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A taxoaomio study of the Iboaaooao 

special reference to Haleaia,

ia a family of woody, mostly tropical plaats 

consisting of aboat 500 species, soao of which produce tho 

oboay of oomffloreo 9 aad a few others produce tho odiblo fruits 

kaotm as porsiaaoaa* About 300 specie* occur ia tho Indo-Pacific 

aroa, with tho groatost ooaooatratioa, of 150 - 200 species, 

withia tho tropical raia forest region known as Maloaia, which 

includes the political aaits Malaysia, Xadoaosia aad the 

Philippines*

This study is based primarily oa herbariua material of 

Kalesiaa species but whenever it haa beea aooossary to igaoro 

the Maleaiaa boundary ia tho iatereats of acquiring a bettor 

aaderstaadiag of the plaats, X have done so. Hence all species 

ia the Xnde-Faeific aroa aavebeenejcamined, at least casually,
'\

bat soao ia ooasiderable detail. A fow critical examples free 

Africa have also boea included*

*hc last comprehensive aoaograph oa the family was written 

*l»*«t a century ago, by Hiern (1875), when oaly 262 species 

were recognised  Hiern*s monograph is now completely oat of 

aato at apeoiem, sectional and generic levels. For Malesia, 

the standard regional monograph was eoapleted by Bakhuiaoa in 

I9tle This work too, is out of date because much »ore now 

material has booa collected, especially from areas formerly 

difficult to reach and consequently undcr-explored.

The present study ia divided into four parts. The first 

part consists of a series of investigations into form and
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atructure within tho fajally, covering carpel and oood morphology, 

aeodliag behaviour, poUon morphology, wood anatomy, varioua 

foaturoo of too epidormla especially trichooee and atoaata, and 

karyotypo*

It was found that tho Ebeaaceou* gynoecium la ooapogod of 

2-8 bi-ovulate carpels "fused" to for* a aultilooular ovary*

 ovovor, falao aopta at* developed la all oxoopt 11 apooiea* 

Thesa falao aopta havo ttaually not boon vooogitlaod for what thty 

are, and for tola roaaoA* dooorlptioma of aarpol Morphology and 

tho uao of oarpol oharaettrs In prorioua taxonoaio troataoata 

of tho faally hara botrayod a oonaidoimblo amount of oonfuaion 

which tho proaont roooaroh haa oloarod up*

4 
Follan norphology and woody anatomy ie raaar^ly eonataat

throughout tho family* Chroaosomo aaabor ia vary atabla* A 

aiaglo  ttplold aorloa 2a * $0* 60« $0 applloa right through tha 

family.

..m-.

Spidovaal atrueturoa aro, on tho othar hand, mora Tarlablo 

than Bight haya boon oxpaotad, o»g* thoro aro simple, branched, 

tuftodf glandular and poltato triohomea) atoaata may bo anomooytio 

or havo eubaldlary oollo of rarioua forma.

Soodllng behaviour during germination la variable, some 

specie* being neither hypogoal nor oplgoal and have to bo 

deacrlbed by oonaldering tho behaviour of tho hypoootyl and tho

 otylodomo aoparately.

The sooond i^art la an inveatigation into tho limits of 

tho family* Xhia eoaaiats of a cariea of critical eomparlaoaa 

between Ibonaaeao and tho familioa ftapotaceae, aarcoapermataceae « 

Styraoaooaot 3ymplooaaeae and LJaaooarpaoeae, A largo number of
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oharaotoyo were examined, in tho process of which several 

important points emerged*

structure hao boon eoamistaatly misinterpreted 

especially in tho system of Easier <19#0. Gontrary to tho 

olaim that tho impotaeooua ovary is ooaplotoly partitioned into 

loouloo, by which it differs from tho partially "open" condition 

im ItfitTTtt fltyraeaooao and Ivmnlooaooao* it warn found that 

tho loouloa im every Aapotaeoouft ovary examined, are in connection 

vith each other by moamo of a oompitum of varying eiso, In fact, 

aU tho mix familioa involved in thio survey are ou~synearpouo 

(Carr ir Oarr

friohomo oharaotoro are unreliable as markers for the 

various families* Popular association of branched hairs vith 

 amotaoeam and simple hairs with Ebeaaceae and Symp^ocfc^f turn 

omt to bo ovorsiaplifications of tho truth*

In previously published doCUitiom* of these six families, 

tho boundaries between thorn appoar to bo fummy* It was found 

that muoh fussimoas moroly rofloots bad ohoioo of characters 

and mimumderotaadiAf of certain structures and of their extent 

of variation* Tho families are ia fact either very sharply 

dofiaod from oaoh other or mot clearly definable at all*

ia a bad family, quite indistinct from 

All tho other families are sharply defined from 

oaoh other by several to many ohaxm*torsf and there are no problems 

of intermediate tsjea* frisBocarpaceae* soaetimee thought to bo 

iatormodiato between ^onaooao and fttyracaceae* ia a distinct 

family but probably tho moot closely related to Sbenaoeae of all 

tho familiom considered* iapotaooao^ usually thought of as tho 

closest family to gbenaceae* ia ia faot moat different. Tho 

naturalness of tho Ordor gbenapLos ia put in doubt*
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Za tha third part, lakhaifton's classification of Malaaian 

gbenaceae (actually Pioapyrps since this ia tho only genus in 

Malesia), la put to tha tost using a taxiaotrlc procedure of 

character analysis* tho raaulta aupport tho naiatainaaao of 

liemiodenAroa aad Braohyoylif aa infra-generic taaea worthy of 

recognition* Support for tho other aub*goaera and sections was 

fooblo to ail* tho genus Pi0apyroa ia probably boat considered 

to consist of one Tory large variable section (soot* Pioapyroa) 

and a small number of little onoa*

Problems of species delimitation do not loom very largo ia 

this study, bat ia tho fourth part, three apeciea*coaplexes 

wore analysed for morphological variation over their entire range* 

Xa ono of thoso analyses, involving Pioapyroa

 hratioidaa* P* hars^phrodiaa and p> fasciouloaa« aa iatoroatiag 

pattora of allopatry oaorgodv vhloh auggoatod that aoao of thoao 

taaea could bo fogardod aa geographical aubapa^ias. The othor 

two analyaea war* oamriod out «a P« kaici. D, lotf| and their 

relatlrea* fheae apooioa produce edible peraiaaona, Probleaa 

of their origin aad aproad are consequently of wider than taxonoaio 

iatoreat* bat tho taxonooic approach adopted hare eervee'to 

aharply outline various hypothoaee that othera aay be ablo to 

toat by cytotaxonottie aad othor aoaaa* Zt ia suggested that 

ffi fcilTiift originated fro« D* roxburg^i* which ia now found wild 

ia tho forests of Aaeaa, Bar»a9 fhailaad« Tunnan aad Indo China* 

the controversial probloa of tho role of man in the distribution

** P* lotaa ia reviewed and suamarised.
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The Sbenaceae i« ft world-wide foully of about 500 woody 

 peciee, found aoatly la ta*> tropioo, but with ft fow repreaen- 

tfttiTOft la temperate regions* About 500 species occur la tho 

lado-Baelfie area (India to Hawaii, Japan to Australia), 

Vitaia this region, the greatest eoncentrmtioa !  found within 

ftalesia Uoafttt Flora Halesiaaa, ran Stoeaift 19**) with 150 - 

200 species*

fb* family Vftft laftt ftoaographod co»pr«hon»iTely in 1673, 

by w.P» fiiorn. Ho dlvldod tht family into fivo «oaora and 

rooogniftod 262 ftpooioft* whifth 1ft roughly half tho total auabor 

ogslftod today*

for tho ftfflaltloft of tho family, Hiora «ucg«fttod that 

tho familioft «lo«ft«t to Kbonaotaf w«r« Olaoinwf*

L* yoragtrooaiacftft** fiftpotf(eoaa and Iliointao« But 

ia all tho ourrontly pftpmlar ftyctoMi of olaftftifleatioa (BonthaJi 

i Hook*r 1873   l$76 f lafl«r 196%, Kmtohiaftom 1959, Cronquiat 

1966, fakhtajftft 19^9) f th« family noat constantly aeeociattd 

^** Iboaaooao is Jtot&jMKSift* itoracmoeao is also doomed to 

bo ft «loftO ftft&oeiatft by all tho abovo authora txeopt Hutehiaftoa*

Af tor Uiern, all taaoaoalft work oa tho Ebonaceao haa booa 

oa a rogloaal ha*i«, mostly oomatry by country, but tho «oct 

ambitiomft of thoao Vftft ft i^riaion of "Kalayan" Ebenacoao 

undertaken by H»0» Bakhuieen Tan den Brink, a Duteh botanist 

la Bofer, Java, la tho period between tho two world ware. By 

**aalayaa" f BftkhulMa aoaat the whole of tho Malay Aohipolftgo 

laelmdiag what lo aow Wftlayaia, Philippines and Indoneeia^ For 

food aoaftmre, he alto ineluded Auatralia and Oeeania. la all, 

ho reeogaiftod 190 epeeio», merged tho goauo liaba into Die«i>yrofl>
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aad divided ftjftspyros iato five sub-genera vita many small 

aeations* the aaia body of Bakhul*aa*a work vaa completed by 

1933 aa iadioatod by a precursory papor published that yoar ia 

tho aardaa'e Bulletin, in Singapore fao eoaploto work vaa 

published im BegoT between 1936 aad 19*1. Xt oontaiaa a 

coaprehonsive bibliography aad oitatioaa of all apooiaoma 

available at tho time, haaoo it ferns a vary valuable baaia 

for farther work on the family*

My OVA interest ia tho J^bsaacoaa ia connected with tho 

free flara of Malaya project (Editor T.C* whitBore), which haa 

booa runaiag aiaao 1965* o&d for whieh I had, by 1968 f ooaplotod 

of tho ffalayaa Sapotacwo aad

Vith Sbaaaooaa aaxt ia lino for troataoatt X vaa ablo to obtain 

laavo to look at th« probl*a from a ao&ographic aad aore funda- 

aoatal poiat of viov imthor than aa a purely floriatie baaia* 

supervisor at Oxf ordv H># /» White, haa apooialiaod in tho 

Sbettaaaaa for aaagr yoara* Until reaently, ho and hia 

 tudoata have ooaeoatratod oa tho apoeioa ia Africa and tho 

Aaariaaat but a aov world mono graph of tho family will, it ie 

aopodf eventuate fro* taia aaheol. My ova efforts are to bo 

seen aa a contribution totfarda taia eventuality*

Xho need for a aov 6om#reb«aeive aonographic work oa the 

Ihenaceej haa boaa fait for several decades aov* One by one, 

all but oao Cflagloa) of Iiem*s generic Halts have been tooted 

by vorkara ia different parts of tho world, and boon found wanting, 

His aootioaal Units have farad equally badly* Tho result ia 

that tiara* a maaograpli no longer serves aa a useful baaia for 

floristio vork* Ho are loft with a nuaber of regional treatments 

ia different parts of tho world, of varying quality, with different 

concepts of sub-genera, section* aad apooioa, that badly need to 

be tested aad fittod together before a aov overall understanding



of tbo faaily «am oBorgo*

Oao of tao objoots of tao proooat projoot vaa to toot 

lakhuiao&'a elaaaifioation, making ueo of aodova toohaiouoa 

of handling data and taking adTaatago of tao Taat amount of 

aov Batorial taat aaa booa ooUootod aiaoo 19*1* Howovorf it 

waa roaliaod froa too bogjaaing taat tao ohaaooa of substantially 

iaproving tbo elaaaifioatioa of tao Sboaatfoag ar« dopondsat aot 

only oa iaprovod Bothods of data handling and iaoroaaod aaounte 

of aorbariva aatorialf bat alao OB oxtoaaioa of data boyoajd 

oztornal aorpaology* With taia ia Bind, a aorioa of inT««ti- 

gatioaa noaro oarviod out oa polloftf aoooadary aqrlMit kayyotypot 

opidoraal atinotaroa aad aoodliag boh«Tioiur« Xa additiomt aoao 

100 bottloa of floworo aad fruits proaorvod ia alcohol, eollootod 

by BOBbo9B of tao Forest B«eoaroa 2aatitBtof KopoBg (ooao by 

ayaolf) and by Br» f*D* >oiiiilagiOB t fermod tho baaia for a 

dotailod atady Of gyaooelal aad aood Btruotitro woioh could not 

havo booa oajrviod oat ad«(|Qatoly oa dviod hopbariuo aatorial*

-Aa a rooult of taooo iaroatigatioBB^ prooontod In Part I, 

I vaa ablo to abo* that oarpol morphology haa bo«a badly 

aisiBtorpvotod ia tho paat 9 that OOBO atntoturoa auoh aa polloa 

aad BOOomoUunr aqrloa aro roBaxtebly ooaatant throughout tho faBily 9 

Bad that othora, auoh aa tho opidoraio, aro far atoro Tariablo 

thorn ompootod*

Miaintorprotatioaa of font aad atruoturot aad faulty 

approeiatioa of variability aad ooBataaoyv havof aa Bight bo 

ospootodf oontribmtod la tho paat to iapvooiaioa ia tho dofiaition 

of tho faaily gboaaooao ag voll aa to orrora ia iafra-faaily 

olaoBifioatioa*

logardinc tho Uaita of tho faailyt a oritical roappraiaal
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aaaod on original observation® on a broad range of aatorial 

haa probably not boon oarriod out since Bentham and Hookor 

grouped tho Bbanaooasu  apotacoao and Btorracacoaa together
^e*^ ^f owPBawP^aBiOjaBHSHi^PMF IBHSSS^^^^^^^^^^^^^^^^^^^^^ ^^^^^^^^^^^^^^^^^^^^^^^^^^^^^w

in tho Ibenalea. In Part 2, Z oarriod out ouch a reappraisal, 

and waa ablo to doaonatrato aoro clearly, where tno liaita of 

^benaoeao* and to some extent, of tho other families of tho 

Bbenalos* 2io»

fart 5 ia a taximctric exercise in which Bakhuiaon*a 

infra-generic classification of Piospyros was put to tho toot 

maing a recently developed technique of character analysis. I 

have, during tho course of thia whole project, boon familiarising 

myself with Bakfeftiaca'a olaaaifioation at all levels. I think 

X can aafely claia to understand aoat of tho species aa ho 

defined then although X would have defined some of then differently 

ayaolf  At sectional and sub-generic level, however, X aa 

disaatlafiod vita his syatea aa a whole, Xt ia true that sooo 

groupings ouoh aa aubgenua Eiemiodondron aro) quite distinct and 

oaay to eharactoriae* Others aro distinct aa defined by single 

characters only o«g* subgenus £a&aj»y ito triaeroua floworo* 

Kcdem taxoneay ia distrustful of taaca defined by single 

oharaatorat for tho good reason that such taxa have nearly 

always proved to bo artificial* Slcevhere in &akhui*en9 s ayatoa, 

o«g» oectioaa 7 » $1 of  abgeama gudiospyroa, tho liaita between 

aootioaa aro virtually invisible* However, X aa very conscious 

of tho foot that aa two taxononiets perceive taxonomic groupings 

in exactly tao eaae way, Thie problem ia likely to roaain aa 

long aa concepts of similarity and difference remain informal 

and vary from person to person. Tho rapid development of 

taxiaotrics in recent years haa at loaot ia part boon duo to 

tao demand for more objectivity in the construction of taxonoaio 

hioraohioa* At tho time whoa X began this atudy, &t ?«A« Bieby, 

who waa another student of Mr* F« White *s, waa in tho middle of
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aa investigation on tha applicability af various taxiaetric 

aathada to angioapera taxonomy. Among these aethoda was tha 

taxiaetrie procedure "oharaater analysis" tha naafulnaaa of 

which Bisby (1970) convincingly daaaaatratad with an axaapla 

fraa tha clarification of Crotalaria« Z decided ta apply thia 

aathad ta Diosoyroa*

Tha problaaa af specific delimitation have not bothered 

aa unduly. Z have, aa earlier atatadf faailiariaed ayaelf with 

the apeeiee aa lakhuiaea daf iaad then* Z have accepted thaa aa 

tha operational taxaaaaio waits on whiah Z carried out tha 

iaveatigatieaa of Part* lf I9 and especially part 3* Kevertheleae f 

it can Ve easily demonstrated that with the material available 

before 19*>1« Bafehmiaaa aaald have had only a vary iaperfeet idaa 

af apeaifia and infraapeoific limits. With tha amount of material 

vaatly increased aiaaa tha wart and especially froa aoaa araaa
! ,

previously under-eelleetedt we are ia a aueh better position to 

define apeeifie linita* Z present ia fart 4, detailed analyaoa 

af three speeiaa-coaplexaa ta daaaaatrata tha kind af approach 

that aan ha vary fruitful in taxonoay at tha species level*

Material far thia entire atady consisted of tha rich 

collections in tha herbaria af lew (I) f Oxford (FHO and OXF) 

and tha British Ruseua (BM), supplemented by loans of material 

froa Aingapore <gZH0)» Kapoag (KBP) and Leiden (L). Saall laans 

ware also obtained fraa Baagkak (BKF) and Rangoon (BAF). Z thank 

tha Pireatavtt and Curators of tha above herbaria for kindly 

allowing aa tha ua« of their material*

•»*•

Z aa vary grateful ta Mr* F, Vhite for supervising thia 

vork and aaggaating tha various problems that Z might investigate,

iecondly Z thank tha staff of tha Foreat Herbarium Oxford
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Introduction

taxonottio characters upon which plant classification 

has traditionally been based are those easily observable by the 

unaided eye or by low-power Microscope and simple dissecting 

techniques* Practically all revisions of the Ebenaceae* whether 

on a world-wide or region*! scale 9 nave been based on such 

characters* There is no reason why easily accessible characters 

should or should not reveal natural relationships clearly enough 

for a stable classification to be constructed* >om* infra-faaily 

hierachies defined on such characters have been reoarkably stable f 

but unfortunately not ia Sbenacogie* Here, generic and sectional 

lisits have always been very fluid* Perhaps previous methods of 

handling data have been faulty* Or perhaps the traditional 

characters aiaply do not« in l£beaaceae« provide enough clues to 

natural relationships within the faeily*

It was partly with the intention of extending the range of 

data upon which a oodem revision at all levels from faaily to 

species, can be based, that 1 undertook a eeriec of investigations 

on carpel structure, pollen, secondary xyl@*t and other organs 

and structures not normally associated with classical phytography 

and taxonomy.

Another, equally urgent intention was that of critically 

testing Bakhui&en*s (192& * 19*1) revision of Halesian Sbenaceae* 

which is important not only for its sise (190 spp«), but also 

for the large number of proposals he nade at generic, eub^enerio 

and sectional level* If Bakhuise&'s cluo ification is a natural 

cue, it should have high predictive valuef new characters unknown 

to Bakhuiaen should be veil correlated with those characters upon 

which lie based his classification*

A body of inforaation on pollen, wood-anatooy, embryology 

etc. of Cbenaceae already exists in standard trefcreaoe works



oa these topics. However, such reference works, useful as they 

are for giving a bird's-eye Tie* of variation froa family to 

family, are often deficient for sore critical taxonoaic purposes* 

"Family" accounts in such works Bay be based on very small samples 

of species* Geographical representation may be very uneven* 

Problematical species of groat taxonoaic interest may be missed. 

The specialist on any taxon is generally obliged to fill in vast 

gaps of information before he can use such data with any confidence*

But although desirable, it is impracticable to oake acre 

than a limited number of microscope preparations, because all 

such preparations are excessively time-consuaing. A taxonoaist 

can never hope to prepare9 for example, a pollen slide for each 

herbariua sheet of any particular taxon* One preparation per 

species would be an ideal minimum but even this would mean 

asking about 200 preparations for pollen, another 200 for 

secondary xylem, and so on, for Halesian species alone, which 

is an impossible task even if the raw material was available* 

For the purpose of testing Bakhnioen's classification, in which 

sections are aaall, relatively homogeneous, and often appearing 

to merge into one-another, I have aimed at making preparations 

from different and contrasting parts of his classification as an 

initial survey to detect significant patterns of variation, 

followed by more detailed work oa those parts of the classification 

which showed promise*

The following accounts are based therefore primarily on 

Halesian material but with a liberal representation from the rest 

of the ludo-Paoific region. X have also included critical examples 

from Africa whenever my attention has been drawn to them by my 

supervisor Jr. F. 'white or his assistant fcrs A*N* Caveney* The 

next section, however, oa sexual polymorphism, differs from the 

others in being a review of a conventional topic of classical 

taxonomy* 1 haw had to do thic to prepare the background for 

the subsequent sections*



Bearly all flowers in Indo-Pacifio Ebenaceae aro unaistakably 

nale or feaale. What appoar to bo heraaphrodite flowors occur 

only sporadically*

Tho male flower and sale inflorescence*

Male flowers boar staaens , but instead of platilef thoy 

have pistilledes consisting usually of small lumps of tissue 

laokiag ovule* aad styles. In soao species, ovon such 

pistillodes aro suppressed, leaving only an easpty apace in 

tho centre of tho flower Co*g* D. aaingayi). The stamens aro 

variously arranged! P> iotus is representative of moat species s 

here tho ataaona occur in two whorlsf tho members of tho outer 

whorl aro twice as numerous aa tho corolla lobes and occupy 

positions both opposite and alternate to thesij tho members of 

tho inner whorl aro shorter but aa numerous as those of tho
A

outer ufeorl and are opposite theo* fhe ataaon® therefore occur 

in radial pairs, fho filaments of such pairs aro aduate to
V I,

each other and tho outer one la also baeelly adnato to tho 

corolla, ttiaer departures froa tho £* lotua condition involve 

(i) variation in mtaboaiof ataaona la either or both whorls, 

aaaoeiatod with (ii) irregularities in adnation. With tho 

ayaaotry of tho ataainal whorls upset by loss or addition of 

staaona, tho various aoabora may occur as singleB, peJUr®, triada, 

ets., tho adnation of filamenWbases depending on how close thoy 

Arise to each other. It must bo emphasised that although some 

species aro aoro constant than others, tho nuabor and precise 

arrangement of ataatns tends to vary a little froa flower to 

flower.

Major departures froa tho D. lotus condition aro represented



(fig« 1*1) by P* latisepala vita only one whorl of stamens* 

(b) !>  toposioidee vith stamens proliferated (up to 100) to 

fill up the vhole of the receptacle area enclosed by the oorolla 

p* «ainga3ffr with all filaaents fused into a cylinder and 

p* clayifera vith only the inter whorl of filaaenta fused 

into a cylinder but the outer stamens free (except perhaps 

baaally) and distinctly shorter,

Kale flowers are typically borne on exclusively male 

inflorescences of three or More flowers* The inflorescences 

are determinate and braateate* The terminal flower is develop* 

mentally more advanced than those immediately behind« hence a 

three-flowered inflorescence appears as a typical dichasiua* 

Very rarly, the male flower it; solitary and terminates a braoteate 

stalk* The latter situation nay be interpreted as having arisen 

by suppression of lateral flover-buds* A sore comprehensive 

discussion of inflorescences is reserved for Part 1Z later*

Female flowers have fully-formed pistils with swollen 

synearpeus ovaries and two or more free or baaally-ucited to 

fully-unitea styles* Stamens are reduced to a single whorl of 

epipetalous ataminodes* In structure, such staminodes range 

from sKall triangular flat lobes bearing little resemblance to 

stamens 9 to stamen-like structures which however t do not produce
woi/e
^pollen* Barely, even staniaodes are absent (D« buxi folia* 

. l>« ferrea and D«

Female flowers are typically borne on exclusively female 

inflorescences* Usually, such inflorescences are fewer- flowered 

than the corresponding male* Seduction to a single terminal 

flower on a short bracteate peduncle ia of very eomeon occurrence*
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Sexual differentiation aloo extends to the corolla and 

ealyx. In Indo-Pacific species, female flowers are always larger 

than male flowere* This is correlated with the fact that the 

female inflorescence* are fewer-flowered* The size difference 

can be resolved into three components* Firstly the female flower 

has a larger receptacle area, to accomcdate the swollen sessile 

ovary* Secondly the corolla tube is wider* Thirdly, the calyx 

ia larger, often very much so* The enlargement of the corolla 

and calyx ia a consequence of the larger receptacle area, but 

not entirely* The female oalyx, especially, is often greatly 

exaggerated in aime* It is persistent in fruit and wo say 

deduce that it has a role to play in protection or dispersal of 

the fruit* Zn some speeies there are also pronounced differences 

in structure between male and female oalyeea* Ono of the most 

extreme examples occur in % topoaiQidea* in which the female 

calyx has prominent spreading lobes whereas the male oalyx is 

an unlobod globular bag which at aathesis, is forcibly split 

open by the expansion of the corolla and stamens contained within*

notwithstanding the differences in male and female flowers, 

it is not difficult to put/male ana female specimens together in 

herbarium studies, because the leaves show no sexual dimorphism 

and are generally distinct enough between apeoioa, to bo used 

ill identification*

The hermaphrodite flower 

In a family like JEbenaoeae ia which unisexuality of flowers 

is the general rule, the occurrence of hermaphrodites generates 

a considerable amount of interest., Hiera (1&72) was sufficiently 

i^re&BO* to distinguish Royonn froia other genera on the grounds 

Hheno«phrodite or rarely eub*dieecioua" versus "dioecious or 

rarely polygamous" f following the lead of A* do Caadolle



The first person to dissent from this view was Vright 

(190%)t who in an intensive study of the genus Piospyros in 

Ceylon* found that in addition to male and female flowers, 

hermaphrodite flswers were also produced by eight species out 

of the twenty he examined* Describing one of them* D« oylvatica. 

in detail, he wrote that such hermaphrodite flowers bore stations 

aad pistils, the latter developing into fruits possessing "seeds 

which in the characters of the testa and embryo exactly agree 

with those fro* known feaale trees." Also, *%he whole of the 

anatony sad development of seedlings of £  sylvatioa          

was first worked out fro® seeds obtained froa a tree which has 

for ssny years seem labelled as a 'sale1 aad frea which material 

for sketching 'male 1 inflorescences has been derived19 *

There are two points in Vright*s observations that are of 

interest* Firstly, hermaphrodite flowers do occur in Dioepyroa. 

this is of taxenottie significance and was the first step in the 

gradual erosion of Soyena as a valid genus. The second point 

is that hermaphrodite flowers are asstoeiated with mile flowers! 

Wright did not sake this point* He distinguished between 

heroaphroditisB "due to replacement of a staninode by a stamen, 

ss in D» enbryoptcrie« and that due to the pistil o£a male flower 

exerting its potentiality, as in P» affinie. P* sylvatica aad 

P. gardaeri*1 * iiewever, the exaaple of P« eobryopteria was 

quoted fron Hiern. What Biera actually wrote of female flowers

** P* e«bryot»ris was "etamlnodes 1-12, hairy (soaetiBes perhaps 

perfect staaens)*1 . It is clear that Hierr. was unsure about the 

perfect stanens and nobody has been able to substantiate it since* 

X think tfright was convinced that heroaphroditi&A can develop 

both waysf frea Bales and from fenalee* Yet all his own 

observations indicate that it develops froa the saleo only* On

p« 8,1, he wrote ^polygamous trees have flowers arranged as in a
 ale eyas and anong thea three type of flowers can be distinguished1*,
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These were (i) hermaphrodite flowers with stamens and pistilsf 

the latter developing into fruits bearing seeds (ii) flowers 

in which there are stamens and pistils but the pistil* never 

yield good fruits (iii) flowers which are indistinguishable 

fro* the sale* "It is therefore clear that in the polygamous 

trees we can obtain every stage from purely staoiBate to 

hermaphrodite flowers"*

there ia no eotipftrable evidence to link heraaphrodite 

flowers to purely fenale flowers*

On the other hand, there is supporting evidence from 

elsewhere that hentaphrodite flowers are associated with males, 

In 1911, Hague made a study of Diosyyros virgiuiana and wrote 

that the trees are normally dioecious but "near Auburn (Indiana) 

there is a cluster of etaainate trees*«»********that are reported 

to have borne fruit occasionally*"

The best evidence is froa work done on H>* kaki in Japan, 

where the species is an important fruit tree* Because of the 

obvious cocHflfrcial iaplicationa, sexual differences ia P* kaki 

have been carefully studied* Yasui (1915) found that where 

hermaphrodite flowirs occur, they occupy the terrains! position
«

of sa otherwise Bale Cluster* Smoh flowers produce fruits

smaller than those of the feaale flower and are usually (but
  . & 

not invariably) seedless*

Nanikawa et al« (1952), followed up with a very thorough 

study paying particular attention to pit. till odes and ctaminodes* 

describing the aale flowers first, they showed that pistillode 

sise ranged saoothly froa entirely stunted to very well-developed* 

Ihe well-developed ones would under eertain favourable conditions 

dcvolop into a fruit &.ialler in sise than a noroal fruit.



aoaotiaaa bearing eeeds which would bo smaller ia aisa than 

normal seeds. Of tha female flowers, thay found that though 

pollen »ay bo produced la tha atarainodes, such pollan was not 

released at aathaaia because tha anther eacs failed to dehiaoe. 

Thay took out the pollan artificially and attempted to gerainate 

than oa agar with sucrose, but tha grains all failed to germinate* 

Naaifeawa at *!  concluded that hermaphrodite flowers ara derived 

from the*e ataainate flower* that have large pistillodes* Such 

flowers ere usually those that occupy the terminal positions oa 

the Bale Inflorescences*

All the evidence so far available supports the hypothesis 

that the terminal aale flower in PioGpyros sporadically, under 

conditions at present not understood, develops an enhanced 

pistillede which nay grow into a fruit with or without formation 

of needs* Tha evolutionary aigniflcanee is that hermaphroditlsa 

in Pieapyrog, aa exhibited by the proaent-4ey species, la 

eecondarlly acquired rather than primitive, at least where the 

Xado«Pm«lfie species are concerned.

•fi

IA Africa, aa«e further work haa been done oa Soyena which 

show, ironically, that the flowers are not heraaphrodite ae 

Blem had thought. Aalter (1953>, when collecting eeeda of 

Koyena glabra, notieed that only a avail proportion of the 

bushes bore fertile fruit* Further study showed the plant to 

be dioeoioue s the female flowers having stamens reduced to 

st£mino4** devoid of pollenf but the aale flowers having ovariea 

indiatinguiehable from those of the feesale flowers except that 

they are incapable of producing fruit* Hence the atrueturaZly 

hermaphrodite flowers are functionally male*

White * Barnee (1958) followed up with a study of five 

apeeiea of Royenq and found three kinds of flowers t oale.
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fecale and structurally hermaphrodite* The structurally 

hermaphrodite flovers have pollen ia their anthers and ovules 

in taeir ovaries but the ovaries are smaller than those of 

typically female flowers* This suggests that sueh hermaphrodites 

may ia fact function only as males* White * Barnes pointed out 

that this matter can only lie settled by study of the living 

plant , and with this Z concur. In the rest of this account * 

hermftphroditisB is taken ia the morphological sense, without 

any functional implications*

Jex expression in the individual (whole plant) and the species*

The majority of species in Sbenaceae are believed to be 

dioecious i«e« the individual plants are wholly male or wholly 

female* But ia the light of W right 'a observations on Ceylonese 

species and those of Jfaaui and Namikawa et al« on P« kakfr* we 

must accept that male trees may sporadically produce hermaphrodite 

flowers t hence dioecious species may be sporadically polygamous*

Konoeeism is thought to be rare in Sbenaceae* but its 

frequency is probably underestimated in herbarium studies* If 

male and female flowers appear on different parts of & tre«t 

it is unlikely that they will appear together on the same 

herbarium sheet* The same applies if male aad fesale flowers 

appear at different times , or alternate years, as can happen in 

P» kaki (fide Yaaui I.e.). tfright (l*c*> has observed that 

flowers of both sexes can occur on the same tree in I3ft

Dm acuta. D« lirguta, Q>.waitesi and D

I have se^n them together on herbarium sheets of S« kajangensis* 

P_* evena. P* nainga^i and P> rostrata. These species are 

therefore monoecious, at least sometimes*

But the re*l extent of monoecism and dioecism ia so
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difficult to aa**a« at this stage that ia my opinion, eex 

 xpre00ioa at the level of th« individual and the speciee ia 

beat avoided ia the elaaoifieatioa of the Ebenacea»«



Fig.1.1.Stamens 10x. (a) D. lotus paired "(b) D. toposioides 

massed on receptacle (c) D« latisepala in one epipetalous 

whorl (d) D. clavigera with filaments of inner whorl fused 

into a cylinder (e) D. maingayi with all filaments fused
•

into a cylinder.



Of the major organs of the Sbenaceas t the gynoecium baa 

probably been the aost unsatisfactorily described in the taxonofflio 

literature* Hiem (1873) gathered nost of the facts together, 

but was unable to present then in aay simple coherent acheae*

His account of the at mature of the ovary is aa follows 

"ovary****. *»»synearpoua***»**«2 * l£*oelled9 usually >» or 

6-celled in the genus Haba* Welled in fucle§* 4*f &», 8*., 

or 10-oelled in aoyena. and Wt 8-f or 10-e*lled in

never with § or an odd number of cells except 3i cells I**ovuled9 

or 2-ovuled in the section Ferreola of Maba and in the section

of Diespyrosi the septa however are se&etioes incomplete,

especially in the lower part* and the alternate one@9 naaely9 

those opposite the styles or lobes of th@ style v are often 

thinner* styles 1 » §f distinet or connate at the base** •*•***" 

Proa this account* it appears that there is no correlation 

between the number of styles and nuabsr of locules in the ovary f 

and a confused relationship between the number of locules and 

the various genera and sections mentioned* Other intriguing 

questions are why do Dioapyrois and Hoycca have cells in an even* 

nimber series and why 3 is the only odd-number of cells encountered 

in the faoily* Also, what is the nature of the septa which are 

sometimes incomplete and soesetikes alternately thick and thin? 

Finally, what is the relation ship between the uni-ovulate and 

the bi-ovulste locule?

To answer these questions9 transverse sections of ovaries 

were oade of about 80 Zndo*Paeifie species representing most of 

the aub-gonora and sections in 8akhui8*a*s classification, Such 

sections wsre oade at various levels of the ovary* In addition, 

material sf six ipeoies was eabe*de4 in paraffin wax and aerial-



sectioned at 5   20 M   Xn all cases, they confirm ob aerations 

aade from rough eectiona on herbarium aaterial* The results 

shov that the Sbenaceous gynoeciua can be explained according 

to a sicaple and constant plan* I have checked this against the 

literature for species outside the Xndo-Faeifie region t and 

against dissections of African species kindly laade available by 

White and Caveaey*

The ovary is always amltiloeular end bears * at the apex, two 

or Bore free or basally connate styles* Rarely t the styles are 

coapletely connate so as to appear as a single siaple structure 

but then the number of stigmatic lobes at the apex indicates the 

amber of styles that have been united* Internally, the ovary is 

divided into loculee each of which Bay contain one or two ovules* 

The ovule* are suspended from the top of the locules (Fig* 1*2 ).

Interpretation of the bi-ovulata froctfte* The bi*ovulate locule 

is a rare condition but it provides the key to an understanding 

of the Kbenaeeous gynoeeiuoa* Only 11 species exhibit thie 

condition out of 190 treated in Bakhuisen's revision* They 

are accommodated in 5 out of the £ sub~genera thus i- 

Subgenus Haba, section Ferreola s 0* f errea

Section Cupulifera s D* cumilosa

D* porvi flora 

P* foliosa 

Submenus Carnillia t i)*

>ubgemio Hi enu odendrop t S>^ mtncticulosa

Pa evenj

(Position uncertain) I S* eabacea

In the sttb£onera Cargilli^ and Uierniodendron. the bi«ovulate 

loeule is a constant character for all species* The contracting 

uni-ovulate condition occurs in part of llaba and all species of



tho sub-genera gnffiospyros and Habacea*

Considered together* the 11 bi-ovulate species have 2», 

5* aad 4-looular ovaries* The nusber of looules is equal to the 

auaber of free stylos, or stylo broaches, or stigvatie lobes* 

tho septa (fi«* 1.3) are axially fused in the basal port of tho 

ovary but higher up, they are free* At or just above the level 

of fusion, oaoh septaa boars a bilobed plaooata, each lobe of 

vhieh gives rise to an ovule* It follows that the total number 

of ovules ia tho ovary oust always be aa even number.

The bl-oyulate condition therefore is quite conventional 

and easy to interpret in terms of the carpel theory* The number 

of loonies, septa, stylar units and placentas ore equal to eaoh 

other, heAoe oaoh stylar unit, with its corresponding locule nay 

be taken to bo a earpel, aad the septa to represent oarpellary 

vails fused in pairs (fig* 1*6)*

eonditioa presents a nuabar of aeristic peculiarities* The 

total amber of uai-evulate looulos (and septa) in each an 

ovary is always an oven number, %, 6, S, 10, 12, l*t 16* Zt 

follows that the total aiutber of ovules oust also bo an even 

nunbor* the m*s*«r of stylast or style branches, or ctigsiatic 

surfaoos is ha|J[ tho nuaber of locules*

Transverse serial seotioas (fig* 1*%) reveal that all septa 

soot and fuse axially ia tho basal part of tho ovary but are 

free ia tho upper part* Tho placentas are visible at or just 

above tUe level of fusion of the septa, but are bcffio. on 

altern*to septa only. Comparing the plaeenta*boariag aopta 

vith the septa ia the bi«ovul«te condition, it is evident froa 

their atruoture aa yell as positional relationship to tho stylos, 

that they are eoapletely hoaologoua. I refer to then as wprioary** or
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"true11 septa representing in theory the fused walls of the earpels. 

The septa which do not bear placentas nay be thought of as 

"secondary** or "false" septa that have developed as Bid-earpellar? 

partitions between the ovules* Bach uni-orulate locule therefore 

represents a "half•carpel*1 . The hypothetical relationship between 

the uni-ovulate and bi-ovulate conditions is illustrated in fig*l*6,

t

If serial sections of the uni-ovulate ovaries are viewed 

fro* apex to base f one sees the free true septa first* At a 

lower leveli the true septa are swollen as placentas§ and the 

false septa become evident as snail protrusions fro» the wall 

between the placentas* jlonewhat lower, the true septa fuse in 

the middle* The false septa also fuse in the middle, either at 

the sane level as the true septa or slightly below* This 

sequence| as viewed froa apex to base of the nature ovary, is 

the sane sequence in which the septa have been observed to 

develop ontogenetically* I did not nake any eatogenetio 

observations ayself, owing to lack of a good series of buds, but 

such a study has been published by lasui (191!?) on DioauTroa kaki 

with 8 locules and % styles* She wrote s "In the development 

of the pistil there appear at first four large protrusions, and 

then four scalier ones between then* » ?h» larger ones give rise 

to two email papillae, which are the initials of ovules******.*.* 

the small protrusions develop toward the centre of the ovary, 

resulting, along with the development of larger protrusions, in 

8 loeuli for the 8 ovules**9 The large and snail protrusions are 

true and false septa respectively and the papillae are placentas* 

&iace fasui's study was on a single species, non-comparative and 

non-taxononsic in scope, the wider significance of thin observation 

was lost*

In Baksainen's revision, species descriptions such as 

"ovary 8 * 12*loeular, loonies uni«ovulate" should be amended



17

to rsad "ovary 8«t 10* or 12*»looularv loeules u&i-ovulata" 

because an odd number of uni-ovulate loeulaa cannot occur axcept 

la rare Bio-formed ovaries, Statements sueh as "ovary 4 - 5-

unl«ovulataw (e*« n "^101^^ *re inaorract

and «a»t ba amended to read "ovary 4- or 6-loculart loculee 

uai-ovul*ten « Similar aeaad»aate must ba «ade in Bakhui man's 

eonspeotue to sub-centra where, for example, pab§ la described 

as having ovaries vita 3 «  6 locules, loculae 1*2 ovulate. 

A Bore aarreet description would ba "ovary 3-locular bl-ovulata 

or 6-locular uni-ovulate11 orf in more eonoisa though abstract 

tarsa H ovary >*»Ofirpallatan*
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art.

v.s,

n. m,

e.s.

Fig* 1*2* Ovulos in longitudinal sootiont (a) 

suaatrana 2Qx9 showing two pendulous orulos within tho 

oraryi (b) P. oaullflora 50x, showing ono ovule| (o) & 

(d) p« oonfortiflora 150x and 375x rospootiTOly showing 

a Tory young orulo with nuccllus*

arts articulation|cot corolla| o«si onbryo sao| i*it innor 

intogumonti as aieropylot ns nuoollusj o.is outer intoguaent; 

st; staminodoi v.e* vascular strand*
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Fig.1.3» Ovaries with bi-ovulate locules, in transverse 
section. Sections through placentas just above level of 
fusion are stippled in (a) and (b). (a) D« ferrea 20x; 
(b) D> mabacea 10x; (c) D. maingayi 20x, showing (left) 
three free septa, (centre) sspta fused, (right) three: 
bi-ovulate locules.
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1.4. Ovaries with uni-ovulate loculest (a) D 
eumatrana; (b), D> confertiflora; (c) D> wallichii, 

All at lOx, Sections through placentas just above 
level of fusion, are stippled.
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Fig* 1«5» Ovaries with uai-ovulate locules* in transverse 

sectioa at various l«v«lai (a) - (e) Df stumtranat 

oorraaponding to the aeetioaa narked  !' in fig* l 

(d) - (h) D» vallichii. 20x9 corresponding to the aaetiona 

in fig* l
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Fig.1.6. Hypothetical relationship between bi-ovulate and uni- 

ovulate conditions, (a)hypothetical carpels, (b) & (c) bi- 
ovulate condition as seen in some Ebenaceae. (d) & (e) uni- 

ovulate condition as seen in most Ebenaceae. (b) & (d);sections 

through placentas; (c) & (e);sections below level of placentas. 

fs: false septum .
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Xa any given flavor of pioopyros, the nuabcr of parta of 

tho calyx ia generally equal to the nuaber of parts of the 

corolla* Sxceptionc are not difficult to find* e«g« KjK&« 

K5C4, E*09t ia which there i« a alight differenoe between the 

two whorls, nevertheless, after amking hundreds of dissections, 

X aa convinced that equal, correspondence of parta between calyx 

and corolla ia the general rule* Hy conclusion ia the eame as 

that reaaha* by Biera (18?3) ia nis world monograph of the 

faaily and Wrigmt (1904) in his study of Geyloneae apecies.

An attempt wma made to see if there ia a numerical 

relationship between the number of locules (of the ovary) and 

the number of calyx (or corolla) parta* This atteapt wae baaed 

on the assumption that if a floral aeriatea haa produced two 

successive whorls (calyx and corolla) of ayiaaetrieal and equal 

partat it «ay be expected to continue behaving ia a predictable 

 aimer ia the production of aubaequent whorls* Thia assumption 

ia aoldoa borne o»t aaong Dicotyledonoae faniliea as an examina­ 

tion of any flora quickly revoala9 but aa a hypothesis poatulating 

stability of behaviour, it ia a convenient starting point for 

attempting to uaderatand the relationship between floral whorls. 

Xn faat it quickly beeaae apparent that there ia no simple 

relationship between the amaber of loculee and nunber of calyx 

parta* It was only aftar solving the problem of the carpel 

that a aiapl* relationship bee&me apparent (tablee 1*1 It 1*2) 

aot between locules and calyx parta but between carpola and 

calyx parta, locales and carpels aot necesaarily being equal ia 

gbonaoeao, aa haa been demonstrated in tho firat part of this 

section*

48 of the ?6 apoeiea (table 1*3) examined had the floral



formula KxCxUx* 5ta«ona9 boing reduced to vestigial epipetaloas 

otaainodeo in pistillate flowers, ^oro not considered* This 

formula summarise* tho aorioa 1 in table 1*2*

ftorioa 2, represented by 20 species, ie soon aa a reduction 

by naif in tno earpellary whorl* The tvo aeries parallel each 

other | for example, corresponding to K4Q4 and K6G6 of aeries lf 

no have 1^12 and K&*3 respectively of series 2* Corresponding 

to &$Q5f wo have K502 and K^Q3 because there cannot bo 02| 

(half-earpels do oot exist)   Similarly » oorreaponding to K3G3» 

90 ehould oxpoot K3Q1 aod &JQ2t but X have not seen the former 

condition which inrolrea extreme reduction to a single carpel*

Of too ronaining 8 apooiea9 tvo§ P« pendula and 

retrpfraeta. show both reduced and unreduced stat«ef poesibly 

even on tho aa«o plant* Tho other 6 opoaiea Tin* D* aaing&yj. 

m QTena> p* pwxctiouloea* P* ehreUoidea* Dit nutoia and 

P« diopenhoratii are irregular*

Although based f ineTitably v on esall »aoplest duo to 

scarcity of aaterial this aaalyaiis euggeata that tho raajcrity 

of apooiea fall into tvo aoin aeries only, one with carpels 

equal in nuaber to calyx and corolla, and tho other with carpels 

reduced to half* These tvo series represent tvo evolutionary 

gradea* tno firat boing the primary grade t and tho second boing 

derived fro« the first, probably independently oany ticec. 

The tve speciea D« pondula and P* retrotraetft nay be considerod 

to bo in a state of transition*

Tho character gynoeciua reducod or not waa in faot found 

experiment illy to correlate very poorly vith other characters 

(Table %1, character
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Table 1.3. List of species of Diospyros and their observed 
range in merism.CNumbers following the names refer to number 
of specimens examined.)

Series 1

1. adenophora 1
2. areolata 2
3. argentea 2
4. aurea 2
5. australis 1
6. bibracteata 1
7. borneensis 1
8. carpinifolia5
9. castanea 10
10. conf ertif lora

k
H.discocalyx 1
12. discolor 1
13-ebenum 1
I4.elliptifolia1
15.ferrea 5
l6.foxworthyi 2
17»hasseltii 3
18-kaki 8
19-lanceifolia 8
20.1evigata 1
21.lolin 1
22. lotus 10
23*mabacea 1
2zf.malabarica 2
25-mollis 2
26.montana 11
27 .novoguineensis

2
28.papuana k
29. pauci flora k
30.perfida 2
31 .pilosanthera

12
32.piscicarpa 1
33«pyrrhocarpa 3

35.rigida 2
36 . roxburghii 3
37-siamang 1
38.siamensis 2
39.styraciformis

2
4o.subtruncata 1_
4l.sylvatica 20
42 . tahanensis 2
43«toposia 2
44.transitoria 2
45.truncata 2

47.variegata 1
48.wallichii 7

69.pendula 4
70.retrofracta 4
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Series, 2

49.apiculata 3
50.buxifolia 4
51. cauli flora 8
52.confusa 3
53»dictyo-

neura 3
54.elegantis-

sima 1
55.eriantha 1
56 . f errugines-

cens 2
57-frutescens 3
58.kajangensis3
59.kurzii 6
6o.latisepala 5
6l.packmanii 2
62.penangiana 4
63.pentamera 3
64.poncei 1
65.rhodocalyx 2
66.saxosa 1
67.suluensis 4
68.sumatrana 12
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71.maingayi
72.evena 4 
73«puncticulo-

sa 1
74.ehretioides 3 
75«nutans 7 
76.diepenhors-

tii 8

K4G2

K3G3 K4G2 K4G3
K5G2 K5G3 K5G4 K6G4 

K5G6 K5G7 K5G8 X6G6 K6G7 K7G7



following description of tho ovulo is based aainly oa 

ay study of pickled material of a* cayl^florau j>* avuaatrona* 

P* autans* a* wallichii aad jfm oonfeftiflora* Xt agrees in 

all esaecfeial dotails with tho earlier observations oa tho 

ofulos of a* v;Uginiana by Hague (1911) ftftd en P* kaki by 

laeui (1915).

as earlier mentioned, the ovulo (fig* l«2a) is pendulousf 

suapoadod from tho apical region of tho ovary* It is ellipsoid, 

aaatropcust bitegmic, tenui-ftucellate. The vascular traee 

yaasos into and down tho ontor side of tho outer integument and 

•ay (*) end in tho ohala&ftt (b) continue past tho chalaaa up 

the inner (axial) side to terminate near tho aicropyle* or 

(o) branch several times over tho Hides of tho ovule* In 

all eases tho vascular tissue remains ia tho outer iatoguioent* 

¥he inner integuaoat ia totally devoid of vascular tissue 9 and 

through its apex runs tho aicropylar channel* Tho Bueolluo is 

represented by a single layer of sells surrounding tho embryo- 

sac exoept at the ehalaeal end where it foras a small 

aulticellular "stalk" of tissue (fig, 1.2d). At tho Use of 

fertilisation, tho peripheral layer of nucollus has usually 

disintegrated leaving tho eabryo-eae sitting oa tho nuoollar 

"stAlk" but otherwise naked within tho inner integuaoat (fig. 

l*2b)*

After fertilisation, or aoaetimee oven before, tho inner 

integuaent disintegrates (fig* 1*7) except for its inner 

opidomis aad a plug of tissue around tho edcropylo. Tho 

forser persists as aft endetheliusj and behaves hereafter as 

if it wore the surface layer of tho eubryo-aac, Tho nucellar 

stalk also disintegrates. Within tho eabryc~sao, ondoopom



O.I,

v.s

i • i . disintegrating

v.s.

v.s

es.

o.i.

i •*_•_— 
Disintegrating

Fig* 1*7* Ovule to young seed, P« vallichii (a) ovule 
in transverse section, at anthesis* 150xf (b) young seed 
in transverse section, 50xji (c) young seed in longitudinal 
section through apical half* 20x* The inner integumentc 
disintegratest leaving only the endothelium and a plug 
of tissue around the micropyle.

ess endosperm} et: endotheliuaj i.it inner integument}
ms micropylej o»is outer integumentj v.s: vascular strand.



formation proceeds rapidly and, long boforo any embryo becomes 

visible, tao aao ia fillod vita largo, very thia-vallod 

endosperm ooUe9 of golati&oua consistency* To got material 

at this atago properly fixed aad embedded for aoctioaing it 

was found aoeeoaary to aako a out through tao developing eeed* 

eoat to allow tao chemical a to penetrate. The seed-cent 

eoasimts of outer iatogustent only* la those species vhere 

tho vascular trace initially ends ia tho chalasa* further 

di* fereatiatioa of vascular elemoata takes place to prolong 

tho trace up tao axial aide to end near tho mioropyle*

The seed

Tao Ebenaceoua aeod consists of tosta, endosperm and 

omferyo* At tho apical sad, tao hilum ia represented by a 

aaaH aear* fcext to tae hilum ie tho mioropylOf which ia

inoondpiouoma except ia section*
\

fao teata ia pigmentod, taia, paroachyaatoue, relatively 

laaardoaod (mombranooua to coriaceous ) 9 and vasculariaed. Its 

moat actable feature ia ita structural aieplicity* There ia 

ao iatoraal moehanioal tissue except vascular tiac.ue» aad ao 

internal differentiation into hiatologioaUy distinct layers. 

However 9 its epidermis is variable from species to cpeciea ia

sias aad degree of cell-vall thickening. F±K . 1.10 
illustrates some of the variations, selected from the material 
(Appendix II) examined-

Za tao groat majority of species* a single vascular atraad 

runa round tao aeod, its passage Barked externally by a groove, 

a ridge, or a liao of lighter pigmentation, resdaiscaat of tho 

ways a veia may bo indicated on * loaf* But ia eomo opeciee tho 

vascular atraad is brauofeed (fie, l«So, g>* Baroly tho vascular 

tissue is so deeply emboddod that its course is not visible oa 

tas surface (fig« So, g)«



Beneath tas tssta is ths sadospsra (fig* l.lOb, of

1*12) t soasistiag of closely-packed, usually thick- 

vailed, oilwsontainiag sells* Intercellular spasss sssa to 

bo abssat* Ths aaturs tissue is hard aad usually dssoribsd 

as 'horny 1 or •sartilagiassvs** It is ssrtaialy a 

•aarastsristie fsaturSf always prsssat aad alvays hard* aad 

it provisos tas embryo vith additional mechanical protestion 

as if to eottpsasats for the sof tasss of tas testa*

la SOBS speeiea, the sadospsra takes on a ruminate 

appearance* This is due to the development of iagrovths fro& 

the tssta or rarely t by aotual invaginatiou of tas tssta 

(0« sylvatiea* yp saretieides) vhils ths endosperm is still 

semi*flttid« fas endosperm nerely fills in the spaces between 

ths ingrowths or invagiaatioas (see Psrimsaay 196£}« whether 

tas sadsspsrtt is ruminate or not is not always a constant 

spssifie sharastsr ia the Bbsnaeeas* I find an increasing 

aua%sr of spssiss to have both ruainats aad aon-ruainate 

e*g* g«

P* cenferti flora « ]Ej> sontana and P^ buxjfolia« fas sams 

plasticity secure ia Afrisa9 ia P« ho.Yleana (White* personal 

softsmai cation), fariatioa secure especially where tas 

rumiaation is nst vsry deep and tas ingrowths not vasoularissd* 

£evev«rf ruadnatioa ia the oub-genue Hierniodeadroa (fig* l«8c f 

D* evens) falls into a different category. Hers ths iagrovths 

are dsep aad each ingrowth is supplisd vith a deep-seated 

vascular trass* She raslnation therefore appears to be of 

a highly organised sad permanent nature*

Embedded im and ssttplstsly surrounded by ths endosperm is 

ths embryo (fig* 1.8). Zt consists of a strongly developed 

radicle pointing upwards towards the aieropyle f hence towards 

tas fruit apsac* At ths other end are a pair of flat, oval,
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Fig.. 1.8. Fru?ts and seeds 2x. (a). D. foxworthyi
(b) D. borneeiisis (c) D. evena (d) D» ferrea. Conventions
on next page.
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Fig. 3]*8 continued, (e) D. toposioides (fX P. nuteins 
Cg), D. rigida. ]^-"mv testa and vascular strand in 
section; i-v••:•.'•:•.•;• ••:! pseudo-sarcotestaj ijhilHUilHI stone cells;

ffl »i «> 'il fibresf ?^-*^—- vascular trace surface. 
Each group shows a fruit in surface side view, fruit in 
t.s., seed in surface side view, seed in median l.s.



leafy cotyledons* the cotyledons are orientated ic the plane 

of tiie vascular loopt i*e* in the raphe/anti-raphe plane* 

(The raphe ia the line along which the vascular traoe descends 

froa the fuaicle to the chalaaa; the aati-raphe is the line on 

the opposite side, «*oag which the vascular trace ascends froa 

the eaalasa to the mieropyle). In raost fruits, the seeds are 

so orientated that the raphe/aati*»rapbe plane is also the 

Aediaa radial plane of the seed, hence the cotyledons occupy 

a median radial position* But sometimes the seeds are 

displaced ia growth (fig* l«8d) sad it thea becomes apparent 

that what determines the orientation of the eabryo is the 

vasemlar plane of the seed* She sis* of the embryo is always 

saall with respect to the seed, sad even at its largest extentt 

it aside* approaches the testa except at the eicropyle.

This general description of the seed is applicable to 

both tiio geaera aioapyroa and feuclea although based originally 

on Material of Pissnyros* X exaaiaed seeds of ^ucle^ linearis 

(fig* 1*9) and S* ̂ juacea and found that the iftaclea seed has 

several peculiarities* All of thea a«y be interpreted as 

specialisations upon the Basic plan* Xt has already been 

neatioaad that so»oUmasf the seed is displaced ia growth 00 

that the plane of the vascular loop fails to coincide with the 

asdiaa radial plane* Such a situation is illustrated in fig* 

l*8d where the plane of the vascular loop is at right angles 

to the sediaa radial plane* This situation, rare and sporadic 

*a 3ftos|gyrog« ass bosons fixed ia Euclea* Furthermore only one 

seed regularly develops ia the fruit of Euclea, During the 

development of this seed9 the other (abortive) ovules and the 

axis lire pushed to oae side of the fruit 9 but the axis leaves 

aa impression oa the seed ia the fora of a lateral groove 

down oae side* fiewed from the top, the ^ic^ea seed shews 

three radiating lines, consisting of the lateral groove 

(impression of the displaced axis) and the two ends of the



aborted ovule

displaced 
axis

calyx

groove

testa 

endosperm

embryo

(a)
vascular 
strand

(b)

cotyledons

vascular trace

vascular trace

embryo

vascular trace

Fig.1.9. Seed of Euclea linearis 10x: (a) l.s. through seed 

and fruit through the lateral (axial) groove; (b) apical 
view; (c) t.s. through radicle; (d) isolated embryo.



vascular loop meeting at the apex* Internally, the eabryo 

is orientated, as expected, in the plane of the vascular 

leep, but the cotyledons are strongly curved towards the axis* 

This is a peculiarity not found in JDioapyroa where the eabryo 

is straight er curved in ita own plane (fig* 1*8)* Finally, 

rumination in luclea takes the peculiar fora of ingrowths 

from the testa forming a partial cylinder round the radicle*

In suiaaary, the ^beaaceous seed has a histologically 

siaple, paremohyaatoue, pigae&ted, relatively soft testa of 

outer integumentary origin, in which runs a siaple or branched 

vascular trace* Beneath the testa is a ruainate or noa-ruainate 

eadeepera of berny consistency, composed of closely packed, 

thick-walled cells* fhs enbryo, straight or curved, is embedded 

upside-down in the raphe/anti-raphe plane, surrounded by 

endaspera and consisting ef a precociously-developed radicle 

and a pair of oval foliaeeoua cotyledons*

The peric&ry

- ,&. :

The svary wall any be visualised as consisting of an 

epiderais, under which ia sarenehyaatous ground tissue with 

scattered vascular bundles* The development of strictly 

aechanical tissue, i»e* stone-calls and fibres, does not usually 

take place until after fertilisation*

The vascular bundles run generally in a vertical (baae- 

apsx) direction, and are found in the centre of the fruit, in 

the septa, as well as in the inner part of the pericarp* fhe 

outer part of the pericarp, between the outermost vascular 

bundles and the epidermis, asy be called a hypoderaie, 1'his 

ia a layer of varying thickness, consisting initially of 

parenchyma, but during the developoent of the fruit, it becoeea



significant am the site of differentiation of mechanical tissue* 

Of 89 species examined, the mechanical tissue consisted of 

stone-cells in 8?* Of the remaining two, P* boraeensis has 

radial fibres while the cleeely-ralated P» •»« nov« (FBI 4618) 

has a mixture of radial fibroa and stone-cells* Hence the 

hypedermal stone-cell layer ia a fairly •onatant feature of 

Ebenaceous fruits.

The course of stone-eell differentiation has been described 

*** P* ***! by Namikawa ot* al* (1932)* According to their 

description much cells begin to differentiate at antheaia in 

the upper part of the ovary* Differentiation proceeds basipetally 

until a complete layer is formed. To the naked eye, the 

hypodends is seen at this stage to contain crystalline hard 

grains{ under a microscope, each grain is revealed to be an 

aggregate of several to many closely adhering stone-cells. X 

followed the course of stone-cell differentiation ia Pf val^Lichii 

and found the details to bo the same as described for p. kaki.

Dispersal and edibility

The Ebenaceous fruit ia a berry, indehiacent except in a 

few African epeciee whore it may be tardily dehiscent (de 

Winter 1965)9 ranging in diameter when mature from 5 mm* (e.g. 

P. ferrea) to 100 mm* (P. diecocalyx) * The eeoda range in size 

from that of an orange pip to that of a durian aeed i.e. about 

8x4x2 ma* (lfr farrea) to 40 x 25 x 7 mm* (P* discocalra). 

or 40 x 20 x 20 mm* (P* aacrophylla). Practically all the 

apecioa with fruits larger than 50 mm* diameter and seeds 

longer than 25 jam* art to be found in tropical rain forest only*

Dispersal ia by fruit-eating animals, although coastal 

and riverine spociee may perhaps also be water dispersed* Ridley



(1950) recoroa that the fruita of D« discolor are eaten by 

ei^ret cate, % onbryopteric by monkeye, beta and bears f J« 

ftefranoacrloifr by bate aad horabille, D. virginlana by the 

Aaeriean blue-bird and the Aaerioaa Mallard, pffi spa ia the 

tUs* by okuak* Royena pubeeceftf aad ffiaclea laaeoolata by 

pigeon* Za all these casest the aeeda tend to be swallowed 

iataet and paaeed out unharaed*

The aoat palatable •peeiee have been taken into cultivation 

ia different parts of the world* fhe best known of these are 

ni Iffiflhl (£« *•**)§ |ft Iftuf (Jteraaia) 9 jfm virain^aDG (N« America), 

?i "T?iitifcilrti1f (Zado«ifaleeia) aad ftff discolor (Philippines) | each 

of theee ia now grown to aoae extent outeide their countries of 

origin* p1 HjMi the oriental p«reioaonf iav however, the only 

one of ecoaoaic iaportaaee, eepeeially ia Japan and China 

where it IM grown en a oonaeraial aoale*

A ausber of other epeciea are cultivated and eaten locally 

e«g« 3D> dietyoneura aad P* oblonga ia the villages of &• l^alaya

(Corner 1992)» Aboriginal tribeeaen in the foresta of Malaga
>

eat the fruit of !>• pyrrftoearpa aad probably a good number of 

other apeoiea which are uever cultivated*

IMibility ia governed by the degree of aatringeney of the 

fruit* Za all ayeciea* the fruit ia very astringent until it 

haa baeeflo quite ripe and even then the aatringeaey does not 

alwaye diaappear* ZA P« katei, the fruit May loae its astrin- 

geaey aad beeone eweet only when it haa gone very «oft* Tiie 

frmits of ao»e epeciea e*g» i>* wallichii are pataonous, 

eapecially to fiah (BuHtfLU 1955* Comer l«e*) 9 presuoably 

when raw*

Of interest to the aorpfcologiat ia the nature of the edible 

tiaoue* In >>• kakfr« D> wlgffin.ljuBft and probably the aajority of
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species, the edible tissue is the pericarp which ie 

differentiated into a fjalp of varying degree® of fibrousness 

aad ^stringency depending on the species, and a __ skin. 

In D« kaki. the akin consists of the epidermic and the
"^^SMSBBKpiBBiM^*

hypoderaal stone-cell layer, and ie easily peeled off before 

oatiag the pulp*

In several species, the pericarp has differentiated 

further eo that there is a pulpy endoearp distinct from a 

soBSVhat fibrous oesoe&rp* The endoearp fores a distinct 

layer around each seed individually and adheres slosely to 

it* When such a fruit is out open* the seeds appear to be 

enveloped ia sarcotesta (fig* 1*11a) and indeed if the seeds 

are prised out, the pulp comes away still surrounding the 

seed* The pulp is endoearp and not sarcetssta because if 

very thin sections are examined (fig* 1*1ib) it is seen that 

on the inner side of the $ulp, there is a contact gone of 

epideraal layers between pulp and teftta* On the out@r side 

there is sorely s transition aone ia which the large cells of 

the pulp give way to the saaller cells of the sesocarp* ?he 

pulp in such a situation sight he sailed a pseudo^sareotesta*

So far, 1 have seen a pseudo-sarcotest* in D« pyrrhocarpau 

g* togos^oifeSfi D« peaflu^a^ P« 3,atis«^ala and D» dictyoneura, 

of which spirit*preserved fruits have been available for study. 

It is also present in D* c^alabjirica (fig* 5^ in Corner l.c»). 

It is impossible to deduce, with eertainty, the presence of 

sush tissue froB a study of dried fruits, hence we ^ust expect 

cany additions to this list ia the future as sore pickled or 

fresh saterial becoaes available*

Zn i)« eonfertif^ora« edibility seeas to be transferred 

from the perisarp to the epidersis of the testa* la development, 

the epidermis of the younj seed beooaes securely cemented to the



pericarp. As the fruit ripens f the epidermal cells of the 

testa swell greatly» becooe filled with a jelly-like translucent 

white substance* and eventually the cross vails rupture* When 

the fruit ie out open at this staget the seed is seen to be 

surrounded by a translucent white pulp. Under a sioroscope 

(fig* 1*12 ) the pulp is seen to be non-cellular except for 

the rett&i&e of the epidermis part of which its attached to the 

pericarp and the rest to the seed*



V

Fig.1.10. Testas in transverse section (left) and surface view 

(right): (a) D. wallichii (b) D. ferrea (c) D. sp. ncv. (FRI 

(d) D. borneensis. All at *fOOx.
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pyyrhocargai pericarp aad aoodsFig* 1*11*
(a) transverse section of nature fruit with seven seed* 
fully developed and one aborted* all surrounded by pulpy 
endoearp which adheres to the seed foraing a pseudo** 
sarcoteetfe* lx| (b) transvorso section of part of young 
fruit showing taaature pneudo-flareoteetat 50x* Mote 
contact sons of epideraal layers between testa and pseudo* 
aareotosta and absence of suoh a sono between the latter 
and the rest of the pericarp*

osi endospomi pat psoudo-sarootesta (pulpy endoearp) | 
ti testa*
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Fig* 1*12* Diospyros confer tlflorat traaarerae section 
through pariearp and part of seed, ahoviag tha ruptured 
•pidamie of tha taata and the jelly-like aubatanea 
released*

eat aadoapamt e»tt epidermis of toataf pot pericarp | 
a»ot atoaa cells | t: testa*



Seedlings and germination.

Studies on the seedlings of Paospyros have been 

published by Lubbock (1892) on P* embryopterig* Wright 

(190%) on P* acuta, P* affinis. P* attenuata. D* crumenata. 

P* ebenum* P* embryopterist P« gardneri. P* hirsuta. D, 

iftsignis. tty m on tana. P* aoonii. D* oocarpa. P* ovali folia. 

P* grurlens* P* quaesita* P* sylvatica, P* thwaitesii and 

P* toposia and Troup (1921) on D* embryopterle and P^ 

nel&nozylon. To this liat, X now add p* confertiflora. 

P* maingayit P« siamang, D* toposioides and P* wallichii. 

making a total of Zk species, all from the Indo-Pacific 

region*

In all these species, germination first becomes evident 

by the emergence of the radicle out of the mieropyle* The 

radicle develops into a strong, usually black, taproot* An 

arched hypocotyl slowly develops, and as it straightens out, 

it lifts up the seed body* After this stage, there is a 

divergence of behaviour between the speeies*

Wright divided his speeies into two groups according to 

behaviour of the cotyledons* Zn P* ebenum* P* gardneri. 

P* sylvatica and P* montana* the cotyledons emerge and 

become phot©synthetic. In his other species, the cotyledons 

have ne photosynthetie function, and are dehisced very early* 

Often, the plumule in such eases would be trapped in the 

seed-shell (composed of testa and endosperm)* The decay of 

the dehisced cotyledons and endosperm leads to infection of 

the trapped plumule and death of the seedling ensues* To 

this "suicidal" mode of development, Wright attributed the 

rarity of some of the species involved*



Troup did not comment on Vright f s observation although 

one of the two species he examined, p« esbryopteris* comes 

under Wright's "suicidal" class* In his account, the cotyledons 

of both 0« aelanoacrlon and P* tmbryopteris are either east 

off with the eeed-shell, or they emerge and are then east off, 

almost immediately* It is clear that in either case, the 

cotyledons do not function as photoeynthetic organs*

My own observations suggest that cotyledon-behaviour 

in Indo-Paeific speoies of Dioapyroa falls into three olasses 

AS set out in the scheme below, into which the observations 

of tfright and Troup and can be easily fitted*

In the first class, the cotyledons function in germination 

initially as organs of digestion* As the endosperm is absorbed, 

the cotyledons enlarge and pressure builds up which eventually 

splits the testa* The cotyledons, now free, function for several 

months as photosynthetic organs* In this class, belongs 

P* wallichii* P* confertiflora* D* eiaaan^ and Wright*a first 

group comprising D* ebenuju P» pardnerU P* sylvatica and 

D« aontana* Although Vright does not mention the fact, the 

endosperm is almost fully absorbed when the testa is cast off 

(fig* 1*13«). Another important point is that the testa splits 

along the plane of the vascular loop* I have observed when 

examining seeds of herbarium material that the vascular loop 

of the seed ia Plocpyros is a line of weakness* Boiled seeds 

win usually crack along this line, and old seeds often show 

fraying of the vascular strands* The arrangement of the 

cotyledons, in the plane of the vascular loop, places them in 

the best position for applying pressure to the line of weakness, 

but a high degree of pressure is built up in the eotyledonary 

stalks as well, as may be deduced frost the appearance of the



cotyledons in fig* l*l£a* The cotyledons, at first hald 

vortical!/ within the testa, are refloated a full l3o degrees 

on eaergane** aa if suddenly flicked backward* • It takea 

aeveral days for the cotyledons to expand* harden and assuae 

the horizontal position which they then Maintain until finally 

shad* several utontSi& afterwards*

la the second class* nay be placed Troup'e 3>»

and {j« oabryopteris. all of Wrifiht's "suicidal* speeies via*

hircuta« 9> iaaignis> 2)« aoonii, !>• oocarpa, £>• ovalifolia. 

D« pruriens, !)• auaeaita* D» thya^teeii* D^.topoela^ and one 

of the apaaies I examined, Dt topoploidfra^ These apeoiea 

share in common the fact that the cotyledons do not have any 

photosyathetlc function* In 1)*^ , topoaioidee • of which X had 

one aeedling under obaervationf the cotyledons absorbed the 

endosperm and in expanding slight Iy9 brought about a saall split 

in the teata* Insufficient final pressure was developed to split
• v

the teata off* Instead the cotyledons gradually weakened and 

died inside the seed«*shell* The plumule! trapped between the 

cotyledons inside the shell « became weakened and infected* and 

the seedling soon died* I cannot believe that this course of 

events is inevitable since i)« topoeioldes is not a rare plant* 

together with B« toyosia. with whleh it ia very closely related 

(perhaps oonspeeifio}* it ranges froa India to Borneo* X 

expect that a good proportion of seedlings f perhaps the more



to accident* Too successful splitting off of the seed~shell 

ia the crucial part of the operation. This iaf aa vo hare 

soon in the first elaaa of seedlings, achieved by strong 

pressure developing; in the ootylodonary stalks* In the second 

class of seedlings, the cotyledons, at the ond of thoir digestive 

role, are duo to be ehedf thoir stalks develop linos of weakness 

i*e* dohiaconco sonos* But weak cotyledonary stalks are 

incompatible with the final role of the stalks which is to 

split off the seed-stall* fas probloa has to bo resolved by 

exact timing * strong pressure developing in the stalks, followed 

by dehlscence. It the latter proooss begins too soon, failure 

results*

i 
In the third class of seedlings* wo see &ov a bettor

solution to the probloa has evolved* In this class may bo 

placed 3X» galngayi and probably all species of tho subgenus 

Hiersiodendron* Here, tho need is deeply ruminate and the 

vascular syatea branched* The ruminations run longitudinally 

and deeply embedded la each is a branch of tho vascular system, 

(see fig* l*8o}* Hence the vascular system here does not provide 

a simplo lino of weakness along which the seed-shell may bo
9

split* In D« aaiaaayi. the seed body is lifted up partially 

and remains at an inclined angle until too endoepena has been 

absorbed (fig* l*l>d)» The cotyledons are then dehisced, and 

the seed-body slides off exposing the tightly rolled plumule, 

The hypocotyl now straightens up and tho foliage leaves unfurl 

(fig* 1*13*)» 2*ho efficient manner in which tho cotyledons 

are oast off, narks this as a specialised mea* of gemination 

within the £benaceae« corresponding to a well-defined taxonomic 

group*



Terminolo

Tho cotyledons la the third class are definitely noa- 

emergent* Those of the first dace aro definitely eaergent* 

Thoae of the eecond class aay therefore be teraod s«b*eaorgent*

The classic terms wepigeal« and "hypogeal," referring to 

whether the cotyledons are "epread above" ground or raaaia 

"below ground" (Jackson, 1928) have been criticised by Jtek* 

(1965) a* being etymologio&lly incorrect because in nature^ 

aeeda geroiaate on the surface of the ground rather than below* 

fie proposed the adjectives "phanerocotylar" and HcryptocotylarM , 

indicating whether the cotyledons are emergent or non-e«ergent 

from the teata during geminatiout to replace the tema nepig»alH 

and "hypogeal** respectively* X think the distinction between 

cotyledoas eaergent and noa»e*erg«nt ia an important one but 

it ia a odatake to equate theae two oonditiona with epigeal 

and hypogeal* The ethnological problea ia unimportant coap&red 

to the acre fundamental problem that there are more variation* 

ia gemination behaviour than can be covered by two terms.

It aeerac to ae that the concept of epigeal versua hypegeal 

involves two independent variables, (a) whether the cotyledons 

emerge from the aeed or not f and (b) whether the cotyledons are 

lifted above the ground or not, i«e* whether a prominent 

hypocotyl develops* In theory, fear possible situations can



covered by either of these terns* Neither is the second 

condition, of which an oxaaple is illustrated by Lubboek (lB929 

lacuna sp* p. 202) • Mr* f • White has recently found that the 

African Pioapyroa lycioidea, behaves ia the sane way i*e* the 

cotyledons oaorgo and become phot©synthetic at ground level* 

In a general scheme for describing germination, it would 

allow for greater flexibility if tho behaviour of the cotyledons
*

and the behaviour of the hypocotyl are described separately, 

aa waa done by Lubboek, rather than rigidly coabined in two
: '"' • • H *

contracting teraa which do not cover tho full range of expreae* 

ioma that «ay bo encountered in nature*

To complete this account of seedlings in Sbenaceae* it 

nay be mentioned that the epicotyledoaary leavea are alternate 

(apiral) but the first two aay be sub*oppo«itc. !?• pruriena 

is exceptional ia that tho earliest leaves are reduced almost 

to scales (Vright l«e«}» In general however, the seedling 

loaves do not differ greater from adult lonvea of tho saao 

apeoios oxeept in boing smaller*
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Fig.1.14. Types of germination.

A. Hypocotyl prominent, cotyledons emergent; most 

species in Ebenaceae, although in many, the 

cotyledons sub-emergent only (see text),

B. Hypocotyl undeveloped, cotyledons emergent; 

D. lycioides.

C. Hypocotyl prominent, cotyledons non-emergent; 

D, maingayi*

D. Hypocotyl undeveloped, cotyledons non-emergent; 

not observed in Ebenaceae.



A description of Kbeaaceous pollen has been published by 

Brdtiaan (l%6») f based on material of piosyyros bipindeagis* 

P* jff rroa* l>* viridUtiatMu auclea tomontosa* Haba wmrneckei* 

Helena g^afrra* 1 have studied material of 45 speoies (Appendix 

1) all of which exeept one, I)* ferrea* have not been examined 

before* Hy list includes three species of Suclsau represent** 

tives of jioysnm and Haba (nsv beta reduced to Qiospyrog) and 

representatlvea of nearly all sub-genera and sections in 

&akfc«iseft*s classifieation of ^oap./roo« fhs eaterial was 

propared by acetolysis following the schedule in Appendix ,1* 

A few spesiss vere also exasined by scanning electron Microscope 

(Appendix ib )*

The pollen is remarkably uniform i 3 •» colporate, oblate 

spheroidal to prolate /p/e(0.9)l.2-0>57, smooth to very finely 

warty with era usually lale&gate*

Tho main variations are in siss* shapot and ora appearance* 

Zn fig* 1*1$, polls* grains of 9 species are illustrated to 

represent tho full range of variation observed in the family* 

In fig* 1*16 are matched photographs of 5 species taken by 

light microscope and £*£*!!•

are generally laloagatOf sometimes very prominently so 

(s*g* Pi Jisfl ffiTiTn-T **•* 1*13^ )t sometifiies with lateral edges 

indlsti&ct (e*g* 0* topos^^oidffB fig* l«13f>« rarely indisting^ 

mishabls (ff« luMif ppU» fig. l*15b>*

Siso and shape as observed on mounted material are dependent 

to some extent on tho ability of tho grains to resist shrinkage 

during preparation* Whom suspended in water or alcohol, grains 

swell up to maximum rouadness9 but whoa counted in glycerine



Jelly t *ome shrinkage often takes place along the furrows* 

Shrinkage is most severe when the grains are being air-dried 

for scanning electron microscopy* Bat some grains hardly 

suffer aay shrinkage, perhaps because they have thicker walls 

relative to grain siee. The following comments on sise and 

shape are based on the most distended undamaged grains ia each 

preparation*

The sise range observed was 24 x 20^ (D« ferrea* fig* l*15a) 

to 75 x 60/A (0« argentea* fig. 1*15 h) i.e. the largest grains 

being 3x the linear dimensions of the smallest* Within each 

anther the largest grains nay be up to 50£ larger than the 

••sliest, but most grains in sash anther are about the saae 

sise* When the species are arranged in order of pollen sine* 

it becomes obvious that variation is overlapping and smoothly 

continuous*

Shape varies from prolate) to oblate spheroidal (j/e 1*5 - 

0*9 ), All grains have polar axis longer than equatorial axis 

i«e* prolate to subprolate (j/e 1*5 - 1*2) except P» oau^iflora 

(p/e 1*0 - 0*9 )» In polar view, the grains are three-sided, 

with sides convex to concave, and with nil possible degrees of 

intermediates* The concave sides are probably artifacts caused 

by shrinkage in preparation*

S*S*Jlft photographs confirm that the pollen walls are 

smooth to very finely warty» The colpi (furrows) arc distinct 

but ora are not visible externally except where ora and colpi 

cross each other, and the thin membrane where the crossing 

occurs, has ruptured*

all
All in- the pollen of Ibenaccae is quite homogeneous and 

provides no characters for sub-division of the family*
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Fig. 1.15. Pollen at lOOOx. (aX D. ferrea (b) D^ 
latisepala (c) Euclea schimperi (d) D. sumatrana 
(e) D. maingayi (f), D. toposioides (g). D. hermaphroditica 

D. argentea (i) D. cauliflora.



Fig* 1.16. Pollen:: (a) - Cg) light-microscope photographs 

at 300x; (h) - (l) scanning electron microscope photographs 

at ?00x. (a) & (h) D. lotus; (b), (c) & (i) B. maingayi; 

Cd), (e), & (j) D, pentamera; (f) & (k) D. villosa; (g) & 
(l) Euclea divinoranu



Hie secondary styles) in Sbenaceao has been fully described 

by Ketealfe * Chalk (1950). X have re-examined 89 slides from 

the Commonwealth Forestry Institute collection belonging to 

$6 species (table

Features which characterise the family are (fig* 1*17. 

1.18) t Vessels solitary and in radial multiples of 2, 3, 4 

or (sporadically) more, with simple perforations! pita small 

(to 8u diameter) between vessels aa well as between vessels

and ray cella or parenchyma* Parenchyma predominantly
scattered and 

apetraeheal^ia numerous unieeriste limes| sometimes also

forming vasicentric sheaths round the vessels* Rays 1*2 

cells rarely to 3 or b cells widef less than X mm* night 

heterogeneous* Fibres with email pit«| walls thinner than 

lumirta, rarely thicker*

Major sources of variation are in (1) number of vessels 

in each cluster (2) arrangement of parenchyma (3) width of 

rays (4) thickness of fibre walls*

41

guaber of veaeele per cluster* Solitary vessels are 

common in the family ms a whole, and present on every specimen 

examined, but all specimens also have radial clusters of 2 or 

more vessels, am seen in transverse section* In table 1*4 

column 1, the dominant pattern i® given first, followed by 

rare numbers within brackets e*g* 1 - 2(-7) moans that 90S* 

of vessel clusters have 1 or 2 vessels each* the remaining 

105* have > - 7 vessel* each*

Parcachyiaa io predominently apotrachealf mostly in 

uniseriate lines but with some cello scattered* A few 

parenchyma cells are usually found adjacent to each vessel



cluster* IB about 35% of th0 speeisens seen, such cells formed 

a nor* or less complete vasi centric sheath of one-cell 

thiekaess, In the table* column 3t the entry + indicates 

that on the specimen, over 75$ of vessel clusters had a sheath 

composed of over 75^ parenchyma*

The only deviation froa uniseriate lines of apotrmcheal 

parenehyoa was observed in P« varie^ata with a mixture of uni- 

and bi-aeriate lineo (table eolurnn

|ay v^ldth is nearly always 1 « 2 celle, rarely to 3 or 

%• In table eoluam J»9 the dominant (90^) pattern is given 

first* followed by rare values within brackets*

wall frhic&nega is indicated la table column 5 by 

the sysbols < , = f > which means vail thinner than luaent 

equal to lumen, thicker than lumen, respectively* VaUe equal 

to or thicker than lumen were s«@n on only 11 speeiisana*
v- r

la general the wood is very uniform in £benaceae« Such 

variation as there is does not appear to correspond to any of 

genera, sub~gener* sr sections that have been defined in the 

past* There are no striking internal discontinuities in the 

variation pattern of any character that say be worth further 

study for possible use in a new iafra-facily classification.
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Table 1.4« Wood characters.

(1) Number of vessels per cluster: 90%(

(2) Parenchyma: +: scattered and uniseriate

-: Scattered, uniseriate and biseriate,
or «»re

(3) Vasicentric sheaths: + : conspicuous (75%/of vessel- 

clusters with sheaths 75%- 
100?£ complete) 

-: inconspicuous

(4) Width of rays, expressed as number of cells: 90%( 10%)

(5) Fiber wall thickness:< narrower than lumon

= equal to lumen 

> thicker than lumen

LD.abyssinica IFI 83
IFI 
IFI 18270
Q5

2.D. australis -
3.IU brachiata FPRL 4559

IFI 15887 
IFI 4485

4.D.brandisiana IFI 2379
5.D..burmanica FPRL ^563

IFI kl6 
IFI 2699

6.D.crassiflora IFI 1601
IFI 5*f*fl 

7.IU decipiens IFI 7620
IFI 10612 

S.D^diepenhorstii
IFI 7619

9.D. ebenum IFI il3
IFI 158

10.a.ehretioides IFI 6506 
ll^D.embryopteris

IFI 1975 
FPRL 159 
FPRL 6048

12.D^foxworthyi IFI 15899
IFI 10559 
IFI 10555 
IFI 10540 
IFI 10514

13.D*gabunensis IFI 4062
14.D.glandulosa IFI 2698
15.D.hoyleana IFI 18276
16.D.insculpta ; FPRL 666l

FPRL 6660/1 
FPRL 5720

17.D. kaki FPRL 1351
FPRL 16984 
IFI 2086

l8«D.kamerunensis
IFI 5887 
FPRL 5472 
IFI ^097 
IFI 3772 
FPRL 5472

19.D. kirkii IFI 18277

;(2) (3) W (5)
i-M-8)

h-2(-6) 
H-4(-12)

1-2C-3)

l-3(-7) 
l-5(.-6)

il-4(6X 
jl-4(6)

il-5 
l-3(-6)

i

l-2(-4)
1-2(3) 
1-3(8)

1-5

1-4(-6) 
1-3(-5)

1-3(-5) 
l-2(-3X 
1-3(-5)

1-2(6)

l-4(-7)
1-2
1C-4)

-»• —

i 1-2 
K-2) 
1-2 
1-2 
1 
K-2)
K-2X
1-2
1
1

1-3(5)
20.IUlatisepala IFI 15007 l-3(-5).

11
1-2 
K-2)
K-2X

1-2

1-2

K-2) 
K-2) 
K-2) 
K-2)

1
1(2)
1-2
K-2)
1-4
1
K-2)
K-2)
1
K-2)
1-3
1-2

1-2(3)
1-2
1
1
1-2
1-2
1-2



'(2) (3) (5)
21. EU lot us
22.D.lucida
23»D.maingayi
2^f«D«malaccensis

25.D.melanida
26.D,mespiliformis

27.D.montana

aS.D.moonii
29.D.multiflora
30.IUoblonga
31.D.oocarpa
32.D..pendula
33.D.pentamera
34-.D.piscatoria

—
IFI 8680
IFI 7621
IFI 8751
FMS 108^ i
FPRL 264-1
FPRL 64-28
IFI 51^6
IFI 6884-
-
FPRL 1218 i
IFI 714- j
IFI 18273 '
IFI 15857
IFI 1306
IFI 7^6
IFI 11115
IFI 84-95
FPRL' 64-94-

35.DL.polyalthioides IFI 7573
36.D.pseudo-malabarica

37»D.quaesita
38.D.rufa
39 .D . sanza-rainika

4-0 . D « sumat r ana
4-l.D.tomentosa
4-2«D-.toposioides
it iL 1^ 4°^*^ cs^* T fs
^T ~J A *J A vjL JL O V J* O

4-4- «D . undulata
4- 5 • D . var i e gat a
4-6.D.vestita
4-7 .D ..virginiana

48.H.wallichii

IFI 15798
IFI 1308
IFI 7615
IFI 4O4-6
FPRL 5^91
IFI 4-719
IFI 2^91
FPRL 6050
IFI 105*fl
FMS: 1083
IFI ¥*95
a 54-20
IFI 8203
IFI 3219
EPRL 9708
IFI 1975

4-9.Euclea divinorum IFI 18274-
50.E.lanceolata
51*E.multiflora
52 *E « schimperi

53.Maba buxi folia*
54-.M.geminata*

55»Royena lucida**
56.R.sericea**

IEI 11195
IFI 18272
IFI 18275

IFI 716
-

IFI 6805
IFI 18271

l-3(-5) +
1-3 (-11) +
l«2(-4-> +
1-3 +•
1-3 4-
1-3C-6) 4-
l-3(*-Jf) 4-
l-if(-7) 4.
l-^(-5) +•
1-4- (-11) 4-
l«3(-4) 4-
l-2(-3/ +
1-4- (-13) 4-
l-2(-5X 4-
l-2(-5X 4-
l-3(-5) 4-
l-3(-5) +
lr2(-3) 1 +
l-2(-4-) 4-
1-2 ( -4- )/ i 4-

i

l-3(-6) ! +
l-3(-6) ' 4-
l-3(-2f) ! 4.
l-2(-5) 4-
l-3(-7) +
l-2(-5) 4-
l-3(-8) +
1-3(.16) 4-
l-3(-5) +
l-2(-3) +
l-3(-7) +
l-4(-6) -
l-3(-8) +
l-^(-8) +
1-3 *
l-2(-5) +

l-3(-5X 4-
l-/f(-5) +
l-^f(-7) +
l-4(-8) 4-

l-2(-*f) 4-
l-4(-10) 4-

l-3(-9) 4-
1-3(6) +

4- 1-2
- K-2)
4- 1-2
- 1-2
- K-2)

1-2
- K-2)
- K-2)
- 1-2

1-2
1-2

4-1

4- 1-4-
4- 1-2

4- K-2)
- K-2)
- 1-2
4- 1-2

4- K-2)
4- 1-2

- 1-2
- 1-2-

r
- 1

1-2
- 1
4- l(-2)
- 1-2
4- 1-2
- 1

'' + \ 1
- 1-2
4- .; 1-2
4- 1-2
4- 1-2:
4- 1-2

4- l-2(-3'
- 1-3
4- l-3(-*K

i - 1-2
i i
1 4- 'l

- 1-2

- 'l-^
+ K-2)

*

<
<

; <
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: '<
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* These two species of Maba have been reduced to Mospyros 
ferrea*

**Royena has been reduced to Diospyros*
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Eig. 1.17• Secondary xylem of Diospyros latisepala;
(a) transverse section 150x; (b) transverse section 50x;
(c) tangential section 50x; (d) radial section 50x.
In (a) note that the parenchyma is scattered, in vasicentric
sheaths, and in uniseriate lines.

f: fibre; p: parenchyma; r:: rays; v: vessel.
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Fig* 1*18 » Secondary xylem of Pioaros
in transverse station! (a) 156* (b) 5Qx« Hote that 
parenchyna io in uniseriat« li&«at with a few scattered, 
but not forming veusicentric sheatha*

ft fibre | pt parenchy«aj rt ray| vj



Aftar examining the spidered* of tho seeds of 22 species 

(AppendixIl), described under tho flection "gynoeciua, fruit 

and seed"* I booaeo interested in the taxoaoaio possibilities 

of opideraal hairs* Initially* tho hairs oa tho ovaries of 

tho 76 specie© in table 1*3 ware exaained* Supplementary 

observations wore aado oa calyces* corollas and finally on 

leaves, with regard to loavos* opidoroal preparations of Jtl 

species wore aado according to tho aothod described in Appendix 

III. Transverse sections vere also made whenever necessary* It 

became apparent as tho study progressed that, unlike wood and 

pollen which are relatively uaifora throughout the family* 

tho epidemia offers a range of potentially useful characters 

for infra-family classification* Table 1*& suisaarlsee tho 

main features observed* ,

four kinds of hairs were detected (fig. 1*19): (i) aulti- 

oellular glandular (ii) unicellular siaple (iii) unicellular 

twe^araed, (iv) peltate* faia fully confirms the range of 

types established by Solorodor (1908 t 191*0.

Hulticellular glandular hairo are clwb-shaped, consisting 

of a narrow uniseriate atalk and a swollen uaually multi* 

oellular head* Apparently unicellular heads occur in Pffii 

chretioiAes and D^ fylvatica* Tho heads oventually disintegrate 

30 that oa old organs, only tho stalks aay bo soon* Such hairs
p

«ve s«M)timo® concentrated oa particular organs (e»g, calyx or 

ovary) f aoaetiaoa dispersed over several organs, but in aaay 

species they are ecaroe, sporadic, aad detectable only aftor a 

hard search among unicellular hairs* It will not bo surprising 

if ouch hairs are eventually detected la Boat species of tho



faaily* A* they have never boon recorded for other faailioa

Sb»aaloaa auch glandular haira may prove to bo diagnoatio

ibonaooao within the Order.

2* 
3.

7*
a*
9*

Dioapyros aurgo&toa 
9* earpiaif olla 
#• oauli flora 
P* dietyoneura 
D« discolor 
0* ebemui 
H* ohrotioidoa 
D. kakl
D« latiaopala 
0* lottta 

oalabarioa

12* 
13. 
1**

13* 
16.
17* 
IS* 
19*

D, autaaa 
D. oldhMi 

rigida

0* roxburghii

D» aylvatiea 
&* topoaioidoa 
9* nalliohii

aoaroot on loavoa 
•oaroot oa loavoa 
ac«rce9 oa loavoa 
ovarios and oorollaa 
eoare«| on leaves 
omlyx
aoaroo* on loaves 
leaves and calyoes 
calyces and oorollaa 
eoaroot oa ealycee 
very dense on ovaries 
and fruits 
scarce, oa loaves 
leaves and calyces 
deaaot on ovaries and 
fruits
calyces and leaves 
scarce 9 oa loaves 
scarce, oa leaves

of

leaves
leavesf scarce on ovaries

Africa| glandular hairs occur in several species 
Herons. Solereder (191%) has alao observed thea 
Totraclis clusiaefolia* 7

are simple or tvo-arasd* If 8iaple 9 

thoy may occur in clusters (tufts) of two or acre, but such 

clusters are rare. 1m Indo-Paoific species, X have seen only 

sporadio olujBters of two, never noro* hairo. But Hrs Cavenoy 

has dram »ay attention to |U f^us^ro^f fr^cana in vhioh donao 

tufts oeeur* In tvo-araed hairaf the arms are usually quite 

unequal. On nearly all tho loaves oxamined9 the unicellular 

hairs were cither oiaple only or two-amed <mly, but in Dg_ 

cauliflora* D. elaeriiff and H« riaida. both types were foundeiHBPilHMiPMBivvie^we^Hi^^^^v ^^^^^^^^^^^^^^^^^^^^^^^^^^^f ^^^R^HHMMiei^^m^^^^w^H^v L



•a the sane leaf* In D» foxworthyj both types vert also seen 

but they can be arranged in a smooth sequence from simple 

hairs which are all snail and deeply stained to large unstained 

hairs all of which are two-armed* The arms are always unequal. 

My interpretation ia that in 0* foxworthari* the small deeply 

staining hairs are young and that as they mature* they develop 

a second arm and finally lose their cell contents in old age* 

Consequently in table 1*6 f P« foxworthyi is entered as 

having two-armed hairs only* This example strongly indicates 

that the simple and two-armed eonditionm in Ebenaceae are 

developmental^ very simple modifications of each other*

It ia unusual to »ee a aequenee of developing hairs on 

a mature loaf preparation! beoauae hairs usually develop 

precociouely« and* in many species* are shed as the organs 

bearing them become old, the degree of persistence of 

unicellular hairs varies greatly from species to species* 

Each unicellular hair has a basal portion or foot embedded 

in the epidermis, taking the place of an epidermal coll* 

As the hair grows old, loses its cell contents, dies* and 

drops offt it leaves behind a minute pit looking like a small 

domatium or gland* Such pits often form a regular pattern 

on the mature glabrous leaf*

Peltate hairs were first observed in D« hildebrandtii* 

P* aodosa and D« aelanida (Solereder 1914}« In Dn frildebrandtii* 

they occur densely on young loaves but are mostly lost on 

mature ones except where sheltered ia the upper groove of the 

midrib* Similar hairs occur ia Euclea undulata where they 

were described by do Winter (1963) as "rust-coloured glands"• 

la other species of Buolea, do Viator also mentions specks 

of *rust-brown granules*1 or "rust-brown granular exudate" on 

leaves« inflorescences or calyces* these are probably all 

peltate hairs* Xa P« hildebrandtii and B* undulata» such hairs



consist of plates of 6 * 10 or sore radiating colla attached 

centrally by « uaieorlfite atalk of 1 • 4 cells*

•taaata aro locatod oa too lower epidermis of leaves. 

The guard colla, walch in surfaoo view vary littlo from specie* 

to spociost aro levol with other opidoraal eolla or slightly 

protruding or slightly sunken f but la five species y D« argontof• 

P« discolor* P« amboinepsis. P« l^olin and %, poacoi* they aro 

deeply sunken and surrounded by papillae* Papillae aro 

described ia moro detail below* In D« auatro~africana* stomsta 

occur in the bottom of crypts*

Ordinary epidermal cells, t»o* those that aro aot guard 

colla nor hair*feoariag cellst vary in shape and oise, as seen 

ia surface view* In outline9 the walls (anticlinal walla) asy 

bo straight, ciunrod or undulate (sinuate) but all degrees of 

gradation aro aeen froa species to species, and it is oonaoquontly 

inpoaslble to divide up this character into sharply defined 

states* In table 1*6 only two states aro given, non-undulate 

(atraight or curved) and undulate* The outlines of colla in 

the upper opidoraia may differ fro* those ia the lower of the

same loaf* in general, 8taeo'a (196$) observation that in
> 

loaves with undulate opideroal colls, the amount of undulation

is greater oa the lower than upper epidermis, la confirmed ia 

gbenaceao. but ono exception i« % diopenhorstii which showa 

tho reverse*

Epidermal coll siao ia difficult to measure boeauao of 

the Irregular shapes that stay bo involved* My impression ia



that variation ia smoothly continuous from the smallest te 

the largest 9 regardless ef shape*

Subsidiary eella* The eeUe around eaeh stoaa vary in 

nuabor from > to 9» bat b *> 6 ia the commonest range encountered* 

In general t such eelle do not differ froa other epidermal eells 

and the condition 10 described as anoaooytie (Metealfe & Chalk 

1950) but in some species t they differ soaewhat in shape, sise, 

or orientation (fig* 1*20)* Za all such cases t Stace*s (196$) 

tera "eyeloeytie" aight be applied in a broad sense for lack 

ef a better tera although strictly* "eyclocytic** should only 

be applied when such subsidiary eells fora a narrow ring i*e* 

when they are elongated taagentiaUy round the stoaa (fig*
•*

l«20b), a* ia 0« sylvaticsu Df buxircflia and P* argentea* In 

P* lanceifolia, subsidiary eelle are recognisable by being 

distinctly aaaHer* la the eoae ef the apeeiee described below,
i,

subsidiary oeHa are distinguished by the arrangement of papillae*

Papillae (fig* 1*21) are projections froa the surfaces of 

epidermal eella* They occur on the lover epidermis of %
i

argentea* 3>« discolor, D« aaboinensis* % Tlolia« D« poncei,

P« lottts, Qft aus trails and (fide Selereder 1908) Dft pentaaera,
*

Itt 9* argeiiteaifi P* discolor and D« ponoei* each cell bears a 

papillat aere or less centrally placed* In 0* anbolnensis and 

P» lolia^ papillae tend to be restricted to the cells around the 

sunken atoaata* the correlation between papillae and sunken 

ateaata is taxoaomieally significant because the five species in 

whieh these two characters appear together aeeaf on other 

evldenee te belong together* All of them ezoept P« poocei were 

in fact placed together ia seotioa Hbenasfrer by Bakhuiaen, The 

pesitioa of 1* yoacei therefore needs to be re-assessed, in 

j>e lottta* D« auo trails and presumably Dt pentamera. the papillae 

occur eae te eaeh eell but the stoaata are not sunken* In Difi 

lotus papillae are indistinct or absent on aoae specimens*
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Table 1.6. Epidermal characters.

(1) Glandular hairs: + observed
- not observed

(2) Unicellular hairs: 1 simple,1* tufted
2 two-armed 
- not observed

(3) Upper epidermal cells: und undulate
non non-undulate

(4) Lower epidermal cells: und undulate
non non-undulate

.^

(5) Guard cells: sk sunken
ns not sunken

(6) Number of cells around stomata 
(50 Stomata; ano anomocytic

eye cyclocytic 
(8) Papillae: + present

- absent

Specimen 1 2 4 5 8
1.

2.

3-

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

D. 

D. 

D. 

D.

D*

D*

D..

D.

n.
D.

D..

D.

n.
D.

]>.

D.

D*

D-.

ambcinensis 
Teysmann 1917 
argentea 
FRI 11175 
australis 
Cunningham s.n. 
aus tro-af ri cana 
tfurts 1485
bridelii folia
Elmer 9722
buxi folia
FMS 13242
carpinifolia
Achmad 108l
cauliflorai
FRI 8562.
clavigera
RD 658
confertiflora
FRI 2809
diepenhorstii
SAN 16696
discocalyx
SAN 26208
discolor
Abu Bakar s.n.
ebenum
CF 105
ehretioides
Kostermans 728
Kerr 114?
elmeri
SAN 213629
ferrea
FRI 5153
CF 8?4
Hoogland 6198'
foxworthyi
FRI. 12546

i

2

+ 2 

— 1 

1*

1

1

+ 1

+ 1&2

-

1

- i

2

+ 2

-

+ 1
+ 1

- 1&2
*

1
1
2

2

non 

non 

non 

non

non

non

non

und

non

non

und

non

non

und

non
non

und

non
non
non

non

non 

non 

non

non

und

und

und

non

non

non

non

non

und

und
non

und

und
und
non

non

sk 

sk 

ns 

ns

ns

ns
r-

ns

ns

ns

ns

ns

ns

sk

ns

ns
ns

ns

ns
ns
ns

ns

5-7

4-6 

6-8

5-6

4-6

4-6

3-4

4-7

4-6

4-6

6-8

5-7

4-6
6-7

4

4-6
4-6
4-6

4-5

eye 

eye

ano

ano

eye

ano

ano

ano

ano

ano

ano

eye

ano

ano
ano

ano

ano
ano
ano

ano

*

•¥

-

-

-

-

-

-

-

+

-

•
—

-

-
.

M

«.
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20.

21. 

22.

23* 

24.

25. 

26.

27.

28.

29. 

30. 

31. 

52.

33.

34.

35. 

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

D. 

D.

D. 

D. 

D. 

D. 

D. 

D.

D. 

D. 

D. 

D. 

D. 

D. 

D. 

DL. 

D. 

D.

D.

ru
D*

D.

D.

n.

Specimen

frutcscens 
FKS 23438 
kaki 
Henry 3485 
Savatier 809 
Parker s.n. 
hildebrandtii 
Kildebrant 3319 
kurzii 
KEP 76341 
lanceifolia 
FRI 8194 
latisepala 
FMS 31211 
lolin 
Beguin 2212 
lotus 
Faurie 13303 
Wright 189 
maingayi 
FRI 2807 
FMS ^1735 
laalabarica 
SFN 3447 
montana 
Parkins on 1133 
nutans 
SFN 32304 
oblonga 
FRI 16106 
oldhamii 
Wilson 10262 
packmanii 
Nai Noe 89 
poncei 
Simeon 28?20 
pyrrhocarpa 
KL 2087 
ramulosa 
Thompson 457 
ridleyi 
Ridley 1889 
rigida 
FMS 28622
roxburghii
Kerr 8851
Henry Il6l8
sumatrana
FRI 104586
sylvatica
Haines 2368
toposioides
FRI 6853
truncata
FRI 5963
wallichii
FRI 13049

1 2

+ 1 
+ 1 
+ 1

- 1 

1 

- 1

- 2 

- 1

- 2-

1 

+ 1

+ 1 

2 

- 2 

1 

1 

2 

- 1&2

+ 1
+ 1

+ 2

+ 1

4- 2

1

+ 1

3

und

non 
nor 
non

non 

und 

und 

non 

non

non 
non

non 
non

non 

non 

non 

non 

non 

non 

non 

und 

non 

non 

non

non
non

non

non

non

und

und

4

und

non 
non 
non

non 

und 

und 

non 

non

non 
non

non 

non 

non 

non 

non

non 

und 

non 

und 

non

non
non

und

non

non

und

und

5

ns

ns 
ns 
ns

ns 

ns 

ns 

ns 

sk

ns 
ns

ns 
ns

ns 

ns 

ns 

ns 

ns 

ns 

sk 

ns 

ns 

ns 

ns

ns
ns

ns

ns

ns

ns

ns

6

5-6

4-5 

4-7 

5-6

8-9 

5-6 

6-8

4l6

3-5 
4-5

7-9 

5-6

4-5 

3-6

5-6 

6-8

4-5 

4-6

5-9

5
5
4-6

3-6

4-7

5-6

5-6

7

ano

ano 
ano 
ano

ano 

ano 

eye 

ano 

eye

ano. 
ano

ano 
ano

ano 

ano 

ano 

ano 

ano

eye 

ano 

ano 

ano 

ano

ano,
an oo

ano

eye

ano

ano

ano

8

±

-
-

-

-

-

-

_
Euclea ovata

E.
Faure smith s.n.
undulata
Collino 55

1

_ _

non

non

non

non

ns

ns

5-6

5-8

ano

ano

..

-
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fig* 1*19* HairsI (a) amlticellular glandular« froa ovary 
of P« aalabarica 150x| (b) mixture of aulticellular glandular 
and unicollular 0iaplo 9 froa OTary of D« dJotyoaoura 150x| 
(o) peltate, froa loaf of D. Mldobraadtli 150x; (d) & (o) 
poltato, in eurfaeo and side viov resptctivolyf froa loaf 
of Eucloa undulata
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Fig* 1*19 continued* (f) unicellular two-armed, from 

male corolla of D. rufa 150x; (g) unicellular two-armed, 

but one arm very short, from ovary of D. oblonga 15Ox. 

(h)tufted, on leaf of D, austro-africana I50x.
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Fif » 1*20 » Stoaata and subsidiary cells at
anoaocyti«| (b) $» walliehijl* anomooytiot 

« cyolocytici (d) Dn lancaifolia* nsyelo«ytieN
with 5 - 6 snail subsidiary cells*
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Fig, 1*21* Papillae at 375xt (a) - («) P« argcntea; 

(a) lover epidermis of leaf ia transverse section shoving 

papillae in side viev* aad a sunken stoaaf (b) surface view 

vith epidermal cells in focus} (c) same but papillae in 

focus* Mote that the papillae are distributed one to each 

cell including subsidiary cells* The latter are arranged in 

polygons round the sunken stomata*



X «)

Fig* 1*21 eoatiimad* (d) - (•) P« aaboinensist (d) lower 
•pidamia of loaf ia surface view, with epidermal eella ia 
foeaaf (a) same f bat with papillae ia foeua* Note that the 
papillae are restricted to cells around the sunken atoaata*
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Chroaogoae numbers

Chrottoaoae counts have now beea aado for the 22 species 

of j>io*pyyeg aad two species of jfeolea listed below* Three 

of these counts were made by no during the course of this 

work* la the lietf all the genera recognised by Hiora are 

represented except Hoyen* and Tetraolio. aad all the sub- 

genera recognised by Bakhuisen except Sarfillia and Mabacea*

B, eonfertiflora 

X>« discolor

D* ebenam 

D* enbryopteris 

D* eriantha 

D* heudelotii 

£>* f errea sttbsp* 

sandTicensis 

9* ivorensis 

D. kaki

D. lotus

D* aacrophylla 

D. aalagayi 

D« aespiliforatis 

D« aonbuttenais 

D« aoataaa 

D* oocarpa 

D* sanaa-minika 

soubreana

30

50

90

50

50

50

50

50

50

50

50

50

50

50

50

50

Hg ft Vosa unpublished*

Namikawa et al 1952

Chatterji

Delay 19%

Chatterji

Hcu 196?

Mangenot 3* ft Maagoaot Q*t 1957

Skotteberg 1955

Mangenot S* ft Mangenot <}», 1956

Tasui 1915

Kaxikawa ft Higashi« 1928

Kandkawa et al* 1952

Haaikava ft Higaehi 1928

Maaikawa et al* 1952

Mangenot 8* ft Mangenot Q* t 1957

Hg ft Voaa9 unpublished*

Mangenot S* ft Kangenot Q. f 1958

Hangenot S, ft Mangenot 0« t 1962

Chatterji 196%

Chatterji 196%

Mangenot S* ft Kangenot Q* f 1957

Maageaot S* ft Hangenot Q* f 1962



D* texana 

D» tricolor 

D. Virginian*

D* walllchil 

£• dlrlnorum

fi. natal

30

30

60, 90

90

30

30

30

Baldwin & Gulp

Hangenot ft« & Hangenot a*t 1962

Baldwin & Gulp

KMdkatra «t al,

Kg & Vo6at unpubllsiuid.

Vosaf Whlt« 8t 3tyl«sf unpubliohed,

Vo»af tfhit« & Styles, uapublished,

If w« lgnor« the two approximate countc, by Skottaberg 

ferrea aubap» aandvi<?on«i6) and Yaaul (0* kakl) it becomes 

quite clear that a «l»pl® polyplold aeries 2s « 30« 60, 90 

exlats in the family, with tlw basle number x » 15* Hence the 

fcaryotype enpliaftleee the baalc unity of the faally Kbenaceae 

and prorldea no crou&d« for aubdirldlne lt»



Fig. 1*22. Root-tip chromosomes at l,500x (a) B». maingayi 
(b); P. wallichii Gc) Ifc. confertiflora.
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8uo«aryi n faaily description and diaguesion

Tho proceeding reporta, together with ether aoro generally 

known facts about tho Eneaaceae* May bo combined and awnaariaed 

iftto a ooaoiae family deaoription.

ftoo* or ahruba, without latoac* Loaves siaple, exstipulatej
V «

alternate, rarely oppoaite or 0ub~oppoaite t very rarely in
) 

whorla of three (000* |ttoioa)i with oargiao entire (oxoopt

Euclea ora.t^ orenulate)$ petiolato«

Inflereaeence deter0inate« axillary 9 taulti-»braeteatef

florouot aoaetimea (oapooially it& feaaloa) reduced to 

unifleroua oeaditioa by ottpproaaioa of lateral buds, Tho 

reaulting solitary flower terminatea a braotoato podunele*

Tlowers articulated at baaef uai sexual, aporadieally 

etrmoturfilly hermaphrodite* regular} > - 5 (-B) aerous*

Calyx aootly ganoaepalouaf ooeetittoa polyeopalouot lobes 

valvato or imbricate but abaomt in aoae gaAoaopalous apeoioa 

(calyx than truncate )| poraiatent in fruit, whom oftoa 

aooroscentf apreadine, oreot* or reflexed«

Corolla «72»potalou0| iaooeroun with calyx | tho loboa 

contorted siniatroroely (yar« aporudio exception»)| tube 

alvaya proain«rkt; nook extreraely Harrow to quite wide*

Is male f lover a, stonene (^) - ia - 20 (-lOO)i oommonly 

inserted at baoo of oorolla tubof raroly towards tho nock, 

aeaetlBea on tho receptacle | usually hidden within tho eorella 

tube | of ton in two whorlof anthera ovate, lanceolate, or 

linear, eroott baaifixed, dehiaoins by lon^itudiaal elito
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sometime* gape opea near apex initially to resemble 

poresf filaments free or united in pairs, triada or larger 

faecicleo, or into a central column. Piatillode rarely absent, 

uauaHy represented by a conic lump of tissue without ovules

or styles* sometimes well-formed enough in the teraiaal flower
to be 

of a male cyan for the flower ' structurally hermaphrodite t

and porhape aporadioally fuaotionally so*
i

P/e(0.9)l.2-1.5, 
Pollea globular to ellipsoid ,^tri-colporete, smooth,

la female f lower a f ovary superior, «eaailef multilooular, 

2-8 e&rpellate with corresponding number of styles free or 

basaHy to fully connate* Internally, eaeh oarpel bears a 

pair of ovules, but in all except 11 species, eaeh earpell&ry 

chamber is bisected by a false septum so that each ovule liea 

in its own locule* The resulting number of locules are 

double the number of carpels, i*e» 4, 6, 8, 10, 12, 1%V 16* 

Btaminodes reduced to a single whorl of sterile epipetalous 

lobes fewer in number than stamens of corresponding male, 

rarely altogether absent*

Ovules with apical placenta tion, oblong* anatropous, bitegmiev 

tenuinueellatOf with rapho descending on outer side* Total 

number 4, 6, 8, 10, 12, 1% or

Fruit a berry with fibrous to pulpy pericarp, nearly 

always with a hypoderaal stone-cell layer f indehiscent except 

some African speeiesf always with a persistent calyx at base*

Seeds 1 (by abortion) to 16, penduloua, usually with a 

distinct vascular loop round the periphery; hilum small, apical, 

inconspicuous! testa thin, parenchyaatous soft to leatheryt 

endosperm homy, abundant, smooth to ruminate | eebryo upside- 

down, with two well*4eveloped foliaceous cotyledons and a



atroagly developed radiola*

fteedling vita prominent taproot emerging from apax of 

aaad (through aicropyle); cotyledons emergent and photoay&thatiat 

sub-emergent (shed as it io about to amarga or soon after)

or non-emergent (aaad with aaad body)| a etro&g hypoootyl
M 

develops usually ̂  rarely it doaa not (D* lyoioides) and the

phot osyn the tie eetyladona lie oa the ground*

Vood vith vosaels solitary and in radial multiples of 2« 

3t * •* sporadically oara| vith ainple parforatioaat aaall 

(to 8/» diaaeter) veseel-to vesael, vaaaal-to«rayf and vessel-
ScatftrtJ *nj

to^paranaayaa pita* Parenchyma predominantly apotraehaalt/ in 

awaroma uaiaaiiata llaaaf aoaatiaea fomiag Tasi centric 

aaaataa round the veueela* Hays 1*2 eelle, rarely 5*4 

cells vide | laaa than 1 am* high| heterogeneous* Fibres vith 

pita*

VaiceHular triohones occur on all epeciee and may be 

simple (aolitary except densely tufted in P« auatro«africaaa)* 

ar tvo*armed* Club-shaped multi cellular glandular hairs occur 

aporadisally* probably throughout the family but conspicuous 

only In a fav species* Paltata hairs occur in some African 

and Mauritian species*

Chreaoeome series 2a * 30 t 60t 90} baaic number x * 15 |

moat apeoias diploid*

Piacaaaion

fa* description of taa Ebanacoaa may *>• conaidered ta 

aoaaiat af (a) constant characters and (b) variable characters, 

Constant aharaaters «*g» leaves a lapis » corolla sympetalous f 

arulea anatropoua 9 are uai-state aaaraatara i*a* thay hava a
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•ingle expression throughout the family* Variable characters 

are those that have a range of expressions e*g* leaves alternate 

rarely opposite or vhorled, pistillode present or absent f pollea 

globular to ellipsoid*

From the point of view of describing a taxon, constant 

characters are valuable because the larger the number of such 

characters t the more unified a mental or verbal picture of 

the taxon that can be built up*

is a family with a relatively large number,

so far as amgiosperm families go* of constant characters t- 

tfoody plants without latex* Leaves exstipulate, pe tiolate* 

Inflorescence determinate* axillary* bracteat* flowers 

articulated at base9 regular* Calyx persistent* Corolla 

sympetalous*' Anthers erect, basi fixed, dehiscing by longitudinal 

slits* Pollen tri*oolporate, smooth* Ovary superior, sessile, 

multi*locular, eash carpel bi-ovulatc* Ovules pendulous, 

oblong, anatropous, bitegmie, tenuinucellate, with raphe 

descending on outer side* Fruit a berry with persistent oalyx 

at base* Seeds pendulous; hilum small, apical, inconspicuous; 

testa smooth, parenehymatousf endosperm horny, abundant} 

embryo upside-down, with two well-developed foliaeeous cotyledons 

and a strongly-developed radicle* Seedlings with prominent 

taproots* Wood vessels with simple perforations and small pits, 

rays short and heterogeneous* Basic chromosome number x • 25*

Xn addition, the family has a number of characters with 

one state extremely common and the others rare* Such 

characters are very nearly constant s Leaves alternate, rarely 

opposite or whorledf margins entire very rarely crenulate* 

Flowers unisexual rarely hermaphrodite* Corolla isomerous 

with oalyx (aporadie exceptions), oorolla lobes contorted 

sinistrorsely (rare eporadie exceptions)* Carpel-chambers in



all except 11 species bisected each by a false septum to 

give uni-ovulate locules* Kale flowers nearly always with 

piatillodec, Female flowers nearly always with ataminodes* 

Fruit indehiscont except a few African speciea*

The abundance of constant and nearly-constant characters, 

contributing to a very strongly unified ground-plan or type- 

image of the family, aakes it easy to recognise species of the 

family and conversely 9 to exclude specimens erroneously placed 

in it* In the course of thia work five species ware ao excluded* 

Four of these exclusions have been published (Kg 1970, see 

Appendix 9)*
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secondary xylem of Lissocarpa guianensis in t.s., 150x

PART 2: THE LIMITS of the FAMILY: A CRITICAL

COMPARISON of EBENACEAE with RELATED FAMILIES

of the ORDER EBENALES

Introduction

Secondary xylem

Pollen

Gynoecium

Trichomes

Inflorescence

Comparison with Sapotaceae

Sarcospermataceae

Comparison with Lissocarpaceae

Comparison with Symplocaceae

Comparison with Styracaceae

The taxonomic structure of the Order
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Introduction

Tha Order Ebenales. aa constituted by Bentham and Haokar 

(1873) eoaaiatad of tha families gbeaaceae ft fiapotaceae 

(including aarcosperaaK and Styracaceae (including Syaplocoe

*** iiaS2££E2£>* *» the ayateaa of 'Bugler (196*0, Cronquist 

(1968) and Takhtajan (19^9) f tha coapositioc of the Order 

reaaius unchanged but there have been aoae internal readjuet-

•eata due to the recognition of the aonotypic familiea 

Syap^acaceae and I»igsoc^n>aceae by all three authora 9 aad 

Sarco6per»tataceR«» by JSngler* Engl*r groups the fanilies into

two cub-order a i Sapotineae* caraprieing the two faoiliee

and Sarcoeperaataceae* and **Sbenineae coaprising

Kbeaaceae* 3tyraeaceae« Liseocarpaceae • Symplocaeeae.

fiutchinson (1939) differs from the othera in segregating 

tha faailiee tmto two widely separated Orders t gbeoalea 

comprising Sbepaoeae* Sfpotaceae. Sarcyospenaa^tac ea« , aad 

gtyimaalej ooopriaing gt^yracaceae^ Syaplocaceae> Llesocarpaceae •

* la thia aoceunt9 all references ta Eaglcr refer to the current 

(12th) editioa of tha 'Syllabtts* t unlaaa otherwise specified, in 

which tha fbaRaleii ia by Wagenit*, but the aala outline of 

claaaifi cation af tha Order reaaiae aa it was set by Engler in 

previcue editions*

" The Hoplestigaataceae ia doubtfully placed ia Bbeniaeae ia 

tha Sagler ayatea* It appears ia BJKalegi Violaleo aad

ia the aysteas af Hutchinson, Cronquiot aad

fakhtajaa respectively, far thia study, I have ignored tha 

family.



In this part of tho study, X woe concerned with tooting 

tho limit* of tho Kbenaceae against those families that have 

boon reputed to bo oloaoat related to it* Xt has boon 

established in Part X that tho Ebenaceac enjoys a nigh dogroe 

of internal coherence aa measured by tho largo nunbor of 

characters shared in cowaon by all ita spociss* However its 

validity as a natural group depends not only on ita internal 

coherence but also on ita distinctness from all ita relativeat 

i*o* on the presence of a taxonomic "gap11 (i*o* aim total of 

differences between taxa) around tho Ebenaceae isolating it 

froa othor families of the Order, fho nature of thia "gap" 

ia cloaely examined here but aa a eide-effect of such a study 9 

light ia also thrown on tho taxonomio structure of tho Order 

aa a whole*

For tho purposes of this study v the Order Kbenoles ia 

considered to consist of Ebonaooao* gaj&otacoao^ 3arc oeperraataceae •

, Syreplocacoae and Styraeaceae* Xn asking

oonparlaionst X have used tho literature as a guide but in all 

cases* X have checked tho accuracy of previously published 

descriptions by examining a range of representatives of each 

fanily* For Sapotaeeae and Saroos»or»atite»ao * X have also 

boon ablo to draw upon previous experience in revising theso 

two families for tho froo Flora of Malaya (Kg, in press). 

Tho weakest link in thia account is tho Styracuceae which 

badly needs another world revision because tho number of genera 

has increased since the last (Perkins 1907) froa 6, to 12 

(Hutehinson 196? )§ and aost of these aro poorly understood. 

My iaprossion of tho family is that it is far aore variable 

than all tho others and possesso sharp internal discontinuities* 

The main published soureos X have used aro as follows!

fiapotaeeao I Las (1925, 1927) 

Sarcosporaataooao t Lam (1925, 1926)



Liaaocarpaceae s Oliver (1895)

Qleason (192(>)

Syiaploeaceae s Brand (1901)

van Steenia (19^8)

Styracaceae t Copeland (1938)

Perkins (190?) 

van Steenia (1932)

and also Benthan & Hooker (1876)* Butchinson (1959, 196?) 9 

Bngler (1964)* Cronquiot (1968).

I had originally intended to present the results as a 

aeries of comparisons taking* each time, Ebenaceae with one 

other family and examining their differences* However certain 

organs and structures require detailed commentaries which are 

more conveniently made for the Order as a whole* Hence I 

present these commentaries first, and tabulate the family 

comparisons later*



Secondary Xylem

The materials upon which this comparison of secondary 

xylem is based are 89 wood slides of Ebenaceae. 90 of 

Sapotaceae* 1 of Sarcocpermataceae• 1 of Lissooarpaceae* 

6 of Styracaceae and 7 of Symplocaceae* all belonging to 

the Commonwealth Forestry Institute, Oxford. The Ebenaceae 

list is given In Table IA and the rest in Appendix 5« Table 

2*1 gives a comparative summary of all the families concerned*

Ebenaceae wood is extremely uniform and has been described 

in Part !• The wood of Sapotaceae is equally uniform andf as 

has already been noted by other authors (e.g. Metcalfe & Chalk 

1950) 9 bears a close resemblance to Ebenaceae. The only 

consistent difference between the two is that vessel-to-ray 

and vessel-to-parenchyma pits in Ebenaceae do not exceed 

in diameter whereas in Sapotaceae. any 1x1 cm* specimen will 

show some pits 10 - 20^ in diameter* Such pits are best 

observed in radial sections (fig* 2.1).

The wood of Sarcospermataceae (fig* 2,2) is identical to 

that of Sapotaceae (fig* 2*3)«

Lissocarpaceae (fig* 2.%) differs from Ebenaceae only in 

having taller rays (best observed in tangential sections), 

those in the former being predominantly over 1 mm* high while 

those in the latter are predominantly less than 1 mm* high 

in any given specimen*

Styracaceae (fig* 2*5) and Symplocaceae (fig* 2,6) differ 

strikingly from all the proceeding families in having scalariform 

plates rather than simple vessel perforations* The plates in 

Styracaceae have usually fewer than 20 bars whereas those in 

Symplocaceae have usually more than 20 fine bars*
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differ* froa all tfee other families in having

exclusively solitary reesale and occaaaieaal spiral thiekaaiag 

in th«

avidanee frmi wood structure ia that each of tha 

faoiliaa ia saparable by conatant diffarencea except

which cannot be distinguished from

familie3 with the feweat dif ferencea frou Sbenaceae are 

(including Seurcoapermttaceae ) and Lissocarpaceae
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Fig* 2*5* Vood of Styrax officinalio 20x*
(a) transverse section; (b> tangential aootloa*

ft fibre| pi parenchyma; rs ray; s*ps acalarifom platoi 
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(A list of material examined is given in

Appendix 3)

**ff*«f*»l pollen is (3), *t, (5, 6) colporate, spheroidal 

t* prolate (polar axis/equatorial axis « 1*0 - 2*0) and 21 - 

75^ long* The ora are round to lalongate* and the surfaces 

are smooth to finely warty (acabrate), often appearing to be 

finely pitted (fig* 2*7a» b)* Most of the speeies examined 

had %v 5* oWolporate grains which cannot be nistaken for the 

>»eelpsi*ate grains of Sbsnacc&e. However ChrysophylluB

has smooth >»eolporate grains (fig* 2*7c) similar

to gbenaoeae and aay be noted as a possible link between the 

two families* Planoaoaell* obovata has a oixture of >- and 

Wcolporate smooth grains*

pollen io Wcolporate (fig* 2»?dt e)

and indistinguishable from Sapotaeeae*

In oontrast to 3Sbenaceae> Sapotac*ae and Sarcosperaataceae*
t Mtfjy *(i**ys

in which the pollen grains are^ longer than broad (p/e 1*0 » 

2*0) t the next three families have pollen grains broader than 

long (j/e 0*7 - 1*0)* This difference produces a very striking 

effect on the way pollen grains settle down on a slide* In 

the former case, the majority of grains settle on their side 

whereas in the latter, they settle on their ends*

pollen is >-porate t has very prominent

reticulate sculpturing, and is large, ^ x 53 - 65 x 70/< 

(fig,

fy*ploeaceae pollen (fig* 2*8b, c) is likewise 2-porate 

(but lrdt»ffiu, 1966| describes it as >*colporate f brevicolpate,



with ora of ton aoro aarkod than colpi), Thoy rango froa 

20 x 2$^ to ^5 x 90^ and their surfaeee aro scabrous or 

rotieulato*

Styracacsao pollen is >*colporate exoopt Afroetyrax 

3*poratoy with aurfaoaa acabroua to roticulate (fig* 2*3d9

IB aweary, the oaly f aaily in tho Order vith pollen 

which night bo odetakon for Ebona^c^ao i« ^apotaceae. bmt than 

only rftroly* Pollon aorphology reinforces tho evidence froa 

wood anatoay that garcToagoraataooao ia indistinct froa

It supports tho eai&to&anoe of Liaoooarpacoao

aa a diatinot family* Syreplocaceao is fairly diatiaot but 

rosoabloa Afroatyrax i» tho Styracaceae in being >»porato,



a

fig*
** £79*1 (a)
jM«»»fci ̂ t 4 ̂  4m ^Amm wi_aMi f A)
^^^^MM^HI^^^H^B^KK <••••• JI^WMHMP W-HP^P^P w ^^FV

ift «&i* vUtff U)

Manilkara zapota at 750x, in polar and side view
r«MM«i^BW«i I ————— 9B|H_BB ^ , ^ _ .... . ^**. ————————— -*""- ""m ' ~

I

| respectively.
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Fig. 2.8. Pollen of Lissocarpaceae , Symplocaceae and 

Styracaceae at 375x except (a) at 150x: (a) Lissocarpa 

guianensis, polar view; (b) Symplocos malngayi, polar 

view; (c) S. maingayi, oblique view; (d) Afrostyrax 
lepidophyllus, polar view; (e) Styrax benzoin, polar 

view; (f) Bruinsmia styracoides, polar and side view.

(g)&(h) Lissocarpa guianensis at 750x, polar and side view
respectively.



Oynoeciutt

Hckled material of repreaentativea (Appendix 5) of all 

families except Liosocarpaceae were embedded in paraffin wax 

and serial sectioned at 7*5 - 12*^w in thia atudy of gynoecial 

etructure*

It ooon became apparent that an error with rather eerioua 

taxonoraio consequences for the Sapotaceae. is perpetuated in 

KBgler'a Syllabma from the 2nd (1898) to the 12th editiona* 

In Englerf s clarification, the suborder Sapotineae io supposed 

to have the ovary completely divided into loculeo whereas in 

Sbenineae it is not ohaabered above*

In 1908 Oubard was led to describe the Sapotaeeous genus 

Ganua aa one whose aoat important features were, in the 

translation of van den Assam (1952) "the very low inserted 

ovules and the iaperfeetly closed cells of the eonoidal ovaryt 

the partitions of which aacend into the etyle like internal 

wings, thus leaving a central cavity above the placenta*"

Zn 19%6f Cronquiat created the raonotypic Sapotaceous 

gemia Diploon with an ovary that was "unilocular by failure of 

partition**9 Cronquiat took this to be an odd exception that 

did not invalidate Englerf s rule*

It wac left to Vood and Channel (19^0) in a revision of 

the genera of Ebenales of the southeastern Uni ad States, to 

question the rule* They pointed out that in Sapotaceae. the 

ovaries "of at leaat aone (e*g* cpecies of Bucelia and Kanilkara) 

are at antheaia aeptate below but are no aore completely so 

above than those of Styrox* and in inferior ov&rieu in both 

Styracaceae and Syaplocaceae a siailar incomplete condition 

appears*11
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etudy of longitudinal and trun&ver&e sections of 10 

genera of •.Saigotaceu© and of Sarcooperiaa convinces Be that 

Kaglor'e rule ie completely without atructural foundation. In 

fact in all species throughout the whole Order, the loculao are 

in Go@nunieation with out another by "failure of partition" in 

one way or another* ill* varioiw ways will be described for 

eaeh family below.

the significance of this comamni cation has been pointed 

out by Garr fit Carr (19&1), in a paper on the functional 

significance of aynearpy* "The gynaocia of flowering plants 

may be classified aa apocarpous, p@eudo**6ynearpoua or eu*» 

synearpoua* In the pceudo-syncorpous gynaeceua the carpels 

are fuaed to form a single structure, but in relation to the 

path of the pollen tube from the otigoa to the mieropyle they 

are functionally apocarpous* The eu-syncarpoue gynaeceua ia 

characterised by its posee^^ion of a eoapituau a connection 

between the carpela which allows pollen tabes from grains 

germinating on any atigsta or part of the ctigna to fertilise

ovulee belo^slcg to more than one carpel* In ciultiloculur 

ovariee the compitum eharaoterietieolly coaeiata of pore a f 

duets or splits in the septa between loculi, through which the 

pollen tubes pass to the placentae***

In Bbeni^eeae, it hae been shown IB fart Z that the gynoecium 

lo 2 - 8 oarpellate, eaeh carpol bearing a pair of bitegaie 

anatropoua ovules suspended frost the apex of the ovary* A false 

eeptum ia nearly always present to divide each eerpellar^ 

eha&ber into two uni-ovulate locule . However it is important 

to note that at or above tho placentae, al^. the locules open 

into & coroLion chamber which is continued up the atyle as a 

oingle atylar paaaag®, dividing into separate branches only 

to enter the separate atyle branches (fig* 1*5, 1»%, !•!? & 

2«9ft)« The eiae of the coemom ohanber and its visibility variee
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Fig.2.9. Diagrammatic comparison of gynoecial "structures in 

Ebenales. (a)Ebenaceae (b)Lissocarpaceae (c)Cx-(d)Sapotaceae 

(e)Styrax (f)Pamphilia (g)Symplccaceae
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with tho ago of the flower and perhaps with the species but 

probably more with the aierotechnical ability of the observer.

A passage for a pollen tube needs only to be a narrow slit and
tf 

thia^often ia ia the Ebcnaceae-

Sapotaceae. the ovary is 2 ~ 12 carpellate but each 

carpel contains a single ovule only, Placentation is axile 

(fig* 2*9c, df , fig* 2*10) but the actual point of attachaent

•ay be high up oa the axle (aub-apieal) or lower, or near the 

base (sub-basal), aoffie tinea it aay be described as basal • 

The ovule is aei&ianatropoua if axile v anatropous if baaal* 

Ia either ease, the effect of ovule curvature ia to bring the

•icropylo downward® to face the oaae of the ovary* This leads 

to the striking result that the eabryo in gasotaceae is erect 

(radicle iftferior) whereas that in gbenaceae ia upside-down 

(radicle superior)* A further difference ie that the Sapotaceous 

ovule ia unitegaie (fig* 2* /^ ).

Above the placentae t there is an opening by which all the 

loeules cofismnicate with each other* At one extreme f this 

opening or coupitua aay be as little as jJO/* high

elengi* fig* 2*10) hence unlikely to be seen except in sections 

of 10/A or less* &aah locule opens axially into the eonpitura 

and apically into its own stylar channel (fig* 2*9c| 2*10)* 

At the other extresof the compitua opens upwards into r. single 

coaoon stylar channel (e«r-« gayeaa lucida. Pouteria aalacoensis; 

fig* 2*9d)* aince the lower limit of the conpitusa ic determined 

by the position of the placenta*9 it may be apical, median, or 

bas&l along the ovarian axis* The condition in Dlploon aay be 

seen as a tkird extreme in which septae "fail** to "fuse** in 

aay part of tue ovary, resulting in a uniloeular condition, 

which it; the ultimate oompitua.
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the gyneeeiuB of flarcoepermataceae is indistinguishable 

Sapotaceae exeept that the ovary is 1 - 2 earpellato and 

the placentation consistently basal* However, it oust be 

remembered that Diploon in the Sasotaceae is also 2 carpellate*
fllso,

basal plaoentatien is only a slight shift from the sub-

basal that is quite common in Sai>otaceae* The cocpitum/is a 

small basal coanectioa between the two loculee (absent of course 

where there is only one carpel), and the loculee open indepen­ 

dently into their own stylar passages at their apic«e(fig. 2.10A).

I4.ssQcarpac»at> the gynoeciua is k oarpellate atid quite 

similar to |fcenac«ae in structure except that the ovary is 

inferior and false septa are not developed (fig* 2*yb). Bach 

of the four loculee bear a pair of anatropoue ovules at the 

apex of the ovary* the loeules all open into a common stylar 

pasaage* As in tna-cae.* the rndicle of the embryo is superior*

Styracaoeae* wixich ia 2 - 5 oarpellate, the compitum 

is ueually large enough for anyone with a raeor blade and a 

hand lens to see* In aruingaia« galeeia, Pteroatyrax and 

atyraa: (fig* 2.9ot 2*11), it occupies the upper third or half 

of the ovary. In Pamphilia (fig* 2«9f) 9 the septa extend at 

boot only three-quarters of the way from the wall to the centre 

eo that no part of the ovary ia completely aeptate* la 

Afroetyrax even sush partial septa are absent, and the 5- 

earpellate ovary ia distinctly uniloeular* In all tho above 

genera, the eompitttm ia extended upwaria into a single stylar 

channel.

the ovules are 1 to many per loculue, hemianatropous or 

aaatropous, mostly axils but basal in Pamphilia and Afroetyrax* 

According; to ifutchinaois (19&7) the overy ie partly (f), or 

wholly inferior in 7 of the 12 genera* Of tho remainder, 1 

find that A frosty rax and Bruim»raia have ovariea $ to $ inferior*
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the ovulee are bitegaie in Styrax (fig*

Iu &y«ploca€eaeft the gynoeciun is 2 - $ earpellate with 

aa many locule»f and ^ (2?) ovules j*r locule. the ovary is 

wholly or partly inferior. Placenta tioa ia axile, and the 

ovules anatropwfl, unitegnio* The compitua oteupieu the upper 

half of the ovary (fig* 2«9ei 2«12) bat may in tranaverse 

ecctioii appear only «e « narrow alit* It opens upwards in a 

cotitson stylar

After surveying the whole Order, it appoaro that

ia closest to Ebeaaoeae ia gynoecial structure,

differing only ia the inferior condition of the ovary*

gar cosperaataceae fails the teat once again and its 

gynoeeiua ia §a«t eonaldered a ease ef extreae reduction of a 

Sapotaeeotta gynoeeimi to the 1-2 carpellate condition.

difference between ovary "incoapletely oeptate" and 

"completely aeptAte** in the Sbenale* turne out to be baaed on 

whether a compitua within the ovary ia visible or not with a 

hand lene and aiaple diesection techniques. Under a wicro scope, 

the character diBappearat ?ae trouble with it ia that it ie 

a ci»s difference, not a structural difference* She unfortunate 

coneequence of it having been described as a structural 

difference ie that other taxosoniata have been aisled to giving 

it »ore weight that it deserves, since structural differences 

usually indicate greater genetic and evolutionary divergence 

than else differences*



fig* 2*10* Gynoeciua in aapotaceae. (a) * (o) Hiauaopa 
oloB^il (a) ftdian l«a* through two O¥ulaa f 20xj (b) f (o) 
(d), (•) correspond to lOTels 19 2f 3t ^ roapoetiTOlyt in
t»s* at £0x* Tho plaao of auctioning was slightly tiltod 

ao that in (d) only ^ 00pta aro ohown as froo vhoroaa all 
are actually froo at this lovel* aa other sections* not shown 
here, rereal* (f) Ovule of Chrysophyllua Ianeeolatu0.150x.

ci compitum; e.si embryo sac; i: integument; m: rnicropyle, 
n: nucellus; s«c: stylar channel.
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Figr. 2.10A. Gynoecium of Sarcosperma paniculatum, 

2C:v* The compitura is only 80^ high, and too 

narrow to be seen in longitudinal section.
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Pig* 2 .11* (iyno«ciua of Styrax b«nsoin in nedian 
longitudinal section, 50x«
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Fig* 2*12* QynoeciuB of Symplocos adenophylla, 
(a) median longitudinal section5 (b) transverse section 
through upper part of ovary showing compitumi (c) transverse 
section through lower part of ovary•
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It io generally knows (Solereder 1908, Metealfe & Chalk 

19509 Huffiffiel & Staesche 19&2) that the various families of the 

gbenales have their own rather characteristic set of hair types* 

has a broad range of typeas (i) unicellular simple

which by being grouped together beooae (ii) tufted, also (iii) 

unicellular two-arsBCd, (iv) multi cellular glandular, (v) peltate* 

Sapotaoeae has two types, unicellular two-armed aud unicellular 

aiaple* Styracacoae- lias tufted, atellate and peltate hairs9 and

has unicellular simple hairs sometimes septate

by development of thin cross walla*

These characters are given a very prominent place in 

Cronquiat'e (1968) Key to the families of the Order*

On checking the usefulness of trichome characters for 

fa&ily delimitation, I found thea to be elusive | the cloa@r 

one looks, the lees eure one is of one*s ground*

For example, tvo«arKed hairs are often thought to bo 

diagnostic of Sapotaceae* With a hand lens the Saootaceae**-

creates a strong iapreosion because naay species have a donee 

pubescence of unicellular hairs each bearing two long avos* 

^** Sbenaceae rarely have hairs with two long arms but with 

careful teasing out of hairs and examination under a edcroscope, 

a largo proportion of Kbenaeeeus species are found to have two- 

araied hairs9 one arm of which is very short* The "difference" 

between the two faailies with respect to trie hones ic based 

therefore on a superficial inpre^sion* The situation i® sinilar 

to that of JSagler9s "incomplete" versus ^cciaplete*' septation 

of the ovary* What looks very sound with a hand lens disappears 

when placed under a aicro^cope. This character is useful for



rough sorting of specimens into thair families but has no 

structural basis and nuat bo taxonoaically evaluated Ilka 

any aize character rather than as a structural character.

Another problem with triehomes is that many plants boar 

more than one typaf and although ona aan say quite definitely 

which trlehomea occur in which fa«ily9 oaa cannot say which 

triohomes do not occur in any family without first examining 

every part of ovary species of that family - a time consuming 

enterprise for any family with more than a faw domon species, 

mad yielding rapidly diminishing returns* X foal on the baaia 

of a fairly large sample of the family that the fiva types of 

trichoaes known to occur in Ebenaceae probably represent the 

full range in that family but it would be reckless to say 

categorically that other typea cannot possibly occur* Tha 

ether families hava not boon worked upon aa fully*

A brief cheek on the ffymplocaceae confirmed ay worat 

suspicions that a great deal remains to be dona before trichoma 

characters can bo confidently used in family delimitation* 1 

axaminad 30 spades of ayioplocos and found without much effort 

two kinds not previously recorded in the literature! two-armed 

unicellular hairs on the calyx of S« aajngayi and multi-branched 

unicellular hairs on the inflorescence of 3f adenophylla (fig*

It might be argued that enough la known for one to state 

quite confidently what the moat common hair types in each 

family are and that the rarities need not be allowed to upset 

classification, this is true if such characters are used aa 

secondary evidence to reinforce other lines of evidence rather 

than as a primary indicator a of tsxononic statue. The rarities 

nevertheless have a significance out of proportion to their



number as indicators of relationship ••£* th* ptltats haira 

present on fewer than half«dos*a spaciee of gbcaaccae may 

indicate a link to othor faailioa with peltate
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a

Fig.2.13« Trichoraes. in Symplocos, 150x; (a)multibranched, 
from inflorescence of S. adenophylla; (b) two-armed, from 
calyx of S. maingayi*
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Inflorescence

Inflorescences are notoriously difficult to define* In 

his reriev of the terminology, Rickett (19H) found that the 

terms were "confused from the beginning*1 and current usage

"unreliable". The Ebenaceous inflorescence is conventionally
+• 

referred/in the taxonomic literature as a "cyme11 ! ***** <>*

Sapotaceae as a fascicle* that of garcospermataceae as a raceme 

and those of the other families variously as panicles* fascicles, 

racemes, cymes and spikes• These terms sometimes conceal more 

information than they convey, hence it is necessary to describe 

exactly what the situation is in each family before a proper 

critical comparison can be made.

The Sapotaceous fascicle (fig. 2.1*fa) is an axillary 

cluster of peduncles, each peduncle bearing a single terminal 

flower, and free of bracts along its length* Bracts occur only 

around and at the bases of the peduncles* In many species, the 

same axils produce flowers year after year and become swollen 

and knobbly while the subtending leaves drop and their scars 

are gradually distended and obscuredt but there is no doubt the 

fascicles are axillary in origin* It is significant that as a 

general rule, all the twigs have a double role - vegetative and 

reproductive* An exception is seen in the aptly named Aningeria 

paeudoraoenoaa in which there are separate reproductive and
r»

vegetative shoots (fig* 2«l4b)* The reproductive shoots arise 

in the axils of leaves of vegetative shoots and bear an acropctal 

series of fascicles, each fascicle subtended by a common caducous 

bract* The whole reproductive shoot resembles a raceme but the 

apical bud resembles an ordinary vegetative bud and could 

probably revert to a vegetative condition although in practice 

it seems to pass into dormancy and abortion* Comparing 

Aningeria pseudoracemosa with other species of Aningeria and
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vita the reat of the flapotaceae* there is ao doubt that its 

raaeme ia a secoad~o]rder inflorescence evolved froa an ordinary 

reproductive-vegetative aaoot by attpprasaion of the leaves*

this interpretation has important consequences for the 

asrcospermatac^ao* One of the main reasons given for maintaining 

it as a family is that ita inflorescence ia a raceme aa opposed 

to the fasoicle of 3apota«eae« Close examination of the 

Sarcoapermataceous raoema reveals that it ia a second order 

inflorescence, exactly as in Aningeris peeudoracemostu consisting 

of a shoot ending ia a vegetative bud and bearing lateral 

fassieles ia the axils of bracts. Hence the real difference 

between the two families ia not "raceae* versus "fascicle" but 

"ahootsreproductive~vegetative" versus "shoot*separately 

reproductive or vegetative*" The basic (first order) inflores- 

cease remains a fascicle throughout Sapotaceae and garcesperaa-

the inflorescence (fig* 2*15) ia loosely

doaaribod aa a cyme* It ia always axillary in position, at 

least in origin, and always bearing bracts along taa peduncles* 

Sash flower ia articulated (fig* l*2a) and, if lateral, subtended 

by a bract* If there ia one flower only, it occupies a terminal 

position o& a braataata peduncle (fig* 2*15g)» Quito often, 

the inflorescence ia a diehasiua, with the two lateral buds 

subtended by bracts (fig* l*15d )* Numerous variations are aaoa•i .»

ranging between the three-flowered diehasiua and a multi flowered 

•altibr&nehad paniculate condition, but in nearly all cases, 

the terminal unite resemble dichasia i*e« the terminal flowers 

develop baf ore the two immediately behind, la Euclea, whore the 

inflorescence ia uttbranehed and multiflorous, what results is a 

structure that looks like a racemo except at taa apex which 

looks like a dichasium (fig* 2«15b). Alternatively, all the



buda 000m to arrive at tao same stage of development, aad 

then bloom together*

tao amaaor of developmeat of tao Bboaaceous inflorescence 

ouggesto that tao tormina! bud of the inflorescence inhibits 

tao developeeut of tao axillary buda la a way analogous to tao 

inhibitive hormonal influence terminal buda exert oa axillary 

buds of vegetative shoots* Pursuing tao oaao analogy, tao 

horaoao would diminish la effectiveness vita diataaoo froa 

tao apox aoaoo tao axillary buds would develop aoropotally* 

At tao apox* if the teralnal bod coatiaaoo to pvodaoo the 

aoraoao Hallo being traaafermod into a flower* a0 00000 to 

happoa ia Ibenaceae> this would ensure that the terainal flower 

hao a dovelopooatal adrantage over tao penultimate floweret. If 

tao terminal bud haa a very strong iahibitivo offeet, it would 

ouppreaa completely tao development of tao axillary buds aoaoo 

producing a solitary terminal flower or a braotoato peduncle. 

This hypothasia of hormonal inhibition by tao apical bad 

provides half tao answer to the variations ia inflorescence 

structure ia tao Ebenaceae* It might bo addod that if the 

terminal bud is only slightly inhibitive or non*lnhibitive, or 

aborts, a raceme would result* but this doeo not happoa ia the

the other half of the solution concerns tao behaviour of 

buds oaee development is initiated* la vegetative shoots* a 

bad, once it becomes active, produces a branch* la aa 

inflorescence, a bud may olthor devolop into aa inflorescence- 

axia or a flower« It 10 a coaplete mystery aov tao •decision1 

10 made. A terminal bud, by postponing its change into a 

flower, prolongs tao mala axio of tae inflorescence, producing 

aaay lateral bracts aad axillary buds* The axillary bud0 may 

repeat the process, producing branches* A panicle raeultc* If
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all axillary buds develop immediately into flowers we have 

an unbranched inflorescence. If the terminal bud develops 

into a flower after producing only two laterals we have a 

diehasium* This unknown controlling factor, together with 

simple apical dominance f suffices to explain all inflorescence 

structures in the Kbenaceae* except that of Diospyroa toposioides 

to be described later.

Synchronous blooming is not strictly a structural problem* 

To explain it f it is necessary to postulate the evolution of a 

system of physiological control whereby all flowers develop to 

a certain stage and then wait for some triggering process to 

set off flowering* Such devices are known to operate among

species in other families (Holtturn 19S&)t e.g. Dendrobiun
< 

orumenatum (Orchidaceae). Ooffea arabica (Rubiaceae)/

Pterocarpus indieus (Leguminosae), Murraya exotica (Rutaceae)« 

However it still needs to be established in the field that 

synchronous blooming does take place in certain species of 

Buclea* An alternative explanation for apparent synchronous 

blooming as seen on herbarium sheets is that flowers may remain 

open long enough for the last ones to open before the first ones 

have been shedt in which case, it may be difficult to determine 

tha order of opening*

In Diospyroe toposioides* we see the development of a

second order inflorescence along a pathway parallel to that
t

described in Sapotaceae and Sarcospermataceae* As in Sapotaceae. 

the ordinary Ebenaceous shoot has a mixed vegetative-reproductive
*
if,*

function* In Diospyros toposioides* there is a differentiation 

into separate vegetative and reproductive shoots* The latter
>

develop from the axils of leaves on vegetative shoots, bear 

small diehasia (males) or solitary bracteate flowers (females) 

in the axils of caducous bracts, and terminate in a vegetative
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bad instead of a flower (fig. 2+ltd)* Ia faot tho terminal 

bad ooBetimom converts to vegetative status aad produces a 

loaf? shoot aftor producing flowers* fbe Nraoottoft then become 

"intercalary*1 (Parkin 191*0 • However, it is a ooooad ordor 

inflorescence* The first ordor iaflorosooaoo is tho individual 

axillary aaiti a diohasiua ia tho male plant, or a solitary 

braotoato flower ia tho female* I believe most of tho intercalary 

iaflorooOoaoos oitod by Parkin aro similarly second ordor 

infloreacenceo* fao others may have evolved from ordinary first 

ordor racemes by tho terminal bud somehow becoming vegetative 

iastoad of changing into a flower or aborting*

** I*isoo<wnMioeae« the inflorescence is aa axillary 

multibraeteate mulUflorouB system with articulated flowers 

similar to that ia Ebenaceae* fho articulations are well hidden 

by tho bracts* bat as ia ffbenaqeae* old herbarium material toad 

to bo loft with floworlo&s peduncles, which is eharacteristio 

of inflorescence* with artioulatod flowers*

Tho inflorescence ia Symslocaeeae (fig* 2*16) is also a 

braotoato multiflorous artioulatod system* The flowers soom to 

either open synchronously or ia acropetal sequence indicating 

woak or absent apical dominance* In many species, especially 

in Malesia, tho iaflorosooaoos aro exclusively axillary* But 

ia many temperate opoeiee, tho iafleresooaoos aro terminal, 

aoaoo different from all tho proceeding familios* fho 

OvoluUon&ry relationship botwooa tho conditions ia Symplocaceae 

fiooms to bo as follows* la tho primitive stato, all the bads 

grow by producing a flash of leaves aad terminating ia aa
t

iaflor«ficence* Continuation of growth was by axillary buds 

lower down repeating tho same process each growing season* 

Thie condition may havo booa retaiaed ia temperate species am 

it fits iato tho stop-go regime of alternating winters aad
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(a)

% terminal bud
*=" leaf

** bract

0 axillary bud

O flower or flower-bud

(c) (d)

Fig.2.14. Evolution of second-order inflorescences in Sapotaceae 

(a&b) and Ebenaceae (c?:d) by differentiation of reproductive 

shoots from mixed reproductive-vegetative shoots.
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1o

Fig.2.15. Inflorescences in Ebenaceae. Numbers refer to order 
of opening. Terminal parts cyinose presumably because of 
apical dominance, (a)strong apical dominance (b)weak apical 
dominance (c)main axis bearing only two lateral buds (d)di- 
chasium (e)flagelliflory by elongation of basal part of axis 
(f)panicle resulting from some lateral buds developing into 
branches instead of flowers (g)very strong apical dominance 
completely suppressing lateral buds (h)branched dichasium 
(i)fascicle.

Fig.2.16. Inflorescences in aymplocaceae. (a)terminating all 
shoots (b)terminating short shoots (c)axillar\. arrows show 
presumed direction of evolutionary specialisation. Stage (c) 
resembles the Ebenaceous inflorescence and it is suggested 
therefore that the Ebenaceous inflorescence has had a similar 
evolutionary history but with stages (a) and (b) no longer 
extant.
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owners* Xa the huaid tropics there has been a differentiation 

of shoot**, resulting la soae buds growing out and roaainiag 

eontinuously vegetative while others are differentiated into 

short shoots producing a few leaves and terminating ia 

inflorescences* finally, all the leaves of such short shoots 

are suppressed and the result is aa axillary bracteate 

inflorescence* Although this evolutionary series is hypothetical 

all the three stages are evident fro* aa examination of herbariua 

material of the numerous species of Sygplocos*

Xf the evolutionary soejtaenee proposed to explain the 

iaflereeeenee types ia Symplocaceae is correct then the 

gbenaceous iafloresooaoe aay also have had the sane origin i»e« 

from a short shoot*

As for the Styracaceae* this is the only family for which 

it is impossible to generalise about the inflorescence* The 

flow*** of ^froatyrax and Styrox aro not articulated, but those 

** Pt^rostyrax, Bruinemia aad Ha^osjU are* Xa AJfroatyrax* the 

inflorescence is aa axillary fascicle sioilar to that of
v •*

gapotaceao* the inflorescence ia falesia is axillary aad almost 

a fascicle, but has a very short axis with leafy bracts sub­ 

tending the flowers* Xt appears to bo aa axillary short shoot

with a very condensed axis* Perhaps this is how the Sapetaceous>
fascicle began* the infloresc noes of Styrax* Bruingaia aad 

Pterostyrax aro multiflorous, multlbraeteate and in range of 

structure, parallel that la Symplocaceaei the terminal flowers 

are slightly dominant or non»domlnantf resulting la mixed 

inflorescences (dlehasia If omly 3 flowers develop) or racemes 

respectively*

Summarising the above observations, the inflorescences 

la Sapotaceae aad Sarcospernataceae are closely related to
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aaah other $ the iafloreeeeacea of Ebenaceae and Liesocarpaceae 

are atructurally tht aaoei thoae of gygplocaeeag ar« ia part 

struetur&lljr lllc« gboaacwa. but la part different b«aaua« they 

aay t«rmiaat« loafy ahoots* It la eugg«atad that all 

laflor«ae«ne«8 ia th« families of tha ^faaalaf , orininatod 

from loafer aaort 0hoata* Vitala Styracacea*. all the typos 

of laflotoaaoaooa met vita la the other families airo found la 

the Tarloua genera*
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Comparison of b^n ce«e with Sapotaceae

Charaeters shared in common by Sbenaceas and flapotaceae 

mrst plants woody* leaves simple* alternate (rarely opposite

flower* regular t calyx persistent! corolla

sympetalous* anthers opening by longitudinal slits} ovary 

superior, sessile* syncarpous, nultiloculart ovules tenui~ 

nueellatei fruit a berry with peraiatent calyx*

Differeaeee batveon the two families are tabulated below, 

eharaetere aarked with am asterisk * are those which show the 

sh&rpeat dif fereaees between toe two families*

Bbenaceae jSay>otaceae

1* lAtex abaeat» White latex in baric, leaves,

flowers, pericarp aad embryos 

but absent in Kiausopg e^en^ti 

and possibly other speeies of

2* 3tipule0 absent* Stipules in many, perhaps most,

speeies* 

>• Infloreacenee a br&oteate Inflorescence a fascicle*

"eyrns* sometiiies reduced is Bracts restricted to base

a solitary flower on a of faseiele*

braoteate peduncle*

4. flowers articulated at base. Flowers not articulated* 

5* Flowers nearly always flowers nearly always

unisexual* bisexual* 

6* Calyx in one series, often Calyx in 1, 2 or more series,

eoheriaf basally into a rarely cohering.

distinct tubs* 

7* Corolla £ isomerous with Corolla isomsrous or twice

calyx* or more times as many lobed

as calyx*
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•ayotaoaao

8* fttaaana mostly adnate to Staaoaa epipetalous, often

baaa of corolla, sometimes attached at neek of corolla
',

froo from corolla, rarely tube*
i 

epipetaloua towards nook of
. *»•> w>.. -

eorolla tube*
1

9* ftaainodoa, If present, Btaoinodes if present,

completely replacing alternating vita stamens

stamens (therefore such (rarely completely replacing

flowers female}* ataaenai of* $)*

10* Pollea >»oolporatef aaoota Pollea (3>t %t (5)t (6)-«olpormte,

to very finely narty. smooth to finely warty*

XI* Styles diatally or Styles completely united,

eoapletely free, aaldow |
rr

ooapletely united*

•12* Carpels bi*»orulate, but Csjrpels uni^oTulate* 

ueumlly aubdirided by falae 

aepta into uni-ovulate

locules,
9

•13* OTulea vita apical Orules with axile or basal

plaoentation* pXaoentatioa*

Orules bitegmie. Ovules ttaitogBlo*

Ofttloa anatropona* Orulee anatropous to
""!

hoaianatropous*
,c

•16» fruits articulated at Fruits not articulated*

base (of* %)« 

17* Seeda oftoa with a distinct Seed vascular system invisible

eircum~poriphoral vascular externally*

loop* 

18* Bilutt small. Hilum largo*
t,

19* Hilum apical (of* 13)* Hilun basal or lateral*

•20* Testa coriaceous Testa oruataeeoua

(parenchyaatous), (oelerenohymatous).



gbenaceae, Sapotaoeae

•21, Albumen abundant, horny. Albumen present or absent, if 

smooth or ruminate, present, succulent, smooth*

•22* Radicle superior (ombryo Badicle inferior (9ebryo erect), 

upaide down),

•23. Veesel-to-ray and vessel- Pita up to 20^ diaa; at least 

to»parenehyma pita 8/1 some larger than fy on every 

diam, or less, 1 x 1 em specimen,

2%* Trichoaes unicellular- Trichooes unioellular-two-armed 

simple, uaieellular-two- and unicellular-simple, 

armed, club-ahapod glandular, 

rarely peltate,

25* Chromosome* x * 15« 2n m Chromosomes 2n » 20, 22, 2^, 26, 

X), 60, 90* 28, 1*8, 52 (999 Bolkhovakikh

9t

Of all the characters llated tvelT9 sharply differentiate 

between the ttfo fajsilies* Probably the Boat impressive 

differeaaes are thoee of gynoecial stmeture, each family having 

ita own highly distinctive construction, the number of aharp 

and partial differences between Ebenaceae and ftapotaoeae ia 

ao large that unless the other families ia the Order form a 

"bridge" between them, it ia scarcely conceivable that they can 

be at all elosely related*
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2*1%* S««4 of Hani^iiara Jm^ (S«potae«a«) 
Cft) S««Uon «f t«M«f 150x (b) wction

••I
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The taxonoaic Poaition of Sarcoaporsiataceae*

The nonogeneric faaily Earfoaporaatacoaa was established 

by Laa in 1925 and ooaaiata of 8 South-Baat Aaian apooioa 

(Laa & van Royen 1952), Previously, garcoaperaa had been a
**• ,. *

gonna within the Sapotaceaa* Cronquist and Takhtajan do not 

quite accept that it ia distinct froa aapotaceae but Hutchinaoa 

and Engler hare accepted it aa distinct*

*>. 
Tha family ia aaid to dif for froa Sapotaoeao only in the

fivo character* tabulated below* The initials X*t H and £ 

rofor to Laa (1925)t Butchinoon, and Bngler raapootivoly*

Sarcoaperaataceae Sapotaceaa

1» Flowers in raeeaoa or panicles* flowers in faaoioloa* B9 1*4 

a* Loaves oppoaito or sub- Leaves alternate* Hf L*

oppoaito*

3e Fruit a drupe* Fruit a berry. B 

%» Ovary 1 - 2 (3) 1 ocular. Ovary aoatly k - 12

locular, £f L* 

5* Testa coriaceous to oruataeooue* foata cruataceoua*

The first character has been discussed in the section on 

inflorescences in which it was shown that the raceme ia 

Barcosparaa ia a second-order inflorescence consisting of a 

series of Bapotaceous faaoioloa on a twig, the leaves of which 

have boon reduced* Such an inflorescence occurs in the 

Sapotaoooua genus Anaiagaria also*

The aoeond character, likewise, does aot offer aa sharp a 

distinction aa it sounds, Soao species of Saroosperna actually 

have a aixture of alternate, sub-opposite and oppoaita leaves* 

In Sapotaaeaa itself, most genera have loavoa clustered in 

apirala at the onda of upturned twigs but in Payena and



12*

there has beam a differentiation ia the shoot 

system resulting ia two kinds of shoots - upright shoots with 

spiral leaves and lateral shoots with leaves alternating oa 

opposite sides ia a horisoatal plane to foam applanate outward- 

growing sprays* Hence ia Sftpotac*ae. we have both the poplar 

and willow habits of Comer (1964) whish have evolved 

independently within many different families* The Sareosperma* 

taeeous phyHotasy is such an unstable balance of alte?n«t*t 

euWopposite and opposite conditions that in my opinion it is 

a derivative of the willow habit in whish the alternate leaves 

have become aore and more olosely paired*

If an analogy is needed* it oan be supplied from Efreaaoeae 

ia whieh we see exactly the asms progression in parallel* All 

Malesian spesies have the willow habit but some African speeies 

have the poplar habit* A few Indian species, e*g«

toaenfrosa, 3>t me^anoyy^on* % oppoeitif alift (see Clarke 1832) 

exhibit a mixture of the alteraatst subwopposite and opposite 

conditions*

A similar series is evident ia the Snaplooaoeae ia whieh 

nearly all spesiss have the poplar habit § some have the villow 

habit, and a few have sub<*opposite and opposite leaves in 

applanate sprays*

In neither Ebenacea* nor Syaplfcaceae is opposite and 

mmb«opposite phyllotaxy considered strong enough evidenee oa 

its owa to mark out species into separate genera or families*

The third character* used by Sngler sad probably taken from 

Hutchinson who might have taken it from King & gamble (190?) 

is a mistake, which Lam (1925) has already pointed out* Z 

reohecked the character and can confirm that Sarcosperma does 

not develop a hard endocarp*
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As for tao fourth character, the 1 « 2 (3) carpellate 

condition of Sarcoaparaa fita nicely to the % - 12 carpellate 

condition of ttapotaceaa to form on« natural oeriaa* But la 

fact Kagler haa everlookod tao Sapotaeooua genua Diploon vita 

two carpola* ao that even taa arbitrary dietinetion he sake* 

ia ob9cured«

Excluding the taird oaaraetor aa a bad arror, wo aro loft 

witk tao faet that ia Sarcoapania* the ends of four avolutionary 

tandancias ara found togataar ia taa aaaa gaaaat from a first 

ordar to a aaaond order inflorescence, apiral to alternate to 

9Ub*oppoaita to oppoaite phylletaxy, reduction of carpal niuaber 

to 2 aad 19 loaa of aclerification of tao teata* Do theaa 

traita coabined make a distinct faaily? Seen froa the point 

af Tiaw of Sapotaceaa* ia which noat genera are aotorioualy 

vaakf the relative distinctness of ffarcospars* naioa ita 

elavatioa to a fanily of Ita own, undarataadabla* But aeea 

froa the view poiat of taa Ordar aa a whole, tao 8arcoayeraa~ 

tacaaa ia definitely not co^aa^ual with the other familiea* 

Zt ia scarcely diatiaguieaable frow the Sapotaceaa aad ought 

at beat to bo conaidared a a«b«fafflily»
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Lissocarpaceae. established by Engler It Qilg ia 192%, ia 

a moaogeaejric family of two vary closely related tropical 

American apecies. Previously, ftiaaocarpa had been included 

ia tao Styraeaceae.

Tao family io sharply delimited froa 

following character**

ae by tha

Ovary inferior,

Z* Coroaa of 8 ioooa*

3* Pollen 3 por*te» f/o 0*9 - 

0*7t surface with vary 

prominent reticulate 

sculpturing. 

&aya (tangential wood 

section*) predominantly over 

1 wm high ia aay specimen* 

Seed vaaoiftlar ayatea of 6 * 

12 branches proaiaoat aa 

longitudinal ridges*

Ebenaceae 

Orary superior. 

No

Polloa 5 oolporatOf p/o 1*5
(c-1)

surface amooth to Tory

finely warty*

Rays predominantly leaa

than 1 SB high ia aay

specimen.

Sood vascular system a

circuiap'jieripheral loop or

if branched, the branches

aot prominently raised*

There are alao a aumber of partial differences, which X 

think are irrelevaat ia a comparisoa between a large family aad 

a vary avail one. For example, tao two species of ftiseocarpa 

have their styles completely united whereas such a condition ia 

***• ^n a^onaoeao* This aight bo oitod aa a difference between

tao two faailioa* However, the oxeoptioaa ia Ebenaceae. with 

stjrloa aompletely waited, outaumber tho total species ia 

|»jm»ooari>aoeao* This ia therefore surely a meaningless comparison*
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Furthermore if JUjUsocarpaceae is compared with the sub-genus 

Hierniodendroix (eoaprisiag 3 species of Dfospyroa)* tola 

differeace would disappear because Hi«rnio<i«nAToa has coapletely 

uaitod stylea*

»'

SIMlarly, tao two apecioe of LJasocarpa have tiio following 

characters, which aro maeoanoa la Ebeaaceaet calyx of four 

iabric&to rotttoo lobes, loouloa not divided by falsa e«pta t 

ataaoaa 8 in oao wkerl% oo«da 1 * a (by abortion)* la ovory 

oaaot tao ojtooptione ia ̂ oaaooaa outaoiaber tao two apooioa 

of

fmo distinctioa aad hoaoo tao validity of a«all taxa waoa 

ooaparod to largo (aad alnoat certainly aoro variable) oaos 

•mat dopoad9 ia ay opinioa, abaolutoly oa oloar«omt oaaraotora*

is sharply delimited froa Kbenaeeae although tao

auabor of differences ia relatively few* tao two faoilies 

appear to bo closely related* The external morphology of 

tao internal structure of tao gynoeeiua* ovule

aad aoed aad tao 8tmctur« of tao wood all point toward* a 

oloso relationship! as oaa be seen from tao following description 

°* I*iagoc^rpaceae« which aaould bo compared with that of 

Ebonaceae given at tao oad of Fart I*

Lissocarpaceaei Woody planta without latex, I*eave© 

exatipulate t alternate* with entire margins* Inflorescence 

axillary, atati*bractaato« amltifloroua, sporadically redwood 

to a aiaglo flower oa a bracteate peduncle* Flowers articulated 

at ba*of uaioexual. (heraaphroditism erroneously presused ia all 

previous deeoriptions} f probably dioociouaf regular » k oerona* 

Calyx ittbvioatot persistent ia fruit* Corolla syapetalous, 

is onerous with oalyxf with lobes contorted einistrorsely 9 tube 

proaiaoatf bearing a corona of B lobos* Kalo flowers with 8 

epipotalous atameas ia oao whorl | anthers linear, erect, basifixed
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dehiscing by longitudinal slits, Pistillode aa piatil but 

devoid of ovules* Pollen >-poratef prominently reticulate. 

Feoales flowers with, ovary interior« 4 carpellate, 4 locular, 

eaoh e&rpel bearing two ovules* Ovules with apical placentation, 

oblong, anatropeus, with rapha descending on 

outer side* Btasinodes roaoabliag ataoena except anther lobea 

eellapaed and devoid of pollen* Trait a berry with persistent 

eolyx at apex* Seeds 1 • 2 by abortion* pendulous, with prominent 

raised vascular system consisting of one vein descending from 

placenta to ehalana which then sends 3 * 11 branches back up to 

the apex (Hutchinson Mentions only 3 *#ib«* but in error) • 

fiilum relatively aaall* apical$ testa efiootht thin, coriaceous{ 

albuaen hoyny« abundant, saoothf evbryo upside-down, with two 

small foliaceous cotyledons and a strongly developed radicle.
f*

Wood as Bbenaceae except rays predominantly over 1 mm high*
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of Sawplocaoeae with Ebenaceae

nonogeneric family aT»plocaceae shares with Ebenaceae 

the following features! woody plants without latexi leaves 

ex«tlpulatef alternate, rarely opposite or sub-opposite} 

inflorescence cmltlbracteata, amltifloronsf flowers articulated 

at base* regular; oalyx peraiatoatf corolla ayapotaloua, 

± iaeaerous with calyx f aathers dehiselag by longitudinal slits | 

ovary &yaoarpoast ttiatilo«ttlar| orules anatropous to 

heniaaatropoms, tenuiaueellate*

Oiffereaees are tabulated as follows t with the sharpest 

difference* marked wit^aa aeteriak •*

Wood* veaeels exclusivoly 

solitary.

Teasel perforations 

acalarifor*« 

Pollen 3~porate* 

«** Pollen f/« loon than 1*

•5* Polloa surface reticulate*

6* Loaf margin vanally 

glaailalar-serrate or 

glaaAalar-orenate) seldom 

entire*

*7, Stomata paracytio.

8* Leaves often yollowi«m«

9» Flowers nearly always 

bisexual*

Sbenaoeae*

Veasela not oxoluaivoly 

solitary* 

Tesaol perforations aiaple*

Pollen

Pollom |/0 (0.9)1.2-1.5.

Pollea surface saooth to finely

seafcrate*

l»eaf oargin en tire | one
H/

oxeoptlon crenate but non*

Stomata anoaooytle or rarely

eyeloeytle*

Leaves rarely yellowish (o+g*

Diospyros auatralis^ D«pentaaera)

Flowera nearly always ualsexaal*
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10* Corolla irregularly iebricate. Corolla sinistrosoly

contorted. 

11* Carpels 2 » 5t with stylos Carpels 2-8, with stylos

fully united. usually not fully united. 

12* Carpels % (2?) ovulate. Carpels 2 OTulate. 

13. Carpels without false septa. Carpels usually with false

septa.

1%* Ovary $ to fully inferior. Ovary superior. 

15* Ovules with axils plaoentation* Ovules with apical

placentation.

16* Ovules unitegmic. Ovules bitegoio* 

17* Anthers sub-globose, with Authors ovate f laneeolate 

narrow inconspicuous or linear, with pronineat 

connectives not produced connectives produced beyond 

beyond author lobea. aether lobes. 

1$. Fruit with hard eadooarp* Fruit with o&dooarp not

differentiated or sometimes 

differentiated as a pulpy 

pseudo~eareoteata« 

19* fruit suraounted by persistent Fruit sitting OB persistent

ealyx. calyx. 

20. Chromosoaesi m « 11, 12* Caromosoaesi x » 15 

2n m 22, 2%* Based on 5 spp* 2n * 30, 60, 90. 

(see Index of Plant Chroaosoae 

Kuttbera for 19^9, Regnun 

Vegetabile 77)*

?*>* Synolocaceae is a highly distinct faaily, very isolated 

froa the Sbenaceae. Liseocarpaceae is closer on overall 

caaraoter* to gbonaooao. but with 3*porato pollen and inferior 

ovary, it is to soao extent is a bridge between the two families,
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Fig* 2*15* Paracytic stomata in Syttttlococ a*«nophyll«. 

375*.



•acaceae

ptpraaaooao is taxoaomically in a highly unsatisfactory 

atate. Whoa the family waa last monographed (Perkins 1907)• 

there were only 6 geaera, but the current (12th) edition of . 

Inglerf a Syllabus lists 11 genera, while Hutchineon includes 

Afrootyrax to make the total 12*

But even vith the exclusion of Afroctyrax* the family io 

far more variable than any others in the Order and possesses 

striking internal discontinuities* Owing to these complexities 

I an unable to treat this family as fully as the previous ones*

Collectively9 too Styracaceae resemble Ebenaceae in the 

following! plants woody, without latex; leaves alternatof simple 9 

exstipulate (except Afrostyrax)t flowers regular! calyx 

pereiatentf corolla sympetalous, £ iso&erous vith calyxf anthers 

dehiscing longitudinallyi ovary ayncarpous* multilocular (rarely 

unilocular by failure of partition)? ovules anatropous, bitogmio 

(at least in gtyrax)t albumen thick*

Iftfferoncea are 00 follows (sharpest differences narked *)i-

Styracaceae . Ebenaceae

1, Woods V000010 vith soalarifom Vessels vith simple

perforation, perforations,

2* Baya often of tvo contrasting Raye not in two contrasting

0i0es, 0i«o0*

3« Pollen Vcolporate to >-porate. Pollen 3»colporate,

^* Pollen tt/o Una than 1* Pollen p/o ,(0.9)1.2-1.5.

3* Gynoocium 3*3 carpellate, Gynoecium 2*8 carpellate,

6, Styles fully united* Styles usually not fully

	united* 

7* Ho false septa. Usually vith false septa*
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Styraopjcoaa Sbanacaaa

8* Ovary inferior in most goners* Ovary superior. 

*9* Ovulea aadlo or basal in Ovalos apical in

plaoeatatioa* plaoentation* 

10, Honors nearly always Flowers nearly always

bisexual* 

11* Loaf margin entire or

glandular»aerrata»

12. Peltate, stellate or tufted 

baira vary comnon, probably 

all apeeiea*

leaf oargina entirai one

exceptiea era&ulata9 not

glandular*

Peltate and tufted haira

a few African app* only*

Chroaoaooeaa

« m 15f to « 50, 60, 90*

2n m 

2ft • 16, ;>**• 

(BolkoTaklkh at alf 19&9t 

Hahra It Bawa 19^9 ).

If the genera are compared Individually with Bbanaeaaa* 

mare differences are highlighted e*g* fityrax has crustaceoua 

teata« fleany endoaper«9 non-articulated flowerai Afroatyrax 

haa 5 porate pollent atipulea» 6a^otaeaou£«-type infloreecencea 

(i*a* axillary faacialae the peduncles of vnieh are devoid of 

bracte axoapt at vary baaef and the flowers are non^articulated)§ 

AlnApiurllm haa wingad aeeda| and ao forth* Sanaa whether the 

faaily la natural or notf it ia collectively aa well aa the 

genera, individually very diatinct fro« ^benaeeae* Judging by 

too sealarifara vaaaal perforations, aollen ahape, and the 

tendency to inferior ovary, it ia cloaeat to Symplocaoeae*



the Tagoaomic Structure of the Order,

It has been demonstrated in the proceeding discussions 

' Kb.eaaceae is sharply distinguished from Sapotaoeao* 

Sarcoapermataceae* Lissocarpaceae* Symplocaceae and Styraoaceae 

by several to numerous different characters. It also appears, 

although net MI rigorously proven, that all the other families 

are sharply distinguished fro® each other, with the exception 

of the pair gapotaoeae~Sarcosperaataceae which all lines of 

evidence* whether considered singly or together, suggest should 

he united ia one family. We therefore really have five rather 

thaa six distinct families to consider* In the rest of this 

diaouaaion, S»potaceae will bo treated in the broad sense, to 

include Sarcosperma*

Having shown that the five families are sharply distinct 

froa each other, it now becomes very difficult to show hov they 

can be closely related to each other aa their association within 

the sane Order implies*

The boat proof of relationship is the existence of 

intermediates i*e* the presence of odd genera or species which 

have a mixture of the characters of two otherwise distinct 

families* Snoh intermediates are absent in the Ebenalee. Bach 

family ia too distinctive. In fact, with the exception of 

fltyracac»ae» they are all almost menogeneric* Syaplocaceae and 

Liesocarpaoeao are actually monogoaric* Aa for Sbenaceae and 

Sapotaceae* patterns of infra-family discontinuity are so 

difficult to foroaivo that ia Sbenaceae the trend ia the paat 

century has bees toward I«ai4&g of genera accompanied by much 

splitting into sections whereas in flapotaceao the trend has boon 

excessive splitting and rearrangement at generic level* The 

two trenda probably reflect historical precedent although
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flapotaceae. being much the larger and more variable of tao 

tvo families* provides greater incentive for splitting at 

generic level, Essentially, tao root of difficulty appears 

to oo tao strong dogroo of internal cohesion vitaia each family.

^WWPrBpW'^*' •

However, if relationship between faailioa cannot be proved 

by the existence of intermediates, it nay be provable by 

considering the characters vhioa all the families ehare in eoeaoa, 

particularly if any of these characters are striking, rare, sad 

unlikely to have arisen acre thaa once ia the evolution of tao 

aagiooperaa* This approaah has be@a invoked by Davis & Heyvood 

vita regard to the continued retention of the

aa a unified faoily* "The Lepualnoa&e have a unique fruit aad 

seed aad a* close relatives* Surely it is aoro useful here to 

eaphafliac resemblances than differeaoo»*««* *«*»*•

«.-

9nfortunately9 the list of characters ooaaon to all 

f aailies of tao ^benajles reveals aot a single character that 

does aot also occur ia at least a fev doaoa other fanilieat 

plants woody, leaves simple, flowers regular, calyx persistent 

ia fraitf corolla ayapetalous, anthers dehiscing by longitudinal 

slits, ovary syncarpous, ovules anatropoua to hemiaaatropona*

tao liat to iaslude variable T characters, we 

havej latex present or absent, leaves stipulate or exstipulate, 

alternate rarely opposite, vita aargiaa entire, oroaato or 

oerratei flovora articulated or aot, bisexual or unisexuali 

•alyx ia oao or «ore vhorla$ corolla ieoaeroue with calyx or 

aotf valyate iabricate or con tor ted | atanoao 3 * 100 or acre 

or variously reduced to etaainodesi ovary with 1 - numerous 

ovules por oarpolf ovules unitegnic or bitegmicf fruit a berry,
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drupe, oapanle etc | seed winged or notf testa soft to 

crustaceousi and so forth* The Hot of variable characters 

is endless but perhaps oaeugh have been oited to show that 

there is nothing to be gained in this approach*

the authors of phylogenetic claasificationa are ueually 

obliged to favour a fow eharactera abova all otaore ae 

inAloatora of evolutionary ralationahip* 1%ooo aro tho 

oonoorvatiYo or ^bioloeical11 or Mcon»tittttira" eharmoioro 

aia«uaa*4 by Daria ft Haywood (1963)* Sy«p«taly ia ono of thooo 

favoured eharactera and tho gbanales ie ono of tho major 

•ynpotaloua Ordars* Anothar favoured character ia apigyny 

rorotta hypogyny and thia nay bo tho »ai» basis of 8ntohiaoonv0 

division of tho faniliea into two aeparate Ordorot gbeualaa with 

Buparior ovary and Styracaleo with inforior ovary (or at loast 

« to&donoy towards epigyay), Pollan ahapa favours Butohinooa's 

dooiaion but wood anatony suggosts that ^ssogarpacaao belongs 

with |Sbenaceae rather than with Styracaceae and Symplocaoeae. 

ayaoooisl struoturo suggests three separate groupingst Ebenaceae 

4 ^-ssocarpa<seae i Styraeaoeae * jjyaplocaceaet Sapotace&e 

(inslttding fiarcospf jnBatacea^e) • The problea is that these 

characters* together with other oonsorvativo oharaetors e»g» 

integuments ono or two* stipules absent or preseatv ehroiaosoae 

number etc* all offor coaflicting linos of division9 and when 

this happens, it is uncertain why amy particular ono should 

take precedence ovor tho others*

Concerning tho taxonomic affinitiea of Lissoearpam two 

opinions have been offered which illustrate the problea* Oliver 

(1895) thought that Licseoarpa was closer to gbenaceae than 

Styracaceae by its "general facias and horny alboaen". Oleason 

(1926) rejected Oliver9 s opinion and declared tho reverse 

because in his opinion epigyny links Lissocaroa to atyraeaceae* 

Za neither case were the reasona for weighting stated*
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The conservative character, upon which ao much phyloganatie 

thinking is baaed, seems to bo a rather nebulous concept* 

Basically it appaara to bo a character which is found from 

experience to exist ia states which are constant throughout 

higher taxa (family rank and above) for most taxa* If this 

is tho case, tho conservative character may bo considered as 

a statistical aoaaure for which a value oaa bo calculated. It 

should be possible, for example, to work out aa "index of 

conservatism1* for each character at family level by counting 

the number of families ia which it exists aa a constant state 

divided by tho total, aad hoaeo to build up a scaled ranking 

of all characters. Aa iataraatiag punched card system devised 

by Haasen & Rahn (19&9) for the determination of Angiosperm 

families, can be uaed to calculate such aa index for tho 

characters they have recorded* For example, it oaa bo calculated 

that tho character sympotaly versus polype taly ham aa "index 

of conservatism" of 0,6? or &7% I*

Number of families with polypotaloua corollas * 250 

« * « « gamopetalous " « 186 

« " « « both states - 109 

« « " exclusively polypotaloua « 250*109 « 1* 

* " * exclusively gamopetalous » 189-109 « 77

Index of conservatism « 1%1 » 77 r m 0 ^« oy
* 77 * 109

A similar calculation gives the character stipules absent versus 

present the much higher value of 7&t* These calculations

demonstrate bo t tor thaa any description, that ao mat tor how»
conservative a character is, aad how highly regarded by a 

concensus of taxoaomie opiaion, it has ao more thaa a fair to 

good probability of beiag coctstaat taroughout a family* Indeed, 

if tho states of oaoh character have evolved aad are evolving 

from oaoh other or froa intermediate states, thoa all characters



must broak down somewhere or other* The proeoduro of arbitrarily 

selecting oao or two such characters upon which to baao major 

taxcmomio dooiaioaa ia difficult to justify.

Sutehiasoa** creation of tvo ooparato Ordora seeos to bo 

baaed on one or two characters which have, on unspecified ground* 

been weighted above all others* If all character* are treated 

equally without weighting, then Hutehiasoa** treataoat is the 

worat poaaiblo because the difference* between gbenaceae aad 

Bapotaceae are far more amorous than between Ebenaceae aad

la fact, if nuaber of differences* unweighted,

ia too aolo criterion, then of all the gap* isolating the 

faailiee froa each other* that between Sapotaceao (including 

Sarcoaporma) and the rest ia the greatest and hence Englor's 

subdivision of the Order into Sapotineae and ISbenineae is the 

best of the olaasifioations offered*

It aay won bo that^ Order ia beat broken up and bettor 

relationships nought elsewhere, with other families in other 

Orders , but ouch a study would be out aide the scope of the 

present project*
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PART 3: GENERIC and INFRA-GENERIC LIMITS

Introduction 

Character analysis 

Characters in Diospyros



Part XXI generic and Infra-generic Limits in Sbenaceae*

7

Introduction

The genera goyena and Piospyros were described by Linnaeus 

in 1753* These were followed by Euclea (Murray 177*0 snd Maba 

(J. * Q. Forster 17?6).

The family Ebenaceae itself, was not proposed until 1799, 

by Ventenatf who placed in it six genera, four of which were 

subsequently excluded!

Dioepyros Lf

Soyena S».

Styraac (¥omrn*) L* (now in Styracaceae)

Halosia L»'(now In Styracaceae)

Caaellla L« (now in Theaceae)

Hopea L« (atSyaploeosa now In Symp^ocaceae) *

Hence as initially proposed, the gbonaceao was^very heterogeneous 

group*

The circumscription of the family as wo know it today, dates 

bask to do Candolle (18W who recognised eight general

Suclea Murr* Macreightia A* IXJ* 

Royema X** Dieapyroa I*« 

Qunlsanthua A* DC* Maba <?* & Q. forst* 

Boapidioe A* DC* Cargillia R» Br*

Bo Candolle'a monograph was superseded by Hiern'e of 

1873 which remains the most recent world-wide treatment of the 

family* Xn it, do Candolle*s eight genera wore merged Into 

four, and a now genus, TetraoliB, was added to make fiveI

Koyena L.

iguelea Murr*

Maba J* & a* Forst. (Including Macreightia).



L« (inol* Quniganthus, aoepidioe, Cargillia).

fetraclia Hiern

the) genus Rfraphidanthe vaa proposed, with oooe doubt t by 

fturke in l890» Since then, tho trond haa boon towards reduction 

of goaera ia favour of aioapyrosi

Haba (iakhttifton 1933, 193$t Stand ley 1935t White 1936) 

Royena (White & Baraoo 1958 » do Winter & Vhito 1961 f

White 1963).

ihaphidantho (Vhito 1963)

..**,«**•
i *

Only throe gonora are now lof % of which fotraolis cannot 

bo aaiataiaod and ia duo to bo roduced (Vhito, peraonal 

oownmioatioa)* Effectively therefore, the faaily Bbenaoeae 

eonaiata of only two gonorat i*«* tho world-»wide, costly tropical, 

flioapyroa of about 500 apeoioa and the oast* and «outh~A?rican 

gaclea of only 1^ apooios*

In Kmloela (seneu Flora Maloaiaaat van Stooaia 19^, 

there are 130 - 200 opooioa of Dioapyroa* These were aonographed 

by BakhuiBen (1936 - 19*H) who alao included apeoiea froa
4.

ftuatralia and Oceania in his treatoent*
i.

Sakhaicoa initially (1936) divided tho gonus in Naloaia into
, * V

four aubgenerat Maba> Hiorniodendron, Caneillia and Sudlospyros* 

Haba waa in turn subdiridod iato throe sections and Eudioapyroa 

iato 31 oootiottB. A Tory extensive "addenda ot corrigenda" 

waa publiahod ia 19^1 whioh addod greatly to tho complexity 

of tho aonograph. In it» a now aubgonus fabajfoa,. waa created 

and oao noro section each were addod to Haba and Sudiogpyroa*

It ia noteworthy that Hiem was unhappy about generic liaita 

^ ̂ * JBbenaceae for on y* 63 of his aongraph ho wroto "The 

diagnostic characters of tho genera of thio family are not well
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gcnua«" Aa for aoetional liaits, double wore expressed by 

Bakhuiaea la tho prefaoo to bia monograph "Xhooo aootioaa aro 

mainly foundod on characters of too principal species belonging 

to them* Several of .[these aootiojae should bo considered to bo 

provisional oaoa which will bavo to bo suppressed whoa the plaate 

will bo aore fully known*" In fact aoetional lioita in Pioepyroa 

havo undorgono trery draatio changes betweea do Candollo, Hiomt 

Clarke (Ii8a) and

In tnia part of ay tnoaiat it was intended to put 

Baknttiaonva classification to the toot and to suggest how 

iojurorecaenta sight bo aade* 4 classification oan bo tested 

in aany different ways* do the koya work? Doea tho classification 

look logioal on paper? Does it have any predictive valmof Can 

it absorb now information or new species without needing draatie 

revision? Would another trained observer have arrived at tho 

s&tto classifioation independently? Does it help users to

understand better the group that baa boon classified? And so
) 

on* These aro tho traditional waya in tfhiofe a classification

is put to tho test by users and a concensus gradually develops 

about its general quality*

the approach chosen here has only very recently boon1 »

developed (Satabrook 196?§ Hawkesworth, fistabrook & Rogers 

1968, Biaby 1970) and involves tho direot tooting of characters 

by a taxiaotrio procedure w character analysis",



Character Analysis

Xft orthodox practice, the taxonomist usually takes Into 

consideration a largo number of characters of the group under 

study - perhaps as many characters as he can think of* Host 

of these are soon rejected for various reasons f and the class!-
/ Y' /re(*Tn/€ty

fication is finally presented on papsr as being based on a^small 

number of "good" characters* If the tasonomists choice of 

characters for subdividing the group has boom quite arbitrary, 

it will soon become apparent to others that the classification 

is artificial* Other characters will simply not fall into line* 

But if those few character* have boom chosen because they correlate 

best with other characters* them the classification will appear 

natural because other characters will tend to fall into line* 

Hence in a good natural elasaiflcatismv the number of characters 

actually used in presentation of the classification, though only 

a small sample of the total, represent the best correlated of 

a very large nuaber assessed mentally* nearly always informally, 

bat as far as humanly possible, objectively. The taximetric 

procedure of character analysis was developed 1m the hope of 

simulating the process of objective character assessment and 

weighting*

In the technique described by Bisby (1970) In a study
*'

iavdvi&g 52 characters and 273 species of Crotolaria, each• ,?
character was compared with every other character in turn* for 

each comparison, a value of correlation called the Hfractional 

information in common*1 was computed on a scale of 1 to 0« For 

example if character "a*9 divides up the species in exactly the 

same way as character *b* them the correlation between them is 

absolute and a value of 1 is assigned* If correlation is less 

than absolute, a value smaller than 1 is assigned, according 

to a predetermined formula* The computations are carried out



1**

by computer using tho programme CttABA#AL 9 do tails aad references 

of waioh aro given by Bisby*

After character "a1* ha* booa compared ia turn with flbn f 

«e« f «d» and ao oa for all tao characters, tao values of 

"fractional iafomatioa ia eoaaon11 aro auamod up aad this SUB

or "informatioa contribution of tao character" ia a measure of
V 

tho degree of correlation between tho given character^ and all

other characters* Similar valuos are calculated for all tho 

other oharaotorav aad tho characters can then bo ranked oa a 

nuaerioal scale* tho reoult ia a ranking by correlatioa~weighting<

waa ohoaoa booataao it had recently booa revised

by Folhill (I960)* Hence Pelhill'a aaaeesaoat of characters 

could bo uaod aa a ataadard for comparison, tho degree of 

agreement vaa extremely good* Charactera that Polhill had 

uaod for hia major diTiaiona ranked high ia Biaby*a liat* Za 

eontraatf character* ueed by Baker (191^) ia aa earlier olaaai* 

f ioatioa of CrotoXaria aad which Polhill had criticioed, were 

found « **vith oao exoeptionf to hare very much lower information 

contributions than those of Polhill" »

It appears therefore that ire aov have a powerful tool for 

assessing oharaetorav which might bo uaod to toat existing 

classifications or to help create new ones* tho application of 

thio tool to tho iafragonorio classification of Oiospyroa 

booamo a vary attractive idea*



Characters in

As aarliar stated, Bakhuizen grouped Kalaaiaa and 

Auatralaaiam species of Piospyros into five subgenera to which 

ha provided a conspectus (1936 - 194lt p*6 * 434)* If the 

gynoeciua ia reinterpreted in term of carpels (Part Z), the 

conspectus may aa rewrittenv somewhat more concisely* aa follows*-

A* Ovary 3 «arpallat*f with or without falaa aepta. 

Flowers 3 (4 • 3)* aoroua$ ealyx lobac valrata or 

0ub¥alTate« eoaetiaes aeoraaeeat* Albumen smooth or 

ruminate. Maba

&• Ovary 2 ~ 3 earpellate* without falaa aapta*

Flowera 4-5 merousj aalyx lobaa auborbioular or 

raaifora, contorted*i«bric&tef not or slightly accrescent* 

Albuttoa ru9jiaate«i Hieniodendron^^^^^^ ̂ ^^^^-^^^^ ^p ^^^^^^>p^^r^^ ̂ r ̂^^ ̂ p ^^^^^^^^^^^^^^^^^^E^RaE^^MSSR^^^Bjc

C* OYnry 4 aarpellatat without false septa* Flowers 

4 aerouat calyx lobes triangular, valvate* Albumen 

smooth, Cargillia

D» Ovary 2t (3)* 4-10 carpellate, with falaa aepta.
in

Flowera 4-10 merousi calyx lobes very variable/ 

(rarely absent^ valvat* or imbricate* Albumen smooth 

or ruminate* Eudjloapyroa 

B* Ovary 2 carpellate, with falaa septa. Flowers

4 (3) merousj ealyx lobes triangular « probably valvate* 

Albumen ruminate* Uabacea

'if

It might be stated at the outset that there does aot appear 

to be any logical basis for maintaining the monospecifie Mabaoea 

from the vary large and variable Eudiospyroa. Alaov carpel

Floral marism refers to the two perianth whorls only*
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marten la unstable} ^f-meroue ovaries are known in Haba and 

Hierniodendron • >»*erous ovaries in OsrgJllia and

hence the character as formulated Bakhuiften is true only ia a 

vary general sense,

From the conspectus, the following fire characters may 

be extraeted that can be put te the test*-

a) Ovary predominantly >-carpellate versus not*

b) False septa present versus absent*

e) Plovers predominantly 5-aeroue versus not*

d) Calyx lobes valvate versus imbricate versus variable.

e) Albumen smooth versus ruminate versus variable*

these then are the characters to whieh Bakhuisen has given 

most veight* It trill be noticed that for char act ere (d) sad 

(e), variability is treated as a state ia its own right* This 

is necessary because for use with CEAtAKALt eaeh character has 

to bo defined so that there should bo absolutely no doubt into 

whieh of its states every species belongs* Hence species whieh 

have 0*g* both ruminate and emooth albumen cannot be entered 

twice* under smooth, and again under ruminate* They would have 

to bo placed in the state •variable1 * Zt may be argued in 

support of this procedure that variability with respect to any 

character is as mush a property of a given species as constancy, 

and deserves to bo taken into account in character analysis*

for sectional delimitation Bafehuinon used a very large 

number of characters e»g* depth of calyx lob ing, degree of 

acerescence of fruiting calyx, sice of fruits, petiole terete 

or not* hairiness of parte, shape of corolla, density of lateral 

nerves, texture of leaves*
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Zt might appear to be a relatively simple matter to extract 

the sectional characters, process them with the subgeneric 

characters and obtain a ranking by information contributions* 

Unfortunately this turned out to be extremely difficult and 

usually impossible* What Bakhuiaen appears to have done has 

been to associate his species into sections first, dealing with 

a few species at a tioe, arranging them around certain "principal" 

or marker species, and then writing a key around the whole scheme* 

This is classification frof|Jfrelow* Zt allows for considerable 

flexibility in the use of characters because the characters 

can be changed from one part of the classification to the next, 

the choice being determined by the actual subset Of species being 

compared at any one time* Zt is unnecessary that the characters 

should be formulated so as to apply to the whole set* However, 

for this very reason, such characters are difficult to extract 

for use in taxiaetric analysis.
v

>• » *.

Host taxiaetric models demand that the characters should 

be formulated for the complete set of species or operational 

taxonomic units* This introduces a considerable constraint on 

the selection of characters*

To illustrate this point, we might consider the character 

leaf length* Piospyroe buxifolia, with leaves 0*6 - 8 cm* long 

is sharply distinguished from D« argentea with leaves 15-^5 

cm* long* Zf we want to characterise these two species, this 

character can be used with great effect, because it exhibits 

two distinct states as far as this particular comparison is 

concerned*

However, if leaf length is considered for the genus Piospyros 

as a whole* it would be absolutely impossible to see any internal 

discontinuities in the character i.e. it sinply does not divide



up into states* The gap between Pf buxif o^Lla and 3^ aygontoa 

ia eoapletely obliterated by other species and no other gaps 

oaa be perceived* Honoo in eolooting characters from above, 

by considering all species together, the eharact r loaf length 

wiU immediately bo discarded.

It ao happens in Dlospyros that moot charactera behave 

like leaf length ia being go continuously variable whoa the 

species are considered eji aagse that it ia virtually impossible 

to detect discontinuities ia then, although the epooioa tfeofloolveo 

aro quite distinct froai each other* The Crotolaria oituatioa 

ia which a relatively largo number of characters exist ia sharply 

contracting states, certainly does not apply here, I considered 

102 species (Appendix 7) and af tor considering all sorts of 

characters - si»e of structures, degrees of pubescence f numbers 

of floral parts, shapes, presence and absence of structures, Z 

arrived at 28 charactera (table 3«1} which exhibit fairly distinct 

states* However* even thie nuaber may be over*optiaiotio because 

certain characters appear aO rolatod pairs«

1, Male inflorescence on old or current wood 

% Female inflorescence on old or current wood

2« Ho* of flowers on oalo inflorescence

5* Ho* of flowers on female Inflorescence

	 t

3« Halo inflorescence flagelliflory

6* Female inflorescence flagelliflory

52* Male floral iterism

55* Feaale floral oorisa

Halo calyx aestivation 

55* Female calyx aeotivatioa
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Halo calyx hairinooo 

33• foaalo calyx hairiness

22* Halo corolla hairiness 

26* Female corolla hairiness

la a goaas vita oaly biooanal flowers such ae Crotolaria* 

taio oitaatioa dooo aot occur* but in Eiostprros* sexual diBorphioa 

froeoato us vita separate Dale aad female version* of certain 

floral aad inflorescence characters* The two versions do aot 

always coincide, otherwise there would bo ao sexual dimorphism, 

bat they often coincide to a eoaoidor&blo degree* for example 

character 6 has aa information contribution of 3*t%t of which 

Q«?t io contributed by character 3 alone* If there aad been 

complete eorrelatioa, character 3 would have contributed a 

value of 1*00* Because such pairs of characters toad to support 

each other to mutually boost up their information contributions, 

it may bo considered that taoro io aa unfair bias and that such

pairs are equivalent more or loos to certain characters boiag
1 

scored twice* Xa order to see what would happen if the bias

io removed 9 table 5*2 vao prepared, in which the male characters 

19 29 3f 22t 3it 52, aad 5% were deleted* After re-adjustment

of information eontributioaot it vao found that the rankings of 

many characters were altered, bat the throe top characters 

remainod unchanged relative to each other oiaoo characters 6 

aad 3 are almost equivalent to oaoh other* The drop ia 

information contribution io steepest between the first[three 

characters*

The root of this discussion io baaed oa table 3*2, ia which 

Bakhuiaoa's aab~generic characters are indicated by aa asterisk** 

The character at the top of the list io a modified Bakhuisen 

character* The original formulations endoapera ruainate/smoota/ 

variable, scored oaly 0*99 because it hardly correlates with



any othor character* In its new formulation, it is otroagly 

correlated with eharaetero **8t 11, 51 i 1*, (aoo table 3*3) 

and coincides clearly vita tho divlaion between oubgenua 

Hiemiodendron and tho root*

Tho aoeond character, no* 43, otrongly correlatea with two 

othor eharaotorat no* 55 aad no* 9, and coincides with tho 

dlrieiona between eubgsnue HierRiodendron, flection BracfrycylJau 

and tho root*

Host, character 6 picka out very weakly, aoctioa Pkrllooopala 

* autaag (of aoot* Baqlthrix) froa tho reat«

Character 10 picko out mixed aaeenblages of specloa which 

eaaaot poaaibly bo closely related to one another* la fact, 

froo tho third char actor dovnwarda, all tho character* ore very 

low in information ooatribtttioa whether ooaparod to tho first 

character or ooaparod to tho theoretical maximum of 21 for a 

21~character aaalyaia* Support for oubgoaua Haba ia extremely 

weak (character 53* information contribution 1*92)* Hone of 

tho othor aubgenera or sections ata&d out, although it auot bo 

ro-emphaeisod that moat of Bakhuiaea'a diagacatic characters 

for aoctione could not bo directly analysed ia this way*

•; 
t

tfhilo selecting aad aooriag characters for tho analyaie, 

X had, quite independently free tho computer atudy, been teating 

tho limit* of Bakhui&oa'a sub-genera aad section* by orthodox 

Yiaual comparison of apceimena* I caao to tho following 

conclueionat

(a) Soctione 39 7 * 31 of Bakhuiaon'a Kudioa^rog eaaaot 

bo diotiagttiahod froo each othor nor froa Haba, Carigillia. aad 

JJabaooa except quite arbitrarily, by aingle eharaetero, Maba



ia aa excellent example of an arbitrary taxoa baaod on tho single 

character, trioery. The absence of falao septa (loeules bi- 

ovulate) ia another character that haa boon overrated, probably 

booauao it ia raro and striking ia Kbonaceae. It haa boo* 

responsible for the maintenance of Cafg^ll^a for thoao apoeioa 

without falao septa and whioh could not bo fitted into Maba 

nor Eiorn^odendroa* jjftpiilg. aooma to bo baaod entirely on the 

proaoaeo of aa internal elevated rim oa the female calyx* Moat 

of the other section* seem to lack distinguishing features and 

merge smoothly into oaoh ether* done of the sections e«g* 

Kuraellsu Eriantha« Ebenuf> ^egiftdics^ft Qlutiaosa appear to 

oonaiat of species ao rery closely related that they amy prove 

conspecific to aono considerable degree* If H^l^. ^rT^-^tet 

Habacea and aootiona 3$ 7 - 31 of Eudioapyros are aorged aa I 

think they should be» the result would bo a very large and 

variable section ( or sub-genus f but aoe bolow) to which the 

ft*** PJQfpyroa would have to bo given (instead of ffu^osayros) 

according to tho Internatiooal Rules t since it would include 

P* | lotuo* tho typo of tho genus*
iv

(b) Of tho seven taxa loft out, via* Hierqiqdendreiu 

Bracfrycylix. CavanilleastruBi> Podoitfiorfi* E^enaeter. Basithrix 

and Caudifera X have always considered Hierniodeadron to bo tho 

aoat distinct, and this opinion ia now strongly supported by 

tho character analysis* Kiernlpdondron dif fora froa tho rest 

of tho genus in being vascular^ruainate (aoe Appendix 6 for 

definition) f with a stamina! tube formed by union of all 

filaments (fig* 1*1), bi-ovulate loeules , sepals imbricate, froo 

or nearly free, and a unique aodo of gemination (fig* l»13d-f)»

Brachyoyliy ia mu«h loss distinct than Hiorn^odendron 

but haa a unique stamina! morphology (fig* l*Xd), bioarpollato 

gyn^ociua of four uni*ovu!ato loeules, sepals imbricate, froo



1»

or nearly free, and small fruits generally less than 2 OB* 

diameter* St gets some support from the character analysis* 

All these characters except the first are individually found 

elsewhere but they form a rather constant syndrome in Brachycylix.

(d) X am at this stage undecided about the status of

Podophera. gbonaster* Basitfrr^x and (fou^ffra* 

(ospeoially P« poncei) seems very olose to 

Kbenaater* Podc-phora is almost certainly a bad mixture, one

of whose membersf P^ inaldiosa undoubtedly belongs to soot*
i« 

Piospyrog olose to P« bornceBJBis* Baslthrix will probably also

have to be broken up, with some members assigned to Brachycylfo 

and others to soot* Diogpyroa* Vmfertunately the character

analysis deed not give any positive guidanee for these six
i 

doubtful groups*

Am an interim measure, pending a complete world*wide 

assessment of the in*ra-generie structure of Piospyros. X would 

propose that the rank of sub*genus be abandoned, since the use 

of both muhwgenus and section suggests a degree of objectivity
u

in decision making between species and g*nus, that cannot be 

Justified by our present state of knowledge* What appears to 

happen in the genus Pioepyroa is that we have mne large variable

section Pipaiprrog from which a few groups such ms soot*
'i

fllern^odendron. soot* Brachycylix and possibly a few others 

yet to be decided, stand out by possession of small syndrome* 

of unusual characters, the use of a single intermediate rank, 

vim* the eectien, appears to be quite adequate for expressing 

the taxonomts situation*



Table 3*1 • Information Contribution of Characters 
(For definitions of characters, see Appendix VI)

*Character Information
Number Contribution Description

6.33 Endosperm: vascular-ruminate/not.
4.57 Stamens: nnormaln/maingayi-type/clavigera-

type •
3 4.35 $ inflorescence: not flagelliformA

flagelliform/ variable.

52 3«64 $ floral merism: predominantly 3/not.

53 3«53 ? floral merism: predominantly 3/aot« 

6 3«46 $ inflorescence: not flagellifor»/
f lagellif orm/ variable •

10 2.88 Ovary: glabrous/hairy-glandular/hairy

non-glandular/var. 1 or 3 •

54 2.?8 6* calyx lobes: imbricate/valvate or
absent/variable •

55 2.69 $ calyx lobes: imbricate/valvate- or
absent/variable •

33 2»38 °- calyx inside: glabrous/hairy/variable. 

11 2.38 False septa : present/absent • 

15 2.29 Pistillode: glabrous/hairy/both . 

26 2,23 °- corolla outside: exclusively glabrous/

glabrous to simple -hairy/glabrous to
forced-hairy/glabrous to glandular hairy. 

3^ 2.1*f °- calyx: v*ith internal elevated rim/

without »

51 2.10 Carpel merism: predominantly 3/aot. 

31 2.01 c^ calyx inside:, glabrous/hairy/variable. 

19 2.01 Stamens: glabrous/hairy/variable. 

1^ 1.95 Pistillode: absent/present ». 

22 1.92 ^ corolla outside: excl. glab./glab. to
simple hairy/glab. to forked-hairy/glab.

to glandular hairy. 
2 1.8^ No. flowers on 6* inflorescence: 1/1-V

1-20/3-V3- <*> • 

20 1.82 Staminodes: glabrous/hairy.
9 1.61 Gynoeciuia: reduced/not reduced/variable 

37 1.60 Fruiting calyx: re flexed/erect/split/

spreading. 
1 1.58 6" inflorescence: on old wood/current

wood/variable.
k 1.5^f ? inflorescence: on old wood/current

wood/variable .
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Table 3.1 (Cont'd.)

*Character Information 
Number Contribution Description

13
36
5

1.51
1.22

1.22

Styles: free/united/variabla. 
Fruit: hairy/glabrous or nearly. 
No. flowers on $ inflorescence: I/" 
1-V1-20/3-V3- oo .

*These are the actual numbers allocated to each character 
formulation. Numbers not listed are those that have either 
been replaced or abandoned*
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Table 5«2. Information Contribution of Characters 

after deleting 1, 2. 3« 22. 31* 32«

Character Information
Number Contribution Description

5»02 Endosperm: vascular-ruminate/nob. 

3*31 Stamens: "normal"/maingayi type/

clavigera type. 

6 2,30 °. inflorescence: not f lagelli f orm/

flagelli form/variable .

10 2»21 Ovary: glabrous/hairy-glandular/hairy

non-glandular/variable 1 & 3»

*53 1.92 $ floral merism: predominantly 3/not.

*11 1*85 False septa: present/absent.

"15 1-7^ Pistillode: glabrous/hairy/variable.

51' 1.5A- Carpel merism: predominantly 3/not.

I'*- 1*53 Pistillode: absent/present.

19 1»53 Stamens: glabrous/hairy/variable.

20 1.51 Staminodes: glabrous/hairy* 

33 1.^9 ? calyx inside: glabrous/hairy/variable. 

3^- 1.^6 ? calyx: with internal elevated rim/
without. ......

*55 1*39 ? calyx: imbricate/valvate or absent/
variable »

9 1.12 Gynoecium r educed/not/variable. 

13 1.10 Styles: free/united/variable. 

37 1.06 Fruiting calyx: re flexed/erect/split/
spreading.

26 1.02 ? corolla outside: exclusively glabrous/

glabrous to simple hairy/glab. to forked 

hairy/glab. to glandular hairy.

36 0.83 Fruit: hairy/glabrous or nearly 0 

^ 0082 ? inflorescence: on old wood/current

wood/variable .

5 0.71 No. of flowers on ? inflorescence: I/
1-V1-20/3-V3-00 .

* Character used by Bakhuizen in sub-generic delimitation. 

** As above but modified. The original formulation: Endosperm 

ruminate/smooth/variable, has an information contribution 

of only 0.99»
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Table 3-3* Fraction of information in character i also 
contained in character j, (i characters to be read across, 
and j characters down the table).

t
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PART k : SOME SPECIFIC PROBLEMS in DIOSPYROS

Introduction

D. ehretioides, D. sylvatica,

D. hermaphroditica, D. fasciculosa,

D. holttumii, D. ruminata and D. putii,

D. kaki, D. roxburghii, D. glandulosa. 

D. kika and D. oldhamii.

D.lotus and D. brideliifolia*
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Part If » Sono aaoolfio problem in Piogpyros

Xatroductioa

Bakhuimen recognised 190 opooioo in Mo revision of 

Maleoiaa and Australasian Pioapyros* Froa citations following 

oaoh opooioo deooviytioatit io poooiblo to work out that kk of 

the opooioo woro kaotrn froa aiaglo specimens, i*e« their typos, 

only, A total of 103 opooioo ware known from 1*5 opooiaeas 

each, Only t& opeeics were repreaeated by orer 15 opooiaoao 

each* Covparod with van Steenia* (1957) informal ootiaato 

that in the Itolooiaa flora f 15 * 30 opeeiaoao per opooioo more 

or looo evealy opaood ao to origin, aro required for a good 

aoooosttoat of the range of infra-specific variation, aad to 

VhiteU (1969) "ore foraml ootiwto of 30 - *d opooimmo under 

Africa* conditions, it io clear that Bakbuiaea'o revision was 

oa the whole based oa oaaples much too inadequate far a proper 

diatinctioa to be aade between infra- aad iatov*opooifio 

variation*

Table %•!* Ho* of specimens oa which 
Bakhuizeafa species were based*

Mo* of opooittoao per opooioo 1 2-5 6*10 11-15 15

»o* of species H 59 31 1%

While working oa the linito of the family (Parts 1 ft 2) 

aad agaia whoa selecting characters for taxiaetrio aaalyoia 

(Part 3>t X booaao aware that some opooioo aro highly dietiaot 

while others fall into clusters which sight» ia oatroao oases, 

bo single highly polyaorphio opooioo* Oeeisioas involving 

Boabora of such ooaploxoo have always been difficult to aake* 

It speciooao are aearce, it io inevitable that aaay "paper 

opecieo** will bo created as a result of Isolation by oaapling
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error, aa opposod to the biological speciest resulting fro* 

reproductive isolation* which is the task of the taxonoaist 

to discover, there aro still many species of Biospyros in 

Malosia which aro poorly collected but fortunately many others 

have become such better collected since 19*1 and for these 

latterf the time may bo just about right for a balanced 

analysis to bo made*
i ;'«'•';•

',

In this part of the thoslst I have attempted to analyse 
sons of these complexes, taking into account all available 

morphological, geographical aad ecological evidence simultan­ 
eously. However, the human mind is normally, as Andersen

1
(19*9) has pointed out, inefficient in analysing more than

i
one variable at a time* fo overcome this limitation, it is 

necessary to resort to graphical methods, of which some very 

ingenious ones have boom devised by Andersen himself* the 

method which X have adopted involves the use of ideograms on 

a distribution map*
V

First» the whole complex is examined and a selection of 

characters is made to bo subjected to further analysis* Such 

characters show more or loss discontinuous variation within*

the complex aad are the diagnostic and differential characters 

Csonsu White 19&2) that have either actually been used or may
/«X4

potentially be used to characterise^ within the complex* Each 
ideogram represents a single specimen and contains all the 

morphological information about it that is relevant to the 

analysis, the ideogram X favour is basically a circle divided 

into parts* Each part represents one character aad is variously 

inkedU-in or loft blank to represent the particular state of 

that character which is seen on the specimen* The completed 

ideogram is then plotted on a map according to the locality 

given by the collector's label*
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Thm eoapleted distribution nap mbovs the way the 

characters art associated with each other ore? tht whola 

gaographioal range of the coaplax* Suck oapa are an exeallent 

maana of diaplayiag Tariation patterno« I have been able to 

draw inportant conclusion* fro» the«« taxonoaio aa well a»f 

in momm casee, evolutionary*
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Oioapyroe eftretioidts* D« aylvatica*

i.ea. fi*. fAAtti.etil.AAaA B*.

% rumfnata .aad P» putii*

Tao unity of t&ia complex waa partially recognised by 

BaJthuiaon, wao plaood % tasciculosa. P« ruminata, St holttuaii

( lasaiu) Bakh* Ho also plaood D« ooafertiflora ia the sane 

aeetion but thia ia a highly distinct apoeioo that cannot bo 

eonfused with anything else and ia hence excluded from thia 

discussion* Bakhui&en did not include D« ehretioides* Jj^

sylvatica and »• outii in hia rerieion presumably booauoo
i 

taoy lay outside hia geographical liaits*
•',» *,. - *.•/.'•'''' •

fariatioa within tao complex ia particularly noticeable 

ia floral meriaa, because the conplex lioa oa the controversial

boundary between Haba and Piospyros in Hiernt s elassification*
ii. 

X exaaiaed the oalyeea of all available flowers oa 69 specimens,

and obtained frequencies of 1 t 315 t 258 t 6 for dimery,
•t 

triaeryv tetramery aad pentamery respectively* Moat of the

specimens showed a mixture of triaerous and tetraaeroue flowers* 

Owing probably to accidents of sampling, fiiera had plaood D* 

oarotieidoo aad P^ sylTatica in Pfospyroa but Pf ^eraaphroditica> 

0^ fasciculosa and P« rwainata in Habju completely disregarding 

the orerall similarity between them.

la faotf floral merism ia so unstable* eren among flowers 

oa the same twig, taat it cannot bo considered aa a character 

for subdividing tao complex, although different populations

•ay have different modal values* For example D« ehretioides
•ktn- 

appoaro to bo prodofflinantly^»erous while D^ heraaphroditic^
A

appears to be predominantly trimerous whoax large number of 

representatives are considered* Qiven a specimen with a few 

flowers (moot spooimeas have only a few flowers), it would bo
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eatistically improper to say whether it belonged to one state 

or the other because tho samples would be far too small.

I was able to find six characters that can be used in an 

overall analysis, and a seventh that can be used at a somewhat 

later stage, to be explained later. These characters, and
«

their coded symbols are :-

!• Largest petiole bases (or their scars), 

broad : *f - 7 mm © 

narrow : 1 — 3 rain 0 

2. Female cymes uniflorous (5

multiflorous 0 

1-3 florous ©

3* Ovary hairy all over Q 

hairs concentrated in a basal ring Q 

glabrous Q 

4. Length/breadth ratio of largest well-formed leaf 

^ 1.86 Q 

> 1.86 ©

5» Endosperm *ruminate

smooth

6. Male flowers in dry state

large, 3 - ^«5 mm diara, • 

small, 1 - 2.9 mm diam. o

7. (not incorporated in the ideograms)

Midrib depressed on upper leaf surface 

Midrib prominent on upper leaf surface

The number 1.86 of character *f was obtained by plotting 

length against width of the largest well-formed leaves of a

*Recorded only for fruiting specimens. The endosperm is 

considered ruminate if ingrowths from testa exceed 2x 

thinnest part of testa.



large aampla of specimens (fig* *Ul>* A liaa paaaiag through 

tha origin aad having a slope of 1*86 was f aaitd to separate 

&• ahretloides from tha rest, vith fav exceptions* Tha othara 

could not ba separated froa aaeh othar by thair la&gth/vidth 

ratios*

Fig. 4,2 ahova tha geographical dietributioa of 

specimens* The coapiex occupies a largo area froa tha Saeeaa 

to Fiji bat ia curiously abaaat froa tha Philippines aad 

Sastera Malaaia (Celebes to Mew Guinea)* Another curious gap 

ia froa S* Bengal ta V* Burma* Oceanic barriers cannot ba 

invaked ta explain tha fapa because representatives are foaad 

in JU&* Australia* Hav Caledonia and Fiji daapita tha vast 

aileage of salt vatar between*

there appear to ba four allopatric taxa occupying tha 

regions aarked S, E9 B* F am tha aapf corresponding to tha 

aaithata ay^yatiaa* ehretioides^ heraaphroditica aad fascicul,oaa«
•

In region Ff coaprising M*E* Australia* Nav Caledonia aad 

Fijif tha speoimeas are uniform with respect to tha six 

characters analysed although aa earlier stated, the three loci 

are widely separated by ocean* two aaaaa are current, D* 

faaciculoa* and P« ruainata. P> ruainata (actually Xaba 

ruainata at tha tiae) vas created by Kiern oa a Mew Caladoaiaa 

apeciaen baaauaa of Ita alleged ruminate aadoapam aa opposed 

ta P* fasciculoaa (Haba f asoiculosa) vith aaooth andoapara* X 

have esaained tha type af P* ruainata (Deplanche 511) aad fiad 

that Hiern vaa badly aiataken* Tha endosperm ia saoothf hence 

P* ruadnata ia indistinguishable fram D> f aeciculoaa, ta which 

it aust ba united*

0« faaoiouloea differs from D« hermaphroditica ia aaly 

tvo characters* the ovary ia totally glabrous instead of having 

a basal ring of hairs aad tha midrib ia proainent am tha upper
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surface of the leaf instead of sunken. The latter 

character was not brought into tho overall analysis because 

although it sharply differentiates between P. fasciculoea 

•Jid !>• heraa»hAto^|4ioa* the distinction ia completely obscured 

if P* fiy?.vatica and P« ehretioidea are aloo considered. la 

these last two species, oridrib appearance ia neither distinctly 

nor conatantly one atate or tho other*

Om heraaphroditica occurs on the lands of tho suada Shelf 

(region B) v comprising Malaya* Borneo, Suaatra, Java and tho 

aoutherm coastline of Thailand f Cambodia and Vietnaa, The 

region ie one of tropical ever-wet rain forest* Characteris­ 

tically f the ovary beara a basal ring of h&irs, the leaves 

are aarrow (lengthAx^Adth ratio greater than 1*S6) 9 and 

tho petiole baaea saall* Tot eicceptions are known to each 

of theee three eta toe* the variant apooiaens are marked "h" 

on the sap* lash of these ahows a departure froa tho "typical" 

speeisens in only one eharacter* Suoh variants are rare* 

There is no evidence that they fora &«lf-perpetuating populationa, 

hence the boat hypothesis is that they are aoabsrs of the aaae 

P« benaaphroditica population*

P« hermaphroditioa is rather abruptly replaced by 

ehretioides (region S) 9 along a line running roughly between 

favoy and the Mekong Oslta* In the Mekong Delta, the region 

of change is vary indistinct and a field investigation is 

desirable to dstoraine the precis* sons in which replaoeaent 

occur s t and tho ecological faetors associated with it* Xt is 

significant that there appears to bs no hybridisation along 

the seas of replaceaent, X have net seen any spsoiaoa that 

aight bs interaediate between the two tsxa« D* ehretioidea 

!• adapted to savers aonsoonal conditions. The leaves are 

shod onos a year* Wow growth takes place in the fora of fluohes
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fro* axillary buds of the proTioua season. The oarlioat loavoa 

of a flush aro small, aad boar inflorescences in their axils* 

Tno lator leaves aro progressively larger f vita thicker petioles 

aad consequently, they leave larger scars on the twigs* In too 

axilla of those largo loavoa aro formed the resting buda for 

next season's growth, Ifc putifr* baaod oa a Thai apooiaon (Put 

2S>4) ia absolutely indiatiafuiaaablo fro* Pa ehretioidee to 

which it auet bo united.

A gap of about $00 ailee separates region £ froa ft* The 

latter ia occupied by P« aylvat^ca. with about am anon internal 

variation aa P« herae^hroditica* but for the samo reasons, £• 

auat bo oonaidorod aa a aiaglo taxon whieh would bo

aeaningleea to aubdivido* 0« aylvat^ea roaeabloa 

ditiea in having narrow loavoa and narrow potiole baaoaf but 

it reaoablea D« ohretioidos in the maiaate ondoapomi aad 

aolitary feaale flowora*

9ao ideal pattern cf four foographioally roplaoing taxa 

aa ao far described, ia however, oovplioatod by the apooiaena 

narked *a" and "f in region 1»

3poeia«a "a" oooura ia Lmngkawi Zslead, off the K*V* 

coaat of too Malay Paninaula, and ia the typo of P« holttumii*
in /.AAjKAWi

Ko otnor apoaiaon aaa ever been collo« tod / that matches this 

although Many have boon colleeted whioh belong to 

!>• herBaphredit^oa* Oa too aorphological evidence available, 

this o«o and only apooiaon of P« holttuni| ia indiatinguiahable 

**** fff ayJIvB-^ioa of India* It haa aolitary foaale flowers 

(aotually young fruits) and ruainato endosperm* Bakhnison 

rooorda the oadospera aa being s«ooth« This ia a somewhat 

difficult paint because the aeeds aro immature and hence very 

ahrunken on the specimen. However, the young testa already has
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ingrowths iato tho ondoapsrs, and ia ay experience* a aood 

that ia nuaiaato at thia at age, will remain ruminate vhon ripe. 

Henoo I disagree with Bafchuiaea'a interpretation*

Specimen *f" occurs ia monsoon forest of S.W. Java and 

ia oao of a aoioay of such p&aata* Morphologically, it is, by 

tho glabroua ovaries and prominent midrib, indistinguishable 

f roa £• faaciculoaa although aaparatod from tt*l* Australia by 

some 2fOOO miles* It ia a significant fact that P« henaaphro- 

ditfaa also oecura in Java but tho two taxa aro •cologieally 

autually raplaaiag (Backer 19^5)$ with P« faaoiauloaa in 

aoaaooa foroat f and • hor«aioia olaowhoro*

tho quoatioa ariaoa aa to what tho origin of th*ao 

"anoatloua" apoaiffana night bo« Sovaral hypothoaia aay

ORO ia that thoy aro i&trudora iatroduaad by OOBO

aoaaa froft thoir Mhoao<> rogioaa B and F« A aoooad 

hypothoaia ia that thoy haro ovolvad indopoadoatly froa tho 

prnront P« hyrafififfff^tlaa population* fha oTidaneo availablo 

dooa not enable so to roaolro tho problea*
v)

*& •' t ,'•"

One ooologioal factor dooa, howover, • serge, fiegion H 

ia a jragion of everwet tropical rein forest but within it are 

pockets of aonaooa foroat with annual porioda of aevere drought, 

Langkawi ia one such pocket and fl*W* Java ia another* To tho
t

north, region 8 givea way to region S9 tho aonaoon interior 

of Bursa, Thailand and Indo-China« with a very hot and dry 

aoaaon every year* Tho replacement of P« heraaphrodit^ca 

by p* •jarat^oldaa ia tho north, by P^ fasciculoMi ia 84U Java, 

and tho occurrence of one speciaen of D« gylvntioa ia 

Langkawi ia strong evidence that typical I)* hersaphroditica ia 

aoA*roaiataat to drought and that under conditions of drought, 

it suat oithor evolve a drought-resistant fora or givo way to
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better-adapted species.

4 review of taxonomic status can now be made* P* ehretioides 

has strong claims to being a good species because it shows the 

greatest number of morphological differences between itself and 

all the others* It is in geographical contact with B. 

aermaphroditica only but there is no evidence of hybridisation 

between them along tho narrow sone of replacement*

P» hermaphroditica and Pt fasciculosa differ from each
f

other only by tho midrib sunken or prominent, and tho ovary 

hairy or glabrous* They both differ from P* sylvatica in having

•mlti-flowered female cymes and smooth endosperm* On tho 

evide&oot they could bo either three mmb^mmooies or throe very 

closely related allopatrie species, the differences between 

thorn appear to bo loos than the differences between tho whole 

complex and ether speoios outside tho complex, hence Z favour 

reducing thorn to sub-specific status* One further faot supporting 

tho reductiom is that if tho status ouo i*e* throe separate 

species, is maintained, tho well-known and common P« heraaphro- 

ditica will have to suff or a name change to tho obscure Pn venoea 

Wallich ox a* Pom* Bakhuison was well aware of this possibility 

(BakhuiBon 1937 f &9) and argues that venoea should bo rejected

•» * §omon ttudum on tho grounds that do Caadolle, Hi em, Clarke 

and King It Qamble had disagreed over tho generic and even family 

identity of tho specimen* Bakhui&en did not see tho specimen 

himself* Z have done so and have mo doubt whatever that it is 

tho samo am P« hermaphroditiea* Unfortunately it bears tho 

older epithet and tho International Rules do not support 

Bakhuimon's attempt to reject it* However, the epithet 

hermaphroditiea can bo maintained at sub-specific level.
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!• Largoat potiolo baaoo k * 7 mm wldo» foaalo oyaoe 1*3 

floro«at ovary hairy all over, loaf loagta/bvoadth ratio 

amallor than l«86f oadoapora rcainato9 aalo flovora 3 * 

MI diam, in too dry ata !••••••••• •«•••«•«» »P» ohrotioid

1* Largest potiolo baooo 1 • 3 am wido, foaalo ojaoo 1 - oo

florooof ovary glabromo to hairy « loaf lonfto/br*adth ratio 

groator taaa 1+86V ondoopom smooth or ruainatOf aalo flovora 

1 * 2*9 am diao* in tho dry otato, •••••.«, «,.««»..*2

2* FoBalo oyvoe unifloroua, ovary glabroue to hairy* ondoopora

2* foaalo oymoa «ultiflorouaf ovary glabroua to hairy f 

oadospora oaoota** »»•••*•*•**••*•• •••••3*

Orary vita baaal riag of hairo or raroly hairy all over. 

Midrib dopffossod abovo. >*••>. ̂ »«>P^ aylyatioa aubsp,

hermaphroditica>

3* Ovary glabroua* Midrib prominent above* •• •••>P> ar

eubap* faociculoaa*
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30r

25

20

^.1. Length / breadth of largest well-formed leaf

on specimen.

Diospyros ehretioides
D. sylvatica / hermaphroditica / fasciculosa

Breadth in cm
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kik* Anil

*** oriental poreimaoa, is economically

probably the Boat iaportmat species ia the gboaaooao* Xt ia one 

of tao aajor fruit tree* of Japaa, dona and Korea, although it 

ae«aa to have firot beeoae known to Europeans only after the 

arrival of Jesuit aiasionarioe in China ia the aid-sixteenth 

century (Breteehneidcr 1$?8)* The Jesuits found it ooaaooly 

grown throughout tao country* The Portuguese called it the 

Chinooo Fig, because the fruits aro often steaaed, flattened, 

and dried for off*seasoa eonsuaptioa, whoa it resoables the fig

ia eppoaranee aad taste*
>

Mot surprisingly fot aa intensively aad widely cultivated 

species f a very largo nuabcr of cultivars have boon developed t 

of which aany have boom raised to the rank of species by 

uncritical workers, only to be reduced again (aee Bakauiaen 1933 

for syaenyqy)* all these synonyaa aro boat forgotten, but one 

of thea turaa out to bo surprisingly durable «• P« roxburghii> 

described by Carriere (1872) , reduced by Hiom (l873>t reatorod 

by HcBsloy (19U), reduced by Bakfcuiaea (1938), aad which Z 

propose to restore again*

X have ooao to the conclusion that the relationship between 

Pi Mit *** Bf yoxburghii is of great biological interest and 

deserving of acre attention than the aonegraphers Eiera aad 

Bakhuiaoa have given it* Rather than being a cultivar of £4 

kaki« there ia abundant ovidonco that P* roxburithii is a naturally 

wild species which aight well bo ancestral to the cultivated plant, 

The historical background to the problea ia briefly aa follows.

Xft 1832 Roxburgh, in hia Tlera Xadiea, wrote of 

"I find it not only a native of Japan but also of China, and the



173

aountaina of Sepal t to tho northward of Bengal"* Ho aloo addod 

that trooo introduced and grown ia Calcutta gave poor yielda of

fruit* Roxburgh1 a view of tho diatribution of fa ^jft **«* 

oaatom India to Japan wao adoptod by vorteoro in tho fiold e*g* 

Clarke (18*2) who actually oollootod wild ep«oiAoa* ia tho Kaga
v 1 -.

Hllla and notod "Ragaa oaa oat tho fruit", aad Ferraro (16*75) 

who aotod ia tho foroatod Karonoo country of Burma that "largo 

aroaa aro covered alaoat exclusively with foh (Moapyroa frakj.) 

aad an uadorgrowth of some oyperaoean"* In 1921% ftroup wroto 

"BfcJS&l* *••••*••*• •»** cultivated ia China and Japan and eeeuro 

wild in tho Khaai Hilla aad Oppor

0« roxbufghfl wao doooribod by Carrioro baood oa apooiaono 

of unknown origin* oultivattd ia franoo and Alg«ria« Carrier*, 

a hortioulturiat rathor thaa a taxono«iat 9 doooribod tho fruit 

ao boiag toman tooo9 with ooft owoot pulp* Ho oboorrod that tho 

opooioot aa grown ia ffeaaoo* wao noa»roaiataat to froat and ooldoa 

boro fruit* Hoaoo* ho arguodf it eould not pooaibly bo tho tmo 

Pf ka^* whioh ourvivoo tho oold Japaaooo winter aad bears 

abvadaat fruit* Seining oa SoxburghU reaarka about tho troeo 

ia Caleutta being unfruitful, Carriere argued further that hia 

plant auot bo tho aaao opooioa ao Roxburgh* a and probably oaao 

fro* Nopal or Bengal* Tho i»plioatioa here ia, of course, that 

Boxburgh had •iotakoaly ooabiaod two opooioo ia hia deaoription*

Hotwithatanding Hiern*e rejection of Carriere 1 a ease, thio 

horogy wao taken ap by Kensley, who aade a ooapariaoa of a oot 

of French apooi»onov with apooiaono from India, China aad Japan* 

Ho caae to tho ooaeluaion that there wore morphological and 

geographioal grouads for rooogaiaing two apeoiea, "0* kaJ4 ia 

apparently oonfinod to Coatr&l and Haatern China and Japan 

whoreao q» roxburg^i io a native of Saotern India aad Western 

China"*



Bakhuicen rejected Heaaley*s conclusion without comment* 

Retracing Hamaley's footsteps, X find that ha had no claar idaa 

what tha differences ara battraaa P. kaki. P« roxburiehli and 

P* lotus* Hia oat of branch material of D« roxburghii inoludaa 

thraa specimens from faurat'a collection of plant* cultivated 

at Antibea, which Carriers had aitad and which may therefore ba 

takaa aa typaa of 0« raabuiyhii* Two of these apaeiaana hare 

aala flowara ia separate envelopes and tha third ia ia fruit* 

Tha fruit ia toaantoaa, aa described by Carriora9 and may ba 

takaa to ba tha lectotype in tha absence of a designated holotype9 

Baaalay ra Jeeted tha flowara, which ha thought to ba aala and 

faaalot and wrota that thay night poaaibly belong to D« lotus. 

Xa faat thay ara all aala and thay dafinitaly do not balong to 

P« lotua* X aaa no raaaoa to doubt that thay belong to fhurat'a 

plant (aaa fig* 4t*t and tha kayo oa p IS/ and i<?0 )• 8aaelayfa 

diagnoatic daaerlptlons were also poor* Of P* roKburghll ha 

wrota f wapecle* as affinit* ^j MtlJ? * 9.°* dif fart iapriaia 

folia araaaiora fora coriaoea laaoaolata Tel lanceolato^oblonga 

utrinque atteauata Tenla priaariia proai&entibtta at corollae 

lobi latiores qttaa longi*n These • differences* ara ia my opinion 

non-existent* ta paper 9 Heasley's oaae ia axtvoaaly weak aa alao 

waa Carrieref s, But Bakhuiaaa had not takaa notice of two 

further developments, whiah ai^it hmve caused hia to pause aad 

reoo&slder*

Xa 1915 9 Laaa published tha new species 0* jtlonduloaa baaed 

aa six Burmese apaaiaaaa* Xa 1937 Oabbaraaa it Biawaa published 

another new species, pt frj,^f - baaed on four apaeiaona, from 

Aasaa, Manipur and Burma* Tha name "kika*9 waa coined "to 

iadleate ita affinity with P* kakl."

Putting together apaoiaaaa of D« gl&adulosa* P* k^kf and 

roxburghii* X aaa find no differences betwaaa thaa* Xn faot
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oao specimen. Kura 100$* io oitod aa a typo of both D« glaadulosa 

*** Pylft**,* <5?a* aataora of thoao laat two oaaoa had quite 

inadvertantly otoppod into tho widdlo* Xt ia apparoat that to 

Dobbaraan It Biavaa, it waa inconceivable that a plant wild in 

Buraa and K» India could bo oooapooifie with tho cultivated

^^^^^^^^^2l^R^2jj^t ^^^* ^^•wefc^owa ^W^^W(P ^^ vaapvMO'a^pr

Co rooolve tain problem* X aado a atudy of Hi specimen* 

that belonged to ******* ff, f*||| or Pf roxburghii after first 

aatiafyiag ayaolf that Bb lotua is aa abaolutodly diatiaet apoeioa 

in ita ow* right (aoo noxt oootion)«

X aortod oat two aota of apooUMna fro* tho totals 

(a) apeeiaeaa froa X« Xndiat Bvrna and Thailand and (b) cultivated 

apooittona froa China aad Japan* Fer olaaa (b) t only apooiaona 

which had boea explicitly described aa cultiv*tedf oa tho 

collectors labolaf were inolmdod* Thia io noooasary becauae 

ft> kaki ia aaid to occur in China and Japan t both under domeati- 

oatioa and im tho wild (ftraaborg 17^f Hakino 1908t Rohdor & 

Vilaoa 1916, Lee 1935 t Oa*i 1965)* itakiao had formalised tho 

aituation in Japan by naainf tho wild plant P« kaki var 

and tho cultivated oao P» kaki var doaeatica« far

ho diaticguiahed aa having aaallor* atroagly aotringont fruits* 

Such difforoaooa cannot bo dotootod oa herbariua apeclaene. 

JTurtheraoro all author* ainoo and including Nakino consider 

D« kaki to have boea introduced into Japan froa China and honoo 

tho wild fora aa known to Makiao aaat havo been aa oaoapo froa 

doaoaticatioa9 and aot primitively wild* In China itaolf t wo 

are ia no pooitioa to Judge whether wild planta are priaitivoly 

or oooondailly viid* Rehdor * Viloon havo followed Nakino in 

making a taxoaoaio diatinotioa between wild and domesticated 

plantat but gono ono atop further to o%uate D> roxburghii with 

var aylveatri*. Mo evidence waa proaontod for thiaoao^^^aawp"waa^^o^p^a^w

aorgor«
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My approach is taat a priori tho only plaata that oaa ba 

eoaaidorod cultivated ara those eolioatod from orchards and 

village* aad specifically aotod aa baing cultivated, by taa 

collector* the only plants taat aaa ba eonaidarad primitively 

wild ara taoao growing ia oountriaa where PI i^ajhfl ia completely 

unknown ia cultivation. From tao oollootiag labels, aad froa 

eorroapoadaaao vita forest Botaaiata ia Burma and Thailand* X 

gather taat »• kakft ia aot cultivated ia B* India* Burma and 

Thailand.

Comparing taa tvo alaaaea (a) aad (b) taa only difforaneoa 

X could find were ia degree of hairiness in flowers and fruits. 

Tao plaata of Indiaf Burma aad Thailand (aad also tho typoa of 

PA. ro«to'*TaWf * ***• ealyx Ioboa9 ovari«o and * fruits aomplotoly 

ooTorod vita dons* hair (fig* **t)* 2ao cultivatsd plants of 

China aad Japan (aad also cultivated apooimoaa introduced into 

Malaya aad Java) hava calyx loboa sparsely hairy, ovariaa glabrous 

or vita aaira roatristad to basa or apomt aad fruits siailarly 

glabrous or vita hairs restricted to base or apex.

Having datootod tho differences botvoon priaitively wild* 

aad damoatiaatad plants* all tao H8 apooimoaa were scored for 

taoao characters aad displayed oa a may (fig* %•$)* vaat emerges 

ia that hairy plaata corresponding to P* rogbjaritai^ occur aot 

only ia a> India* Burma aad Thailand but also in Laoa* H. fiotaam 

aad 9* li Me lunnan* A fav specimens occur in b** Eupoh* Kvaagtuag 

aad Chakiang. Spaoimoaa corresponding to tho cultivated pt ^f^ 

occur in China9 li* Vietnan, Korea aad Japan* Somo of tho latter 

were recorded aa being cultivated* others aa apparently wild but

deciding tao distribution of hairt tho herbarium specimens 

are examindd carefully paying particular attention to taa adgea 

of tao preased fruits and taa protected parta of puckered areas* 

Haira oa flat upper or lower surfaces tead to bo rubbed off on 

herbarium ahoots* and give misleading information.
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morphologically they are indistingushable* I think therefore 

that although a distinction can be made between D* roxburghii 

and P« fc*fc^ on consistent differences in hairiness and in 

geographical distribution, no clear distinction can be made 

between P. kakl var domestica and P« kaki Tar

As for the relationship between P. roxburghii and P* kaki.

the hypothesis advanced here is that the former is the ancestral•« *
speciee out of which D« kaki has arisen through centuries of 

cultivation and selection. There are several independent 

observations that the fruit of P« roxburghii is sweet and edible,

e»g» Carriere t s original description, Clarke's observation that
^/

Hagas eat the fruit, a Burmese forester's collecting label

(U Tha Hla 1999 ) describing the plant as a wild fig tree with
;

sweet edible fruits, a Thai collection (Semkhit 255) noting
• •!

that the ̂ tree is medium to large, in evergreen forest, with sweet 

edible fruits* Hence Dm roxburghii provides an incentive for 

cultivation* From North Vietnam comes evidence that the Muong

tribes in the foothills of the interior (Feilane 1&27, and Bon*
353) do plant the species or at least have them growing in their

villages* Z had also five specimens of P* kaki from H« Vietnam*
whieh were definitely cultivated, according to their labels* 

Horth Vietnam is therefore an area of interest, where P« roxburghii 

is still being taken into cultivation while P« kaki has perhaps 

been introduced from China* Or could the latter have arisen
Aeeo

from the former within N« Vietnam itself and them, taken into
t M » *

China? This seems unlikely because the presence of D* roxburghii* ^^^^s^^^^WBMiM^BPwmmmmiWBBBS*

as rare individuals in Kwangtung, N. Hupeh and Chekiang suggests 

a former very extensive range for the species within China which 

may have broken up into pockets and become extinct in vast areas 

even as individuals were being taken into cultivation and evolving 

in*° P« kaki* X suggest that the main selection pressure was 

towards the production of smooth-skinned fruits from the original
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bristly hairy condition. Taia Might have affootod aot only 

tao ovaries but alao tao general hairiness of tao flowers aad 

tho whole plant*

Thla ia a poorly known species oadoaio to Foraoaa which 

diffora f roa tao proceeding %vo ia having glabrous iaatoad of 

hairy aale peduncles* fho fruits ay* aaid to bo glabrouo (l*i 

1963)* 1 have not aooa tho feaalo flowers or fruits* That this 

species oould have contributed to tho origin of P* kaki ia 

unlikely aa Formosa aad very littlo contact with tho mainland, 

from whiea it ia aoparatod by 100 ailoa of ooaf vmtil aftor 

tho arriial of tao Jtevopoaa* (fttojap If67)t by irhiah tiao B* haHi 

«aa alroady la aultiYatioa throughout Ohiaa«

Tht discoTery by ttaadkaim 4 Higaaki (19aS) that D> kaki 

haa a ohroaosoao ooaploaont of 2a m 90 auggoats that tho problem 

of tao origia of tho apoaioa any bo aolublo by oytotaxoaoaio 

•aaaa* Momikitwa ft Ugashi sxaaiasd 9 oultivars of D« kaki ia 

Japan and all had tho sa«0 nuabor* Vo know now that tho aoraal 

diploid awBbor for gbonagsao^ ia a voawvfcably constant 2a * £0* 

hoaoo JKaJttfci ** * ao*aploid* Zf tho inoroaao i» ploidy haa 

occurrod ia cultivation, thoa 1^ roatbur^hi^ aa tho putativo 

paroat apoaioa ahotad havo 2a • 30 wailo wild opooiaoma of 

jJaJfcSi (i*o» var ayl^oatriaK aa oaaapoa according to taia 

hypothoois should hare 2n m 90» Zf it voro possible to produce 

a oaroaoaotto aap for th« wholo rang* of P« knk^ *

vojry illaainatiag doduetioaa could bo Badov aad tho hypothesis 

proaontod horov pat to tho aoat rigorous test* Such a project 

would aood far more orgaaiaatioa than oaa bo contemplated at 

present*
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But if tho aiao of eolla ia proportional to tao ohroBosoao 

complement, then it Bay bo possible to iafor tao level of ploidy 

by diroot Boaaureaoata of tho aiao of eolla ouch aa nature 

polloa graiaa or atoaatal guard oolla (Stebbiaa 1950 p 302 - 

303) • a pilot surrey waa conducted to toat tho foaaibility of 

this achoao usiag three specimens of D« kaki« two of P*

oao of Pa TsMlffliM aad a number of specimens of other apeoioa
'e^^^^^^^^^^WHB^^^ejBBeBBJBBBp ™ ^

of known ploidyv throe of thoa boiag tho actual voucher apooiaoaa 

oa which ooaata had booa made via* P« coaf ertlflora.

(Appendix

The roaulta were disappointing (fig* */«6)« Although oao 

aight expect a large aiao difference botwooa hexaploid aad diploid 

ool^Of taia ia faot waa aot found to bo oo. Xa tho aiao opooioa 

ozaalaed, ooll aiao ia not proportional to lovol of ploidy* Alao9 

** rc^bttre^ai^ ia aot distinguishable froa fa kaki ia polloa aiao 

aor otoom aiao« She voluae of ohroaoooaoa varies aot only by 

total auaber of ohroao0oaoav but aiao by taiokaoaa of individual 

ehrovoooaoof of wkioa there ia ooaaidorablo variation botwooa 

apeoioa (fig* 1*21)* probably sufficient to obscure say siaple 

relationship botweoa ploidy «ad ooll oiae« Hence there ia really 

ao alternative to aappiag actual ohroBoaoao auabora*

Aaother consideration ia whether a sueooesfal aoxaploid 

could have arisea froa a single diploid aaooator* Ia tao paper 

by Haaikawa & Higaahi« six of tao aiao oultivara wore studied ia 

aoioois* Ia all cases 43 bi«valeats were f oraod* Some 

oytologiata would expect that throe diploid apooioa have 

contributed to P« kaki> Against this is tao faet that D> kaki 

closely yoaoabloa P*. roxbur^h^i but ao other apooioa except

possibly £ajtisttdsll4» <sh9 l*Jft ifi ^al^*ly to have played a 

partt aa oarlier explained, ia tho origin of D» kaki« It would 

bo nooessary to postulate two extiact ancestral species vhioh,
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hybridised with &JGgftSEttoA> produced a plant indistinguishable 

froa it except by being lees hairy* This seeas to bo rather 

far-fetched* Lewie (196?) haa shown that aaay species ia nature 

ooaaiet of two or aero earottoaoao races ia which the polyploida 

Buat bo autoploidOf aad which are quite able to hold their ownf 

being, contrary to expectation, of good fertility aad vigour* 

An example within BJofpyroo itaolf io D» vir*iniana with two 

ehroaosoae races 2n • 60 aad 2a « 90 (Baldwin fc Gulp 19*1)* 

Zn any eaao f pa f*ff§| ia onltivation ia often propagated by bud- 

grafting ao that any reduction in fertility would bo of no groat 

consequence*

the aorphologioal differences between P« kafci aad 

roxbur^chii are ao slight, though eonatantf that if morphology 

and geographies! distribution wore the only criteria, it would 

bo logics! to oonoidor tha* ao being of sub-specific otatua* 

Against this ia the faot that D« ka^i^ so far ao ie known, ia a 

hexaploid and since P* roxburfchif nay bo a diploid, there nay
4k(m

bo a reproductive bsrrier between^ Xt would be better to bo 

esutioua at thia stsgo aad keep up the two at opooieo rank 

until a thorough oytotaxonoaio otmdy haa boon Bade*

** *°* aa tMI^^TttT 1* Buat bo loft aa a full species siaply 

because wo know too little about it at present*

1* Male peduncles and pedicels wholly or partly hairy

1* Halo peduncles and pedicels glabrous•....,
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a* Ovary completely densely hairy, fruit hairy • Calyx 

lobes of both oalo aad foaalo flowers deasely hairy

Ovary totally or partially glabrous t in too latter case 

wita haira roatrietod to apox or baao« Fruita likewise 

totally or partially glabroua* Calyx loboo of both male 

and foaalo flowers glabroua to
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Fig. 4.4. Flowers and fruits at 2x; leaves at 0.5x. 

(A) D. kaki (B) D. roxbarghii (C) D. oldhamii.

d1 :. male flowers; ? : female flowers; g: gynoecium.

A: cf'and leaf, Wilson 2914; o^Savatier 809; ? Forrest 13815; 

fruit Fan & Li 156.

B: cf Saw Maung Mya 5^00; ? Forrest 5537; fruit Kerr 6265; 

leaf Kerr 8851.

O: J1 and leaf, Wilson 10262.
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Fig. k-.k cont'd. (D) D. lotus subsp. lotus (E) D. 3.otus subsp. brideliifolia.

d* : male flowers; ? : female flowers.

D: <? Schneider 1650; ? Forrest 7599; fruit Oldham 529; 
leaf Wilson

E: <f Santos (Bur. Sci.)3l801; ? Conklin 8e Buwaya (PNH) 80^59; Fr. Elmer 1^203; leaf Ocampo(HS.) 27969.
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A c? calyx lobes densely hairy on outside.
A & calyx lobes sparsely hairy to glabrous on outside.

* ? calyx lobes densely hairy on outside, 
e °- calyx lobes sparsely hairy to glabrous on outside. 
i>Ovary hairy all over.
eOvary glabrous, or hairy at base or apex only but glabrous 
in middle*

•Fruit hairy.

nFruit glabrous or with hairs restricted to apex or base.

Fig. 4.% Distribution of characters in D. kaki and D^ 
roxburghii* For details see key above, and text.
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stomata sizes: (A.) Diospyros kaki 2n = 90 
3: Henry 3485).
2n = c. 48 (l:

(B) D» 
FRI 5153;

ebenuin
Fig. 4.6. Pollen and
(.1:. Parker s.n; 2: Savatier 809;
2n = 90 (CF 105). (C) D. ferrea
2:. Hoogland 6198). (D) .X). mainp;ayi 2n = 30 (Pollen: FRI
stomata: FRI 2o07), (E) D. confertiflora 2n = 30 (pollen: Mat
s.n; storaata: FRI i2809). " (F) D. lotus 2n = 30 (Faurie 13303).
CG ) P« wallichi-i. 2n = 30 (pollen: KEP 9878?; storaata: FRI 130*fQ)
(H) D. oldhamii 2n = ? (Wilson 10262). (I) D. roxburghii 2n = ?
(1: Henry Il6fg; 2: Kerr 8851).
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a mnA B. h«»i 4*1 i i f nl 4

deaoribed by Linnaeus in 1753 ia tho typo 

apeeiea of ita genus. To Linneaua, it was a plant of tho 

Mediterranean* But by 1873t specimens had boon collected froa 

fttrkoy to R« Iran* Afganistan and N,w, Xndia9 China to Japan* 

Hiorn and subsequent authors oonaidorod the species to bo 

naturalised ia tho Mediterranean region rather than indigenous.

The fruits of P« lotus are sweet and edible* aeeording to 

Brandis (1*7*0 9 •auoh primed by tho Afgan tribo«9 who eat it 

fresh or driodf plain or with rioov and use it in sherbets," 

P, lotus fruits are however amah eaaller than those of P« kaki 

and therefore less Talmed for eating where tho two species 

occur together aa in China and Japan* In these two countries* 

% lotma ia often used aa a steak on which to graft P« kaki 

(lehder * Wilson 1916)*

pq bride^i^folia e««urs wild on tho aettntains of tho 

Fhilippines at about *A00 «u, and waa considered by Bakhainon 

to bo rery aloaoly related to l>> lotus.

If thooo two spoaioa aro plotted an a nap (fig, %*6) 9 it 

will bo ooon that tho raa§o of p* 10tuaf though vary •zteneiTO 

ia brokon «p into throo part at China * Japanf Contral Asia 

(«<M9riaing Aorist Qontral Asia, Afganiatan9 X* Pakistan and 

B«W. India) and ttostom Asia botwoon tho Blank Soa and tho 

A« Caspian, ft* bride14ifolia occmrs on aovoral Islands of tho 

Fhilippinas.

Taxono*ieally9 tho situation appoara to bo quits ainplo* 

Although tho raago of P* lotus is broken up into throo widoly 

•oparatod parts* Z oan find no difforsnooa botwoon the throo
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populations. It is woil known however, that although separated 

by vast dietanees, the three areas lit oa tho old silk routes 

between China and Europe along which man have travelled eiaco 

prehistoric times, as aomads, traders, plundering warriors 

and pilgrims* The question arises as to whether huaan activity 

is the link botweea the three populations* We shall examine • 

this ia eoae detail below.

As fs* P« bridoliifolia. there is no record of ita being 

used by the native population* It appears to be wild and 

indigenous* It differs fro« P« lotus only in having the) calyx 

lobos densely hairy instead of glabrous or scantily hairy. Z 

have ao hesitation reducing it to the status of a sub-species 

vis* Bfc lotus s«bsp« brideliifolia.

The avl«lm of

Oft this subject9 a large number of authors have contributed 

their opinioas* Only one point emerges which is beyond dispute« 

i«e« the species is indigenous and wild ia China* Maay specimens 

have boon collected by Forrest ia the mountains of Iunnan« by 

Wilson (Hehder • Wilsoa 191^) ia the valleys of W. Saechuan and 

margins of woods ia W* Hupeh where they may grew to 2om» tallf 

%•* girth* tso (1955) records its as being wild sad cultivated 

from tianehuyia to Yunaan* Also, wild specimens have been 

collected ia North Vietnam at about 1500m.

From China, P« lotus is believed to have been introduced 

to Japan (Katsumura Ifi29 Rehder ft Wilson 1916)* Wilson did 

aot soo say wild trees ia his travels ia Japan. Ohwi (1965) 

records it as being "frequently cultivated" only*

fko situation ia Central Asia is highly controversial* 

authors think that the spocies was introduced, e«g* Parker
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(192t) referring to what was thoa H*V* India, wrote "Quito 

wild ia Haaara and ia parts of tho Rawalpindi District, but 

has tho appoaraneo of being naturalised rather than indigenous* ••• 

Coppioea well and reproduce* rather freely froa seed ia aoist 

places* Ofton cultivated for its fruits whieh aro eaton frosh 

or dried." drubov (1992) ia tho flora 8*i*i«JU expressed tho 

epinioa that P» ^Lotua originated ia China, froa whore it had 

spread to othor parts of its range by cultivation followed by 

escape and naturalisation* Kitaaura ia tho flora of Afganistan 

(1940) thought that tho species might have boea brought froa 

China as dried fruit along tho silk road* Bo had not ooao across* 

the plaat ia tho wild, during his travels ia Afgaaiststu

Aaoag thoao who consider P1 ^.otu^ to bo native ia Coatral 

Asia aro a aaabor of Soviet author a f Korovin, Popov, Sarotskii 

sad others aoatioaod by Boadaronko (1957) who hiasolf defends 

this view* Eoadarendo's ease is based on three olaias (i) fossil 

reaains of tao speeioa havo been found ia t>aaoiomt deposits" 

(mo further details given) ia Coatral Asia, (ii) tho species

is today undoubtedly wild and found oven ia reaoto aouataiaous*'- **-
areas sad (iii) it is assooiatod with relists of tho tertiary 

flora suoh as tho walautf fox-grape aad fig*

{f U

for Western Asia* Zhukovekii (1950) holds tho opinion 

that P* lotus is indigenous ia talysh ia tho Caueasus, where
4

it grows in pure staads or ia adaixture with oak and horabeaa* 

It is also found wild ia tf* Georgia but aaukovsHU is uncertain 

whether it is aaturalisod or indigenous there*

fho fasts of present-day distribution allow two contrasting 

theories to bo foraulatedl (A) Am ancestral natural range ia 

£* Asia, extending froa China to Vietnaa and tho Philippines, 

with aaa as tho agent sttbaequontly responsible for iatroduciag
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it to Contral Aaia aad Western Asia* (B) An ancestral 

traas-tourasian range subsequently broken up by erogenic 

aad olinatio changes*

In favour of tao first theory aro tao following faotat 

** *•** known to have strong woody tendencies*

It reproduces freely froa seed. Oaoo established, it aain tains 

itaolf by coppicing frooly (Parker l*c», Bondarenko l«o«9 

£aukoTskii l*o«)» It will grow oa baro or stony ground 

(Bottdaronko l*o«)« It ia naturalisod ia tao Moditorranoan. 

<ii) Iko fruits of P>, i^otua < is oftan oato« af tor drying, whoa 

it oan bo oanriod about oaaily aad oatoa along a jouraoy* 

(iii) Contral Aaia aad tao rogioa botnooa tno South Caspian and 

tho Blaok ftoa lio on tao old silk rout* by which China traded 

with India aad Suropo aad along vhiah noaads havo aoved ainoo 

prehiatoric tiaos* (iv) That % ̂.otus ia wild aad indigenous 

in oaat Aaia (oxeopt Japan) haa never been disputed by field 

workers in tao Chinese region* Nor havo doubts ever boon raised 

by froaoh oollootora in Indo«Chdlna and Aaorlean collectors ia 

the Philippines* la eontraatf !>• lotus in Central aad Western 

Asia strike many observers aa being possibly a non-native element, 

tending to bo found around human habitations*

Ia support of tao second theory are tao facts already stated 

by Boad&renko that (a) foaail reaains have bo«m found ia Central 

Aaia,(h) the speoios does oceur in reaote mountainous areaaf 

at least ia the Soviet part of Contra! Aaia,(e) it ia associated 

with othe* tertiary relict spooioa*

1 have jay doubts abeut the fossil romainaf the identification 

of whiohf at species levolt «ust involvo * very high degree of 

uncertainty* Mover tholes* t it is difficult to decide between 

too two taooriea«
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X am, however, incliaod to believe that whether or not 

P« JLotua io iadigonoua in Contra! and Western Asiav gonotio 

continuity between tho taroo geographically iaolatod populations 

haa boon maintained by humans travailing between tho taroo rogioaa 

carrying tho fruit with them aa food aad aoattoring the meeds* 

Thia would account for tho laok of morphological difforontiation 

between tao taroo populations, although of oouroo t ouoh differen­ 

tiation aood not necessarily occur following geographical isolation.

Calyx loboo of aale and female flowers glabrous or sea tt •red- 

hairy oa outer aurfaoo* (Mainland Asia and Japan)*

*** *** lotua oubsp* lotus*

Calyx loboo of male and female flowers densely hairy on outer 

aurfaoo* (Philippines), *** S. lotua subsp* brideliifolia.

ffM^H^M^BJJ^^fc^ff^JJ

Za Tiow of the fast that D« lotus io noaetiaos confused

differences aro give horet-

jcburghiii basal nerves of leavoa ascending

steeply to reach half-way up tho blade or beyOIL/. Central axis of 

aale cyae (aeasured from tho articulation of tho oontral flower to 

tho baoo of tho peduncle) 3-10 aa« loagi female flowering 

peduncle 2 • 12 aa* loag* Length of fruiting calyx 16-30 a**

Waaeter of fruit 23 * 65 ••*
i

P* ^otust basal nerres of loavoa aot aaoonding steeplyf 

rarely reaching half-way up tao blade* Central axis of aale cyae 

1 - % aej. longf female flowering peduncle 0,5 - 2 mm. long. Length 

of fruiting calyx 7 • 1* •»• Diameter of fruit 12 - 26 on.
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List ot polloa of Sb+nacea* aad

of

1. 

a*

3« 

4»

7.

8.

10.

il.
12.

13.

ouclea p*«udobetiu0 

£• »c hi 23 peri 

diviaorua

18

Dioopyros argent «a 

D, borr^cncis

6. 0* buxi folia

D« carpini folia 

D» eauli flora 

D. confertiflora 

D» eurrti&iopsis

D« diepenhorstii 

D. dietyondura 

!>• discolor 

P« ebenuas

15* 0* •llipecidee

16• D« ferrea

17* »• foxworthyi

18. D.

19* 0«

20. 1>« heterotricha

21. U. itureneis

22. D. kaki

« lanceifolia

Lawton 

Bainbridge 

SF!* 21332 

Koatertaajia 10675 

35164

Alvins 975 

FRI 8562 

Mat e.n« 

FH3 33922

S 2399* 

Allan 13 

CF 105 

KX 2037 

Hoogla&d 6198 

FHI 2023^ 

fiFli 35364 

FlU 5153 

CF 374

30512
i 30180 

FHS 18026 

lidley 4667 

Bequaert 1919 

L«bru& 2353 

Henry 3485 

Savatier 809 

. va 4727

9212
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2

33

39

latiaepala

lOt tie

	i>. lolin 

27* • nacropliylla

2$. D. maingayi

29* $• aeapilifons

30 • D. autanc.

31* 3* obloaga

32. I>. oldhamii

peadula

• D*

35« 0. rufa

36. D. pyrrhocarpa

37. 0« roxburghii
•

38* D. seortechinii

equarroea

topoaioides

FM3 38510

orreet

fauri« 13303

2212

Pencington

Leteshu

SFH 30883 

Wilson 10262

cortechini e.n. 

Cleoens s.n. 

FBI

Henry 11618 

Kerr 8851

Kidley 

Hobeon 71**

King's Coll. 6&33 

King* s Coll.

wallichii

7851
iidwurde 1365 

98787

Pollen w-is taken either from herbariuoj ai^terial or from 

ipit-preserved fl©w«re. tiacic treatment involvee heating 

the pollini for otic material in an acetolysis mixture (9:1 

acetie anhydrite I concentrated eulpiuric acid) to dissolve 

away cellulose «J»d otaei* non-resistent substanee!2 t to leave 

a cleaa pollen^okeletoi f but actual details vary frou author 

to author, (Lrdtoan 1952, 19^9 f F«egri Ir iversen 1964). ~: 

X found that treatment v/ith 10^ euJium hydroxide prior to
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acetolyeia, gave cleaner grains*

(1) A flower bud is chosen which is just about to open* If

iron a herbarium afreet* the bua is first boiled to soften* 

It is then cut open and placed in a saiall tube containing 

a little water* the material is gently tapped with a 

needle* If nature , the anthers should open easily and 

release clouds of pollen into suspension* The buds are 

then removed and nay be dried and replaced on the herberiua

sheet*
This net hod give® Bsuch cleaner prepare tiona than

acetolysis of whole anther* or whole f lower ©t because 

it starts with a virtually pure suspension of pollen* 

Furthemore it is a good test for pollen maturity, 

Pollen which does not easily coae out of the anthers 

nearly always make bad preparations ( grains easily 

torn, wrinkled or crushed) and aay be rejected without 

further waste of tiate*

(2) Transfer to a centrifuge tube* Centrifuge and tip out 

water*

(3) Add 109» i^aCa, place the centrifuge tubs in a water bath,
i

bring bath to boil and sinner for 15 mins* Then centrifuge 

and tip out fcaOH.

Add distilled wator to wash9 then centrifuge and tip 

out water*

Add glacial acetic acid, centrifuge and tip out*

(6) Add freshly aade acetolyaia solution ( 1 part cone* 

H2*»0it added drop by drop to 9 parts acetic anhydrite 

with continuous ^itntioa to dissipate heat)* Place
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tttbe i» water bataf oriug bath to boil and sia&er till

tue solution turns dark*

(7) Wash with glacial eeetic acid* centrifuge and tip out*
\

Wash with water* centrifuge and tip out* Repeat once*

The preparation is aow ready either for (a) mounting on 

slides for standard light microscopy or (b) mounting on &etctl 

stubs for seanaiug electron microscopy.

(a) Kounting on slides for ^ifiht microscopy.

(i) >uek up pollen suspension from the centrifuge tube with

a pipette and transfer to a welled slide oa en electric

warmer (70°C).

(ii) Bsoove any lu»ps of extraneous material with a needle*

(iii)Gently stir in a very small piece of glycerine jelly t

and keep adding small pieeee until the solution is fairly 

thick* On removal from the warner the jelly should set* 

Vigorous stirring or too rapid introduction of jelly will 

encourage weak grains to collapse* The process can be 

ttoziitored under a dissecting si cro scope • Collapsed grains 

cmy soaetimes be revived by re-introduction of water 

followed by gradual re-introduction of jelly*

(iv) Allow jelly to cool and harden* Then out up. the jelly 

into four pieces* Scrape up each piece with a flattened 

needle and transfer to a clean slide on the electric 

wanner. As the jelly taelto« place a warm cover slip 

oa top, then seal the edges with a drop of paraffin 

wax (ft*P« 60 - 70°C). Resove and cool rapidly, then 

place upside down to consolidate* Thia enables the 

grains to ccrae to rent against the cover clip and reduces
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the aaount of microscope focusning rieedeJ; also it 

enures tuere will be no difficulty with oil 

lenses*

(b) Mounting on stubs for d*g*M*

(i) To the pollen auapension in the centrifuge tube t add

50% alcohol, centrifuge and tip out* Bepeat with 95£

alcohol 9 then with absolute alcohol*

(ii) Suck up the suapension from the centrifuge tube with 

a pipette and drop on an S*fe»H* stub* i'iie alcohol 

evaporates, leaving the dry pollen on the stub* It 

may be neceeaary to prevent eluapittg of grains by 

breaking up clumps vith the point of a needle while 

the alcohol is evaporating* The pollen usually sticks 

to the stub without difficulty but if not, a small 

piece of double-Bide tape may be placed in the centre 

of the stub and the pollen suspension dropped onto the 

tape*

(iii) Phe pollen on the stub is coated with £old*palladiuft* 

Ideally 9 the stubs should be rotated with respect to 

the source of gold-palladium vapour so that even \ 

coating is obtained, even on the sheltered undersides 

of the grains* Unfortunately, I did not have facilities 

for even coating, hence my S.fc.lu photographs suffer 

from deflection of the electron beam.

It *ay also be noted that aoae grains collapsed while 

being dried on the stubs and it was immaterial whether they 

were dried frooi water or from alcohol* Host Hbenaceae ana 

fftyraoaceae grains stood up well* Syaplocoo did not give any 

problem at all* trains of 3apotace»e« SarcospermQ and Lisaocarpa 

collapsed badly*
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11

Liot of aecd apecJ!*ene of Ebenaceae and 

aethod of preparation*

Seeds *ere boiled to soften, tften free-hand-sectioned, 

stained in 1 - 5% aqueoua aafranin, dehydrated by passing 

through the alcohol series, through xylen©, and finally sounted 

in DPX. ueetioaa of aeeda with very dark teatas were sometime® 

bleached in hydrogen peroxide first before staining in s&franin,

!• Dioapyros borneenaifi

2. D. earpi&ifolia

3« J>« eonferti flora

4« 1), dictyoneura

5. i>. discooalyx

6. D. ehretioidee

7 IS
• W«

10.

11. 

12 •

1%

16.

17.

13.

S» o« ferrea

9* 0. foxworthyi

D. hermaphroditiea 

i). latieepola 

D. uaingayi 

!>• nuta&a 

^» pendula 

&• pyrrhocarpa 

D. rigida 

rufa

D* suaatrana

19* i>. aylvatica

20. ->* topoeioidee

21. i)« valliehii

!>• ap. no*.

Pexinington

* 19271
r

m 2819
Pennington 8007 

s 23852

•»

iut 4262 

Cgata 11677 

i icklea 3917 

1 ennington 8069 

FR1

3771

4634 

FHI 2807 

FRI 10714 

FHI 12843 

Pennington 7886 

Fenningtoa 7963 

FRI 1270 

ftil 13034 

s- ooney 401 

Pickles 3733

4618
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APPENDIX 111 

iiethod <?f preparing leaf epidermal (cuticle)

and vascular slides* 

(Itist 04 frbenaceae specimens aivea in table/6)

Leaf-squares about 1 x 1 cm were cut from the middle 

region of mature leaves, softened by boiling in water, and 

placed in bottles containing hydrogen peroxide (5<X w/v) in

an oven at 60°C for 12-^3 hours* The length of tiae needed 

for Maceration varied with the material, but 2*» houre was 

generally found sufficient, at which time the squares that were 

ready were bleached and seen to contain air bubbles between the 

upper and lower epidermic. Such squares were soaked in water 

to remove the peroxide, then placed in water ia a petri-dish under 

a dissecting microscope* With needle and forceps, the two 

epidermal layers were peeled away from the vascular layer. If 

necessary, any attached meeophyll was removed from the epidermal 

and vascular layers by scraping with a needle or gently beating 

with a eoft brush* However, scraping of the epidermal layers 

aay remove the cell walls, leaving only the cuticle* This is 

net necessarily a disadvantage since the cuticle usually bears 

a neat inprint of all the epidermal cells and usually the 

storcatal guard cell® and heirs remain intact* However, it 

nay be desirable to leave part of eitcU epidensis uncleaned, 

for coaparieon.

The material wacs stained in «n aqueous 1*5$ solution 

of safranin, washed in water, dehydrated in alcohol (50^,

absolute in two changes, passed through; xylol,two changes) 

mounted in D.P.X. on glass slides* For convenience, the 

two epidermal layers and the vascular plate were mounted aide 

by side on the same slide*
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List of chroaogoce slides and aethod 

of preparation*

1* Diospyros confertiflora JTO 2819

2* D. oaingayi m 280?

3* i>, wallichii FH1 13049

Actively~&roving root tips were immersed successively in 

the following solutions t-

(i) 0.05^ aequeous solution of eolchicine for b hours

at room tempera ture, to arrest the ait otic spindle* 

(ii) 3 i 1 mixture of absolute alcohol s glacial aeetio

acid for 2 or store hours at room teaperature 9 to

fix tiie Material*

(iii) II* HC1 for 6 - 7 minutes at 60°C to hydrolyse, 

(iv) feul^ea solution for 1 hour at room temperature to

staia*

The root tips were then washed with water, placed in a drop 

of aceto-conaine on a ^latss slide and macerated by tapping with 

a blunt instrument until reduced uora or leee to a ouc^ension 

of cell@« Any hard lumps were removed*

A cover-clip vas smeared with glycerine-albumen on one Bide, 

dried slightly OB a spirit flame and placed, sheared oide downwards 

on the cell .suspension* With the point of a needle , the cover slip 

was gently tapped to remove air bubbles and to break up the 

suspension further* the cells were then flattened by pressing down 

through layers of blotting paper and warmed over a spirit flaae*

I'Ue slide was inverted in k%* acetic acid for the cover slip 

to fall off* Then the cover slip, with the cells adhering to it, 

was dehydrated (SQ£ alcohol 2 minutes, absolute alcohol 2 minutes 

in two changes) then placed , faee downwards, on a drop of DPX on 

a slide*
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atcroacope Preparations of Sat>otaceae» aajrcoaperaataceaea 

Lioaocarpaceae. atyracaeeao. and ayaplocaceae.

*• Wood Slidee.

Sapotaceae t Them are 90 specimens in the collection of the 

Commonwealth Forestry Ins ti tut*. Unfortunataly, owing to the 

extreme inatability of generic concepts in Sapotaceae* the names 

on aany of the XabaXs of the epecisens have become obsolete. I 

therefore give oaXy a short list rather than a eompXete one just 

to convey an idea of the range of aateriaX examined*

Aohraa (ManiXkara) aapota III

Aohrouteria poalfera IFI

Aniageria altiesima IFI 12706

Argauia apinoaa IFI X17i?0

Bumelia obtuei folia 1^1 10725

Butyrosperoua parkii FPHL X3^3

Chrya^phylluB cainito IFI 3505

C. reaeburghii (now laneeolatuu) FHT> 18^4

DlpXokaesa oXigoaera XFX 12023

FcoXinuaa peiXoph^XXa IFI X23Q£

Ganua aotXeyona FH3 1001

Lucuma (Plmnchonella) aaingayi FHS 1002

Lucuaa (Poutaria) taalacceneie FMS X018

Madhuca utilis FKS 862

HaaiXkara kauki XFX 94l

Maoticliodcndron guameri XII 18788

	IFI 2696

gutta F^S X009

Payena daayphylla IJ'I 10167

fiarcoaperaa paaiculatua XFX
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•ae

Lissoearpa guianeneia 131 13275

ityraaaoaaa

Bruinauiia atyraeoidaa in 1203$

Halaaia Carolina in

H« tatraptera

Styrax obaasia in

Sty rax officinaliG in 18140

Styrax polyaparaa in 6559

Syaplooos edaaophylla Ifl S094

S« eaudata

3* erataegoidaa

S. faaciculata in 3428

S* iumaehalii in 10565

parakaxiaia IFI 8095

spieata

B* Pollan Slidaa

ChryecphylluB lanceolatua FMB 66l4

G»nua ourtieii FHI 8154

Qauua aotlayaoa BftB 2308

laoaaudra porakauaia *rtl 1914

Hadauea aalangorica HJ&P 11116

sapota aFN 35520

alangi l«tur s»ii«

PalaquiuiD swiin&ayi K^P 16463

Payena luclda &J^P U045

PlAnahonalla obovata Cuptia 704

Pouter!a aalaoeanaia FA 603
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Sayeospanaatftoaaq

Sareoapar&a paniculatua FR1 1383

Liaaofarpaceaa

Lieaoearpa guiaaaaoia Saadwith 1590

Afroatyrax lapidopayllua Jaan Louie 13883

Bruinamia atyracoidaa &*NB 131

Halaaia diptara Palmer 7063

Ptvroetyrax aiapidua Kaw 371n

styrax o«msoia HIS 13779

Syaplocaceae

Syaplocoa oaingayi Malngay 

8yaplo«oa ap FHI 1359

C. Hieroto»« Sarlal Sectiona of Qyno*cla 
Sapotaceat

Chrysophylluo laiiceolatiua FRI 1832

Qantta hlrtiflora FRI 6066

leonandra parakeneia FHZ 191^

Madhuca panielllata FRZ 6066

Haailkara sapota 0 a (cult* at Kepong)

Kiouaopa alengi FHI 1612

Palaquiua oaiagayi FRZ 1813

Payaaa lucida FHI 59^3

Planchonella taaingayi FHI 1983

Powtaria nalaecensia KKP 99316

garcoepermataoaaa

3orcoeper»a paaieulatua FIJI 1383 

oittianii FHI 1930
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Syaplocoe sp» FBI 16153

fltyracaoeae

Styrax benaoin FRI 16153

Lissocarpaceae

Lissocarpa benthaaii Spruce 35O4 

(froa herbarium specimen)

the gynoecia were from pickled flowera except Lissocarpa 

for which pickled aaterial wa« not available* Embedding in wax 

("paraaat") was carried out by standard aethod«v and section* 

were cut at 7*5 * 12 »5/* * ?&• eectiona were fixed to slides 9 

dewaxed9 stained in safranin, counteretained in aniline blue t 

and sealed in DPX following the schedule in Qurr (1965) 306,
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APPENDIX VI

Definitions of characters of table

where not self evident*

6. Inflorescence flagelliforra: b > 2a.

Inflorescence not flagelliform: b < 2a

9« Gynoecium reduced: carpel merism £ - floral merism

(see table 1.3» series 2).

Gynoecium not reduced: carpel merism = floral merism
(see table 1.3i series l).

13 • Styles free: styles completely free to half-united

Styles united: styles more than half-united to fully

.11
i i 1

» Female calyx with internal elevated rim:

37. Fruiting calyx reflexed: x > y,

Fruiting calyx erect: x < y. >^,_^ /y 

Fruiting calyx split: calyx tube split during enlargement

of the fruit.

Fruiting calyx spreading: calyx merely pushed outwards by

the enlarging fruit, without 

splitting.

Mf. Endosperm vascular ruminate:, vascular tissue deeply embedded

within ingrowths of the testa 

(fig. 1.8c).

Jf8. Stamens maingayi type: see fig. l.le. 

Stamens clavigera type: see fig. l.ld. 

Stamens "normal": all other types.
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VIS 

of species of Diocpyroa used in

1, X>, adenophora Bakh*

2* l>« apiculata Hiem

3, 2>* areolata fciac & Qaable

%* % argentea Griff*

$• #* aurea Xeysa* ti Bisonend*

6, S. auatralis (». Br*) Hiem
7* "B" (iiAli 29373f FRI 2670,

8* 4)* bibraoteata Bakh*

9« 0* bomeaneis Hiem 

10. D. brideliifoli* 

U* D* buxifolia (Bl*> 

12. D, oarpiaifolia (Hidl«) Bakh* 

	D, eaata&ea (Craib) FXeteher 

	D* cauliflora 31* 

2% D*. olavigera Clarke 

169 D. confertiflora (iliern) Bakh* 

17* ^» oonfuaa Bakh*

18, «D" cm %6i8 f srn 11661, rat 11751)
19* 0* daeaoaa Bakh*

20* 0* dictyoneura Hiern

21, D* diapeahorotii Miq*

22* P* dieeocalyx Kerr*

23* 0* discolor Willd*

2^* **£** (9 5051, 6 212?, S 9032)

25* D* •toaiui Koe&*

26, ft, ehretioides Wall* ex G, Don

27* D* eleeantisQima ;;akh,

28, D. ellipveidea King & Gaable

29* 2>* elliptifolia I err*

30, D* eriantha Champ, ex iienth.
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31 • *»• avaaa Bakh.

32, D* farraa (bill*.) Bakfe*

33* P» farrugineecene Bakk*

P» feanrorthyi Boka*

P* frut«scens &1»

P, gattblaaaa Bakk. 

37* P« glaaduloea Laca 

3** &• hallierii Bakk* 

39« £• brachiata King & Gamble 

40* 9. haaealtti £«11.

!>• habecarjpa A* Ounn, ex Baata*

0* harmapLroditlca (SoU.) BafeH<

0* kajaagenala Bakk*

0* loOii L* f *

P* klngli Baklu

P« kurali Illarn 

%?« 9* eoBftaaguioaa Marr«

D* lancalfolia S^kxb*

J, •aritlaa Bl*

t»» oultiflora Blaaco 

31* 2* u»4ulata Wall* an Q« Don 

92* P* l£ti«0pala 81*1* 

33* *>• Uvigata Bakh*

D* loliu Bakh*

0. lotufi L* 

56* ^* aftbae** (r* Kuall.) F. Muell, 

57 « P* macropiiylla (Viaill,) Hiaru 

53. D* aalng^i (Hiam) 3akh* 

59* ^« »«labarioji 

60* P* ®olli« Oriff * 

41* P* aoatana Hoxb, 

62« *>• nan* Bakh*

63* J* acvo£juineanaia Stekh*

64* P* nutana King & Gaabla

65* D* paekoaaai Clarka
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66* 0* papuana Val» ex Bakh*

67. D. pauciflora King & Qarabl*

• D* peaa&gi&na King & Qambla

* B* pandula Haaaelt ax Haaak*

70* 8* pentaaara F. Huall*

71. D* parfida Bakh.

72» J>. alinari Merr*

73* 1>. helfori Clarka

	^>* oblo&ga Wall. *x Q. Den

	D« polyaltaletdaa Korth. «x Hiem

	0* pilo&a&thera BXacco 

77* &* piccicarpa Kidl. 

7d» D. poncai Karr* 

79* 0» pubioaUx Bokh.

	0* puccttculoea Bakh*

	D* pyrrhocarpa Miq. 

S2* 9* retrofraeta Bakh. 

83* D« rkodocalyx Kara 

64. D. ridl*yi Bakh. 

83* D. rigida Siava 

86* 9* rufa King It Qanbla 

87, D* aaxoaa Klatcher 

88* D* acort*ehinii King & Qaabla 

89^ D« aalaagoraaaia Bakd* 

90* P» aiaaaag Baka* 

91, D« aiaaaitaia Boehr* 

92* P* at/r*ciforBii8 King & Ctaabla 

93* &* attbtmneata ftehaff• ax Hoohr* 

9*U 13* auluanaia Merr* 

95* D* Gumatraaa Kiq* 

96* P* topoaia Ham. 

97* D* tranaitoria Bakh* 

98* 0* truncata Zoll. & Mor* 

99* D* ulo Marr*



100« £>•

101. p* wmllichii Kiag & Qafflblo

103. D. yeobi 3akh»
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APPENDIX VIII 

Main input data for CHARANAL.

"Objects" in first column refer to species identified by 

number (see Appendix VII). The first row identifies the 

characters by number (see table 3.1). The states of each 

character are numbered 1, 2.......n consecutively. If a

character is not observed, the figure 0 is entered.

MAIN INPUT DATA

OBJECT CHARACTER STATES

6
7
8
9

10
11
12
13

I 2 3 a- f 6

000121 
221221 
241211 
251211 
000321 
251211 
2412H
000151
331330
241211
221211
251351

I 4
15
16
17
18
19
20
21
22
2v5
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

151151
151151
251221
251321
221111
351111
251213
151341
251210
251211
241211
241221
251221
000211
151351
351321
211221
211211
241221
351311
151151
351351
000000
251000
2512=>1
351151
351151
000051
351351
211211

^ 10 n n 11- if 
201000
131122 
231222'-
241122. 
211222; 
242:122:
100 OOQ< 
241100:
241 022: 
231,122: 
141 122: 
211 223: 
201 022: 
141 323;
ooo 022;
241.1221
141 122: 
241 022; 
000 022 
121 122 
2*1 223; 
241 022; 
241 022: 
241 000 
241 321 
141 122: 
141 200 
000 022 
241 222
141 222:
142 200 
242 222 
141 022 
241 022 
141 122 
000 000 
000 022 
241 022:
241 2?2 
241 222: 
241 000 
341 123: 
141 322:

it » 
00
10
11
22
10
11
00
00
21
20
10
11
10
22
10
23
10
20
20
20
11
20
10
00
21
10
01
10
11
10
11
10
10
11
23
00
20
20
21
22
00
33
10

32 
0
2
1

26 
0

0
3

33:
r*
c

3.
2
0

0
3;
2'
0'

201
2 01
22\
22;
20'
3 3;

31

0
3
2
2
1
1
1
0
2
2
1
1
1
1

3331- y> 
212
211
218
211
112
212
112
210
212
210
112
112
112
212

11 ; 1112
2 2:
22\

3 212
1111

2 ;Qi 21212
2
4
2
3
3
0
1
2
0
1
1
2
1
2
2
2
2
0
2
3
2
2
0
2
2

0'
0'
2;
0
0
0'
2.
2:
?:
0
i:
O 1
i
2-
0'0
2;
0
0
0
2
2
0
•2
'2'

1
?.
1
2
1
0
2
1
0
1
2
3
1
3
2
1
1
0
3
1
2
2
0
3
1

112
212
312
212
111
212
222
212
112
112
212
212
112
212
212
212
112
112
211
112
212
212
222
112
11?.

37

4;

4!
li
2<
2.
2:
4;
0!
Si
0!
4:
4;
4:
i;
4:
i;

ff 
2
2
2
2
2
2:
2
0
2
2
2
2
2
2
2
2

4:2
3:2
4;
2!
4-
2'
4.
1<
1
1<
4
4
2

2
2
2
2
2
2
2
2
2
2
0

22
4
2
4
4
4
4
2
1
2
2
1
1
4

1
2
2
2
2
2
2
2
0
!2
2
2
2

* 
0
1
1
1
1
1
0
0
1
1
1
1

srna& 
2020
2221
2222
2221
2222
2222
2221
2020
2222
2222
2221
1112

1 1112
1
3
1
3
1
1
1
1
1
1
0
1
1
0
3
1
1
0
1
1
1
1
0
1
1
1
1
0
1
3

2221
0221
1112
2221
2222
0221
2222
2221
2222
2221
2020
2222
2222
2020
0221
2222
2222
1221
1112
1222
2222
2222
0020
2222
2222
2222
2222
2020
1112
2221

& 
2
1
2
1
2
2
1
2
2
2
1
2
2
1
1
3
1
2-
0
2
1
2
1
2
2
2
1
1
2
2
1
2
2
2
2
1
2
2
2
2
2
2
1
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MAIN INI

OBJECT

44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
8*
84
8*
86
87
88
89
90
91
92
9*
94
95
96
97
98
99

100
101
102

P UT DATA

CHARACTER STATES |
/ 2 3 IS i
241211
341221
251231
251021 :
351331
351331
351121
241211 :
251212
35lli>l :
221211
000211
241211
251000
331331
251211
251211
251211
000311
000211
252252
241221
2P1221
000311
000151
341210 :
241211 •
34n*l !
251241 :
251221 :
251241 :
2512SI
351341 :
2512^1 :
0002H
201000 ;
0002H
241211
221211
251211
221211
000200
351151
351311
221211
000211
1511*1 •
251211
3510*1 :
251210
251231
231221 :
241211 :
000221
331231 •
000320
351341
1511*1
3510*1

1 19 II

2U1
000
141
231
2*1
2*1
000
2*1
131
000
201
231
2*2,
ouo
312
221
201
241
000
231
1*1
1*1
2*1
2*1
1*1
2*1
1*2
2*1
2*1
231
2*1
2*1
2*1
2*1
1*1
000
1*2
2Ui
3*1
1*1
2*1
221
2*1
1*1
000
030
2*1
221
2*1
2*1
1*1
141
2*1
2*1
211
2*1
2*1
2*1
201

a /f K
021
022
323
022
122
122
022
022
110
022
022
100
122
022
210
122
023
123
ooo
200
210
222
222
ooo
100
022
122
122
1.22
122
122
122
022
oio
ooo
022
200
022
oio
322
ooo
ooo
022
022
02£
ooo
022
021
022
022
222
223
110
200
221
ooo
122
122
022

• ft jf
20
10
33
20
21
21
20
21
11
10
10
02
11
10
11
22
3 0
33
00
0111
21
22
00
01
20
20
32
11
23
21
11
20
20
00
20
01
10
10
22
00
00
10
20
10
00
20
22
20
20
21
11
30
01
10
00
11
22
20

11 36
2,0
l!0
2!2
2.0
2,2
2:2
2.0
22
4 4
3.0
3-0
0 1
22
2 0
3 3
2 2
1 0
1 2
0 0
0 2
22
3 3
3 3
0 0
0 2
3 0
2 0
11
3.3
33
33
22
3^0
2.0
0 0
2,0
03
2:0

31333-
i

00
30
30
10
o.o
20
33.
20
20
22
33
3 0
0 3
11:
0 0:
1 1
2 2
3 0

if 33 3f 31
1212
1112
1212
2211
2212
2212
2212
2212
2212
1002
1212
0210
1110
2212
1112
2212
1002
3312
0112
0222
1111
2210
1112
0212
0111
2212
1222
2212
2211
2212
2212
2212
2212
2310
0110
2000
0110
2212
1212
2212
2212
0012
2212
2212
1212
0 25,2
2001
2212
2211
nil
1212
3312
3212
0212
1112
0111
2210
2211
2002

/;
4
4
1
2
2
2
2
2
2
4
4
4
0
1
4
2
1
1
4
1
4
0
4
5
4
4
2
2
2
2
2
2
1
2
0
0
0
1
4
4
4
2
4
1
4
4
2
4
2
4
4
2
1
4
2
4
0
2
4

'#
2
0
2
0
2
2
2
2
2
2
2
2
0
0
1
2
2
2
2
2
2
0
2
2
2
2
2
2
0
2
2
2
2
0
0
0
0
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
0
2
2

#
1
3
1
1
1.
1
1
1 ;
i. ;
i.
i ;
1 :
1 i
1
2
1
1
1
0
0
1
1
1
0
C
1
1
1
1
1
1
1
1
1
01 1
0 i
1.
1
1 :
0
0
1
1
3
0 ,
1
1
1
1
1
1
1
0
1
0
il
1
1

Sf £>&&

2222
0221
2222
2222
2222
2222
2222
2222
2222
2222
2221
2222
2222
0222
1221
2222
2222
2223
0020
2020
2221
1222
2222
2020
2020
2222
1222
2221
2222
2222
2222
2222
2222
2222
2020
0202
1020
2222
2222
2221
2222
2022
0222
2222
0221
0020
2222
2222
2222
2222
2222
2222
2222
2020
2222
2020
2221
2222
0222

ss
2
1
2
2
2
2
2
2
2
2
0
2
2
2
1
2
0
1
1
£
1
2
2
2
1
2
2
1
2
2
2
2
2
2
1
0
1
2
2
3
2
2
2
2
1
2:
0
2
2
2
2
2
2
2
2
2
1
2
0
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APPEMWX IX

to fe*

BLUMEA 18 (1970) 412

NOTES ON THE EBENACEAE 1) 
VI. FOUR SPECIES TO BE EXCLUDED FROM THE FAMILY 2)

F. S. P. NG 
Commonwealth Forestry Institute, University of Oxford.

In the course of a study on Indo-Malesian Ebenaceae currently being carried out in the 
Oxford Forest Herbarium, it has been discovered that four species previously accepted 
as Diospyros do not belong to that genus and must be excluded from the family. They are 
as follows.

1. Diospyros addita Fletcher, Kew Bull. (1937) 386. — Type: Put 3109 (K, ABD). Is 
reduced to Vatica philastreana Pierre (Dipterocarpaceae).

The fruit is shallowly three-lobed and has a persistent five-lobed calyx. It contains a 
single large seed the bulk of which consists of four massive cotyledonary lobes. Fletcher 
mistook the cotyledonary lobes for four separate seeds.
2. Diospyros hierniana (King & Gamble) Bakh., Gard. Bull. S.S. 7 (1933) 173. — Maba 
hierniana King & Gamble, J. As. Soc. Beng. 74 (1905) 203. — Type: King's Collector 7920 
(K, SING). Is reduced to Salacia grandiflora Kurz (Celastraceae).

King & Gamble described the flowers of this species but both the Kew and Singapore 
isotypes have lost their flowers. Hence I am unable to re-examine the floral morphology. 
However, the peculiar position of the 'floriferous knobs' which are opposite and extra- 
axillary, together with the opposite insertion of the leaves, made this species highly 
suspect.

At my request, Mr. K. M. Kochummen at Kepong examined the Singapore specimen 
while Mr. P. S. Green and Dr. D. Cutler of the Herbarium and Jodrell Laboratory at 
Kew respectively, examined the Kew specimen. They independently arrived at the same 
conclusion. Mr. Kochummen recognized it immediately to be a Salacia. In the meantime 
Dr. Cutler examined the twig anatomy and suggested Celastraceae. Mr. Green took up 
this suggestion and matched the specimen to Salacia.

King & Gamble mistook the stamens for staminodes, and misinterpreted the pistil. 
Nevertheless, their description of the flower is compatible with Salacia.

3. Diospyros micromera Bakh., Gard. Bull. S.S. 7 (1933) 176. — Type: Curtis 3463 (SING). 
Is reduced to Cleistanthus nitidus Hook. / var. curtisii 0abl.) Ridl. (Euphorbiaceae).

Bakhuizen based his description on a sterile specimen. There are small appressed 
stipules at the twig apices which leave inconspicuous scars. Ebenaceae is always without 
stipules!

For the correct identification of the species, I am indebted to Mr. H. K. Airy Shaw.
4. Diospyros sororia Bakh., Revisio Ebenacearum Malayensium in Bull. Jard. Bot. Btzg 
III, 15 (1937) 125—126; (1955) t. 16. — Type: Sitam 46 (K, KEP). Is reduced to Ilex 
bomeensis Loes. (Aquifoliaceae).

The fruits, with persistent flat stigmas and bony endocarp, are wrong for Ebenaceae and 
also, contrary to the published illustration, the leaf margins are not entire, but rather very 
faintly serrulate. The thick 'testa' described and illustrated is actually endocarp.

For the correct identification of the species, I am indebted to Mr. L. L. Forman.

*) This series is edited by F. White, University of Oxford.
2) Continued from Bull. Jard. Bot. Etat, Bruxelles, 33 (1963) 345.

n*t«aorf K*v Bull* (1937) 3*2* - ffrpot 
7673 OOt 1* i*4u«oA to Dvypoto* p«ndula Ridlty

"*

.'

fho proaonoo of *tip*lo~a«*ff» oxolodta tain •pooios free 
ffeo Aoeidaotta ealy£ and internal atructuro of tho 

fruit aro *X»o wrong* Mr &*»&» Airy Shaw proridtd too oorrott 
UofttifieatioB*
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pioapyroa ahra tioidaB Wall* •> Q» Don

BUKXAl foreat School 0*11* (March 1930)$ Kur* 3011| Laot 28521

Wallich 4l37a, 4l37b*

Boonchuang 104$ Karr 377, Il47t 5249, 5262, 58ll, 

10608, 20186, 20193, 206651 KoaUraan* 728$ Phangklai 107, 2139| 

Put 2834, 4262§ VMM* 133| Vanpruk <t*3i

CAKBODlAt Itojattd »**| *a«ury 30Q52| Pi«rr« 3039|

Poilauue 8361 8quir«« 928|

CHMA IttiMAf Hov 70685*

YZB90UII norths Balans* 4348, Bm m.n.

CHIWA IttMWAS Cavalari* 3&49i 7orv««t 138l5| Mairo 482* 

Wanjtuagl IteClur* 57 t 263| Tsang 20197, 2076?, 21282, 2l4l8| 

& Haiuw 13753* ltiiki«at Ch^mg 1666, 2210, 2?47, 28981 

U45, U55* Smechuamt ITang 6443t *«hn«ider 651* Hupahi 

Chua 35931 Honry 1560, 1962, 3441, 3485, 5567, 3861, 6235a| 

Morl«« ««mf Wilson 399, 472, 511, 790, 2914* Anhv«ii Chins 

27479 3l85| Fan & M 156| Kiongeui May«r l424| Ran 125631 

?«• 1336, 1828* fthaagtiiBgs Chiao 2513t 2875 1 Taiwani Oldhan 299.

Taquat 2978$ Wilford 756*

JAP Alt M«a»<mita «*&| Ohaahl 660266 1 Oldhaa 5^8 1 garatier 809| 

Wilaon 6959*



219

aubap. lotua*

VB8SS8B ASIA Turkey* Bomnmller 551 1 D»rls t75069 4771*1 

* Bo4§o 32042. Asorbaijant Balanaa 1464| Balls * Ooulay 1935 1 

Kohonacnar a«a| Raddlo 3064 Irani Cowan it Darlington a*nf 

Fturoo It lyago 280| Boeai&gor 23^9t 5567.

CENTRAL ASIA Afgaalatans Aitchineon 150 | Qriffith 1289 I Haraukh 

1^8609 13399* Chltralt I^ano s.n| Oittnio 62| Harrla 16357 1 

Toppin 680* Punjabi Drumrnond 21957 | Rodin 537 9 I SyragiM 103t 

Uuihmirt Clarko 2821*t| XoenaYanand 217*

CH1HA Ynnnaai Cavalovto 7883| Dttoloux 33 1 Hairo Hof kSl9 I753t 

2%15 9 3090| Forroat 7^19 7599t 77089 1386lf 14*9229 23^71f 27732| 

Bonry 9898i9 98980} £ennoidor 16309 2788* fieoehuaat rang 37531 

Prmtt 150 | Uoory 70Mt| Wilson 2915* Kansuf Meytr 1930. Snonait 

Uoont 2980| t'urdoa 903 1 Wile on 1273. Hup* hi Honry 28719 301^9 

5820| Wilson ^29t 6219 1399* Hoyoit Fotania a*n. 0nanc%«mgs 

Chiao 2681* Kiaugsuj Teo 1120. Anhwoit l»oi 2988$ Ching 3310* 

Chokiaagf Lav 11^6* fnkiont Ching 2506*

SOXSAt Vilford 583 I Wilaon 8521*

JAPAJIi Faurio 13302, 13303| Ohvi a*a$ Oldhaa 52 9 1 WilaM 751| 

Wrlght 189*

TIETKAK Mortal PoWlot ^51 1 Poilano 12586,

lotua aubsp. bridoliifolia (Xla») Hg

Conklin ft Btivaja P«B 80^59$ HMV 9722, 1*205|

Ooaapo B8 27969i Santoa BS 31&01.

ZBJDIA Aaaaa It Naniyurs Bar 2720 1 Clarko 41150 1 Hooker * Thoapeon 

%1150| Watt 626%*
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BURMAl Kurs 1008| Lao* 3119f 31981 Saw Maung Kya 5381, 5400$ 

U Tha Hla 1999*

Ktrr 3*61, 3584, 3586, 4675, 6263, 8705, 8851, 20236$

Uripa et aU 2000$ ffeaagfelai It fi»p»cyfr«th».»* 956, Piania at al* 

106$ Saltinand 13867$ Wiait 1J24*

UOfli Hanaand 1304, 1389$ Poilan* 2011, 13489, 15S84«

Morthi Baa 353$ Eb«rfear«t 4732*

OBZ1IA Tunnmai Forest 5536, 5537, 7667, 9936, 11519, Il868f 

15662, 24175, 24476, 25178$ Baas? 9341, 98$8«, Il6l8 f U6l8«, 

U6l84| Mail* 1041 | KoLar«n 82 a, 87a$ Schn«id«r 3208, V. Hup«h» 

ViUaa 840, 29U. Kvaagtungi McClure 13594* Ch«klaiigi Mayer 

1493s

fBAHCB G«lt«

Pioapyr^a gylvatiaa ftexb* eubsp«

INDIA: aaa»l« 9242, 13769, 16025$ Haiaaa 2368, 2458, 4853$ 

Raattll 4853$ Law a»a$ Luahimgtoa a*m$ Hooney 4oif 792, 

Hoxfeurgfe a»a$ Talbot 3592*

CKYLOfil Thwaltts C«F* 2729*

sylvatica subap. karaaphroditiea (Zoll*) Ng

BUBMAt H«Umr 3618$ Park«r 256l»

THAILAND i Aanandah a.n$ Collina 590, 1796$ Karr 16255, l65519 

16613, 17476, 18518| Maraaa 1246$ ftoagklai 12287$ Smith 311$ 

faitiaaad 2150$ Vanpmk 701$ Vtsterdal a«n«
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CAKBODlAi BaraaaA 391.

11, 29t

MALA! A i AMullaa HIS *7386| All FKft 3*1*7} Barld.ll aF 32*2, 

SF >383| Curtla 705, 2377, 2379, 2386, 5*18} Dalaan FMS 21*81} 

Oadoh KL 10089 KL 210*} Haaiff 1533*} H«nd«rsoa SF 23030$ Holtta* 

SF 13081, IF 13122 | Jaaaat & Sow KKP 57006 | Kins* a Colltotor 

7877| KaaiuiBaaa IEP 9^912 1 h«ij«r & Yong KKP 9^66l| Hgadimaa SF 

36926| Rur 8F 32596| OaaaA IMS 29231f Bidlay *66?t ^96 1, 12190,
V '

1*922, 133331 Whitnor* FRl 3752 I Wray 1269*

BCWIEOt Aba Bakav rm 3860%$ A&daraaa i %1%6, * 1^37, S 1329*, 

« 16050| Aabtea S 18377 I Baccari 1670, 1822 | Brian S 13912} 

Caav 518 1 Olawma 30222| Cuadra A 273 1 Oalau ^ 156*9 1 Htfrilaa* 

77 6 j Kaatamuuia *900, *9*9| L*>ng*h SAK **386| Tan Siaaaia 1365«

JAYAt Kaataraaaa TOMCO 132, 19321} Soapadao 307} Virawaa 1**} 

a*a«

aUMATHAt Ackaad 600, 13*5} Koataraaiia * Aata 323*

aylvatioa subap* ^aa^iouloga (T, ifaall*) Mg *

JATAt r»I Ja *90*} Kawdara 29393^t 301*lb«

AOfiTRALIAi B*aaa 199^9} KUlarlqr »«»} Bill 100} Naallar a«a| 

O'Saanary

IHV CALSDOKIAi Balaaaa *67} PaaUaaHa 206, 311| ite&aa 326*, 

*398| Faoaiaftoa 81*1} Sealaabtar 15037} fiaillard 899.

FIJI i Karuveli & Qaro e»a»


