Tree crowns grow into self-similar shapes controlled by gravity and light sensing
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Right: ay = 0.78, oy, = 0.00, Distance = 0.0307
Left: oy = 1.46, o, = 0.59, Distance = 0.0412
Acer platanoides
Eric Badel’s park, Valence, France
http://bit.1ly/2CyMTOD

Sugar Maple

Right: a4 = -1.00, oy, = 0.38, Distance = 0.0135
Left: oy = -1.00, oy, = 0.34, Distance = 0.0241
Acer saccharum
Country Club Drive, Newark, Ohio, USA
http://bit.ly/2CGm1fP

Horse Chestnut
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Right: ay = 0.00, oy, = 0.00, Distance = 0.0307
Left: oy = 0.02, o, = 0.00, Distance = 0.0320
Aesculus hippocastanum
Sutton, London, UK
http://bit.1ly/2AFf39q

Monkeypod

Right: a4 = -1.00, oy, = 0.06, Distance = 0.0236
Left: oy = -0.96, o, = 0.00, Distance = 0.0451
Albizia saman
Hitachi’s tree in Moanalua Garden, Hawaii
http://bit.ly/2zokzMq

Italian Alder
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Right: ay = 0.25, o, = -1.02, Distance = 0.0400
Left: oy = 1.06, o, = 0.43, Distance = 0.0247
Alnus cordata
Stevenage, Hertfordshire, England
http://bit.1ly/2BkTOeq

Silver Birch
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Right: ay = 2.45, oy, = 5.00, Distance = 0.0365
Left: oy = 2.17, o, = 0.81, Distance = 0.0281
Betula pendula
New Botanical Garden Marburg, Hesse, Germany

http://bit.ly/2pqythg

Downy Birch

Right: a4 = 0.92, o, = 0.00, Distance = 0.0230
Left: oy = 2.61, o, = 5.00, Distance = 0.0307
Betula pubescens
Franzosenwiesen in the Burgwald, Hesse, Germany
http://bit.1ly/2CoXfQz

Cedar

¢

Right: ay = 0.71, o, = 0.00, Distance = 0.0418
Left: oy = 0.94, o, = 0.37, Distance = 0.0493
Cedrus atlantica
Eric Badel’s park, Valence, France
http://bit.1ly/2BB4iZH

Cypress
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Right: a4 = 0.61, o, = -1.32, Distance = 0.0212
Left: oy = 0.60, o, = -1.32, Distance = 0.0442
Clupressus sempervirens
Eric Badel’s park, Valence, France
http://bit.ly/2jcmjTe
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Right: ay = 0.33, v, = -1.15, Distance = 0.0263
Left: oy = 5.00, o, = 2.36, Distance = 0.0362
Clupressus sempervirens
Eric Badel’s park, Valence, France
http://bit.ly/2zjZ4iR

Cypress

Indian Rosewood

Right: a4 = 0.00, oy, = 0.00, Distance = 0.0475
Left: oy = 0.52, o, = -0.79, Distance = 0.0675
Dalbergia sissoo
Pakistan
http://bit.ly/2zhms0D

Arbol (Guanacaste
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Right: o, = -1.00, oy, = 0.03, Distance = 0.0201
Left: oy = -0.47, o, = -0.51, Distance = 0.0258
Enterolobium cyclocarpum
Costa Rica
http://bit.ly/2k1yd34
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Dewadaru

Right: ay = 0.00, o, = 0.00, Distance = 0.0369
Left: oy = 0.00, o, = 0.00, Distance = 0.0306
Fagraea elliptica Roxb.
Karimunjawa Island, Indonesia
http://bit.1ly/2AYPyT7e

Purple-leaved Beech

Right: ay = 0.48, o, = 0.16, Distance = 0.0231
Left: oy = 0.46, o, = 0.00, Distance = 0.0471
Fagus sylvatica f. purpurea
The Autograph Tree, Galway, Ireland
http://bit.ly/20006Kq

European Beech
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Right: ay = 0.14, o, = -0.91, Distance = 0.0377
Left: oy = 0.29, o, = -1.09, Distance = 0.0474
Fagus sylvatica
Eric Badel’s park, Valence, France
http://bit.ly/2DgJxQa

Ash

Right: ay = 0.84, a, = 0.00, Distance = 0.0431
Left: oy = 0.49, o, = 0.32, Distance = 0.0107
Fraxinus excelsior
Hanthorpe, Bourne, UK
http://bit.ly/2zhjlqq
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Right: ay = -0.46, oy, = -0.50, Distance = 0.0295
Left: ay =-0.43, o, = -0.49, Distance = 0.0233
Madhuca longifolia
Maithon, Jharkhand, India
http://bit.1ly/2C6e3iM

Mango
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Right: a4 = -1.00, a;, = 0.18, Distance = 0.0189
Left: oy = -1.00, oy, = 0.35, Distance = 0.0222
Mangifera indica
Kolkata, India
http://bit.1ly/2yKMVAc

Ironwood
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Right: a4 = -1.00, o, = 0.09, Distance = 0.0485
Left: a4 = -1.00, o, = 0.11, Distance = 0.0385
Olea capensis
Cape Town, South Africa
http://bit.1ly/2kABFRO

Parrotier de Perse

Right: a4 = -1.00, oy, = 0.27, Distance = 0.0292
Left: oy = -0.20, o, = -0.70, Distance = 0.0261
Parrotia persica
Morlanwelz-Mariemont — Parc de Mariemont, Belgique
http://bit.ly/2kAY3dz

Norway Spruce
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Right: ay = 0.40, o, = -1.34, Distance = 0.0212
Left: oy = 0.42, o, = -1.39, Distance = 0.0364
Picea abies
southern Germany
http://bit.1ly/2j7D6Xn

Stone Pine

Right: a4 = -1.00, oy, = 0.10, Distance = 0.0413
Left: ay = -1.00, oy, = 0.11, Distance = 0.0635
Pinus pinea
Pompeii, Italy
http://bit.ly/2pybVLk

Chinese Pistache
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Right: ay = -1.00, oy, = 0.17, Distance = 0.0411
Left: a4 = -1.00, oy, = 0.16, Distance = 0.0303
Pistacia chinensis
Japan
http://bit.1ly/2CnICuF

Silver Poplar
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Right: ay = 0.27, o, = -1.09, Distance = 0.0216
Left: ay = 0.31, o, = -1.09, Distance = 0.0460
Populus alba
Parque El Pilar de Ciudad Real, Spain
http://bit.1ly/2BCfIsL

Black Poplar

Right: a4 = 0.64, o, = -1.31, Distance = 0.0173
Left: oy = 0.61, o, = -1.31, Distance = 0.0289
Populus nigra
Békés town, Hungary
http://bit.1ly/2CH6GE6

Callery Pear
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Right: ay = 0.76, o, = 0.00, Distance = 0.0217
Left: oy = 0.70, v, = 4.88, Distance = 0.0132
Pyrus calleryana
Charlotte, USA
http://bit.ly/2AWgmyh

Chestnut-leaved QOak
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Right: a4 = -1.00, oy, = 0.35, Distance = 0.0159
Left: oy = 0.00, o, = 0.00, Distance = 0.0225
Quercus castaneifolia
Kew Gardens, London
http://bit.1ly/2Bkqtk6

Oak
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Right: a4 = -1.00, o, = 0.19, Distance = 0.0371
Left: oy = -1.00, o, = 0.17, Distance = 0.0404
Quercus ilex
Bocca di a battaglia, Corsica
http://bit.1ly/2BKLAF7

Pedunculate Oak

Bald Cypress
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Right: a4 = 0.44, o, = -1.38, Distance = 0.0219
Left: oy = 0.43, o, = -1.33, Distance = 0.0248
Tazodium distichum
St. Lawrence’s Churchyard
http://bit.1ly/2C7cTko

Thuja

Right: a4 = 0.38, o, = -1.25, Distance = 0.0154
Left: oy = 0.40, o, = -1.14, Distance = 0.0229
Thuja occidentalis
Eric Badel’s park, Valence, France
http://bit.ly/2zkFqTV

Lime Tree
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Distance = 0.0445
Left: oy = -0.43, o, = 0.00, Distance = 0.0391
Tilia x europaea
Eric Badel’s park, Valence, France
http://bit.1ly/2BszTu0

American Elm
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Right: a4 = -1.00, o, = 2.90, Distance = 0.0424
Left: a4 = 0.00, oy, = 0.00, Distance = 0.0456
Ulmus americana
Longwood Gardens, Kennett Square, Pennsylvania
http://bit.1ly/2j70m7W

Japanese Elm
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Right: a4 = -1.00, o = 0.20, Distance = 0.0472
Left: ay = 0.00, o, = 0.00, Distance = 0.0371
Quercus robur
Engien, Parc du chateau d’Enghien, Belgique
http://bit.ly/2DEJ1Ln

Black Locust
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Right: oy = -0.43, oy, = 0.00, Distance = 0.0302
Left: ay = 0.16, o, = -1.08, Distance = 0.0322
Robinia pseudoacacia
Bois de Boulogne, France
http://bit.1ly/2BSZHmD

the theoretical shape, a red curve otherwise. For each tree, we also compute the Fréchet distance between the left and right fits d;r. Although some trees show large discrepancies between left and right values of (ay, o), the mean value of this distance dyr over the 36 trees is low (0.031817), which is in favour of the axi-symmetry.
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Right: ay = -1.00, o, = 0.23, Distance = 0.0341
Left: oy = -1.00, oy, = 0.26, Distance = 0.0454
Ulmus davidiana var. japonica ’Prospector’
US National Arboretum, Washington, D.C., USA
http://bit.ly/2BJj11V

Gum Arabic
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Right: ay = -1.00, o, = 0.03, Distance = 0.0348
Left: oy = -0.97, o, = 0.00, Distance = 0.0270
Vachellia nilotica
Agdorout, Rakhyout, Dhofar
http://bit.1ly/2CIGVuL

Comparison between tree crown shapes and front propagation model. For each species, we first hand-pick the contour from the right side of the picture on the left (green line). This contour (green shape on the right) is then fitted with the model (black or red curve). Then, the same operation is made on the left part of the picture. The quality of the fit is defined by the distance d, given by Eq. (10) in the main text. The two sets of parameters correspond to the right and left fit. When we could find a gravitropic intensity «, and a phototropic intensity oy, > 0, such that d < 0.05, a black contour is used to draw
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