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Carpinus, Ostrya, Ostryopsis and their friends...

Paul Goetghebeur
Botanical Garden Ghent University




Engler (end 19th century) : “Amentiferae”

Amentiferae APG Il 2003
Betulaceae Fagales
Casuarinaceae Fagales
Fagaceae Fagales
Juglandaceae Fagales
Myricaceae Fagales
Ulmaceae Rosales
Moraceae Rosales
Urticaceae Rosales
Salicaceae Malpighiales

(Ross-Craig 1979)

Leitneriaceae Sapindales



-Amboreliaceae
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Austrobaileyales
Chlaranthaceae
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Piperales 1
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-Asparagales
Dioscoreales
Liliales

“Amentiferae”
In il
APG |l 2003 ? o |commetnis

Zingiberales

magnoliids

angiosperms

monocots

eratophyllales

Ranunculales
-Sabiaceas
Proteales
Buxace ae
-Trochodendraceas

Gunnergles
-Aextaxicaceae
Berberidepsidaceae
Dilleniaceae
Caryophyliales
Santalales
Saxifragales

)
et
(o]
2
o
=5
@

Crusscsomatales
Geraniales
rales

[ viatighiales |
pigl |

XU aie

core eudicots

CLornsios

bals abids
l (eurosids 1)

Malualo alvids
(eurosids 2)

ornales
Ericales
arryales

entianales -
amiales lamiids
Solanales (euasterids 1)

Aguifoliales

Apiales .
Agterales campanulids
Dipsacales {euasterids 2)

asterids




“Amentum” = catkin

“true” catkin “false” catkin

(Graf 1975)

(Kubitzki 1993)




Anemophily

anemophily is here a
NEW character state,

DERIVED from

entomophilous ancestors



Anemophily in Fagales =
derived from entomophilous ancestors
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Rosids (APG Il 2003) : | Rhizobium | & | Frankia

Crossosomatales
Geraniales
Myrtales
Celastrales
Malpighiales
Oxalidales

eurosids|

Sapindales

Frankia nodules on Alnus



Adapted
classification

of
APG Il 2003

Rosids
Fabids

Fagales

(APWeb 20009)

There are direct links
from all terminal taxa
and all internal nodes
to the relevant page of
the characterizations.

¥ Tree icons link to or
will link to tree for
each order.

S

Unplaced Taxa




Fagales Mothofagaceae

* Denotes branches
with 50-80% support; Fagaceae
all other branches

Fagales : 8 families have >80% support.

Myricaceae

Juglandaceae

B etU I aCeae Rhoipteleaceae
and
Ticodendraceae Ticodendraceae
. sister groups cetuincene

to the relevant location
in the text.

Casuarinaceae

(APWeb 2009)



Ticodendron incognitum : primary craspedodromous




Betulaceae : primary and secondary craspedodromous

Betula pumila Betula schmidtii



Ticodendron incognitum : stipules large, leaving circular scar




Betulaceae : stipules with a narrow base

Corylus avellana Carpinus tschonoskii



Betulaceae

Vegetative morphology



Alnus : morphology of winter buds

FiG. 3. Morphology and anatomy of the winter bud of Alnus pendula. (a) Twig. (b) Terminal
and laieral bud. (c) Anatomy of the lateral bud. Numerals indicate leaf order and ‘s’ indicates the
bud scale.

(Kikuzawa 1982)




Alnus : terminal bud & lateral buds




Betula : morphology of winter buds

3 4

FiG. 4. Morphology and anatomy of winter bud of Betula platyphylla var. japonica. (a) Twig. An arrow
indicates the shoot tip abortion. (b) Anatomy of the lateral bud. Numerals indicate leaf order and
“s” indicates bud scales.

(Kikuzawa 1982)




Betula : lateral buds & aborted shoot tip or ?

Betula schmidtii Betula apoiensis



Carpinus : morphology of winter buds

(c)

s

i

¥

F1G. 5. Morphology and anatomy of the winter bud of Carpinus cordata. (a) Twig. (b) Pseudo-terminal
bud. An arrow indicates shoot tip abortion. (¢) Anatomy of the bud. Numerals indicate leaf order
and ‘s’ indicates bud scales.

(Kikuzawa 1982)




Carpinus : lateral buds & aborted shoot tip

Carpinus tschonoskii




Betulaceae : morphology of winter buds, summary

Carpinus

Betuia

Alnasiter

Ancestral

FIG. 6. A schematic dendrogram indicating evolution in Betulaceae. Schemes of shoots together with
those of the emergence and survivorship curves are shown. ¢2, Lamina; -, reduced lamina; # ,
scale, &9, stipule; -, shoot tip abortion.

(Kikuzawa 1982)




Betulaceae

Flowering morphology



Flowering unit = cyme :

bracts & bracteoles

(Kubitzki 1993)




Betula pendula

(Graf 1975)



(Graf 1975)

Alnus glutinosa

Chalazogamy !




Corylus avellana

(Graf 1975)



Carpinus betulus

(Graf 1975)



Betuloideae vs Coryloideae : floral morphology

Character Betuloideae Coryloideae

St fls per bract 3 1

St fl perianth ++ -

stamen number 2-4 3-many

anthers glabrous hairy

P fl periant -- ++

fusion bract with 2-4 bracteoles bracteoles around fruit

fruit winged (sometimes reduced) not winged



Phylogeny of Betulaceae

more “trees”’...



Ostrya rehderianu
B et u I ace ae Ostrya virginiana
Carpinus putoensis
Carpinus hupeana

Carpinus polyneura

Carpinus turczaninowi

Coryloideae

Corylus heterophylla

genus Distegocarpus !!!

Betula alleghaniensis
Betula glandulosa
Betula pendula

B etu I O i d eae | Alnus glutinosa

Alnus incano

Alnus crispa
Alnus maritima

Nothofagus antarctica

(Chen et al. 1999)




Coryloideae



Corylus : bud morphology
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Corylus avellana
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Corylus avellana




Other Coryloideae : bud morphology
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(Kubitzki 1993)



Ostryopsis davidiana

(Krissmann 1977)
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Carpinus

i,
- -~ Pa ' A el !—\.‘..-w‘.

Ab. 190. Arealkarte Ca-rpihus
(Krilssmann 1976)



Carpinus

Sectio Carpinus

subsectio Carpinus C. betulus +6

subsectio Monbeigianae C. monbeigiana + 17

subsectio Polyneurae C. polyneura +4

Sectio Distegocarpus  Carpinus japonica
C. cordata
C. fangiana
C. rankanensis

(Rushforth 1985, p.p. based on Li 1979)



Carpinus : 2 sections = 2 separate clades !

K .-O. Yoo and J. Wen: Phylogeny of Carpinus and Coryloideae

————— Carpinus betulus
ME Carpinus putoensis99002
89

9 Carpinus tschonoskii99003

_%_E Carpinus monbeigiana5081
Carpinus pubascensdi1

Carpinus turzaninowii88 Sect
Carpinus caroliniana Carpinus
Carpinus Iaxiflora5008

Catpints londoniana29005

Carpinus londoniana5076

Carpinus tientaiensis99006

Carpinus viminea5086 -

Ostrya carpinifolia
5—4E Oslrya japonical3359A
QOstrya rehderiana3007
] Jﬂ—l: Ostrya knowitonii
100 Ostrya virginiana4710
Carpinus cordala4890 Sect.

Carpinus fangiana5011 Distegocarpus
&E orylus americana
72 Corylus cornuta

Corylus chinensis

Ostryopsis nobilis5080
[ Betula occidentalis

Outgroup
L Alnus japonica ]

Fig. 2. The strict consensus tree of Carpinus and the Coryloideae based on the ITS data with gaps treated as
missing data. The Bayesian posterior probabilities are shown above the clades, and the bootstrap values higher
than 50% in 500 replicates below the clades

(Yoo & Wen 2007)




Carpinus

Sectio Carpinus

subsectio Carpinus C. betulus +6

subsectio Monbeigianae C. monbeigiana + 17

subsectio Polyneurae C. polyneura +4

Sectio Distegocarpus  Carpinus japonica
C. cordata
C. fangiana
C. rankanensis

(Rushforth 1985, p.p. based on Li 1979)



Carpinus betulus

sectio Carpinus

subsectio Carpinus

(Ross-Craig 1979)




subsectio Carpinus
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Carpinus caroliniana  subsectio Monbeigianae ?




Carpinus

Sectio Carpinus

subsectio Carpinus C. betulus +6

subsectio Monbeigianae C. monbeigiana + 17

subsectio Polyneurae C. polyneura +4

Sectio Distegocarpus  Carpinus japonica
C. cordata
C. fangiana
C. rankanensis

(Rushforth 1985, p.p. based on Li 1979)



Carpinus fargesiana
Carpinus monbeigiana
Carpinus turczaninowil

subsectio Monbeigianae

Figure 281. 1-3. Carpinus monbeigiana Handel-
infructescence

(Li & Skvortzov 1999)



Carpinus turczaninOwil  subsectio Monbeigianae




Carpinus

Sectio Carpinus

subsectio Carpinus C. betulus +6

subsectio Monbeigianae C. monbeigiana + 17

subsectio Polyneurae C. polyneura +4

Sectio Distegocarpus  Carpinus japonica
C. cordata
C. fangiana
C. rankanensis

(Rushforth 1985, p.p. based on Li 1979)



Carpinus mollicoma
Carpinus polyneura
Carpinus tschonoskii

subsectio Polyneurae

Figure
infruct
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(Li & Skvortzov 1999)




Carpinus tschonoskii subsectio Polyneurae




Carpinus

Sectio Carpinus

subsectio Carpinus C. betulus +6

subsectio Monbeigianae C. monbeigiana + 17

subsectio Polyneurae C. polyneura +4

Sectio Distegocarpus  Carpinus japonica
C. cordata
C. fangiana
C. rankanensis

(Rushforth 1985, p.p. based on Li 1979)



Carpinus : 2 sections = 2 separate clades !

K .-O. Yoo and J. Wen: Phylogeny of Carpinus and Coryloideae
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Fig. 2. The strict consensus tree of Carpinus and the Coryloideae based on the ITS data with gaps treated as
missing data. The Bayesian posterior probabilities are shown above the clades, and the bootstrap values higher
than 50% in 500 replicates below the clades

(Yoo & Wen 2007)




Carpinus japonica sectio Distegocarpus
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Carpinus japonica

sectio Distegocarpus

(Kurata 1964)



Carpinus cordata sectio Distegocarpus

Carpinus cordata - grab sercowaty http://fotobabij.blogspot.com



Carpinus cordata sectio Distegocarpus

Carpinus cordata - grab sercowaty hitp-/fotobabil blogspot.c
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BETULAC

Carpinus cordata
Carpinus fangiana

sectio Distegocarpus

hua gian jin
5, 6. C. fangiana Hu 3 i E jin yu. . Leaves and
: FRPS 21: 66, ey inyong:

redrawn

(Li & Skvortzov 1999)




Carpinus rankanensis

sectio Distegocarpus

P1. 206. Carpinus rankanensis Hayata (BETULACEAE}

- 1, nutlet; 2. branch with fruiting catkin; 3. leafy bract enclosing nutlet; 4. venation &
(LI 1976) serration of leaf,




Carpinus japonica sectio Distegocarpus




Carpinus cordata sectio Distegocarpus




Bad news: “Distegocarpus” is heterogeneous ?

LI: Phylogenetics of Ostrya and Carpinus 337

Alnus . ..
Alnus maximowiciana

r100—|: Betula ainoides
Betula 100 Betula maximowicziana

b Betula pendula
g7 | Corylus americana
—‘_’:C‘orylus Jargesii
-57 Corylus heterophylia
Corylus cornuta
% E Corylus sieboldiana
Corylus tibetica
subsection Carpinits

<50 Carpinus betulus
<5 Carpinus tschonoskii subsection Polyneurde
<50 Carpinus orientalis
Carpinus carcliniana subsection Carpinus

[ E— Carpinus laxiflora

Carpinus pubescens | subsection Monbeigiana
Carpinus japonica
Carpinus japonica W section Distegocarpus

67 Carpinus japonica Y ———

o1 Ostrya carpinifolia
Carpi “'II— Ostrya rehderian
arpinus Ostrya virginiana

100 C Caprinus cordata
ﬁé’k Caprinus cordata | |section Distegocarpus
Caprinus cordata

Osiryopsis nobilis

section Carpinus

Asymmetrical

Ostryopsis

Symmetrical

10 changes

Fig. 2. One of 180 parsimonious trees of 506 steps (C/=0.85 and R/=0.87) based on sequences of nitrate reductase. Numbers at branches are
petrcentages of bootstrap support. Asterisks denote clades absent in the strict consensus tree. Alnus and Betula are outgroups.

(Li 2008)




Carpinus cordata99004
Carpinus cordatad4891
Carpinus cordataKorea
Carpinus cordatad890

~Tdalln 211052191
Carpinus putoensis99002
A n Ot h e r p h y I O g e n y Carpinus tschonoskii30
A Carpinus tschonoskiig9003
Carpinus tschonoskiiKorea

O f Carpinus hupeana
Carpinus betulusCS I Europe
. Carpinus coreanakorea
Carpinus turzaninowii88
C a r p I n u S Carpinus monbeigiana5077|
Carpinus monbeigiana5082
Carpinus monbeigiana5078| £ Asia
Carpinus monbeigianas079
Carpinus monbeigiana5081
Carpinus monbeigiana339
Carpinus pubescens41
Carpinus orientalis I Europe
Carpinus polyneura
Carpinus tientalensis99006
Carpinus londoniana99005
Carpinus londoniana2s
Carpinus londoniana5076 E Asia
Carpinus laxiflora5015
Carpinus laxifloraJdiriKorea
Carpinus laxifloraCCKorea
Catpinus laxiflora5008
Carpinus viminea4939
Carpinus viminea5086
Ostrya carpinifolia i Europe
Ostrya japonica3359A
Ostrya rehderiana99001 | E Asia
Ostrya rehderiana3007
Osirya virginianad710

————Carpinus japonica 1 |
Corylus ferox63 s
Coryius chinensis49
Corulus jacquemontii | W Himalaya
Corylus avellanaCS | Europe
Belula papyrifera
Alnus acuminaia

o I ol jojo (oo

IOutgroups

(Yoo & Wen 2002)




C. cordata
C. japonica

sectio Distegocarpus

Fig. 8. A, B Carpinus cordofo Blume. A Ramulus fructifer. B Fructus, ¢ bractea fructifera, 6 nu-
(W|nk|er 1904) cula. — O Carpinus japonice Blume. Fructus, @ bractea fructifera, b nucula. (Icon origin.).




C. cordata, C. japonica sectio Distegocarpus

Winkler 1904

sectio Distegocarpus
A. Bractea basi inflexa nuculam amplectens

Carpinus cordata

B. Ligula nuculam tegens bracteae opposita non accreta
Carpinus japonica



Concluding for Carpinus (1) :

Carpinus japonica, the type species of the former genus
Distegocarpus, is morphologically deviating from the section
Carpinus by its fruit covered by two separate scales.

However, genetically it is the sister group of the typical section

Carpinus !

Carpinus cordata (and other species of Distegocarpus ?) is/ are also
morphologically deviating from the section Carpinus by the two
Infolded wings of the fruit-associated compound leaf.

Genetically is the sister group of the couple (Ostrya + section

Carpinus).



Concluding for Carpinus (2) :

WANTED
DEAD or ALIVE

Sectio Distegocarpus

Carpinus japonica

Carpinus cordata

Carpinus fangiana
Carpinus rankanensis




Summary

Catkins have had multiple origins,
and are often derived from entomophilous ancestors

Taxonomy : Betulaceae > Fagales > Fabids > rosids

Betulaceae leaves are lary + llary craspedodromous
Betulaceae false catkins composed of 3-flowered cymes

Betulaceae clearly divided in Betuloideae & Coryloideae
Carpinus is divided in two sections, C. & Distegocarpus

But ! Distegocarpus seems to be heterogeneous...
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