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Disentangling ecological and phylogenetic signals
in leaf venation patterns
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Abstract: The veins in vascular plant leaves distribute water and nutrients, transport photosynthate, and provide 
structural support and reinforcement of photosynthetic tissue, under the constraints of existing developmental pathways, 
and phylogenetic history. Leaves are one of the most commonly fossilized plant organs, and they often preserve vein 
networks in detail. Venation patterns are therefore potentially useful for taxonomic identification of fossils, for 
examination of evolutionary change through time, and for reconstruction of ancient environments.

In the past, however, it has proved difficult to measure the venation even of modern leaves completely, or to 
characterize the relationships between specific aspects of a vein network and their associated functions or phylogenetic 
significance. Most earlier work, therefore, has either been qualitative or focussed on single characters.

Using photographs of modern cleared leaves and image analysis software, we have succeeded in measuring a number 
of attributes of the vein network of more than 100 leaves, representing most major angiosperm groups and a few ferns. 
The measurements are repeatable and correspond to intuitive and descriptive notions of vein organization, like areole 
size and shape. We have observed significant relationships between venation attributes and ecological variables like 
growth form. Attributes of venation are also not randomly distributed phylogenetically. This supports the contention that 
leaf venation patterns encode ecological and historical signals, and gives promise that multivariate quantitative data will 
help disentangle them.
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Anacardiaceae
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red woody; black herbaceaous
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 Aextoxicon punctatum 
( Aextoxicaceae )

 NCLC #: 2932 , Phot. #: 10

 Aextoxicon punctatum 
( Aextoxicaceae )

 NCLC #: 2932 , Phot. #: 11

 Sagittaria sp. 
( Alismataceae )

 NCLC #: 797 , Phot. #: 14

 Sagittaria sp. 
( Alismataceae )

 NCLC #: 797 , Phot. #: 15

 Periomphale gaultherioides 
( Alseuosmiaceae )

 NCLC #: 8418 , Phot. #: 16

 Periomphale gaultherioides 
( Alseuosmiaceae )

 NCLC #: 8418 , Phot. #: 17

Unsatisfactory Images

Examples of some different images...

Taxon sampling of 77 (in red) of 481 families in
Haston et al. (2007) Taxon 56(1):7–12.

The seven herbaceous species we were able to sample do not
have areoles significantly larger than woody species.

Herbaceous species do not clearly cluster when measured by
any of the variables considered. Genera with different growth forms and drought tolerances

have significantly different leaf ranks.

There is a strong correlation between measured areole area
and leaf rank. We therefore conclude that the lack of significant
ecological or phylogenetic signal in our measurements to date
is probably a result of insufficient taxon sampling. The final
tile shows some of our areole size measurements superimposed
on the images from which they were obtained. This shows how
the mode and spread of the measured size distribution
successfully capture a gestalt impression of areole sizes.

Leaf ranks provide a
subjective, semi-
quantitative method
of sampling more
genera than we have
yet been able to
measure explicitly.
Hickey, L. J. 1977. Stratigraphy and Paleobotany of the 
Golden Valley Formation (Early Tertiary) of Western North
Dakota GSA Memoirs 150.

...with their associated areole measurements.

We automated the following measurements of each areole
on photographs of cleared leaves of 120 species.

Satisfactory Images

Boxplots of leaf rank by habit for 1620 genera
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The within-family spread is a significant fraction of the overall
spread for all variables measured. There do not seem to be 
obvious phylogenetic patterns evident above the level
of family.

6.5 7.0 7.5 8.0 8.5 9.0 9.5

Comparison of areole size with leaf rank
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 Akania hillii 
( Akaniaceae )
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 Anacardium pumilum 
( Anacardaceae )
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 Nothopegia castaneaefolia 
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( Annonaceae )

 NCLC #: 5460 , Phot. #: 47D
en

si
ty  Artabotrys thomsonii 

( Annonaceae )
 NCLC #: 5462 , Phot. #: 49D

en
si

ty  Asteranthe asterias 
( Annonaceae )

 NCLC #: 3452 , Phot. #: 51D
en

si
ty  Bocagea laurifolia 

( Annonaceae )
 NCLC #: 4470 , Phot. #: 53D

en
si

ty  Bocageopsis multiflora 
( Annonaceae )

 NCLC #: 2443 , Phot. #: 55

 Cymbopetalum costaricensis 
( Annonaceae )
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( Annonaceae )

 NCLC #: 2892 , Phot. #: 69D
en

si
ty  Piptostigma preussii 

( Annonaceae )
 NCLC #: 3922c , Phot. #: 71D

en
si

ty  Motandra guineensis 
( Apocynaceae )

 NCLC #: 5099 , Phot. #: 75D
en

si
ty  Rauvolfia balansae 

( Apocynaceae )
 NCLC #: 7388 , Phot. #: 77D

en
si

ty  Platanus occidentalis 
( Platanaceae )

 NCLC #: 732 , Phot. #: 79

 Sassafras albidum 
( Lauaceae )

 NCLC #: 771A , Phot. #: 85D
en

si
ty  Arctostaphylos nevadensis 

( Ericaceae )
 NCLC #: 714 , Phot. #: 88D

en
si

ty  Carya ovata 
( Juglandaceae )

 NCLC #: 6794 , Phot. #: 91D
en

si
ty  Brackenridgea nitida 

( Ochnaceae )
 NCLC #: 2473 , Phot. #: 96D

en
si

ty  Ilex dipyrena 
( Aquifoliaceae )

 NCLC #: 11913 , Phot. #: 99

 Montrichardia arborescens 
( Araceae )

 NCLC #: NA , Phot. #: 101D
en

si
ty  Gastonia floribunda 

( Araliaceae )
 NCLC #: 6087 , Phot. #: 103D

en
si

ty  Aristolochia taliscana 
( Aristolochiaceae )

 NCLC #: 14922 , Phot. #: 105D
en

si
ty  Austrobaileya scandens 

( Austrobaileyaceae )
 NCLC #: 12191 , Phot. #: 109D

en
si

ty  Alnus glabrata 
( Betulaceae )

 NCLC #: 12183 , Phot. #: 112

 Lundia spruceana 
( Bignoniaceae )

 NCLC #: 218 , Phot. #: 114D
en

si
ty  Bixa excelsa 

( Bixaceae )
 NCLC #: 3233 , Phot. #: 116D

en
si

ty  Bombax aquaticum 
( Bombacaceae )

 NCLC #: 2526 , Phot. #: 118D
en

si
ty  Cordia dichotoma 

( Boraginaceae )
 NCLC #: 220 , Phot. #: 120D

en
si

ty  Brunellia conocladifolia 
( Brunelliaceae )

 NCLC #: 6505 , Phot. #: 122

 Bursera gummifera 
( Burseraceae )

 NCLC #: 1720 , Phot. #: 124D
en

si
ty  Styloceras laurifolium 

( Buxaceae )
 NCLC #: 3203b , Phot. #: 126D

en
si

ty  Calycanthus occidentalis 
( Calycanthaceae )

 NCLC #: 2317 , Phot. #: 128D
en

si
ty  Canella winteriana 

( Canellaceae )
 NCLC #: 1159a , Phot. #: 130D

en
si

ty  Viburnum pauciflorum 
( Caprifoliaceae )

 NCLC #: 821 , Phot. #: 132

Unknown/Indet. Herbaceaous Woody

6
7

8
9

10

Boxplots by habit

lo
g(

m
od

al
 a

re
ol

e 
ar

ea
)

Sagittaria sp.

Periomphale gaultherioides

Amborella trichopoda

Miliusa longipes

Austrobaileya scandens

Styloceras laurifolium

Archibaccharis subsessilis

Philactis zinnioides

Dioscorea floribunda

Parashorea plicata

Ribes lacustre

Emmotum acuminatum

Uraria clarksei

Smilax acutifolia
Clematis pitcheri

Goetzea elegans
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