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A B S T R A C T 
The genus Colophospermum, described in 1949, known from its only species 
C. mopane from sou the rn Africa, is congener ic wi th the m o n o t y p i c 
Hardwickia described from India in 1811. The new combination H. mopane 
is made. The taxonomic study is accompanied by a palynological as well as a 
wood anatomical study. 

M O T S C L É S 
Colophospermum, 

Hardwickia, 
Inde, 

Afrique méridionale, 
Mopane. 

R É S U M É 

Le genre Colophospermum, décrit en 1949, connu par son unique espèce C. 
mopane d'Afrique tropicale méridionale, paraît congénérique de Hardwickia, 
genre monotypique décrit de l'Inde en 1811. La nouvelle combinaison H. 
mopane est proposée. L'étude taxonomique est accompagnée des résultats de 
recherches palynologiques et anatomiques du bois. 

sér . 3 • 1 9 9 7 • 1 9 ( 2 ) 279 

mailto:frans.breteler@algem.pt.wau.nl
mailto:k.ferguson@rbgkew.org.uk
mailto:p.gasson@rbgkew.org.uk


Breteler F.J., Ferguson I.K., Gasson P.E. & ter Welle B.J.H. 

Hardwickia was descr ibed by R O X B U R G H a n d 
i l l u s t r a t e d i n h i s P l a n t s o f t h e C o a s t o f 
C o r o m a n d e l in 1 8 1 1 , based o n H. binata (Fig. 
1 ) . Two m o r e species H. pinnata Roxb. ex D C . 
( 1 8 2 5 ) a n d H. alternifolia (Elm.) E l m . ( E L M E R 

1 9 0 7 , 1 9 0 8 ) were described later, b u t afterwards 
b o t h proved to be long in the genus Kingioden-
dron H a r m s ( K N A A P - V A N M E E U W E N 1 9 7 0 ) ren­

der ing the genus m o n o t y p i c again. Hardwickia 
differs f rom Kingiodendron n o t a b l y in h a v i n g 
on ly two leaflets w i t h flabellately arranged nerves 
a n d in l a c k i n g b rac teo les o n t h e f lower s t ipe . 
Also, the w o o d of Hardwickia differs significant­
ly f rom t h a t of Kingiodendron in l ack ing axial 
g u m ducts ( K N A A P - V A N M E E U W E N 1 9 7 0 ) . 

LfiONARD ( 1 9 4 9 ) described Colophospermum to 

Fig. 1.—Hardwickia binata: plate 209, reproduced from ROXBURGH (1811) 
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a c c o m m o d a t e the aberrant Copaifera?. {Colopho­
spermum) mopane K i r k ex B e n t h . B E N T H A M 
(1865a) , o n accoun t of having fruiting mater ial 
only, d id no t w a n t to describe it as a genus dis­
t inct from Copaifera, a l though KlRK, the collec­
t o r o f t h e t y p e , sugges t ed th i s , a n d p r o p o s e d 
Colophospermum as its n a m e . L E O N A R D ' S original 
p u b l i c a t i o n of Colophospermum does n o t s h o w 

t h a t a n y c o m p a r i s o n w a s m a d e w i t h e x t r a 
Af r i can gene ra , a l t h o u g h Copaifera as wel l as 
Hardwickia were cur ren t ly classified ( B E N T H A M 
1865b; T A U B E R T 1894) in the same tr ibe namely 
Cynomet reae , wh ich are n o w n a m e d Detar ieae . 
M o s t c h a r a c t e r s w h i c h a r e m e n t i o n e d b y 
L E O N A R D to d i s t ingu ish Colophospermum f rom 
Copaifera are in fact characters tha t chatacterize 

Fig. 2.—Distribution of Hardwickia binata (above) and of H. mopane (below). 
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Hardwickia, such as t h e fol iaceous " p r o l o n g a ­
t ion" of the leaf rachis, the absence of bracteoles, 
the single ovule, and the corrugated cotyledons. 
M o r e characters that are c o m m o n to b o t h genera 
can be added , such as those found in the pollen 
s t ruc ture ( G R A H A M & B A R K E R 1 9 8 1 ; this paper) 

a n d i n t h e b a s i c c h r o m o s o m e n u m b e r 
( G O L D B L A T T 1 9 8 1 ) . T h e cha rac t e r s sha red by 
Colopbospermum a n d Hardwickia a r e l i s t e d 
below. A d d e d , are the characters in wh ich b o t h 
taxa differ. 

Characters c o m m o n t o Colophospermum a n d 
Hardwickia 
Leaves 2-fo l io la te w i t h a m u c h r e d u c e d , dec i ­
duous , un i ted , secondary pair of leaflets in bet­
ween. 
Leaflets wi th t ranslucent dots . 
Flowers w i t h o u t bracteoles. 
Flowers ac t inomorph ic , apetalous. 
Fi laments long, thread-l ike, anthers large, versa­
tile. 
St igma large, ± peltate. 
O v a r y wi th 1 ovule only. 
Seeds narrowly winged , furrowed. 
Coty ledons corrugated. 
Coty ledons epigeous. 
W i n d pol l inated. 
C h r o m o s o m e n u m b e r n = 17. 

Differences be tween Colophospermum and 
Hardwickia 
Colophospermum: 4 sepals; 2 0 - 2 5 s tamens; seed ± 
reniform, wi th resin vesicles. 
Hardwickia: (4-)5 sepals; 10(-11) s tamens; seed 
straight, w i t h o u t resin vesicles. 

A n u m b e r of the characters shared by the two 
m o n o t y p i c g e n e r a a r e q u i t e u n i q u e i n t h e 
D e t a r i e a e or even in t h e C a e s a l p i n i o i d e a e . As 
such may be m e n t i o n e d the lack of bracteoles on 
the flower st ipe, the flower a n d pol len s t ructure 
that indicates w i n d pol l ina t ion, and the c h r o m o ­
some number . T h e foliaceous appendage o n the 
leaf m a y be a d d e d . T h i s "p ro longa t i on" of t he 
leaf beyond the pair of fully developed leaflets is 
foliaceous, condup l i ca t e a n d mos t ly soon deci­
d u o u s . T h e m o r p h o l o g y is t h e s a m e in b o t h 
genera . In t he original pub l i ca t i on of Colopho­

spermum, LfiONARD (1949) d i d n o t express his 
o p i n i o n ab o u t the morphologica l na tu re of this 
e lement , b u t later he n a m e d it a te rminal foliole 
( L E O N A R D 1 9 5 7 ) . C U S S E T ( 1 9 7 0 ) was c e r t a i n 

tha t it represents a foliole. In this paper the foliar 
e lement is indicated as a m u c h reduced, seconda­
ry pai r of u n i t e d leaflets, n o t a single t e rmina l 
leaflet. T h i s is m o r e in accordance wi th the pari-
p inna t e na ture of the leaves. Moreover, the coty­
ledons in Colophospermum, whe the r they are t rue 
cotyledons or paracotyledons (DE VOGEL 1979) , 
look like a pair of un i ted leaflets, w h e n the ner­
vat ion pa t te rn is considered. As such they appear 
the same as the reduced pair of leaflets. 

Two characters , viz the un iovu la t e ovary a n d 
the cor rugated cotyledons, are also found in the 
f o l l o w i n g g e n e r a : Gossweilerodendron, 
Kingiodendron, Oxystigma a n d Prioria, in which 
the latter has m o r e or less flat cotyledons. 

KNAAP-VAN M E E U W E N ( 1 9 7 0 ) de sc r ibed t h e 
Hardwickia leaflets as w i t h o u t p e l l u c i d d o t s . 
H o w e v e r , Hardwickia a l so h a s p e l l u c i d d o t s , 
a l though they are m u c h less n u m e r o u s a n d less 
distinctive. 

T h e ecology of Hardwickia hinata ( R O Y 1996) 
is r a t h e r s i m i l a r t o t h a t o f Colophospermum 
mopane ( R o s s 1 9 7 7 ; M A P A U R E 1994) as b o t h 
taxa are encoun te red in rather dry savannas, the 
first in Ind ia n o r t h of t h e equa tor , t he second 
sou th of the equa tor in sou the rn Africa (Fig. 2) . 

P O L L E N M O R P H O L O G Y 
(by I.K. F E R G U S O N ) . 

T h e pol len morpho logy of the two m o n o t y p i c 
g e n e r a Hardwickia (H. hinata) a n d Colopho­
spermum (C. mopane) has o n l y been desc r ibed 
compara t ive ly recently. FASBENDER (1959) des­
cr ibed the pol len of Hardwickia as t r icolporate . 
T h i s wou ld appear to be based o n an incorrect ly 
identif ied spec imen . VAN ZlNDEREN B A R K E R & 
C O E T Z E E (1959) descr ibed Colophospermum as 
p a n t o p o r a t e . It was n o t apprec i a t ed tha t these 
t w o taxa h a d s imi lar p a n t o p o r a t e po l l en u n t i l 
G R A H A M et al. (1980) d rew a t t en t ion to the u n u ­
sual pol len a n d fur ther descr ibed the pol len of 
t h e t w o taxa ( G R A H A M & B A R K E R 1 9 8 1 ) b u t 

w i t h o u t d r a w i n g t a x o n o m i c c o n c l u s i o n s . 
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Fig. 3.—A, C, D, F, G, H, Hardwickia binata. B, E, J-M, H. mopane A, panloporate pollen with microreticulate exine; B, pantopora-
te pollen with reticulate exine; C, detail of exine stratification showing thick sexine and thin nexine; D, detail of pore with aperture 
membrane; E, detail of pore with aperture membrane; F, exine ornamentation showing scabrate muri; G, thin section of whole pollen 
grain showing 2 apertures and thin nexine; H, thin section detail of exine stratification with thin endexine, clear foot layer, columellae 
layer, thick tectum with scabrate surface; J, thin section detail of exine stratification with thick columellae; K, thin section detail of 
aperture membrane; L, thin section of part of pollen showing thin nexine and widely spaced sexine elements; M, exine ornamenta­
tion showing striate muri. (A, C, D, G, Khan 2319; B, J-L, Lugard 243; E, M, Torre 7326; F, Gamble 874. A-F, L, SEM micrographs; 
G-K, TEM micrographs. Scale A, B, G = 10 urn; C-F, H-M = 1 pm). 
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F E R G U S O N (1987) in a s tudy of the exine stratifi­
cat ion emphas ized tha t s imilat i ty in the details of 
t h e p a n t o p o r a t e a p e t t u t e s a n d t h e v e t y t h i n 
exine. H e suggested, a n d it was s u p p o r t e d fut-
t h e t by G U I N E T & F E R G U S O N ( 1 9 8 9 ) , t ha t the 

t h in walled p a n t o p o t a t e pol len m i g h t be associa­
ted wi th w i n d pol l ina t ion, c i t ing the suggestion 
of R O S S ( 1 9 7 7 ) t h a t Colophospermum is w i n d 
pol l inated. 

H i t h e t t o n o t a x o n o m i c evaluat ion of the two 
taxa incorpora t ing pol len morpholog ica l da ta has 
been made . 

Materials a n d m e t h o d s 
Mate r i a l was o b t a i n e d f rom t h e H e r b a r i u m , 

T h e Royal Botanic Gardens , Kew (K). T h e pol­
len samples were prepared by the m e t h o d s des­
c r i b e d b y F E R G U S O N e t a l . ( 1 9 9 4 ) . S E M = 
S c a n n i n g e l e c t r o n m i c r o s c o p e , T E M = 
Transmiss ion electron microscopy. 

General p o l l e n descr ipt ion .—Fig. 3 . 
Pollen spheroidal , 3 6 - 5 0 p m in diameter , pan­

t o p o r a t e w i t h 8 -12 pores 5-7 p m in d i ame te t , 
po res w i t h a g r a n u l a r o r r u g u l a t e m e m b r a n e . 
O r n a m e n t a t i o n r e t i c u l a t e o r m i c t o t e t i c u l a t e / 
r u g u l a t e . E x i n e 1-1.5 p m t h i c k , n e x i n e t h i n , 
sexine well developed 1 p m or greatet thick. In 
T E M endexine th in , foot layer dist inct , co lumel-
lae sho r t a n d t e c t u m well deve loped ca. 1 p m 
thick. 

Colophospermum (Fig. 3B , E, J - M ) . 
Pores 6-7 p m in d iamete r w i th a granular m e m ­

brane . O r n a m e n t a t i o n reticulate, l u m i n a (1 .5)2-
4 ( - 5 ) p m o n t h e longes t axis, m u r i d i s t i nc t l y 
s t t i a t e . C o l u m e l l a e c o m p a r a t i v e l y spa r se a n d 
thick. 

SPECIMENS EXAMINED.—Botswana : Lugard 243; 
Mozambique: Torre 7326. 

Hardwickia (Fig. 3A, C - D , F - H ) . 
Pores ca. 5 p m in d iameter w i t h a compara t ive­

ly finer scabra te m e m b r a n e t h a n Colophosper­
mum. O r n a m e n t a t i o n mic ro re t i cu la t e / rugu la t e , 
l u m i n a abou t o t less t h a n 0.5 p m o n the longest 
axis, m u t i s cab ra t e g iv ing a s o m e w h a t overal l 
rugula te appearance to the sutface of the exine. 

Columel lae comparat ively denser a n d thinner . 

SPECIMENS EXAMINED.—India: Gamble 874, Gamble 
15258, Khan 2319. 

D i s c u s s i o n 
T h e p a n t o p o r a t e pol len is t emarkab le , occur­

r ing very rarely no t only in the Caesalpiniodeae 
where it occurs in the two species u n d e r investi­
gat ion and in o n e o t two species of Bauhinia, bu t 
also occur r ing only in 2 genera of Papi l ionoideae 
( G U I N E T & F E R G U S O N 1989) . 

T h e similarity in the s t iuc tu te of the aper tures , 
t he ape r tu re m e m b r a n e , po l len size, shape a n d 
th in exine are especially n o t e w o r t h y T h e exine 
o r n a m e n t a t i o n a n d s t t a t i f i c a t i on differs suffi­
ciently to allow the pol len of the two species to 
be easily dis t inguished. Nonethe less the reticulate 
pa t te rn , t h in exine a n d its stratification are basi­
cally very similar. 

Previous workers have n o t e d the similarities in 
p o l l e n m o r p h o l o g y ( G R A H A M e t a l . 1 9 8 0 ; 
G R A H A M & B A R K E R 1 9 8 1 ; F E R G U S O N 1987) bu t 

d r e w n o t a x o n o m i c c o n c l u s i o n s . G U I N E T & 
F E R G U S O N (1989) emphas ized the u n i q u e p a n t o ­
po ra t e pol len type in the Caesa lp in io ideae a n d 
suggested tha t the pol len m i g h t be a secondary 
adapta t ion to w i n d pol l inat ion. 

Modif ica t ion of exine o r n a m e n t a t i o n as a deve­
l o p m e n t of pol l ina t ion strategy has been sugges­
t e d b y a n u m b e r o f a u t h o r s as a w i d e s p r e a d 
s y n d r o m e i n b o t h P a p i l i o n o i d e a e a n d 
Caesalp in io ideae ( F E R G U S O N & SKVARLA 1982 ; 

F E R G U S O N & P E A R C E 1 9 8 6 ; G U I N E T & 

F E R G U S O N 1 9 8 9 ; K L I T G A A R D & F E R G U S O N 

1992) . T h e occurrence of this u n i q u e pan topo ra ­
te pol len type in two geographically isolated spe­
c i e s c o u l d b e i n t e r p r e t e d as a c o n v e r g e n t 
modif icat ion to w i n d pol l ina t ion . However , it is 
s ign i f ican t t h a t t h e o c c u r r e n c e of th i s u n i q u e 
p a n t o p o t a t e pol len in the two geographically iso­
lated species agrees well w i th several m a c r o m o r -
phologica l features, some qu i t e u n i q u e as well . 
Therefore these c o m m o n morphologica l features 
c o u l d s u p p o r t t h e v iew t h a t t he s imi la t po l len 
type found in Hardwickia a n d Colophospermum 
m a y i n d e e d be indica t ive o f re la t ionsh ip . T h i s 
relat ionship m a y in tu rn under l ie the expression 
of a secondary modif icat ion to w i n d pol l inat ion. 

284 ADANSONIA, ser . 3 • 1 9 9 7 • 1 9 ( 2 ) 



Hardwickia (Leguminosae-Caesalpinioideae) 

W O O D A N A T O M Y (by RE. G A S S O N & 
B . J . H . t e r W E L L E ) . 

Colophospermum mopane is a medium-s ized to 
large tree, usually ca. 10 m tall, bu t ranging from 
4 - 1 8 m. It is d o m i n a n t in large areas of hot , low-
lying, mainly alluvial, bu t also alkaline a n d poor ­
l y - d r a i n e d soils , a n d of ten fo rms p u r e s t a n d s . 
T h e hea r twood is dark reddish-brown to almost 
black, very durable , hard a n d heavy a n d difficult 
to work , b u t subject to t e rmi te a t tack (CUTLER, 
p e r s . c o m m . ) . It is c o m m o n l y u s e d for m i n e 
props a n d railway sleepers, a n d makes very good 
firewood (COATES PALGRAVE 1 9 8 8 ; PRIOR & 
CUTLER 1996) . T h e r e is m u c h l i terature o n the 
species, i n c l u d i n g several papers w i t h in fo rma­
t i o n o n w o o d p r o p e r t i e s , s u m m a r i s e d b y 
TlMBERLAKE (1995) . 

Hardwickia binata is a moderate-s ized to large 
tree from drier areas. T h e hea r twood is dark red 
to d a r k b r o w n , w i t h d a r k e r s t reaks a n d of ten 
wi th a purpl i sh cast, a n d is probably the hardest 
a n d heaviest Ind ian w o o d , w h i c h is difficult to 
w o r k w h e n s e a s o n e d (RAMESH RAO & 
PURKAYASTHA 1972; P E A R S O N & B R O W N 1932) . 
I t is u s e d for m i n e p r o p s , p o s t s a n d b e a m s , 
c a r t w h e e l naves a n d s p o k e s , p l o u g h s , r a i lway 
sleepers, a n d is a modera te ly good fuelwood. In 
1 8 9 7 H. pinnata was t ransferred by H A R M S to 
Kingiodendron (as K. pinnatum), a l t h o u g h 
P E A R S O N & B R O W N ( 1 9 3 2 ) still desc r ibed the 
two species u n d e r Hardwickia, viz. H. binata a n d 
H. pinnata. Kingiodendron pinnatum is characteri­
zed by the presence of axial g u m canals a n d n o n -
crys ta l l i fe rous axial p a r e n c h y m a a n d GAMBLE 
(1902) states that the tree (which he calls H. pin­
nata) also yields a valuable balsam like copaiba. 
These characters are all indicat ions validating the 
transfer by H A R M S (1897) of H. pinnata to ano­
t h e r genus . A w o o d a n a t o m i c a l d e s c r i p t i o n o f 
Hardwickia is provided by JUTTE (1965) w h o stu­
died some genera of the Cynomet reae . 

Colophospermum mopane (Fig. 4 ) . 
G r o w t h r ings d i s t inc t , m a r k e d by t angen t i a l 

lines of axial pa renchyma o n e to two cells wide . 
Vessels diffuse, so l i t a ry ( 8 - 3 8 % ) , u sua l ly in 

radial mul t ip les o f 2 - 4 , occas ional ly to at least 
12, somet imes in 2 immedia te ly adjacent rows, 

or in irregular clusters of 2-6 , r o u n d to oval, 19-
4 7 ( 1 5 - 6 7 ) p e r sq . m m , d i a m e t e r 5 2 - 8 0 ( 1 2 -
1 0 8 ) m m . Vesse l e l e m e n t l e n g t h : 1 6 1 ( 4 5 -
271) m m . Peiforat ions s imple. Intervascular pits 
a l ternate , vestured, r o u n d or oval to polygonal , 
somet imes elongated, often wi th coalescent aper­
tures, 2-5 m m . Vessel-ray a n d vessel-parenchyma 
pits similar, b u t ha l f -bordered . Yellow to dark-
b rown organic deposits c o m m o n to a b u n d a n t . 

Fibres thick-walled, w i th s imple pits, m o r e fre­
q u e n t o n t h e radia l t h a n t he t a n g e n t i a l wal ls , 
l u m e n u p to 5 p m in diameter , walls u p to 2 -
4 p m thick. Very few fibres gelat inous. Length : 
6 0 0 ( 4 6 5 - 7 2 5 ) p m in K w 7 1 0 3 . 

Axial pa r enchyma scanty paratracheal , i n c o m ­
pletely vasicentr ic , vasicentr ic-al i form (lozenge-
t y p e ) , s o m e d i f fuse , a n d t e r m i n a l t a n g e n t i a l 
b a n d s o n e t o t w o cel ls w i d e . C r y s t a l l i f e r o u s 
c h a m b e r e d p a r e n c h y m a s t rands w i t h p t i s m a t i c 
c r y s t a l s a b u n d a n t , u p t o 1 9 - 2 4 c r y s t a l s p e r 
s t rand. These s trands very often in contac t w i th 
the rays. Strands 2-4 cells long. 

Rays 7-8(5-10) per m m , 2(-3)-seriate, few un i -
seriate, the uniseriate rays u p to 7-8 cells (= 140-
150 m m ) high, the mult iseriate rays u p to 16-27 
cells (= 3 1 0 - 4 4 0 m m ) high, homocel lular , c o m ­
p o s e d o f p r o c u m b e n t cel ls . Yel low to b r o w n 
organic deposits c o m m o n to a b u n d a n t . 

SPECIMENS EXAMINED.—Zimbabwe: / . Prior s.n.; 
Rhodesia 12.1954 (Kw 7103); Botswana: Terry et al. 
185 (Kw 72242); Angola: Dechamps et al. 1194 (Uw 
23528); Namibia: Pettinen s.n. (ex RHBw 14016); 
South Africa: CSIRIND. 78 (ex RHBw 15178). 

Hardwickia binata (Fig. 5) . 
G r o w t h r ings d i s t i nc t , m a r k e d by t angen t i a l 

l ines o f axial p a r e n c h y m a o n e t o several cells 
wide . 

Vessels d i f fuse , s o l i t a r y ( 2 2 - 1 0 0 % ) , a n d in 
radia l m u l t i p l e s o f 2 - 3 , occas iona l l y u p t o 6, 
r o u n d to oval, 6 -9(3-13) per sq. m m , d iamete r 
7 7 - 1 0 8 ( 1 2 - 1 7 3 ) m m . Vessel e l e m e n t l e n g t h : 
1 3 7 ( 6 0 - 2 1 7 ) m m . P e r f o r a t i o n s s i m p l e . 
In te rvascu la r pi ts a l t e rna te , ves tu red , r o u n d to 
oval, occas ional ly w i t h coalescent aper tu res , 2 -

5 m m . Redd i sh -b rown deposits c o m m o n . 
Fibres thick-walled, w i th s imple pits, m o r e fre­

q u e n t o n t h e radia l t h a n t he t a n g e n t i a l wal ls , 
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l u m e n u p to 7 .5 p m in d i a m e t e r , wa l l s 2 . 5 -
7.5 p m th ick . Fibres often ge la t inous , b u t n o t 
found in K w 7 3 0 6 . Leng th : 8 7 5 - 9 9 4 ( 3 9 0 - 1 4 6 9 ) 
p m (280-1700 p m in P E A R S O N & B R O W N 1932) . 

Axia l p a r e n c h y m a s c a n t y p a r a t t a c h e a l a n d 

i n c o m p l e t e l y va s i cen t r i c , oca s iona l l y f o r m i n g 
lateral wings (i.e. w i n g e d a l i form) , also diffuse 
a n d in t e t m i n a l t a n g e n t i a l l ines , in K w 2 1 5 2 4 
m a n y t a n g e n t i a l b a n d s u p t o 10 cel ls w i d e . 
Crys ta l l i fe tous c h a m b e r e d p a r e n c h y m a s t r ands 

D 

Fig. 4.—Hardwickia mopane: (A, D, E, Uw23528; B, C, Kw7103). A-C, transverse sections showing vessel distribution and axial 
parenchyma patterns; D, tangential longitudinal section showing ray width and height, chains of prismatic crystals, many immediately 
adjacent to rays, and vessels with pitting and dark contents; E, radial longitudinal section showing procumbent ray cells and chains 
of prismatic crystals. Scale lines: For A-B (on B) is 200 pm; for Figs C-E (on C) is 100 pm. 
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w i t h pr ismatic crystals a b u n d a n t , u p to 15 crys- of p r o c u m b e n t cel ls . B r o w n o r g a n i c d e p o s i t s 
tals per s t rand . These s t rands usually bo rde r ing c o m m o n , 
the rays. Strands 2-4 cells long. 

Rays 4-9 per m m , 3-4-seriate, u p to 2 2 cells N O T E . — K w 7 3 0 3 h a s a b u n d a n t t r a u m a t i c 
h igh (= 4 2 0 - 5 4 0 m m ) , homocel lular , composed canals in w i d e axial p a r e n c h y m a b a n d s , finer 

Fig. 5.—Hardwickia binata: A-C, transverse sections showing vessel distribution and axial parenchyma patterns; D, tangential lon­
gitudinal section showing ray width and height and chains of prismatic crystals mainly adjacent to rays; E, radial longitudinal section 
showing procumbent ray cells, Intervessel and vessel-ray pitting, and chains of prismatic crystals. Scale lines: For Figs A, B (on A) is 
200 urn, for Figs C-E (on C) Is 100 urn. All Royal Botanic Gardens, Calcutta, 1868. 
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intervessel p i t t ing , axial p a r e n c h y m a s t rands of 
cons ide rab ly m o r e t h a n 4 cells, a n d p r i s m a t i c 
crystals in fay cells. Th i s c o m b i n a t i o n of charac­
ters s t rongly indicates tha t this sample is incor­
rectly n a m e d . P E A R S O N & B R O W N ( 1 9 3 2 ) refer 

to K A N E H I R A ( 1 9 2 4 ) r e p o r t i n g ho r i zon t a l (i.e. 

radial) g u m canals in the wood . 

SPECIMENS EXAMINED.—Calcutta: Anderson 1868, 
cult ivated in Royal Botanic Gardens (Kw7306) ; 
Gamble 143, Madhya Pradesh (Kw 21523); Gamble 
4020 (see Gamble 1902), Coimbatore (Kw 21524); 
East India Museum (Kw 7303), this sample is misi-
dentified (see note above). 

T h e w o o d a n a t o m y of the two genefa is very 
s i m i l a r in m o s t r e spec t s . Vessels are diffusely 
arranged, a n d there t end to be more radial m u l ­
tiples in Colophospermum. However , t he greater 
p r o p o r t i o n o f sol i ta ry vessels in Hardwickia is 
par t ly explained by the i t latget size, w i t h fewer 
vessels per m m 2 . T h e intervessel p i t t i ng is very 
similar in b o t h geneta . T h e fibres are thick-wal­
led, wi th virtually n o lumina in bo th , a n d gelati­
n o u s f i b t e s a r e v a r i a b l y p r e s e n t . A x i a l 
p a r e n c h y m a p a t t e t n s are var iab le w i t h i n each 
species, b u t the overall range from scanty para-
t tacheal to more a b u n d a n t paratracheal , and dif­
fuse pa renchyma are present in b o t h genera. T h i s 
r ange of p a r e n c h y m a d i s t r i b u t i o n is f o u n d in 
m a n y legume geneta . Prismatic crystals are a b u n ­
dan t in bo th , and are often found in chambered 
p a r e n c h y m a cells d i rect ly ad jacent to t he rays. 
T h e rays are slightly wider in Hardwickia, b u t in 
m a n y taxa, vat ia t ion in ray w i d t h is no t unusua l . 
B o t h have homoce l lu la r rays c o m p o s e d of p ro ­
c u m b e n t cells. Organ ic deposits are c o m m o n in 
bo th , a l though they are of different colours (yel­
low-brown in Colophospermum, b r o w n to redd­
i s h - b r o w n in Hardwickia). I n t h e a b s e n c e o f 
c h e m i c a l tes ts , t h e s igni f icance o f these diffe­
rences is no t k n o w n . T h e differences in quan t i t a ­
tive characters (i.e. vessel d iamete r a n d e lement 
length, vessel densi ty a n d fibre length) m a y all be 
a t t t ibu tab le to differences in cambial age of the 
samples , s ince t he Hardwickia samples were all 

f r o m m a t u r e t r u n k w o o d , w h e r e a s t h e 
Colophospermum s amp le s were f rom n a r r o w e r 
s tems. Th i s could also explain the m o r e frequent 
vessel g roupings in Colophospermum, since such 
groupings t end to be more frequent in narrower 
s tems and branches . 

T h e w o o d of the two taxa is very similar ana to ­
mica l ly , b u t t h e r e a re m a n y e x a m p l e s in t h e 
legumes of taxa tha t look similar bu t are no t par­
ticularly closely related. In this case, the lack of a 
feature (axial canals) is probably very impor t an t . 
In the legumes these are found on ly in Detar ieae 
a n d A m h e r s t i e a e , i n c l u d i n g , i n C O W A N & 
POLHILL 'S ( 1 9 8 1 ) Crudia g roup of the Detar ieae, 
Kingiodendron pinnatum ( o n c e i n c l u d e d i n 
Hardwickia), Prioria, Oxystigma a n d 
Gossweilerodendron (see table in G A S S O N 1 9 9 4 ; 
B A R E T T A - K U I P E R S 1 9 8 1 ; I L I C 1 9 9 1 ; W H E E L E R et 

a l . 1 9 8 6 ) . T h e s e g e n e r a a r e al l g r o u p e d b y 
B R E T E L E R ( 1 9 9 6 ) in the apetaliferous Hymenaea 

c o m p l e x o f t h e D e t a r i e a e . If Colophospermum 
a n d Hardwickia t ruly belong in this g roup , then 
it is likely tha t they are m o r e closely related to 
each o the r t h a n to the genera wi th axial canals. 
A l t h o u g h Colophospermum l a cks c a n a l s , t h e 
w o o d is repor ted by S M I T H & S H A H - S M I T H (in 

press) to be res inous, p r e sumab ly as a result of 
conten ts in the l u m i n a of the vessels and paren­
c h y m a cells. 

Aftet these studies, it is conc luded that the two 
g e n e r a h a v e t o b e u n i t e d u n d e r t h e n a m e 
Hardwickia. 

T A X O N O M Y (by F.J. B R E T E L E R ) . 

HARDWICKIA Roxb. 

PI. Coromandel 3: 6, t. 209 (1811) .—Type: H. 
binata Roxb. 
Colophospernum Kirk ex J. Léonard, Bull. Jard. Bot. 

Brux. 19: 390 (1949).—Type: C. mopane (Kirk ex 
Benth.) Kirk ex J. Léonard. 

T h i s genus conta ins two species wh ich m a y be 
dis t inguished as follows: 

Leaflets obscurely pellucid-dotted, with 4-6 palmately arranged nerves; flowers with (4-) 5 sepals and with 10 
(-11) stamens; fruit straight, strap-shaped, with a proximal wing. India H. binata 

Leaflets very distinctly pellucid-dotted, with 8-11 plamately arranged nerves; flowers with 4 sepals and with 20-
25 stamens; fruit curved, reniform, with a very narrow wing at one side. Southern tropical Africa .. H. mopane 

288 ADANSONIA, sér . 3 • 1 9 9 7 • 1 9 ( 2 ) 



Hardwickia (Leguminosae-Caesaipinioideae) 

Hardwickia binata Roxb. 

PL Coromandel 3: 6, t. 209 (1811).—Type: t. 209 
( R O X B U R G 1811) . For add i t i ona l references see 
KNAAP-VAN M E E U W E N (1970). 

S P E C I M E N S E X A M I N E D . — I N D I A : Beddome 2550, 
Cuddapah Hills (BM); Herb. Benthamianum s.n., 
N . W . Bengal , ? T i l o t h u e (K) ; Bourne 2154, 
C l i n g l e p u t d i s t r . , K a m b a k a n (K) ; Bourne s.n., 
Myosore, near Hangal (K); Buchanan s.n., Myosore 
(BM); Forest Service s.n., Co imba to re (L, W A G ) ; 
Gamble 11086, Madras, Auaukapur, Muchakola (K); 
Gamble 15258, Madras, Kotealeota (K); Haines 5615, 
Bihar, near Dal tongang (K); Herb. Madras 9963, 
Mamandur (K); Hooker & Thomson 299, Bihar, upper 
part of Soane (K); Jacquemont 237 (P); Lushington 
{Herb. Gamble) s.n., Madras , Somanaparam (K); 
Matthew & Paramasivan RHT 24304, Dharmapuri , 
Kambalai (K); Matthew & Paramasivan RHT 24305 
(L); Mooney 239, Narepa, Telagu (K); Mooney 2143, 
Bastar State, Pilur (K); Khan in Herb. Mooney 2319, 
Bastar S ta te , B h o p a l p a t n a m (K); Pierre 122, 
Coromandel (P); Roxburgh s.n. (BM); Fischer in herb. 
Sedgwick & Bell 5957, N . Bombay (K); Wight 874, 
Madras (K, P, W A G ) . — C u l t i v a t e : Andersen 28, 
Botan i ca l G a r d e n C a l c u t t a (P) ; Japin 2780, 
Hyderabad, Miami forest (K); Pierre s.n., Botanical 
Garden Calcutta (P); Wood s.n. (K). 

Hardwick ia m o p a n e (Kirk ex Benth . ) Breteler, 
c o m b . nov. 

Copaifera ? {Colophospermum) mopane Kirk ex Benth., 
Trans. Linn. Soc. London 25: 317, t. 43A (1865).— 
Colophospernum mopane (Kirk ex Benth.) Kirk ex J. 
Léonard, Bull. Jard. Bot. Brux. 19: 390 (1949).— 
Type: Kirk s.n., Mozambique, Lupata (holo-, K!). 
For additional references see LÉONARD (1949). 

SPECIMENS EXAMINED.—ANGOLA: Bamps et al. 4086, 
Km 54 Rocadas-Pereira d'Eca (WAG); Barbosa 9778, 
Mocamedes, Caraculo (K); Brito et al. 7843 A, Huila, 
Rocadas , C u m a t o ( W A G ) ; Couto 191, C u n e n e , 
Rocadas, Chicusse Chama (K); Couto 370, Km 92 Sa 
da Bandeira-Mocamedes (K); Dechamps et al. 1193, 
1194, Mocamedes, near Capangombe (K, W A G ) ; 
Exell & Mendonca 2339, Mocamedes, Birei (BM); 
Exell & Mendonga 2880, Huila, between Donguna 
and Ruacana (BM); Gossweiler 11.000, Mocamedes, 
Mubi-Bero (K); Grandvaux Barbosa & Correla 9111, 
Mocamedes, Caraculo (BM); Humbert 16492, bet­
ween Mocamedes and Villa Arriaga (BM, P); Mendes 
1133, Huila, Quihi ta (BM); Mendes 1722, Huila, 
Cahama (BM); Menezes & Henriques 4, Huila, Cureca 
(K); de Menezes 1036, Huila, Gambos (BM, K, P); de 
Menezes 1403, Huila, Mupa (BM, K, P); de Menezes 

3661, Huila, Gambos (BM, K, P); Pearson 2562, bet­
ween Gambos and Cahama (K); Powell-Coltan 1529, 
Huila, Cuamato (BM); Santos 153, Mocamedes Dois 
Irmaos (BM); C.F.&J.D. Ward 45, Mocamedes , 
Tona Nat . Park (K); Welwitsch 605, near Bumbo 
(BM, K, P) .—BOTSWANA: Allen 249, 255, Orapa (K); 
de Beer 85, Serowe (K); Drummond 5272, Madisiara 
(K); Erens 200, Martins Drift Trading Station (K); 
Erens 308, Maun Camp, Thamalakane R. (K); Iwley 
1081, Moremi (K); Leach & Noel 257, Radisele (K); 
Lugard 243, N g a m i l a n d (K); Lugard 296, near 
Tklakane Pits (K); Miller B 113, Kazangulu (BM); 
Paterson 30, Makarikari-pan (K); Pole Evans 3219, 
Seruli (BM, K); Smith 1226, Thamalakane R. (K); 
Yalala 145, Palapye (K).—MALAWI: Bum 5999, Shire 
Valley (BM, P ) . — M O Z A M B I Q U E : Correia & Marques 
915, Gaza, Canicado (WAG); Gomes e Sousa 4771, 
Chioca (K); Grandvaux Barbosa & Carvalho 3161, 
3166, Salima (K); Grandvaux Barbosa & Carvalho 
3263, 40 .5 km Tete-Chioca Rd. (K); Grandvaux 
Barbosa & Carvalho 3279, 76 km Tete-Chioca Rd. 
(K); Grandvaux Barbosa & Carvalho 3408, 38 km 
C h i o c a - C h e t i m a Rd. (K); Grandvaux Barbosa & 
Carvalho 3448, Massamba (K); Grandvaux Barbosa & 
Carvalho 3595, 59 km Furancungo-Regulo Bene Rd. 
(K); Grandvaux Barbosa & Lemos 8191, Massingir 
(K); Grandvaux Barbosa & Lemos 8625, 14 km 
Mabalane-Mapai (K); Kirk s.n., Lupata (K, type); 
Livingstone s.n. (K); Mendonca 4038, Vila Machado 
(BM, K); Pedrogao 227, 239, Mucatine (K); Pedrogdo 
287, Chicholo (K); Torre 7326, Magude (BM) .— 
NAMIBIA: Baum 978, Nakapi (BM, K); Coppejans 
653A, Outjo (WAG); de Winter 3066 (K); de Winter 
5293, near Ohopaho (K); de Winter 9198, Katima 
(K); Germishuizen 2569, 80 km Out jo-Khor ixas 
(WAG); Giess 7766, Farm Grootberg (K, W A G ) ; 
Immelman 490, Farm Mosella, Ugab R. (WAG); 
Lubenberg 4905, Okjiwarango (K); Merxmuller 1422, 
Outjo (K); Moss et al. 2126, Marienfluss (WAG); 
Pegel 90, Brandberg (K); Rautanen 432, Hereroland, 
Okaukuejo (BM, K); Rautanen 524, Ondonga (K); 
Rodin 2623, 8963, Oshikango (K); Rodin 9041, N W 
of Engela (K); Schinz s.n., Ovamboland (K); Walter 
1033, Outjo ( B M ) . — S O U T H AFRICA: Andrews 1275, 
Venda, Nwandedi Park (K); Breyer 18391, Mokutsi 
(K); Cocks 4827, Zoutpansberg (K); Codd 4827, (K); 
Codd & de Winter 5570, Letaba (K); de Winter 8673, 
S of Messina(K); Eicker et al. 193, Greefswald (K); 
Hutchinson 2303, Dongolo (K); I.B.P.E. 1464, Sandy 
S p r u i t (K) ; I.B.P.E. 1918, 1960, Mess ina (K); 
Lambinon & Reekmans 82/104, Kruger Park (WAG); 
Rogers 22549, Mess ina (K); Schlieben 9256, 
Zoutpansberg (K); Schlieben & Hartmann 12307, bet­
ween Mopane and Vivo (K, WAG); Small 467, 60 
km N of Louis Trichardt (K); van der Schijff3546, 
Kruger Park, Letaba (K); van Vuuren 1625, 37 km N 
of Louis Trichardt (WAG); Verdoom 2082, Limpopo 
R. (K).—ZAMBIA: Angus 2237, S of Kafue, Kafue R. 
(K); Bingham 7687, Nyamaluma (WAG); Bush 60, W 
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Lupande R. (K); Fanshawe 735, Ndola (K); Gairdner 
557, Kazungula (K); Grant 4509, near Livingstone 
( W A G ) ; Greenway & Trapnell 5604, H u p a n e 
(Chinsenga) (K); Robson 956, Changwe (BM); Rodin 
4501, Victoria Falls (K); Shantz 412, (K); Shantz 439, 
Kafue (K); Swynnerton 1250, Muchukwana (BM, K); 
Symoens 11451, 10 km S of Livingstone (K); Trapnell 
1823, Luangwa (K); van Rensburg KBS 1798, Kafue 
R. (K); van Rensburg KBS 2134, Fort Jameson (K); 
Yilger 604, Kalambola (K).—ZIMBABWE: Biegel 791, 
Gwelo (K); Burtt-Davy 18121, Bosoli Siding (BM); 
Chase 1482, Hot Springs (BM); Chase 2507, Ndanga 
(BM, K); Cosby 1071, Chip inga (K); Drummond 
6020, Beitbridge (K); Exell et al. 444 (BM); Gibbs 
204, S of M a t o p o Hil ls (BM); Malaisse 12177, 
Beitbridge-Victoria Rd. (WAG); Mason s.n., Victoria 
Falls (K); Myres 853, Odzi R. (K); Norrgrann s.n., 
Dombodema (WAG); Obermeyer 2371, Birchenough 
Bridge (K); Phipps 2414, Mkumburu R. (K); Flowers 
1536, Nyamandhlovu (K); Rushworth 1459, Wankie 
(K); Shantz 414, Tjolotjo (K); Soane 232, Sabi Valley 
(K); Stace 1482 (K); Wild 2372 (K) .—Cult ivate : 
Fanshawe 9070 &9389, from forest nursery (K). 
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