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Percent toothed leaves predicts mean
annual temperature

() J— e —

mean annual temperature / °C
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e i - R2=0.98
T o | P<0.001
M+ )?%r —
I "‘dﬁ i I i I
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() 20 40 ) 20 100

percent dicot species with entire leaf margin

Wing & Greenwood 1993; data from Wolfe 1979



Fossil leaves as
“paleothermometers’™?




Earth and Planetary Science Letters 245 (2006) 95 - 114

Using leaf margin analysis to estimate the mid-Cretaceous (Albian)
paleolatitude of the Baja BC block

lan M. Miller *, Mark T. Brandon, Lco J. Hickey

PALAIOS T it
DOL: 10.2110/palo. 2009 p09-129r

Emphasizing the impoct of [ife on
Earth's history

Annu, Rev. Earth Planet. Sci. 1995. 23.11942
Copyright ©) 1995 by Annual Reviews Inc. All rights reserved
LEAF MARGIN ANALYSIS: A NEW EQUATION FROM HUMID TO MESIC FORESTS IN CHINA

TAO SU,123 YAQWU XING,'23 YU-SHENG (CHRISTOPHER) LIU # FREDERIC M.B. JACQUES,! WEN-YUN CHEN,!2
YONG-ITANG HUANG.'? and ZHE-KUN ZHOU ™

PALEOCLIMATIC ESTIMATES FROM
TERTIARY LEAF ASSEMBLAGES

Jack A. Wolfe

American Journal of Botany 85(12): 1796-1802. 1998. Department of Geosciences, University of Arizona, Tucson, Arizona 85721

ESTIMATION OF TEMPERATURE AND PRECIPITATION
FROM MORPHOLOGICAL CHARACTERS OF
DICOTYLEDONOUS LEAVES!

MicHAEL C. WIEMANN,? STEVEN R. MANCHESTER,?> DAvID L. DILCHER,?
Luts FeLipE HNo10SA,? AND F1ISABETH A. WHEELER?
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Wolfe 1995. Paleoclimatic Estimates from Tertiary
Leaf Assemblages



Problems

Regional variation

— Global equations noisy
— E.g., Percent toothed - temperature: R?<0.50

Local (habitat) variation
— More toothed taxa Iin areas with saturated soils

Taphonomic artifacts
— Most fossil deposits near lakes, streams
— “Cool bhias”

Variation with phylogeny, growth form
Mechanistic basis poorly understood



Regional variation

1204 Morth America and Europe
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Peppe et al. 2011



| ocal variation
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Fig. 3. Relationship between the percentage of toothed species and
distance from coast for the CNVF coastal sample. Dots represent individ-
ual sites. Least-squares linear regression statistics: r2 = 0.27, P = 0.10.

Royer et al. 2009



Habitat variation
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Plant growth form variation
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Hypothesized functions of leaf teeth

1. Herbivore defense

— Deterrence (chemical, mechanical)
 Populus tooth resins (Curtis & Lersten 1974)
« Spiny teeth (Ehrlich & Raven 1967, Givnish 1979)

— Attraction of protective mutualists

* Nectary production (Curtis & Lersten 1974, Belin-Depoux
1989)

2. Reduced necrosis between teeth in dry
environments

— Givnish 1979



Hypothesized functions of leaf teeth

3. Hydathode hypothesis
— Haberlandt 1914; Rea 1929; Feild et al. 2005

4. Gas exchange hypothesis

— Gottschlich & Smith 1982, Baker-Brosh & Peet
1997, Wilf & Royer 2006



Hydathode hypothesis

Plant, Cell and Environment (2005) 28, 1179-1190

Hydathodal leaf teeth of Chloranthus japonicus
(Chloranthaceae) prevent guttation-induced flooding of
the mesophyll

TAYLOR S. FEILD', TAMMY L. SAGE?, CHRISTINE CZERNIAK® & WILLIAM 1. D. ILES®

'Department of Ecology and Evolution, Tulane Umniversity, New Orleans, LA, 70118
University of Toronto, 25 Willcocks Street, Toronto, Ontaria, M58 3B2, Canada




Hydathode

Guttation-exudation of water from
hydathodes of leaf margins is caused
by root pressure. It is often mistaken
for dew in the morning because it
occurs at night when water is not

Leaf with guttation
droplet from hydathode

Bundle
Cuticle Sheath

Palisade
Parenchyma
% Epithem
% (Thin-walled

Water
Cavity

Tracheids

Longitudinal section
of leaf apex and
hydathode

‘o' i

Spongy Sheath
Stoma  Parenchyma

processed as quickly within the plant.

Hydathode:

« specialized
stomata on leaf
surface

e exudes exess
water, salts

http://en.wikipedia.org/wiki/Hydathode



Feild et al. 2005. Plant, Cell and Environment



Hydathode hypothesis

« Hydathodes at teeth exude excess water
via guttation

* Prevent flooding of mesophyll and
consequent depression of photosynthesis



Hydathode hypothesis

* Teeth advantageous in cool, wet areas
due to increased photosynthesis

* Disadvantageous in warm, dry climates
due to increased water loss



Gas exchange hypothesis

Boundary layer:
« Air movement reduced by surface friction
 Reduced gas exchange

Leaf teeth:

 Increased turbulence, thinner boundary layer
« High density of vein endings, stomata

* Increased gas exchange, photosynthesis




Gas exchange hypothesis

\41 }‘4,

S5mm
P

FiG. 2. Autoradiography of immature leaves. The dark regions indicate '*C assimilation due to heightened photosynthetic
activity in the marginal teeth and lobes. (A) Liquidambar styracifiua; (B) Acer rubrum; (C) Carva alba; (D) Ulmus alata.

Baker-Brosh & Peet 1997



TaABLE |. Presence or absence of photosynthetic activity in
the margins of juvenile leaves of 18 temperate forest tree
and shrub species.

Photosynthetic
Species Typet activityf

Leaves with lobes/tecth

With photosynthetic margins
Acer rubrum
Aesculus sylvatica
Carya alba
Liguidambar styracifiua
Quercus alba
Q. rubra
Q. stellata
Ulmus alata

<

nonROO0OEn
zrrr=Zzr

Without photosynthetic margins

Liriodendron wlipifera
Prunus serotina
Viburnum acerifolium
V. prunifolium

V. rafinesquianum

L7 I I ]

Leaves with entire margins

With photosynthetic margins
None

Without photosynthetic margins
Cercis canadensis
Cornus florida
Fagus grandifolia

Nyssa sylvatica c 1
t ¢ = canopy tree species, u = obligate understory tree, s
= shrub.
t L = photosynthetic activity in lobe tip; M = photosyn-
thetic activity in marginal teeth.

- e e e e ey
Le I~

Baker-Brosh & Peet 1997



Tooth photosynthetic activity declines
during leaf expansion

2.5
-3 - Ulmus alata
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Leaf Size Index
Baker-Brosh & Peet 1997



Teeth proportionally large,
photosynthetically active in young leaves

Baker-Brosh & Peet 1997



Int. J. Plant Sci. 167(1):11-18. 2004.
© 2006 by The University of Chicago. All rights reserved.
1058-5893/2006/16701-0002515.00

WHY DO TOOTHED LEAVES CORRELATE WITH COLD CLIMATES?
GAS EXCHANGE AT LEAF MARGINS PROVIDES NEW INSIGHTS
INTO A CLASSIC PALEOTEMPERATURE PROXY
Dana L. Royer' and Peter Wilf
Department of Geosciences, Pennsylvania State University, University Park, Pennsylvania 16802, LLS.A.




Early-season photosynthetic activity
higher for toothed margins
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Leaf age (days)

Royer & Wilf 2006



Plants native to colder regions have
most active leaf margins

PENNSYLVANIA
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Gas exchange hypothesis

Cool wet climates:

* Rapid early season growth provides net
carbon gain

Warmer / drier climates:

* Higher carbon production at leaf teeth is
outweighed by increased water loss



Phylogenetic
distribution of

pri “|

toothed leaves

i
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Little et al. 2010
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