the forests?

Presattloment Forests of the Great Lakes Staes | Substantial changes in forest and
prairie communities since
presettlement times due to
urbanization, farming, and
forestry

How do we know what
presettlement forests or
community types were actually
present mid-1800s?
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Dis-assembly of the forests?

One full township One section How do we know what

6 (54|32 ]1 i presettlement forests or

7 e la |36 |41 |1z 8 kvt ¥4 commu;ntytypeswereactually

present?
18 (17 |16 |15 |14 [13
—
19 (20 |21 |22 2:( 24 K
640 acres
30 (29 |28 |27 |28 [257] e
31 (32 |33 |34 [35 |26 1t
—— 1 mile —
Fig. 5.1. The basic units of land
Offi division in the rectangular system

The General I@nd C¢ Surveys of of land survey. A normal township
the 1800s required that a rectangular contains 36 sections of one
system of land survey be done. Trees square mile each. Each section
memrest each quarter section omes et st spcions
were ba'k'ShShed’ “klmﬁed’ and dbh of 160 acres each or 16 quarter-
recorded. quarter sections of 40 acres each,

Shown here is such a “Witness Tree”
from the NE corner of section 18 in
Hamlin Township (R18W, T19N) north
of Ludington, Michigan.

Q WI'INESS TREE

A the afiermoon was el nigh spens, e ap the section comer where we had kfi

The Simber cruiser had o be goad ai finding his w Most of the t
. t enly refirence paints were wites trees estubdiched by sury
secti lines thruugh the forest, The surveyors inscribe hip,
rk of & witkess free at 4 se er. This wit
N | arked RISW, TIN, I8, stood at the nartheast corner of Sectico |

iiles north of Ludingson, Michigan,

Hartwick Pines State Park, MI -
logging museum
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Dis-assembly of the forests?

“Witness Tree” from the NE corner of
section 18 in Hamlin Township (R18W,
T19N) north of Ludington, Michigan.

A close up of the slashed tree shows the

Dis-assembly of the forests?

i Loy wiesonets entr " Witness trees used to
e T
Jack pine L ¢ éﬁ* e ATt define forest types

forest

§386Z0CBunvansuna
H
§

Otpmeter Species
Onches) & Jack pine
15 ®Redpine
610 % White pine
1420  ® Hemlock
2130 * Suger magle
380 * Yalow birch, Birch
® White birch
* White osk
Cownty * Aspen
focest  * Basswood
Ottar Tamacack
worcies Bm
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original surveyor’ s marks:

RI18W
TI9N 18

Hartwick Pines State Park, MI -

logging museum
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.
Dis-assembly of the forests?
F'm""’""mﬁ::"éﬂ‘;,i:::::' JzL:V;:nm's Trees Small forest regions
Jack pine "’T“"“* >» rL S50 remain & these are

forest — " different today

Hemlock, i g
yellow birch H
forest 5

Dis-assembly of the forests?

Historical distribution of 3 important tree species —
already impacted by humans

Abies balsamea

balsam fir

Fagus grandifolia
American beec

Tsuga canadensis

eastern hemlock, s

Future distribution of 3 important tree species? —
climate change, disease, invasives
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Dis-assembly of the forests?

- current level

-

Dis-assembly of the forests?

Atmospheric CO, at Mauna Loa Observatory

=S Global temperature
400 © NOAA Earth System Research Laboratory . .
- increase and climate
(=3
3 300
: change
& 360 . .
? highest record in
& 340 Pleistocene
i

YEAR

CO, concentration (showing annual
cycle) increasing from 315 ppm to 415
over last 60 years

Measured at top of Mauna Loa, Hawaii
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Dis-assembly of the forests?
& Y\ MICHIGAN \
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1. Climatic shifts in Great Lakes region
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Dis-assembly of the forests?
RECENT MONTHLY MEAN ®7 AT MAUNA LOA
15 ) Global temperature
z increase and climate
2% change
: |
g 405 ' 2
2016 2017 2018 2019 2020 2021
YEAR
Last 4 years' CO, concentration
increasing from 402 ppm to 415 ppm
Measured at top of Mauna Loa
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Dis-assembly of the forests?
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1. Climatic shifts in Great Yakes
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Dis-assembly of the forests?

An empirical, hierarchical typology of tree
species assemblages for assessing forest
dynamics under global change scenarios

Jonnifer K. Costanza'™, John W. Coulston?, David N. Wear® 2017

- @ 100%+ 10
O 10-100% 100 [—1
. no changeD '#7 L
OIO-SO% 1

- @ s0-100% |0 \\

sugar maple — red maple

2. Forest biome shifts in Great Lakes region
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Dis-assembly of the forests?

US. Globa Chunge Revassch Progeam
a Global Climate Change Impacts in the United States
2009 Report

Recent Past Projected
1960-1990 2070-2100

Aspen-Birch !

Oak-Hickory -

N A
B VWhteRed-Jack P ”\s M OakPine B Mogle-Beecn-Brch 4 |
W Soruce-Fr W Oax+ichory W Aspen.Bech \@

Longlest-Slash Pioe OurGunCypress [ No Data
W Lovkhy-Shomeat Pine B Bm-Ash-Cotorwood

2. Forest biome shifts in Great Lakes region
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Dis-assembly of the forests?

o e e Modeled current and future (2090-2099) range lmits
Cument ceem Haacm2

Clinate Chasgs and Sk is Poicatial Toee Species Rarge Linits
0 the Great Lakes Region
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3. Individual species shifts in Great Lakes region
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Wisconsin phylogenetic tree -
genealogy of all species

Spalink et al. 2018 Spatial
phylogenetics reveals
evolutionary constraints on the
assembly of a large regional
flora. American Journal of
Botany 105: 1938-1950.

increased suitable
habitat by 2070

decreased suitable
habitat by 2070

3. Individual species shifts in Great Lakes region

Impacts of climate change on suitable habitat

Current Species

Distribution Nerloss

North of Tension Zone Net gain

North and South
of Tension Zone

South of Tension Zone

200 400 600 800 1000

% of range remaining
climatically suitable in 2070

3. Individual species shifts in Great Lakes region
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American beech —

t —

model species 1989 Science paper based on CO2 doubling

3. Individual species shifts in Great Lakes region

50

Dis-assembly of the forests?

FEAN! T \ ST2F Lo

American beech — model species K. Jankowksi — Ph.D. Nelson Institute 2001
3. Individual species shifts in Great Lakes region
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Megan Secley' © | Simon Goring’ € | John W. Williams™? ¢

WiLEY

Assessing the environmental and dispersal controls on Fagus
grandifolia distributions in the Great Lakes region

. e
hga & SHC A

American beech — model species

3. Individual species shifts in Great Lakes region
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Dis-assembly of the forests?
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American beech — model species [ it
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3. Individual species shifts in Great Lakes region

American beech — model species

3. Individual species shifts in Great Lakes region

Dis-assembly of the forests?

Epifagus
virginiana
Beech drops

. (mMnW

on American

. beech)

No matter what model of global warming is
used, whole vegetation units need to migrate

Beech drops must track beech migration or go
extinct.

55

54

14



