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GUIDE TO INSTITUTIONAL WOOD 
COLLECfiONS 

WJLLIA:\1 L. STERN 

Scbool of Forestry, Yale University, New Haven, 
C o11necticut 

Preliminary to embarking on studies in systematic \\ ood 
anatomy, the researcher i~ often faced with the problem of 
amassing the raw materials. He may collect wood sampl~s 
fo r study himself, or as is commonly the case, he c?mmum­
cates with institutions maintaining wood collectwns. To 
these he makes known his desiderata and requests small 
samples which can be used for study. All t~o frequently he 
is confronted with the fact, that sufficient, accurately 
identified materials for an exhaustive stud:r are ~?t to be 
had from those collections with which he IS fa.mJltar. A~ a 
result, studies are sometimes fragmentary a0:d mco~clusive 
for want of more complete research matenals. It IS con­
sidered likely that had the researcher been aware of 0~~c:r 
collectiOnS o'f' Vo'OOd, he might have been able tO secure{ a I-

. 1 . • re complete work. t was 
t iona] matenals resu tmg .m a .moth h writer set out to 
' vith the above thoughts 1~ ~nd. 3

\ t\\~Od collections of 
prepare this guide to the mstttut1ona 

the world. d d ff red for . · · was prepare an o c !': ~entatl\·e <]uestiOnnatre Baile of Harvard University, 
cn tJctsm to Professor I. W. f hy U S Forest Products 
Dr. B. Francis Kukachka 0 t e ~ ~f the College of 
Laboratory, Professor Carl d~ Ze~u Dr L Chalk of the 
Forestry, New York State Umve~~~swaid Tippo of Yale 
University of Oxfo~d a~d Proffn reviewing this quesrion­
U ni\·ersity. For rhetr kmdness ess his thanks and appre­
naire, the' writer would like to expr 

ciation. . . of these wood anatomists, a 
~mploymg_ the ~uggestton.~ en and sent to aU the wood 

t·cv1sed questionnaire was wntt 
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cOlledioos then known to the writer. Attached was 
ddress Jist of the collections to which questio~ w~: 

a ailed. Reci ients were re'luested to supply the wnte~ WI 

:e names o~ other collecnons not. included ~n the list. In 
this way over So institutions housm~ collectJons of wThd 
were approached, and returns received from most. e 
C]Uestions asked were as follows: . . . 

1. Complete name and ad~~ of the institution m 
which the wood collecnon IS housed. 

:::. If your "ood collection has a special name, 
please state it. . 

3· Date (year) of foundation of the collection. 
4· Name of curator, or. indivi~ua~ directly ~n charge 

of the collections, h1s offic1al tttle, and h1s area of 
research. 

5· Other personnel connected with the collection, 
their titles, and areas of research. 

6. Number of specimens. and number of genera 
if easily accessible. 

i· Regions, countries, or taxonomic groups in 
"hich your \\ ood collection specializes. 

8. Is a herbarium of voucher specimens connected 
with the ,., ood collection? If so, how extensive 
is the herbarium? If not, do you have any record 
of herbarium collections (deposited elsewhere) 
that ma\' have been made at the time the \\ ood 
was tak~n? 

9· \bout \\hat proportion of the \\ ood collection 
is authenticated \\ ith herbarium \'Ouchers? 

to. List any major special collections, i.e., Desch's 
Malayan \\'oods. Gamble's Indian woods, etc. 

J I. A :e any periodicals dealing wholly or in part 
With woods published by your institution? If so, 
name them. 

1 2
• Arc small samples suitable for sectioning avail­

able to l)Ualificd jndividuals? 



4 
TROPICAl. \\'00DS 1957 

some phrases were shorrencd to economize on s1~ace. The 
"ritcr trusts that no important data have been om1trcd. 

Grateful appreciation is offered to all who were_ so k_iml 
as to lend their cooperation in completing the qucstullln;urcs 
used to prepare the guide. 

i ; \MSTERDAM: The Royal Tropical l n~tinm:, ,\lauritskadc fq, 

Amsrerdam-0, Netherlands. 

i 

I ormdation: 191 ,. 

Curator: A. T. j . Bt.\'\Clll, Scientific collaborator of the Tropu.:al 
Product~ Depanmenr ( ldcntificatil '") . 

(.o/lcction: ,\bout IO.I')O() specimens. 
Spcri,rliz.uioll: Southea~< Asia. Surinam. tropics in nenc r:tl. 
1' our/;,•r m.ut:riat: V ouc.hcrs deposited elsewhere: ~hom 30 per l'cnt. 
lmport•TI/l rollcruom: I ... oordcn; (JaYa}; Stahel (Surinam). 
S~u11plcs (or !·cctiouiug_: -~\ail able occasionally by special request. 
E:rriJ.m~c: \ es, hm hm1tcd: wanrcd, anrhemic !i:unplcs of tropical 

woods 

HA:\GKOK: "cction of Wood Technology. l'orl'St Products J)j\ i-
sum. Royal Forest Dcparm1cnt. Bangkok, Thailand. 

Foundation: 1953. - -
C!rraro~: ,\ lr. T . SRtBURJ. Officer-m-ch:ugc. 
C.oll~ct~on: :4;6 ~pecimcns; 18; genera.~ 
Spu~nlt:att071: Thailand. 
Voud;cr mau:rial: Yes. at the Sccn'on ot' [' 

R 
)llt,my, l'ore~r Products 

, escarch Dh bion; 50 per ccm. 
5amplcs for sectioning: Yes. 
E:rcbllTigc: Yes; wanted, am· commercial woods. 

HELf.,\1· In~cituco •\.n · • 1 , • 
I
. . . . .,ronom•co (" ,, one. Bclcrn Par·i Br tll' l 
'CJtmJauo · 11 • b · . ' · • • · Curator· t· ~r anum. JC)45. wood collccuon, rcCl·ml\'. 
• . .oAo) L'R~" Puu~. Chcfc da Sec)au de Bot{mica (J\tJII/ . 

rcg1on . : llllldtl 
SraJJ members: 11~.;:-.tmRro \IARt-"Hn Knl'R\' \ • 

Gt:oRc;•~ At.t.1.A"'Dt-R n l \1 K. ' • (. \ . :o>sl~t:l!lt {,\nJawnia) 
I 

. · u h , .n.ss1srant , muunt ) . l' • 
. 1.:\IOS I R<)l::s Asssitanr ( \ - . ) \ . a ' 'tCARt>o Ill. 
I I • • mazoma ; 1 um Ol'tto f) , 
a mr:nor (Amazon•' ) - U<.Kt, Cu.J-

('o/1 · · a . 
S
.PA c.rr,~on:. • .soo specimens. 

.CI.II':..ltt0/1' \ . • • I' I . l mazoman ~pcc•cs 
01

•1' :~.,. 1mzterial: y cs 8o · . · . Pcrrodtral or . I . . ,ooo !>pCcllllCJls; I oo per CCIII 
Urta •u:orks· B 1 · T • · · • do Norte. · 0 emil •'C?llco do lmtitwo A~roncimico 

S.nnplcs for • · M' seruomng: y cs 
,,.,'cl.roscopc slides: Yes • 
.;..r:c 'ange: yes· w • . 

' anted, South American woods. 
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BOGOR: Balai Penjelidikan Kehutanan Indonesia (Fore Research 

Institute), Bogor, Indonesia. 
roundatio7l: 1915· 
Curator: 0£\' DJOEN SENe, Section of Investigation of ~ and 

,\ lcchanical Properties of Wood and Wooclldeatifiiation 
Collection: p.ooo specimens; 6c}o genen; 38oo species. • 
Specialization: Indonesia. 
Voucber material: Yes, 42,975 sheets. The herbarium is housed..-­

ately and is under the Botanical Division headed by Dr. A. J. 
G. II . Kosrennans; roo per cent. 

Pt?riodical or serial 'u:orks: Before 1940, Publictltiorr of fbi FIWI# IU­
se.trciJ lmtitute ( Mededelingen vtm bet BosborluJtwotf,_,), 

SMnples for sectioning: Very restricted. 
E.wbrmge: \ ·cry restricted; none are desired in~ (A @eat deal 

of the duplicate stock of wood samples was damaged or lost 
during the Pacific war). 

BRISBANE: Botanic Museum and Herbarium. Botanic Gardens. 
Brisbane, Queensland, Australia. 

Foundation: 188o. 
Curator: S. L. EvERIST, Government Botanisr. 
Sraff me-mbers: L. S. SMrTH, Botanist (Tuonomy of rain forest uees). 
Collection: About :z,ooo specimens. 
Speci,tli::..1tion: Queensland, New G~· . f 
f • oucber m.turial: Y cs, included rn pneral herbarium o SOO.OOO 

specimens; about 75 per cent. 1 oial andlndim Ex 
Important collections: Queensland Woods (Coo 'bi. Mel~ 

hibition r886, Colonial In~ Exhi bORt 
1888); :--.:ew Guinea ForestS Co~ns. 

S,wrples for sectioning: Only in excepaooal cases. 

t BRISBANE: Reference Collection oL!e...ee:::! !;~r: 
Products Research Branc:ht Suv:-.. r--· 
George Street, Brisbane, AUscraJja. 

Foundation: 19%%. --=-"OOI Officer (T'unber utilisation, 
Curator: C. J. J. \:VATSON, lnv~~ 

Queensland) • ~ ~t (Timber utilisation. 
Sraff '""'"/J.n: \\. J. SMtTH1 ~ 8~-....."? 

Forest Producrs Reseat;eh ~ ' era • 
Co/lc:ction: About 3,8oo specune~ p iJisable sizes. 
Spai.1lizMirm: Queensland trc~..t lt,;:not 
Periodical or serial works: A~ ' 
llicroscopt• slides: Yes, but norf« ~· 
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CAMBRIDGE: Han·ard l'nh·cr!>ity llcru:u-ium. Dh·iniry 
A\ enue, Cambridge )8, ,\hs~achuscth, U.S.A. 

foundation: 188o's. I) 1 \\' R"n F.Y, Prnfc!>sor nf Plant 
Curator Acung Curntor. r. · · ) 

• J\.n:llOIII\' r.mcritu~ (Plant morphology and anarom\' . 
Collation: Aliout ~s.ooo. 
Specialization: Gcncrnl. 
'voucber material: In Herbarium of the Arnold \hnrctum. 
Period real or s<'Ti.J/ 7.L'Orks: journal of tl.'e Arnold tl bnremm. 
Samples for sectioning: ~or at present. 
ificroscopc sliJcs: Yes; not at present. 
R:rcbange: ~ot at present. 

CARACAS: lnsriruro Bor~nico .. \p~rndo 21 sr., \1 inisn·rio Agricul-
tur;l y Cria, Carac~s. Venezuela. 

l ormd at ion: 19;8. 
Collection: 15; genera. 
Spt•ria!iz.uio71: V cnezucb. 
Samplt•s for scctio11ing: Yes. 
Urmarl:r: The collection formed the h:~~i~ fnr Mad,•ras de Vmezur/,J 

hy I larry Cornthic. Caraca~, 194S. 

CHICAGO: Chicago ~atural !Iiston• ~luscum. Roost·\·clr Ro:td 
and Lake Shor~ Orin·. Chicago ;, ·lllinoi~. U.S.A. 

f oundation: A bout 1896. 
Curator: DR. joll'\ \\'. THIERET, Curator of rconnmic Bnt,lll\', 
Staff membCTs: ;\lr. ARCHIE F. \\'11 so'\·, As~ociarc (\Vootl :·uiatomv). 
Collection: About rS.;oo (not including duplic:ncs and unidl'ntified 

speer mens). 
Speriali:.Ttio11: United States, tropical and subtropical Ameri<:~. 
Jlorrcber material: Yes; perhaps 6c; per cent. 
Important collections: Krukoff <Brazil); Ll. Williams (\texico. Peru, 

\ ' cnezucln), \cos• J·Solis (rcuador); Cu:u recasas (Colornhi;1). 
II. 11. Smith (t.;.S.A.); ~e\\' Yr)rk State College of l'orcstn: 
(U.S.A.). · 

l 'eriodi~al or serial works: Field Museum of Natur,tl llistory l'ttblir.a­
t•ons, Botanical Series; f?ield Museum of \'atttr.tl flirrvrv 
llan,/book. · 

Samples (or sectioning: Yes (recipient is rrqut•stt·tl 111 pn·pare "Ill' 
. hlidc ftJr the ,\lu~cum}. 

A.lrrrnrr"pe slider: Y cs; ns. 
/::rt1/urng.: "\ cs: desired, ()It! \ Vorltl woods. 

COLLEGE: Fc•rcst Prorluct~ Resc:trrh Tnsrirurc College, Lagun:t, 
Philippine~. • 

l'ormdati?n: ' 9~4 ( ~lo~ r.i the collct'tinn cnnsi~ts of duplicates ,,f the 
onguut and autht ntic wood collcctiom of the Philippine 

No. w6 TROPICU, WOODs 
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lmparttmt collectirms: Brandi<>, Gamble, .Chowdhury (India, s. 1.) · 
S.wrplcs for scctio11i11g: Yes, w hen poss1ble. . . . 
\licroscope slides: Yes; nor no rmally loaned ro mdn·1duals. . 
l~xclJilTZge: Y cs. some duplic:m: wood ~~mp les: the woods reqUtred in 

r~turn depend on the problem in h~md. 
Remarks: A fair!\' large cullcctwn of X 1 o and X 1 1 o photomicro­

graphs of \·arious woods is a,·aib ble . 

DELFT: Forest Products Research Institute T . '\ . 0., P ost bus 49• 
Delft, Netherlands. 

f'oumiation: 19.>9· 
Ctrr.uv r: .\ l iss S. ,\1. Jt:nr., " 'ood anatomist (Structure :mel properties 

of nom1al :md ahnormal wood ) . 
Colll!ction: 4-015 samples: 340 gencr~t. 
Speci.7lt:..uio11' Surinam, Indonesia, >:ew Guinea, Siam, \ mazon region 

of Br:lZII . 
l'oucber 1/Werial: The herbuium from our '\c:w Guinea and Siamese 

s_:m~plcs is deposited ar the Uni\'crsity of Leidcn: that from 
Surm:lm samples IS deposited with the lJnin•rsirv of Utrecht; 
abour ~s per cenr. 

Import am collecriom: Srahcl (Surinam); Lam , Siam, ~ew Guinea); 
Krukutf (Braz1: ' . 

Periodical or serial .. ~·or/.:. : Homblc1den (Leaf!c~). circulars. 
SJinples for sectioning: Yes, to a certain extent. 
l:.:~.·cbang~: Yes; wanr:d, ~voods from Afric:J, '>Outhcast Asia, Japan. 
Remarks: Our collecnon mcludes rhc s:Jmples of Dr. J. Ph. Pfeiffer. 

DCRHAl\f : School of l'orcsrry. Duke l'ni,·ersirv, Ourhnm, '-orth 
Carolina, U.S.A. · 

Found.uicm: 1 9~6. 

CUT.uor: Dr. I . S. TI>\RR.\R. Prnicssor oi \\'ood TcchnniCJg\' (Anatu-
n_l)', forest proc!ucts rechnnlngy). · 

~oll~cr:on: 6:n- specimens: 9n genera; 1 ~9 f:tmilies. 
Spen!lr:.a~ron: 'onh America, Philippines, Australi:1 Tndo-'!· 1 , 

rcg10n • •' .1 :1} an 
Voucber matcri.tl: i\lo~t American S!)ccics lw·k"Ll I>•' 1 ·I · •. I . . . . . ... ~ .' lei l:lrtUlll 

nl:Jt.cna Ill rhc Duke Unl\·cr~JtV H crhanum· Ouccnshnd \ 
<· 

1 
tT:tha wnnds hac ked In· \'otJchc.rs in llnshan: .. : 0 pc~ 'ccnt·l us-

• ,amp es (or r•'Ctz'on' • 1 • • ' ' • , , ·• mg. 11 fll:lll)' 111Sianccs. \'CS, 
"!ICTOSOJle slides: \' Cs. ' 
l·:xcl;mrsw y . · 1• . 

wo;ld. c~. Ill llllltC:d numbers only; \\':111ted, Chnifers nf the 

FLORENCE· 1 • . 
lrllliano . ~ ~~{~urn. Bor;"Jmc~ dcii:Ur~.h·ersie:l, T rh:trio Cenrmle 
Fircnze, l(tal/hano Cc ,lomale (II I trcm:e, Via l.:tm:mnora + 

l· owulatio1l' Ill~ , (S 
lnstit;Jtc) ." .lme as thm vf rhl: ~ Tuseum anJ l fcrh:trium nf the 
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Curator: Pro~. Dr: A. CJ.JIARUGJ, Director of the Botanical Institute oE 
the Umvcrsrty of Florence (Cytology, genetics, taxonomy, paleo. 
botany. plant ecology and geography); Prof. Dr. R. E. G. 
P~em-Sil R:\toi.I.J, Curator of the Herbarium and Musewn of 
the Botanical lnstirute of the University of Florence Assistant 
of the Herbarium (Taxonomy, plant ecology and ~phy, 
anatomy) . 

Stn/T memben: Prof. Dr. A. MESSERI, Istituto Botanico deD'Univer­
sira, ,\ Iessin a (Anatomy, plant ecology and geography). 

Colla tion: About 2000 specimens. 
Spccialhation: Chiefly Italy. Greece, Egypt, Libya, India. Canary 

Isl:tnds, Frhiopia, Eritrea, Somaliland, Australia, Borneo. 
Voucber n1.1tcrial: Yes~ vouchers present for the collections of 

Bcccari. Pichi-ScrmoUi and Coni; 10 per cent. 
1m portnnt col! ecriom: Beccari (Borneo); Orphauides (Greece); 

Fiori, Scnni anti Pichi-Scrmolli (I'rhiopia, Eritrea, Somalilaod); 
Corti ( Libva). 

reriodical o1· serf.1l works: Atltmte Microgrll{ico dei Legni delrA{rlcl 
Orientale ltalitma (Discorninued). 

Samples fo r sectioning: Yes, for some specimens only. 

FLORENCE: lstituto ~azionale del LegnQ, l!iizza T. A. Edison 11, 

Firenze, Italy. 
Foundation: 1954. • 
Curator: Dr. Lrcr.\ OE:\JJ, \Vood AnatOJDist (Anatomy and systemancs 

of wood), . 
Staff members: Dr. FRASCO PALLI (WOOd preservanon). 
Co/lectior1: About z,ooo specimens; ~t 6so genera. A.ltica. N rth 
Specializ(lfion: Italv, South Americ~ }~lQJ, ~ Pbili • 0 

\mcrica. French Colonies, Cenll'll A'menca, ppmes. 
S.rmples (or sectioning: Yes. 
lficroscoJIC slides: Yes; yes. ads • ned into 
F:.wbange: r\ nlibble, Italian woods' wanted. WO impO 

Jraly. :di'Mtl fouitded in 1954 with 
Remarks: ' l ~hc ~ational l.nstitute ~!.J:r:;,~~ ~ in the field of 

lhc :1 1111 of promormg and ......-,.=::.e those of the personal 
\\'oc•d utilization. T~e woQJ)~~ttelrno Giordano • 
collection of the D1rectot, 8vo.·~ ~" 

t FRANKF::l rnT AM MAIN···PaliOboWiiscbeAbteilung, 
· u.n. Scnctccnbet"g-Anlage %S, 

For.~chungs-Jnstitut ScD~iWl, 
l'r:tnkfurt am Main, G~'lfl 

Foundation: 19:0. =IP Lcitu prof, Ander Uni­
Curatot: Prof. Dr. R. K11A: Cfc;tany, '.rtcent and fossil 

, ·crsi tlit (Plant gee 
woods). ...:..~ 

Collection: Ahour 3000 ~~. 
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\ · '{ s Fng·1ccae Diptcr-Spi'riJli-JJtion· Furope. !>OUth and east ' <.t:t. com cr • · ·. • .. 
• o~rpa~cac; io~~il conifl·r' and di~otylcdnns of d1\'CN' Mlgm. 

Periodzcal or sen',,} "~Ork<: s.mckmbergt.mo'J. 
':zmples for sccti011ing: \ t:s. 
\licrosropc slides: Ye,. 
Excb:mge: Yc~. a;; filr as material is a\Hihblc. 

FR HI BURG: Forsthutanische~ fn~tin1r dcr Uni,·er,ir.H l'reihurg. 
Bertold~trNC lj, rrcihurg I . nr.. Germany. 

Curator: Dr. \ \ '. Ln:-1. 
Collection: 100 'pccimcns. 
Spteiali:ation: Ccnrral I uropc:u1 wnlltk 
S.rmp!t·s for St'Ctl011i1lg: Ye,, 
ltirrosrope slides: Yes. 

Rxc!J.mgc: Yes. 

G E1\IBLOUX: Collccuon J. Louis cr C. Doni~. ln<.t iwr agrono­
mil]Ut: de l'l.ur. Gcmhloux, Belgium. 

/'orm.farion: 1938. 
Cur.uor: Profc!>.\Ol' J. Fm,; \RGr, lnsritur agronC>mit)\IC tk• I' I 1a1 ; D in·c-

tor. l.:~l10raroirc foresricr. 
,\'taff members: A . .\loru:r. Forest l'ngincer (Pulp and paper). 
Collerrion: 1 so ~pl:cic~; 1 uo genera. 
Specialbuiou: Bclgian Congo: tropical and subtropical woods. 
l'oucbt'T 711aterial: Yes. at the Bor:mil:al Garden. Bru~~l.'l s; 100 per cent. 
Import am collections: \\ ood~ of S~n Paulo, Brazil. 
Samples for secrioninr.;: Y cs. 
\ficroscope slzdes: Yc:.. 
Exchange: A' ailahlc, '' ood\ of the C. Doni~ Collection; \\'anted, 

Jnpane~c and Cenrrnl American '' ood~. 

G I.ORGETOW'l": : roresr Dcpannlt'nr, Georgew'' 11 , Dcmer:t r:~, 
British Guiana. 

I· oundation: H)Oti. 

Curator: Cun~en·aror of Forests. 
~·oue.cr~on: o, cr f\55 ~pecic~: 4, ~ gcnem. 
S[IC(laJz:::ation: British c;uiana. 
VouciJer 71/aterial: Y~:s; 100 per cent. 
S!"uplts for scctionin.~: Y cs. 
l.ulnngr· Yes. 

1 lAVA~ A: l',cu(·ln l'nrestul, \l1111stt·rio de Agrit·ulturt 1 . ll · l 
Cuba. ·• .. 1 ,1l:J il:t, 

l~ound.l/iou: '935. 
C.urator· lsr su \ • 
Collecri~w ;',oo"o ' ':IIF.Jno j . I ORS, Jl'fe de h Sr:c·ci•'•n d,· \lontc" 
~ • • ' • SJICCIJTtcns '• 

pccr,tlr:::ariou; '' liscellanec.u.s. 
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Vour.ber material: No, records maintained of those deposited else­
where; 10 per cent. 

Smnples for sectioning: Yes, of some species. 
Rxcb,mge: Yes; wanted, miscellaneous woods. 

HAVANA: rstacion Experimental Agron6mica, Santiago de lu 
\·egas. Habana, Cuba. 

Formdatirm: About 1918 (by Dr. J. T. Roig). 
Curator: Jefe del Departamento de Bot:inica Econ6mica. 
Collection: fJOO specimens; 176 genera. 
Speci.rli:ation: Nad\'e Cuban or naturalized species. 
~ · oucber material: Part of rhe collection is authenticated by vouchers 

from the Roig herbarium; so per cent. 
Hicroscope slides: Only Meliaceac. 
Remarks: The collection is mainly used for teaching purposes in the 

Escuela Forestal. 

. ·-HONOLULU: Bernice P. Bishop Museum, Honolulu 17, Hawaii. 
Foundation: 1889. 
Cnrato1·: .\tr. fi,WJN II. BRYAN, jR., Curator of all Museum collections. 
Staff members: Miss .\IARJE C. NEAL, Botanist in charge of Museum 

herbarium. 
Speciali-::.1tion: Polvncsia, Melanesia, Micronesia, Malaysia. 
Vo•rcber material! The herbarium includes over 150.000 specimens; 

probably a small part. • • 
Periodical or serial works: Bulletin of tbe Bermce P. Bubop Musn~~~~. 
Smnples for sectioning: From time to time, the Museum seods se!S of 

named wood specimens to the School of Forestry, Y.te UnJVer­
siry. duplicates of which are k~t bl.rhe M~ 

E:r:clwrge: The ~1useum sends the bulk o us marerial tO Yale, keep­
ina onlv n 2-inch section. ::- . 

KFPONG : Forest Research Institute, Kepong, Federation of 
Malaya. 

Foundation: 1918. • ortb 
Cm·ator: P. K. BALAN MENoN, Wood Technolog.st <Malava. 

Borneo, Sarawnk and Brunei). 
C'ollectiou: 6,7¢ specimens; 320 genera. B •. Ucction 
'ipecializntiml: 1\falava. North BorneQ. ~wale. !U"fll co 

confined cxcltisively to timber-.pro UClllf b~:rl.num sheets 
Vouc/.Jer u~ateri~I: Yes: origin~n!:i:'te rKepong), but some 

deposited m the Forest Rwh ,..._ (nsdtute building was looted 
of these were destroyed on uae 

in 1942; 100 per cent. p. • Mill• ., Faun Rlcorwh· 
Period ira/ or seri.1/ works: M••r .'D!:ner, '1 • 

Researcb Ptrmpblets; Trtitll IJ!I'¥•"1• 
Samples for sectioning: Yes. 
.11 icroscopc slides: Yes; yes. 
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KEW: ~luseums of rconomic Botanv, Royal Botanic Gardens, Kew, 

Richmond Surrev. England. 
Foundation: 184~ rfirst\luseum of Economic Botanv). . 
Cumtor: Dr. F. ~ . HowEs, 1\.ecper of ~ luseums (l conomtc bor:l~Y); 

Dr. C. R. \IETC.\I.H., Keeper of j odrell I.abor:uory (\' ood 
structure). 

Sr.llf mt•mbers: \lr ~. G. 1 L\RIUSON. Semor Scientific Officer (Eco­
nomic botany J. \!iss n. J. Yoc sa' I o\S. Scientific Officer (Eco­
nomic buran\·); Dr. ,\1. SrA'H, Scientific Oiliccr (\\"ood struc­
ture, jodrclt'Lauoratory); \lr. RICHARDSO~. Scientific Assistant 
(\ Vuod srructuw. Jodrell Lahor:non}. 

CoJieC'timr: Between 16.000 and ~o.ooo specimens. 
Sp~ci.r/iz,lfion: \ \" orld-wide. 
I" oru·ber material: ["here is no herbarium of \'OUchcr specimens con­

nected with the \\'ood collection. Some of the wood samples 
have corres~onding herbarium specimens which arc kept in the 
Kcw herbanum. or haYe heen deposited in other well-known 
hcrh:ma, 5-10 per cent). 

lmpowm collections: G:tmblc Clr~dia). Desch (.\ lalaya); regional 
sets of \"anous other counrnc~. e.g .. Ceylon, tropical Africa, 
Au~rraha, '\.onh Borneo. \\est lnd1es, Argenrinn, Brirish 
Gutana, Suriname, etc. 

Periodical or set-i.rl works: K ew Bulletin. 
,\licrouope !/ides: ..\ collection cJf microscope slides of timbers and 

other pans of plants (excluding flowers) is maintained at the 
Ju~rdl LaboratOr), and. is arrange~! mamly on a taxonomic 
basts. ~-\t the prcsc~t ume,. the slide collection consists of 
:J~p.roxtmarel): 6ooo t1mhcr sltdes, .;6o~ slides of t\\ igs :md len£ 
p~uole~ of dtcotylcl~om, an.J 2 300 slides of monocotvledons. 
l !1c. sltde co.llecnon as grm~·mg stead.ily and conrinnousl .. The 
s~ u1c collecllon was used m prcpanng the two vol y 
t ded A f 1 d' 1 umes en­.' mu:mry o t ·': tcoty edons hy ~ letcalfe and Chalk and 
Is now hemg used 1 n the preparation of a similar 1 k. 
mcmocotrh:dons. 

100 
on 

It is not a re!!ular practice to send mi<:roscope I' I I 
hut in CXccpti~mal circum~mnces this mi~ht UCS ll)(CS O~f 0:1111, 
slides c · d ( I b ~ me I t 1e - ar requt!'c or re~carc 1 work rhat is rcallv 1111 on 

,. and no altern3tl~·c source of material is a\'ailable. - p ant, 
~tcban11ge '\.ontJally ltttle m:ncrial is :1\'ailablc for exchange 

£'11/ar f·
1 I rom time to rime rhcrr is reason ro !Juc:tw~ the. · 1 · 

n some 1 f t1 1 1 · II cnury 
I 

: 
1 

1 1c o ( cr spccuncns, c<.pecially those receive 1 \ unng t 1C last ccmurv. ~ 
IAE· 1r.. . 
. . N I\ ISGton.of Bnt:lny. Department (lf l'orcsrs. Lac Terrirory of 

.l ew utnea. ' 
r.oundat ion: 1944· 
C.uratQf" J S \\' 

P~eific) : 0\IJ:RSI.l\". Chief, Oi\ ision of Botany <Sourhwe~r 

'l\:'o. 106 TROPICAL WOODS 

Collection: About 4000 specimens. 
specialization: New Guinea. 

IJ 

Voucbcr material: Yes; too per cent. 
Samples for sectioning: Yes. 
/vlicroscope slides: Yes, duplicates of those in C. S. I. R. 0., Division 

of Forest Products, Melbourne, Australia. 
Excbangc: Only by special request. 

LENING~AD: V. L. Komarov Botanical Institute of the Academy 
of Sctences of the U. S. S. R., Professor Popov Street 1, Lenin­
grad z.z, U. S.S.R. 

Fouudation: 1813· 
Curator: A~oREI A~oREIE\'ITCH NrKms, Senior Scientific Worker 

nvood anatomy of foliage trees). 
Staff members: [\'GESJA VtKENTIE\'NA Bt:DKE\'lCZ, Junior Scientific 

1,\'orker (Coniferous wood anatomy). 
Collection: 7.932 specimens; 9B3 genera. 
Specialization: General. 
Samples for sectioning: Yes. 
Exchtmge: Yes, at times; desired, coniferous woods. 

LISBON: J .aboratorio de Histologia e Tecnologia de Madeiras da 
Junta de lnvcstiga~ocs do Ultramat. Jardim do Uluamar, 
Belem-Lisboa, Portugal. 

Foundation: 1947. 
Curator: E.sG. 1\tANUEL P. FE~ Research Officer (Wood 

anatomy). . 
Staff members: Ora. MARIA CLARA II£ FurrAS, .Assistllnt (Wood 

anatomy); FREDERICO MURTA, ~ater of Woed Anatomy. 
Co/Jection: 350 species. 
Specia/io;:;atiou: Portuguese ove~ ~tories. namely~ Portuguese 

Guinea, Angola, Mozamb1que, 'Tuno.r. • d Bo • · 
Voucher material: Yes, _in t~e folloWinghe,cbaria:d ~.J: .... ee :: 

da junta Jnvcsnga~es do .t7Jta,mar an .,._._.. 
Agricola do Ultramar; aboUt so ~cent. 

l'eriodical or serial works: Garcllf ill f)rU. 
Samples for sectioning: Yes. 
Microscope slides: Yes, on loan or ~chans; em. \V8Dted uopical 
Excbange: A\·ailable, samples U•f X.!}< ~es of Eue«l1ptu1. 

woods especially from ~. ~ ... ,.-
~.:tL:.:~.... d' Wi . 

MADISON: Forest Products ~~ry, Ma 
1500 5' JSCOnsm, 

U .S.A . 
Foundatio11: 1910. ~ FoteSt Products Technologist 
Curator: Dr. B. FRANCIS dit---{tJ:reign woods especially Burson· 

(Identification of na o,) 
ceae, Sapotaceae and • 
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Staff rm?llbcrs: Dr. j~:A:-crrt. ,\1. Ktt\S, 13otani~r ( llkmilk;ttion of 
nati\ c and f orcign \\·OOlb). 

Collatiou: 1'7.1)0 specimens; t6i? genera .. 
Spt:ciali:ation: L. S. \. ;lnd trop1cal .\mcnca. . 
l'uucber 1;waial: \ t:~. but limited w n;lth c spcc.:ll~S. t·ollccteJ hy 

l'orcst Scr,·Jcc personneL record kept uf herbanum \'l)\)chcr~ 
deposited else\\ here; ahout i5 r:r cent. r • • 

l'criudical or st:'ri,TI workr: lnf ormatw/1 l.ca{lcts. 1 cclmtcal N otcs, 
f't•c/mic,tl Bullctim. ,\ lisceiiMlcous l'ublications •tnd II tmdbooks. 

Smnples for sccrioning: Yes. 
,\ficroscope slides: Y cs. but not ;l\'ailnble on loan. 
L'xcbange: Yes; wamed, aurhentic specimens. 
RL·marks: The major nortion t•f our tJ. S. Colkcticm consists of rallial 

~otrips extending irum bark to pith taken at 1 arious heights in 
the rree. 

,\1ELBOURNE: see SOUTH .MELBOURNJ:. 
MERIDA: \ilorcca-Facuhall de Cicncias forcstalcs, I· acultad de 

Cienctas Forestalcs. CniYcrsidad de los ~\ndcs. \lcriua. 
Venezuela. 

J.oundmtow 1952. 
Curator: !7ll>l:.RICO BAscoPi.-\ ' ARGA~. Prof eliSOr of \Vood Anatomv· 
. ,~lcssandru Bc!·nardi, Professor of Dendrology and Botany. · ' 

Col/crttun: po 5pccuncns; ahom z4o genera. • 
Spai,,fizlltion: V enczucla. •· 
l'oucher mtrterinl: Yes; QO per nm. 
l'criodic,,f or serial works: Boletill de Ia fa£~ttltcJd de CicllcicJ.r Fnr-

erta/es. 
Samples for sectioning: \" cs. 
. llicroscopc slides: Yes. 
E:rc!Jm1gc: Yes; desired, tropical woods parricularlv of the '-'c''' 

World. 

MEXICO D F · X 1 1 • 1 · • . ' • . . • I orc.ca, ll~tllUlo t ~· I! . L~llgacionc~ Forest·tl • 
[dlson 145 .. \texico (4), D . F., Mexico. · cs, 

I ouud.Ttion: 1954• 

Cur~rto~ ~F£1.1A .\I ~~CERA VtGL'I:Il,\s, Bi6loga des lnstinuo Politccnicll 
. '. ac10nal ( fJ lstologr of wood). 

Collel'tlo••· R . • • . . "· 5 specm1cns; 38 genera. 
Spect.Tlmrtio11• :\lo 1 p· :l • Vo 1 ~ · •. sty maccac anc troptcal \\ouds of 1\lcxin 

ur Jer matert~~l: yes, in the herbarium of the ln~tituto· .. .'.', l l 
per cent. · • .• u > I su 

S~nples (or sectioning: Yes. 
Microscope I'd . \' . F h : 1 es. es; vcs 111 exchange 
.xc tmge · \ cs· d · · 

· ' wanrc • samples uf Pinaccac \HH>c.ls. 

No: roo TROPICAL WOODS rs 
MUNICH: Botanischc Staatssammlung, Menziagu Strasse 

1\liinchcn 19, Germany. 67, 
I- oundation: r8r3. 
curfltor: Dr. HERMANN MERXMUILLI!ll, Director. 
Collection: 2,500 specimens. 
Specialization_: Marti us (Brazil~; Siebold and Zuccathil (Japan); old 

collcctwns from BavarJa; Luetzelburg <Bnzil,)• ~c:eae 
(\'ery important collection with many o,ri~ &Om Prof. 
Dr. L. Radlkofcr; Palmae (originals from Martiuf). 

Voucbcr material: Yes, associated with the herbarium of the Bota­
nbchc Sraatssammlung containing 1,500,000 sheeas of phanero­
gams. 

Important collections: Sapindaceae of Radlkofer. 
Samples for sectioning: Only in special cases; write to the Director. 

MUNICH: Ggbdc. Forstbotanisches Institut. Amalieusaasse 51, 
~li.mchen, Germany. 

Specialization: Gennany, Japan, Africa, Soutft ADlerica and Java. 
hnportant collections: Sample woods of die Cb.iCbibu University 

Forest, Tokyo University. 
Samples for sectioning: Yes. 
Microscope slides: Yes. 
E:ccbange: Perhaps; wanted, woods of Selitll ~ca. 

MUNICH: Insritut fur Holzfo~ unci lfoJztecbaik der Uni­
versitat Miinchen, Winze~~,Munchen zz~ c;i,emJany. 

[''oundatiou: 1955· :~..:.:i:. f th C!A...:-- tn· 1 
Curato1·: Dr. FBERJiARD ScHMIDT, Itt~e o e ~ w 10 ogy, 

anatomy and pathology of ~ . 
Collection: I 833 specimens; 6uam. ~es. Ameli and 
Voucber '~'mcrial: J:Ierbarium~~ flO_M~ ~Dahl= and 

Afncan specrmens d ~ 
Buenos AJres (Darwi oa)• d»~,W W.rlulolf 

Periodical or serial works: Hok ##. '~""? • 
Samples for sectioning: Yes. 
Microscope slides: Yes. 
Excbtt77ge: Available in the JU!~~·~, 

NATHANY A: Forest R~~tli~!Jf~:Dip~6.: :~.:~~~ 

\W()ds of .Israel; records an: 
received; 20 per c:cmt. 
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raiodic.tl or serial works: llmwt /). 
s.mrples jor sectioning: \ \:S. 
ll :aoscopc slides: Slides ol nilti,·c woods to be a\'ailablc Ill the future. 
E:c:cl:.mge: A' aibblc, nad' c wood:.; \\anted, woods nall \ c to arid 

regions. 
1'\E\\r H AVEN: The Samuel James Record \lcmoJial Collection, 

School oi Iorcstry, Yale Unhersity, '\ cw l la\1 Cn 11, Con-

nc(.ticut, U.S.A. 
fotwd.uiou: Ongmal collection in 1901; burned in t<)Q3i presem col­

lecnon m 190,. 
Cur.uor: Dr. \ \ 'ILLt.~;\1 L. Su:.R><, .\ssi~tanr Profcssm of ' \'ood Anato­

n~y (Xylem anatomy and phylogeny of Lauraccae, Julianiac:cac, 
Gomortcgaceac, llctcropyx.idaccac; ana£omv and ta:mnornv of 
the woody plant~ of the J'loriua Keys; secretorv strucrur~s in 
wood) . • 

St.tJJ m~mbers: Dr. GtoR~.>E K. BtuztcK Y, Associate in Research in 
\\ ood Anatulll} tAnaromy and taxonomy of Centrolobiunr 
ta:\onomy of \Yoody plants of Florida Keys; dendrology- Cores~ 

. p_athology) . ' 
~o/le.rt~On:. jO,lOO srecimens; 2680 genera. 
5fecllliiZ((fi(Jn: ! rop1cal rcgion5 of world. 
I oucbl!r matemrl: \ cs; a herba.rium of 15 ooo ·h .. 'ou h . . . . s cers, com:umng mostly 

c ers, ts mamtamed as part of the Collccnon. I I 
of vouchers deposited elsewhere· ab ' recon s \cpt 

lmfiOTIJTit col/ccrions: Koorders-Janss~niu~u~ 35 per .ccm. 
Institute (

1
\Ialava). ~c'" 'v

0 1 " Ja'c~) ;l 1· oresr Research 
( 

- • • • ' r ' .:>tate ol ege f I' 
L ~. "\.); Bernice p Bishop \l . . (P . o .. orestry 

PI I B 
. uscum aclfic Isl d ) 

lt •ppme urcau of Forcstrv (Phtli i c. . an s ; 
,\lcXIco)' Krukoif <Uruil B I' . ~ n s)' \\ til tams (Peru, 
(Panama Canal Zone \'c~czu~t~\l.a, C nca, Sumatra); P itticr 
Vcne;rycb) i Cooper (Liberia, Pan~ma~r~~~[~·t{~en:ina,, ~razil, 
<Brn1l, Colomlna Cuba)· D . d lca ), \\ hnfurJ 
(}J~aziiJ; Cuamca~~~ (C\Ilo~llhia~~a~\ C(C~l0!1 :bia) ! ... llochne 
GuJana); Sargent-Jesup (U S A 1: ·r · · 11m•n O•tJ1, British 
G . r . . . ' uam J c t I I ) 
, utana , orcst Dcpannlt'nt <British G ·. ) nt 13 ' British 
C~a~t), Y,uckc <_Brazil); Aco~ta-Solis (~~~~~ • \ •gnc (Gold 

l'c. j· fw Glll?ca); Stahcl (Surinam); IJcsch (\1 lor), Lan~.:-Poulc 
. no :.~:rc:~;~rtal works: 'J'ropic:nl Woods, Bullct~ua)~;lc School of 

S.rmples (or · · · • lCCt/Onmg: y \!~· rcciJ>it:nt i 
. ~hdc for Yale collect' ' ~ rClJUCsLct.l to prcpJ.rc one 

,\flcroscop l'J . llln. 
E I 

I! S l<ti!S: l es }'CS 
TC )QI/g • 'I' • · e. ,, tsccll:uteous . l l . . . . . . 

preferably amhcnt' .sa~. P csl arc oc:cas!tmall} antlablc: tc samp cs of trop•cal woods. wanted, 

No. 106 TROPICAL WOODS 

....rNE\X' YORK: The Jesup Collection of W d f . 
I The American l\luseum of Natural Hist~;,s ee~:af~ A~~ca. 

at: i9th Street, New York l<J. New York U.S.A. ar est 
ronudation: •Byo. I 

Curator: Dr. JAcK !\1cCoRMtcK, In charge of vegetation ~tudics 
, (_Regional vegetation of the Americas). 

(.o/lcctron: About 4l5 specimens. 
Specialization: North America. 
Voucbe~ material: Yes, at the Museum and Arnold Aboretum Herb­

anum; 100 per cent. 
R.cnh1rks: The collection consists of logs, mostlv five feet long ~Ak 

f I · d' 'd 1 f • ' .. en ron; argc 111 tvt ua s o each species. On most, the upper 
pornon has been sawed to show radial, tangential and trans­

\'erse facets. 

1 
NEW YORK: ~cw York Botanical Garden, Bronx Park, New 

York 58, New York, U.S.A. 
Foundation: r944. 
Curator: Dr. BASSETI J\IAGt:tRE, Curator and Coordinator of Tropical 

Research (Tropical America). 
Staff members: Dr. JoH~ J. \VURDAc K, Assistant Curntor; Dr. RtCJJAIU> 

S. Cow.,~. Assistant Curator: Mr. josEPH V. MoNACHINo, Asso­
ciate Custodian of the Herbarium. 

Collection: About 1,ooo specimens. 
Spccializatiou: General collections from the Guianas and Venezuela. 
Voucber material: Yes; too per cent. 
Important collections: Smhel (Surinam); Maguire and colleagues 

(Surinam. British Guiana and Venezuela). 
E:xcbauge: Some a\·ailahle for exch~ge. . . 
Reuurrks: T he Maguire et al. coUecttons contatn a rnther htgh per­

centage of type material. Both shrubs and trees are represented. 

NOGENT·SUR-MARNE: Centre Technique Forestier TroJ?ical, 
45his, .\ venue de Ia Belle-Gabrielle.. Nogcnt-sur-Mamc (Sc:me), 

France. 
I ou11drrtion: 19 l7· . . . , . 
Curator: J\lonsicur DIOJEil NORMAN, Chef de Ia OtvtSIOn d Anatonue 

clcs Bois Tropicaux. · d 1 o· · · 
StnfT members: lngcnieur ALAIN Ml\ttiAtiX, ASSIStant e a 1\'tSlnn 

d 'Anaw m ic des Bois; other teehnlc:al pc~nnel emploved at 
the Laboratiore d'Anatomie des BoiS Troplcaux. f 'li 

Co/lct:tion: to,••i samples; more than 1300fgctttherFa; a~\JS? anu es. 
SjJcciali-:.1tion: \Voods of the ter~r.ori~ .o d ;;~ mon; com-

mercial ,~·ood~ of the UO~~~ Nca. a~ d'H=Natu.l"Clle, 
Voucber matcrral: '\ cs, at theM~:· a~o. 0 r cent 

L01 horawirc de Phanerogan»e U1 Pans, S pc • 
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I 11 • \ \" is cite 1 in the following publications : 
mportam co ccuons: oot 1 • 1 r z, I 1 

Atlas des bois de /.1 Cote d'li:Oire hy 0 . ~nrrnanc_; 1~"o 1 
t.

11 

Cameroun ll\· R. Letouzey and R. \1ouranche; f lms ct. 1- orrts 
tic Ia Sou~·c11e-CaUdonic ur P. Sarlin; l'roprtc!cs p!JlSIIJ tlCS ~t 
mccnniqucs des bois tropicaux de /'Union l71111fDISt' !Jy I· 
Sallena\·e. 

Periodical or serial ·u.1orks: Bois rt for~ts des Tropiqm•s. 
Samples for scctionin~: Yes. 
U1croscopc slides: Duplicates may he exchan~etl. 
E;~.·changc: J\ ,·ailable, samples 13 em. X 6 ern. X 1 em. 

orr A\\' A: Ottawa Laboraton. J"nrest Prnducts t.abor.uoric~ uf 
Canada, Department of '\;onhcrn AtTairs and :-;:ational Re­
sources, Ottawa, Onrano. Canada. 

1-"ormd.uiou: 191 ;. 
Cur.uor: \lr. J. 0. I 1.\l.E, Ileac! of the \Vood Structu re Section 

("'ond anatomy and properties oi wood) 
. ';t.1/T members: ,\lr. F . PF.ru;.'t, f.ure~t Products l·:nginecr (\Vood 

analllfll)' and properties of wood); .\lr. c. r. K~:rlll, Foi"<"St 
Products Fngineer (\\'ood anatomr :md properties o( wood ). 

Colh·.cr~on:. Ab<~~~~ 1 ,8oo spc~imens: r.soo-• .(JOo species. 
Spect.T!t::mwn: lunher specres of present and possible conuncrdal 

Importance. 
Samples for scnioning: Yes. but nor authcnticatecl. 
\licroscopl.' slides: Yes; yes. 
I::Xcbange.: Yes: Canadian commercial specimens, $.05 each or 011 

C' .m;,;,. 

OXFORD : I he J_mpcrial Forest:y ln\titutc \\'uod Collection, Dc­
p_; ~.:IClt of I• orc,try. lmperral l'orcstry lmtirutc, Universit\' of 
Oxford, Oxford, England. -

Foundation: 19:4. 

Curator: Dr. 1.. CHAr K, Reader in \ Vood Anatom\' in the " · . · . 
•Jf 0·\fc rd (C' 1 I . . '-' 111\ crsrt\ 
d

. 1 .cncra anc systematic wood anaumw of 11 -
Jcorvkdons). • 1c 

~01/Cr.t~~n:, I S,;oo, specimens; 1,11) ~enera. 
'pcclallzattou: Bmrsh Commonwealth. 
l 'rmciJ · 1 tT mmcna: The Forest H erbarium Oxfor·<l 1 1 

Ro 1 ' · • 1:\' tct ween 
f

,OQOh :me C)O,ooo sheets ah()ut half of which nr. e Afr"1,.~ 11 "' 
n t esc ar 1 d · 1 . ' " · ~nme 
I' f c corn· ate Wit 1 wuod SJlCcrmen~ 111 rite 11 
'\l' cr · 1 . h h 1 . , co ecrro11 
ll ~~ ce~ to or cr er >ana are always kept when rccl'il·c : 

4 •. PI c\rl ccnr hal·c references to herh,lrium sheets rlt· l ~· 
:11 ar a 1 e somewhere. · .1 are 

lmporumr coil · 0 
(,.. ld Cocctwm: esch ( \labya); G:tmblc (lnd,·~)· \ r· 

" 0 a.\t)· F 1 (B · · 1 G · ·• • rgnc Liberia)· !\tol'fi ans(l~\l"e . ru)r~ l •• urana); C .. ooper· (Panann 
K • · no nrtrcnnna · I· on:st (k '' 

rukofT <Sumatra). \\. ik (B ' .. I So. I partnlc·m. Burma; 
(!'\onh Borneo). ' a er nus l Ulllon Islands); \ Vood 

No. 106 TROPICAL WOODS 

S.rmplcs for sectioning: Yes. 
.Hicroscope slides: Yes. 

'9 

Excbtmge: A nil able, limited sets; wanted, only material with herb­
arium backinfl. 

Rcur.1rks: A large miscellaneous duplicate collection of slides is auil­
able for exchange. 

PARAMARIBO: Landshosbchecr Suriname (Surinam Forest Sen·-
ice) , P. 0. 8. 436, Paramaribo, Suriname. 

Foundation: 1948. 
Curator: ir. I. A. r>E llur sn:R, Conscn ator of ForestS. 
Collection: 380 specimens; about 188 genera. 
Specialization: Surinam. 
Voucber material: Yes; also deposited at the Botanical Museum and 

Herbarium. Utrecht, Netherlands; roo per cent. 
S«mplcs for secrioni11g: Yes. 
E,_·cbtmgc: Yes, in small quantities . 

..f PRETORIA: Forest Products Institute Wo~d Col!ection, Forest 
I Products Institute, P. 0 . Box 7:7, Pretona, Uruon of South 

Africa. 
Formd.uio11: 184)9 bv Conscn·ator. Western Conccrvancy, continued 

in 19:9 bv Forest Products Institute. 
Curator: Officer-in-Charge, Timber Mechanics Section (C. H. BA:sKs, 

Profes.'iional Officer) . 
StoTff members: L. M. ScnwEGMAN:S, Professional Officer (ldcntifica­

tion); D . J..,cKso:s. Professional Officer (Identification) ; G. J. 
\'AS STAOF.:S, Technical Assisunt (Indexing); W. F. J. VA." 

Vt:t:RES, Technical Assistant <Indexing). 
Collcctiou: About -;.ooo specimens. 
Spcciali::atiou: Africa. • • 
V ouciJer materi«l: No; records kept of depoStnon of herbarium 

vouchers. 
lmportallt collcctitms: Large numbers of samples have ?een receh·cd 

from the following-: Imperial ln~tirurc C,?l~ccnon; Techno­
logical \1useum, Sydney; Fores~ry ~m~1~on. New. So~th 
\Vales, Sydney; Forest Branch, Vactona. BntlSh Columh1a; .~ale 
University; Forest Department, Brisbane; Joel. Hugo (Mexteoh 
Forest Commis.-;ion, Melboun1c; Research Insnrute, Dehra Dun; 
C. C. Rnberrson (Australia); C:ommonwealth ~or~y ~urcau, 
Australia; C. F. Lcgat (Australia); To~yo Um,•ers1ty; Nether­
lands Fmbassv, Pretoria (Dutch lnd1es); Queensland Forest 
Service, Brisbane: New York State Colle![C! of Forestrv. Svra­
cuse: Bureau of Forestry, Manila: Forest ProductS L~borarory, 
Canada; Forest Products Research Laboratory. Pnnces IUs­
borough: Agriculrure and Forestry, Tokyo; Professor. Tac:card. 
Ztirieh: Dh isional Forest Officer, Northern RhodCSia; Forest 
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Dcp~nment. Kenya; Conscrntor. of Forests, Gold Coast; 
Direcwr of forec;Ln', French "est ,\fnc~~. \1. ll. Scott 
C\\"<:st Africa,, South African Railways Adm•msrr:mon ~Go~J 
Coast); 0. B. \Iiller (Bechuanaland >: Scn·i\o Florestal, Sec~ao 
Tcmologia. Bradl; L. I . Loock ( \lexicnn pines): ]. II.. Tcr 
I ~ak, Amstcnbm: Cnnsen·aror of Forests, Tangany1ka; Clucago 
'\arural H iswrr \ luseum; C. \\ 

0

' Scott, S:mtiago. 
Smnples for sectio11ing: \ es. 
.\lirroscope slides: "\ es. 
Exch1111ge: \ e~. 
Rcmttrks: The collection is housed in a building constructed entirely 

of locally-grown exutic and indigenous timbers. 

PRINCES RISBOROUGH: fore:;t Products Research Lahoraror\' , 
Princes Risborough. Aylcsburv. Bucks. England. 

Foundation: 1930. 
Crmuo~: ,\Jr. B. ). RE"'<DI.E, Officer in Charge, \Vood Strucrure Sec­

non (Strucrure and properties of wood: classification of tim­
bers). 

Staff 1m:mbers: D~. E .. "'· J. P!"f!LLIPS (Srructurc and properties of 
wood, class1ficanon of nmbcrs, cspecJalh· Coniferae; plwsi­
ology of the growrh ring and lignification), .\lr. J. D. BRAZIER 
CSrru~mre ~nd properties of wood; classification of timbers, 
~pec1ail~: Dlpteroc_arpaccac): ,\lr. G. L. FR \NKLI:-.; ( Identifica-

, r~on of nmb~rs; mJcrotechnique). 
Colh:.cTI.on:_ Approxm1ately ~3,000 specimens; about 2, 100 genera. 
SpcCialt=..mon: Tl~e collection is particularlv rich in timbers of 

rroprcal Afnca :md southeast .\sra. 
1-'oucbe: 7JIIlferial: -:'o herbari_um is connected wirh the wood collec-

uon. IlerbanUir marcnal collccred with timber spe · · 11 d · d · 1 • c1mens 1s 
gocnera y cpos1tc 1n ne I• orest Herbarium, Oxford ([ · 1 
[•on:stry Tn~mute) •. Records arc kept of herabar1·u111 "n~pter!a1 · 1 1 · h d . 1 .i ena 
~:nrrc ate< \\'tr wuo spccunens and lleposited el ·I . 
about 30 per cent. se\\ 1cre, 

lmpommt collccti.ons: Fuj1uka (j;lpan, 1929 • \'i!{ne CGold C . 
0 

191o-45); Krukoff (\Vest Africa, Brazil, Sumatra 1 ~a~r, ca. 
Desch (,\lala~a, •933-1939~; Walker (Solomon 1~1a~Js. 1

93<1>: 
n~ost. of the umhcr collecuons of rhe Imperial lnsti . 5

946)1, 
Kcn\rngto J 1 d 1 . · turc, out 1 
0 • • n. .on, on, an t 1c Cambndgc School of F 
kncludmg the collccrions of llwes and" llenrv and ~ ~re~rrv 
· rfo~; authentic collections made hv rhc l ore·s'r De er en 
o · r.>U ( - parrmcnrs 
da.re) r~a .. c~. dlo-1930), Uganda (19H-datc). Kenya (1936-
B • rtus UJana ( 194z-darc). Ceylon ( ,944) 1\.: 1 

Sampl ofrneo (1?5o_-da[CJ. Sarawak (19's-date), ere. • orr I 
M. es (}r sccuonmg: y cs. 

f.
lcroscope slides: Ye~· \'CS xch . y ··o - .. 

~~~·no~~; ~nntcd, authcnlic specimens of actual or 
•c lmponam:c, C!>pcci.ally tropical timbers. potential 

No. ro6 TROPICAL WOODS Zl 

Remarks: ~tandard size of specimens is 6 X 4% X r ioch (smaller 
spec1mens acceptable). Separate exhibit collection of about 150 
6 ft. specimen boards of commercial timbers. ' 

QUITO : .\luseo Bot:lnico-Forestal, Depanamento Foresr:ai del Min­
isrcrio de Economia, Calle Guayaquil No. 1914. Quito, 
Ecuador. 

Foundmion: 1951. 
Curator: Prof. joRGE A. GALLEGos TERAN, Director del Departmnento 

Forestal del Ecuador; Prof. VrCENn: AI.\'ARADO MONTESDI!IJCA, 
Colcctor-Herborizador, Jefe del Museo. 

Collection: 450 specimens; 150 genera. 
Specialhatio11: Ecuador. 
Voucber material: Yes; 100 per cent. 
Periodical or serial works: Boletfn de Divulgaci6n Tecnica. 
Samples for sectioni12g: Yes. 
Microscope slides: Yes; yes. 
E:A•cbange: Yes, by exchange or for the price of $.1o each. 

REINBECK BEl HAMBURG: Bundesforscbungsanstalt fiir Forst-
unci H olzwirtschafr, Reinbeck bei Hamburg, Schloss, Germany. 

Foundation: 1940. M 'di d o· k 
Cur«for: Professor Dr. HANS MA\"ER.•WIGELIN, prasr erelnstn e: ~~-

tor dcr Bundesforschungsansttlt; Direktor des Jtuts ur 
H olzbiologic. 

Staff members: HELMUT Go'IT\VALD (Wood anatomy). 
Collection: 9,3 33 specimens~ 1,340 g$era. 
Specialization: Unspccialized. 
Voucher materitll: Yes; about 1 per cent. 
Samples for sectioning: Yes. 
\ficroscope slides: Yes; yes. _,a __ .,~_fro South America. 
R:rcbange: Y cs, some samples; want._, WUU\A m 

RIO DE JANEIRO: Jar~im B<Jtin!co ~c:a:;~ de janeiro, Rua 
Jardim Boranico roo8, RiO de Janeuo, 

Foundation: 194:. • N taralisra (Wood anatomy). 
Cur<1tor: Armando de Matt?S FJIMho. ArauJ·o, Agronomo Silvicultor 
Staff u:.:m/Jcr.r: Pnulo Agosnnho atOS 

( \\ uuJ technology). en. 
Collection: 2.7¢ specimens~ Blo:: oman region. 
Sp.:cializ,uion: Brazil, especi.tly :dW! 
V tmcber material: Yes; 33 ~ cent., 4" fM'Ciim Botinit'o; Arquiws 
l'eriodic.JI or s.·rial works: 1~ dtJ JnstitutO de Biologia v~getill; 

Jo Scr:.JifO Floreml; n.tr-'t'-· 
Hodriguesia. hoAI some specimens. 

S~tmples for sectioning: Yes 
\ticrost.·ofu: slides: Yes. Hillll aad South American woods. 
Exchange: Yes; wanted, BrAZ 
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RIO DE JANEIRO. D. F.: .Xilotcca da Divi~iio do Florc5tn.n~cn­
to c Rcflorcstamcmo. Instituro Nacional do Pinho, Rua ,\lexrco, 
Rio de j anc1fo. D. F .. Brazil. 

Fozm.imion: 1949. 
Collection: 439 ~pccimcns. 
Specialization: ,\ l o~lly Brazilian. . 
l'criodiral or serial •~:.:orks: Anu.irio Brasilciro dr Rcomnui,r 1-lorcstnl. 
H:rrbtmgc: Yes; wanted, commcrci:ll timbers from :1ny l'Oll!ltry. 

R IO PIEDR AS: Tropical Fnrc~t Rcsc:m·h c;cmcr, Agrkultura) 
r\pcrimcnt Station. Rio Picdr:lS, Puc no Rtcu. 

Foundation: 19:1. 
Curator: I' r:mklin R. Lon~wood (\ VuoJ utilizar ion). 
Collection: 301> ~pccimcns~ so f:m1ilrcs. 
Speriali::ario11: Puerto Rico. 
V oucb.·r nt<ltt!ria/: '\ cs~ about ;o per cent. 
l'e-~iodtcal or seri.rl •..:.;orks: Tbe Caribbean Forester. 
S.unplt·s for secri01Ji11g: Yes, in the nca.r future . 
F.:r:cba1t}{e: Yes, in ncar future; w:mtcd, woods of tropics. 

SANTA TfCLA : Xi:otec:r '\acioml de n S.tlv:1dor, Sen ic 10 Co­
opcr:.~m" -\gricc·la SalvaJurciro A rcric:tno, Ct•nrro ' :1<:1on;1} 

de Agronomia. Sar:ra r eel a, El Sah ador. 
I· oundation: 195 1. 

Cmator: Osc.\R E .. "\RIQl'E Cti.\\ EZ, I ncargado de 1:1 Sccci6n Forcsrul 
(E.I Sal"ador). 

Collection: 1 :z genera: 136 species. 
Speciali:.arion: El Sal\'ador. 
Samples for sectioning: Yes. 
Rcm:rrks: l'ach species is represented b\· six SJ>ecirn"rls f !'IT 

s'1·"'~ X ' · h • " o < 1 cn·nt .. ...., two 7 2 X .. me e~; f\\ 0 () 1 X y. , • 
polished, one polished and ,·arnishcd j; or~ •is ~ ·: lrn~hl·s ( ~·ne 
stem sectwn : 'z inches wiJc including hark. cu •e. one Is a 

AO P-:"ULO: Brazili:rn Commercial Timb 1 qursas Tecnologicas Pra~a Coronel J~rs, nsl tltuto de Pcs-
c · Jl ' • crnant 1• Prcsres . :uxa ustal 7~o;r. Sao Paulo, Brazil. · · 1111• 

l·.ozmJMion: 19:8. 
C.rmuur: CAI\'I"\O \1 ~ .· \ . . 
(• II . ·''· n.RI, J gnmonJ\' I ngrncl·r (lll·.,·•'rl) . • u errw,· !I 1., • I • , , 
~ , .· 1. •. · \I>Ccrrncns; a 1om r ,zoo t!erll'rn 
• /If"·' IZ.It/011' { • I . l - .. V .ommcrcra trill >ers of Br·uil 

01/t:l cr 11 1 rnl· ' . .I • · • 
' • u rccorus arc kept of \'nuc·h . . . 

' . '_Vhcrc; zo per cent. ~r .. tll'posrtl'<l l'lsl~-
1 crro,hcnl ur srrtill ' f.: I' I . 16 · '!lor ·.s: >0 t>ttlll do lns-tituto de I', . , 
S g1cas. t .WJIItl·,rs l'crno-
\~~~~ples for sectioJJing: yes. 

• ICTtJrcopc slides· \ 'e · s; no. 

~o. ro6 TROPICAL WOODS 

Excbange: Yes; wanted, commercial timbers of Central America and 
northern South America. 

SOUTH MELBOURNE: Division of Forest Products, Common 
wealth Scientific and Industrial Research Organization, 69 
Yarra Bank Road, South Melbourne, Victoria, Australia. 
(Postal address: Box 18, Post Office, South Melbourne). 

Foundation: 1929. 
Curator: Dr. H. E. DADSWEu., Chief Research Officer-in-Owge. 

Section of \Vood and Fibre Structure (Genera) wood anatomy, 
cell wall structure, structure in relation to properties and 
growth) . 

Staff members: J\k H. D. I NGLE, Senior Research Officer (Wood 
anatomy); Dr. M. 1\IARGAR.ET CHA1TAWAY, Senior Research 
Officer (Wood and bark anatomy); Mr. C. F. ]AMES, Senior 
Technical Officer (\VooJ anatomy and timber identification). 

Collection: Over 17,000 specimens; about 1,..00 genera. 
Specializatio·n: Southwest Pacific area, particularly AustraUa and New 

Guinea. 
Vourber material: No; records kept of voucher specimens deposited 

elsewhere; about 8o per cent. 
/mportallt collections: New Guinea Forests Collections; Collections 

bv C. S. I. R. 0. Natural Resources Survey ream (New 
Guinea); ~C\\' Caledonia; Lane-Poole (New Guinea); Desch 
(1\·lalaya). 

Periodical or serial •uwrks: Ar~straliim Joun1al of Bottmy. 
S,mzples for sectioning: Yes. . . 
Microscope slides: Yes; yes to qualdied persons depending upon the 

request. 
Excbangt•: Yes; wamcJ, miscellaneous woods. 

+ STELLENBOSCH: lnstiwtc for Forestry and W~ Techno!~ 
I Uni\'CC!!>it\· of Srcllenlmsdl, Stcllenbosch, Umon of Sou 

Africa. · 

Formdatio11: 19H· 
Curator: Prof. G. HARTWrc;, Profcssnr of Wood Technology. 
Collection: About r,oso specimen!\. 
Specia'i:,rtion: S1 uth Africa. 
Samples for se,·twmng: Yes. 
;\-ficroscope slides: Yes. 
R:t:cbange: Yes; desired, woods from South America. 

+STOCKHOLM: Wood Technology Department, Section of Wood 
Structure and Pruperti~, ~wcd!.sh Forest Products Research 
Lahorawry, Druttning Knsunas 'ag 67, Stockholm 0, Swedeo. 

Foundation: 194+ . • -~ 
Curator: J<it. Kand. J. B. 8oVT£LJE (Collecnons and properaes -

wood). 
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Collution: 13' specimens; :~bout :so genera. 
Specializ:rtion: General. . • 
Samples for secti011ing: Yc~. bur mostly from '\c" Zeabnd. 
\lirroscope slides: Ye~. . 
E:rcb:mge: AHilable, samples from Sweden; wanted. rroplc:ll woods. 

SYDNEY: Forestn• Commission of ~C\\ South \\'ales. Dh·ision of 
\\'ood Technology, ¢ Harrington Streer, Sydney. :--:ew Sourh 
\\'ales. Auc;crnlia. 

I ormdation: '9H· 
Curator: R. K. fintnER, Research Officer (Idcmific:nion of timbers 

and wood strucrure. >.:e\\' South \\'ales :md trade timbers) . 
St,1/J mnnbers: ,\1 iss J. \ V. L ,-.;yo-.;, Rcse:trch Officer ( ldcntiflcation 

of timhl•r.s :md wood srructure, ~l'W South \\'.tics and trade 
timber:-.). 

Col/ecrio11: i ,ooo ~pecimtns. 2 ,t'\oo species. 
Sprrialbuion: ,\ lusrh '\ ~w Sourh \\':1les commcrci:tl spl·cies; :1lso 

orhcr tr:~dc riniuers. 
l'oucbt'T matcri,,/: Yes; about 95 per cent. 
l~n~ort;mr co/lu~ions: Lane_-Poole l '\cw Guinea). 
I crwd1cal or ser1al r;;;orks: Teclmic.?l Xo.- s. 
SmntJ/es for sccrio11ing: Yes. 
Wcroscope ;fides: YC.~. under certain circ:umsunccs. 
Exchange: '\ cs; wanted. timbers not represented in our collection. 

SYRACfU\\SE:dlll~rry Philip Brown \Yood Collection. l>ep:mnwnr 
0 (ll) cchnologY. College of rorestrv State l' . . 
f ' ' • ~ • ~ · 'J' • 111\CfSH\ 

o ·'cw '\ ork, ~H.1cusc ro. 'cw York, U.S.A. 
F.o mJ3tion: Prior ro •9~5 • 
Curator: Dr CARl, uc Zn:uw. Ac;sisrant Profc~or of \\' d T I 

nolo~y {Genera! wood :matom} and rcla•inn of oo cc I· 
physrcal properncs of wood). :matomy to 

Staff 71~t:mbcrs: \lr. HAr.ow CoRI'. lru.mrctor (\\'oo I til . . 
uon, umhcr<> m \\ orld tr:1de l. c 1 JCr ulenufica-

~olle.ctz.o7l:. 0\·er 2j,ooo <;pccimens: '900 l!cnera 
Pt.'rralz:..ttzon: ~orth American timber ~tr .. I d' 

Brazilian Amazonia. ecs, nlti1n timbers :llld 

V ouriJer .mar.cria/: y c.~. for rhe ~orth American . 
m:umamrd of herh.trium m·Hcri:1l I . . 'ollccttons. Record 
tween r.6 and flo per ccnr . . r cpoSitt•cl elsewhere; he-

lm(lorta?" roiiPctiom: \ Vood l ccimolog\' Pm' ect I ' 
( • 'n hie Ondia): Krukoff (Bra;rilhn \I . <.\!on h \ lllcril'.l); 
?•c,,,,eeae. Sum:ura); Kanchira: Dc'~/1\l.ll.~'\\':\ \\'.est A ( nean 

Sampl~:mftnutc, I :Cl'~llntc (\.lndag:t~car and lndoehi . ).t W.tJ; hnperi.tl 
~ . s or sertiOnmg: Yes na . 
f'flc;l)sropc 1/idcs: "\' cs· \'C; 
-~·c '•lllgc:. y cs, unl) dn· C\~hangc 

specmtens. lusis, wamed an)' • I . 
' •111t tcnucatctl 
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l SZEGE~: lnstitutum Botanicum Unh·ersiratis, Szeged, Hungary. 
Foundatwn: 1946. 
Cur.1tor: Prof. Dr. PAUl GR£CUSS {Wood :matomv 1 ) 
Co'' ·cr1•0 .. 1

• ·'l 6o . • • pa eo-:m:nomv • 
·•. • •· • •• -,.)Out ~ specaes; so genera. 

Spect.1b:anon: Comferae of the world 
Periodical or ser!al '?orks: Acta Bioloi;ca Szeged. 
Samples for sectlomng: Yes. 
E'(cbange: Yes. 

t T ANANARIVE: Inspection Gent!rale des Eaux et Forets (Section 
de Recherches Fnresticres), Tananarive, Madagascar. 

Foundation: '95 1. 

Cur.uor: ~· \·louR ':o>:CJJE, lnspecteur des Eaux er Forets, Chef de 1:a 
Sccnon de Recherches. 

St.Tff me?n.b~rs: R. C.-.vuRoN. lnspecrcur des Eaux et Forets, Chef de Ia 
Dn·tsu>n de Boranique. 

Collection: 1 ,1}96 specimens; 206 genera. 
Specia/i;:,at!ml: Madagascar and Comores; more especially Lauraceae, 

i\ lcilaceae and Sapotaceae. 
Voucher material: An herbarium of 15,000 specimens is connected 

\\'ith the wood collection: 90 per cent. 
Samples for sectio11i11g: Yes. 
lficroscopc slides: Only slides of some Lauraceae. 
Excbtmge: Yes; none desired in return. 

-1-TOKYO: \\'ood Technology Division, Government Forest Experi-
1 menr Station. '1inistry of Agriculture and Forestry, ~feguro, 

Tokyo, Japan. 
Fmmd.1tion: The present collection is of recent origin, the old one 

haYing- been destroyed during World War II. 
Crmuor: s, o.Jt Sn10, Research Officer {Wood anaromy). 
St.1/J members: YAtcm KoBAYASHI, Research Officer (\Vood anarom\'). 
Collection: About ).OOO specimens. 
Speciali::Jitou: 1\ lostly Japan, others from U.S. A .. Formosa, _China. 

Philippines, India. Indonesia, Thailand, Burma, Austraha and 
South America. 

V nuciJer uwerial: No: record is kept of the herbarium vouchers 
taken at the same rime as rhc wood; almost all specimens are 
represented by vouchers. 

Samples for sectioning: Yes. 
Hicrnstopc sfid,•s: Yes: yes. 
r:.ub.nlf{C: Yes: w.mrctl, wnods from southern Asiatic countritS. 

Africa and Europe. 
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UNIVERSITY PARK: BuckhC1ut Laboratory, Pennsylr:mia Srate 
C ni\Crsity, UniYcr~ity Park, Pennsykania, U.S.A. 

Fnund.ttion: 19!5. 
Cur.1tor: Dr. l) .mn ~ K RtRs. Professor of Plant \ naromy (Commer-

cial fon :ign woods c•n the \ ntcrican marhr!. 
Collation: 1o,ooo specimens, ahout 2.000 genera. 
'\pt'Ciali-:mion L:ltin America, Phili ppines, \\'est coa~r of Africa, 

U . S.A. 
I' nucba m.rteri,rl· '-:o, rct·ords kept of ,·nuchcrs deposited elsewhere~ 

about 95 per ccnr. 
Important collections. Sargent (U.S.-\.); I I P . Brown (U c; A .). 
Microscope slides: "\' es; yes. 
Excb.mge: Yes. · 

UTRECHT: Botanical \I uscum :tnd llcrharium of the Srare Uni\·e r­
sity of Cttechr, I.:mge '-. ieuwstr:l;\t 1 nr.. Utrecht. Netherlands. 

Foundation: 1946. 
Cur.rror: Dr. ALBERT.-\ i\1. \ \'. ~1F~-.;F.c.A, Scientific Officer (\\ 'nod 

anaromy and taxonomy, chicflv of genera from Suriname and 
rropical South America! 

Sta ff members: \ liss "'\. C. Rnt, Bnranical Anah·sr. 
Collrction: Orer sooo specimens. 4n genera. · 
S~ecializarion: ~ropi~al ~outh An1cri~~~. chietl) Suriname. 
l oucber mntertal: '\ rs. mcorporarcd m the general herbar ium; 95 per cent. 
lmporram colle_ctionr: Sra~1el, Lands Bosbehcer, Surin:une-Fxpeditic 

1948 conu~ue~ by ~.mtleman and C)chulz, \lennega (Suriname) 
S.rmples for sectwnmg: '\ cs. · 
,\1 icroscope slides: Yes. 
E.r:ch,mge: Yes~ wanted, woods from tropical S1111rl1 .. 1 C 1 

' • • • · • ·•Ill entra ..... mertca or other troplc:~l regwns. 

\"\' AGENINGEN : l~sriwr voor Boshouwkundig Ondcrz •k fd 
ltng Bosexplo•r~tte, Grncra:tl Foulkesweg 6, \VIle ' . 3 e­
Necherlands. .,. :~gemngcn, 

l'otm,{.u ton: The or!ginal collection founded 11130 , . , •• 

destroyed dunng \Vorld \V:tr II; rhc prcsc'nt . cal~s a~o was 
hccn am:JSscd since that time. · co <:ct1on has 

Cltr;uor· Dr lR J F L · p f 
I
.· · · . .. ' . .-.ooJ.s. ro cssor of Forc'L U .1. . 
orc~r Pohncs. ll IZ:ttton and 

(~1311ff 11!embers: C. H. jAPJ"ic;, Sdcmilic Office r 
.o ectzOIJ' AI 0 . · s .· . ·. 1 ur 4{)(JO spccuncns. 

• peczall':.attou: General. 
I' oucher m 1 • / · D . f 0 ena · . epoSJtcd :n the Botanical \luscum 

o the State Unin-r:,irv of Utrecht '- •tl and I leruarium 
'e:'rch Institute Bogor; Indonesia; p~obalJ1~7r~~nds·;l ~orcsr Re­
cent, . ~C\\ lcre; 50 per 

No. JotS TROPICAL WOODS 

Jmportam . collccti~ns: Forest Research Institute, Indonesia; Forest 
Scrncc. Surmamc; Royal Forest Department, Siam· Forest 
Products Laboratories, Canada; Forest Products ~ South 
Africa ; Conservator of Forests, North Borneo· Laboraroire 
Forcstier de l'Et;tt, Belgium and Musec de Corio Beige BeJ­
g_ium ( ~clgi:m Cong?); ~rvicc des Eaux et Forets, 'New 
G1lcJoma; Laborarono Estudos Florestais, Portugal (Pon­
ugucse colonies); Forestry Department, Gold Coast: Division 
of Furcst Products, Australia; New Zealand Forest ~ice and 
Timuer Development Association (New Zealand); lnstituto 
Jc Pcstptisa~ Tccnologicas, Brazil; Chie2go Natunl History 
i\luscum, U. S. A. (tropical America). 

Smnples for sectioni11g: Yes. 
W coscope slides: Yes, but not available on loan. 
E.'l:cbange: A ,·ailable; wanted, Indonesian nod Surinam samples. 

~' AGENL'\GEN: Laboratorium 1roor Planrkunde, Arboretumlaan 
4, vVagcmngen, Netherlands. 

foundation : 1948. 
Curator: Dr. CoR~EUA A . REJNDERS-GoUWENTAK. Professor of Botany 

(\Yond anatomy and plant physiology). 
Staff membt:rs: Dr. jt:rsKE DE ZEEt.nv, Senior Scientffic Officer (Wood 

anatM1y); lr. E. \V. ScHrE.RBEEK. Scientific Officer (Wood 
anatomy) ; Jr. F. ScHNEIDER, juniot Scientific Officer (W~ 
anatom)· ) ; Dr. E. REINDERS, Professor of Botany, reared 
( \ Vood anatomy). 

Collectiou: 10 00 !>pecimens; abour 6JP· poet*. 
I' oucber m aterial: Deposited at Ati»Qretmn Genera:d Foulkcsweg, 

· • a1 L-'1.-...,mry ~ Nieawstraat, \Vagcmngcn·. Botamc IIUU ....... ~ • Ind · • r: onest:a· 
Ut recht; probably at BosbouwptoemtJon, • · • 

65 per cent. ' "i"""'• WS (Surinam) 
lmj>o1·tmu collecriom: Stahel, De H~"Q;• • 
Samples for sectioning: Yes. 
AI icrosco pe Jlides: Y cs, bur not a!aila.blC on loan. 
E;-rcbm1ge: A \'ailable; wanted_, ~ ~ 0~ slides. the follow­
i'l.emarks: On uur wood specunens ~ :SCc1e H or De H for de 

ing abbreviations may ha.v:c:;ll the Forest Service, Para­
Hulsrcr woo~ ~locks ~ \&:.;;;it numbers> dHS for wood 
manbo and md1cated Widi,n~d indicated with Roman 
sccrors sampled by ~:., ~· rgss; WS for Wel\'aartS· 
J:ncs (d. Acta bot. Nt;fR.,. f.' 
fonds Suriname . 
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\X' ASHINGTON: Section of \Vood Technolog\', D i,·ision of 
C~afts and lndu~-rncs. Department of rnginccring and lndus­
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WOOD ANATOMY OF MUTISIEAE (COMPOSITAE) 

Sm:RWIN CARLQutST 

Tbe Clnremom Graduate School, RJm,cho Santa Ana 
Botanic Garden, Claremont, Calif01'1lia 

]NTRODUCI'ION 

Of the numerous arboreal and shrubby Compositae which 
o~cur in tropical regions, relatively few have been srudied 
Wit~ respect to wood anatomy. Although this neglect may 
den,·e partlv from the limited commercial importance of 
comp?site rlmhers and ~rtly from ~e unfamiliarity_ of the 
botamsr with the tropical representatiVes of the family, the 
phylogenet ic and taxonomic ~ of w~ anatomy. of 
Compositae merit attention. The tnbe MutJSleae, occurf!ng 
~arg~ly in tropical and subtropical No~ and South Amenca. 
1s distinguished by its high prop!>raon of woody .genera. 
Because certain Mutisieae contam characters which are 
se~mingly archaic for th~ fanill)'• the wood anatomy of 
th •s tribe becomes of parncular tntereSt .. Moreover. u!'de~­
standing of wood anatomy of comp<,>s•~ should ~Id m 
demom'"rrating phylogenetic trends. Within the family at 
large. perhaps in regard to the ~on as to whether Com­
positae arc ancestrally woody O! ~erbaceo~ . . In woods of 
Compositae, even the least ~ condaaons are rela-
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rh-cly ad,·anccd, compared to woods of other dico_rylcdons; 
only simple perforation plates hnYc been f?\~nd 111 '".cs~cls 
of Compositae. for example. I lo,,·eycr, suffic1ent vanatl~n 
in a number of characters is present, so that phylogenetic 
interpretations seem warranted. 

In the present study. an attempt was made to secure wood 
of as many truly" oody ~ lutisicae as pos!iihle. ;\lost of these 
belong to the subtrihe considered most primiti,·e, Goch­
narinac (Hoffmann, 189o). The study was particularly 
enhanced b\ the a\·ailabiliry of an excellent series of ma terials 
oi i\!utisieac recenrly discO\·ered in the Guayana Highland 
of \ enezuela by \laguire and others ( \Iaguirc, et al.. 19q, 
1957). These muti~ioid~ are .belieYed hy \ Iaguire (1956) to 
fo! m a ph~·logenenc .un1t. "1th Stc11op,1dus and all ied genera 
( ~toma~oc':,aeta. Cbnntrm.aea. Que!chia) forming, together 
\\ tth s:zfftra, an A.mazoman genus, the most primitiYc cle­
ments m .Gochna~ma:. Gongylolepis and all ies ( Acl.mopo­
go?J .. J?wdaea, !\ eblmaea) are considered closely-related 
pnnunve clements of the suhtribe Gerherinae (\ lurisinae 
of Hoffma~n). The mono()·pic genus Glosmriou, from the 
!>ame area. 1s of uncertain position '\ irh regard to these two 
groups. :he writer wisl:ed to determine if data from \\ ood 
anatom~ support ;\ larrmre's lwpothcsis. al'ld if sc> I I · ·I · · 1° · · · . 10\\ t lC 
x~ .em Ill genera '.\'It, shruhb\' habit (Sto11urtocl,,.,eta Q I 
·b111 A 1 f) . · ·'" • ue -c . . CrJ~lopog?"· wrlaea. Nehliuaea. and Glossario11) or 
mcg:aphytJc hnhJt,, ( Cbimn11faea) compares '' ith the x\·iem 
of rhc tr:cc; Steuopadus . Gon{!ylolefJis. and Stifftia. . . 

In ad~l~tton to species from Guavana, n ,·a ric 1 ... 
of :\luttstcac forms rhc basis for this stud . ~ .'lssemhlagc 
(Argentina). Floto'i:in (Chile) f'J ... \i ~mcotha!ml1fl' 
~· ,. T • lf!SPCIOJJ111171JI(( (Jl . " ) 
'ouera (\nnnan). and Stifftia (Brazil) are . a\\:l ll • 
trees. Anastmpbia (\ Vest T d' ) n fi cel~-hranched 
\ · ' n ICS • narnadefl (S 1 

i mcncn• Chuquirae,ua (<)outh ·\mer· . ) . a • onr.1 
(snmhwc• tLr.l Unircd c::;r:~t·es) T . . JC.l • llecastoclels 
(S l \ . · • · · -VCO.If!ns (Per ) p . 
.. nut 1 mcnca ). and Trixis (United St 

11 
' rousttn 

~rc 'luuhhy, while Wzmderlichia (Rraa~f)s-~outh America) 
- , tl IS a mcrr.,phvte. 

''',\tc~llphnc" . I . ~ 
plant whicl ' f IS us~l Ill the sense of Corron (' ) 

l urms a ~mglc [hick stem hv llrolonn d944 for n rosette 
· toe growth. 
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According to the treat!llent of Hoffmann ( 1890 ), all of 
these belong. to the su_htnbe Gochnatinac, with the exception 
of Bamadesra, Nou.elra, and Proustia (Mutisinae) and Trixis 
(Nassauvinae). 

MATERIALS AND METHODS 

Most of the woods studied were available as samples of 
large stems or logs, although in some instances two to five­
year-old t\\·igs provided the only material. In either case, 
these were boiled, soaked for about three months in com­
mercial-strength hydrofluoric acid, and sectioned on a 
sliding microtome. Sections were stained with safranin, and 
mounted in Canada balsam. Wood macerations were pre­
pared to confirm measurements and anatomical details. Sets 
of wood sections employed in this study have been dis­
tributed to the wood slide collections of the Yale School 
of Forestry and of Harvard University. 

The writer '"'·ishes to express his gratitude to Dr. \Villiam 
L. Stem for wood samples from the Yale collections, to Dr. 
Bassett 1\faguire for materials from the New York Botanical 
Garden, and to Dr. Lincoln Constance, who collected 
woods of South American Mutisieae for the writer. In 
addition. appreciation is extended to the curators of the 
University of California Herbarium. Berkeley, and the 
Rancho Santa Ana Botanic Garden Herbarium for the use 
of their materials. Particular acknowledgment is due Dr. 
T. '"· Bailey. who interested the writer in problems of 
wood anat01i1y in Compositae, sent him materials from the 
Harvard wood collections, and offered numerous helpful 
suggestions in the preparation of the manuscript. 

ANATOl\tiCAL DESCRIPTIONS 

Table 1 summarizes the features of wood anatomy in 
which significant variation was observed among the ta.~a 
investigated. In the second column, the source of each speci­
men is indicated, giving eit~er the Harvard {H) or ~ale 
(Y) wood collection accesston number, or the herbarmm 
specimen which documents a wood sample or from which 
a wood sample was taken. Herbarium abbreviations are 
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according to Lanjouw and Stafleu, l11dex bernn,.,n, .. ,.. .. < 

3· 1956. The names gi\'cn for woods studied are in 
ancc with the \'ouchcr !'pccimens studied with two 
lions. Gougylolcpis Martiana is considered the correct 
for Y-.p538 (G. Mnroaua Badillo). lVunderlicbia · 
is given here as the name for Glaziou 2 168G, since 

f able 1. OrARI\l:Tf:.RS o~ wooo .\:\ArOMY '' .\IU'IISIF.AE 

~P I' C.! US --- -----
llr./mopogo71 •::irg.rtur ~lag~~. cr al. 
A nastrilpl.•i.r Cowellii Britton 
A. , .. 1mcmuba Blake 
A. i\'ort!Jropi;ma Greeman 
Ramadesht Dombcya71a Less. 
Chimm~tnea u~ira.bilis .\taguire. ct al. 
Cbuqwragua msrs.rr1is 11. c.: B. 
Cnicozbm1mus l.orcmzii Griscb. 
Duidaca pinifolhr Blake 
rloro-.•ia lciorcpbala \Vcdd 
Glossario11 rbodambrnn ,\l:;(!uirc, ~o:t al. 
Go:'gylolcpis .\lartim1.1 (Baker) 

Srcycnnark & Cuatrcca~as 
lluanoclcis Sl;ocklc)i Grav 
llcsp~:rcmrmmia arborcsceni Gray 
~\~·co~cris triplinrn•ia Less. 
l ,ebimnc~ fn:'>11f01rtoritmt ~ laguirc, c t al. 
~ ouclta 111Sitr"ts F ranch. 
I rom11~ prmgcns Pocpp. 
quc/C'/;,., X gra11diflorn ;\ hguirc. ct a!. 
~11!11~/llldus cucul/atus l\ laguire ~ 
.li.llfftln rbrys.mrl.'.1 ~ l ikan 
Stom,Jto.c!Jn<'t,r rywbifolia (Blake) 

,\1agu1rc, ct al 
"f'rixis Cillifrm1ic~ Kcll 
ll'wrd.!!:!!_cbra mirabili~ Rict! . 

WOOD COLI.l'CfJON OR 
Jil'RBARJUM SPECIMEN NO, 

~---

StC\'CrnJark & \\"unlnck 741 
II owanl 509!< c \ • 
l•7468 
Y-.p67 
Constance ~::7 ( L1C) 
~teycrmark & \ Vurdack s~r 
\ -44-410-A 
H -2oG<): 
Steycrmark ;s14 l (Gil ) 
Constance toj3: (UC) 
\laguirc, et al. 37 ,90 ('\'\' ) 
\ -4 153S 

ll utch 7f1lh (RS \) 
Carlquist I ~z9 (l:C) 
Constance z:RS {l]C) 
,\1 aguirc 3/0<JI) ('\Y; 
Rock 1 '7'-J L\) 
Rossi 490 (RS,\ ) 
Stcycrymrk &. \\ 'unlJl' l, iH ( :"\\' ) ·'.1 a~mc , 5,,5 1 ( :-,:y ) 
\ -40071 
Stcycrm;nk & \ \ 'urd.tl'k soy ( :"-:\' ) 

Balls 1 ~H:9 ( RSt\ ) 
Glaziou 21 6RG < UC) ----------
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herbarium name, W. tomentosa Glaziou, is a nomen nudum, 
and the specimen seems referable to the type species of the 
genus, JV. mirabilis. Although current taxonomic opinion 
seems ro favor union of A714StTIIfJbia with Goclmlltia, nomen­
datura! changes have not yet been made, and the former 
CTcnus is retained here. :::-

Zl !JO 

)8 !35 
55 15! 
6o no 
54 218 

43 190 
So 370 
55 190 
,!% 110 

43 310 

37 .ZJO 

J 10 %90 

S4 IJO 

6s no 
130 310 
43 370 
9Z 190 
So uo 
so soo 

127 300 
120 JIO 

so 320 

Table '· CuAuc.TERs oF WOOD ANATOMY IN MunstEAE 
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VESSELS 

V esse/ sbap~ and si.::.e.-Becausc ,·esse! diamct~rs. and ' :cssel 
clement length "ere found to \'.lry _great!): wJtl~m a smgle 
stem statistical treatment \\as conSitlcred lll.ld\·tsahlc. One 
mcas,urcmcnt ,, hich seems ro pro,·idc a significant figu~c, 
howc,·er. is the diameter of the largest vc.;sels observed rn 
a species. The figures for average length o~ vessel clements 
aid in .1 rough comparison among the taxa, smce some (c. g., 
Quelchia) ha,·c markedly longer yessel elements than. others 
(Hecastoc/ei.f). The angle the end \\all forms \\'tth the 
horizontal i'> an interesting fiaure, since it appears to he 

... :::> 0 I . corn·larcd with the narrowness of ,·essels. f t 1osc spcctes 
having \'esscls 50 microns or less in diameter, nearly all 
have end waH angles of 4' or higher. The writer doc'> not 
believe thar narrower vessels "ith higher end wall :ln~lcs 
arc, in .\lurisieae, necessarily indicati,·c of a more primitive 
condition~ many of the species "irh high incltnation of 
perf oration plates (end walls) have rebti\'cl\' short yes sci 
clements. which "ould he considered ad,·anced according 
to the data of Frost ( 1910). Rather, fluctuation of end \\all 
angle may he correlated with \'esse} d;ametcr. 

Such a correlation occurs in the Gu:otyana group. and is 
apparently related to habit: genera '' irh rru}y '' oody hahir 
(Stcnopadus. fig. -; Gon~y/olepis. fig. 1 i) ha,·c rcbrivclv 
\\~de vc~-;scl<.. _rhc end walls forming an angle of less rh:tn .~, <> 
\\ tth. the honzontal, '' hcrc:ts shruhhy or megaphytic gcncr;t 
(Cbrmantaca, fig:. 9· 10~ ~tomatorcha~ta, fig. 1 1; Quelcbia; 
Achnopogon. liQ. 12: Dmdnea, 1\ cblmaca, and (i/oss.

1
,.;

011
; 

have higher end wall angles. narrnwer \'C<;scls. and. corre­
spondingly. less cross-sectional area of \'Cssels per ~~ 

11 
millimeter. \Vithin the genus Gongylolepis such a flue! t 3 ~~ 
. ' . G . h t h · u.t tH~n ts seen. _smcc r: frutrcosa. a s ~ > y spcctcs. lw; \'esse Is 

wnh a maxtmum chamerer of ~ \ mtcrons. as comparee\ t 

'10 for the tree G. Mtrrtiann. Quclcbin has narrow \'Csscl~ 
\\ ith high end wall angles. although vessel clements ar~ 
appreciahly longer than those of other genera studied. ' 

Other i\ 1utisicae, which appear to he rather :t<lv:tnccci for 
the tribe. do show ~horr ,·esse) elements with low tnd wall 
angle~. Examples arc seen in Anastr,1p/:Jia cnnenm bn, R.1rn11

• 
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desia Dombeyana, Hecastocleis Shockleyi (fig. 20), Proustia 
pzmgens (fig. 22), Trixis californica, and Wunderlichia 
mirabilis. The pattern of variation in respect to vessel 
diameter, vessel clement length, and end wall angle does not 
permit unequivocal conclusions concerning phylogenetic 
changes in these characters. Differences in habit and differ­
ential evolution rates may, in Mutisieae, result in patterns 
different from the correlations of Frost ( 1930) which were 
based on a sun·cy of dicotyledons at large. 

Vessel arrangeme11t.-In most genera of Mutisieae investi­
gated. the vessels are in radial rows (TVunderlichia, fig. 6; 
Stomatocbaeta, fig. r r; Aclmopogon, fig. 12; Nouelia, fig. 
:! 1; FlotO'lJia, fig. q). In some genera, however, vessels are 
most often solitary, although radial pairs or limited clusters 
mr1y occur. This condition obtains in genera with relatively 
wide vessel diameter (Stenopadus, fig. 7; Gongylolepis1 fig. 
11) and those in which vessels are of moderate diameter 
(J-lesperomannia, fig. 3; Cnicothtnltlltts, fig. 5). Radial rows 
of vessels seem to he the more derived condition, in agree­
ment with Tippo ( 1946). An example of such specialization 
is seen within the genus Go11gylolepis, where the reduced 
species G. frttticosa has vessels in radial chains. whereas they 
:-~rc solitarv or in limited groups in G. Martili1Ul. Likwise, 
the shruhhv genera closel~r related to Gon.rtvlolepis ( Aclmo­
pogon, Duidaea. and N ebli11aea) show radial rows of ve..c;.c;els. 
Radial rows of vessels have been reported for the mutisioid 
genera Flotovia and Goch11atia bv Metcalfe and Chalk 
.(19,0). . 

A significant condition which occurs in some genera 
studied is a tendcncv toward ring porositv. This has been 
reported for· Proustia (Record, 1936) and Goc!matia (Met­
calfe and Chalk. 191io). In the genera considered here. a 
tendency toward ring porosity is seen prominently in 
Hecasto.cleis Shockleyi (fig. 19), Proratia prmgens (fig. u), 
and. to a lesser degree, in FlotO'Uia leiocepbal.a (fig. z4) and 
"·caklv in Nouelia insignis (fig. 1'l)· In each of these. the 
ring-porous condition takes the form of more nu'!leroU$ 
:md larger ,·esscls in early wood, fewer and smaller m 
wood. This is associated with more abundant DIU~:Jnrmtt:'ll 
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' . . bundant fibers in late wood. 
in carl\' "ood. _nHH c t sc ..,pccies mav be associated 
ring-pl;rou' habit 1

'1 \ tc~haracrer of ·their habitats, 
rhe .. markedly ~cason a ~ H ec.1stoclL i)· and N ouelia, 
temperate in the ca'; 

0 
d Floto7.·in Ring porosity in 

f r Proustt.r an . ... h . f 
temperate 0 f an e'l:ception ro rhc t es1s o 
Iauer t\\ o gcn~r.t ornl\ is exclusinlv a north tP.nnnlli 
( ) that nncr poro5I \ . . . .d· d 1

94° ' r~"lcnce I rom mUtiSIOI \\00 S SUI>DC•n:s 
dcn:lopmenc. \hit t rino porosir,- is an ath ·anccd c 
idea ho\\ e\'cr. t a ~ · · 1 

·' 1 . 1 ... /Is - 1 he pattern of mrer\'ascu ar UrtC"T•l 'l.'ClSC .... a · ' 
f I 11.1, -111cr attained a matu re pattern was 
or '' oot · to • ' • · d · d ( ) 

I I. 1 rc t\'pes in the .\funs1eae stu 1e : 1 to lc n r t e , . . h 
bordered pits; ( 2) alternate bordcr~d pits, \\'I~ • 

posed helical thickenings. ( 3) c;ca la_nf~rm-t.r;llls l 
hasic tvpc seems robe alternate botde1e? p1ts (fig. 4, 
top 0 ( 16). 1\lost genera possess only th1s type of 
Hs.~els of older stems. 

In some taxa. numeroU's fine striations or helical 
ings appear on the \·cssels fXel~linc1etl. fig. Is~ N 
16; Stifltia). In their lcasr com;p1cuous form. rhcse 
arc grooves'' hich connect the apertures of pits. As 
mcm of this condition hecomes more marked. these 
arc "idencd and the inren•cning areas. '' hich form 
pattern m the vessel as a \\hole.'" become thickened. 
clear line can be dra\\ n in these imtances between 
and hclic3l thickenings. In genera with more 
de\ cJopment of helices~ the\· arc seen most COn . . 

ccnain \\aile; of the vessel. such as those facing pa 
(fig. 16. hclO\, ). In such instances. thev mav form i 
patterns. In genera \\ ith marked de,:eloplllCnt of 
they are e<lually prominent on all walls. and form 
lll~,rc contimwus bands fF/otott·irr. fig. 1 R). Co 
"uh :J greater development of thickenings is their 
on clements other than \'Csscls. Althou'ah appa 
pre.~cnt nn w i to • 
II . 00

( or r:1y parenchvma. they occur, tn 
CCtfrtocJm ani p . . - d 

<;ionallr fi1 ( musua. on ' 'ascular rmcheids an 
in c<11n 'l~ 1crs. l lclical thickenings ha\'e been 

. pom:~e In· Re d ( ) f . 1'1 • 
V crutJni Tl · cor 1916 or ProustJn. · o tO'UIIl 

'
1
· tcy hare hccn suggested to be an 
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charact~r by Frost ( 1931) and Moseley ( 1948). Although 
~\.lctcal.te and Chalk ( r 95~) are skeptical of this interpreta­
tion,. s~nce they not~ helical thickenings in vessels of Jess 
~pectahzed woods, 1t seems possible to interpret such 
mstances as parallel advances in a number of groups with 
relatively primitive wood. 

Scalarifor~-transitional pitting characterizes the lateral 
,·essel walls ~n older stems of the genera Cbimnutnea (fig. 
17 ), Qt~efcbTa, and Wuudcrlicbia. It is noteworthy in this 
connection that all of these genera are relarivelv herbace­
ous, and Chimamaea and JVzmderlicbia could be classified 
as megaphyres. It is possible that scalariform-transitional 
pitting, ~onsi~ered a primitive character by Frost ( 1931 ). 
has persisted m smaller vessels, and in surfaces that are in 
contact with parenchyma. A more likely explanation for the 
three above genera, however, seems to be that tracheary 
wall thickenings characteristic of primary xylem ha,·e been 
carried over for considerable distances into the secondat'\' 
xylem, a phenomenon which occurs also in "megaphytic." 

cycads. 
VASCULAR TRACHF.IDS 

Fiber-tracheids and tracheids are notablv absent in Com­
positae, almost all clements being capable of classification 
into vessel clements or libriform wood fibers. However. in 
four genera of temperate regions ( Hecastocleis, Trixh, 
Flot07.•itt, and Proustia) imperforate elemcn~s with ~romi­
nent bordered pits arc present. In Hecastoclezs, Floto'l.'la. and 
Proustin, these ,·ascubr tracheids occur in early wood. and 
:1re associated with a ring-porous condition (fig. 20, 22). 

Alrhnm!h Triris r.alifomica is clearly diffu~e porous, ~asc~­
lar rrachcids arc :1 marked seasonal productiOn, appeanng m 
concentric b:mds. In ~1utisie:te, the occurrence of \':tscubr 
trachcids seems best interpreted as an advanced character. 

FIBERS 

Extrcmeh· thick-walled libriform. fibers arc c~aracteristic 
of most Mutisicac ( Hesperomtmma, fig. ~; Cmcotbtrm1ms. 
fig. 5; n·uuderlicbia, fig. 6; Steuopadus, fig. 7; St011/t1IOCb.u•ta, 
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fi . A hno pogou fig. r 2 ). In vie\v of this very P.revalent 
g.d, 

1
' c. . 'r · r'cr""t to examine the genera w1th only 

ten ency rt '" o Ill ..., · · h · 
modcrarch' thick fibers. These include ~enera 'fit rmg) 

orosit\' '(fig. '9· : r, 2~, • :!-+), C h llt{lllr.Tg tlll ( g. ~o. ' 
hougy./olepis (fig. 1 ,). Cbrmauta~n (~g: 9), and :Tixts. 
\Vhil~ the trc:ncrn of this study arc msufhctcnt_for an} clear 

I · ; ·r "PP ... 11.... that the crcncra wtth markedly cone ustOih. 1 ,, "' .... • t> 

thinner-\\ allcd fihers :nc more adYanccd. 

v, RfiCAL PARf'\(11\ :\1\ 

Alrhoucrh all ta:xa considered ha,·e scanty ,·asicentric 
parcnch~ ~1a. as j., char:lctcristic of Compositac at large, on~y 
a fc\\ possess apotr:tche·ll parench) ma (table 1). Even J~ 
~renera \\here it docs occur. apotracheal parenchyma IS 

~ather limited. lr is best de,·eloped in liespcromnnuia (fig. 
~ ). "here the concentric bands ma\ be •--+ cells in \Vidth; 
it is nearly as conspicuous in rhe bands of Sti[Jtin (fig. r, 
upper portion oi fig. ~) . .1lthough the rings are only 1-2 

cells in thickne.ss. Similar ro S·itTti,t in this respect is Cnico­
tbanmus (fig. 0. in \\'hich b:lnd~ arc mosth• a single cell in 
thicknes:> {Burgersrcin. '9 1 ~). Disconririuouo; bands of 
npocracheal p:trcnch}ma arc seen in J,·,ntraphia N011hropi­
mra. GOTI!O loh•pis Uentbmniana. and (i lo.1S1trion rhodantbum. 
l his sinl:ltion parallels that found in I lcliantheae (Carlquist, 
HH7L). in \\ hich only the genera Fitcbia and Oparanthm 
ha\'C hccn found to h:n e concentric or f r:1gmcmarv bands 
of aporrachcal parenchyma. The tot 1liry" of annromic:t l 
characters in both l lelianrhe:te and ~ lutisicac '' ouhl seem to 
"ttggesr that the presence of :~porrachcal parenclwmn nuv 
he primiri,·e. nlrhoue-h furrher c;rudv is needed before thi.; 
interpretation cnn h~ certain. A porrachcal parenclwma has 
hccn reported clc;e\\ here in C:ompoo;ime ( ~ fcrcalfe nn·d Chalk, 
~C)-,J). bm _n_uny ~f rhc~e cases may he referable ro spccia l­
lzcd con !ttJOn'i tnvolvmg para tracheal pa renchvma. At 
prc.scm. the sHpposition of primitiveness of ap'orracheal 
parenchy ~~~~can. rcc;t c?nl_v on its correlation with less spcchl-
17ed condmons m n hnmed number of <>pccic.-;, :md a "idcr 
Mm·e~ IS nece '>ar~ before an,· definite conclu<;inns can he 
reached. 
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Para tracheal. parenchyma is seen most prominently in the 
genera posse~mg. apotracheal parenchyma (Stifftia, fig. 1; 
II esperomamua, fig. 3). In these taxa, it forms a complete 
sheath. 1-2 cells t~ick, around e:~ch vessel or vessel group. 
<?thcr genera, wlu~h lack apotracheal parenchyma {e. g., 
St£'1lopadus,_ fig. 7; Stomatocb~eta, fig. 11; Acbnopogon, fig. 
1 2) show mcomplete sheathmg of vessels bv vasicentric 
parenchym:~. _Disappearance of vasicentric parenchyma is 
perhaps best mtcrpretcd as advanced. As reported by .Met­
calfe and Chalk ( 1950 ), strands of 1-2 vasicentric paren­
chyma cells arc characteristic of Compositae. The writer 
could not, however, confinn their finding of 2-4 or 6 cells 
in Ste11opadus (see fig. 8), the typical condition of 1-2 being 
observed in the writer's material. 

\ Vhen genera with groupings of large numbers of vessels 
arc considered, the interf,retation of wood parenchyma 
forms a problem, one w 1ich is most apparent in those 
genera with a ring-porous tendency. Is all the parench~·m:1 
which is associated '' ith groupings of vessels basically para­
tracheal. referable to the category "vasicentric-confluent" 
(Hess. 1950)? or is apotracheal parenchyma also im·olved 
in this grouping? The writer rends tO\\ard the fonner 
interpretation, ~incc the presence of degenerate vessels 
(\·ascular tracheids) in such genera as Proustia renders likely 
the pos~ibility that all parenchyma is associated with vessel'> 
in the broad sense. An interesting diffuse-porous instance is 
shown bv lf'underlicbia (fig. 6). In this genus, development 
of the niegaph~rtic habit has ~robahly hc~n associated with 
emphasizing of vessels. expans1on of assoct~ted pare_nchyma. 
and diminution of the area of fibers. whtch rem:un, how­
ever. thick-'' 1llcd. It seems likely in lVrmderlichin, that the 
;lbundancc ol parenchyma is directly correlated with abund­
:1nce of vessel<:. and that only paratracheal parenchyma is 
involved ("vasiccntric-conglomerate" of He.c;_c;, 19-o). The 
small amount of secondary xyle~ produce~ in stems of this 
rrcnus docs not provide a clear mterprcranon, however. It 
i;; of interest nevertheless. to contrast 1Vu11derlicl.1ia with a 
!~cnus quite 'similar in habit. ChinrmJta£'a (fig. Q. to) .. In 
r:Nmamnea. the vasicentric parenchyma (probably b:tstc-
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II . t. 15 ·111 1·rs closest :tllies. Stc11opadus and 3 y qmtc scan \, • · · 1 
• . I ) ~ or C'"EJnded alrhouah the cells arc ar-.<)tom:rtoc Jaeta 1s n ·' · ~ 

1 
• 1 

C tl'c \'csscls in aracr aroup<:. I nstcld r·hc rc ;l{IVC Y 
ger. nor ar • · · ::- ::o • II d ·1 1 1 1 

f d .. cl•·tl"·lctcrized by rhtn-W<l e h >crs. n >ot ' 
so r " oo 1s .. • • • l · 1 1 
ll' i 1. l . n 1 ( ' /Jl·111,...11ae,1 the meoapl1\'tiC ha >It "ou l unt t r rc .1ta a l • '" • :::- . . • 

:;cem ro place less emphasis on mcchan1cal sr!·cn~th Ill the 
sccondan· :\"Vicm. and the decrc1sc 1~ are:ts ot th1~k-walled 
fihers in ·wtinder/ic;bia. or the formanon only of r·hm-wnll~d. 
thouah abundant, fibers jn Cbimamaea. seem altcrn<ltl\ c 
.1dapf.·nions to this habir. 

Storied p:m:nc:hyma occurs in some species of l 'rrmstia 
(,\letcalic and Chalk, 19_:;o), and \\35 ohsencd hy the 
wrircr in II ecastoclcis ( fi~. w). Other clements of the 
" nod :m .• non-sroricd. ~ro~·ied ravs, ho\\ C\ cr. have been 
reponed for the mut1S1oid genus Gocl.wtrfla ( \lctcalfe and 
Chalk, •950) . In vic'' of the ,·er_y ad\'anced nature of the 
"ood of l'rmm ia and H ec.rs:ocleis. there seems linlc doubt 
rhat swricd parenchyma in these is an advanced character, 
in agreement \\ ith rhe proposals of Bailey ( 19::3) . 

\ -ASCt:I..AR R \\ s 

As indicated in rahle 1. 1\ lurisieae may ha,·e both multi­
seriate and uni:.eriare ra,·s. or either multiscrintc or uniseri­
ate exclusively. 1\ lost genera studied ha,·e horh type<; of 
rays. and could be classified according w Kribs' ( 193 ') 
l lererogcneous Type II. As will be noted from tnhle 1. the 
shape of ray cells. as seen in radial section. i' either mostlv 
isodi:unetric. bodiamerric to procumbent. or isodiamcrric t~, 
upright. Since r:l\' tells of both unio;eriare and nmltiseriate 
rays in a panictilar species "ere found to follow one of 
thcc;c patterns, a species could he clas.,ificd as I lcterogencous 
II \ or llercrogeneous ITB according tn \\her her ~rccr r>r 
pro:umhent cells :~rc _presem. respec~ively. Of those speci<.:s 
hav•n" hntl~ m_ulnsenar~ a_nd ~msc_nate rays. most sp<Tics 
P.nssess llllllt1scn:ue r;tys lnn1ted Ill w1dth to 1-3 cells (Sti[Jtia, 
hg. ::; Stcnopadus. !1g. H). Even in rhose species "ith ,, ide 
multiscriate ra~'S. the cenrml cells do not nh\avs show a 
tende~cy toward procumhency ( H f!YJ>erommmia. flg. 

4
). 

Such mstanccs as II esperom111mirr shcm exception to 
1 
he 
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description of Heterogeneous II by Kribs ( 1935). Examples 
of genera which do agree \\ ith his description in havina 
procumbent cells in the central portion of the ray includ~ 
Gougylolepis (fig. 13) and Proustia ( ~ letcalfe and Chalk, 
1950) . The wide multiscriatc rnvs of Cbimamaea (fig. 10) 

arc not to be regarded as mutriseriarc ravs in the same 
sense as those o( Gongylolepis since in Chimnmae,z rhe 
"ide fol iar ray~ nrc broken up into multiseriare ravs rather 
tardily. and are present in the outer wood of rather old 
<.tcms. a condition seen nlso in Wuuderlichia. Barghoorn 
( •9+ r) has noted the tendency for vertical elongation of 
rav initials. a tendcncv which uhimnteh· results in their 
Cl;fl\'crsion to fusiform· initials. rhus form.ing a xvlem lack­
ing rays. 'Vhile no ray-less woods were oh~en·ed in .\1uri­
sieac. a number show markcdlv clong~1te ra\' cells (e. g .. 
Clmquira;r,un. fig. 14). This tctidencv '"towards a predon;i­
n:mce of erect rays cells seems best interpreted as an ad­
vanced character. In most taxa studied, the deviation from 
the isodiametric form toward either procumbency or erect­
ness is small. however. The report of square to upright cells 
in Stenopndus (;\lercalfc and l.halk. 19'0) was nor con­
firmed on the h:-t.,i!'t of the writer's marcrinl. which showed 
isodiamerric ro procumbent cells in rays. 

A tcndcncv tO\\'ard the elimination of mulriscriare ra\'S 
was seen in a number of g-enera (rnble I). In some (e.g" .• 
H ectwoc/eis. fig. 14 ). no ;nulriseriarc r:w" were found. In 
nccord:mce with the interpretation of )~ribs ( 1 Q H) and 
Rarghoorn ( r9 .. p ). this tendencv seems to he :m ad,·anced 
con-dition in :\ lutisicac. Absence or scarcity of mulriseriate 
ravs has been reported in '1utisicae hv Metc!llfe and Chalk 
(l.f):;o) for Gocfmntia. Hoqui11in, and Ste11opndm. In a 

o;imibr m::'lT~rr. the n"arlv complete ahscncc of uniseriarc 
1'1\'. in Pt"omti.7. " nd rhCir absence in Chuquiragua. seem 
tn. he adnmced. The writer agrees with Bar~honm ( IQ.p) 
nnd Vlcrcalfc and C'hall< ( 1 Q50) that restriction to multi­
'ieriare ravs docs nnt necessarilv invoh•e hnmogcnein· in 
the ra\·, as stared hy Kribs (•C>1~). The inst:mcco; of horh 
cxclusi\·ely multiseriate and exclusively uniscriate rays ~how 
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hcrcrogenciry in ra\' structure for the l\ 1 urisic:Jc m which 
rhe"c occur. 

Rclati\'c \'Crtical height of rays was found to ~·;1ry c~m­
siderably a mung rhe raxa studied. \ Yhilc .rhosc spccJCS ha,·mg 
iew or no mulri-.eriate ra \·s ha,·e relam·ely sho~t mys, ~s 
one might expect. the sp~ci~s with ~hunJa!lt. \\' ld,c multi­
seriate r;ws ~how either lnmted yertJca I hc1ght ( (J ongy lo­
lepis. fig.·.:;) or almost indefinite heigl~t (Cbuqt~ir,1gua. fi~. 
20). Bccau~c oi the limited numbe~ ot gencr:l mvnh-e~l m 
this stud,• \\'hich sho\\ significant d1tTcrcnccs 111 ray hc1ght, 
it seems "oiinculr to dmw an\' conclusions as ro rhc phylo­
g-cnct ic si"niflcancc of such variation within the group. 
~\ttcnrion::-is callt:d to these differences. hnwevcr. :1s con­
spicuous t a'ionomic charactct:i. 

R r:.s• ~ D 1· POSITS \'-O CRv~·r.~l s 
In Compositae at large, deposition of resins eithct· in 

canals. c:wities. r1r ordinary intercellular spaces is common 
in ,·egctati,·e part<> of the planr. Compo"ir.1e •1rc seemingly 
lacking, ho" ever. in "rrucrures specialized for resin deposi­
tion "ithin the "ccondary xylem. Resin depmits in second­
ary xylem. thcreiore. are usually formed "ithin ,·csscls. 
p:1renchyma cell . and less often in fibers adj:1cent to paren­
chyma. Among the photogrJphs sho\\ n. conspicuous resin 
deposits arc seen in Stenopadus cttcull.7tus (fig. 7) and 
ruicotbaumus T.oremzii (fig. ,) . in which manv vessels ~1rc 
cmirely filled '' ith such COI~re~t.s. ).:one of the ;,thcr species 
~ho\\ ed <;uch :1bundanr deposits. although resins can he found 
to n sm:1ll degree in many of the mxa considered. 

The report of cnlcium oxalate crvstals in r:w cell<> of 
f'rotmin pungct1s (1\lercalic and Chalk l<)<;o) is .. conflrmcd 
here, although no other ,\lmisicae were oh'icn·t>d to h:n•c 
c•ystal<. within the secondary xylem. 

D1s<.t ss1o~ .'1 :-;n Co'\CI.tJSlo~s 

'1. he. aho\•e de.,criptions show th:lt \\ ood of \Jut i~icae 
vanc':i 11~ a number of character~: rhe taxonomic p ;Htcrn of 
corrc~a£1~>ns of rhc:e ch:mlcters has indicated pos~ihlc pin lo­
geneuc mtcrpretmton. fhcse features ha,·e been compared 
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with the interpretations of workers who have used a wjde 
range of dicot woods. The relative discreteness of the group 
srudied and the opportunity ro compare the results of wood 
anatomy "ith studies of floral anatomy (Koch, 1930; Carl­
quist. 1957a) and pollen (Wodchousc 1928, 1929a, 1919b; 
Carlquist, 1957a) as \\ell as gross morphology in ,\[urisieac 
ha,·c aided the writer in suggesting lines of specialization. 

The following characters seem to be relatively primiti,·e: 
rclati,·el\• wide ( H microns or more) vessels; solitary or 
limited grouping "o.f vessels, with no tendency toward· ring 
porosity; \'Csscls lacking prominent spiral thickenings; 
:J!IsCncc of vascular trnchcids; non-storied wood; ra\'S 
I leterogencous II. Opposing or alternative characters :1re 
considered to he advanced. Genera studied which have all 
the primiti\'e characters listed include Cuicotbamnus, Gon­
gylolepis. Hesperomamzia. Lycoseris. Steuopadus, and 
Stifftia. It is worthv of note that all of these genera. " ·ith 
the exception of Lycoseris and Stenopadus, possess apo­
tracheal parenchyma. Both isodiamerric to erect and is?­
diamcrric to procumhcnr types of ra~· cell~ arc found m 
these genera, however. 

Specialized in one or two features are A11astrapbia, 'Rnm.z­
desia. Chuquiragu.1. Nnuelia. and Trixis. The most special­
ized "encra arc those with a ring-porous condition: Flotm:ia. 
Hec.~tor/eir. and J>roustin. In each of these f!Cnera. a 'cries 
of ad,·;mccd characters occurs. such as presence of vac;cular 
rrachcills, and prominent helical thickenings on nsscls and 
other clements. Characters other than these suggest that the 
three genera mav not be closely related. howc,·er. Rays 
arc both multiseriate and uniseriate in Floto'<.•ia. uniseriatc 
nnh~ in Hecastocleis and almost all multiscriate in Proustin. 
Flmo'IJia and 1-/ecas~oc/eis differ from Proustin in h:H'ing 
relati,·cl,, narrow vessels, nlthouEth vessel clements :1rc rela­
tively long- in Flototlia, very short in Hecastoc/eis. ~e 
geographical sepa:a.t~on of th~e gener:1 :1lso su~~cc;tc; the1r 
independent ac(JliiSJtlon of a rmg-poronc; cond1t10n. 

\Virhin the Guav:ma Mutisiene. the t\\ o genera. Ste-no­
f>ndm and Gmzgylolepis, suggest~d by Mag~irc to he primi­
tive in Gochnatinae and Gerbermae respectively. nppe-Jr to 
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be rel.ldrely unspecialized in_ wood anatomy. This inrcq~re­
tntion h supported by data trom pollen :md floral venano!' 
(Carlquist. 195;a) . Steuop.ufm differs trom G01~gylolep1s 
in iL<> thickcr-wallcJ fiber!> and narrower mulrt~cnate rays. 
In the genera mo~t closely associated \\ irh Str.:nop.1dz~s, 
specializadon!i arc ~ccn in Stommocbaet.r ( narrow vessels m 
radial rows. few multiseriate ravs) . Cbimamaea and Quel­
cbia (narrow \' ('SSCb in radial fO\\"S, probable retention Of 
mcraxylcm pitting. iew mulriseriare r<lys) . Gcm;ra related 
10 (}ongylolepis are specialized in the followmg way~: 
!lcbnopogo11 :md Duidaca haYc extremely narrow \'es....,cJs m 
radial rm\ !j and bck multiscnate ravs; .\'cbliucw.r has nar­
row vessels in radra l rows, with helical thtckenings on \'Cssel 
walls. Glonwion seems most similar to Gongylolepis in 
ib "ood anrnom! . and Ji ffers in fe\\ respects. rbe parr ern 
of \':marion \\ irhm rhc "ood-, of Cu.l\'ana \[utisicac docs 
not cormadicr the idea rhar the) represent a !iinglc phylo­
gcncuc unit. although specialization~ \\'ithin the group arc 
clearly C\·idcnt. 

T he \\ oud-. of ,\I utisieac studied here cannot resolve the 
question as tl) whether Composirac are ancestrallv herbace­
ous, a.-. postulated by ~ronquisr ( '955) . or a ncestrally 
'' oody. I· unher study ot a larger number of forms " irhin 
rhe family IS n:cc~~~y for ~he cor:clatcd data required for 
:.uch a concluston. I he wnrcr bcltc,·es. howe\ cr. that the 
gcne:a. utilized in this study will pro\'e to he :.ignificanr rn 
pro\•tdtng a clc.1rcr phylogenetic picrurc uf the family. 

LITERATI.:R~: C ITED 

lhnn: I. \\'. !9~;. ' I he cambium and its dcri\·mi\c tissue\. IV. I he 
• mcn·Jsc m gmh of rhc cambium. Amrr. Jnur. B()[, i= JS5- .lr.7. 

I,All!IO?II", I . S rc!4'· I he onrogcnc!lc and ph) logenuil' spn·L11ita-
!lun of r~ys Ill rhc wlcn~ of dicotykdnns. II. \ lodilieation of 
the mult l~cnatc .md umscri.uc l'<l\'~. Amcr. J our J>

111 
, u. 

l7J-l8l. . . , • • .. . 

ll t•llr.rr1t~~ ·~· A . H)!l · .An:uom~sehc. l'ntcrsuchungen tn :trgc:nrinisclll'r 
I' l?,n des '": (,. narurhtston sche.n I lofmuscums 111 \\'ten. Ann . 

• " · h. n;n urlmt. llofnmseum \ \'ten z6· 1 l6. 
( ~Rt «JlBJ~ r · ~- 19)i:t •. !\ natonl\' of U ua.\'.111.1 \ luusie·1c. \I ... • \ ' 

Ot l I ( em. ' " · • · •Jn . 9 10 press). 

"f'\o. 1 otl TROPICAL \VOODS 45 

--: 195ib. Th.c.genus ~:itcbia <Cm~positae), an anatomical :;rudy 
m the prmutn·e Heltantheac. Unn. Calif. Publ. Bot. (in press) . 

Conos. A. D. 1944. The megaphvtic habit in tree senecios and other 
genera. Proc. Linn. Soc. Bot. 156: rs8-16R. 

CR.o:"ot.:rsr, A. •955· Phylogeny and taxonomy of the Compo~itac. 
Amer. \tidl. Nat. q : 478-511. 

rR(lSl, F. H. 19;o. Specialization in secondary xylem of dicot\·ledons. 
If. £,·olution of end wall of \'Csscl segment. But. Gaz. 90: 
198-:r l. 

- -. '93'· Specialization in se<·ondan· X\'lcm of dicotvledons. Ill. 
Specialization of l:tteral wall of ~-c~~cl segment. Bot. Ga1~ 91: 
88-()6. 

Gtt.IIERT. S. G. 1940. E\'olutionary \ignificance of ring porosit\' in 
woody angiospcm1s. Bot. (~at.. rn:: 105 120. 

I lESs, R. \V. 1950. Classification of wood parenchyma in dicotyledons. 
Trop. \Voods 1}6: 1-w. 

I Jon::\tASS, 0. t8C)<>. Composit:tc in I• ngler and Prantl, Die 
natiirlichen Pflanzenfamilicn 4 ( 5): 1 ·402. 

KocH, MISSA F. •9l0· Studies in rhc anatomv and morpholog\· of the 
composite flower. Amer. Jour. Bor. 17: 938-l)p. 995-aotu. 

KRIBS, D. A. 1935· Salient lines of srntctural specialization in the wood 
rays of dicotyledons. Bot. G:at.. 1)6: ~47-557· 

;\IACL'IRF. B. 1956. Di~trihution, endemicity. and e\·olution patterns 
among Compositac of the Guayana llighland of \'cnezuela. 
Proc. Amer. Phil. Sot:. 100: 467-4-5· 

--, R. S. Cow\:>:. J. J. \ \' t;ROACK, and collaborators. 1953· Botany 
of the Guay:ma llighland. \tern.~- Y. Bot. Gard. 8 ( z ): 8; -160. 

--. R. S. CowAs. and J. J. \VuRDACK. 1957. Botany of the Guayana 
Highland. II. ,\!em. '!':. Y. Bot. G.lrd. (in press) . 

.\ll'.lC.\I.FE, C. R .. and 1.. CHAU\, 1950. Anatomy of the Dicotyledons. 
Clarendon Prc!>s. Oxford. 

,\lol>EI LY, ,\I. F. 194!l. Comparathe anatomy and phylogeny of the 
Casuarinaceae. Bot. Gaz. 110: 131-18o. 

Rl.coRo, S. J. 1936. Classification of ,·arious anatomical features of 
dicorvledonous '' ood. Trop. \Voods 47: • :-l7· 

TJt>I•u, 0 .. 1946. The role of wood anatomy in phylogeny. Amcr. 
.\lidl. Nat. 36: J61-371. 

\\'mmuotcsP., R. J>. 1928. Pollen grains. in rhr identification and classi­
fication of plants. 11. Barnadesra. Bull. Torrey But. Club 55: 
449-461. 

--. 1919a. Pollen grains in rhc identification And classification of 
plants. Ill. The NassaU\·inae. ~ull. ~orre_y Bot. Club ~~: a:. ;-q8. 

-. 192gb. Pollen grAins in the adenuficatrnn and clas:.rticauon of 
plants. IV. The Mutisicae. Alncr. Jour. Bot. 16: l97-313. 
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T ilE A:\lERlC.\N SPECIES OF DACRYOJJES 

Jo~i: Cunru.c;.\SAS1 

U. S .. V.ltiomi Ii c;rbarium, Smitbsouiau I ustitut ion, 
W asbiugton, D. C. 

1C)57 

The aenus /)acrvodes Y.1hl (Burseraceae) based on Puerto 
Rican specimens, ~,·a::; dcl!cribed !>Y Yah! in 1 R 1 o in a Danish 
journal (Skrifr. Dansk. :'\aturh1sr. Selsk. 6: 1 1 5). But the 
original description is betrcr knO\\ n through the copy 
published by Endlichcr in his Geuera Plautamm (p. 1425) 
in 1S4o. Dacr)•odes is derived from the .G r~ek word 
Dakrv on, meaninu Iachn mosc or tearful. rcternng to the 
:-csinous exuda te ~f rhe bade The type species was called 
D. exec/sa b} Vahl. Bentham and I looker in Genern Plan­
tamm ( I: 32 7. d~62) listed the genus as one of doubtful 
identification. In the Flora of tbe British TTTest lndirm lslnud>.· 
Grisebach ( 1 i + 1864), gayc a c;omewhar more extensive 
description and added new localities in two more islands. 
H e referred the species to Amyris bexandra H amilton, 1825, 
and adopted this epirher ro form D. be:randra, w hich is 
posrd.ned . .\larchand in his work on Burscr<'.ceae (Adamonia 
l\ : 37· 186;). still could not see the definite poc;irion of 
nrrcryodes among rhc other Hurseraceae. Urba n, in 1905 
S\m. Ant.·+= '~~). ga,·e a few ne\\ characters for the West 

fndjan '>pccies and made known many new localit ies. 

In rhe first comprehensive treatment of the Burscraceac, 
111ade by Engler in rhe de Cnndolles' ,1/ono.r!JafJbiae l'banc­
ro'{nmarum 4· 1 RRJ. D.1cryodes appears wirh a more com­
pl~r: description. ycr "ith a single species. But in the first 
cdttwn ~~f nie . -~7atUrlicben P{lmrzeufamilieu ( ~-.r z43. 
•,Ho6). I nglcr JOmed D~c1'yo.des to the African genus 
f •1Ch,·lo/ms and used the hmon11al Pncbylohus he:randrm for 
the \Veq lndi:m species. The c;:une crirerion was followed in 
the second edirion of P{lanzm(amilie11. includinrr here a 
second Arncric:m species P. perll'uianus l.oes. " 

• l ~,·c~tigaror for the ~aticm~l Science Foundation ;H £he 
"'\aruma! ~tusc u111, Dcpartlllcnt of Botany, \ Vashingl()n, D. c. U. S. 
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The genus Pacbylobu~· was first _publisl~ed ?r G. Don 
\\ ith the African P. cdulls as a type m 18 p, as It IS actuallY 
congeneric ,, ith Dacryo~es, it has ro be regarded ~s a 
synonym. I I arms .. the c?Jtor of volume. I. 9~ of -~~an,.,cJJ­
fnmilien, stated rh1s fact m a footnote. resc1 vmg h1~ 1 espon­
sibi litv for Fngler's usc of Pacbylo_bus. Th_e e~rher name 
f)acryodes has been since used, as d1d Lam m l11s excellent 
monographic treatment of the Rurseraceae of t~c .\ hlay 
1\rchipclago and Peninsula (Bull. Jard. B?t. Bmtcnz. 12: 
~H · I9J1) and in the recent Flora .l!nles1ann (~cr. 1. 5: 
219. 1956) and 1\facbridc in his Flo1·n of Peru (F1cld Mus. 
1'\at. Hi st. Bot. Ser. 1 3: 3: 2: 7 16. I 949) · 

In the arrangement of the Burseraceae in tribes elaborated 
by Engler, rhe main feature in his separations is the degree 
of concrescence of the carpels in the fruit. In Dacryodes 
this concrescence is complete, so that the endocarp is prac­
rjcally a single plurilocular pyrene. For this reason it belongs 
to the tribe Cannriene Fngler. being the only genus of this 
tribe (otherwise of considemble diffusion in the Old 'Vorld 
tropics) present in America. The fruit is the most char­
ac~eristi~ feature of Dnc1·yodes; it is oblong-ovoid or clllp­
sold, '~·tth a glabrous, carnosc. corrugate pericarp "·hen 
dr~\ \Vtth a rather thin corneous or cartilaginous endocarp. 
~p1cal stigma and digirnte and folded cotyledons (fig. ::) . 
fhrough these characrers it can he easilv distinguished from 
the ~l_?scly related Old \Vorld genera· Cm1arlum. Sttntiritt, 
Snntmopsrs, and Haplolobus. 
, ·~he genuc; J?ncryodes l~as a large representation in tropical 
\s1a and A fnca. Accordmg to the last account hv Lam in 
1 9\~ (Fior~ .lfnlesinnn Scr. I .5: ::w), there are 22 'species in 
A. fnca :1scnhe~ to rl~e section Pacb~/obus Lam and I 5 species 
bet" c_en Cochm-Chma and 1\·1alavsla belonging to the section 
Temt~pyreJ~n Fngl. 'lany of these species were originallv 
descnhcd m other genera mostlv under Ca ·'"' · s · · · . . narmm or 
• flntlrl((. J\lost of th~ species are large rain fore.st trees of 
more or less _cconomtc value as low-quality timber and as 
source of resms. · • a 

The 1\ · · 
1 <.1' fT ·. men~an spcctes form the section Dnc1·yodes. slight-
y I Cicnt from the Old World sections in tllc.Jr connate 
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sepals which form :~ mmcatc or sub:ru~1cat~ ~aly:'"• conni­
,·cnt anthers and a ~-: -celled ovary. 1 hc t_r ntlm1ty ts strong-

.· 1 tl e --·cr1'on.1'emnpj'1"CJ/t1 (abo \nth connate sepals), 
C!it \\ It 1 1 .Sl: • • • I \ . d 
and this speaks for a common on gm ol t 1c 1 mcncan an 
hian species. . . 

Cntil rcccndy onlr t\\o spectes ~n;rc kno\\n from rhe 
\merican contincm: the "'est lndwn D. excelsn ~nd the 

Pcrm·ian D. perl!'i.:iana (collected _onl~v once) . D~nng the 
author's explorations in Colombia 1t ~'as reahzed . t~'lat 
Dacryodes \\'as also an imporr~nr element 1~ th~ composltlon 
of rhe Colombian primary forests. ~ons1denng only. the 
\\'est section of rhe counrn·. four spectcs could be dcscnbed. 
Later collections bv F. B. Lamb prO\·ided another species 
from the ,\lagdalena Valley. A suhset]UCnt search in United 
States herbaria, brought ro light more specimens of Dac­
ryodes '' hich in the past had been mo.srly confused wirh 
Protium, Trattinicl..·in. or some other genus. Complementary 
material from Brazil. kind]~· scm to me by Dr. \Iur~a Pires 
from Helem do Para, has contributed to a better understand­
ing of rhe Amazonian species. 

On the whole, T "ould :-~rranrre the present ava ilable col-
~;~ 

lection!> into 15 species di~trihmed through Colombia, 
Fc~ado:, Peru. \ • enezuela. Brazil, and parr of rhe \ Vest 
Indt~n JS)a?ds. Although the collccrions are sca rce (most 
spec1cs h~mg ~-cp~·ese~tcd only by one specimen ). their 
gcograpiHcal. dJstnbunon shows a broad expansion of rhe 
g~nus conr11:g a large tropical area of South America. 
1 he ~uthor 1s. cc1!1~denr that fmure explorations of the 
Amcncan rrop1cs will .r~sulr in the discO\·ery of new species 
and n~any new !ocalttJcs thus expanding the geographic 
ran?e m the trop1cal area of disrrihurion (tig. 1 ) . 

I·.0r the momcnr. it is thnught advisable to publ ish a svn­
ClJl~ls of the existing data of the genus for A me rica, gi,;ing 
a key fc1r the 1) species considered. In Daayodes, as in ... othe'r 
Burscraccac, rhe useful char:1crer.s for iden-tification are not 
always present in the specimens. for '' hich reason rhe kcvs 
;~f hascd lllostly on the shape and texture of the leaves . 

• 
1~Sc characters, nlthough taxonomico1 lh- reliable arc often 

d1ffictJlt to translate into dcscri l>tions. The f ollo~vin,. c:on­
o 
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).. o· 'b · f the genus Dacryodes sect. DacroyJ,•s. Numcr-' 1g. 1. JStfl unun n . . . · 
als refer to the numbered species listed m this synopsts. 
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ccpt!> of Lam scn ·c to cn~phasize _rhese diffi~_ultics ; r~_ferring 
to the Bu n-eraccae .\bles•anac (N ora Jlfale.lln7111 t . _,. 212): 
" s nearly all the species arc dioec~ouc;, and more~wer 9 
trees ,·crv rarch- bear Rowers and fru1ts at the same t1me, the 
keys to the species arc. as far as pos~i hle. p_rimarily hased on 
''cgerati,·e characters. It appeared Impossible. however, to 
frnme a kev to the genera based onlv on ' 'cgetati,·e char­
acters; "itl1our an i~timate knowledge of the species it is 
indeed oflen ''crv difficult and not r:1rcly e,·en impossible 
to refer sterile specimens definitely to a genus." 

In Sourh America rhe trees of Daetyodes arc used as 
timber. which is similar in quality to th; t of Protium and 
other Burscraccae. T he balsamic resin which exudes from 
the narural fissures of the bark is also used in different 
"":1\'S. t\ spcct:tl common generic name for Dacr'yodes does 
nor extst 1\am•cs apply to Its members some names which 
arc nlso used for other Burseraceac. In Colombia the most 
common local name for D.7Cryodes is "animc.'' Pires quotes 
"!>rcu sucuruba" as the only name in Brazil (Par;\); in 
\ enczucla for the GU\·ane region. Cardona o-ives the name 
"urf' and stares that ·the seeds are eaten b~ the Arekuna 
Indian". Certain!~· the custom of some people to eat these 
~ecd~ must be w1dcspread but definite records are lacking. 
In Puerto Rico the common names are ''tahanuco" and 
"cand!c tree"; in Guadaloupe "bois d'cncens,'' ''gommier 
blanc.' ''boi" cochon··~ in Oominica "bois oomn;ier"; in 
Grenada ''gommicr'' and "mountain rrommigr''· 1' 11 Nev1"s 
.. t• " ~ ' 1 gum m. ~ 

• For t~is. Sh1dy, besides the collections of the United 
S~atcs N:u~onal l lerharium ( t!S). those of the Chicago 
~atural ll~s~ory ~tuseum (F). The ~ew York Botanical 
C.ardcn CN ' ). ~ray Herbarium (GH ), Arnold Arboretum 
of J larvard Umversity (A) T · R ' · 1 

C I 1 
. · • . nstltuto otamco Bon-ota 

~n nm 11a (COl ) d 1 F 1 ' 1 to ' v 11 p 1 • ' : • an t le acu tad de Agronon11a del 
a c. a mira, Colombia (VALLE), have been used. 
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\".\Ill .. Skrift. Dansk. ~aturhist. Sclsk. 6: 115. 1Rro. 
I "01.1Ctii!R. Genera plantarum. 1425. 1840. 
flr:~rll t\.\1 ,\SO HooKER. Genera plantarum r : 3%7· r86z. 
GRrs~: B.\CH. rlora of _the British \Vest Indian islands. '74· 1864. 
,\hncn ... :so. Adansoma R: 37· 6g, 1867. 
I ' cot F.R in DC. ,\ lonographiae phanerogamarum 4: 151. r883. 
URB\S. Symbolae Antillanae 4: 323· '905· 
RosL :"orth American Flora :5: 158. 1911 . 
BRrrros ASD \\'n~o;os. Botany of Porto Rico. ~. Y. Acad. Sci. 5· 3= 

46:. 192J. 
L'\ .\t. Burseraceae of the ,\lalay Archipelago and Peninsula. Bull. 

Jard. Bot. Buitenz. '1: J.H· 1932. 
I "'1 i11 Flora ,\lalcsiana. Scr. r. s: 219. 1956. 
CuATRECASAS. Prima flora Columbiana 1. Burseraceae. \Vehbia rz (:): 

1957 (in press). 

Pacbylobus G. Don 
DoN, G. Gen. Hist. 6: 89. 18;:. 
Es<.I.ER. ~atiirliche Pflanzcnf:unilien >- 4: 143· fig. tj8. rS¢. 
l.sGJ.ER. ~atiirliche Pflanzenfamilien cd. :. 19a: 450. fig. 21 f. 1931. 

flowers unisexual, rrimerous. Sepals connate or free. Petals free, 
m·atc, ,·alnte. usually with an incun·ed thickened apex. Stamens 
ohdiplostemonous, 6, glabrous; filaments flattened. free or connate to 
the back of the disc; anthers ohlong-elliptic to m·ate, dorsifixed to 
basifixed. Disc thick, discoid or cupular. intrastaminal, glabrous. 
o,·ary 0\'0id, glabrous, l - 3-locular. in the male itowers usually 
reduced to a rudiment included in the conical center of the thick­
ened disc; cavities :z-ovulate. Sti~ma sessile, subcapitate. entire or 
:::- 3-lobate. Fruit drupaccous, elhpsoid or oblong-o,·oid; pcricarp 
carnose, balsamiferous, moderately thick or thin, wrinkled when drY; 
endocarp corneous, 2-3-locular, usually with onlv one large scmini­
ferom; (monospennous) ca,·itv and one tiny, adpresscd sterile cell. 
Seed elliptical, the epispenn filmy. the cotyledo~s digit_nt~ and folded 
~1 r contortuplicate. Dioeci?us e\ ergreen trees. wrth r~mrferous d1~cf!i 
111 the hark and usuallv 111 the medulla of the petiOles and twt~. 
Lc;n-es alternate, imparipinnatc; leaflets entire, petiolulate, .mm;tlr 
col'iaceous or subcoriaceous. Stipules absent. Inflorescences pamculate, 
axillal'y or terminal. 

SECTION DACRYODES 
Sccrion Dacryodcs (Vahl) Engler In Natirrliche Pflanzenfamilien. I. 

c. 45'· . 
Section Arcbidacryodcs I am. BuU. Jar~. Bot. Bmrcnz. I. c. 335· 
Section Dacryodes Lam in Flora Malemna. ). c. :no. 
Sepals connate, the calyx cupular, truncate or subtruneate; anthers 

connivent; o\·ary z-J celled. 



TROPICAl .. \VOOJ>S 1957 

KEY TO TnE SPECIES 

1. I eaflet blades hnear-oblong ur cllipric-ohloug. elongate, 3-4 
rimes ns long as \\ide, the reticulanon verr conspicuous . .............. 2. 

1. 1 caller blades ontc or clhptic. mually less than twice as long as 
\\ide. ... .... .. .......................................................................................... _... 

:. Leaflet blades memhr:macco-chartaceous. thin, flexible, with prom­
mem lox renculauon. linear-oblong, anenu:tte toward~ the apex. 
Jbruptl\' cuspid.ne, ohtu~e-cuneatc or obtuse :lt the b;tse, glal>rous 
ahm e, \dth \'CI'\' ~cattercd and nunutc hair~ beneath, 17- 14 em. 
long, ;--<~ em. w1de, the acumen !.5-5 em. long, the loecondary 
ncn cs 15 :o p 1irs. l'etwle 16 em. long. apprcssed-pubcscent or 
puherulou~. Calyx cupulifom1, truncate. Pctab z nun. long. 
!"enninal bl'.llll'hlcts appn'ssed·f)UUesccm .................. 1./J. ClljJU/aris. 

1. Leaflet hbdcs coriaccous, firm, finely reticulate ............................. 3. 
>· Leaf r;1chi~ glahrous or subglabrous. Blades elliptic-oblong or 

nboutr-ohlong, obtusc·cuncan: or obtuse at the b.tsc. subrounded 
or modcrat~l) ;mcmuate a1~d -.1brupdy acuminate at the apex, 
glabrous, With a fine, prommcm reticulum on both :.ides, 8-:zo 
em. long, 4·5-7 em. \\ide, the acumen s-8 mm. long, the second­
ary ncrn:~ 1o-14 pairs. Pl!ciole~ puberulous, 1 z...:t6 em. long. 
lnremodcs 4 ~5 em. long. glabrous. I nfloresccnces about 9 em. 
long, ~hordy pubcrulous. Calyx truncate. ubsolctclv ;-dentate, 
gl~brous. Young branchlc~ pubcrulous. later glabratc. Leaves 
l·jugate, .................. " ... ~ ............................................... ~.!). gr.zn.llcnsis. 

;. Leaf rach1s minutely tomentose. Blade~ oblong, rounded at base, 
obtu~cl), and ab~ptl) acum.inatc a.( the apex: glabrous or very 
$Carcel) and nunutcly pap11lo~-ptlo!oe. with a tine reticulum 
(\\~k abm·e: strongly prominent beneath), !!> z(J em. long, 
S·S ·S em. w1.de, the ?cumen 15 mm. long, the ~econdary nen·es 
about 16 patrs. Pcuolcs .:o em. long, short and a1,pressed 
tomemulosc lnternodrs - 1 1 n ' · 4 7 em. ong. n~oorcscencc 10 em long 
mmut

1
cly tonwnro:.e. I' run bnceolate-oho\ oid flmcnetl · :z•-:z.; 

mm ong • d B • ' · • "T : u arc' 1- mm. Wl c. rant-hlcts minutely wmentosc. Lea\ cs 
4B

1
5 

1
1 g · • .............................................................. J.n. IICUtipyrcua. 

4· a< es mcmhranan·u-chanac · · h' ellipt 
1 1 

• cous, t Ill, ovate-oblong or ohlung-
tc, roun< c, or \ crv obtuse at tl I l acununatc :n tl : · 1~ lase, narrowc< towards and 

·~ J tc apex, glabrou~. With 1 1- 12 pairs of SJlfl•ading 
~conc arv nerve:; shghtl . · ' · 
lation ~li"ghtl)' pn · . } 

1 
promment underneath, the fine rericu-

long J 5• 51 Cnl llll~dnent lut \cry con~picuuus, the sil.c !\- 14 Clll. 
' • •• • WI c rhc acl1n1e1 " 1 · em. long I I . • . 1 

V" I 2 111111. ong. Pc.:twles 5-7 
slender, g'ta~;~,:~~~~~~~~~h~r \l~~glabruus. lnrcrnodcs 2.5-4 em. long, 
pcdiecls glabrous. 6- cscel~cc 9 ~!11 • .long, ~lahrous. Frnctifcrous 
S mm. wide 4 ~m,'~ll!'~· long. <rutts .0\·otd, about 9 mm. long, 
5ubglabrous ' · He • • .cave~ -:-3·Jugate. Young hranchlets 

4· Bbcles cor · ................ .......... : ...................... .................... 4./ J. paroJc11sis. 
l:tCC<JUS ur subconaccous. ........ ~ .......................................... s. 
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5· Lea,·es small, the leaflets usually z-n em. long, 1.5~ em. wide ... 6. 
5· L~a,·es larger with leaflets usually 8-:.8 em. long and 4-ro em. 

w1de ...................................................................................................... - ...•... 10. 
6. Lcatlcr blades thick. finnly coriaceous. Fruits fairly large ( r8-z8 

mm. long.) ................................................................................................... 7. 
6. !·catler hla~les ~ubcoriaceous, flexible, firm, glabrous. Leaves 1-:-

JUgate. FrUJt small (H-Is mm. long) ..................................................... 8. 

7 Blade~ s~ighrly reticulate ahcH·e, strongly reticulate beneath, ovate 
or elhptac-ovatc, suhround.ed or obtusely cuneate at base, rounded 
or _obtuse at apex, somctnncs abruptly and obruseh• acuminate, 
(mmutely and sc~rccly scaly-pilose l>encath), usually 8-n em. 
long, 4·5-6 em. w1dc (rarely 6-17 X 7·5-9 em.), the reticulation 
coarse and almu!>"t ohsoiNe abo\'e and fine and prominent beneath, 
the secondary nerves !l -q pairs. Pcriolcs :-6 em. long minutch· 
puberulous or glabratc. Internodes :-4 em. long. Jntlore~ence 7-10 
em. long, minutely and sparsely puberulous. Calyx truncate, 2 

mm. across. Petals 2.1-z.4 mm. long. Fruit 24-28 mm. long, q-15.5 
mm .. broad. Young hr;lnchlets shorrly apprcsscd-puberulent. Leaves 
1-J-)Ugate ................................................................................. 5.[). e:r:ce/ra. 

7. Blades strongly rerieulate above, slightly so beneath, oblong­
elliptic or 0\·ate-oblong, ohtmch· cuneate ar the base, abruptlv 
:md shortly acuminate at the· apex, glabrous abo,·e. shorrl}­
puberulous beneath, 6.1:. em. long. 2.5 em. wide, the acumen 3·5 
mm. long, the secondary ner\'es 10-12 pairs. Petioles 2.5-4 em. 
lo~g. minutely puhcrulous or glabrous. lntcmmles :.-3 em. long, 
manutely pubescent. Inflorescences to 10 em. long, shortly pubes­
cent. Fructifcrous pedicels w-u mm. long. Fruit 18-10 mm. 
long, 11-1:. mm. broad. Young branchlets minutelv appressed-
pubesccnt. Lea\·es :.-~-jugate ......................................... 6.0. belemmsis. 

8. Inflorescences 1-3 em. long, branched from near the base, the axis 
and branchlets rather thick, angular, minutely and sparsely puberu­
lous. Flowers glomerate, sessile or subses.~ile. Leaflet blades small, 
tirm, ovate or elliptic-0\'ate, rounded at the base, abruptly 
nnrrowed at the apex, obtuse-acuminate, with a fine and ,·ery 
prominent reticulum on both sides •. 1..5-6.5 .em .. lonlf• I.S- J·S em. 
wide, the secondary nen·es 6-8 patrs. Fruit elhpS<IId, 9-10 mm. 
long. 6-; nun. broad ............................................................. 7.0. glabra. 

R. Inflorescences lon~cr, lax, glnbrous througho.ut, 3-'7 em. long, 
with a slender, flex1blc axis and branchlets. Ped1ccls 2-5 mm. long, 
knflct blades flexible, m•ate-clliptic, rounded or obtuse-cuneate at 
the base, attenuate and cuspidate at the apex, with 11 pairs of 
slender and prominulous secondary n~rvcs beneath, the fine 
reticul:lrion slighdv prominent but conspicuous abO\ e and strong 
underneath. Sepals and petals glabrous .............................................. 9. 

1). Lea\·es 1-z-jugate "ith leaflets ovate or cllipric-o\ ate, s 11 em. 
long, 3-6 em. wide. Fruit about 10 mm. long, 6 mm. broad ....... '"" 
. ........................................................................................... S.D. 111ic-roc~. 
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9· Le:n·es 1 -~-jugnte with leaflets onre-lanceol:ne, ;-14 c~. long, 
:.j-5 em. \\lde. rruit about 14• 15 111111. lo.ng, :111tJ 8 Jlllll. Wide. •••••• 

.... " .... - .............................................. D. 11/ICTOCarpJ \ ':lf. /.:nrceollltll. 
ro. Blades coriaccnus ................. ., ................ ................................................. 12, 

1o. Blade' subcoriaceou~. flexible, large. broadly cllipric-ohlong or 
u\'ate-oblong, rs-:li em. long, i" 10 em. wide (or the lower ones 
m•atc and smaller), subroundcd or obtuse at the base, somewhat 
attenuate and nbmseh' acuminate ar rhe apex (;tcumcn 1- 2 em. 
long). gl:lbrous. the reticulation sublax and promiiWnt on both 
'lides. Petioles 11 em. long. puh·emlem or glahratc. Inflorescences 
:: em. long. with minutely papillosc-puh·eruk·m hranchlets. Calyx 
subtruncate, (•hsolctcly 3-dentJtc. Petals : mm. long. Young 
hrnnchlcts appre~scd-puh erulcnr-puhenJlous ................................... 11, 

u. Blades \\ irh q-15 pairs of sccond:~ry ncn ·cs; the r>tchis inter-
nodes 3-4 em. long ................................................ .......... 9.D. Jlt:rtttriana, 

11. Blades wirh 8··•! pairs of secondary ncn-cs; the rachis internodes 
~ 9 em. long. Fruits 21-:3 mm. long, 14-16 mm. wide. Endo-
,·;up about ~o mm. long :111J 15-16 mm. broad .................................. , 
........... _, ...................................................... D. peru-..·ia1r.t \'ar. c.1r011iensis. 

rz. Blade~ min~te!v fcrruginco-tomcmosc bcne:~rh (chiefh- :!long the 
ncr\'Cs), c!hptie-ohlong, rounded or obtuse ar rhe base, narrowed 
.md lll'UI!llllatc :u the apex. --•o em. long. 3-4 em. \\ide. with 
~o-14 p:urs of sccond:Jry ne~\·es. the fine reticulation prominent 

encath and flat abO\ c. Pcuoles about 1: em. long, tomentosc­
puberulcnr. lmerno~es abour '2 em. long. lnfloreo;cences about 
l S em. ~ong, fcr~gmco-tomemo;;e. Fruit ellipsoid, a hour 30 mm. 
ong, 1!1 mm: \\ 1dc. 1 ~ mm. th1ck. the cnJ ocarp :R mm. long, 

11 15 ntn1. w1de .......................................................... 1o.D . colon1biana. 
12

• Blade<; gb!lrous. o.r min~tely and sparsely apprcssed-pilmc ....... IJ. 
1l· Leafl~ts th1ck, ng1d-conaceous. the \"cnation immersed or slightly 

consp1cuous Jbo\c and <Jbsolcte or slighrly prominent beneath ... 14. 
• -;. I caRets coriaceous ,....... · 'd · ·h . . • . · ~" ngr \\1. more conspicuous ,·enatu•n . •. 1 5. 
14· I ruJt '>mall ( 15- r7 1 1 1 _ 

6 
1 111• on g. 1o-11 mm. bro:Jd . l rhc cndocarp 

1 ~ 1h ~1111• long. 9-10 mm. broad. Blades oblong ~lhtme cuneate 
ft t e Jasc, attcnu~te ar the <ape\, ohrusel\' acur;1 inare 8- 18 em. 
.ung, 

1
>·1-; em. wale (acumen 'i-lo mm~ long) the· SJlrcading 

~ccunr nr\' ncnes 11 _1 · . 1 . 1 . • ' : 
J,et 1 • . 4 p:urs. t lC rcucu anon obtuse!\' Jlronuncnt 

10 co; mmutely p 1 · 1 1 · · • 
resccnccs 8-r, lu 'cru ~nr. nternodcs !.S-5 em. long. In flo-
........... • em. ong, mmmcly puln rulcnr-pubrrulous . .......... .. 

14. Fnm j";~~ ... C.z~ .. ·~·~ .. ·~·;;;~· "i;,~~g .. ····;·~ .................. , ....... I J). /). rrmri mcmis. 
:8.-Jo mm. Jon, ~- · ' ,-l g mm. 1road , the cmlocarp 
olllong-clhptic g,nlJ~ 14] Mill. broad. Bbt!cs larger. <lhlong-o\'atc or 
the .. pe!i cl.l;ccJ,. usc Y ~uneltc ar the base. narrowed rowards 
( • ' acummatc 1 1- 14 em h 'd ac:umcn o 5 mm 1 ) 1 • • •ng. S ., '9 em. wr e 

· · ong ' t te nsccndem secondary nerves 8 10 
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pairs. Petioles 8-15 em. long, minutely puberulous or glabrate. 
Internodes 4-7 em. long. Young branchlets minutely apprcssed-
puberulous ..................................................................... 1z.D. scleropby/111• 

1 ' · L~aflcrs rather rhi.ck and finn with slightly prominulous but 
wuh a \'cry con~-p1cuous r~ticulum abo\'e. Blades elliptic-oblong 
(or the lower and tennmal one'> obovate-ellipric), obtusely 
cuneate at the base, rounded at the apex, abruptly acuminate, 
subglabrous (minutc scarce hairs beneath), with u pairs of 
slender, _prominent, spreading secondary nen·es, with prominu­
lous reuculum beneath; 10-18 em. long, 7-7.5 em. wide, the 
acumen 4-8 mm. long. Petioles ro em. minutely pubescent. Inter­
nodes 4·5 em. long. Inflorescences u-18 em. long, shonly pubes­
cent. Fructiferous pediccls incrassate at apex, 1o-11 mm. long. 
Fruit 30 mm. long, 20 mm. broad, 16-17 mm. thick, shiny; the 
cndocarp !7 mm. long, 15-17 nm1. broad ......................... IJ.D. nitens. 

•S· Leaflets more or less flexible, not at all minutely and prominently 
reticulate above ......................................................................................... 16. 

16, Blades with 14-20 pairs of spreading secondary nerves, very 
prominent beneath and with a conspicuous, more or less promi­
nent, reticulum beneath; the sh:1pe ovate, elliptic-0\·ate, sometimes 
oblong. rounded or ohtusclv cuneate and asymmetrical at the 
base, slightly attenuate and ol,Jtu:;cly acuminate at the apex; 8-20 

em, long. 3-8 em. wide (acumen to 10 mm. long). Petioles ro 
em., subglabrous, with scuce, shortly squamulose hairs. Inter­
nodes '·5-3·5 em. long. Inflorescences 6-7 em. long. minutely 
tomemose. Fruit 26-30 mm. long, 11l-2o mm. broad, the endocarp 
:5-28 mm. long. 15-18 mm. broad. Young branchlets pubescent, 
later glabrous ..................................................................... 14.D. oli-.:ifera. 

16. Blades with 8-11 pairs of ascendent secondary nen·c.., prominent 
beneath and with lax. sli~htly prominent reticulum; the shape 
m·ate, O\'ate-elliptic or clhptic, rounded or subrotundate at the 
base, obtuse or rounded at the apex, abruptly acuminat~. 1 1- :o 
em. long, 7-10 em. wide, (acumen ro-u mm. long). Peno]e 6-9 
em. long, puberulous. Internodes glabrous, 4·5-5 em. lung. lnfio­
r,·scencc () em. long, minutely pubcrulous. Fruit 22- 15 mm. long, 
1 >- •6 mm. broad, the cndncarp 1o-11 mm. long. Young. hranc~-
lc·r,. , .. j.,utrl\' pubescent ............................................. 15.D. ocrtdentalts. 

t . Dacryodes cupularis Cuatr. ~P· nov.-Arbor. gran~is r.amis ter­
IIlinalii.Jus ,·iridi-ochraccis subterctabus spar.;e lentrcellans mmmc ad­
prbsctJUe puhcscentibus. 

Folia :alterna imparipinnata ~-juga ~irca 6o en~ .. long-.1. Pctioh~s 11'1 
cni. longus lc\'itcr striatus supra canahculatus b~~~ mcra~atus, nunute 
ndprc:.scquc puhcscens subochraceus. lnte~nod1a ~hach1s :.;-s c1_n. 
lunga angulu~a striolatn ~pra. ~pe-;tc carmata mm~rc pu~,e~lltla. 
Pedoluli ; 10 111111, longa stnlln mmute. puheru.Icnn. tcnmnahs J·~ 
em. longus. Foliola mcmbranaceo-paparocea hncan-uhlonga bast 
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scnsim angust:un inacquibtcra. ob~usa ,-cl ohruse cuncara, ad apicem 
attenuata ~et cusp illata. margmc mregra. I j - !4 ~~t •• longa s-6 em. 
I m'tnc 1~1 - mm. Ionero· SUJ>ra gbbra nndta costa anguste 
ata acu • ..- ' ~ ! . . l 1 · d ·· 
>rommcnti basim \'Crsus s:~epc nunuu~cam_c pu •cru a, ncr~ ts ~ecun arus 
~cticuloque , j,ibilibus p:~ulo pro!mnuhs; suhrus palhodtora c?Sta 
cmmcntt striolata m·n 't' ~ccundarus 1 ' - !o urroquc latcrc _tencnbl!s 
prominemihusquc patulis ad margin~m arcu:tto ana-."tom?satts ,·cnul~ 
in reticulum sublnxum hcnc prommulu~ anast~>mnsau~. ~upcrficJe 
, isu glabra sed minum~iml'- pili~ 5(J_namulost~ ~p;'l rsts pracchta mtcrdum 
pilis minutis adprcs .. i~ ad costam m~truct.t. . . 

lnflorc~ccnuac masculac angustc thyrsotdco-pamculara~ axillares 
l'long:uae 1o-:4 em. long?c, axi s~tbrccto vel flcxt!oso tcnut angulo~ 
criarn cum r.unis ramuhsquc mmure puhcsn:nubus 'cl puberuhs, 
hr;tl'teolis hrc \ i hu~ ad 1 111111. longis pubcrulis O\'a!o-l:tnccnlatis. Pedi­
cclh 1-1 111111. longi cra~siuscul i adprcsse pnbcsccnrcs. rlores masculi 
tm twn. Cal} ·' !arc cupularis. margine rnmcaro lac\· is, circa 0.7 mm. 
altus hasi paulo puhaul is rcliquus glaher. Perala ' Iibera late ovata 
ohtus.t cras'a giJhra \Cd margine papillos:1 : n1111. longa 2 mm. lata, 
in anthesi rccurvis. Smmina 6 filamcmis planis g labris o.4 mm. 
longis ct l:ms :t•lthcris cr:tssi~ nbm :tto-ellips1>idcis paulo bilobatis 
glabris ctn·a 1 mm. longis cr crassis in amhesi paulo incurvis et con­
nivcmibus. Dtscu' ,·aide crassus cum o\·arii rudimento ruherculo 
centrale cro1ssn suhacuto instructus. 

~ I ~c \ DOR: rs!\ l f:RAJIH~, at Playa de Oro. I km. cast up Rio 
an_n_ago. Large tree. Bark of wood samp}e gray. smomh and many 

w~Jttsh round lenncels 1 mm. Large pmnarely compou nd leaves. 
:\1mutc l!rccn flo,,crs in panicles. ''animc." Collecrcd 1 April 1943, 
E. 1.. Utrle 6-116 (I JOL< H\'PE. USJ. 

/Jacryodts cupul;rris is charac terized by its slender. papery, narrow 
and clong:~te leaflets, hy the very ~horr pubescence of its hrnnchlcts, 
pcttolcs nnd leaf rachis, bv its elnnaare and pubc-:ccnt inflorescences 
~nd h) the cupular calyx· of the m~le flnwer; which is ull\·ious e' c~ 
tn the bud stage. 

! Dacl)odcs granat(:nsi~ Cuatr. :"oras 1'1. Culombia XII . Re\', 
\cad. Col. de C. I . I . y :--.: . b. 475· 195:. fig. no'>tr.t z. 

II~OI 0,\ JI!IA \ ,\Lit , Cordtllcra Occid~mal. nrttcntc occident:~!; 
).t del rw \ nclucay.t, l:!do d crccho. bosques cmtc p~,·a:. \' ,\lira­

mar. ucr450 m . . tit. Cuatrccas.ts 1·• •1 ~ (110! 0 I'Y!Jf•' I·'· IS() J'' ' J>F VA l l i ). ..,..,. ~ • • • • I • 

~· D.a·ryodcs acutipyrcna Cuatr. ::--:uras Fl Colombin XII. lh·v. 
t\cad lut. ,lc C. I . 1·. y :--... 8: -17-1· fig. I ::! ,. 3: I!)"Z. 

COLO\IBI \ \ ' 1 • , ' • ' I ( . AIH . •J jU 110 C~lnna, cmrc P·ulon ,. I I Coco sa 
m at· .ua:rt'ctu:~r z1z6o (1101 0 I"YPC. F; 1St) I YPr . \' \1.1~1· ). 
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+ Dacryodes paraensis Cuarr. sp. nov.- Arbor ramulis tenninali­
lrus hadiis paulo angulatis aspcctu glabris sed minutissimus pilis spar:sis 
pracditis. 

J'ulia alterna imparipinnata 2-3- juga :o--18 em. long2. Petiolus s-i 
em. longus rcnuis suhtcrcs basi vnlde incra~satus glabcr \'cl minurissi­
mi' pili.o; adprcs.~is spars1ssimis munitus. lntemodia rhachis z.5-4 em. 
longa glabra tcnuia sed rigida subtcrctia. Pctioluli 3- 8 mm. longi 
!!Lthri angulosi supra -;ulcati flcxuosi tcrminalis 14-25 mm. longus. 
Lamina membranacco-chartacca tlexihilis m •ato-oblonga \'el elliptico­
oblonga ba.,i rotund.tta 'cl ohrusissima a pice angustato-acuminata 
margine integcrrima pl:tna 8- 14 em. longa 3·~-s.z em. )au, acumine 
ohrusiusculo 6-r ~ nun. Iongo ~-4 mm. ).tto. urrinque glaberrima; supra 
costa. conspicua subimmcrs;t lcviH•r c:trin:Ha nen is sccundariis mhro­
pallidis conspicuis ncrn1lis in rcticulo filiformi prominulo; ~11hrus 
cosra. prominula carinata \·el sulc:tra . ncn i~ sccundariis . filiforme 
p~onunulis 11- 1 z til roque l:uerc p:nults pallt_de ruh~scenubus .ma~­
gmem \'ersus arcuate> :m.t,t<•mos:tntthus ,-cnults tener1bus pronunults 
reticula tis. 

Intlorcscemia axillaris fructifcra 9 em. longa glahra. Pedicelli 
fructiferi renercs rigidi glabri apit-e incrassati 6-10 mm. lon~i. 

Drupa (speciminc ~ingulo) n\·at:t in ~i~co ? mm. lon~a 5 mm. la~a 
~ mm. cr.tssa peticarpio canwsn tcnut m SJCCQ rugQ~o e~docarpw 
charrila~ineo rigidiusculo hilocul:lrc uno loculo Jato ferrtle altero 
minusculo sterile. 

BRAZil.: rsnoo IX) PARA; Vila ~0\'a rio TapJjos lngo abaixo da 
Cachocira Chacorao 12 J,.,n. :thJi.xo cia Cachoeira C:apocira, mata de 
terra finne. !l December 1951, /. \1. Pires -;611 (JIOI.OTYPE. LTS). 

Dacn•odes. paracmis is closelv related to D. mi{'rOcarpa from 
"hich it differs bv its larger lc:~\"Cs with ! - 1 p:tirs of leaflets, bv the 
m ore slender rachises and petioles, "luch arc longer, and br the 
suhmemhranaceous, usuall)' oblong leaflets with a prominent, slender 
reticulation. 

5. Dacryodes excelsa Vahl. Skrift. Dansk. Nantrhi~. Selsk. 6: .'t{,. 
Urban. Svmholac Antillanac 4: l2J. 1905· Rose. :-\orth _Amc~c.l~ 
Flora H : . 2 58. 1911. Britton and \Vilson, Botnnv _of Porto Rtcn. "-: . \ . 
,\cad. Sci. ,: 462. 1924. Amyris be~i'mdra Hnnnlton. Prodr. Fl. Incl. 
Occid. ~4 . ;82~. Rursera acrn11i11trta in DC. Pr~•dr. 2 ' 71\; t!h~. nor R. 
trcuminrua \\'iild. f),1cry,dcs be:rmdra (1-~amtl.ton) ~ncsb~ch. ~lora 
Rritish \Vest Indian Islands. 174· 1864. Prstacra occrd~1talrs B.atllnn, 
A dansonia 9 : 1s1. 1s74. Pachylobtls bexmdrm (Hanulrnn) l•nglcr. 
'\att1rliche Ptlanzenfamilien 3-4: 243· t8¢: ed. 2• 193 : 45!· 19' 1· 

llluo;tratinns: DC. i\ lunogr. Phanerog. 4: pl. ; f!K · )9-44· . Contr. 
t.;. S. ~at!. Herb. 8: pl. ;4. Natitrliche PAam~cnfnnulen l .-.~ {t g, 1 iS; 

cd. !, 19a: fig. 215. 
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E ·"I •• pt;fRTO RICO SJF::RR\ o£ Lt Ql'r~r o .. ggers 1114, • £a )O.nuco, 
Holdridge :o6; in monte Jimene~. Smrems 1416; C:ttalma-' unque 
rnail, 4: ; Ill., Hrirt011 & Brtmcr ;6~;: ,\lo:-.rE. \lnRAif.s, ".car Utuado, 
Britton & Cowell 449: Cr£J 1 ru~. Brmon & Britton -96!; 1· A.JA~oo, ~Uo 
1\rrib:r Britton & Sbafer 16- ~: prope ,\ I.\RtCAO 111 ~ylvrs carca 
i Iuc1e~dn, Simemr :~1: TABl;COA. in ~yh is monris Guaya,·a, Simenit 
>~99. 

GUA D \1 ( >l'Pl B(lt<: llf-" BA~~-J \\tr.s. I louclmont, \I orne Gabel in 
l0<>-1ioo m., "boi~ d'enccn,.'' "gomnucr blanc," Perc /Jusr >492: 1\lome 
G2bdm, Gombcgu. l'cre l>uss :; ;o7: ,\loR~f Rot m uu l.oRRArN, 
Sa,·annc Chtze.m. 400 !loo m .. <;a ct Ia dans lcs grands bois du champ­
flore, ''bois coelum," ''gomnuer bhnc.'' PJre /)m.r 1946. 

DO \II:-\' IC,\ • Rainiorrst bordering hr r r·Rr \t, Ro,\n, 549 m., (rainfall 
;os em.), rkh vnlr:tnic ~"'' underlain with hardpan: trunk used by 
C:rrihs for canol's. trunk gr;ly ~month pillar-like 3o--so 111. t;lll. to :t 

111. diam., 'bot~ gommicr" Hodge 653. 
sr. Ki ll~ In rhc fon·sr BEL\10'\;J 1.-.STAr~·. Britton & Co'l.ve/1 381, 
GRF~ \)) \ GttA"'J) r rA~<; R~'SFRIT., rain foresr large tree 30 m., 

flowers \'cllcl\\. yields aromatic gum and useful timber, "gommier," 
l'amc/a Beard l')oo; \h. Fr~ux, in svh·a. arhor roo' air .. fruct. olivi­
formihus, l~'ggers 6o\ : . (JK 1"'0 I TA'-'G, Broadu;ay. Xovember 1896; 
\ lrRAilt:.W \1ou;-;r o\1;\S, ':lr. O:l\ ids "mounrain gummier.'' Hrthtdway. 
.Vo•,:ember 1S96. 

IJ~rron and \ ~'ilson <Bora~y of Porto Rico 5: 46!) gi,·e the fol­
l?wmg tnfonnatton a~our tin~ ~ree: '·for.ests, mostly ar hight•r cle\·a­
tlons, the mosr maJC\tiC trcl' ot Porto Rtco, ,\lontscr rar to Grenada. 
The bro\\ n wood is hard, hca\ \' and ~trong. used for furniture in 
carpentry a.nd const_ruetion. T he rrunk!> and rnnts exude a white 
fragrant resm, used tor candle~ and torches; rabanuco, c:mdle tree." 

6. Dacryodes brlt.:mcnsis Cu:rtr. sp. no\ .-Arbor ramulis tcnninali­
hus adprc:sse puhcscentibus pilis mmmissimis teetis. p:IUio stri.nis ct 
lenucellan-\ errurosrs. 

, Folia altcrr .t imparipinnata 2-1-juga, r ,-2~ em. long:r. Petiolus 
·,;F4 em. longu~ srnolan!" supra. planus basi ineras,atus mirmtissimis 
11 ~~hs~bsquanwsrs adprc:.st~ pracdHus nl dcniquc glahmtu,, lntt'rnodia 
r t:rc IS ' • em longa Je, tt · · · -1 1 • > • • ' l r srrtata 11!rnutt~srnw pubcsccm ia. J>eriu-
u 1 4 ~ nun. longr pubc~centcs c rasstuscult SU J> ·• 1 . • .. • • ) 
fle:~:u"~' rcnninal' H _ • · ra Ml c.111 rcctt \ e 
115 1 '. {j ' 

15 1 -~3 111111• longus tc~u ts utn m1uc cxtrclllis incrassa-
ol;lon;nr,n.l . rr~r1 C(JI'tact·a oblongu-rllq>uca \'C I <)\'ato- ,.cl oiH>\':Itn-
~ulntc br:~l~e~·',~' ~· :Hten.u.rta CJLtus~ cuneam paulo :twrumctrica a pice 
em. ion, t - < ' :tt·urmnara m.argme rntcgra lcdtcr· rc\'olma, 6-11.5 
nun ';atog. 2 ; clmb. hua, acumrne oln uslusculo ; 5 1111 11 Iongo) 3-4 

· • • supra g 3 erruna c•hta ang · -· · . · 
d~rits d SCo)orthus \ C I' . USO!>Sillla (lfOtntnentJ nCf\ is sCCUn• 
c;ann;~ta. plus nun us\ ~u~~~~~~ucu~Jt~s pr<~mmul~~· suhtu~ cost.l cminenti 
pronuncnuhU'; patul a ncn. L, set unJ~rr ts 11.r l l utroque latcrc 

rs propc margrnent cun :lto-.tnasrnnu•sJIIS rc!liquis 
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n.cr~·ulis rericu~um conspicm.rnt prominulum formantibus, pilis minuris­
srml" . ochrace1s nl ruhellts ad costam copiosis in cetera sparsis 
pr;lcthra. 

lnfl~rcsccntia ntl .10 c.m. longa. in specimina statu fructifero, ramis 
r;mllllrs<JUC angulos1~ mrnurc puhcscentihus. J>edicelli fructiferi 1o-1 2 

mm. longi apicc amplinti. Drupa m oidea \'el cllipsoideo-cwoidea 
18.- 20 mm. longa 11-12 '!tm. lara. peric.arpio tenui in sicco rugoso 
olt\·acco gbhro. endocarp1n corncn O\'nHlco 16-18 mm. Iongo circa 
10 mm. Jato. 

RRAZIL: BEJi..\t •:..'' TF.RRAS oo lssr. Al.Ros. no NoRTE (Rcsen.·a de 
tlnrcsra narh·a). llorto !\ 1uc;unho, an ore no. 1~18, f. M. I' ires 
(r IOLOTYPF, US) . 

D.1rryode.r bclm1ensis ditfl·rs from /), roraimensir e.r;sentiallv in irs 
~mallcr lean's with fewer ltaflet<; and more ~lender nachis. and hv 
its thinner, smaller and shorter lcafkts which arc reticulate and glab­
rous alul\·c and more pubcrulous beneath; it also differs in irs larger 
fruits. 

7· Dacryodes g1abra (Srcycrm.) Cuarr. comb. nm·.-Trattinickia 
}{labra Sreyerrnark. Ficldiana. Botany z8: 277, '952· 

Folia 6-r! em. tonga 1-z-juga. Petiolus 2-3-5 em. longus. Pctioluli 
4-5 mm. terminalis ~-Jo mm. Foliula fimmla tenuitcr coriacca ovara 
vel elliprico-o\·ata basi rotundara apice subite angustata ob£usc 
acuminata margine integra 2.5-6., em. lnnga •·5-3·5 em. lata: supra 
cosra discolor ~ubplana cnnspicua ner\ is secundariis paulo conspicuis 
nen•ulis minute reticulatis hene prominulis: subrus costa eJc,·ata 
nervis secundariis prominulis 6-8 urroque latcrc parulis prope mar­
ginem arcuaw-anastomosatis venulis in reticulum hcne prominulum 
nota tis. 

Inflorescenciae axillares r-3 em. longae paniculatae ad basim ramosae 
r:mmlis crassis rigidis bre,·ibus angulosis minutic;sime sparseque 
puh"nllis. Flores masculi ~lomenri ~ssiles ,.cl s?b~~iles .. ~Iy.x 
hrc,·irer cupularis 1-lobato-smuatus subglaber (spai"SSs.<;JmJs mmuns..-.r­
rnis pilis). Perala 3 Iibera rigi~a c.ra~. rorun~at~-:«>\3ta .obrusa ~·el 
ohmsiuscula rubesccntia dorso mrnutJssmus spai"SSs p1hs mumra margme 
p:1pi Uosa. z-z 4 rnm.longa ct lata. A n£herac triangulari-o\'oat:te ~'Ubscssilcs 
gl:tbrae o.6 mm. longae. Di~us c~us s~bpla.nus ~-lobatus r.; mm. 
di:rrn. glaber. 0\·arium nrd1mentarmm 111 d1scn mmersum. Stvlus 
tninimu~ hilobatus. Drupa ellipsoidea C)-IO "!Ill· longa (,...7 '!1m. IJta 
in sit-co cpicarpio rugoso glabro, en~ocnrp1? cm·nen temu mat~': 
cllipti<'o basi rotundato apice obtuso lnlocularr uno lnculo lam ferrrh 
altero minimo vacuo. 
\T~EZUFLA: Bm h'AR, savanM bordering forc!lt of .Rio ~aruai. 

httwt>cn S:mra Teresita de Kavanayen an~ base of Ptarr-repur. u :o 
m. air., ,hruh 8-12 ft tall, leaves. subcor•accmt~ dark grceJ' abo\ e, 
d ull green hciO\\. perianth deep br1ck, cal~x dull gf!en, 18. ~0\ ember 
'fJH. SteJermfiTk 6oJt2 <HOLOTYPF.. I:; ISOTIPI·, ' ): Cerro 
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B I• 1 h c 1 , 01 Rowers reddish brown, occ.tsional nbove 
o 1\ ar m \ tr c - .. ·· 1 b 1 

lr' . : 1 • - Fcbruan· '9'3· IT'urd,1ck 143S9: s uu or sma I 
tunne -, . 7:>0 n ·• • · J h h J) 

II a •1on•l on ore bod\· near h:~ru (>rc enc , z cccm-tret' ::. m. ta • occ s " . 
bc.r 195'· fl. \l.tgw rc p 6Sj. 

8. Dacryodc~ miaocarpa . Cua~~- sp. _nm·:. tig. nostra ~ .-Arbor 
rnmu(j, renninahhu' , aide lll\'emhhu~ ~paN' pi!Js :tdprc~-;is mox 
glabcrn mis, ~quamaw-rc~inosis. 

folia altcrna imparipinn~ta 1- :!.·jUga. o;aepc rrifoliolata intcr~um 
luioholata 1 :-:o em. longa. J.>e tiolu~ : ., 5 ~m. longus p.mln straatus 
f uscus nmdus glabcrrimus. lml'rnodJa rhach1s 1.5-4 em. l ~111ga glabra 
le' iter striata. l'clioluli l,neralc:. 6-11 mm. long.1, rcrnunalcs 1.1-3 
em. longi, glahri ~qnamo,o-.rc~mo~i. Foliola rcnuitcr coriar ca gl~bra, 
m :ua , cl dlipueo-m .na has1 obtuse cuncat:l \·cl subrC?run~lata ap1~em 
'cr<;us angu-.rara ct sub ire in acumen producta margmc mtcgcrnma, 
5 11 em. lonJ!:t ; 6 em lata, ;tcuminc ;-15 mm. Iongo : ~ mm. lato 
acmiusculn; supra cost~ bene conspicua sed immersa. ncn is sccundariis 
rrtintlottuc ohmw de\ aris c.liscolorc conspicuis areoli~ inter reticulum 
plu~ ll'int J ~\ c imprcs~is; subrus costa lara prominula ncn is secun­
danis pracctpuc JO utrnque l:!tcrc filifo rmc prominnlis paulo aS(:end­
cntihu.'> prupc margmcm rcnuioribus JrCUatis C\'anc ... cemi-an:Jstomosaris, 
ncn uti~ gracilcm reticulum de\ a tum formamibus. 

lnfl~Jrcsccntiac axillarr' ct ~uhrcnmnales ~-~ em. longac paucillorae 
ax1 rnmuli-;que tenuihus flcxuosis niriJis glabris tamum sursum 
rnmulos.ac floribm. pediccllaris. Pcdicelli : - 5 m m. longi ghherrimi 
ap1ce inerass:ni. C::tlyx cupular is brc' is cra~sc uuncato-marginarus 
gl~bcr. Pctab ) m .aro-cllipnca ohtusiust·ula crassa glahra margine 
nunuussunc paplilosula 1.6-: mm. longa 1.1-1. , mm. lata. Stamina 6 
<;tcnha fil.amcmo brc\ 1ssimo o.: mm. Iongo, :mthcris r orundnto-m .uis, 
04 ~-s mm. long1s Discus bre' iter cupulans e ras., us lc\·ircr 6-lob:Itus 
glabcr. o, arrum 0\ arum glabrum o.l.\ mm. altum hiloculart• loculis 
liJmulath. Sti!,'llta sc-<;iliunl cra,so-capit:llum. T'ructu~ cllip<>oidcn~ 10 

mm. longus 6 nun. :at\1~, flcricarpio in sicco paulo ruooso viriJt-grisco PI b I •• I ::: ~ "'t~ r~ su lllltlc o \CI '>tluamuloso-rcsinoso, tcnui. :-\u<.·ula cornea 
c 1Ptlca lulncularis loculo uno magno icn ili ahcrocnrnprcssu \'ncuu. 
\l~l'lUIIA I 1 

• S~1llt-\l..llt., me" top of I smcraltla Ridge, :tbout 
JlS ft .. flower nnd bern• green 6 O ctoLcr I NR (i I I II T(lr,• 19" 
0101 OTYPI U · · . • · > ' ., ' • • • ' 
. ' S, ISO I\ II , :-\Y ); another t•ollcction s:t lt JL' loc;tl· 
rt\' l1rt~ 211 1:--:Y). • 

I lncTvodes ?nicrac p · 1 · 1 · . • • 1 • • nr a Is c lar:tcrcnzct bv us small f ru1rs w h1ch 10 1

1111.' 
1!' 111

11
C1tl f•nm du not surpass 1 em. in lcn~th · :111d bv h:n ing 

snt:I cr ca crs than ( I . I . ~ • • 
rclntec.l /). labT ~noM 11 1 tc spccJc~ .. r JIITcr<, from the clmclv 
e . g a an Its larger, more Rl'XIhle le:t\'cs and leatlcts w ith 
~c~~ consplc~ous 'cnation abo\ e, and hv the longer tlc•mo~c inflo-

... enc~ wuh more race · 1 1 • "' 1 '. 1 1 . · lliiJSe, 1so :trct :tnu ong Jlcdtcell:ttc flowers. un terrnorc rn tim 1 • fl L • • 

gJ .. I h~l SJICCies l 1c owcrs and pamclcs arc comJ>Ictl.'h • Jrous, \\ I c m /) glab h . I' h • ra t ere h a ~ 1g t scattered pullcrulcncc on 

I I 
"J ~' ., "' .. ,.. .. hlp , ... , ....... , ,,_ 

· Photo"roiJlh of fruirin~ 'Pl'cimcn. Fig. ~· J).ra.vo.iel nllcrocarp.l. co 
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the bra.nchlcts,. pcdiccls, sep~ls and petals. The fruits seem to be 
longer m a varrcty of 1). 1mcrocarpa. Dacryodcs microcarpa differs 
fro~1 other Dac.ryodcs. species in its small and oblong fruits with thin 
pcnc~rp and t~m. tlcxrble, endocarp. The lea\ cs are small with O\'ate, 
acummate, flexrble. chart:tccous leaflets, which arc reticulated on both 
sides. The axis and branchlets of the inflorescences are slender. 

D. microcarpa var. lanccolata Cuatr. ,·ar. no,·.-Folia n-r6 em. 
l?n~a 1-3-j~ga. Pct~olus :.5 em. longus. lnrernodia 1.5-4 em. longa. 
F· olrola tcnmter corracca fi rmula-ovato-lanccolata Ionge cuspidata basi 
obtuse cu!leata ,·el obtl.ISa ;-14 em. longa (cauda inclusa) :.7-5 em. 
lata, caudrcula 12-21 mm. longa z mm. lata (basi lariori), utrinque 
prominule rericulata. Drupa ohlongo-ellipsoidea 14-15 mm. longa 8 
nun. lata in sicco epicarpio corrugato. 
Vf~F.ZUF.LA: F s.\IFRAU>A _ll5 ft. Tree savannas, "Tyler-Duida 

Expedition'' 2 October 1928, Tate 119 (HOLOTYPE, NY). 
At first sight this plant luoks different from Tate's other specimens 

of D. microcarpa. IJowc,·er, in Tate 19f there can be found some 
elongate leaflets which tend to hccomc lanceolate. On the contrary, 
Tate 211 has more o\'atc and shorter leaflets than the type. 

9· Dacryodes peruviana (I oesner) Lam. Bull. Jard. Bot. Buirenz. 
ser. 3. r z: 336. 1912. 1\tachride, Flora of Peru in Field 1\tus. ~at. 
Hist. But. Scr. rr 3: :: 716. '949· f'Jchy/obus pentvianus I.oesner in 
Engl. Bot. Jahrb. 37: 569· ri}OO. 

PERU: HllASt:co, prov. lluamalies, in sil\'a apcrta inter Monson 
ct flU\·ium Huallaga, sita in 700 rn. alt., lVebcrbauer 3697 (HOLO­
TI'PE, B). 

Dacryodes peruviana var. caronicnsis Cuatr. ''ar. nov.-Arbor 
30 m. alta. 

Folia imparipinnata 6o em. longa 3-4-juga. Petiolus rhachisque 
minutissimc puhcrulenri vel glabrati, intcmodiis 6-9 ern. longis striaris. 
Pcrioluli robusti r-z em. longi, terminalis ad 6.5 em. longus. Foliola 
rcnuitcr coriacea subrigida, elliptico-oblonga vel O\'ato-oblonga ,.el 
inferiora o,·ata basi asvmmetrica subrotundata vel obrusa Gd apiccm 
paulo attenuata subitequc acuminata, 1 z-z8 em. longa 6-ro em. lata, 
acumine obruso 1-2 em. lon~o 3-5 m~. lat.o; s~pra gl.abra n~n·o 
mcdio angusto prominulo nen·rs sccundaru~ fihformllms .vrx prormnu­
lis rcticulo nen·ulontm sublaxo plus mrnusvc prommulo; subrus 
glahra sed minutis.'iime pulverulento-papillosa, .cost~ valde promincnti 
srriolata, ncn·is secundariis a~gustis et promme~nbus 8-r 1 utr~que 
latcre suhascendcntibus margmem ver;sus arcuatts anasto!'"osannbus. 
ncrYulis minorihus in reticulum pronunulum anastomosans. 

Fructus oli,·aceus, cllipsoideus in sicco 21-23 m. !~ngu.o; !4-16 .n~n!. 
latus pcricarpio in sicco corrugato glabro. subrundo mgro-\ mdt. 
'\:ucula cornea subohlongo-eUiptica, paulo ovotdca zo mm.longa •s-•6 
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mm. lata, lJilocul.tris unu loculo tantum fertile, nltcro 'ncuo minimo 
complonato. 

\ 'E.'\1 Zl:l L \ : Dod\,\R, Bo:.qucs del lkabaru, 420 111. Caronf, 
Gu.t\ ana, arhol 30 m. cu\ o fruw llama do '·ur:i" c~ comiJo por los 
Arckuna • October 194~. i. (ardon.: ::364 (llOLOTYPE. US) . 

1 he 'aricty caro11imsis dtffcrs fr()Jn the t) pica! fonn in its larger 
lla\ cs, larger .and n ore oblong loih.·ts with fc\\ er, more ascendent, 
!;ccondan· ncrH·s, the leaflets arc also narrowed ncar the apex and 
longrr acuminate. A cmnplctc compari~on is not pos.;ihle hccausc the 
JlcrU\ ian type \\as dcscrihcd from t1owcring material and the Car­
dona pl:tnt Ius only fruit-. It ha~ nvt hccn poss1hle at th i~ tilllc w 
liCe \ Vcbcrhaucr's type :;pecimcn once deposited at Derlin-Dahlcrn 
( prc•umahly destroyed), a photograph of which exi,ts (photo l.'icJd 
. \Ius. 1.256:). I he! ll 'elu~rbauer specimc:n 6y6o, cited in r/or.1 o f l'cru, 
belong~ w l 'rotitml. 

1 o . Dacryodcs colombiana Cuatr. Prima flo ra Columbiana I. Bur­
~craccae. \\'cbbia 1: { ~): 1957 (in press). 

C<_)l _0,\ IB I \ : Bol \ (! ' · \'allc del \l:!gdalcna. Cimit:trra, ; km, of 
l!.rnm:uw ro:td, forest tree 50 ft. rail. sccnr"d gum in hark ":tnimc 
blanco,'' r . B. L:rmb I JII ( ( JOI.OTYPr:. cs. lS<.lJ\'PI'. COl .. ). 
11 . Dacryodc~ roraimcn~is Cuatr. sp. no\·.-Arbor ci rc.1 zo m. 
alta caulc H em. d iamitcmi. 

r otia imparipin.nata ~o-4o ern. l?nga .;-juga. Petiolus paulo Jngu­
lu~u' suhtcrc~ stnatus quam rhaclus minutissunc dcnscquc nchraceu­
pul ~ cru~enrus. lmcrnocha quam peuolus brcnura :: ;-'i em. long.t. 
rCti_?IU~I 6-10 111m. lonpi incra.~ati r imossi (in Sicco) llllllutC puh cru­
cnu I ohol~ cnssc hrmi~irnc coriacca in sicco pallida, clliptit·o­

oblonga b~s1 obtuse cunc:ua paulo a'ymmcrrica ad apiccm attcnuat.l 
ct . plus mmu:.> c obruscquc acuminata margine imegcrrima Jc,•itcr 
rc\oluta 8-18 em. tonga ~·5-; .em. lata acumine ;-10 mm. tonga ::, -6 
mm. I.Ho, supra _co~ta fil~ f.omtl. ~mum r.romi?ula rcticulo ncn•u lor~lll 
paul~ con~p1CUIS I'!' cmha p1hs rubclhs mmmi~i1111~ microscopic is 
~~~r;~~ pracdnt d~lli<)UC glabr~ta; suhru' costa tmincmiss1ma c·arinata 
>:u ~tnol:na ncn·1s sccundams 1 1-14 urrnquc Iati~re pruminclllihus 

I, f uhs ma~gmcm 'ersus arcuato ascende!ntilms :uusrornosamibHs< ul: 
~~:lh\ rcuculum obu~se pr~'!nin~lum. f?rmantihus. Sl lpcrft~ ic :1s ·Jelen; 

g 1 1
ra sed prncctpuc Jlln:111hs mmunssunis pilis squ·uuulo i \ II' 

su 1 cmc tnmum \ isibilihus nmnita. · ' s ~ ru IC 15 

I l nflorc~cmiac p~tnicula rac R- IZ em. longa J>Cduncul ( 
ongn) ramuli~ I 1 • • 'l' o 1- 4 em 

fructiferi' grnci;~~c :tngu OMs n u~mtc puh:crutcnto-puhcrulis. Pcdit-clli 
circa 3 mm.' diamiic~sm~~i, !ongl pul:cruh., C:tlv:-: f rucrif~r discoidal is 
O\fJJdco-cll ipsoidciiS. g. cr. Discus glahcr. Fructus ell.psoidcus \'cl 

• Ill SICCO l j-1 ~ Jnl11 )ono-u · ' cpu.:arp1o corru '· · r- s Circa 10- 1 r 11m1• latus 
Ulbtcnuis dhpso~d~o, I o~hracco-oln•acco .su.lmitido. '\ucHla curne.t 

a 'asl rotundata lJrc' ls:.J.Jlle apiculata :td apicem 
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p.tUio attenuata, 15-16 mm. longa ~10 mm. lara, bilocularis loculo 
uno magno fcrtili alrero sterile par\'o compresso. 

\TXFZUELA: Bm hAR, Mt. Roraima District. Vicinity of Ara­
bupu. in mixed forest on day soil s.w. slopes of Mt. Roraima, :air. 
46oo ft., tree 65 ft. high, trunk 14 in. diam., fruit yellowish green, 
;q December 1939, Albert S. Pinkus 86 (HOLOTYPE, US· ISO-
TYPF, ~\') . ' 

Oacryodes roraimcmis can IJe distinguished from D. scleropiJylla 
hy irs smaller leaves and fruits, in its closer and more spreading 
secondary nerves and by a more conspicuous 'enation. The new 
~pccics differs from IJ. e:xr.clsa in its oblong and thicker leaflets and 
smaller fruits. 

1 ::. Dacryodcs sdcroph) II a Cuat r. sp. mw.-Arbuscula 10 m. alta . 
Ramuli tcrminales lenticcllati adpressc minuteque pubescentes denique 
glabrati. 

Folia 40-50 em. longa imparipinnata 2-3-juga. Petiolus 8-rs em. 
longus, pariter rhachis rohustus leviter striatus lenticellatus minutis­
sime pubesccns demum glahratus basi incrassarus. lntemodia rhachis 
4-7 em. tonga subteretia. Pctioluli 5-10 mm. Jongi crassi pubcruli 
vel glabrari. Foliola opposita lamina rigidc crasseque coriacca oblongo­
o\'ata vel oblongo-cfliptica \'cl infcriori o\·ata basi obtuse cuncata 
paulo asymmetrica apice angustata bre\'iter obtuseque acuminata 
margine integerrima, 11-24 em. longa 5·5-9 em. lata. acumine 3-5 
mm. Iongo 4-5 mm. lato ,.cl suhnulo utrinque \'iridipallida (in sicco); 
supra glabra laevis costa ncn isque secundariis pallidis ,.ix cnnspicuis 
rericulo venulorum obscure notato; subtus aspceru glahra sed minutis­
simis pilis squamoso-glandulosis pallido-rubellis sparsis munita, cosra 
'aide ele\'ata robusta striata, nervis secundariis 8-1 1 utroque latcre 
prominentibus arcuato-ascendentibus marginem 'cfl>Us cvancscentibus 
anasromosantibusque, venulis in reticulo vi."t prominulo vel immerso 
instrucris. 

Drupa olh·acformis oblongo-o\ ato-clliprica 19-31 mm. longa !'Z-19 
rnm. lata epicarpio papiraceo oli\ aceo in sicco ochncco glabro mndo, 
mc~ocarpio pulposo endocarpio corneo. N~cula :z8-;o mm; longa 
circa 17 mm. lata et 14 mm. crassa ovmdeo~blon~ bas1 paulo 
attenuata obtusa apicc magis angustata subacu~a •. b1loculans uno loculo 
fertili monospenno altcro loculo adpresso mm1mo vacuo. 

BRAZIL: AMAZONAS, basin of rio Madeira, Municip. Humayta un 
plateau between Rio Livramento and Rio lpixuna, shrub 30 ft. high, 
on campinarana, resinous liquid from inner bark, 7-18 November 
1934. Krt~koff 1011 (HOLOTYPE, NY; ISOTYPE, US). 

Dacryodes sclerophylla is related to D. olkfift1'". but it is ditfer~r 
in its thicker, rigid, cuneate and almost sym!"etracal leaflt'ts, wh1ch 
arc subobtuse and have fewer and less P.rorrunent secondary nerves 
and a less conspicuous venation. D. oiM(n-a has a l~JlCr number of 
prominent anJ spreading secondary nerves ( 17-Jo paus) and more 
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0 , nid and acme pvrcncs. The \\'c~t fnJian D. excels:~ has s~tallcr 
lea\ c~ than the Brazilian plant. shorter, o\'al or. ovate leaflets w1~h an 
obtuse or subrotunuatc !Ja.,~.: and pronunent reuculum beneath; 1t has 
abo ~mallcr t ruits '' Jth an cllipnc cnJucarp. 

13. Dacryodc:. nitt:m Cuatr. sp. _m.w.--:-Arb~r magna r~unis termi­
nahhus subtcreubu~ 'crrucoso-lcnoccUans mmutc adprc.s~>c pubcs­
ccntihus. 

Folia 45- 50 CIJI. Jonga imp:mpinnata s-juga. Pcti_ulus <.:irca. 10 em. 
longu~ robustus paulo striatus supra pla~lUS. mmutc lcnucellato­
'crrucosus nunuth~•mc pubcsccns. lnternod1a ro~u~ta 4:-5 .em .. tonga 
~uhtcrcu,J mmutl:..,nnc pubcrula \cl glabrata. 1 cuoluh crass•. ?.-•o 
mm. Jungt gl.thri vel paulo pub~ruli tcm1inahs ~.5 em .. longus. I: ol.tola 
opposita 111 sJt'co rahacina Iinne crassiusculc c.:o~Jacc;l clhpuco­
ohlongn \'cl hasilaria ct tcrminalia obu\'ato-cllipuca has• obtuse cuncata 
npicc roJuntlaJa ~ubitc acununat:t, • o-18 em. longa 5 i ·5 em. lata 
:Jcuminc 4-1) 111111. Iongo margine inrcgerrima; supra glahra opaca 
cosu ;anguste prornincmi ncn 1s sccundariis pallid is bene conspicuis 
' cnuli~ paulo prominulls sed 111inurc conspicuequc rcticuL!ti!.; !>UOllls 
ptlis minuti!>~im1s r.u·i!> munita cosra emincnri r:1rinata striulnta ncn is 
~ccumlarii~ H:nuiuus pronuncntibus 12 utroquc larcre subpatulis mar­
gmcm 'crsus arcuato-;anastomosads ncn·ulis vcnulisquc prominulis 
rt:t iculati). 

lnflorcscemiar frucnfcrac axillarcs paniculatae c uas1 ramusac u-18 
em. longac axi robusto rigido angularo parce lcmiccllato-\'crrucoso 
nunutissimc pubcsccmi ramulis patulis r obustis hasilaribus Jd ~-Jo 
em. longis. Pcdtcclli fruclifcri robusri 1o-2o mm. longi apiccm nrsus 
satis incrass:n i. Drupa marurh:1tc ovoidea ,·c) clliprico-o\Oidea nigro­
OJiracca nitidissima siccit:ne circa 30 mm. lunga 20 mm. lara 16-r i 
mm .. crassa pcn carpw ~rasso siccitatc plu!> minus\'e corrugaw; cntlo­
carpw osseo d uro O\ 01dco ctrca 27 mm. Iongo l,)-1; mm. Ia to bilo­
culare uno loculo fertile scmini.fcro altcro minusculo adprcsso 
'acuoquc. Coty lcdoncs crnssac d•giramc conduplicatae. 

BRAZIL P ARA, Bclcm, terra fim1c, arborc grande "Brcu Sucuruha," 
13 J.anual) 1953, j. M. !'ires & N. "/. Szh·,r -1431 (JJOLO I YPI:, USJ. 

l>acr>odcs nirms Jilfcr~ from D. scleropbyl/,r in its less thick and 
n{,'ld k1llets marked with cunsp•cuous. mmutc venation on both 
Mdcs, by the more cJhpucal :1~1d olJlung leaflets, rounded and abruptly 
acunun .. te at the apex, ln II!> 111orc numcrou~. more ~lender and 
~p~adlllg secondary ncr\'C.:; and the smaller nurnbcr of le.Jilcts. The J' 1 • nc~os, the clhpuc-obiong form and the minute, conspicuous retit:u-

fallun of the lt:~ flct s as well as the larger fruits, distin~ubh this species 
rom IJ. perz1n .m.1. • 

~!·a2~C~}~d~ uli\:ifcra, Cuatr. ~otas 1'1. Colombia XII. Rev. 
COL< ~\;B~A -· ~; I·. >"~. II: .4n flg. 7~ 8, 9 y 10. •952· fig. nostra 4· 

IJrnad I. n'· Alll , Conhllcra OccJdcmal, \'CftiCillC occidental ·; c n o wua I d · · d 1 · ' ., , a u IZIJU•er a, >1edra de ,\lolcr, bus<Jucs 9<10-118o 

l:· f) ·rvo ies olit'i(era: A. fruit; n. c. /). cnthll':lrp; /. tr<lnS-
rg. 4· at ' d · /' I l 

I · · f 1 ·arf> f)acrvo es anmpvn'lla: ~. ·. en, uc•trp. \"Crs·t section o cnt oc · · · · · 1 
I) · · · i 'J tall',. G H endnc:Jrf>: J. cross scct11111 ul ''Ill O<.'<lfJl .rcrvo, es occ1 en •· · · \I · f 

• • • • L' fruit 1 enduc:1rp, . <'ross ... cctmn t• /),rcro y.f,•s rora1111e11S1S. n • • 4
• \11 

f . ·1) 1 cl-opl"'l/a· N fmir, 0. cndn<.·arp. ~. nut. .rcr,vo, es r '' '·' · · 
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rn .. :irbol 40 m., '':mime," Cruztrecasas 14944 (IIOLOTYPE, F; 150-
TYPF, VALLI-.); Ho)a del rio Sanquinini, (ahajo de NaranjaD, I a 
Laguna, bosque:. n;o-14oo m. alt., arhol 4' m. alto, 110 em. diam., 
":mime,'' Cuatrccasas 1 HJ6, (F, VALl I ) ; Hova del rio Digua La 
I b;l, t]UCbrada La Crbtalina, L>osqucs IQ00-1150 m., arool 40 m.'alt., 
Ho em. diam., Cuatrccasas 1 p:i1 CF, \'A LLE). 

1 5. Dacryodcs occidental is Cuarr. :"' uras Fl. Colombia XII. Re\'. 
Acad. Col. de C. r. F. y N, R: 474. fig. 4, S' y 6. 1951. 

COLO.\ IBIA: V At.LE, Costa del Pacifico, Bahia de Buena ventura, 
Quebrada de San Juaquin o-ru 111. alt., arbolito 10 m., 8 em. diam., 
Cumraasas 19YI7 <HOLOTYPL, r; ISO'J \ P~ .• VALLE.). 
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Ho\\'Aim A. SPALT A:-;n \VrLLIA:\1 L. STERN 

Scbool of Forc~·try. Yale University, New Haven. 
Connecticut 

Aucoume,r k/aineana Pierre Gaboon Burseraceae 

Trade names for this species arc gaboon in the Cnited 
States and Great Britain, and okoumc in France (Forest 
Products Laboratory, '95'; Organisation for European 
Economic Co-operation, 1951, 195~ ). Local names in the 
Cameroons, Gabon, and Belgian Congo include acoume, 
angouma, bengouma, moukoumi (Brush, 1944). 

Mature trees attain heights of 11o-1 30 feet and diameters 
of 3-5 feet. The trunk is straight, cylindrical and clear of 
branches for a distance of 7 5 feet. Several thin, wing-like 
buttresses extend up the trunk from the ground to a height 
of 8-9 feet. Gaboon has a restricted range, occurring in 
Spanish Guinea and the French Equatorial Afric:tn states of 
Gabon and Moyen Congo (Brush, 1?44). It is fou~d :tlong 
the borders of dense forests where 1t extends nut mto the 
adjoining grassy plains generally occurring on hillsides 
bordered by small stream beds. 

1The reader is directed to TropJclll Woods zos: 13-38 for tables and 
the introduction to this series. 
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T he heartwood is pinkish to ~inkish brown in co~or, 
~omctimcs with a &.tinct redd~h unge (Bmsh. 1944; Knbs, 
1950). Sapwood is lighter_ in col.or_. of~en some\\ hat grayish, 
and u ually 1-3 inches wtde. DJStmcttve taste and odc~r are 
lacking. The grain is Yariahle from. wa,·y or curly to mtcr­
lockcd, producing a ,·ery attracn\'e figure on l}u ,; rre~cd 
surfaces. T exture is medium and the surface luster IS lugh 
and ~:ttim· . l.rm\ th rinrrs arc usually distinct. T he pores arc 
di..,tinct \, ithour a len;, numerous: cvcnlv distributed and 
solitary or in radial g roups of z- 3. T he pa renchy ma is 
irwisihlc ro the naked eye. scanty :tnd p.uatrachcal. Rays 
arc invisible ro the unaided eve on the end surf.1ce :md con­
spicuous on the radial surface being darker than the hack­
rrround. ::-

The \\ ond is moderately light with an a\'eragc weight per 
cubic foor at 1 ~ per cent moisture content of 20 pounds 
( z ;-3 1 pounds; Brush. H)H) . Specific g-ravitv ( o\·cn-d IY 

\\eight. air-dr~· volume) averages o .. F ( o. w--0·4-5) . • 
ll1e wood air-seasons and kiln-!'easnns satisfactoril\' w ith 

linle tendency towards degrade (Brush. 1944; J:n-, • r 04 7). 
In ~ome instances end-splitting may he encountered hm jc; 
unlikelv to he of a serious namre. 

T he rc'iulrs of mechanical rests on air-drv material arc 
reported in table r. Gahoon comparee; f~vorahlv wit h 
domestic hardwoods of similar specific gravit\· in m n '\t 

strength categories. T he seasoned \\'(md of gahonn m:t\ ' he 
compared. \~ ith that of qu~king aspen. Jn · static hen.ding 
strcngtl~, rt 1s .cq.ual to qmrln~g aspen in fibe r stress at the 
proportional lrnur (57fio p.s.t.; Banks, l')'4) ancl stiffness, 
~Hit somewhat inferior in modulus of ru ptu re. Tt is inferior 
1~ 

1
maxinmm crushing strc_ngth hut ha rder on the end and 

~•< c surface.~ and stronger m S~le~r. T ests of impact strength 
~onductcd rn France ( Ac;socranon C:olonics IC);!7) u<>ing 
I· rcnch methods, indicate that rr:1boon is somc,~•h:n leo.,~ 1·es'1st-am t · ,., · · 

. o rrnpact J,m1s than African rna hogany ( 1{ hny a itwr-
emrs). '"' · • 

, Jhc g~ccn to m·cn-dry shrinkage \':t lnes for gahoon­
\ o urnctnc n.6, tangential 6.t and radial 5.6 per cent 
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(Harrar. '9·-f-2 ) , may be compared \\ ith values of J 1.3, 7.1 
and 5.2 per cent re.'>pecth·ely, for American black walnut. 
The magnitude of the shrinkage of gahoon is similar to most 
domest ic woods of the same specific gravity except that 
gaboon in general exhibits slightly less tangential shrinkage. 

The wood has low resistance to decay by fungi and is not 
suitable for use in damp conditions ( Brush, 1944). 

Gaboon works well with hand and machine tools in most 
operations but may he difficult to saw. Pick-up in planing is 
encountered due to the irregular grain (Brush. 1944; Jay, 
194-7). Extensh·e tests on the veneering and plywood fabri­
cating qualities of the wood have been conducted at the 
British Forest Products Research Laboratory ( 1953). In 
rotary peeling, smooth and flexible veneer is readily obtain­
able which is generally free from defects. Some brash 
veneer is produced in the zone less than 10 inches from the 
pith where brittleheart may he en~ountered. The gluing 
properties of the veneer are excellent. 

Gahoon has manv uses in Africa, Europe, and to a 
limited extent in the. L"nitcd States. Its principal uses are for 
interior woodwork including paneling and flush-door con­
struction. fumintre lining and backings. and plywood 
manufacture (Brush, 1944). In the form of plvwood. it is 
uc;cd for boxes. light packing cases, light trunks and suit­
ca~cs. It is also u~ed for shipbuilding in place of Sp:mish 
cedar (Cedrela spp.) and mahogany (S"..:..•ic>tenia spp.). Two­
ph· planking of gaboon in the fom1 of thin lumber or ply­
,,.;lOd was t;sed for smaH wartime craft such as landing and 
rescue boats. 

/Jai/..'incn fJlurijuga Harms Rhodesian teak Lcguminosac 

Though the English trade na1~1e for this ~pecies is Rho­
desian teak. BniNac>a plurijuf{a dtffers apprectahlv from t~c 
true te;1k (Tectona f!ra1!dis) in both anatomy and properttcs 
(\.halk ct al.. IQH ). Common names for the species include 
r·ed wood and Rhodesian redwood. l~ocal natrve names are 
igu-;i (Southern Rhodesia); mukusi (Northern Rhodesia); 
nnp:t pa (An Ia). 
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The tree is of medium size, seldom O\'Cr so feet in heig~t 
(For est Products Research Laboratory, '94 5) · !he. bole lS 
almo!!t cylindrical, up to two and one half feet m dmmet~r, 
and dear oi hmnchcs for a length of ::o-35 feet (Marttn, 
,94o). The species occurs in the deciduous sa~·anna forests 
of ~onhcm Rhodesia. Southern Rhodes1a. northef!l 
Bechuanaland Prntecrora£e and southeastern Angola. It IS 

found in a region of low relief on sandy soils from 3ooo-
4ooo feet in altitude. In many areas. pure stands of 50. trees 
ro the :1crc occur. Of these. ::o-::5 may be of exploitable 
~izc ( 12 inches or more in diameter). 

The sap\\ nod is 1-2 inches ''ide. bright ycllo\\' ncar the 
bark, grading to pale pink roward the heartwood. I I carr­
" ood is redJish brown when freshlv cut and fades to a dull 
red upon exposure (Kribs, 1950). irregular light and dark 
streaks in the heart\\ ood gi\ e the wood a striking appear­
ance. The grain is straight to some\\ hat interlocked and the 
rexrure is fine. Odor and taste are nor distinct and the luster 
is low. Gro\\ th rings arc distinct. The pores are in\'isihle 
without :1 lens. numerous. e\·enly distributed and solitary or 
in radial groups of 2-8. Parenchyma is nor \'isihle to· the 
naked eye and is paratracheal. exhibiting short wings \\'hich 
are sometimes contlnent. Ravs arc invisible to the unaided 
eye on the end surface and inconspicuous on the radial sur­
face. The rays arc storied and ripple marks are distinct and 
regular. 

T he wood is exceedingly heavy~ the a\'erage weight pe1· 
cuhic foot air dry is 59 pounds (5o-61 pounds~ ScotL, ICJ.+C)). 
'1 he speci fic gra,·iry ( 0\'en-dry \\eight. air-dry \'olume) 
average.~ o.86 ( o.7 3-o.92). 

Rhodesian reak dries slowhr, particularlv in t hickcr sizes. 
It is i.ncli ned to de\'elop surface checks ~ if dried rapidly. 
~ latcnal :;honld be closely stacked and air seasoned very 
~!owly for six months prior to shipment. The British ForeSt 
I rod.uc~ Research Laboratory ( '945) suggests a kiln sched­
ul~ smul:tr to that recommended for lignum \'itae. 

f hc ~csulrs of mechanica l rests on air-drv material arc re­
poned m table '. rompared with dome~tic hardwoods of 
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equal specific gravity, Rhodesian teak is somewhat inferior 
in strength. The seasoned wood of Rhodesian teak may be 
compared to that of black cherry although the latter wood 
has a specific gravity only 6o per cent that of Rhodesian 
reak. In the static bending properties of fiber stress at the 
proportional limit (948o p.s.i.; Banks, 1954) and modulus 
of rupture, Rhodesian teak compares favorably with black 
cherry; but in stiffness, it is somewhat inferior to the domes­
ric wood. It has an appreciable margin over black cherry in 
maximum crushing strength and shear. It is twice as hard on 
the end surface and three times as hard on the side surfaces 
as black cherry. 

The dimensional change between 90 per cent and 6o per 
cent relative humidity (equilibrium moisture contents of 18 
per cent and 11.5 per cent rcsp~ctively) is 1:6 pe~ cent 
tangentially and 1.0 per cent rad1ally of the dtmensiOn at 
6o per cent relative humidity (Forest Products Research 
Laboratory, 1954). These values are only slightly higher 
than comparable values of r.J per cent and o.S per cent for 
teak. 

The results of decay tests on samples of Rhodesian teak 
wood are presented in table 3· After R mont~s exposure to 
rhe action of white-rot and brown-rot fung1, the samples 
exhibited an average weight loss ~ue to decay of. 4·9 per 
·ent. The wood is therefore classtfied as very res1stant to 
~ecav by wood-destroying fungi (Findlay, 1938). However. 
lncrs. are susceptible to longhorn beetle attack and the sap­
w~~d is liable to attack by powder-post beetles (Forest 
Products Research Laboratory, 1945). . 

The wood is some\\ hat difficult to wo~k With hand and 
. d 1 rec"1able dulhng effect on cut-tnachll~e tools an 1as an app ) 

tin ed es (Forest Products R~earch Laboratory, •945 .. 
I g gh' . operations material must be held fimlly m 
n mac uung . . '. A cutti angle of loo is 

order to prevent v1bratton. ng d . . k 
·h Ianing in order to re uce gram pte -

recommended \\ en P 11 d ives excellent results " ith 
up. The wood turns we an g 
the usual finishes. 
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In Rhodesia, the species is most used for railway ties for 
which its density, durability and dimensional stability ren­
der it a \'ery de~iirable material (Tongue. I928) . In England, 
Rhodesian rcak finds greatest use in high-quality flooring 
(For est ProductS Research Labor.1tory, r 9-f5) . The hand­
some appearance of the \\ ood has stimulated its usc in fur­
niture and railway coach paneling. The dimensional stabil­
ity, durahiliry and great hardness of the wood indicate 
that it mav be suitable for exterior \\ ood\\·ork and decking, 
planking. · keels ilflcl underwater structurJl memhcrs in 
hoarbuilding. 

Ber/inia gr.mdiflora (Vahl ) Hutch. & D:tlz.~ 
B. aritulata Benth. Berlinia 
B. beudelotiana Baill. 

Leguminosae 

T~e rhr~e above-liste~ _species of Berlinia are the p re­
dom_m_ant nmhers compnsmg commercial consignments of 
berlmta wood (Forest Products Research Laborat<>r\T, 
19pb) . Local names in western Africa ::~re common to all 
three _species and also to other species of the genus Berlinia 
(D~lzl~l. •937). These names include sau (Senegal); kpendc­
gulJ (Sterra Leone); gbor-du-orh (Liberia); agvcmera, \\ upa 
(Gold Coas~~; n:clegba ( h ·ory Coast); apado: ohwa, ububa 
(southern ~•gena); esule (Cameroons). T he \\ ood of rhe 
thr~c species is sufficie~tly similar in :tppearance and prop­
eru~s ro make sepnratton unnecessnrv. Therefore the fol­
low~ng description applies to all three species of Ber!i11;a. 

_1 he tree artains a height of Ro-r4o feet at maturitv and a 
dJameter up to 4 feet (Foresr Producrs Research Laboratory. 
19\zh). T he bole is clear. reasonably strai(!ht, cvlind ric.al 
and. free from buttresses. The speCies oc~ur in. western 
~~fnca from <:)icrra Leone westward through Li hcrin. r '\ ' OIY 

f
.oast. (iqJJ Coast. Ni!!cria. to the Cameroons T l1e\· a•=c 
ound · 1 • • ~ • • • 

trc n Llt marn h•gh forest belt in frequencies of 2 ~- r i 5 ~ 2 feet or more in diameter. per sqnare mile. 

•c;,.nnn\'m · II ·rl' · · • 
• • • ' 1111,1 nrummatn S(Jhrtd. r..:x Hook. f. & Bcnrh. 
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~he sapwood ~ pink ~hen _freshly cut but turns to a 
w hrte or gray With a pmk tmt upon exposure (Forest 
Pro?u~ts Research Laboratory, 1952b). The heartwood 
\·nrres m color from pale red to dark red brown, with ir­
regular, darker, purple or brown streaks which give the 
wo?d a handsome appeara~ce. The width of rhe sapwood 
\'an~s great!y, fro~ 1~12 mches, but is more commonly 
4- 6 mches. fhe gram JS usually interlocked but sometimes 
very irregular and the texture is coarse. The wood, when 
drr. is without a distinct taste or odor and the surfaces are 
l~st~rless (Cooper _and ~ecord, 1931). Growth rings are 
d1stmct. Pores are disccrmble on the end surface, not numer­
ous, and evenly distributed. The parenchyma is arranged 
about the pores, sometimes confluent joining adjacent pores. 
diffuse-in-aggregates and tenninal. The rays are invisible to 
the naked eye on the end surface and inconspicuous on the 
radial surface. 

The wood is heavy, with an average weight per cubic 
foot air dry of 45 pounds (35-52 pounds; Forest Products 
R esearch Laboratory, 1952b ). The specific gravity (oven­
dry weight, air-dry volume) aYerages o.63 (o.4<r-<>·73)· 

Berlinia seasons rather slowly, but satisfactorily, with 
isolated cases of moderate distortion (Forest Products Re­
search Laboratory, 1952h). Existing splits may extend c;ome­
what and there is a pronounced tendency for mold growth 
to develop and discoloration to occur. The British For~t 
Products Research Laboratory ( 19'2b) suggests a ktln 
schedule similar to that recommended for sugar maple and 
-\merican black walnut. 

The results of mechanical tests on air-dry material are 
reponed in t able r. The tests were conducted on material 
o f much lower specific gravity than the average for ~he 
species . NeYertheless, bcrlinia c?mpares. favornhly wtth 
domestic hardwoods of equal specific gravtty. The seas(~ned 
wood of bcrlinia mav be compared to that of Amenc~n 
svcamore of slightly ' lower specific gravity. In . the s~at1_c 
bending properties of fiber stress at the proportional ln:'llt 

(8, .. B nks 1954) , modulus of rupture, and stttf­_r o p.s.r. , a . , 
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ness, bcrlinia is very similar to Amer~can sxc~m?re. In .the 
property of fiber stress at the propomonallurut m bendm~, 
it exceeds American sycamore by aln:ost 30. per cent. I~ IS 

companble with American sycamore 1~ max~mu11_1 c~slung 
strength and side hardness !Jut apprectably mfenor m end 
hardness. 

Steam-bending tests conducted at the British Forest 
Products Research Laboratory ( 19pb) indicate that bcrlinia 
is a moderately good steam-bending species. Steamed 
material can be bent to radii of c urvature of 1 ' ·5 inches per 
inch of thtdncss '' hen supported b) a steel tension strap 
and 19.5 inches per inch of rhiclmess '' hen unsupported. 

The green to oven-dry shrinkage va lues for berlinia are 
reported in table 2. These Yalues-, olumetric I5·5· tangen­
tial 10.0 and radial 6.o per cenr- are comparable to \vhite 
oak except that the radial and tangential values are somewhat 
greater than for this species. The dimensional change be­
tween 90 per cent and 6o per cent relative humidity ( equi­
librjum moisture contents of 19 per cent and 12 per cent 
respecrivelr) is 1 .0 per cent tangentially and 1.2 per cenr 
radially of the dimension ar 6o per cent relati,·e humidit~· 
(Forest Products R esearch Laboratory . 1951-) . The tan­
gential dimensional change is considerabl~r less than the 2.8 
per cent value fo r white oak, the radial d imensional chang·e 
being similar for both w oods. ... 

Berlinia is moderatelv resistant ro decav bv wood-destrov­
ing fung i .<~orest Pr~ducts Research Laboratory, 19,5 2l;) . 
Ho\\'C\'erl 1t 1s susccpttble to attack hy powder-post beetles. 
The heartwood is \'cry resistant to imp regnation \\ ith creo­
c;ore h~t the s:tpwood is more permeable nnd can be satis­
fa:r.only treated under pressure or by the open tank process. 

.r he \\'orki~g <]Ualities of the wood varv considerably 
\\ nh the <lcnSJty of the materia l (Forest Pro.ducrs Research 
Labm·arory. ' 9520) . Sapwood and liahte r-weight heartwood 
work · d'\ • .· h h · 0 

... rca •; \\ It and and mach me tools hut w ith n mod-
crate ~luntmg effect on cmting cd!!cs. The denser hearr-
woo,i IS mo · ~ '"' 
d 

. · rc restst:mt to cutting and hns a more severe 
uiJm., effect on curt' d G · · k · ~ mg c ges. .ram p1c -up JS encoun-
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cered in planing and may be arrested by employing a cut­
ting angle of 20° . The wood takes nails fairly well but 
car~ !s necessary. t~ avoid sp~itting whe.n nailing near edges. 
Stnmmg and fimshmg quaiJtJes are vanable; irregular !!rain 
in the sapwood requires special care in order to produce 
satisfactory results. Other material produces good results 
\\ irh the usual stains and finishes. 

Bcrlinia is suggcsred as an alternati\e to oak in construc­
tion and "ooch' ork (Forest Products Research Laboraron·, 
1952h ). However. material must he carefulh· selected to 
n\'oid hrirtleheart. Selected mnrerial has been used to a 
limited extent for dccorariye veneers. The Org-anisation for 
European F conomic Co-operation ( 1951) reports that her­
linia is a good construction timber and is suitable for 
decorative furniture and paneling in the form of veneer. Tt 
may nJ,o prove suitable for use in agricultural implemenrs 
and vehicles. 

Celtis spp. Celtis Ulmacene 

Dalziel ( 1937) reports on five species of the genus Celtis in 
Africa of \\"hich three are mentioned as of potential com­
mercial importance (Forest Products Research Laboratory. 
•951c): C. adolfi-fridcrici Engl., C. soyau:rii Engl. and C. 
zenkeri Engl. 

The species are lmm\"n locally as esn (Gold Coast); ita, 
ohi:1 (~igeria), these names being genernl for all three 
species. C. soyauxii and C. zenkeri arc known in the h 'ory 
Coast as mgua and tango (Dalziel, 1937). 

The trees are tall, from 100-1 'iO feet in height. and attain 
diameters of 3 feet or more. The boles are ge;erally straight 
and clear for lengths up to So feet, although heavily but­
tressed to heights of 10-20 feet (Fo.rcst Products Research 
Laboratory. 194,, 19-iiC). C. zenkerr shows a more marked 
tcndcncv ro hn\'e a somewhat crooked bole than the others. 
The trees are found in western, centml, and parts of eastern 
Africa generally in the drier high forests where they may 
be <JUite gregarious. 
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The wood is "hire to cream\· in color throughout tend­
.ing to become a grayish \\'hire· o,·er a period of time. The 
grain is straight to irregular. t he texture fine and the luster 
high (Forest Products Research Lal~or~t~ry. 1951 c; Jay, 
'9-H). Growth rings arc distinct to mdtstmct on the end 
surface. The pores arc barely d isrinct to the nal~ed eye and 
nor numerous in C. adolfi-friderici and C. -::en~'en, moderate­
ly numerous in C. S01'll11Xii. e\Tenlv distributed. and mostly 
iolimry hut somerim~s in radial groups of !-+ The pare~­
chyma is visible to the naked eye on the end surface, vasJ­
ce~rric. aliform, aliform confluent and handed, forming 
wa\T ranacmial b1es. The ra\·s are fine, barelv ,·isible to 
rhe ·nakel en in (' .. Tdolfi-fri;ferici and C . .I'OY ;u.rii. visible 
with a lens in C. ;:,enkeri. conc;picuons on the radial surface 
and inconspicuous on the tangential surface (Yale 2 3 q 6. 
C. adolfi-friderici; .f]WR, C. soyau:rii; r ~ 50, C. <;:.enkeri3 ) . 

The wood is \'ery hea,·y. a\·eraging appro'i:imarely ; o 
pounds per cubic foot air dry (Forest Products Research 
Labomrory. H)) 1 c). T he average specific g r:l\'ity ( <Wen-dty 
weight. air-dry \'olume) is approximately 0.70. w hich is 
slightly greater th:~n that of domestic w hite oak. 

The "ood seasons "ell hut is susceptible ro staining and 
h~s a slight tendcnc~r to splir and cup. Other forms of dis­
tortion are negligible :md knots remain sound. The British 
Forest Products Research Laboratory ( 11)-f5) suggests n kiln 
schedule simibr to that recommended for America n bnss­
\\'ond and Sitka spruce (for non-aircraft purposes) . 

The results of mechanical te<>ts conducted in F ngbnd on 
green and air-dry materi<ll of C. j·oyau1.·ii are reported in 
t~ble 1. The umeasoned wood of celtis is superior to domes­
tic har?woods of equal specific gravity in most strength 
cntcgones. Celtis is superior to white oak and hicl<orv in 
~lHtd~lw; of rupture :~nd stiffness in bending . It is slightlv 
mfenor to white oak in work ro max imum load, total work 
~n~mpact strength ( 1 'o in.-lhs. per specimen; A rmstrong. 

:~umbers refer to <.pccimcn.; in the S. ]. Record \femorial Colh·c.­
tton of woods housed :n tlw Yale School of Fon·~try. 
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1953). lt is 8o per cent stronger than white oak in maximum 
crushing strength and 35 per cent harder on the end and side 
g rain. It has moderate resistance to splitting in the radi::tl 
plnne and superior splitting resistance in the tangential plane. 

L'pon drying from the green to the air-dry condition, 
ce ltis undergoes increases in strength in all mechanical prop­
erties. The most notable change is in impact strength which 
increases 50 per cent o\·cr the value for the unseasoned 
\\ ood. 

In the air-dry condition, celtis is superior to white oak 
in all static bending properties. It is 25-30 per cent higher 
than ·white oak in modulus of rupture, modulus of elasticity 
and \\ ork ro maximum load, and slightly superior in rot:ll 
work in bending. It is considerably stronger in maximum 
c rushing strength, appreciably harder and somewhat superior 
in shearing strength parallel to the grain and resistance to 
splitting . The impact strength of celtis ( 2 1 o in.-lbs. per 
specimen; Armstrong, 1953) is superior to rhnt of white 
oak by ...;.o per cent. 

The green to oven-dry shrinkage values for celtis-volu­
metric r 5··h tangential 10.4 and radial 5.6 per cent-are re­
ported in table 2. The shrinkage of celtis is very similar to 
domestic white oak, both species being of approximately 
the same specific gravity. The dimensional change between 
90 per cent and 6o per cent relati\·e humidity ( e<luilihrium 
Jl' f\i<;tnrc contents of 20 per cent and 12 per cent respecri,·e­
ly) is v; per cent tangentially and 2.o per cent radially 
(Forest Products Rc~earch Laboratory, tt)_q). Celtis is gen­
erally comparable to white oak in dimensional stability hut 
exhibits considerably more dimensional change in the radial 
d irection than white oak. 

Dumbilitv tesrs conducted in England indicate that the 
wood is highly susceptible to decay hy fungi (Find by, 
ro~R ). After H months exposure to decay fungi specimens 
nf C. soyau.rii lost 41.2 per cent of their origin~1l weight due 
to decay. The wood exhibits a somewhat greater suscepri­
hility ro white-rot fungi than to brown-rot fungi ~md is 
cbssed ns perishable. It is also susceptible to damage by pin-
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hole borers. po\\ der-post beetles and termites. It is moder­
ately resistant ro impregnation bur can he satisfactorily 
treated b~· ::1 pressure or open t:tnk 1: roccss. penetration 
occurrin~t mainly throuah the ' 'cssels (I· orcsr Products Re-

~ . ~ 

search Labo ratory, 1945) . 
T he \\ oocl \a.orks \\ ith moderate case in machining opera­

tions. but is slightly hard to \\ ork with hand tools. Its 
"orking t}Ualtties :JfC sunibr to English oak (Quercus robur; 
Forest ProductS Research Laboratory, 19-U ). Straight­
grained material machmes cleanlr but guarter-sa\\·n material 
may exhibjr grain ptck-up ''hen interlocked grain is present. 
f t has a !noderare dulling effecr on Cutting edges but does 
not_ rcqwre special treatment in any operation. The \\ ood is 
res1stant ro the dri,ing of nails and tends to split in nailinrr, 
requiring preboring. It stains and finishes "ell with little 
grain filler required (Forest Products Research Laboratorv, 
1951C). • 

The wood has been suggested as a substitute for hickory 
and ash bur has been found unsuitable for the more exacting 
purposes for which these \\'Ood~ are used (F orest Products 
Research Laboratory , r9.+5 ) . l t should prove ~uitable for 
constructional work \\here a medium density wood is 
d~ired. Th.e main obstacle to i.rs use is it!) susceptibility ro 
sram and pmhole borer attack m the log form and its low 
resistance to decay by fungi (Forest Products Research 
l.ahorarory. '.951 c). Rotary-cut veneer of sui table C)ll:tliry 
for commet"CI:-~1 grades of pl~·wond can be peeled from 
selected logs. 

C/.lloropbora e:rcehn (\ V clw.) 
Rcmh. & I look. f. Iroko \Iornceac 

.The species is most commonlv known as iroko in the 
t\porr trad 1 I h I . . ",\ f . · c a t 1nug or 1er names are :l})phed such nc; 
·• ncan teak '' '·1'-t · 1 ,, it is k ' · 1 Igc~lan rea'· rnko and muvulc. Locally 
. . no" n as tumluro (Porruuucse Guinea)· sili simc 

tlm!llc honu (S 1 ~ ' ' • 
• • 

1 
... cncga and French l.uine·1)· l·oc-tct11" 

'iCillCJ s )" (S" ~ . ' ' ' "• 
(h 

0 
' ·~ 1 • Jcrra Leone)~ agw. bakana. elon, edum gui 

~ r~· _oast); cding. clui, odurn (Gold Coast); loko (n~rth-
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ern Nig~ria); iroko, uloko, efriyo, osan (southern Nigeria); 
momangt, bobang, emang (Cameroons); iroko, odum (Brit­
ish East Africa; Brush, 1943; Dalziel, 1937 ). 

Old-~rowt~ trees attain a maximum height of 1 6o-zoo 
feet wtth a d1amcrer from 7-9 feet. The trunk is clear and 
cylindrical for a l.ength up to 50 feet, occasionally with slight 
buttresses extendmg a few feet up the trunk (Forest Prod­
ucts Research Labor~tory, 1945; Kinloch and Miller, 1949). 
The natural r~nge ot t~1e species is within a belt extending 
across the Afncan contment between 10° north latitude and 
15 a south latitu~e m.ainly in Portuguese Guinea, Ivory Coast, 
Gold Coast, N1gena, Cameroons, Angola, Belgian Congo 
and eastward to Uganda and Tanganyika. It occurs as a 
scattered tree in the forest attaining maximum size and 
number in the mixed deciduous forests toward the coast. 
Further inland, it is found in the drier forests and in the 
forests bordering the savanna (Brush, 1943; Eggeling and 
Harris, 1939). It is often found scattered on abandoned 
far~ lands in the open \\·here it has come in as a pioneer 
spectes. 

The freshly cut wood is ye11ow to yellowish bro\'.rn in 
col~r; the heartwood is darker than the sap\vood. Upon 
drymg, the heartwood darkens to a golden brown \vhich on 
exposure to sunlight will deepen further to a rich brown 
~olor (\\:'ood, 195?). The sapwood is narrow, about 1-4 
mc?es w1de, remams pale upon exposure, and is sharply 
delm~ated from the heartwood (Brush, 194 3; Eggelin~ and 
Harns, 1939). The wood possesses no distinct taste or ~odor. 
Iroko hears a remote resemblance to teak hut can be dis­
tinguished from teak hy the soft tissue which fonns zigzag 
markings on the plain-sawn surface after planing. The grain 
is typically interlocked producing a rocy, ribbon-like figure 
on the quarter (Kribs, 1950). The texture is mediun1 to 
c?arse. Growth rings are indistinct when present (due to a 
difference in fiber density). The pores are distinct without 
a lens, sparse, evenly distributed and mostly solitary or in 
radial pairs. Parenchyma is distinct without a lens and ali­
r orm to aliform confluent, forming wavy tangential bands. 
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T he rays arc barely Yisible on the tr?nsvcrsc section \\: ithout 
3 lens and inconspicuous on the rad1~l surface. Oc~stonally 
latex-bearing structures arc prcsen~ m the rays. 1 he wood 
has a slightly oily or wa~:y sensatl~>~ (B n~sh. 1 9~3 ): . 

Iroko is hard and hcan·. cxhibmng \\ 1dc van at1ons m 
demit,·. The ''eight per cubic foot \'ar ies from 4-o-4-5 pounds 
air dr~· (Fggeling and Harris. 1?39). the aycragc hcmg ~p­
proximately 41 pounds per cu.blc fo?t. Boulton :md Pnce 
( 193 1) rcpon the ~pccific grav1ty ~f 1roko to \':try hctwc~!l 
o.7o ami o.So at 1: per cent mo1sturc ~ontent (.l pproxl­
match· o.6, to o.7:; based on m·en-drv wc1ght and volume). 
Bv ,{,av of contrast, tests at the UniYersity of i\ lichigan 
( l~rush: 19-B) established the :n·crage .specific graYity of 
iroko at o.6; h:-~sed on oYcn-dry ''eight and volume. 

I roko is reported to season well at a moderate rate with 
some rendcncy toward degrade in the form of splitting ;md 
\\ arping (Brush. 194 3: F.ggeling and Harris, 19 ~<)) . A p­
pro,·cd drying schedules are reCJuired to produce satisfactorv 
results. Other sources (Clifford. 1953; Forest Products Re­
search Laboratory, 1<)45: J ay. 1947) report the case '' ith 
\\ hich rhe \\Ood dries. The panicubr drying heha,·ior of 
the wood may tlcpend upon the straightness-of-grain in the 
individual pieces. Tests at the Phi!:tdelphia 7\.~a,·al Ship!'ard 
in 1944 (l'ippo and Spackman, 1946) indicate that the pres­
ence of interlocked grain in iroko rec;uJrc; in considerable 
\\arp in the form of bow and t\\ ist. checks. raic:cd grain, 
and side and end splits. Straight-grained material seasons 
\\ell with few if anv defects. 

The results of mechanical rests on !{rcen and air-drv 
,~,a~erial arc reponed in table 1 for iroko. Iroko is quite 
c;•n~1lnr ro tcnk and nuy he compnrcd to it in manv prop­
cn•es. ln the unseasoned condition, iroko is -;o~ncwhat 
infc~·ior to teak. in bending. Tr is 90 per cent ns stron~ in 
lll:lXIIlltln~ henci111g strength ( modu luc; of rupture). ~o per 
cent as stiff. :md Ro per cent ac; great as teak in nlues of total 
'' ork in hen ding. The comparison is consistent with impact 
c;trcngrh alsn, iroko being So per cent as strong in this 
c:nc~ory. lrok(, is 85 per cent as strong in maximu~n crush-
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ing strength, but slightly superior in shearing strength, 
resistance to cleavage and hardness. 

Cpon drying to .the air-d~y condition, iroko cxhi~its 
slight to moderate mcrca~es m mos~ strength categones. 
Values for total work, tmpact rcststance and cleavage 
decrease upon drying. 

In the air-dry condition, the strength values of iroko arc 
again proportionately s imilar to teak. Iroko is So per c~nt 
as strong as teak in hcndin~ (modulus o f .rupture) and st tff­
ness, 65 per cent as g reat 111 total work m bendmg, 90 per 
cent as strong in resistance to impact loads, and 85 per cent as 
strong in maximum crushing strength. It is approximately 
30 per cent harder and 30 per cent stronger than teak in 
shear. 

The values of shrinkage from green to oven dry-volu­
metric 8.8, t angential 3.8 and radial 2.8 per cent- for iroko 
are low compared to domestic hardwoods such as white oak 
and yellow poplar. The species compares very favorably 
with teak in this respect. The dimensional change between 
90 per cent and 6o per cent relative humidity (equilibrium 
moisture contents of 1 5 per cent and 1 2 per cent respec­
tively) is 1.0 per cent tangentially and 0.5 per cent radially 
based on the per cent of the dimension at 6o per cent relative 
humidity (Forest Products Research Laboratory, 1954). 
Comparable values for teak arc 1. 3 per cent tangentially and 
o.8 per cent radially. On the basis of these laboratory test s, 
i roko appears equal to or superior to teak in d imensional 
stability. However, in a search for suitable ship decking to 
supplement t he limited supplies of teak, the Philadelphia 
~aval Shipyard installed 37,500 board feet of a 45,000-
hoard-foor shipment of iroko on the main weather deck of 
t he bat tleship U.S.S. \Visconsin in Fehmary 1944 (Tippo 
and Spackman, 1946). The individual decking pieces were 
fnstcned down hv nuts and washers on steel s tuds welded 
to t he deck plates. At the time of installation, the material 
was at '2 per cent moisture content. Three-fourths of the 
n1atcrial was fl at-grained , the remainder being edge-grained. 
Ry ~fay 1944, the iroko decking had shrunk considcmbly, 



opening 9 the caulking both at 
pieces. ~atping bad caUsed the ends o! .SODlJO::Ql~ 
mg to pull away from the studs reqWl'illg 
these planks. By August of the same year,:& 
butts had to be replaced. Apparendy, the pre:seoc~:~ 
locked grain was the cause o~ the poor . 
In the selection of this spectes for an exactmg use 
decking, pieces with interlocked grain should be 
eliminate distortion in service. 

Durability tests were conducted at the British 
Products Research Laboratory, in 1935 and 1936 on 
from Uganda exposed to five wood-destroying fungi 
3). After 8 months of exposure to optimum conditiOD$ 
decay, only three samples out of 180 showed decay \.c.li[llc;~ .. ~ 
ing and Harris, 1939). The timber was classified 8$ very 
resistant to decay but is susceptible to infestation by pinhole 
borers. The seasoned sapwood is also liable to powder-post 
beetle infestation (Lyctidae and Bostrychidae). Iroko is 
resistant but not immune to termite and marine borer attack. 
The "ood cannot be penetrated laterally by creosote even 
under high pressure. Longitudinal penetration at the ends 
is onlv an inch or two (Forest Products Research Labora­
tory, ·1945). Therefore, the wood is classed as extremely 
resistant to preservative treatment and considered 
able. 

· ~·he \\ orking properties of iroko are good but <=n•·• .. nutu 

\anablc. Interlocked grain may result in picking up 
during sa\\ ing and planing. Occasional "stones" of ~•u•~,;~u.! 
carbonate., apparently more frequently encountered in 
from cenain areas, cause damage to cutting edges. 
~~ccurrcn~c of mineral deposits is often the result of 
mg. :md mscct damage. The wood finishes well and 
~~tl<;fa;wri ly, bur. requires a ~rain filler. It has good 
· c~~\\ 111g Hnd glumg properties, and can be cut into 
((.hffnrd, t<)q ; Eggcling and Harris, 1939; Forest t~r,Jilrlte 
Rcs:arch L~homtory. '945; Jay, 1947). 

1 he spcctcs has many uses both local and 
Locally. it is used for construction, furniturmet,en~q• 

No. 106 
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The wood is ,-cry heavy, averaging_ 4-7 pounds per cubic 
foot air dry with a specific gra\'ity ut o.;o based on oven­
dry weight and \'olume (Imperial Institute, 19 3 1). 

Danta seasons slo\\ ly but with little tendency to develop 
drying defects (Forest Produces Research Laboratory, 
195za). An intermediate temperature schedule similar to 
that recommended for sugar maple and black \Valnut is 
suggested for danta (Forest Producrs Research Laboratory, 

1945)· 
Strength ~ata for danta arc reported in table 1 fur both 

green and au--dry materiaL 1 he tests were conducted in 
England for the purpose of evaluating the suitability of 
danra a~ a su~s[itute for ash and hickory for tool handles 
(~mpenallnsmute, 1931). Although the test results indicate 
h1gh strength and toughness for the ~ ood, it is nevertheless 
inferior to hickory and ash in roughness and stiffness. The 
unseasoned wood of danra is superior to the domestic ashes 
m all strength propertie_s excep.t total '' ork in bending and 
clea\'age. It exceeds ·white :ash m _th~ bending properties of 
fibe: stress at the propomonal limtt ( 6370 p.s.i.; Imperial 
lnsntut~, 1931) b~ 2 5 _per ~ent. Danta compares very favor­
ably \\:~th domestic hickones j.n all p~operties. except work 
to ma:oomum load, total work m bendmg and Impact resist­
ance. In the category of total work, the hickories are far 
supenor; ben~·een 4~ to 200 pe_r cent superior depending 
upon .rhc spec17s of h1ckory co~s1dercd. Danta is 75 per cent 
as rcststa~r to tmpact loads as IS mock_crnut hickory and in 
com~rc!>StOn loads parallel to the gram has a 1 , per cent 
marg f · -- • - fib . .""m o supenoilt} 111 er stress at the 1)roportional 
ltmtt (J6 · · · I - 1 1 - ' • . >o p.s:t.; mpena nstttute, 1931) and a 3o per cent 
margm tn max1mum crushing strength. 
d Upon drying from the green to the air-dry condition 

anta undergoes moderate to appreciable inc.rcases J·n all, 
strength · · I . - • b d' properties wtt 1 rhe exceptiOn of total work in 

1~;d 1:'g, 1m pact . strength and cleavage. \Vork to maximum 
. mcreases sltghtly but total work in bending decreases 

3:> per cent and · . h nnpact strcngt decreases to slightly over 
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one half the green value. Cleavage in the tangential plane 
remai ns nearly constant. 

In. the air-dry condition, danta may be compared to white 
;tsh 111 most strength categories. The similarity to hickorv 
in strength properties in the green condition is not found 
in the ~easoned wood, hickory being far superior in most 
proper~Jes due to greater strength increases upon drying. 
Danta 1s as strong as white ash in the bending properties 
of fiber stress at the proportional limit (87 20 p.s.i.; Imperial 
Institute, 1931 ), modulus of rupture, and stiffnes.'i, bur ap­
proximately So per cent as great in work to maximum load, 
total work and impact strength. It is about 25 per cent 
superior in maximum crushing strength but appreciably 
inferior in the property of fiber stress at the proportional 
limit (F-40 p.s.i.; lmperi~ l Institute, 1931) in comprc~sion 
parallel to the grain and ro per cent more resistant to split­
ting. Danta is harder than white ash on the side grain but 
not as hard on the end grain and some\vhat less resistant to 

!>hear parallel to the grain. 
The species is classed as a good steam-bending wood 

accepting bends to radii of curvature of R inches per inch 
of thickness when supported by a steel tension strap and 24 
inches per inch of thickness when unsupported (Forest 
Products Research Laboratory, 1945). 

The green to oven-dry shrinkage \'alues for danta-volu­
mctric 14. 3, tangential 7 .o and radial 6. 3 per cent-are pre­
sented in table z. The species is intermediate between white 
~tsh and white oak in ·shrinkage. The dimensional change 
hct\\ een 90 per cent and 6o per cent relative humidity 
( CCJUilihrium moisture contents of 21.5 per cent and 13·5 
per cent respectively) is 2.0 per cent in the tangential direc­
rion and 1.5 per cent in the radial directi~n hased .o~ the per 
cent of the dimension at 6o per cent relative hunudttv (For­
est Products Research Laboratorv, 1954). These \'alues arc 
in the class of medium dimensional change along with 

whire oak. 
The results of dccav resistance testS arc presented in 

table 3· i\larcrial from 'Nigeria showed only slight weight 
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loss due to decay after + months exposure to white-rot and 
hrown-rot fungi. \laterial from the Gold Coast exhibited 
appreciable wciaht loss due to decay by white-rot fungi 
after f\ lllOnths ~f exposure. The results indicate a greater 
susceptibility ro decay by white-rot fungi. The presence 
of pinhole borer damage in logs is reported. ln the open 
tank process, rhe wood is resistant to lateral penetration of 
presen·atiYcs bur less resistant to penetration along the 
grain (Forest Products Research Laboratory, 1945). 

Tests conducted at the Imperial Institute ( 193 r) in Lon­
l!on. indicate that the wood "arks easily and that good sur­
tac~!> are produced. Little difficulty is met in either rip­
sawmg or cross-cut-sawing '' ith ,·cry little chip-out at the 
Sa\\ exit .. Grain pick-up in planing is commonly encoun­
tere~ O\\ mg to the presence of interlocked grain. Boring 
at high speeds produces smooth surfaces but with some 
charrin~. Reduction in drill speed eliminates charring but 
~esults 111 rougher surfaces. The wood tends to split in nail­
mg but takes scre\\'s and glues satisfactorily. Good results 
are obtained with the usual finishes but a grain filler is rc­
qu~ed (F ?rest Products Research Laboratory, 1945; Irn­
penal lnstttute. 1931). 

In Engla?d, the.wood ha~ been approved for use as cross­
ar~ls ~n~ JS constdered suJtablc for railway construct1on, 
shtpbUJldmg and flooring (Forest Products Research 
Labor~tory, 1945; Organisation for European Economic Co­
ope~anon: 1 9~ 1). I~ 1 ~3 ', the Imperial Institute conducted 
an J~tensi\'C mvesugatton of the suitabilitv of danta as a 
subsn~urc for ash and hiclmry for tool !1andles. Selected 
marenal ~f danta was found suitable for hammer handles but 
not ~or ~tgh-class pick ~nd shm·el handles. The '" ood. mav 
p_ro\e _s~tr?ble as a substttnte for white oak in ship framin­
smc~ ~~ IS m tl~e same density group and is equal or superi~; 
ro '' h•tc .o~k m strength and comparable in steam-b d' 
charact:cnsttcs. en mg 
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Cylicodiscus gabu11e11sis 
(Taub.) f-larms Okan Legurninosae 

Local names for okan include imbeli-deli (Sierra Leone); 
bouemon (Ivory Coast) ; adada, den ya (Gold Coast); olosan, 
owese, okan, anyan (southern Nigeria); adum (Cameroons). 
I he tree grows to ,·cry large sizes, often with a clear bole 
r 20 feet in length and 1 o feet in diameter. The species occurs 
in Sierra Leone, Liberia, Ivory Coast, Gold Coast, southern 
Nigeria and the Cameroons (Dalziel, 1937; Jay, 1947). 

The sapwood is pinkish in color and the heartwood yellow 
brown ·with dark brown or reddish brown streaks (Jay, 
194-7; Kribs, 1950). The odor is tallow-like; taste is not dis­
riner. The grain is interlocked; the texture is medium; and 
surfaces are lustrous. Growth rings are distinct. Pores are 
visi~le to the naked eye, evenly distributed, solitary and in 
rad~al groups of z-3. Vessel lines are visible on the longi­
n_Idmal surfaces due to yellowish deposits in the lumina. 
I he parenchyma is indistinct without a lens and fonns 
concentric rings 3-6 cells wide, often with short to long 
\.tngs about .the po:es. The rays are indistinct on the end 
surface and mconsp1cuous on the radial surface. Rav cells 
contain a yellm,·, gummy deposit. · 
~he ~vo?d is .exceedingly l~ea~y, averaging 6o-65 pounds 

p~t cub1c ~ oot a1r dry ( <?rga~tsanon ~or European Economic 
Co_-operatton, 1951) wl~ch IS a spc~1fic gravity of o.S 3-o.9I 
l1:tscd on oven-dry weight and a1r-dry volume. Okan is 
pr~~c to check and distort in seasoning (Jay, 1947). 

I h~ results of mechanical tests on green and air-dry 
matenal are reported in table 1. Okan compares favorablv in 
~rrcngrh propertj~s with domestic woods of comparable 
spec..:u.<.: W·l\ .ry. I he unseasoned wood of okan may be com­
pared wtth that of pignut hickory although okan i's approxi­
n~ately z.o per ~ent heavier. It is appreciably superior to 
p1gnur hickory 111 ~he static bending properties of modulus 
of ~uprurc and stiffness but notably inferior in work to 
1~laxtmum load and total work. The impact strength ,·alues 
I or ol.:a~ arc nor reported but are expected to show the same 
<.:ompanson with pignut hickory as the property of total 
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"ork. Okan is superior to pignut hickory, and most other 
important domestic hardwoods, in maximum crushing 
strength, hardness, shea r and clea\·age. 

epon drying from the green condition tO I:! per cent 
moisture content, the wood undergoes moderate to pro­
nounced increases in strength. Of all the properties reported 
for the \\'ood in the unseasoned and seasoned condition, only 
the property of cleavage exhibits a decrease upon seasoning. 
\ Vork to maximum load and total "ork in static bending 
undergo moderate increases upon drying. 

_ ln the_ air-dry condition, okan may be compared with 
p1gn_ur h1ck_ory in _bending properties. It is notably inferior 
to p1gnur h1ckon· m work to maximum load and rota1 work 
in srati~ bending. being only fO per cent as great in these 
prop~rtJes. ~n maxi~num cr~hing strength, it is slightly 
su~enor_ co lignum v1tae (Gumacmn officina/e) . In the prop­
erties o_t h:1rdness. shear and cleavage. okan compares favor­
ably "Jth greenhean (Qcoten rodiei). 
_ Green t~ ?'·en-dry shrinkage values for okan are reported 
111 t~hle :!. I hese nines-volumetric 1 '1.6, t:mgential 7 ·3 and 
md1al +3 per cent-are not notahlv differem from the 
shrinka~e Yalues o_f 12.3. 7.1. and 4.0 'per cent (volumetric. 
t;mgentJal :md rad1al respecnvely) for yellow poplar. 
Durahilit)~ tests conducted in England produced the rc­

st~ltc; sho\\ n 111 table 3. After 4 months exposure ro the action 
of _f~ur wood-destroying fungi, the specimens of nkan 
~:hllllted negligi?le weight loss ?ue to decay. The species 
1s there fore classified as ,·cry resistant to decay. 

The lm~erial ln~titute of London ( 1930), reporrs that 
the \\ ?~tl 1s \'cry ddnculr to work with hand and machine 
t1no~. I here is some dulling cff~cr on cutting edges (Jay, 

94,) an_d the ~''ood tends to p1ck up badlv on the rndiitl 
surfaces m plamng. }\;ail dri,·in~ is virru::J!lv 1mpossiblc \\'ith 
Clkan nnd th d · · f ~ · h 

1 
' . c m·mg o screws requires Iaro-e prehored 

0 cc;. It IS difficult to glue probably because ~f the waxy 
n:uurc of the d s ': · . '· . . . f ' ' 00 • · tams are absorbed 111 onh· small c1uan-
tltJcc; or the <:"'mc . . \\T 11 r: . I . . cml . Ieason. c nms ted ~urtaccs are app:tr-

y ohtam:~hlc only nftcr spccinl rreatmcnt. 
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Okan is recommended for heavy flooring and construc­
tion "vork (Jay, 19-1-7) for which its strength and ?urabil!ty 
should prove suitable. It may be found useful m man?e 
construction as a substitute for greenheart. However, 1ts 
difficulty in working, fabrication and great weight, may 

limir its use elsewhere. 

Cy110111etra alexandri C. H. \Vright J"1uhimbi 
Leguminosae 

C. anama Hutch. & Dalz. Ananta 

The English trade names for Cy110111etra alexa11dri a:e 
muhimbi and Uganda ironwood (Eggeling and Barns. 
19 w). The common name for C. anm1tn is ananta (Imperial 
Institute, 1928). ;\1uhimbi is a local name employed in 
Uganda; whereas local names for ananta include dah 
(Liberia); apome (Ivory Coast); ananta, awonia, takorow:1 
(Gold Coast; Dalziel, J937) . 

Muhimbi attains a maximum height of over 1 20 feet and 
a maximum diameter above the buttresses in the neighbor­
J,ood of five feet. The trunk is relatively short but straight 
and sound; the old stems being somewhat twisted and 
gnn.rlcd. The base of the trunk is fluted, exhibiting thin, 
wide-spreading buttresses which extend 5-6 feet outward 
:111,1 12 feet or more along the bole. Ananta is somewhat 
smaller. attaining a maximum height of roo feet and a 
diameter of 3 feet. The hole is straight and clear with narrow 
buttresses tl-Io feet high at the base. Muhimbi is confined 
in range to Uganda and' the Belgian Congo, where it is found 
on dry forest sites :md also in swamps. Ananta occurs in 
Liberia, Ivory Coast and Gold Coast. Here it is abund:mt 
rhrou: hnur the e\Tcrgreen and semi-e,Tergreen forests 
(Cooper and Record. 193 r; Eggeling and Harris, '9~o) . 

The wood of both species is very similar in appearance. 
SaJn,·ood is lig-ht brown and 2-3 inches wide; the heart­
wood is reddish brown. darkening somewhat with exposure 
(Cooper and Record, 1931; Eggeling and Harris, t9W ). 
The gr:tin is generally interlocked and the texture is fine. 
Odor and taste arc not e\•ident. Growth rings arc distincr. 
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The pores are barely ,·is~ble to invisible without magnifica­
tion, sparse, evenly distnbuted though so~ewhat Ic;ss n~­
erous ncar the m:~rgin of the rin~, a?~ sohtary or m rad1al 
groups up to seven. Pare~chyma ts ,·tstb~e to. the naked eye, 
occurring as wavy, contmuous. ta~g.ennal hnes co~nectmg 
the pores. Rays arc storied but md1stmct to th~ ~na1d~d eye 
on all surfacC!i. Ripple marks ~re preset~t and \'ISI.ble Without 
magnification. regular in muh1mb1 and trregular m ananta. 

i ·hc \\ ood or'" both species is exceedingly heavy. The 
a\'Cr:lgc \\eight per cubic foot of muhimbi ~c; .5 ~ pounds at 1 o 
per cent moisture contem (Banks, 1954). I h1s corresponds 
ro a specific gravity (oven-dry we1ght, volume at 1 o per 
cent moisture content) of o.8o. Ananta a\·crages 6o pounds 
(, ,-6.!) per cubic foot at 17.8 per cent moisture content 
(Imperial Jnsritute, 1928). The specific gravity (oven-dry 
\\cia hr. volume at 1 7.8 per cent moisture content) averages 
o.~ 1° ( o. 7 ;-o.84) . Ananta. in general, is a slightly hc:l\'icr 
\\ ood than muhimbi. 

.i':o sca!>oninrr im·e.'itigat:ions haYe been carried our to date 
0 ... 

hut the wood is kno\\ n by experience to he subject to severe 
dcgrndc in the form of warp. end-splitting. a!1d c.hecking 
unless stacked properly and dried slowly (Eggelmg and 
llarris. 1939) . 

1 he results of mechanical rests on air-dn· materi;tl of 
muhimhi and ~mnnta arc reported in table 1: Although of 
some\\ hat greater specific gravity th:m muhimhi, anantn is 
inferior in most strength properties. Compared "ith domes­
tic hard\\ oods of similar specific gra\·ity, both species arc 
c;uperior in most strength categories. The seasoned \\ ood of 
muhimbi may be compared to rhar of AcJ\\ cring dng\\ ood 
(Conms florida). In comparison with !lowering dog\\ ~1od of 
slmtlar specific gravity, muhimhi is somewhat superior in 
fiber <;tr~ at the proporrional limit in static bending and 
'o p r c nt superior in modulus of elasticity and stiffness. 
I he maximum cmshing strength of muhimhi.cxcceds that of 
dogwood by 45 per c~nt. ~luhimbi is approximately ,o per 
~cnr h:~rdcr on the end and o;ide gr.1in and somewhat 'stronger 
In shc:tr. ' I he seasoned \\ ootl ~f ananta may be compared 
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f Ockernut hickory of 1 o per cent lower specific 
ro that o m · · · bl · 111 "tatic bending propertJes, ananta JS apprec1a y 
uranrv. "" · 1 1· · ( 8 · · ? f · · · fiber stress at the proport10na mut 1 30 p.s.J., 
Ill enor m I . dul f 
I ·. 1 In~t,·rutc 1928) but comparab e m mo us o rup-
mpen.l ·' • ' · h · f · . d superior in stiffness. Ananta IS somew at m enor 

turc an . . d ' d fib ess 
in \\ ork to maximum load m statlc be~ mg an . er str 
.lt rhc proportional limit in compress1~n pe~nd1cu~ar to 
the grain. It is superior to mockernut hrckory m maxtmu~ 
crushing strength and shear and comparable to d~gwood ~n 
hardness. A nama is somewhat stronger than. wh1te oak !n 
cleavage and tension perpendicular to the grarn ( r 145 p.s.1.; 
lmpcri;d Institute, 1928). . . 

The dimensional chancre for muhm1hr between 90 per cent 
·md 6o per cent rclati~e humidity (equilibrium moisture 
~onrents of 20 per cent and 1 3 per cent ~espectively) .is z.S 
per cent tangentially and. 1 ·-1- per .c~nt radrally of the dtmen­
sion at 6o per cent relative hurmd1ty (Forest Prod~c~c; Re­
search Laboratory. 195-1-). These values are very smular to 
those for white oak . 

.\tuhimhi is reported to he \'cry durable even when ex­
posed to conditions especially favorable to decay. It is abo 
,·en· resistant to tem1ite attack (Cooper and Record. 1931; 
Eggcling and Harris. 1939). Ananta probably exhibits high 
resistance to decay also, being very similar to muhimbi. 

\Vorking rests have been conducted at the Imperial Insti­
tute in London ( 1928) on an:mta. Reports of the working 
llualitie:, of muhimbi by Eggeling and Harris ( 1939) indicate 
that both species arc essentially similar in "orking opern­
tions. Cutting is difficult '' ith hand saws but moderateh· 
easy with ma ... chine saws. The wood picks up badly on qu~u:­
tc~·cd surfa~es in planing and heats up considerably in boring 
With machme tools although no undue difficulty is encoun­
tcr·cd. Turning is accomplished with moderate case and :1 
smooth finish is produced by sanding. The wood is \·en · 
r~sistant to the driving of nails and the driving of screws is 
drfficult. The gluing properties of the wood arc rehrh·clv 
puor bur staining and fimshing produce good results. 
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Owing to its weight and difficulty in w~rking wit~ h~n~ 
tools. neither species is used. by. the . nattves. M~htmbt JS 

employed for heavy constr~cnon m bnd_~es a~d mme s~af~ 
:md for railway tie::. (Eggelmg and I_~am_s. _19.~9)- 1\~ulumbt 
is also suggcsre'd for p~ssi?le usc in sht~bUtldmg, floon~g and 
rolling srock (Orgarusatton for FUJ opc~n Eco~onuc. Co­
operation, 1951 ). A nama. probably owm_g to tts ~~eater 
\\'eight, apparently has recei\'Cd little attentton as a utthzahle 
wood. 

Daniellia spp. Ogca Lcgnminosae 

There are se\·et·al species of Dnniel!ia in \\'estern Africa of 
\\' hich D. ogca Rolfe and D. tbrmfera Bennett are mo~t 
important as commercial tim~ers. (Jay. 194:7 ): D. Of{en IS 

recorded onlv in southern '-J1gena where 1t IS known as 
juva. okinere'n. omugo and o7i~· a. D. tlJllrif era is known 
locallv as sanrang (Senegal) ~ pau incense. san~inn . (Porru­
~uese· Guinea) ; abese (Sierra Leone); sru-ah (Ltbena); faro 
( h·or\' Coast); ~vele (Gold Coast) ~ oji~ (sour hem "'\igcri:l; 
Dalziel. 1937 ). · 

The mature t rees of both species attain heighrs of O\'er 
too feet and diameters of 4-5 feet (Forest Products Research 
Laboratorv. r9pb). The boles are srraighr and cylindrical. 
free from' hutt;·csses, and clear for a length of so-too feet. 
Both species OCClll' in the high forest 7one; n. tlmrifera is 
limited to the \\ etter region and D. Q,t:t,ea is restricted to 
drier areas. 

The sapwood is almost white to straw-colored :md un­
usmlh· wide, cnmmonh· 4-7 inches. The heartwood is red­
dish \)rem n or cro!den ·brown in color with darker brown 
streaks (Forest Products Research Laboratory, I<H 1 h; Kribs, 
l<no) . The gmin is interlocked, the texture i'i coarse. and 
the !iurfaces have :1 hig-h lmrer. The wood lacks a definite 
tat.te nr ndM. Growth~ ring-s are e,·ident ns concentric lines 
of terminal parenchyma. The pores are distinct without a 
tens. not numerous. and CYenlv distributed or in radial 
groups nf z-ll. P;lrcndwma is visible with a lens and ter­
minal in concentric h:m.ds 3-6 cells wide and aliform with 
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. . gs. Rays arc indistinct withou~ a lens on the_ end 
c;h~t r " 1~nd in cons icuous on the radtal surface. R1~ple 
surface ' h ,· s "Pnd regular and all clements arc stoned. 
marks arc 0 \IOU. ·• ' • d fill d ·· h 
"Gum" ducts are ,·crtical and drffusc, large, an e \\It 

hro'\ nish contents. . .. 
1 he \\OOd is light, having an average weight per cubJ~ 

foot air dry of 29 pounds (26-J6 poun~s; Fores~ Products 
Research Laboratory, 1951 1>) .. The specific gravity (oven­
dry weight, air-dry volume) IS o.-+o (o.36-o.5o). 

The British Forest Products Research Laboratory (r9.~~h) 
reports that ogea kiln-seasons from the green ~ond1t1?n 
inirlv mpidlr with little tcnden~y t~ degrade_. Slight dts­
torrfon :md collapse may occur m th1ck mater~al but these 
Llcfects seldom are of a se,·ere nature. A ktln schedule 
similar to that recommended for Sitka spruce (for non­
aircraft purposes) is suggested for ogea. 

The result$ of mechanical tests on air-dry material are 
reported in table 1. Ogea compares favorably in _mecha~cal 
properties with domestic woods of the same specrfic gra\'Jty. 
The seasoned wood of ogca may be compared to that of 
American sycamore in mechanical properties. The specific 
araYitv of 1\merican sycamore is 1 o per cent greater th~m 
~hat o·f ogca; nevertheiess, ogea is superior to the domestic 
"·nod in the static bending properties of modulus of rup­
ture and work to maximum load. Both '\VOods are similar in 
1 he st:Hic bending properties of stiffness and total work. 
Ogea is somewhat less resistant to impact loads than Ameri­
can sycamore, but it is superior in maximum crushing 
strength (by approximately 10 per cent) :md cquall~~ as 
strong in shear, hardness and cleavage. 

Limited laboratory tests conducted at the British Forest 
Products Research Laboratory (1951h) indicate that oge:l 
is a very poor steam-bending species. 

The green to oven-dry shrinkage \'alues for ogca are 
reported in table 2. These valucs-\'olumcrric 1 1. i, tan­
gential Q.o and radial 3.0 per cent-arc not widch~ ditTcrcnt 
from those for hbck chcrrv and hbck walnut. The dimen­
sional change occurring between 90 per cent :md 6o per 
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cent relati,·e humidity (equilibrium moisture contents of zo 
per cent and 1;: per 'cent resp~ctively) is 2.~ per .cent tan­
genri.llly .md t .o per cent nldJally of the d1mens10n at 6o 
per ccm relat iYe humidity (Forest Products Research Labor­
atory, '9H) · The dimensional change values for ~gea are 
considerably Jess than comparable values for wh1te oak, 
although b·oth \\'Oods are classified as exhibiting medium 
dimensional change. 

L:~borarorY tests .md obsen ations indicate that the \vood 
is not resisrimr to decay by fungi and damage by insects 
(Forest Products Research Laboratory, 195 1b) . Although 
material of the species contains considerable amounts of 
sap" ood. the wood is generally resistant to preservative 
treatment. 

Tests conducted at the Imperial Institute in London 
( 192.6) indicate that the \\·ood works easilv and readilv 
wirh hand and machine tools. Both fine texrui·ed and coarse 
textured material exhibit grain pick-up on quartered sur­
faces in planing. Fine textured material splits readily in 
nai ling and screwing operations, \\ hercas coarse textured 
material .exhibits .linle tendency to split. Strong glue joints 
are readily obtamable and the \\ ood stains sat isfactorily. 
Finishing qualities are good but grain filler is reCJuired with 
rhc coarse textured material. 

Tl~e \\ ood may proYe suitable as a softwood substitute 
and lor use in gcner<tl mill". or!~, furniture linings and cnrc­
s~ock fo r ply \\ ond ( Orgalllsatton for European Economic 
c.o-opcrarion '95' ). The c~·lindrical log form and large 
t\Ja.mer~rs sugge~r ~he P?ssihlc conversion of logs to venc'Cr 
~'~l pi~\\ nod hut ltrrle ts known about the \'Cnccring qual­
Ities of the wood. 

f)iHemonantbw· hent hamiam1r lhill. A ran Le!!uminnsae 

sa/his specie;: is ~~!so knO\\ n in rhe cxpo~r trade a; Nigeri:m 
• .

1
1
m\oo? , ~tgenan ycllcm satinwood (Cnitcd Kingdom) 

anu nlOVlllrYlJC ( F . 1 \V \f · ... 
I , (I c- rene 1 est 1 nca). Local names include 
1arrc vnrv c: ) . 1 , i . , , . .oasr • Llla anyan. c uabat (C.old Coast); :wan, 
an\aran cdo ( Ol tl ,,. . ) . 

• , • •• ~ 1 1crn ' ''gena · hasoncr (Cameroons)· r' rJUCtllln ta • ' to ~· · , 
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Ayan is a tall, slender tree over 1 oo feet high and two 
d one half feet in diameter (Forest Products Research 

;~borarory, 194-5). The bole is straight and cylindrical or 
some" hat undulating with some tendency toward weakly 
developed buttre~es. The species occurs as a scatter~? tr~e 
in the rain forests of the Ivory Coast, Gold Coast, N1gena, 
Cameroons, Gabon and the Belgian Congo. It is found in 
frequencies of 1o-3o trees per square mile and. occurs in 
greatest abundance in the Cameroons and Belgian Congo 
(Forest Products Research Laboratory, 1951a). 

The narrow sapwood has a creamy color and is moderate­
ly distinct from the yellow to yellowish brown heartwood. 
The wood is highly lustrous. It commonly exhibits inter­
locked and irregular grain which produces a handsome 
figure. The texture is fine to medium. Growth rings are 
indistinct. Pores arc Yisible without a lens, numerous, evenly 
distributed, and solitary and in radial groups of 2-4. The 
parenchyma is visible without a lens, vasicentric, aliform 
with short to long wings, and confluent, forming long, 
wavy, tangential bands. Rays are barely visible on the 
transverse section and inconspicuous on the radial surface; 
lumina of cells contain a yeflow "gum., The pores often 
contain a yellow extractive which when moist acts as a direct 
dye on textiles (Forest Products Research Laboratory, 
1951a; Kribs, 1950). 

The wood is generally heavy, but consignments of this 
species are often rather variable (Forest Products Research 
Laboratory, '95 1a). The heavier material is a dark yellow 
brown and contains a high proportion of silica which is 
almost entirely lacking in the light, yellow colored wood. 
The weight per cubic foot in the air-dry condition ranges 
from 38-:-49 pounds (spe<:ific gravity, air-dry volume, o.53-
o:68 ), With an average we1ght of 45 pounds (specific gravitv, 
a1r-dry volume, o.63). · 

. The timber seasons satisfactorily, but not rapidly, with 
little tendency to split or warp. However. degrade may 
occur in the form of discoloration of the sapwood. A kili1 
schedule similar to the one recommended for black walnut 
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and sugar maple is suggested for ayan (Forest Products Re­
~earch Laboratory, 194-5). 

The resultS of mechanical tests on air-dry material are 
1 eportcd in table 1. The strength propcr;ics ot' ayan ar~ very 
~imilar to those of American beech with the exception of 
impact load resistance. In the air-dry condition, ayan is 
equally as strong as beech in bending. The ,·alucs for moduli 
of rupture and elasticity arc almost identical for both. The 
'aluc of "ork to maximum load for ayan j., only 8 5 per cent 
and tot.'! I "ork only 70 per cent of that for American beech. 
Th1s is rctlcctcd in the zs per cem lower impact resistance 
of ayan. Ayan is 10 per cent stronger in crushing, 90 per 
cent as :.trong in shear, 6o per cent as resistant to splitting, 
and Ct)U:llly hard as beech. 

The green to m·en-dry shrinkage ,·alucs for ayan arc 
reporred in table 2. These ,·alues-volumetric 1 o. 7, tan­
gential 5.2 and radial 3.1 per cent-arc \'Cr:y simil:lr to tho:-c 
for butternut. The dimensional change ben\ een 90 pel' ccm 
and 6o per cent relari,·e humidity (equilibrium moisture 
content~ of 15 pc~· cent and 11 per cent respectively) is 1.3 
per c~nt ta.ngentlally and o.S per cent radially based on 
the dm1ens1on at 6o per cent relative humidirv (Forest 
Products Research Lahoraton·. 1954). These ~·alues arc 
identical with those for teak.· 

~ield tests in ~igcria indicate that ayan is moderately 
rcs1stanr to decay by fungi and damage by termite.:;. The 
'~·ood is 'cry resistant to impregnation. penetration occur­
rrng as longitudinal ~treaks in scattered pores (Forest Prod­
ucts Research Laboratory, '945· '9513). 

Consil!erahle difficulty is encountered in sawing: the dark­
~r, he:mcr. \\ onci '~·hich has a high silica content and a 
~orrc~ponclmg hluntlllg effect on cutting edges. Overheating 
1s caused hy g.um dcposi~s collecting on the saw. This can 
he partly alienated. hy slight!~· increasing the set. 1 n sawing 
the darl<cr matenal, tungsten carbide-tipped teeth are 
'it rongly .reconunendcd. In most other operations rhc wood 
\\ orkc; f:urly \\ell although some charring in hori~g may be 
encountered A c tt' 1 f ~. . · u mg ang e o zo0 m plan•ng usually 
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re,·ents grain pick-up on the quarte~ a.nd results in ~moo~h 
P f There is a tendencv for sphttmg to occur m naJI­
~ur aces. . . . . · d 
· l)ut screwing crlumg and fimshmg properttcs are !!OO 111g. , 0 ) -
(Forest Products Research Laboratory, 19·l5• 195.13 • 

In England. the wood has been used for cabmet ,~·or~. 
fi xturcs. '"joinery. flooring. stair cases and wheelwr.t.gl~t; 
work. It is sugcrested as an alternate for oak prm Jdtn~ 
resistance ro split~ing is not critical. In Franc~, it is su.g~ested 
as a substitute for oak, ash and walnut m fine J<>mcry, 
banisters and luxury parquet (_Fo~est Products Research 
Laboratory, 1945. 195 1a; Orgamsatton for European Eco­
nomic Co-operation, 1953) . 
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CURRENT LITERATURE 

The Rain Forests of Golfo Dulce. Paul H. Allen, with 
drawings by Dorothy 0. Alle11, University of Florida 
Press, Gainesville. xi-417 pages, 34 platesl 12 figures. 19 56. 
$S.so. 
The identification of the trees of the tropical ]o,vland 

forests has been and will long continue to be a challenge to 
scientists. Although it is possible to identify tropical trees 
through arduous botanical collections of fertile material. 
there are some definite and sometimes insurmountable diffi­
culties. These include such items as the large size of the 
trees, the shor~ flo\\'Cring and fruiting seasons o ... f some species. 
travel hardshtps, and so on. On the other hand, it seems 
a~tounding. to trained scientists to. observe native people 
dtsplay thcu· knowledge of vegetatiOn. The tree mav lack 
flowers or fruit, it may be in its juvenile stage, or " :ith its 
lowest branches beyond possible reach, but to the natiYc. 
one glar~ce, or sometimes a small machete incision into the 
hark, w1ll suffice for identification. True, it is only the local 
na~e, ~nd the s~me people, if their knowledge were re­
(lU•red m some dtfferent, unknown region. would he Clllitc 
!1elpt:ss. ~evenheless, in their home h~nd they arc adept .

1
t 

~d1 enttficatJOn, and the trained scientist mav .. dCJlCnd up<l, 
1 t 1em a . 1 
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\ Vh:u: combination of talents enables the native to recog­
nize u·ees which puzzle the scientist? It is doubtless the 
result of long training in observation of vegetative char­
acrenstics, such as the shape of the trees, the structure and 
color of the bark, the clifterent exudations, odors, etc. The 
recognition of ngetative characters is precisely what author 
Allen, for many years a botanist and collector in tropical 
Central America, has attempted to describe in this book. 

1 he forest region of Golfo Dulce embraces an area of 
roughly 1ooo square miles m southern Costa Rica, where a 
combination of different climatic and edaphic conditions, 
together with fire and other anthropogenic influences, has 
resul ted in a great 'ariety of vegetation. The book, dealing 
only mth uees, includes 433 species belonging to z67 
genera and 72 families. The scarcity of infom1ation on the 
flora of this region is re,·ealed by the fact that 40 species 
and one genus ha,·e been newly described. 
Kumer~us di~hotomous keys permit the identification of 

the trees. mcludmg palms. In fact, the originality and great­
est value of the book lie essenrially in its keys. Besides the 
extensh·e keys \\ hich list all trees for each of the author's 
13 ec~logical forn~a:ions and their divisions, there are keys 
covenng other srr~king fea~·ures. fhus, trees with conspicu­
ous flo":e~s 01: frwts, or wtth prominent buttresses, unusual 
~oots. dtstmctrve bark, sap _or lat~x, or \\ hich harbor sting­
~ng ants or are greganous m the1r gro,Hh habits, are listed 
'? the ~ey~. \here is even a small key for trees lmovm as 
lrmo1~crl!o m Centra~ America! .There are lists of species for 
the dtfiere~r ecol?g1cal formattons, of poisonous trees, and 
of c~onomJcally Important species. The bulk of the book 
conststs nf an alphabetical index of families, genera, species 
and co~mton names of the trees found in the Golfo Dulce 
~~a. I· or each family, the genera are separated by keys. 
d~:n~;~ arc keyed to species and each of the brter is brietly 
, · cudc,di and useful notes on ecolog'\ utili7.ation etc "re 
.. ppcn c . J · • •• .. 

Twent\·-n\ o exc II fi dra\\ n h • tl . . ·
1 

e , em. gurcs of botanical specimens, 
Y tt .tut lor s \Vtfc, arc \\ onhy of special mention 
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for their artistic interpretation and botanical accuracy. A 
sho~·t glossa1y ?f botamcal nomendature, 34 excellent pJares, 
Latm descnpnons of 10 new species-a rather unusual 
fcatur~ for such ~ publication-a list of 65 references and a 
s!1ort mdex of miscellaneous items complete the book. Be­
~tdes. the arduous task of accumulating field notes and 
mtelhgently employing the published literature, especially 
Standley's floras on Central American regions and Record 
and Hess' monumental Timbers of the New World there 
is no doubt that the useful keys represent a skillf~l and 
original piece of work which is badly needed in other 
regions of the tropics. 

In the ecological descriptions, always a controversial 
subject, the author uses broadly Beard's classification for 
delineating the formations, but with some rather unusual 
additions, as for instance, "transitional" formations. One of 
the climatic formations, the "littoral woodland" has been 
diYided into "sandy beaches" and "rocky seashores." The 
four "transitional" formations are "savann:1," "pastures," 
"fence ro\vs and trailside thickets" and "second growth." 
These are clearly stages of succession, as the author himself 
hints. Such ecofogical concepts may be difficult to recon­
cile with current terminology. Since the word "formation" 
is generally used for more or less stable ~limax commu­
nities, it seems hardly fitting to employ 1t for clear-cut 
stages of succession. It might ?e s~id, ho~'eyer, that there 
are some practical advantages 1~ d.Ifferen~1atmg such c?m­
munities, as for listing and idenofymg .rhe1~ trees. Bu_r ~mcc 
the author divided some of the formanons mto assoctattons, 
consociations, and faciations, there seems to he a lack of 
consistency in the tenninology. 

One or" the most interesting fonnations is ccrtain~y .the 
"lov,rcr montane rain forest," which covers the htlls1des 
below zooo feet, but is above the . "evergreen lowland 
forest." It contain.o; many more species . t~an .any other 
formation but no apparent reason for th1s IS g1vcn. Com­
pared with the "evergreen lowland forc:st," the "lower 
montane rain forest'' shows a somew.hat lugher percentage 
of the emergent species that are dec1duous, and for some-
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what longer periods. making the term "rain'' for describing 
this formation appear rather inappropriate. As the lists of 
~pccics indicate. it seems that the e\·ergrcen lowland forest 
and much of the lower montane rain forest are differen­
tiated mainly by drainage factors. J\ {oreo,·er,_ according to 
the data on rainfall published for Costa Rtca, there arc 
variation.; from 12.0 to over 240 inches in that area, so that 
two or eYen three different climatic formations mav be 
found. the first two haying high temperature but different 
rainfall patterns, while the third one refers ro the colder 
belt. found on the slopes at higher elevations but still below 
::ooo feet. 

Rather than being a criticism, the former notes indicate 
the unfortunate confusion that exists in the nomenclature 
of rropical yegetation. It seems that we have reached a 
point where it actually becomes difficult if not impossible 
for an Indian, African or Australasian scientist to follow 
the e~ologicaJ nomen~larure of some of their tropical 
Arnenc~n colleagu_es. ~mce we lmo\\ that the physiognomy 
of troptcal vegetatiOn mall continents bears strikina similar­
ities. the difficulty seems hardl~~ natural, rather n~n-made. 
\V~ ca~not l~ut joi~ the plea of tropical ecologists for a 
umfica~JOn ot termmology and procedures in classifving 
,·egetatton. J 

One fearw:e which makes the ecology of the Golfo Dulce 
:rea more drfficult to soh·e is the scarcity of a good map. 
~he rather . .scant sketch on page fh·e could ha,·e been con­
Siderably rmprovcd. An attempt to show some of the 
topogr~phy or C\'en to map some of the described ecological 
form_arroru; wou!d h~ve been most useful. l\lany 0 ( the 
locahty names CJted m the text arc not reproduced on the 
map. 

. The difficult task of using entirely \'cgetative characters 
10 the k~ys is often infringed upon, is for~ example, ri1e keys 
for 1\flc~r~ccae and Annonaceae are definitelv based on floral 
or rumng c1 . . s· . ( a . . "1arac~er~st1cs. , mce author Allen remarks 
J;,igc mne): ~fan~. trmes _J have accompanied Doctors of 

losophy 111 Botamcal Sc1ences in the field and seen them 
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speculate endlessly and futilely on the identity of some 
common, conspicuous tree, because it did not happen ro be 
in bloom," it appears that in some cases there is no good 
alternative. nlost keys, however, are r~markable for the 
inclusion of easily distinguishable vegetatJve characters and 
rhis trend is to be highly recommended for future studies 
of a similar nature. There might have been some minor 
improvements in a few of the keys. For example, it seems 
rather odd to separate consistently the Cecropia species on 
the basis of their rather inconspicuous black sap, since this 
is probably one of the easiest genera to recognize, through 
other striking characters, in the whole tropical American 

flora. 
Among other minor details, it is noticeable that Cordia 

a/liodora is not included in the group of species which har­
bor stinging ants; an omission, since ants are mentioned in 
the species description. Furthermore, in Clt1risia, a valuable 
species easily recognized by the reddish tint on the super­
ficial roots and buttresses. and by the milky sap, neither of 
these obvious characters is mentioned or used in the keys. 

The extensive indexing of common names, families, 
genera and species within the text deserves special mention. 
The common names refer only to Central American coun­
tries. rhar is from Panama to British Honduras, and some of 
them appear rather dubious. Many pages are almost com­
pletely filled with names, so much so that author Allen 
should perhaps have included a separate index for them. 
It might also have been ad\·antageous if common names from 
nearby Colombia or other South American countries w ith 
relate.d floras, could have been mentioned. However, it 
should be ~a id that not only are common names with their 
scientific equivalents presented, but .also the region of usc, 
and whcne,·er the same name apphes to several species­
lprite :1 common occurrence in Central America-n fc"· nores 
help to clucid•1te the situation. In general, for the purpose of 
identification, common names can provide important clues; 
however, thev may at times be misleading. Common names 
are usually "orthographically correct, except on ::.e\·ernl 
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occasions " here accentc; are omitted. Scientific names ap­
pear to ha,·e been carefully revised. 

The o\·er-all impression certainly is excellent; the book 
is ''ell layed out and accurJtely printed. Its usefulness 
definitely goes beyond the Golfo Dulce area. It is a "must" 
for everyone inrercsted in the t ropica I American forest 
flora.-Gcrardo Budo-..!·ski, l nrcr-.\meric:m Institute of \ gri­
cu\rural Science<;, Turrialba. Cosra Rica. 

Generics in Silviculture. C. Syracb LarsC'71 . T ranshltcd 
h\' .\1ark I.. \ndcrson. Oliver :~nd Bonl Edinhurrrh and • • I:' 

London. xi-224 pages, 70 figures. 1956: 30 s. 

Dr. Larsen is Director of rhc l'\arional Arboretum at 
llorsholm, Denmark, a member of the Danish Academ\• of 
· ~·cd~~lil:a_l S~icncc, and recipient of the Danish " Atigus­
tmus pnze Ill 1952 . 

I wclcon~c the. opp?rruniry ~f calling :mention to this 
ho~k, especially smrc 1t de~lls "1rh a field of forestn · \\'ith 
\\ h1ch I ha\'C long been acquainted. and which. tuiforru­
natcly. has long hcen neglected. especiallv in the Unitl·d 
State . I refer to the impro\'ement of our forest trees. 1 do 
not mean the impro,·cment as they now stand. bv thinnin<T 
correct spacing. r:orccrion from "fire. insecr pests, discas~: 
etc., but an acrua nnprcH'emcnr of rhe quality of their li,·inrr 
"Ubstancc or protopbsm. H ere "e are wt;rkinO" with th~ 
fundamentals: the has:s on \\ hich depend the fo~n. 1 rate of 
gro\\ th, qualsry of timber, disease resistance. hardinc'\5-in 
short, all of the characters which go to mnkc up n tree. 

ln our timher-cutt~ng operations we in this countrr h:t\'C 
t~o long hcc.n ".el:crmg the hesr trees for lumber, Jcavin~ 
t ~ poore r mdn·Hiunls ~or seed. Thi<> process has hct·~1 
~otng .on, at least here m the F ast. for generations. The 
IC'>ulr 1" easy. to understand. The forests ha,·c. ;11 f!,CIIertrl , 
b~n tlnclergomg a son of negatiYe selection, until the ht:st 

nf ~~~lctrr~ush~t~ad ,rrc /'~<krwmd not ~nly the general cxtcrnol fn nn 
t m n"d n;ot Ill:\ (! "ItS morphol.ogtcal ch:tr;lctl rs-thosc of leaf. 

And bar\: cells: c udm,.. uf course mtcrnal l~harncrcr:; such :ts \\CHill 
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rrces now represent the stock that has been repeatedly passed 
along as inferior by fom1er generations. 

RecenthT, certain foresters in the East have shown an 
interest in tree improvement. Bur, for the most part, such 
impro,·cment is done by seeking our the best or "elite" 
trees ( that is, the best that can he found) and using them 
for seed and for grafting stock. This is, of course, the well­
known meth?d of breeding by selection. Many foresters 
seem to be blmd to the fact that great strides can be accom­
plished by gmerati,.·e breeding of trees, i.e., the hybridiza­
tion of species, varieties or even of races. Thus, it should be 
possible to develop new planting stock with greater vigor, 
rnking adnntage of the well-known phenomenon of hetero­
sis. \Ve have onlv to look at the remarkable results attained 
by the agriculturist to be convinced of the truth. 

I have talked with foresters about this. Selection of elite 
trees as they occur in Nature is "o.k.," they say. These can 
he used for seed gardens2 or for grafting srock. Rut as to 
generative breeding, depending o'n controlled pollination. 
this is roo detailed (they say) to justify the attention of a 
busv forester. Verv well, if this is the case, let the work 
he put in charge of a special man or department. The result 
will certainly be worth while. 

Dr. Larsen's book should be in the hands of e\·ery Ameri­
c:m forester. chiefly because he calls especial attention to 
this much neglected area of forestry \\ ork, namely, hybridi­
zation. He shows how, in comparison to the rather easy 
method and results of hybridization in herbaceous plants, 
foresters, although apparently at a disadvantage, really have 
an ad,·antage in tree breeding: they can preserve.the ori~inal 
parents. Thus, they are enabled to repeat the onginal cross­
ing process from time to time, or even use the parents fnr 
gr ;l fting or budding in order to carry on more extensive 
repetitive experiments; that is, assuming that the original 
crossing resulted in valuable progeny. 

There are chapters on "Controlled Pollination.'' showing 
v:niou.; methods; on "Vegetative Propagation,'' such as -1Also known as "seed orchards." 
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grafting, budding, and rooting cuttings, setting forth the 
advantage~ of the:-c methods to the tree breeder, with illus­
trations and clear directions for the principal methods of 
grafting. And I note \\ ith satisfaction that the author 
~mphas1zcs the impormnce of .1 healthy stock for success 
m grafting, a pomt that so far has not been sutllciently 
emphasized in our rex~. 
' u~. L:mcn S.lys of ··s~ed~~ardcns.'' '_'This is our 'trump 
c~rd n~ forc:-t-trce breed mg. l Ic descnbes several methods 
ot mnkmg r.h.cm. t}1c primary object of \\ hich is to produce 
brge <JU.llltltlcs ol lhc b~t tree stcd. For this purpose the 
!'lecd garden, composed of the besr trees, either selected 
!1yhri~s or derived from graf~ of best uees, must be located 
m an lsohn.cd area, at least far enough from other trees of 
th~ same. ku~d so as n?t to be conta~tinalcd by their pollen. 
B) nanual ~nrercros~mg the rcsultmg seed will be of the 
h1ghcst <JUalay .. md 111 good quantity . 
. In the chapter on "Tree-shows'' rhe method of •·f~.,tinu­

tton. of tl~c Genotype in Forest Trees" is set forth in some 
dct~1l. r~tcrenc~ hcmg made to the author's paper on this 
subJect 1~1 the '\ ea~ Book !or 11)47 of the Royal V cterinary 
~nJ Ag.ncultural Colle~c .m Copenhagen. \" etT brieth·. this 
IS a ~11crhod of dcrcmum.ng wherhcr the forin of a· 1iven 
tree~~ caused by the ct~vH:onmenral influences (chicH~ soil 
:~.~d Stte), or \\ hcthcr Jt ~~ due to characters inherent in 
t c protoplasm. If rhe first j, true. the tree in nuc tJ. . 
P
hcn t 1 • f . ·1 s on 1s .1 

o ) ~c anc Jts or~l IS not .hereditary; if the second 
the tree IS a gcnot\·pe. fhc tcsr IS made ~.,. graft' . ' of h · . · u lllg SC1011S 

r e tree Ill <JUCSflon on srocks of the ~atlle .... I · · lf · _, , ,·ancty :me 
ongm. rhc scion' develop a form like tll"t f I . . l · d 1 · ·• o t 1c t rec to 
>c tc~te ' r HS pro\'cs that the tree is a g-enot \' )C with 

hereditary form) and not :l J)hcnorvpc ('' itll.fo. ~. I (I ( I by ; . · . 1111 111 liC!lCCl . c,."' uonmcnt_). I he method c:m he extended to tc~ t· the 
qua a~· of the tunber. · 

h
!t is unfortunate that the term ''Tree-shm .. . . I I 

t mk the words "T T .. · \ s IS u s l t • 

meaning. Possihi~· thcrct~l te~:s would hc·ucr cxprc:.s the 
from the Danish: c Cllll h:ls <;nfTcred in tramlntion 
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The chapters which follow, "Breeding and Diseases" 
"Hybrids;· "Genetics," and the ''Breeding of Larch," with 
which genus the author has had signal success-all these 
chapters arc replete with ideas and suggestions and serve to 
point up the importance of generative breeding. 

. ~~ay I suggest that ~f ~~ re\•ised edition is published, a 
IHbiJOgraphy be added~ A wealth of references is scat­
tered throughout the hook, in the text. hut these are some­
times hard to find. If collected into an alphabetized list at 
the end, the value and usefulness of the hook would be much 
increased. The figures arc excellent. and admirably illustrate 
the author's points.-Artl:mr H. Graves, Genetics Depart­
ment, Connecticut Agricultural Experiment Station, New 
Haven, Connecticut. 

INTERNATIO~AL ASSOCIATION OF \VOOD 
ANATOMISTS 

Dr. H. E. Dadswe11, former Secretarv-Treasurer of the 
I. A. W. A., has asked that it be announced that this posi­
tion has been transferred to Professor A. Frey-Wyssling by 
unanimouc; approval of the Council of the Association. 
Professor Frey-Wyssling has appointed Dr. H. H. Bossha~d 
as his deputy. The office of Secretary-Treasurer has been m 
~ tclboume. Australia since 1946. 

The new subscription rate for Association membership wi11 
he seven Swiss francs per annum. Members are asked to pay 
by postal money order on Compte de cheque postal VIII 
~09 38, ZUrich, Switzerland. The address of the Secretary-

Treasurer will be: 
Laboratorium fur Holzforschung 
Eidgenossische Technische Hochschule 
Universitatsstrasse z 
Zurich 6, Switzerland 

EUATUN 
48, tine s. of Tro/IICM Wools 10~. please cbaii!IC "awarr" to ,__,., 

chis unfonuDIIC cnor. 
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INTERNATIONAL GLOSSARY OF TERMS USED I~ 
WOOD ANATOMY 

Co:-.r~HTTEF. o~ No.\IE~CLATURF. 
INTER:\ATroxAL AssocJATJO:\ OF H'ooo A1\Alo:-.nsTs 1 

INTRODUCTION 

The need for a revision of the Glossnry of terms used i11 
describing woods (Trop. \Voods 36: 1-13.1933) was raised Rt 

the Stockholm meeting of the International Association of 
\Vood Anatomists in 1950, but no concrete proposals for 
achieving this were made till the Paris meeting in •95+ 
By that time re,·ised definitions of wood anatomy terms were 
in demand for Part ll of the British Commonwealth Forest 
Terminology. It was therefore suggested at the Paris mcet-o . J 
ing that immediate steps should be taken to prepare a reYrseo 
version of the Glossary in English, that would he a,•ailahle 
both for the British Commonwealth Forest Terminology 
publication and as the basis of a mu.hilingual, il.lu~rrated 
glossary to be issued by the Internattonal Assoc1atton of 
Wood Anatomists. 

Dr. L. Chalk was therefore asked to prepare a preliminary 
list of terms and definitions (sec I.A.\V.A. News Bulletin. 
Sept. '954) and this .w~s in due course submitted to nil 
members of the Assoctatton for comment. As agreed at the 
Paris meeting, a small working committee, selected from 
members who could meet in person. was appointed by the 
Council to collate the suggestions made by vari?us members. 
J'hi<: committee consisted of Dr. L. Chalk (Chatrman), Prof. 

Dr. Br. Huber, :\1. D. Normand, and Dr. E. 'V . .f. Phillip~. 
After doing all that was possible by correspondence this 

- ;~1cmbcrs of the Association may obtain ~ncovcred reprints from 

h Ed't t $.15 a cop)·. and co\'crcd rcpnnts from the ?ccretan·-
r e . I or a B 'k E'd .. . h 1 hn' h 
Treasurer, Tnsriru~ fii.r all~cmeine otam • 1 gen~SS1sc_.e . cc ISC c 
y 1 ochschulc Ztinch, Switzerland at S.2o a cop)· Puccs . for non-

! C• e •0 and tt 40 for uncovered and Ctwcred copies rc"IX'C-mcm 1crs a.r .,.,, • .,. 
tiYely. 
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committee met in person during the l.V.F.R.O. Congr~s 
at Oxford in July 1956, with ~lr. B. J. Rendle as an addi­
tional and co-opted member, and reached agreement on such 
difficulties as had remained outStanding. 

T here are, of course, still some problems that must wait 
further research before they can be solved satisfactorily. 
For example, knowledge of the fine structure of the cell wall 
is ad,·ancing so rapidly that the Committee has decided to 
excl~de all the terminology for this subject from rhe present 
rc\ Jston ..• In other cases, su~h as "heterogeneous" and "homo­
gene~us rays, rhe Commtttee. has . pu_t forward a preferred 
solut•on, but has at the same ttme mdtcated the alternatives 
The defi~itions ha\'C been kept as brief as possible, commen~ 
s~ate wtt~ reasonable accuracy, and the Committee has 
rned to rests~ the tempta~on to in~ulge in lengthy explana­
tory notes, smce further mformat1on is readily available in 
several te:-."tbooks. 

T It. has been thought best to publish separately the En I ish 
'ersiOn that has been the result of these d l'b . gi . · d d 

1 
• e 1 erat1ons t 1s 

Jnten e u ttmately to prepare 1 il' · 
glossary \Vith the definitions in i na7: ht ; gual, illustrated 
man, and the terms themseh·es in ~eve , rench, and Ger-

;!:. preparation of this, however, may r~k~t~e~o~~~~:;;l~ 
The Committee wishes to express its th k 

members of the Association who h an ~ to the many 
work. ave contnbured to this 

G LOSSARY2 

Apical meristem - S J\11 • · ee '•enstem, apical. 

Awn.- See Callitrisoid thickening. 

Bark.-A. non-technical term used to c , 
oursJde the xylem C'tl' d O\ er all the t issues 
divisible into inner (li~7n e). In older trees usually 
(dead ), cf. Rhyridome. g ' cf. Phloem, and outer 

'Sec page 34 for illusrrarions, notes and abb . . re\'lan ons. 
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Bark, early.-The bark formed during the earlier stages 
of the season, cf. early wood•. Note: In typical cases 
(Alnus, Betula) cons1sting mainly of sieve tubes with 
companion cells, or sieve cells. · 

Bark, hard.-The part of the bark that consists of fibres 
or other strengthening cells: sometimes in concentric 
layers that alternate within a growth ring with layers 
of soft bark, or more irregularly distributed in a 
ground tissue of soft bark. A layer of hard bark 
formed at the end of the season (as in Quercus and 
Castanea) is called the Terminal layer. 

Bark, inner.-See Bark. 

Bark, late.-The bark formed during the later stages of 
the season, cf. late wood•. In typical cases consisting 
mainly of bark parenchy ma and only fewer and small­
er sieve tubes or sieve cells. At the end of the season 
there is sometimes a terminal layer (see under Bark, 
hard) of fibres. 

Bark, outer.-See Bark. 

Bark, soft.- The part of the bark that consists of sieve 
tubes and parenchymatous and suberi.zed cells, but not 
including fibres or .other strengthenmg cells; pr~ent 
either as concentnc layers that alternate wtthm a 
growth ring with layers of hard bark•, or forming a 
ground tissue in which the cells of the hard bark are 
irregularly distributed. 

Bar(s) of Sanio.-See Crassula(e) and Trabecula(e). 

Brachysclereid.-See Stone cell. 

Callitrisoid callitroid thickening.-Pairs of bars of 
thicke~ing across th~ pit, ~ in Callitri~; Als? d~~;i.b~d 
as awns• when seen m sectwn. Note: Calhtrotd ts m 
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common use. but "callitrisoid" is preferable on etymo­

logical grounds. 

Cambial initiaL-An indi,·idual cell of the cambium•, cf. 
fu<;iform initial and Ray initial. 

Cambial zone.-A term of com·enience for the layer of 
nrving width composed of cambial initia~s and their 
undifferentiated deri,·atives (TA \VA mod1f. ) . 

Cambium (vascular cambium) .-The actively dividing 
layer of cells that lies between, and gives rise to, 
secondary xylem• and phloem• (BCF modi f. ). 

Cambium, cork- See Phellogen. 

Cambium, storied.-Cambium characterized by a hori­
zontal seriation of the initials (IAW A). 

Cell.-A chamber or compartment at some time containing 
a. protoplast• ; cells form the structural units of plan~t 
nssues. 

Cell wall.-. The .limiting membrane of a cell. In mature 
cells 1t consiSts ontogenetically of several superim­
posed walls. as follows: 

Primary. The ,,·all of the merl'stc . II 
d.fi d d · · mane cc m? I e urmg dtfferentiation (not to be f d 

With the thin, markedly anisotropic, first-for~e~ usc 
of the secondary wall; IA W A). See L 11 part 
pound middle. ame a, com-

Secondary. The wall formed i . d . 
marv wall (IA WA d'f ) nst c the prl-. mo 1 • • 

Tertiary. A term that has been a I' 
spiral thickening of tracheids• wo d fibpp ~cd to the 

I • J • 0 res and v 
sc s ; a so to the inner layer of th cs-
wall. See also Note 

2
, e secondary cell 

Cell wall check - A fi . . . ssure m the second 1 • 
as m the tracheids of compression woo~ ce l wall, 
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Chambered aystalliferous cell.-See Crystalliferous cell, 
chambered. 

Companion cell.-A sister cell of a sieve-tube member, 
intimately connected with it and retaining the nucleus 
and dense cytoplasm. Note: Companion cells may 
undergo some tranSverse or other d1visions preceding 
their auferentiation. 

Conjunctive tissue.-A special type of parenchyma asso­
ciated with included phloem•. Note: Sometimes 
forming anastomosing concentric bands, as in A'Vi­
cennia, or enclosing the phloem strand, as in StTycb-
nos. 

Cork.-A non-technical term for phellem•. 

Cortex.-The primary ground tissue of a stem or root be­
tween the epidennis• or phellem• and the vascular 

system. 
Crassula (e) .-The thicker portion of the intercellular• 

layer and primary cell walls• between primary pit­
fields• (IAWA). Syn. B~N(s) of Smzio (deprec.), 
IDm( s) of Sanio ( deprec.). 

Cross-field.-A term of convenience for the rectangle 
formed by the ~alls of .a ray cell and. an axial trac~eid, 
as seen in a radtal section. Used mamly for conifers. 
Syn. Ray crossing (Am.; deprec.). 

Crystal.-The following are among the types commonly 
distinguished: 
Acicular. A slender, needle-shaped crystal. Note: Not 

to be confused with a styloid, which is a 
columnar crystal. 

Crystal sand. A granular mass of very fine crystals. 
[)ruse. A globular cluster of crystals, sometimes with 

an organic core, either attached to the cell 
wall by a peg or lying free in the cell. 
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Rapbid( £'), rap/Jis, pl. raphid.es. A . needle-shaped 
(acicular) crysral occurnng ryp1cally ;15 one of 
a c\oscly packed. sheaf-like bundle. 

Styloid. An elongated crystal, typically about four 
times as long as broad. \rith pointed or ~(1\.l<l i'C 
ends. 

Crystalliferous celL-\ cell containing one or more 
crysrals. 'ore: Radial and axial parenchyma eel\<; are 
often crvstalliferous, fibres and tYloses less com-
monly. · · 

Crystalliferous cell. chambered.- I\ crvstalliferous cell 
that is dl\·ided into compartments by septa. 

Druse.-See Crystal. 

Elemen~.-A gene~al term used for an individual cell. 
~ore: Used m wood anatomy, particularlv to dis­
tl~~Uish between vessels and ·the individu;{\ cells ~l f 
'' htch they are composed-the ,·esse\• cle • . 
ves:.el• members. mcn.s or 

\ COience 111 \ , U Elements, axial.- A term of con . . . 
a.n.ttomy for all the cells other than r1 f \ 

00

. 
Syn. Vertical elements (deprcc.). lO!'te 

0 
the rays.,. 

Elements, congeneric.-Cells of the type. same anatomical 

E lem ents, storied.-Cclls arran ed . . . I g m tters as see 
t:1ngent1a surface. · · · n on the 

Elements, ver tical.-Sec Elements, axi:ll. 

End wall.- A rcnn of convenience in ,,. I 
( ) \ II 

· DOl 'ln:\l 
a J \\'3 at noh{ ·mgles· t•) tl'\ 1 . · · <>my for =- . . • c ongn r . 

a parenchyma cell. i.e., for the tangcnthlt ~~~a l a xis of 
cells or the transverse walls of axi:1 .. l . · " .llls of r:l\' 

l (\ ) T h 
. · p.1rcnch\' 

ant l e oblique or trans,·ersc wn\1 I . ma cells 
' 'esse\• members. See ~ore '· . letween t\\ c: 
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End wall, nodular.-The end wall of a JW:enchyma cell 
having a beaded appearance in sectional view. 

Epidermis.-The outermost layer of cells on the primary 
plant body; often with strongly thickened and cuti­
cularized outer walls; sometimes consisting of more 
than one layer of cells. 

Epithelial cell.-A cell of the epithelium•. 

Epithelium.-The layer of secretory parenchymatous 
cells that surrounds an intercellular- canal or cavity 
(IAWA rnodif.). Syn. Epithelial layer. 

Fibre, Fiber (Am.).-A general term of convenience in 
wood anatomy for any long, narrow cell of wood or 
·bast other than vessels• and parenchyma•. Note: 
Often further qualified as wood fibres• or bast fibres•; 
the fonner including both the tracheids of gyt!IDO­
spenns and the librifonn wood fibres and fibre­
tracheids of woodl angiosperms· Also used loosely 
for wood elements in general. 

Fibre, bast.-A fibre of the phloem•. 

Fibre, gelatinous.- A fibre having a more or less un­
lignified inner wall with a gelatinous appearance. See 
also Wood, tension. 

Fibre, intermediate.-See Parenchyma cell, fusiform . 

Fibre, libriform wood.-Anelongated,commonlythick­
walled cell with simple pits• ; usually distinctly longer 
than the cambial• initial as inferred from the length 
of vessel• members and parencyhma• strands 
(IA W A). See note under Fibre-tracheid. 

Fibre, mucilaginous ( obs.) .-Replaced by fibre, gela­

tinous. 
Fibre, septate wood.-A fibre with thin transverse walls 

across the lumen• (lA WA). Note: ln these elements 
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the protoplast• divides after the formation of the 
secondary cell• wall. 

Fibre, substitute.-See Parenchyma cell, fusiform. 

Fibre, wood.-A fibre of the xylem• . 

Fibre-tracheid.-A fibre-like tracheid'; commonly thick­
" allcd '' ith a small lumen •, pointed ends, and bor­
dered pit-pam hanng lcnncuLr to slit-b\:e ap r­
turcs (IA.\\ A modif.). This term is applicable to the 
late '' ood rracheids of gymnosperrTl!) as well as to 
the fibre-hl<c crachc1d~ ot \\ ooc ~ , ng10 pcnm. 

~ote: Tht.: definitions 01 fibre-tr:1cheid anJ 
libriform "' ood hbre present considerable ilifficu1ty, 
not as .regards the extreme ty~pcs such as the fibre-like 
t~·ac.helds that occur, for exampk. in Dillenia and the 
librifom1 fi_bres th~r are associated '' irh storied struc­
ture, but m placmg and defining the intermecliatc 
t) pes. The 1933 Glossary, "' hich has been followcJ 
h~rc, ad.opted the presence or absence of borden:d it~. 
as rhe simplest and most praccjcal distinction betw~en 
rh~ two ')pes and ~o relegated all the inr:ermcdi·nes 
Wtth yesngtal bordered pits to the category of fibr . 
trachetds (see I. \ V. Baife}. T rop. \\' oods- . c­
'936). . +5· 18-23. 

. The alternati\'C conception, based on the ·I .. · 
ficanon of Sachs. as used by Jansson· c ass•­
Reindcrs. ~rop. \\'oods ++: Jo-36. I< J~s ~sec F.. 
fibrc-trachc1d strictly limited b h 93 ), 15 of a 
inrcrmediates The d. fi · · f Y t e exclusion of 
. . . e mtton o such a fibre-rr •I . 
suggc<>ted by Remders in 195' (l. A. \V ac1leJd 
Bull. feb. 195 1 : 6-9) is as follow . "\t· New:; 
elongated; commonly \\ ith thick d . s. ' oderarely 
what swollen walls. rarely "ith a~u~ftf:rencly somc­
hardlv ever septate· never COOt"· . '>lnOUS layers; 

· • .. mmg starch. h · 
rather large bordered pits wirh len~· ·1 • avmg 

~ Tl · • ICU ar ro sl't I' I 
apertures. 1C pits arc comparari,el, . I- I { C 

the tangential walls, in manv instance; numerou<; tn 
those i~ the radja\. \ Vhcn such fib. . ourn~mbering 

I es constttute the 
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ground tissue, the pits toward the vessels ordinarily 
have borders of much the same size as those of pits 
in the walls of contact between two vessels." This 
conception would necessitate complimentary changes 
in the definition of the libriform wood fibre. As 
defined in the Glossary, the fibre-tracheid, with its 
pits to congeneric elements bordered, is technically a 
form of tracheid. 

FibriL-A thread-like component of cell walls, visible 
under an optical or light microscope. Note: This term, 
used without qualification, is equivalent to "macro­
fibril" as opposed to "microfibril." See Note z. 

Fibril angle.-The angle between the longitudinal axis of 
the cell and the direction of the fibrils• in the cell 
wall. 

Fusiform (cambial) initial.-A cambial initial giving 
rise to an axial element of xylem or phloem; it is 
spindle-shaped (fusiform) as seen in tangential section 
(lAWA modif.) . 

Fusiform parenchyma cell.- See Parenchyma cell, fusi-
form. 

Fusiform ray.-See Ray, fusiform . 

Gelatinous fibre.-See Fibre, gelatinous. 

Growth layer.-A layer of wood or bark produced 
apparently during one growing period; frequendy, 
especially in \Voods of the temperate zones, divisible 
into early and !are wood• or bark• (lA WA). 

Growth ring.-Sec Ring, growth. 

Growth ring boundary.-Sce Ring boundary, growth. 

Gum duct.-An intercellular• canal containing gum. 
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Heartwood.-The inner layers of wo~d ~v~ich, in the 
growing uee, have ceased to .contam hnng cells and 
in which the reserve matenals (e.g., starch) have 
been removed or converted inro heartWood sub­
stances. It is generally darker in colour than sap­
wood•, though nor always clearly differentiated. See 
\Vood, intermediate. Syn. Durtrmen ( obs.). 

~ote: A distinction is sometimes made bc­
t\Yeen dark-coloured heartwood and that which shows 
no appreciable difference in colour from sapwood; 
the term Ripewood is used for this latter category. In 
commercial practice it is usual to restrict the term 
heartwood to the darker-coloured wood that is 
visually distinct from the sap'" ood. 

Heterogeneous ray tissue.-See Ray, heterogeneous. 

Homogeneous ray tissue.-See Ray, homogeneous. 

Idiobl~t.-A cell differing markedly in form and contents 
trom othe.r constituents of the same tissue. Note: 
Examples m "'" ood are certain crystalliferous• cells 
oil• cells and mucilage• cells. ' 

Indenture.-A narrow groove in the transverse (hori­
zontal) .wall of a ray cell along the junction with the 
tangenttal (end) wall. T n radial section an indenture 
appears as ~ depression in the transverse wall where 
the .tangenttal wall is inserted. Nore: Vsed only for 
comfers. · 

Initial, cambiaL-See Cambial initial. 

Inicial, ray.-See Ray initial. 

lntercellula~ canaL-A tubular intercellular s ace of in-
determmate length generally serving as P . f · ' a rcposttory 
~r resm, gum, etc ... secreted by the epithelium• 
~ore: J\lay be (1) axtal or (2) radt'al ( .· h' · ((AWA ' · . ' \\tt tn a ray) 
lnrercellu~odtf). S) n. Resiu canal, Gum duct, cf 

ar cavtty. · 
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Intercellular canal, radial.- A canal extending across 
the grain in a radial direction, contained in a fusifonn 
ray•. 

Intercellular canal, trau.matic.-A canal formed in re­
sponse to injury to the living tree. Note: Often ab­
normal in size and may be axial or radial. 

Intercellular cavity.-An intercellular• space of limited 
length, generally serving as a repository for resin, 
gum, etc., and generally fonned in response to injury 
to the living tree, cf. Intercellular canal. 

Intercellular layer.-The layer between adjacent cells; 
it is isotropic and lacks cellulose (IAWA modif.). 
Syn. Middle lamella ( deprec.). Note: The intercellu­
lar layer often appears to merge imperceptibly into the 
primary cell walls (see Lamella, compound middle), 
and special techniques may be needed distinguish it. 

Intercellular space.-A space between cells. Two types 
can be distinguished: 

Secretory, including intercellular• canals and 
intercellular• cavities, which may be schizogenous•, 
lysigenous• or schizo-lysigenous•. 

Non-secretory, i.e., an interstitial• space. 

Intermediate wood.-See Wood, intennediate. 

Interstitial space.-A non-secretory space between cells. 

Lamella, compound middle.-In wood anatomy a term 
of convenience for the compound layer between the 
secondary walls of adjacent cells, consisting of two 
primary cell• walls .and an intercellul~r• layer of 
varving thickness. Note: The term Mtddle lamella 
has· often been used loosely for this compound struc-

ture. 

Lamella, middle.-Scc I nrercellular layer. 
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Latex canaL-See Latex tube. 

Latex trace.- A term used to describe the slit-like pas­
sages (as they appear in seasoned t~mber) runn~ng 
radially through the wood of certam latex-beanng 
trees (notably Alsto11ia spp. and D_yera spp. of the 
Apocynaceae) . They are charactem.ed by the pres­
ence of latex tubes• and have their origin in the traces 
from the leaves and axial buds. Incorrectly called 
latex camls and latex ductS, cf. Latex tube. 

l atex tube.- A lacicifer• enclosed in a ray. Note: The 
tubes are modified cells or series of cells and not 
intercellular canals. Syn. Latex canal ( deprec.) . 

Laticifer.- A general term for cells containing latex. Note: 
May be a single cell or a series of tubular cells. 

Lenticel.-A specialized porrion of the periderm•, vari­
ously shaped, but often lenticular, consisting of 
loosely a~ranged c~lls that are never more than slight­
ly subenzed; servm~ !or the exchange of gases 
through the otherwiSe unpermeable peridenn. 

Longitudinal wall.-See Note 1• 

Lumen, pl. lumina.-Tlhe cell cavity (lAW A). 

Lysigeno
1
lsus.-Formed by -a disorganization or dissolving of 

ce . 

Medullary ray.-See Ray, primary. 

Meristem.-A tissue cahable of active cell d' .. 
b dd' IVISlOn there y a mg new eel to the planr body See l\ 1 • . -
apical and Cambium. · enstem, 

Meristem, apicaL-The meristem at the rowi . 
of shoots and roots. g ng po1nt 

Meraxylem.-Lacer-fom1ed priman xylem• "ith 
tracheary• elements (TAWA), cf.' Prot~xylem. pttted 
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Middle lamella.-See Lamella, middle. 

Mucilage cell.-A specialized cell of the ray or axial 
parenchyma containing mucilage; typically rounded 
m outline. Note: Limited to woody dicotyledons and 
similar to an oil• cell, except for contents. 

Nodular end wall.-See End wall, nodular. 

Oil cell.-A specialized cell of the ray or axial paren­
chyma containing oil, typically rounded in outline. 
Note: Limited to woody dicotyledons and similar to 
a mucilage• cell, except for contents. 

Parenchyma.-Tissue composed of cells that are typically 
brick-shaped or isodiametric and have simple pits• ; 
formed in wood from (a) fusiform• cambtal initials 
by later transverse divisions of. ~h.e daughter ce!Js 
(axial parenchyma). or (b) ray• mmals (ray or radial 
parenchyma) . Syn. Soft tissue, Storage tissue. See also 
Parenchyma cell, fusiform. Note: Primarily con­
cerned with the storage and distribution of food 
materials. Termed wood ~nchyma or xylem paren­
chyma• if occurring in the xylem, and phloem 
parenchyma• if in the phloem. 

Parenchyma, abaxial.-See Parenchyma, unilaterally 
para tracheal. 

Parenchyma, adaxial.-See Parenchyma, unilaterally 
para tracheal. 

Parenchyma, aliform.-Paratracheal parenchyma with 
wing-like lateral extensions, as seen in cross sectioll. 

Parenchyma,. apotracheal.-Axial ~ch~ typi~y 
independent of the !?ores or vessels. N* This in­
cludes T ermi1111l, D•ffuse, and BllflllMl 6IJO'h'«cbai 
piiTencbyma. 

Parenchyma, axial.-ParenchJ1P Qe1ls ~eriyed frum 
fusiform• cambial inidalt. ~ Long~tfldiul ,.,.,... 
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cbyma (dcprcc.). Vertical pare11cbpna (dcprcc.), 

cf. Parenchyma. ray. 

Parenchyma. banded.-Axial parenchyma for~11ing con­
centric lines or bands. as seen in cross secnon. ~ote: 
Termed Apotr.tcbeul bunded. if rypically independent 
of the \'esscls. syn. \letatmcbeal ( deprec.); Parntra­
chc,11 banded, if associated with rhe ycsscls, syn. 
Confluellt. 

Parenchyma, conftuent.-Coalcsced aliform parenchyma 
fanning irregular tangential or diagonal bands, as seen 
in cross section (L\ \\'A modif.). 

Parenchyma, diffuse.-Single apotracheal parenchyma 
str:mds or cells distributed irregular!~ :1mong f1hrcs , 
as seen in cross section (lA 'VA modif.). 

Parenchyma, diffuse-in-aggregates.-A porrachea 1 par­
cnchy~a ~ells that rend to be grouped in short 
t~ngcnnal lm~s from ray to ray. as seen in cross sec­
non. <;yn. Dzffuse-:onnte. ~ore: This type is often 
also rwculate (sec under Parenchyma. reticulate). 

Parenchyma, ~isjun~~i~·e.-Axial or radial parenclwma 
cells parttallv dLSJOmed durinrr the process of d' .ff . . • e . . 1 er-
cntJatJOn; c(~An\ra\~At )is 1S11aim:aincd b~· means of tubular 
processes . yn. Conjug,ue (ohs.). 

Parcnchy~a, ~nitial:-Apotracheal parenchyma cells nc­
c.urnng Clthcr smgly or forming a more or Jess con-
tln\IOUS laver of \'ariahle width at the 1 • • f , · 

1 
>cgmnmg o a 

seasons gro\\ r 1, cf. Parenchyma. terminal. 

Parenchyma, longitudinaL-See Parenchyma, axial. 

Parenchyma, metatracheal.- See Parenchyma, banded. 

Parenchyma, para tracheal.-Axial parcncl ' . 
atcd ." h h Js l ) ma :ISSOCI-
modir)Jt Nt te . ,.Tcssh~ ?r 1\'ascular tracheids ( I A\v A 

• • 0 e. IS me udes Scam p 
Vasicemric Alifon11 and C fl , y . aratmcbeal, ' _ou litllt parencbyn"1. 
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Parenchyma, phloem.-Parenchyma occurring m the 
phloem•. 

Parenchyma, ray.-Parenchyma composing the rays 
wholly or in part ( IA\VA modif. ). Syn. Radial 
pareucbyma. 

Parenchyma, reticulate.-A descriptive term for the net­
like pattern formed on the cross section by rays and 
regularly spaced bands or lines of axial parenchyma 
when the bands or lines and the rays are of about the 
same width and distance apart, cf. Parenchyma sca-

lariform. 

Parenchyma, scalariform.-A descriptive term for the 
ladder-like pattern formed on the cross section by 
rays and regularly spaced bands or lines of axial 
parenchyma when the latter are distinctly narrower 
than the rays, cf. Parenchyma, reticulate. 

Parenchyma, scanty paratracheal.-lncomplete sheaths 
or occasional parenchyma cells around the vessels. 

Parenchyma, terminal.-Apotracheal parenchyma cells 
occurring either singly or forming a more or less 
continuous layer of variable width at the close of a 
season's growth. Note: Before a distinction was made 
between "terminal" and "initial" parenchyma, this 
term was used to include both fonns and is still used 
in this sense as a term of convenience. 

Parenchyma, traumatic.-Parenchyma cells of irregular 
size, shape and distribution resulting from injury to 
the cambium (SAF modi f.). Syn. Wound pllTm-

cbyma. 
Parenchyma, unilaterally paratracheal.-Paratracheal 

parenchyma limited to the outer (abaxial) or inner 
(adaxial) sides of the vessels. Note: Such paren­
chyma may be further .distinguished ~s U11ilatc?Tall) 
scanty . Unilaterally aliform or Umlaterally con­
fluent. Syn. Abaxial, Adaxial parenchyma. 
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Parenchyma, , -asicentric.-Paratrachcal p:trcnchynu 
forming a complete she;nh around a ,·esse!. of v:t ri.thlc 
'' idth and circular or slightlv oval in cross sccrion 
(lA \YA modif.). ~ .. 

Parenchyma, verticaL-Sec Parenchyma. axial. 

Parenchyma, wood.-Sec Parenchyma. :xylem. 

Parenchyma, wound.-See Parenchyma. tr:nlm<H ic. 

Parenchyma, xylem.-Parcnchyma occurrinCT in the xy-

1 
1 • 0 • 

em. Usually m two systems: ( 1) axial. and ( z) radi;l\ 
( ra) parenchyma). Syn. Wood parenchyma. 

Parenchyma cell, fusiform.-An axial parenchyma • cell, 
dcm•cd from a fusiform• cambial initial \\ ithout suh­
di\'ision ( IA \VA ~odif.). Syn. Sul>stitllle fibre 
(deprcc.). lnttnncdtaie fibre (dcprec.), cf. Paren­
chyma strand. 

Parenchyma cell, septate.-An axial or radial paren­
chyma . eel: w1th one or more thin t r.mwerse walls 
across 1ts lumen• (IA\VA modif.). "\ore: In these 
clements the protoplast• di\'idcs aft'..:r the formation 
of the secondary cell• wall. 

Parenchyma strand.-An. axial series of two or more 
parcn.ch)_~a. cells den\'ed from a single fusiform• 
cfamb1al mltlal (IA \VA). cf. P.1renchv~1u cell f11.,1·_ 
orrn. • • · 

Perforation, multiple-\ f d . 
I 

. . . J per orate end wallm a vessel 
e cmcnt conststmg of t\\ 0 or more ope . . · · 
f 

· • 
1 

mngs m a per 
oranon p arc (11-\\VA modif) ·f p . ·f ' . -

simple. · · c · Cl matlon, 

Perforation, simple.-A single and usually l:t. , 
more or less rounded open in . I • I gc :md 
plate, cf. Perforation. multiple g(I~\~r~/erforation• 
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Perforation, vessel.-An opening from one vessel• mem­
ber to another (lA WA). 

Perforation plate.-A term of convenience for the area 
of the wall (originally imperforate) involved in the 
coalescence of two members of a vessel (IAWA). 

Perforation plate, ephedroid.-A plate having a small 
group of circular openings (as in Ephedra). (IAWA). 

Perforation plate, reticulate.-A plate with multiple 
perforations having a net-like appearance (as in cer­
tain Bignoniaceae) . (IAWA). 

Perforation plate, scalariform.-A plate with multiple 
perforations elongated and parallel The remnants of 
the plate between the openings are called Bars 
(IAWA). 

Perforation rim.-The remnant of a perforation plate 
forming a border about a simple perforation 

(IAWA). 

Periderm.- The layers that replace the epidermis• as the 
impermeable covering of older stems; produced ex-
ternally by the phellogen•. 

Phellem.- A tissue produced externally by the phellogen• 
in a stem or root. The cell walls are generiilly suber­
ized, and, in thick-walled kinds, there may be addi­
tional lignified layers towards the cell lumen. U'!'­
suberized cells of the phellem are known as PbeUoid 
cells. 

Phelloderm.-A tissue that generally resembles cortical 
parenchyma in ap~arance, but which consists of the 
inner derivatives of the phellogen•. In woody plants 
the cells may become enfarged and thickened to form 
stone• cells, and are sometimes radially elongated. 

Phellogen.- The meristematic layer that produces the 
periderm•. Syn. Cork cllfll}lium· 
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Phelloid cell.-See Phellem. 

Phloem.-Thc principal food-conducting tissue of the 
\'ascular plants. 1r occurs both as primary and second­
ary tissue. and is usually, but not invariably, asso­
ciated with xvlem. In the stems of most gnnnosperms 
and dicotyledons the secondary phloem· is separated 
from the secondarv :wlem b\· the cambium• from 
which it is deri,·ed.' The basic ·(}·pes of cells of which 
it is composed arc sieve* elements. parenchyma• cells, 
fibre:-• and sclereids•. 

Phloem, included.-Phloem strands or layers included in 
the secondary ).'ylem of certain ·dicotyledonous 
woods. Syn. 'Inten:ylar.v pbloem (dcprcc.) . Two 
types are distinguished: 
Concentric (Corpus lir.;uosum circmn'zHrllatum). The 

cam?ium i~ short-lived and is replaced by new 
mertstemanc tissue. which de,·elops in ·either 
the pericycle or the cortex and repeats the 
stru~rure of the young stem. The stem thus 
conststs of alternating zones of xylem and 
phloem. Syn. Avicennin type. • 

Fornminate (Corpus lig:nosum foramiuatum). A single 
permanent cambium continues to function 
~hroughour· the life of rhe stem and the xvlem 
1s normal ~xcepr for the occurrence of strands 
of phloem tmhedded in it. Syn. Strychnos type. 

Phloem, internaL-Primary phloem internal to the ._ 
mary xylem .OA \V -\). Syn. fntm.t·y/ary pb/~~1

11 
(deprec.), Pemnedullary pbloem. · · 

Phloem, primary.-First formed phloem· . 
roots it is differentiated below the api~~ stcn~s and 
before a definite cambium• can he reco ~~ednstcm• gmze . 

Phloem, secondary.-Normally. the art of 
formed bv the cambium• (lA \VA)p S the bark 

• · ee Phloem. 
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Phloem mother cells. -<:ens that are cut off on the outer 
side by the fusiform• cambial initials, but which 
undergo further periclinal divisions before differen­
tiating into phloem cells. 

Phloem ray.-See Ray, phloem. 

Pit.-~ recess in the ~econdary wall of a cell, togther \vith 
Its external closmg membrane; open internally to the 
lumen. Note: Essential components are the pit• cavity 
and the pit• membrane (IAWA modif.). The follow­
ing are terms used in describing pits: 
Blind. A pit without a complementary pit in an ad­

jacent cell. Note: A common form occurs 
opposite to an intercellular• space (lAW A 
modif.). Syn. Air-pit (deprec.). 

Bordered. Typically, a pit in which the membrane 
is overarched by the secondary cell• wall. 

Cupressoid. A cross-field• pit in early wood• with 
an ovoid, included (see under Pit aperture) 
aperture that is rather narrower than the 
lateral space on either side between the apenure 
and rhe border, as in Cupressus. Note: Used 
only for conifers. 

F enestriform. See Pinoid. 
Half-bordered. See Pit-pair, half-bordered. 
Linear. A pit with an aperture that is long, narrow 

and of more or less uniform breadth, as seen 
in surface view. 

Piceoid. A cross-field• pit in early wood• with a 
narrow, and often slightly extended (see 
under Pit aperture) aperture as in Picea. Syn. 
Piciform (deprec.). Note: Used only for 
conifers. 

Pinoid. A term of convenience for the smaller types 
of early wood• cross-field• pits found in sev­
eral species of Pinus (but excluding the large, 
window-like, fenestrlform pits found in P. 
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sylvestris, P. strobus, etc.) . Characteristically 
simple or with narrow borders, and often van-
able in size and shape. 

Ramiform. Simple pits with coalescent canal-like pit• 
cavities, as in stone• cells (IA\ VA). 

Simple. A pit in ·which the ca\·ity. becomes wider, or 
remains of constant width, or only gradually 
narrows during the growth in thickness of the 
secondary cell• wall, i.e., towards the lumen• 
of the cell (IA \VA modi f.). 

Ta:rodioid. A cross-field• pit in early wood•, with a 
large, ovoid to circular, included aperture that 
is wider than the lateral space on either side 
between the aperture and the border, as in 
Sequoia. Note: Used only for conifers. 

Vestured. A bordered pit with the pit• cavity wholly 
or partially lined with projections from the 
secondary cell" wall (IA \\1 A). Syn. Cribri­
form membrane ( deprec.). 

Windot::-like. See under Pit pinoid. 

Pit aperrure.-~hc opening or mouth of a pit (IA W A). 
The followmg terms are used to describe pit aper­
tures: 
Coalescent. Slit~like apertures united to form grooves 

on the mner surface of rhe secondary cell• 
wall (IAWA modif.). 

E.ttende~. An inner aperture whose outline, in surface 
VICW, extends beyond the outline of the pit• 
border (IA \VA). 

Include~. An. i~ner aperture whose outline, in surface 
v1ew, IS mcluded within the outline of the pit• 
border (IA W A). 

lmzer. The opening of the pit• canal into the 11 
lumen• (IAWA). ce 

Lenticular. A slit-like aperture with the · urf · appearance 
m s ace vJew of a double convex lens . 
section. seen m 
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Outer. The opening of the pit• canal into the pit• 
chamber (IAWA). 

Pit border.-The overarching part of the secondary cell• 
wall (IAWA). 

Pit canal.-The passage from the cell lumen• to the cham­
ber of any bordered pit. Note: Simple pits in thick 
walls usually have canal-like cavities (IAWA). 

Pit cavity .-The entire space within a pit from the mem­
brane to the lumen• (lA WA). 

Pit chamber.-The space between the pit• membrane 
and the overarching pit• border (IAWA). 

Pit membrane.-The part of the intercellula~ layer and 
primary cell wan• that limits a ~it• cavity extema~y 
(lAW A modif.). A central, thtcker part of a p~t• 
membrane is tem1ed the T orus. Note: A torus wtth 
an indented or scalloped margin, as in Cedrus, is 
known as a Scalloped torus. 

Pit-field, primary.-A thinner area of the intercellular• 
layer and primary ce~t• 'Yal!s within the limits of 
which one or more ptt-patrs usually develop. Syn. 
Primordial pit (IAWA). 

Pit-pair.-Two complementary pits of adjacent cells 
(IAWA). 

Pit-pair, aspirated.-A ~ordered pit-pa~ in which ~e 
torus (see under Ptt membrane) IS laterally diS-
placed so as to block one of the aperrures. 

Pit-pair, bordered.-An intercellular pairing of two bor­
dered pits. 

Pit-pair, balf-bordered.-A~ intercellular pairing of a 
simple and a bordered ptt (IAWA). 

Pit-pair, simple.-An intercellular pairing of two simple 
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Pith.-Thc central core of a stem, consisting chiefly of 
parenchyma• or soft tissue (BSJ). 

Pith ray.-See under Ray. 

Pith fleck.-An irregular strand of abnormal (often trau­
matic) parenchymatous tissue embedded in the wood 
and appearing on a longitudinal surface as a streak. 
Commonly caused by the larvae of cambium miners. 

P itting.- A collective tenn for pits or pit-pairs. 

Pitting, alternate.-Multiseriate pitting in which the pirs 
are in diagonal rows. Note: \:Vhen rhe pits are crowd­
ed, the outlines of the borders tend to become hex­
agonal in surface view. 

Pitting, cross-field.- The pitting occurring in the rect­
angle formed in a radial section by the walls of a ray 
cell and those of an axial tracheid. Note: A term 
used mainly for conifers. 

Pitting, intervascular.-A term used (a) in a wide sense 
for pitting he~ ... een tracheary elements, and (b) in a 
narrower sense in wood anatomv for pitting between 
vessel members. · 

Pitting, opposi~e.-\tulri_seriate _pitting in which rhe pits 
arc m hon?.Ontal pan-s or m short horizontal rows 
<.I-'\ \V\). "Jote: \Vhcn the pits are crowded the out­
lmcs of ~he borders tend to become rectangular in 
surface view. 

Pitting, ray-vesseL-Pitting between a ray cell d 
vessel me~ber. Note· Ccrr~in anatomists disti~;uis~ 
the follow mg tvpes· Gash-like J:wri,...ontnl · G 1 /''· . J }( 'rf. • ' ~· , 1flS .1- 1 A'C 
vertrca; l ney-sbaped· Lar~c TOllllded· s·· .. , ' 
h • • • I b I ' /117/ ({)' f(} 

t e mteT'I)ascular plttmg. 

Pittin~, scalariform.-Pitting in which 1 
11 · • e ongated or near ptts are arranged in a ladder liJ . 
(IAWA). - ce senes 
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Pitting, sieve.-An arrangement of small pits in sieve­
like clusters (IAWA modif.). 

Pitting, unilaterally compound.-Pitting in which one 
pit subtends two or more smaller pits in the cell 
adjacent (IAWA). 

Pore.-A term of convenience for the cross section of a 
vessel or of a vascular tracheid (IAWA). 

Pore, solitary .-A pore completely surrounded by other 
elements (IAWA). 

Pore chain.-A series or line of adjacent solitary pores 
(lAW A modif.). 

Pore cluster.-See Pore multiple. 

Pore multiple.-A group of two or more pores crowded 
together and flattened along the lines of contact so as 
to appear as subdivisions of a single pore (IAWA). 
Note: The most common type is a Radial pore mul­
tiple, in which the pores are in radial files with flat­
tened tangential walls ~etween them: A~ot.her type 
is a Pore cluster, in whtch the groupmg IS Irregular. 

Prosenchyma.-A general term _for elongated cells w~th 
tapering ends. Note: Used m the past as a collective 
term for the fibres and tracheids, and sometimes the 
vessel members, as opposed to the parenchyma. 

Protoplast.-The mass of protoplasm enclosed by a cell 
wall. 

Protoxylem.-First-formed primary xylem•, with trac~e­
ary• elements characterized by annular or sptral 
thickenings (IAWA), cf. Metaxylem. 

Radial multiple.-See Pore multiple. 

Radial parenchyma.-See Parenchyma, ray. 
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Raphid (es) .-See Crystal. 

Ray.-A ribbon-like aggregate of cells formed by the cam­
bium and extending radially in the xylem and phloem 
(IA\ VA modif.) . l'\ote: The terms Medullary ray and 
Pith ray are now restricted to the parenchyma con­
necting the primary cortex with the pith. 

In the 1933 edition of the Glossary, Hetero­
geneous and Homogeneous rays v.:ere defined as fo l­
lows: 

Ray, heterogeneous.-A xylem ray composed of 
cells of different morphological ty pes ( typi­
cally, with the cells of the multiseriate part 
radially elongated and those of the uniseriate 
parts vertically elongated or square) . 

Ray, homogeneous.-A xylem rav composed of 
radially elongated cells. J 

An unsatisfactory feature of these definitions is 
tha~ they do not co,·er the individual ray composed 
enmely of square or upright cells. Rays of this type 
are homogeneous in the literal sense of the term; re­
search has .sho.wn, however, that they commonly 
occur as urus~na~es accompanying markedly hetero­
geneo~s mulnsenate rays and may be regarded as an 
cssennal component of the more primirive types of 
hetcrog~neous ray tissue. For this reason some ,, ood 
~natomtstS have extended the tem1 heterogeneous ro 
mclude rays _compo~ed .entirely of square or upright 
~ells, a practtce whtch 1s apt to cause confusion and 
IS not generally acceptable. 

The ter"';S have been used in a quite different 
sense by C. Remders-Gouwentak as translar· f 
H H 1 ns · • " · f l , · tons o . . a so~ms em ac ~' and "zusannne77gesetzt." 

Accordmgly the Committee has decided to . 
ommend that the usc of the terms "hom 1 ec­"h · ogencous" d 
. eterogeneous" for individual 1·a1 s should 1 d' an 

tmued. They consider it more satisfacto . )e tscon-
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the structure of individual rays in full, for example: 
"The multiseriate portion composed of procumbent 
cell~, the uniseriate margins composed of square or 
upnght cells," or "rays uniseriate, composed entirely 
of procumbent cells." · 

Alternately, the terms "homocellular" and 
"heterocellular" proposed by Kribs (Bot. Gaz. 96 
(3): 547-557· 1935) could be used in their literal 
sense, as follows: 

Ray, homocellular.-A xylem ray composed of 
cells of the same morphological type, e.g., in 
the case of woody dicotyledons, all procum­
bent; or all square or upright; or, in the case of 
conifers, composed entirely of parenchyma 
cells. Note: Square and upright cells are con­
sidered to be of the same morphological type. 

Ray, heterocellular.-A xylem ray composed of 
cells of different morphological types, e.g., in 
the case of woody dicotyledons, procumbent 
cells and square or upright cells; or, in the case 
of conifers, composed of parenchyma cells 
and tracheids. 
The Committee recommends that the terms 

"homogeneous" and "heterogeneous" should be ap­
plied to the ray tissue of hardwoods; this follows the 
proposals by Kribs loc. cit. They recommend the 
follo\ving terms and definitions: 

Heterogeneous ray tissue.-Ray tissue in which 
the individual rays are composed wholly or in 
part of square or upright cells. Note: Not to 
be applied to conifers. 

Homogeneous ray tissue.-Ray tissue in which 
the individual rays are composed wholly of 
procumbent cells. Note: Not to be applied to 
conifers. 
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Ray, 

Ray, 
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aggregate.- A group of small, narrow, xyl~m r~ys 
. ·d d t low magruficanon appeanng to the una1 e eye or a 

as a sincrle larcre rav (IA \VA) . 
0 b • 

fusiform.-Literally a ray th~t is spindle-shaped in 
tangential section. Used espec1ally for t~e rays that 
contain resin canals in conifers. Syn. LentJcular ray. 

Ray, multiseriate.-A ray two or more cells wide as 
seen in tangential section. 

Ray, phloem.-The part of a ray external to the cambium 
(IAvVA). 

Ray, 

Ray, 

primary .-In \\ ood anatomy, a ray ori~inating in 
the primary tissues and extended by cambtal growth. 
Syn. Medullary ray (deprec.), cf. Ray, secondary. 
Note: Commonly used for any ray that can be traced 
inwards to the pith. See also note under Ray. 

secondary .-ln wood anatomy a ray derived from 
the cambium (i.e., originating after the development 
of secondary xylem), and not extending inwards as 
far as the pith, cf. Ray, primary. 

Ray, uniseriate.-A ray one cell wide as seen in tangential 
section. 

Ray, wood or xylem.-The part of a ray internal to 
the cambium (lA \VA), cf. Ray, phloem. 

Ray cell, procumbent.-A ray cell with its longest axis 
radial (IA\VA) . 

Ray cell, ~quare.- \. ray cell a~proximately square as 
sc~n m_ ra~u1l sectJ~n. 1\ore· Such cells compose ccr­
tam urusenat~ rays and parts, rypically rhe margins, 
of some mulnsenate rays·•, cf. Ray cell, upright. 

Ray cell, upright.-A ra\' cell with its longest d't · 
· · 1 (I A\\' ·f. . mens10n axta A modi . ) . "'\ore: Such cells co 

Cert · · . .. mpose 
. am umsenatc rays and parts, typicall th 

gms, of some mulciseriate rays•. Y e mar-
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Ray crossing.-See Cross-field. 

Ray initiaL-A cambial• inital giving rise to a ray cell; 
usually one of a group and often more or less 
isodiametric as seen in tangential section (lA WA 
modif.), cf. Fusifonn initial. 

Ray parenchyma.-See Parenchyma, ray. 

Ray tracheid.-A tracheid• forming part of a ray. 

Resin canaL-An intercellular- canal containing resin. 
Syn. Resin duct. 

Rhytidome.- The ph ell em • and tissues isolated by it; often 
enclosing pockets of cortical or phloem tissues. A 
technical term for the outer bark•. Note: The rhyti­
dome may be shed to leave a smooth trunk, or retained 
as a thick, fibrous or corky layer. 

Ring, annual.-In wood and bark, a growth• layer of one 
year as seen in cross section (lA WA modif.), cf. 
Ring, growth. 

Ring, discontinuous growth.- A growth ring• that is 
not present all around the stem. 

Ring, double (or multiple) .-An annual ring• con­
sisting of two (or more) growth rings• (JAWA). 
Syn. Multiple tm1JUill ring. 

Ring, drought.-See Ring, traumatic. 

Ring. false annuaL-One of the growth rings of a double 
(or multiple) ring• (IAWA modif.). 

Ring, frost.-See Ring, traumatic. 

Ring, growth.- In wood and bark a growth• hlyer :\s scc•l 
in cross section (lA WA modif.). 

Ring, traumatic.-A zone of traumatic tissue produced 
by a cambium that has been injured. Note: Common 
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causes are frost (usually late frost), drought and fire. 
T he tissues tend to include irregularly-shaped wound 
parenchyma and to be coloured dark by the presence 
of gums and resins; intercellular• canals and drought 
cracks arc sometimes present. Such rings ~ay ~e dis­
tinguished as Frost rings or Drought rmgs, 1f the 
cause is known. 

Ring boundary, growth.-The outer limit of a growth 
ring• (IAWA). 

Ripewood.- See Heartwood. 

Ripple marks.-Fine horizontal striations visible on the 
tangential longitudinal surfaces of certain woods, due 
to the storied• arrangement of the rays• or of the 
axial elements• or of both. 

Sand, crystal.-See Crystal. 

Sapwood.-Th~ po:ti.on of the wood that in the living 
tree contams hvmg cells and reserve materials (e.g., 
starch) , cf. Heam:vood. Syn. Albunzmn (obs.) . 

Sapwood, included.-Wood included in the heartwood• 
h~v~ng the appearance and properties of sapwood: 
LIVlng cells are no 1on~er present as in normal sap­
wood but reserve matenals may remain. Syn. Double 
saJYWood (Jeprec.). lntenza/ sapwood. 

Scalloped torus.-See under Pit membrane. 

Schizogenous.-:-Formed by the separation of tissue ele­
ments O"'-l~g to the splitting of the common wall 
between adJacent cells. 

Schizo-lysigenous.-Oriainating by the 1' . 
cell wall, and developinO' by the b s) ~ttmg of the 
rounding tissues. 0 rea c ov. n of sur-

Sclereid.-A strengthening element that . 
prosenchymarous• but ,vh' h h 1~ not markedly 
fied secondary w~lls and JC} • has th1ck, often ligni­

\\ 11C commonly lacks a 
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proto~last• when mature. Syn. Sclerotic cell. Note: 
Sclere1ds vary in shape from polyhedral to somewhat 
elongated an~ are often branched. The type com­
monly found tn wood and bark is the brachysclereid• 
or stone• cell. Such cells are often described as scler­
otic, e.g., "sclerotic ray cells." 

Sclerotic cell.-See Sclercid. 

Sheath cell.-One of a series of upright cells (see Ray 
cell) on the margins of, and tending to fonn a sheath 
around, the procumbent cells• of a multiseriate ray• 
as seen in tangential section. 

Sieve area.- A depressed area in the wall of a sieve 
element, perforated by a sieve-like cluster of minute 
pores through which the protoplast is connected with 
that of a contiguous sieve element. Syn. Sieve field. 

Sieve celL- A long, slender, conducting cell of the 
phloem, that does not form a constituent element of 
a sieve tube, but which is provided with relatively 
unspecialized sieve areas, especially in the tapering 
ends of the cells that overlap those of other sieve 
cells. 

Sieve plate.-A specialized part of the wall of a sieve 
t~be member that has a solitary sieve area (simple 
s1eve plate), or several closely placed sieve areas, 
often arranged in a scalarifonn or reticulate manner 
(compound sieve plate). 

Sieve tube.-A food-conducting tube of the phloem made 
up of an axial series of sieve tube members. 

Sieve tube member.-A long. conducting cell of the 
phloem that forms one of an axial series of such 
cells arranged end to end to form a sieve tube, the 
common walls, which may be inclined or transverse, 
bein~ sieve plates; sometimes with additional, less 
spec1alized sieve areas elsewhere in the walls. 
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Soft tissue.-See Parenchyma. 

Spiral thickening.-Helical ridO'eS on the inner face of, 
and p:1rt of, the secondary

0 

wall (IA \VA~ . Sec ~ell 
wall. ~ore: Often erroneously ca llcJ rerttary sptmls 
to distinguish them from r'he spirals of primary 
xylem•. 

Stone celL-An approximately isodiamctric cell with a 
mas...,i\'e lignified secondary \\a ll, \\ hich is often con­
spicuous!)~ laminated. and " hich may contain rami­
fonn pirs•. e.g .. sclerotic tyloses·. Syn. Br,rcbyscler­
cid. Sec Sclereid. 

Storied (storeyed ) .-A term applied to the axial cells 
and rays in ~wood \\'hen these are arranged in hori­
zontal series on tangential surfaces. Note: 1 he term 
is applied to particular tissues, e.g., "storied paren­
chyma" or used in a general sense, as in '\,~oods 
with storied structure.-;. The presence of storied 
stntcturc is the cause of the ripple" marks \ isihlc 
\\ ith the unaided eve. 

Strand, wood parenchyma.-See Parenchvma st ra nd. 

Sryloid.-Scc Crystal. 

Tile cell.~-A special typ.e of apparently empty upright 
ra) cell of approxunately the same height as the 
procum?ent ray• celJs and occurring in indetermin­
ate hon1ontal series usually interspersed among the 
procumbent cells (lAW A modif ) Note· ( . . . . · · .ommon 
111 certam of the Tthales and i\1ah•ales. 

T orus.-Sce under Pit membrane. 

Trabecula, pl. trabeculae.-A rod-like or s 
part of a cell• wall \\ hich projects rad· li pool--,hapcd 
lumen• (JAWA). Svn. Bea1n(s) f s'a .v across the 
Bar( s) of Sanio ( deprec.). o amo ( dcprec.)' 
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Tracheary elements.-The principal water conducting 
eleme~ts of the xylem, r mostly vessel• members and 
trache1ds (lA \VA). Note: In primary :x-ylem the 
tra~heary el~men~s may have only annular. spiral, or 
renculate thtckenmgs and no pits. 

Tracheid.-An imperforate wood cell wirh bordered pits 
to congeneric elements (lAW A modi f.). See note 
under Fibre-tracheid. 

Tracheid, disjunctive.-A tracheid partly disjoined lat­
erally from another during differentiation; contact is 
maintained by means of tubular processes (lA \VA). 
Syn. Conjugate tracheid (deprec.). 

Tracheid, fibre-.-See Fihre-tracheid. 

Tracheid, ray.-See Ray trachcid. 

Tracheid, septate.-Scc under Trachcid. strand. 

Tracheid septate fi.bre-.-A fihrc-trachcid with thin 
transverse walls across the lumen (lA \VA modif.). 
Note: In these elements the protoplast divides after 
the formation of the secondary walls. 

Tracheid, strand.-A trachcid of an axial series (strand) 
of tracheids (or of mixed tracheids and parenchyma 
cells), each series originating from a single cambial• 
initial (lA \VA). Syn. Septate trttchcid (deprec.). 

Tracbeid, vascular.-An imperforate cell resembling in 
form and position a small vessel member (lA WA 
modif.). Syn. Imperfect vessel member. 

Tracheid, vasicentric.-A short, irregularly-formed 
tracheid in the immediate proximity of a vessel• and 
not forming part of a definite axial row (IA W A 
modif.). 

Transverse wall.-See Note z. 
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T raumatic ring.-See Ring, traumatic. 

Tylosis, pl. tyloses.-An outgrowth from .an a?ja~cnt 
ray or axial parenchyma cell through a p•t ca,:•ry m a 
vessel wa\1, partially or completely blocktng the 
vessel lumen•. ~ore~ Tyloses may be fe"· ~r many 
crowded together; thin: or thick-walled; ~1tt~d . o~ 
unpitted~ with or without starch, crystals, I CSIIl!i, 

gums. etc. 

Tylosis, sclcrotic.-A rylos1s, with an_ exccpti?n~lly thick, 
laminated. lignified wall and ramLform p•ts . :\ form 
of stone"' cell. 

Tylosoid.-;\ proliferation of a thin-walled epithelia~• 
cell into an intercellular• canal. Note: A tvlosotd 
differs from a tvlosis in that it docs not pass through 
a pit• cavity. · 

VesseL-An axtal series of cells that ha\'e coalesced ro form 
·m :lrticulated rube-like structure of indeterminate 
length~ the pits to congeneric elements• arc bordered 
( IA,VA modif.). Syn. Trachea. 

Vessel member or element.-One of the cellular com­
ponents of a \esse! (IA \YA). Syn. Vessel segment 
(dcprec.). 

Vessel member or element, fibriform.-A ,·cssel mem­
ber of rcl:nh·e\y small diameter hearing a resemblance 
to a fibrc-rracheid•. 

Vessel perforation.-See Perf oration, vessel. 

Wood:-·l:he principal strengthening and warcr-conduct­
mg ussuc of stems and roots. Characterized by the 
presence of tracheary• elements. Syn. Xylem. 

Wood, compressi~n.-Rcaction wood formed tv icall 
on the \ower ~Jdcs of branches and leaning or crookc~ 
~terns of comfcrous trees and charactert"zed n r 

11 b h 'l 1' "fi . :1 a om-tca y y ean y tgm ed tracheids• that arc rounded 
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in tranvserse section and bear spiral cell• wall checks; 
zones of compression wood. are typically denser and 
darker than the surroundmg tissue. Syn. Glassy 
,.;,;ood, Hard streak, Redwood, Rotholz, cf. Wood 
tension. 

Wood, diffuse-porous.-Wood in which the pores• are 
of fairly uniform or only gradually changing size 
and distribution throughout a growth ring•, 
(lAW A) . 

Wood, early.-The Jess dense, largcr-ceJled, first-formed 
part of a growth ring• (lA WA). Syn. Spring w ood. 

Wood, intermediate.-Inner layers of the sapwood that 
are transitional between sapwood and heartwood in 
colour and general character, cf. Ripewood under 
Heartwood. 

Wood, late.-The denser, smaller-celled, later-formed 
part of a growth ring• (lAW A). Syn. Awrmm v.:ood 
( deprec.) , Srmmrer wood. 

Wood, non-pored.-\Vood devoid of pores• or vessels•; 
characteristic of conifers. Syn. Non-porous w ood 
( deprec.) , cf. Wood, pored. 

Wood, pored.-\Vood with vessel-;•; _typical of woody 
dicotyledons as opposed to comfers. Syn. Porous 
wood ( deprec.) . 

Wood, primary.-See Xylem, primary. 

Wood reaction.-Wood with more or Jess distincth·e 
~natomical characters, formed typically in parts of 
leaning or crooked s~e~o; and ~~ bra~ch~ and tend­
ing to restore the ongmal posltlon, af . this h~ been 
disturbed. Note: In dicotyledons thJS ~ons1sts of 
tension wood• and in conifers of compress1on wood•. 

Wood, ring-porous.-Wood in which the pores• of the 
early wood• are distinctly larger than those of the 
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late wood• and fonn a well-defined zone or ring. cf. 
\Vood. diffuse-porous (BSI modif.). 

Wood, scmi-ring-porous.-\\'ood in which the early 
wood• is marked b\· a zone of (a ) occasional l:lrgc 
vc.sselc;. or (b) numerouS' small ,-esse Is. 

\Vood. spring.-See \Vood. early. 

\Vood, summer.-See \Vood. late. 

Wood, tension.-Reacrion wood• formed r~·pically on the 
upper sides of branches and leaning or crooked stems 
of dicotyledonous trees and characteri7ed anatomical­
ly by lack of cell wall lignification and often by rhe 
presence of an internal gelatinous layer in the fibres•. 
Syn. Zugbob, cf. \Vood. compression. 

Xylem.-Sce \Vood. 

Xylem, primary.-First formed xylem•, differentiated 
from an apical meristem• . ~ore: Ordinarily at the 
edge of the pith• (lA\VA). 

X ylem, secondary.-\Vood produced by a cambium• 
( lA \ VA modif.) . 

X ylem, mother celL-A ceU rhat is cut off on the inner 
side by a fusiform cambial• initial. but which under­
~ocs further periclinal di,·ision before differentiating 
mto a xvlem cell. 

~OTES 

Note ' · Tenm denoting OTinmrtion.-The terms " . 
" · 1 " " J' I" 1 " · 1.. transverse ' axtJ. ra1 ta anc rangcnua arc used with rrfcrc 1 • ' 
the stem (or hranch). The rerm "~'·t'al" •llu. nclc to 

1 1
" :!XIS of . . .•. , • s rep aces " , . · I" 

where thas appeared 10 the original Glossan·. ' \ ~ rttca 
l'hc po~ition in relation to the axis mav n~t b k 

immaterial for individual cells. as for exm lc i e nown or may be 
II ere the renu~ "end wall'' and "longitudinaF wal7" macerate~ marcr!al. 
to the long ax•s of the cell. Examples are .11 are _used tn relanon 

• • • J usrrated 10 fig b I 
Note 2. I ermm~logv of the fine · t e ow. 

Knowledge of this subfcct is incr easi mucture. of tbe eel/ wa/1,­
ng so rap•dly with the use of 
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rhe electron microscope that the terminology is likely to prove ,·cry 
uns~able for some years to come. It has therefore been decided to 
omtr all such terms from the present glossary and to include onlv 
the terms for features that can be seen with an optical or light 
microscope. 

Transverse 
wa/1

1 
__ 

I 
I 

I 
I 

I 
I 

Rod/a/ (a.r/al) 
1 ............ ' wall 

I 

I 
I 1 

I I 

I I 
I I 
I I 

I 

I 

t 
l0n9~na/ ( a.¥ial} wall 

In Sech'ons 

End woll 

Long,fudtnal 
wall.~ 

In Macu alions 
Fig. t. Terminology for the orientation of cell walls. 

ABBRE\'IATIONS 

• = Indicates the key word determining the alphabetical position of 
a term defined elsewhere; e.g., "tension wood•" will be found 
under "Wood, tension." 

Am.= North American. 
BCF :-:::Definitions taken from Part I of the British Commonwealth 

Forest Terminology, t9S3· 
BSJ =Definitions taken from the British Standards Institution publi­

cation B.S. No. 565, 1949, "Glossary of terms 2pplicable to 
timber, plywood and joinery." 

deprec. = deprecated. 
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f terms used in lA \VA = Definitions taken from the "Glossary o 
describing woods.'' Trop. \Voods 36: •- •3· 1933· 

modif. =modified. 
obs. =obsolete. 

pl. --, plural. F • 
S \ 1" =Definitions taken from the Socie~· of American •oresters 

"Forc~t Terminology," 1950. 
S\ n. = 5ynonym. 

TilE \VOODS \'-.;D FI .OR~ OF T HE FLORIDA KEYS. 
1'-.;TRODCCTION 

\ \ JJ.LIA:\1 L. Su·.R:-. A>;o GEORGE K. BRrZICKY 1 

School of Forestry, Yale University, New Haven, 
Connecticut 

GEOGRAPHY 

The Florida Keys archipelago constitutes a unique por­
tion of the Cnitcd States. Situated between z.;(\30' and 
2 5° 30' norrh latitude, these islands enjoy a subtropical 
climate. The flora is almost '' ithout parallel in this country. 
for there is perhaps no other area of comparable size ' "' hich 
supports t"e diversity of species found on the Keys. 

1lt is with sincere gratitude that the authors thank the ~ational 
Science Founduion for a grant which enabled them to perform the 
field work nece~sary for collecting specimens. Appreciation is espe­
cially due Dr. Richard A. Howard of rhe Arnold Arboretum and Dr. 
Kenton L. ~hambers of Yale Unive~ity for their ~ri~cal reading of 
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This arc of islands begins on the north with Soldier Key 
and slopes toward the southwest tenninating in the Marque­
sas Keys, and atoll-like cluster of islets 18 or 19 miles west 
of Key \Vest (fig. 1 ). The archipelago is bounded on the 
north and west by a series of sounds, the most extensive 
being the Bay of Florida which merges at its western-most 
extremity with the Gulf of Mexico. On the south and east, 
the Straits of Florida direct the Gulf Stream past the Keys 
and across the Atlantic Ocean. The Bahama Islands (Bimini) 
lie a scant so or 6o miles to the east, and extending north­
eastward and southeastward, they separate the Straits of 
Florida and the Santaren Channel from the Atlanitc Ocean. 
South of the Keys, across the Straits of Florida .and the G?lf 
of Mexico, is Cuba. To the north and west hes the mam­
land of Florida (fig. z). 

On maps the Keys appear as a numb~rl~ group of islands 
ranging in size from the smallest consJStmg of a few man­
grove plants, to Key Largo, whi~h is z8 miles .long. an~ up 
to 3·5 miles wide, and Bi~ Pme Key, wh1c~ JS e1ght 
miles long and over two miles b~oad ~t the w1desr part. 
In outline the individual keys are h1~hly •.rre~ular, bur ta~en 
as a whole they show certain consistencies m geographical 
orientation. The axes of the Upper Keys (Small, 191 ~),from 
Soldier Key south to Bahia Honda, parallel the axJS of the 
island arc; the axes of the Lower Keys are roughly perpen­
dicular to the axis of the archipelago (fig. 1 ). Many of the 
smaller keys are awash part of the time and it is doubtful 
whether even the largest are much more than !8 _feet above 
rhe mean tide level (Windley's and Plantation Keys; 
\ ·aughan. 1914b). Differences in elevati~n on the Keys 
profoundly influence the Aora and vegetation. 

GEOLOGY 

The rock of which the surface of the Florida Key~ is 
composed is calcareous and was formed ~nder water durmg 
the Sangamon interglacial stage of the Ple1st~ncene epoch. At 
this time the seas invaded southern Flonda and reached 
depths of about •oo feet above t~e present le~el. The Udpe~ 
Keys. from Soldier Key to Bah1a Honda, "ere forme b~ 
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living corals which built a reef upon the Pliocene T a miami 
formation. The remains of this coral reef are now known as 
the Kev Largo limestone. Contemporaneously, the Lower 
Keys, from Little Pine Key and No Name Key southward, 
as well as ccnain parts of the mainland, were in the process 
of being deposited. These rocks now comprise the Miami 
oolite. It is of interest to note here, that Sanford ( 1909) 
restricted this designation to the sandier oolite of the main­
land and named the almost pure oolitic outcroppings on the 
Lower Keys, the Key \Vest oolite. However, Parker and 
Cooke ( 1944) have chosen to use Miami oolite to cover 
hoth the mainland rock and that on the Keys, for they say 
that "The Miami oolite underlies the Atlantic coastal ridge 
from a transition zone near Boca Raton to Florida City; it 
floors the Bay of Florida and reappears above water-level 
once again in the lower keys. . . . " This rock is also 
underlain bv the Pliocene Tamiami fonnation. 
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Fig. z. Map of the Florida Keys area induding some of the West 
Indies. 
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Folio\\ ing these events, the sea reced~d in the early Wis­
consin and erosion took place charactenzed b)~ chan~el c~t­
ting and solution in the ;\ liami oolite. Dunng mtd-\VIS­

co~sin (Pamlico time) the sea rose to about !5 feet ab?ve 
the present lc,·cl and again flooded much of southern Flonda. 
ln late \ Visconsin time, the sea receded slowly to 2 5 feet or 
more below the present leYel. During Recent time the sea 
reached its existing level and a ~e\\ coral reef began to 
fringe the Key~ on the sea\\ ard stde. Thus ~he recent ~co­
logic history of the Keys h.as been. charactenz.ed b:y osctll.a­
tions in the sc;t lcYcl comctdenr '' 1th flucruanons m glac1al 
ffiO\'CffiCnt. 

It is perhaps germane t.o examine briefly the g~ologic 
relations between the Flonda Keys and the closest msular 
masses, \JZ., Cuba and the Bahama Islands (fig. 2). We read 
m \.aug han ( 191 +b) that ''. . . the Floridian, Andros 
(Bahamas) and Cuban reefs all have a similar relation to the 
oscillat ton of sea-le,·el. as in each instance there has been 
an deration antecedent to depression which has brought the 
platform on which the reefs stand into their present posi­
tions.'' \ •aughan points our. ho\ve,·er, that the oscillations in 
Florida and Andros Island have occurred '' ithout notable 
crustal movements; '' hereas in Cuba there was conspicuous 
deformation accompan) ing these fluctuations. In an ex­
tremely interesting account, Vaughan ( 19r4a) de~cribcs the 
formation of the Bahaman and Floridian oolites through the 
action of dcnirrifying bacteria. The oolite which occurs in 
rhc sea bortom off some of the Bahama Islands is of exactlv 
the same composition as the southern Florida oolite. 1\ 1ore­
over, the oolitic deposits of the Bahamas and Lower Florida 
Keys arc of precisely the same age. Funher information 
on the geologic htsrory of the Keys may be found in 
Vaugh~n ( 19w) and Parker and Cooke ( 1944-), from whom 
the wmers h:we drawn extensively. 

SOILS 

.Recourse to I Jcnderson ( 1939) on the soils of Flo ·d 
f~tle.d r~ reveal much information regarding the soils 0/:h~ 
Ke\ 'i. I unhermore most of rhe so1.ls of r1 · 1 h 

' • l' ont a ave not 
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be.en mappe?; many types as yet remain un~lassified: The 
sotl association !Y'aP. of Dade County, Flonda (Le•ghty, 
et al., 1954), wh1ch mcludes the Upper Keys south to Old 
Rhodes Key, groups the soils on these islands in "Miscel­
laneous land units." As regards the existing soils on the 
Keys, it can be said that in large areas, the rock is not 
covered by any mantle which could properly be termed soil. 
Davis ( 1943) remarks that in certain places on the mainland 
underlain by the Miami oolite, there are areas with so little 
soil that the growth of vegetation is greatly inhibited. Also, 
the prevalent fires often reduce to ashes the shallow organic 
soils. No doubt this is the case on Big Pine Key where large 
nreas are frequently ravaged by fires to the detriment of 
soil resource. Such exposed regions are commonly called 
"rock lands." 

In these rocklands, numerous "solution holes" or "lime 
sinks" occur. Here the limestone has been irregularly dis­
solved leaving jagged-margined holes of varying area; 
organic debris collects and rots in the moisture at the bot­
tom. Solution holes are somewhat protected from fire and 
gradually a layer of soil is formed, probably akin to the 
A 1 horizon of the true soil. This is often covered by partly 
decomposed organic remains. Such depressions are oases in 
the pinelands and freCJuenrly support an entirely different 
flora from the surrrounding country. From one such place 
on Big Pine Kev. west of the "quarry hole," the writers 
collected Amw1ia glabra, Cbrysobala11US icaco and Persea 
borbonia. none of which was found growing in the adjacent 
pine lands. 

In \\'arson's Hammock on Big Pine Key, there occur 
deposits (at least 20 inches deep) of a dark s~il apparently 
rich in organic matter (fig. 8). Th~e deposits su~port. a 
luxuriant growth of hammock vegetation. The area IS qmte 
secluded and lies on the northwest end of the key between 
the pinclands and the mangroves bordering Pi~e Channel. 
No evidence of recent fires was observed. Goggm and Som­
mer ( 1949) also report a layer o~ "very bla~k soil" \~hich 
rhev uncovered during archaelog1cal operano~s on l pper 
.\1a.tecumbe Key. In the hammocks of North Key Largo. a 
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thin Ja,·cr of ~oil is present under a blanket ~f leaf litter. 
On the landward side of the mangro,·e ,·egera_non on many 
of rhe kevs, flat~ co,·ered by a dark gray. sttcky m~d are 
coru.piciou!>. These areas, called_ "salina~~ · by r~e. mh~bJ.ta~~· 
support Randia ,rcu/e.lfa, Bumelur cdas!llllt1 , L.' _cw m _ w 1 ~~~~~·­
anmn, CO?wc.trpus crectus and sonmmes '"!"-'Jce~mur ?uflda. 
There apparently ha,·e been paral~el ~odlficauo~s 10 the 
\'egetati\"c structure of plants. g romng 10 thes~ s~l10~ areas, 
for R.wdi,r, Hume/i,t and LyC/11111 are hardly dJst10gmshahlc 
from each other until the reproducti,•e portions are closely 
examined. \ II are stunted, short-branched, small-lea,·ed, 
gray-harked shrubs. 

0RJGii\ \~ D 0ISTRIBvTION OF TilE FtoR.\ 

The strikmg similarity between the flora of the Florida 
lo...eys and the \Vest Indian Islands suggest that plants on the 
Keys migrated there from the south. The tropical and suh­
troptcal species that comprise the flora of the Keys gradually 
become less numerous as one goes nonhward onto the 
mainland. At about 2 7 north latitude this tropical influence 
gi\'Cs way to the more northerly elements of the flora (Small, 
1913; lb~hberger. 1911, 19 14-; Brendel, 1874-; Guppy. 191 7; 
Britton and ~ tilbpaugh, 1920; \lillspaugh. 190i ; DaYi~. 19.p , 
and orhe~). 1 he resemblance of the ~'est lndian and Ke \·~ 
flora is especially noticeable '' hen one compares the flor:t 
fo the Kevs with such \Vest Indian islands as the Bahamas, 
" hich sho"w similar topography and geologica l histor). Da\ ts 
( 19.p ) states unequh·ocally that "These Sand Kevs and 
the whole somh Florida region deri,·e thetr flora from all 
the Caribbean region." Small ( 19 13 ) , who botanized exrcn­
sin:lv em the. Keys. states, ''Thus '' e find here (on 1 he 
Keys) a trnptcnl Aora made up almost wholh of \Vt <;t 
lndtan clements, and clo~;ly related to the floras of Bermuda. 
the Bahamas, and Cuba. 

Th~t che flora of rhe Keys and the flora of the \ Vcsr Indies 
arc altkc should not seem strange if one cons1"der. tl · 

f h 
. · S l e ll:'l tlii"C 

o t c occ:tn currents m the Caribbean-Gulf f \t · 
1' \ "d · · :J 0 C'\ICO-' on a area, the proxlmttv of the insular m . . . . fi 
h l · 1 · · . . asses ( 1 g. 2 ) 

t c geo ogtc mtorv and s1mtbr clim"te of th ... 
1 
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efficient means for water dispersal of some of the plants, the 
presence of frugivorous and wading birds, and even perhaps 
prehistoric man (Goggin and Sommer, 1949; RotLse, 1949). 
Guppy ( 1917) has shown how sea currents can act as 
'cctors of fruits and seedlings, and has emphasized the 
remarkable durability of some of these propagules when in 
contact with salt water. The Gulf Streams sweeps past the 
Keys carrying all sorts of vegetable debris some of which 
undoubtedly drifts or is swept ashore during storms, takes 
root and grows. Davis ( 1942) mentions experiments in 
" hich mangrove seedlings ( Rhizophora mangle) were cast 
o\"erboa rd in the Sand Key region only to be recovered 
on the shores of the Tortugas islands. It is a noteworthy 
fact that in this region where the main ocean currents move 
from west to east, these seedlings migrated from east to 
west! Davis reports that "Other evidence showed _that it. is 
entirelv probable that the other mangrove spec1es ( VlZ., 

I~agzmcularia racemosa and A't!icennia nitida) can also float 
efficienrlv. and that no doubt all mangroves are able to 
survive "long ,-ovages.2" Also this same author stresses 
a(1uavection as the "most efficient mode of dispersal." Guppy 
would doubtlessly agree. 

Frugivorous birds in this re_gion most likely feed on the 
fleshy fruits of Cocc_oloba m•1(era~ c;occothn?zax .arg~ttrta, 
Thrinax spp .. Opu111M spp., facqzuma keye11SIS, Krugwderz­
dron ferreum, Ximenia trmericmza and other pla.nrs. The feet 
of wading birds probably carry _seeds of certam beach and 
shore plants. 'Vith the narrow d1st~n~es that separate many 
of these ishnds and island groups, 1t IS reaso~able _to assume 
rh,n birds are responsible for some of the d1spers10n of the 
flora. :\I an cannot be overlooked as a vector, for some of the 
plants brought here by him, even in historic~) times, ha,re 
become naturalized-others appear now to be m the proc~ss 
of becoming esta~lis~ed. Among_ the former we can. ctte 
C.rsuarina equisetlfoluz, Tbespesta popr1lnea, Ttrmanndus 
indica and Psiditnn gturjtn•a. 

- -S- I· l ·r 1: r , 94~ The dis.,.rsal and c:;rablbhmcnt uf red 
• l.'C g t: ' • • • ,..- 'b F f 

mangro,·c, Rbizopbor.J in. Flur.ida. Can · orcMcr <) : :99-~~o. or 
furrhcr information on thts topic. 
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In summar)' it might be well to note Davis' ( 1942) con-
.. hSdK fl" elusion~ for the dispersal of t e an cys ora: · · • 

that mo)t of the mangrove. salt-marsh. and strand-beach 
plants arc aqua\'cctanti ~he strand-dune plant~ .are both aqua­
,·cctant and avc,·ccrant; and most of the frumng shrubs and 
trees of the :.trand scrub and strand hammock arc avc\·cct­
ant.'' The tlora of rhc F lorida Ken has thus originated from 
regions to the sourh-rhc Caribhcan-and has been trans­
ported mosrly hy the sea and by birds, and to a small extent 
by man. 

\'EGETATIO~ 

Because Da' is' ( 194-3) classification of south Florid<t 
vegetation seems besr to fit the situation on the Keys, an 
abridged form ''ill be employed in descriptions here. Other 
classificanons of south Florida vegetation have been pro­
posed, among '' htch are those of H arshbe rg er ( 1914) and 
Harper (19~7). Of the fi"e groups chosen from Davis to 
d~scrihe the \'egetarion of the Keys, three ca? p roperly be 
sard to rcprcscnr forests. The others consist mainly of 
shrubs and herbs. The forest areas probably cover the g reat-
est land masses on the Kevs. • 

Pine forests or pindand;.-In these forests the most con­
spicuous plant is the south Florida slash pine. Pinus dliottii 
var: _d~l~s,T. On the Keys, pinelands g row on the \1 iami 
oolitic lunestone and may occur where little if am sorl is 
p:esenr. ~ome of. the woody pla nts characterisricailv asso­
Ciated \\'tth the prnes are: Guettarda scabra, Mvrtu~· 'i.'trru­
c.osa <.syn .,~ugenia l?ngipes). Ardisia escalloniofdo. Croton 
ime,1m:. l 1th~cel!obmm. guadalupense, Pisonia rotundata, 
Ur~cJmes ~utea, Torntbla spp .. Caesalpini,1 pnuctflora lJ . 
somma iuctda and CrossoP_etalum ilicifolium. Se,·cral spe~~s 
o
1
f palms always appear '' 1th the pines and form "lth lhcm 

t lC greater part of the arborescent vegetation v·
1
z f' 

1 · Tl · • ... ~ occo-~.Jrbmlax argem,ua.. JmJax 1mcrocarpa, and to a Jesser extent 
.)/1 a palmetto . .\£ renoa repens occasionaJl,. oc. 

1 
. • 

p· K \ d . . r curs on 3tg me C\'. J S State pre\ IOU Sly \\ I thin the rock . b 
of pinclands. areas c:1 1lcd " lime sinks" mav he j~:u st ratum 
holes arc commonly filled with. a dark· P. ent. These 
supports \'cger.arion not found in the fr' or~anrc. soil \\ hich 

mgmg pmclands. 
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Hmmnock forests.-Davis (1943) defines hammock forests 
as "Hardwood and palm forests usually dominated bv broad­
leave~ evergr~en trees and limited to relatively small areas, 
growmg on h1gh upland to seasonally flooded soils and con­
taining a great variety of . . . tropical species. Often a 
climax forest developed after a series or succession of other 
stages of vegetati_?n." On the Keys, hammocks comprise the 
most nearly troprcal type of vegetation in Florida. 

The hammocks of the Lower Keys are characterized bv a 
great diversity of species among which are: Coccoloba 
divc-rsifolia, Krugiodendron ferrum, Sll'llia bahamemis, Rey­
nosia septentrionalis, Byrsonima Iucida, Cupania glabra, 
Dipholis salicifolia, Ficus spp., Chiococca alba, Chrysophyl­
lum oliviforme, CithtiTexyfum fruticostmt, Dodonaea ehren­
bergii (syn. D. microctiTya) Myrtus verrucosa, Hippomane 
11101Jcinella, Mi11msops emarginata, Exothea paniculllta. 
lfetopium toxiferum, Bursera simaruba and ]acquinia keyen­
~·is. Plants normally existing in hammocks on the Lower 
Ken may also occur to a lesser extent in the adjacent pine­
lands. H~mmocks on the Upper Keys support many trees 
:md shrubs some of which are found in the hammocks of the 
I .o\\'er Kevs as can be seen below: Exostema CtiTibaeum, 
Citharexylimt fmticoS1mr, Gynmtmthes Iucida, Hype/ate 
tri{oliata. Bursera simnruba, Colubri114 reclinata, Guaiacum 
sanctrmr. Su·ietenia mahagoni, Simaruba glllllca, Siderox.ylrm 
foetidissi11ntm. Metopirmz toxifenmr, Drypetes diversifolia, 
Reynosia septentrionalis, Ctmella 'U.:intertma, Calyptrtlthes 
pal/ens and Psychotria rmdllta. 

.llangro-.:e s,...:.·mnp forest.-Swamp forests are always a 
feature of the north or bay side of the Florida Keys and 
f rc<lucntly encircle. some of t~e smaller ke~. On small. low­
lying keys, the ent1re vegetation may cons1st solely of man­
groves. A definite zonation is exhibited by these mangrove 
forests. The outermost zone, closest to the sea, is made up 
exclusively of the red mangrove. Rhizophora mtmKie, whose 
prominent stilt roots make this region conspicuous even 
at a distance. To the landward side of the red mangroves, 
but still subject to high tides, w~ ~nd the ~one of b!ack 
mangroves, Avicem~ia nitida. ThiS IS somettmes a maxed 
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zone. the black mangro,·cs sharing their nic~e with the white 
m:.m~ron. Lagmicttlari,r r,rcemostT. An endent feature of 
the l>lack manrrrovc region is the presence of pncumato­
phore:s \\ hich project s'"'or 10 inches abO\"C _t~e- substratu?l, 
Pneumatophorcs arc irregular. spo~gy. peructlhfonn, acrtal 
protuberances from the roots of A'i-·rcenma. The buttonwood 
(Conoc.zrpus erectus) 1one may accompan~· th~ former 
zone" on areas :1bo\"c the mflucnce of normal h1gh t1dc levels. 

On the Kc\ s, the mangrO\·e ~''amp forest~ may fonn a 
narrow rim .1round an island, or they may produce an cxrcn­
siYe, highly impenetrable jungle. \ oung swamp forests at 
times contain onh Rbizopbora mnngle; older swamp forests 
usually show the typ1cal trizonate configuration. The red 
mangroves \'ary m size from shrub-like plants only a few 
feet in height to large trees scr-6o feet high. The stunted, 
shrub-like red mangro\'es constitute the most common form 
encountered on the Keys. 

Strand r;:egelt1uon.-L\ calcareous sandv substratum, '' inds 
carr) mg salt spray. and a high water table caused by near­
ness to the sea. make up in large part the em·ironm'ent the 
strand planrs must endure. The vegetation is mostlv herb­
aceous consisting of grasses and a fe\\ \'ines such as Si:su'i . .'izrm 
portu/,rcaJtnun, Cma'i:alta lineata and lpomea pes-caprae. 
The woody vegetation ts sparse. and most of this is shrub­
like. Along the ,·cry exposed outer areas gro'' the hardv 
Coccolob11 u;:ifera, Toumcf orti.r gmrphalodes. Scac,.,•o/a plli­
mieri and Sftriau.r 111<1rtima. Inland from thts 7nne of 
sentinels, and ~ore pr?tect~d from _rhc effects of rhe open 
sea, grow Gemp.r clzmaefolta: Cord1a sebesteua. Pithecello­
!~um unguis-cati, C~esalpiuia. bon~uc and Yucca ,r/oifolia. 
f he ~OCOn~tt paJm,.~. ~C.OJ 111/CT{i?ra_. IS _common in this region 

cspccmlly tn the 'tcmtry of habttattOns. Thc.'ie and other 
planrs may form the so-called coastal hammocks. 

Among the factors \\ hich control the zonation along the 
l~cachcs ar~ the t~lcrance of the plants to sal ine conditions 
coupled '''.•th theu· d~oughr :es.isrance and ability to grow 
o~ a loose and_ somrtmcs shtfrmg substratum. The strand 
~ants. along. wnh the mangroYes, are probably among the 

rst to colomzc ncwlv-fom1ed land on rh K . . ~ e e)S. 
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Salt water marshes.-On the Keys the salt water marshes 
are common in or near the mangrove swamp forests. For 
the most part the plants in this category accompany the 
black mangrove zone and grow among the pneumarophores. 
Here we find low shrubs and semi-shrubs: the saltwon, 
Batis maritima and glasswort, Salicomia perennis. 

Without going into great detail, it seems evident that on 
the ~eys, ,,.·here. relief is .r~lativ~ly non~xiste.nt, the ability 
to wJt~s~and salm~ c?nd1.t10ns IS of prune Importance in 
detemunmg the d1stnbut1on of the vegetation and flora. 
The hammocks (excepting perhaps the coastal kind) and 
pinelands are most likely composed of plants with lictle or 
no tolerance to salt. These areas are usually inland and there­
by protected from high water tables (this is relative on the 
Keys) and the effect of salt spray. Where strand vegeta­
tion merges with the more inland vegetation, a coastal ham­
mock may arise. The plants composing this vegetation prob­
ably have some tolerance to salt, since they must come 
under the influence of the sea to some extent. The mangrove 
and marsh vegetation is composed of halophytes, for the 
sea bathes the roots of these pfants at one time or another. 

Observations made by the writers in the pinelands of Big 
Pine Key and ~o Name Key seem to point to the conclusion, 
that the pinelands would evolve into hammocks were fire 
excluded. Davis ( 1943) states that "These hammocks are 
the climax development of vegetation in southern Florida." 
Simpson ( 1920) concurs and emt>hasizes that the pinelands 
would disappear in southern Flonda if fire were controlled. 

Since 1948, when a hurricane wrenched a gaping hole in 
the wooden Big Pine-No Name bridge, interrupting inter­
course with the mainland, fire has been absent from No 
Name Key and the effects are conspicuous. Before this time 
there were permanent residents on the latter island; today it 
is believed the only inhabitants are transient visitors. For 
many years fires ha.vc swept through and. ravaged the pin~­
lands of Big Pine Key. These. conflag~nons b.um and .k•ll 
most of the hardwood vegetation associated With the pmes 
(fig. 7). However, the pines and palms appear to he only 
partially damaged by these fires. No doubt the degree of 
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killing is largely dependent upon the se,·erity and duration 
of the fire~ in any c\·ent, the pmes and palms s~em to he 
some\\ hat fire resistant. Along with the destruction of the 
hardwood \'egerarion, fires frequenrly burn the accumula­
tions of leaf liner on the forest floor. Thus they also affect 
the 5oil building processes. There is no doubt aJso an effect 
on the seed bed, '' hich in turn influences the ability of seeds 
to germinate. 

In general the pinclands m B1g Pme Ke~ presenr a very 
open aspect and consist mainly of pines and palms with a 
l>Cattering of low and often stunted hard\\ ood trees and 
shrubs (lig. 3). Ground co\'er in the forn1 of soil or leaf 
litter 1s large!} absent (fig. 5). In contrast, the pinelands of 
~o ~ame Kev ha\'e not been harassed by fires for at Jeasr 
~1x years. Obsen·ation shows that here· an abundant leaf 
litter has alread} accumulated (fig. 6). and the hardwoods 
have formed a dense gro\\ th under the pines. It is impos­
sible to sec into rhe forest for more than a few feet in the 
'-.;o '-an e pinclands (fig. -t). Some hammock plants alwavs 
accoP1pany rhe pines as has been pointed out pre,·iousfv; 
therefore it is reasonable to hypothesize, e\'en though the 
aurhnrs h~wc not carried out any svstematic researches that . . ~ , 
1f protected from fires for a long enough period, the pine-
lands nf the h.cys would become transfonncd (revert?) into 
hammock forests. 

Bo-rM\ICAI. ExPLORATto:-.- o~ THF. Ft.oRmA hT\s 

• Two phases in rh~ botanical exploration of rhe Florida 
Keys can he rccogn•zed. The first can be called bisto1·icnl 
an~ c.ominued from about 1775 to 183o; the second, or 
~cwm fie phase. f nllowed. The historical phase is character­
Ized by rcporrs of plants seen on the Kcvs b,· more 1 . 

Th . . or css 
competcm pcrs~ns. esc records appear mostly in cncral 
works on the hl!>tory a.nd geographr of Florida. an3 oint 
our only the out-;randmg or usefu plants i\s f p 1 

I · i · · a r as t 1e aut 1ors can c crcrmme, there are no plants now . h b . 
C( lie ·t 1 1 · 1 · h' · m er ana • c Ct ( unng r 11s l'>toncal kcriod Tl• 5 · .fi 

1 f I · 1 . · .e c1enr1 c p 1asc o •otamca exploratiOn on the y cvs beg· . h h · 
11 · . . ms Wit t c actual 

co cctlon and prcsen·anon of plants accompanied by more 

I ig. l + rig. l· Pmcland~ on Big Puw h: l·~· 10 illu,tratl: dw upl:n 
aspen of \ cgctation and l.tck of lurdwoml gro\\ t h :h conduoncd hy 
lire. r ig.+ Pineland~ on '" ';lJllC "l'Y ~ho\\ mg tlcll\l' undergrm\ th 
ot hard\\ uods '' htch h•" ~prung up ~mn· rhl• cxcJu,ion of tire 111 ll).f'· 



f"u~. , 'luri.Jct· of ground in pineland~ of B1g- P111c 1\l \ 
'"lC l.ll k of ~II\ organac rnanrlc. t l.~c rcl:tt1n: absence of shad~ and 
prcscnc<: uf ) (lung pmt· ~t·l dhngs. l 1~. fi. ~urfacc nf ground u1 pmc­
~nd~ uf :\u :\~tnc Kc\ ' Oil lc,tf lrrrt r. rhc hca1 , . ~hade, :tb\cncc 

nf pmc sccdhngs an,! rh~ prc ~cncc of young h.trd~Hmd \'Cg~rarion . 

Jr Pult h. t.'\ 111111t·,h:u ch :t tcr fi re 
Fig - K J"ig. i· PmcLmds ton IJ.t • t tJlfl•"trs 10 Ill' Wtllh ab,cnr ~ I II I II \l'gt•t;IT IOI . .. > 

has .,,, c/H throug 1. an"''' . . t.•r thl· gr •und I h. pIll' .1 11 ! 
and ltrt c or no orgT ·

1111
C rt·~11'1111 ' .u" 1 J"i•,'" \\ .trson's I Ltn1111nt·k I . · . ·h tire rcsrst.ln . ~ · · 

'>alms '>CCIII ro >c rc 3tl\ c • I ( 1 11.• -- l·olor~;d sntl th.u '' J>rc,('nr . h . , the 1\'C r o ' . " 
11n Bag Ptnc I\. C) ' 

0
" 

111
!:! · -1 '"' 1 rct• (ro111 high!\ ,k,trunn '-' in rhi, :tre:l '' hrch h.~s been n· '1111 l • • 

fires. 
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I ag ,,_ 10, I he 1'3Jll' of Phnr.mon h.cv Bnt!1 firrur . 1 1 
It~ f · . ,., cs s \11\\ t le re-

o pronn5Cuuus hulldnzrng '\ otc rhc barr"n u f • f I vrnund n fi I . • " s r ace o t lC 
.. ' agurc 1), .Ill! the pail- of dcllras heaped for hurnmg. 
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or less detailed notes. These specimens, deposited in herbaria, 
ha\·e ser\'ed as the bases for floristic and other botanical 
studies of the Florida Keys. 

H istori;al phase.-The earliest report (ca. 157 5) of planes 
on the Keys known to the authors, is that of Hernando 
~I'Escalante _Fontaneda (I nz?:-? ). Fontaneda, born of Span­
ISh parents 1~ Carthagena. Ch1lc, was shipwrecked and cap­
tured by Ind1ans off the coast of Florida about r 545· Scven­
rcen years l~ter he .was rescued and brought to Spain. 
Because of h1s expenencc, he accompanied the expedition 
of Don Pedro Menendez to Florida in 1565 for whom he 
acted as interpreter. Later he returned to Spain. Regrettably, 
Fontaneda reports only a single plant from the Florida 
Kevs: "On these islands is likewise a wood we call here el 
pafo ptmt muchas cosas (the wood of many uses), well 
known to physicians; also much fruits of many sorts, which 
J will not enumerate, as, were I to attempt to do so, I should 
never finish" (True. 26. 1945). Buckingham Smith, one of 
the translators of Fontaneda's Memoir, adds the fo1lowing: 
"~o doubt Guaiac1tm officinnle (lignum vitae) is meant. 
It co\"Crs, says \Villiams, the higher points of the interior 
keys" (True, 41. note 1 1S. '9-J.S). However, the only species 
of Guaiacum that occurs on the Ke\·s, is G. sa11ctum, to 
which, no doubt, Smith's note refers. ·A hiatus of about 200 

~·cars follows the report in Fontaneda's .Uemoir. That no 
records of plants from the Keys occur during this tim~ 
may be due to a real lack of such reports, or the authors 
inability to locate these. 

In r775, Bernard Romans (ca. 1720-1783) published his 
work A coucise uatura/ history of East and West-Florida. 
In this book a number of Florida plants, without specific 
reference to the Florida Keys, arc cited by their common 
and Latin names. However: in the general description of 
the Florida Keys, five local plant species are mentioned by 
common names: "Between Sound Point or Cape Florida8 

"The designation Cape Florida was applied to the promontory in 
rhc middle of Key Largo. however. the "!arne has been mostly re­
stricted to the southern end of Key Biscayne, or employed as 
another name for this key (Vignoles, 84. 117, 118. J8ZJ). 
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. . . and this last island (Key Rodriguez) is ~o~her 
sheltering place. or roadstead. for small ,-essels, Withm a 
ridge or reef on which "e generally see s~me turtle crawls, 
but it is seldom occupied except by the n~~bcr-cuttcr;;, the 
peninsula affords in this place Lignu~~ \ _trae (Guaurcum 
sanctum),• ~tasrick (Sideroxylou foet:diSSmnt~ll) and Ma­
hoganv (S~,:.:icrenitr mai:J.rgoui). rhe two ~ast are _mdeed found 
on"" e\'crv part thereof (hut on none ot rhe h .. eys north of 
Saunder'.,-Kc,· or Las-Teras nor on none to the s~uth of the 
l~t kcv north of young J\latacombe, all the~e tLmbers are 
however now ncarlv cur off' (Romans, :xxxn. 177 5) · And 
further on. in rhe ·description of ~ lascaras, i.e., "7 rocks 
next co the Soldier Kcvs," we read: "T here are some ma~­
groye ( RhizofJbora uiangle) and black wood bushes ( A~z­
cennia nitidtr) on them'' (Ronl'lnS. XX\'ii. 1775) . "The 1-hs­
torv of East :md \ \'est Florida is a work of no little interest 
to hotnnists, ns Romans was the first person "'ith any knowl­
edge of plnms who \'isired the coasts and islands of southern 
Fl~rida: it gh·es rhe earliest account of the Ogeechee Lime, 
and of the Florida Fig, Ficus aure,r. and first makes known 
the fact that several \Vest Indian trees are found on the 
Florida coast" (Sargent. 4-: 5· 189~). 

The work of George Gauld. Obser.:ations on tbe Florida 
Keys . . ., published in 1796. contains in general little 
of interest to botanists. \Ye find here. howe,·er. apparently 
the earliest mention of Sab.rl palmetto as an inhabitant of 
the Kc,·s. In hi~ ohscn arions on the Bahia H onda Keys, 
G1uld mentions: ". . . tall palmerro cabbage-trees of the 
Long Island on the right (of Rahia H onda) coming in; they 
make it the more remarkable. as there are no cabbage-trees 
to the westward of it . . ." 

James G. Forbes ,·isited the F lorida Keys in r 8o~ . An 
account of this \'isit to the Kevs is given in ,·fh 1 in S~'etches 
historical a11d topogrnpbical of tbe Floridns . . . In th~ 
general descri ptions of the Keys, Forbes savs: "Beside the 
gener_al cha~acrcr o f thes~ keys, or ~slands. fo r the purposes 
of pnvatcenng and rurrlemg. to '' htch they ha,·c been long 

' Parenthetical scientific names have been inscn ed. 
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subervient, r_hey were fonnerly well timbered with fustic, 
mahogany, hgnum vitae, and brazilletto. But they have been 
cut and carried off by the wreckers from the Bahamas· 
who, since the wars have ceased to yield them their usuai 
han·ests: have depended for their support, in a great measure, 
upon th1s encroachment on the Spanish territory" (Forbes, 
107. 182 r ). Forbes' citation of fust1c (Chlorophora tinctoria) 
and braziJietto (Peltophorum brasiliense) as having occurred 
on the Keys is probably erroneous. Of course it is also 
possible that these common names were incorrectly applied 
br Forbes to some truly native species of the Keys. 

Jn 1823, Charles B. Vignoles ( 179J-1875) published his 
interesting Observatious upon the Floridas. Regrettably, 
the only reference to the flora of the Keys is found in the 
brief description of Key Largo: "Key Largo formerly 
abounded "·ith mastic (Sideroxylon foetidisshmmr), lignum 
Yitae (Guaiacum smJctum) and mahogany (Swietenia ma­
bne;oni) but the most nlunble has been long cut down. and 
rhere i~ none now but very voung timber. A portion of 
good rich land is on this key. · among the principal growth 
of which is found the wild cinnamon (Canel/.1 'U:imerana), 
wild oli,·e (Sideroxylo11 foeridissinnmt). etc." This is the 
earliest report of Cmella •:.::interana from the Keys. Sider­
oxvlon foetidissimrmr is cited twice, but under different 
co;nmon names. It is possible that in citing mastic, Vignoles 
quoted Romans. hut wild olive may ha\·e been Vi~noles' 
nnme for the Sidero.nlon actually seen by him. Vrgnoles 
may not have known .that both common names referred to 
the· same species. 

The last, and the most outstanding contributor to the 
historical phase of botanical exploration, is John Lee 
\Villiams ( '77'-d~r;IS), whose hri<'( biography has hecn ex­
tracted from Federick W. Dau's Florida old and new ( r85. 
footnote r. 1934): "John Lee Williams, to whor~ we are 
much indebted for early Florida historr, was b?m m Salem, 
'fassachusetts. '77'· and died in Flonda at Ptcolata,. rR5~. 
aged eighty-one. After studying law ~e ca':fle to Florrda. m 
r8w first settling at Pensacola, then lrved m St. Augustme 
and finally made 'his home to the end of his life in Picolata, 
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where he engaged in the study of ~?tany and music .. He 
wrote two enlightening books: A \ tew of \Vest Flonda, 
and The Territ~n· of Florida, 1837. All trace of his fonner 
home at Picolata has disappeared.'' 

T he observations on the flo ra of temperate and subtropical 
Florida by \Villiams on his numerous exploring trips around 
183o are summed up in the chapter ''Production of the soW' 
in his The Territory of Florid11. A lrhough a great number 
of plants from temperate Florida are listed by Latin and 
common names in this chapter, it includes relatively few 
plants (mostly trees) from suhrropical Florida ". . . 
found about the capes and ke~'s'' (\Villiarns. 98. 1 817) . These 
most!~· appear only with common names. howc\·er, it is a 
fairly good catalogue of the more familia r trees of the 
Florida Kevs. Some errors are present, e.cr., "Logwood.­
Haematoxiion" is cited as a nati\·e of the KeYs and Cordia 
sebestena is called Sesbnnea Coccina. Perusal of T he Terri­
tory of Florida shows clearly that \ Villiams \Yas a keen 
observer wi~h ~ more or less exten<;i\·e kno\\ ledge of plants. 
There~ore, 1t 1s unfortunate that "'illiams' original plans 
regardmg the studv of the natural histon' of Florida were 
not f~lfilled. for \Villiams states in the praace to the above­
mentioned work: "In the natural hisrorv of Florida. I have 
come ,·ery shorr of my original intentions. \Vant of leisure 
and hooks were borh felt as obstacles to the im·estigation 
of a field so boundless. hut they were not the only ones. 
It was suggested ro me hv some friends whose opi.nions 1 
h~ve been accustomed to respect, that the subjects of natural 
l11Srorv ar; no_t generally interesting to rhe mass of readers, 
nnd that 1t m•ght he more expedient to de,·ote to thes 
sep~rate work" ( \Villiams, v. 1837 ). H is hopes were ne~e~ 
reahz~d. In 7_R~finesque's N e,.~, flora and botan31 of North 
A1~1errca ~ 1lltams wns mentiOned as a botanical collector 
(2: <>· 1837). ApparentlY Rafi nesque had good reaso f 
this, h?we\•er, we h:lVe not succee~ed in loc·uing \Vi~~a.;:, 
herh.anum, nor have we seen any Citations of 111·s~ h b . 
Spec! \Tr • . er anum 

mens. '" e can assume then that W"ll" , h b . 'f · · . ' 1 rams er anum 
J It ever extstcd, •s not now extant. ' 

No. 107 TROPICAL WOODS 53 

Scientific phase.-On pages 89 and 90 of volume seven 
of th~ Jou;nal of the .Academy of Natural Sciences of Phila­
delphia, ~uttall published two new species from Key West, 
namely, Malv'!'Viscus floridmus and RhamnUs ferrugineus 
based on spec~ens collected by Titian R. Peale. Although 
these new SJ:>ecJes . ~·ere la~er reduced to synonomy with 
other taxa, vtz., H1b1scus pllosus and Colubri1111 arborescens 
respectively, they represent, as far as the authors are aware 
the first specimens c.o~lected and preserved from the Florid~ 
Keys (_ca. r83o). Tltlan ~· Peale ( '79Cr1885), painter and 
naturalist, was for some t1me an agent in Florida for Charles 
Lucien Bonaparte, charg_ed wit~ the collection of specimens 
and prel?arat10n of drawmgs to Illustrate Bonapane's Ameri­
can ormthology (1825-1833). Apparently at that time (the 
exact date is unknown to the authors) Peale collected a few 
(five?) herbarium specimens on the Keys and in East 
~lorida, possibly in connection with his ornithological mis­
ston. 

For practical purposes, the first botanical collector on the 
Florida Keys was the Reverend Alva Bennett (?-1841 ), a 
clergyman and teacher of the Protestant Episcopal Church. 
Unfonunately, only a bare outline of Bennett's official career 
( 1826-1841) could be extracted from the literature. From 
1826, when Reverend Bennett was a deacon and minister 
of Trinity Church in \Vindharn, Greene County, New 
York, to his death in 1841, he carried out the duties of a 
missionary. He also held administrative positions in religious 
secondary schools mostly in New York State. In 1834. the 
Missionary Society in New York appointed Alva Bennett 
missionary to Key West. He arrived there in October 1834, 
and remained until April 18H. Bennett established the first 
school in Key West and was the first clergyman to have a 
charge on the island (Browne. 2 7, 28. 1912 ). "But Mr. Ben­
nett was not pleased with the climate; and he returned 
north after a residence of about five months. 'Yet,' said the 
wardens and vestrymen, 'the good effects of his residence 
among us become apparent. . . . The moral tone of the 
whole population was elevated'" (Pennington, 29, JO. 19~8). 
During his residence on Key West, Alva Bennett, a man of 
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feeble health, employed his rare internls of leisure in t~e 
collection o f pbnts. \Ve know that at leas~ _once he dis­
tributed a collection of plants. apparc~tly dest~mg to attract 
the attention of botanistS to the pccultar flora m the extreme 
southern part: of the country. H aving returned north, Ben­
nett conmmnicared his herbarium to Torrey and Gray, as 
they stare in the preface to their A Flora o( .Vorth America: 
"The Rev. ,\ lr. Bennett of Geneseo, :\e\\ \ ork, p resented us 
\\ ith many plants collected by himself du~·ing a rcsidei~cc at 
Ke,· \Vest . . ." (xii. I84o) . T wo spectes new to sctencc, 
namely, Gtllactia spicifonllis and Coelestina maritim,r, were 
described from herbarium specimens collected by Bennett. 
John 1\. . Small ( '99· ' 9I7) mentioned Bennett in Tb~;.· tree 
c.rcti of tbc F/o·rida ](eys, ' 'here he states: "T he existence of 
this plant (Cepba/ocercus keyensis) was fi rst made l<nown 
to a few botanists through meager specimens col lected and 
distributed hv J\l r. Bennett, \\ ho at one time was a resident 
of Ke) \Vest . . .'' The genus Clusia on the Florida 
Keys. "1s probably disco,·ered by Bennett on Key \Vest. 
This discO\·cry is U\ually attributed to Blodgett. I lowe\'er. 
in Torrey and Gray (168. r838) we read: ''The figure of 
Clusia 1'0SCa by Catcsh~· Car. r. 99. was most probably taken 
f rom a \Vest Indian specimen: it has nor been found in 
Carolina. \Ve h:H'e received. however. the Ica\'CS of a species 
of Clusi,r {probahly C. rosea) from the extreme southern 
part of Florida." This note was published in J uly I8l8. 
According to Sargent (I; 33· r89-}). Blodgett did not serrlc 
in Key \Vest until December 183~L Moreover. in the preface 
to rhc Flora (I: xii. r84o) Torre\· and Grav srarc; ". . . 
and we ha,·c received a complete ·and excellent set of plants 
of thar island (Key \Vest) from ~\l r. ]. L Blodgett, which 
hO\\ ever !'CaChed US :H too late a period to recci\'C notice 
in t~is volun!c.'' It is likcl: thtn, that the specimen of Clusia 
~ecet,·ed hy forrcy and Gray and mentioned by them in an 
·~em p~thltshcd in Ju ly r8 JH. before Blodgett\ advent in 
Key_ \\ est. was collected . hy Bennett. Ir is possib le that this 
spcc:mcn was added hy T orrey to the Key \ Vesr collect ions 
of r.todgctr a~d sent to :'\Turrall who idcnrified it as Clusia 
fia'l.:a and ascnhcd irs discm·cry to Dr. Blodgett. This sup-

No. 107 TROPICAL WOODS 55 

position gains credence in that the specimens of Bennett and 
Blodgett have been otherwise confused in the herbarium: 
written in pencil on the isotype of Galactia spiciformis 
which Torrey and Gray described from specimens collected 
by Alva Bennett is, "Key \Vest, Blodgett." In any event, the 
modest, almost forgotten clergyman, who disliked the 
climate on Key West, stands as the first important col­
lector of plants on the Florida Keys. 

john L. Blodgett ( 18()()-I853) is perhaps the most out­
standing of the early botanists on the Florida Keys. In 
December 1838, he settled on Key West, where he estab­
lished himself as a physician ~nd drug&'ist. He conti~ued t_o 
reside there nearly to the ttme of hts death. Dunn&' his 
residence on Key \Vest ( 1 8 3 8-1 8 53), Blodgett extenstvely 
explored the flora of the F!orida Key~ and discovered. many 
new species several of wh1ch bear hts name. Accordmg to 
Sargent ( 1: 33· 1894), Dr. Blodgett was the firs~ bota~ist 
who explored the flora of the Florida K~ys. H~ earliest 
collections on Key \Vest were commumcated m about 
I 840 to Torrey and a part ?f them ( ab?ut 40 arborrescent 
species) was later commumcated_ by 1 orrey to . N_uttall. 
Blodgett's collections arc located tn seve_ral herbana 1~ ~he 
United States, Great Britain (Kew) and m Ireland (Tnmty 
College, Dublin). . . 

Ferdinand Rugel ( 1 8o6-I 897 ),_ apothecar~ and physiCian, 
devoted several years to collcctl~g plants. m the southern 
states and in Cuba for the Engltsh botamst. Robert: Jam~ 
Shuttlewonh. The herbarium of the latter JS preserved m 
the British Museum (Sargent, 9: 1 Io. t8<)6). In ~846 and 
I 848, Rugel collected on Key \V ~st. Several spectmens .?f 
his collection from this island arc c1tcd by J. Cosm? ~teh til 
in his List of the pbauerol!;ams of Key West. ~tlltam H. 
Harvev ( 1g1 t-I866), of Trinity C?llege, Dublrn, author 
of the· classical Nereis Boreali-AmeriCima, as w~ll as The­
saunts capemis and coauthor of Flora capenSIS,. spent a 

h . h . rer ,,f 1 o 50 on Key West collccrmg algae mont m t e wm o • ~ ) 
and hanerogams. James Graham Cooper (t8J<>-19Q2 ' 
sur e~n and naturalist, explored the arborescent flora of 
E g Fl 'd f m Key West north, between March 6 :md ast on a, ro 
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June 10, 1859. At that time. he was studying ~h~ gco~raphi­
cal distribution of ~orth American trees. \VJiham 1. Feay 
(18o3?-1879). of Sannnah. Georgia. li~·cd for a year or 
more on Kcv \Vesr and collected a senes of plants there. 
The exact d;te of his rc..c;idence on the island is not known 
but the early 1 87os seems to be a good guess. Se\·eral 
specimens coilected by Feay on Key 'Yesr are cited by .f. C. 
Meh-ill ( 1 884). 

Ah·an \V. Chapman ( 180<)-1899), physician, distinguished 
explorer of peninsular Florida and author of the Flora of 
tbe southern U11ited States, has not been pre,·iously men­
tioned as a collector on the Florida Keys. HoweYer. Rohcn 
B. Clarke ( 19.p) in his monograph of the genus Bumelin, 
cited among the specimens of B. rmgustifolia from Key 
\Vest, "Chapman s. n. (NY, co-type of B. pm"Vifolia)." If 
(lark's c1tat10n is correct, Chapman visited the Florida Keys 
at least once and collected on Ke\ \:Vest. J. Cosmo \lelvill 
( I ~l.f)-1929). Fnglish botanist and conchologist, collected 
algae and phanerogams. as \\ell as mollusks, on he\· \\'est 
in d)7 2. Accounts of his collections n ere published 'in 187 5 
(algae). a8Ha ~mollusks) and 18~4 phanerogams). In 
187 r-18j 2, t\lelvJII also collected a large number of phanero­
gams (about 100o sheers) in Canada. the United Sratcs 
(l\"ew York, 1\lass:tchusens. Pennsdvania. Virginia. :'\nrrh 
and Sourh Carolina and peninsular florida), :ml Cuba ( nnlv 
a few specimens). Edward Palmer ( 1833-1911 ). phvsicia~ 
and renowned collector of planrs in western l\"nrth Ai1u.•ric.

1
, 

a~sn collected about 65 numbers on Key \Vesr in 1si4. on 
has way• to the Bahamas t "\..issau) ( 1\fcYaug-h, )8. ,

9
,r,), 

Frank Tweedy (IS,-t-1937) collecrcd on Kev \Vesr. At 
least some. specimens of his collecrions from· rhat isl.lnd 
(collccrcd m 1879 and t88o) are cited by se,·eral authors 
(sometimes as 1'. Tweedie ). ' · 

Allen H. Curtiss (18.u-r9o7), a nati\·e of Centr"l S ll ., Os C "T , , ·• , q :He, 
· wcgo ;~,u~r~·· .~ ... e,~ r ork. was :1 prolific collector in 

so;tthcm \ 1rgmra. Florada and the \Vest Indies. Tic explore 1 
\\ 1dcly on the Florida Keys during several cn1ises fnilowin~ tc year r88.o, and distributed many sers of his collection~ 
rom t'hcse Islands. Charles Sprague Sargent ( r8-t 1-1927 )·, 
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distinguished dendrologist and author of the monumental 
Sil'm of North America, traveled the Keys in ]are 188os 
collecting and making observations. In 1886 he was accom­
panied by A. H. Curtiss, C. E. Faxon and Lieutenant Hub­
bard when he discovered Pseudopboenix sargmtii on Elliott's 
Key. This palm is apparently restricted to a very small area 
of rhe Florida Keys. Hubbard seems also to have collected 
on his own on Key West in 1886, apparently during the 
same trip. Joseph H . Simpson ( 1841-1918) collected on the 
Keys as well as on peninsular Florida in the early 1890s. 
Se,·eral of his specimens have been distributed by the U. S. 
Department of Agriculture (Harper, 1949). Herbert J . 
\Vebber ( 1865-1946) of the U. S. Department of Agricul­
ture collected on the Keys in the middle 189os. Charles L. 
Pollard ( 1872.-1945), Guy N. Collins ( 1872- 1938) and 
Fdward L. Morris ( 187<r-1913) explored the Keys and col­
leered extensively in 1898. Stewardson Brown ( 1867-1921) 
was a member of the staff of the Clarence B. Moore Archae­
ological Expedition to Florida in r 904, and collected plants 
on the Keys. 

Odell E. Lansing. Jr. ( 1867-1918) was commissioned in 
1903 by the Field Museum of Natural History in Chicago 
to expiore the Sand Keys west of Key \:Vest. In 1904 he 
collected a series of plants (587 numbers) from these islands 
from which Millspaugh prepared his Flurn of the Sand Keys 
of Florida. Lansing also collected on Key \Vest. John 
Kunkel Small ( r8fl<)-H)J8). the author of flnras on the South­
cast, collected extensively on the keys for almost 40 years 
beginning in 1901 . Of his many associates on these explora­
tory trips Percy Wilson ( 1879-1944), of the New York 
Rot:mical Garden and Joel J. Carter ( 184j-1912 ) of Ple3Sant 
Gmve, Pennsvh·ania should be mentioned. 

Other coll~ctors on the Keys in the late 1 89os and .early 
19oos were: Walter T. Swingle ( 1871-IQ\2. ), Nathanrel L. 
nritton ( IR5Q-19~4). Charles T . Simpson ( IR46-I<)~:! !· ~m.d 
Charles I.. Hitchcock. Of the many recent collectors m th1~ 
area the following can be noted: Roland .M. Harper whose 
first records of Florida plants were .noted m 1903;. Ellsworth 
P. Killip; Walter M. Buswell, whom company With Walter 
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S. Phillips and Roy 0. \Voodbury redisc,overed Clusia rosea 
on Big Pine Key in 1938 (Little, 1953); 1 ayl~r R. Alexander 
and John D. Dickson, IlL There are certam to be other 
collectors who have not been noted by the authors. How­
ever, it is hoped that most of the important collectors are 
listed. 

The scientific phase of botanical explo:ation was produc­
ti,·e in that several floras appeared in wh1ch plants from the 
Florida Keys "ere presented. In most o~ these wor~, pla~ts 
of the Kevs form a rclatiYely small portion. Below JS a bnef 
enumeratfon of the more important floristic studies con­
taining descriptions of plants from the Florida Keys. 

ln 18J8-1843 John T orrey, and Asa Gray published two 
volumes of their unfinished work A flora of North America. 
The flora of the Florida Keys is represented here through 
the collections of Al\·a Bennett, j ohn Blodgett (only in the 
second volume), and Titian Peale (only two species). 
Peale's collection of Malva·viscus fioridtmus from Key West 
is erroneously ascribed in their Flora to Ware (Torrey I: 

229. 1938). 
Thomas :\urtall's The Nortb Ame1·ican syh•a appeared in 

1842-1849 in three volumes. This is generally regarded as a 
supplement to Michaux's work of the same title. The later 
edition of Nuttall's Sylva was published in two volumes in 
•865. In the abo\'e-mentioned 'vork, 40 arborescent species 
from. the Keys. almost exclusively collected by Blodgett, 
are Cited. In t86o Alvan \ V. Chapman published his Flora 
o( the southern United States. T he second edition of his 
Flora folio wed in 188 3 with a supplement (this edition was 
rei.s~ued. in 1892 with a sec on?. small supplement). the third 
edltl?n m 1897 . In the ~rst e~ltlon of Chapman's Flora many 
spec1es. fro~ the Flo~·l?a Keys are cited from Blodgett;s 
collections; 10 larer ed1t1ons, numerous collections of Curtiss 
are also mentioned. 

Charles Sprague Sargent's T be silva of North America in 
'4 Ynlumes. appea red in 189t-19oz. Here is included most 
of the natiYc. ~rborescent species of the Florida Keys. In 
the sc7ond cd1~10n of Sargent's Manual of the trees of N ortb 
Amertca, published in 1921, the native arborescent flora of 
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Lhe Keys is repre~cnted .almost completely. In 1903 John 
Kunkel Small publ.IS.hed hts Flora of the southeastern U11ited 
States (second edJtton appeared in 191 1) and in ,933 his 
Mam~al of t.h~ soutbeastem flora. The latter is substantially 
~ revtsed cdltlon of the forme:. These thorough studies als~ 
1?clude the plants of the F!on?a Keys. Small, in ,91 3, pub­
hshed. the Flora of t.be florrda Keys which presents an 
essentially complete ptcture of the flora of this area. How­
ever, some additions (besides those made by Small in his 
Mamr.al) of ne,vly discovered species, as well as certain 
taxonomic revisions appear to be necessary. 

i\la1_1y species fro~? the Florida Keys are treared in NoHb 
Amencan flora, whtch was begun by Nathaniel L. Britton 
and others, and has been published since 1905 by the New 
York Botanical Garden. 

Thus, from r 57 5, when the first (?) report of plants from 
the Florida Keys was made by Fontaneda, to Small's .llanual 
of 193 3, botanical exploration of these islands has progressed 
from random ~bservarions to highly specialized floristic and 
vegetational studies. The latter \\·orks have been dependent 
in large part on the collections of those planrsmen who 
traveled the Keys from the early Nineteenth Century to 
the present. Although the flora has been extensively studied 
there is still a great deal to be discovered through future 
intensive investigations. 

THE FUTURE 

John K. Small was a sensmve man. During his travels 
throughout Florida in the quarter century before 1929 he 
was greatly impressed with the destruction of Florida's wilds 
by the heedlessness of man. In From Eden to Sabam. 
Fiorida's tragedy ( 1919). Small points with bitter alann to 
the desecration of the vegetarian and flora. He remarks: 
"The present is evident. T~e future m~y confidently ~e 
predicted, in part, by the auns a~d acnons of the ,~·h1tc 
man-he who began, and has conststently persevered m: a 
course of devastation almost unequaled elsewhere. Bcgm­
ning in the earliest post-Columbia!" times, this reckless, 
even wanton, devastation has now gamed such headway that 
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the future of ~onh America's most prolific paradise seems 
to spell O&>ERT . . . "Xot o~y are Fauna and Flora 
threatened with extermination. but m many places the very 
soil which is neccs~ary to their production an~ main~cnance 
is bcinu drained and burned and rebumed until nothmg but 
inert n~incral maner is left. . . . In some ways man has 
progressed. . . . In other ways he is still typi~ally a 
'sa,·age'." Other loYcrs of Florida·s our-of-doors, as 1 homas 
Barbour (19-H) and Charles Torrey Simpson (1920) , have 
also signaled the future destruction of this natural legacy. 

Today, almost 30 years after Small's writing, the destruc­
tion is being carried on apace. Species once conunon over 
large areas have become rare and indeed some have not been 
seen for many years. Huge bulldozers scrape across Planta­
tion Key cutting down the yegetation-tearing off what little 
soil is present and heaping the mass of tangled debris into 
piles to '" hich rhe torch 1s set (fig. 9· 1 o). A few clumps of 
trees are allowed to escape the blade of the bulldozer-in 
ignorance these are composed primarily of ,\letopirmz toxi­
fennn) the no:x ous Florida poisonwood. Yaluablc archae­
ologica_l sites arc heedlessly destroyed to make boat slips 
(Goggm and Sommer. 1949); swamp areas are filled with 
coral rock on which dwellings ''ill be constructed; fires are 
set ro clear the land. In the Keys region where man docs not 
(and probably cannot profitably) engage in agriculture, why 
must he sweep so clean a path? Certainly he could build, 
and hy gidng son~c consideration to his own future and 
that of orhers. Jca,·e the majority of the wild for all to enjoy. 

A subsranri~l amount of "lip sen·ice" is currently being 
spread regardmg the supposed great concern of the state 
gO\·crnrncnt for rl~c presen·arion of one of Florida's great 
nat~ral rcsourcc.s-1ts scenery (Anonymous. 1957). The land 
dramed for agnculturc (and ~ubsequcntly abandoned after 
repeated fires destroyed the so1l). the acres carelessly cleared 
f?r construction, the fires set to rid the around of vegeta­
tiOn-these seem to go unnoticed by the au~horiries. A recent 
attempt to set aside parr of Big Pine Ke\· as a. wildlife re­
serve \\:a.s met h~, a w:we of protests f ro'm landowners ~·ho 
are wa1tmg to "cash in when the building boom hits Big 
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Pine:" If ~he present carelessness continues, the only boast 
Flonda will be able to use to entice tourists (tourism is 
Florida's number one industry) will be the climate, which 
fortunately cannot he drained, burned, or bulldozed. 

In all justice, however, it must be stated that a large 
portion of southern Florida was set aside as a preserve in 
1947-E'·erglades National Park, with 1,5oo,ooo acres of land 
and water. The park includes the "Everglade Keys" which 
lie in the bay area north of the Florida Keys. There are other 
state and Federal prcscn·es scattered throughout Florida. 
However, it is not the preservation of land that concerns 
the biologist so much as it is the conservation or 'Wise use of 
the land. With wise usc much of the flora and vegetation 
can retain its natural aspect and still be valuable for the 
enterprises of man. It was with these and other considera­
tions in mind that the authors selected the Keys as a research 
area. 

AIMS A:-ID OBJECTS 

The wood anatomist engaged in comparative studies is 
frequenthr struck bv the paucity of information, especially 
as regard's the anatomy of some of rhe s~aller and lesser­
known taxa. Recourse to such comprehensive works as Met­
calfe and Chalk ( 1950) and Solereder ( 18QQ), on the anat­
omv of dicotvledons. points up the sporadic nature of our 
anatomical knowledge in certain groups of plants .. In order 
to add to this over-all knowledge of svstemanc wood 
anatomv. the authors ha,•e embarked on a srudv of the xylem 
anatomy of the woody plants of the Florida Keys. 

Even though the Keys flora has been studied in the p~ 
there are still areas where further study would not be am1ss. 
One of these concerns the myrtaceous flora-are only 
Eugenia spp. present on the Keys? or. are some ~f these 
actually species of Myrtus? Does Eugemtt b~htmtetlSIS oc~ur 
on the Keys? or is it rcstricte~ to certam West lndtan 
Islands as inferred bv some botaniSts? Are there really four 
species of Tomtbitt ·on the Keys? or do they all represent 
variations within a single spec1es? Is there a remnant of a 
more northern flora on the north end of Key Largo, as has 
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been a~ erred by Alexander ( 1953)? Some pre\'ious descrip­
tions of Ke,·s plants arc inaccurate. incomplete or both­
plants recorded as herbs h:n·e been shO\\ 11 to he woody; 
others reported as exclusively lo\\ shrubs also occur ;ts trees. 
The nomenclature of manv species b in need of rc\·i.,ion. 
lnfonnation on the distribution of plants within the Keys, 
and bet\\ ecn the Kcvs and the \\'esr Indian Islands. should he 
more thoroughh· in.vcstigarcd. In rhe taxonomic studies now 
in progrcs..;, JH.'\\. prohlcP;~ arc consranrly appe:tring~ old ones 
:trc again hccomin~ cYident. .. ... 

It has frcf}ucnrly been ad,·antageous for the taxonomist 
and anatomist rn collaborate in elucidating problem<; in 
systematics . .A ca~c in point is that concerning the anat~my 
and t:1xononw of Pamflora multrflora. Recent ohservartons 
h:wc shown rhat this vine. formerly recorded as herbaceous, 
or :n the most only somewhat woody, has an l111CJUCStionahly 
woody stem an inch or more in diameter when mature. Fur­
themlOrc. the structure of this stem is anomalous. and 
anomalous stem srrucrure in Passifloraceae has not been 
n_~r~d hy ,\lcrc~ lfc ?nd Chalk._ Solereder or Schenck ( 1 R9 3). 
KJIItp ()193~) •. m h1~ srudy ot the American Passilloraccac. 
pl~ccs 1. multtflora mto the subgenus Apodof{yne, of which 
Jt Js the only member. He remarks: "Indeed on the basis of 
sessile ~1\'ary it might perhaps be segregated as a genm." 
Fol~owmg suhscqucnr,~n~t?mical im:estigations it may prove 
?csJrahl<; to follow Killtp s suggestion and raise the taxon 
m qucstton to the rank of a g-enus. In the series of accounts 
to follow this. introductory~ presentation, the writers will 
:~port anat??llC-taxonomic investigations of the plant fam­
tlrcs compr~smg the woody flora of the Keys. The xv )em 
?na.romy wtll he coupled with pertinent taxonomic notes. It 
rc; srnccrcl~r hoped _rhat the ensuing work will help to com­
plct(' nu; rnformatton on the trees, shrubs and woody vines 
nf the l'-eys. · 
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Tf-lE l.PPER STORY OF TROPIC.\ L FORESTS
1 

D \;\OilS HEI~SDIJK 

Superimendcrzcia do Plano de l 'alorisafaO Eco110111ica da 
A11mr:n11ia U.N.F.A.O. Forest Mission for the AmttZ01l 

J',rl/cy. Be/em do p,rra, Brazil 

l~TRODUCfiO~ 

In 19·3 the Central Bureau for Aerial Sun·e): in Suri? am 
(Durch\;uiana) released Publication 13, \\herem was g1ven 
the rc~ul~ of tree and forest measurements. These data were 
tal•cn for the purpose of de~em1ining the r~lationship 
bct\\CCn rhe image of the rro_eJcal. forest on aenal yhoto­
grnphs and its 1crual composltlon m the field. Dunng the 
last three years similar work has been done in parts of the 
Amazon forests by the F.A.O. Forest ;'\ lission fo r the 
Amamn Valley. working in close cooperation with the 
Superintcndencia do Plano de Yalorisa~ao Fconomica da 
Amazonia. P;uts of the Amazon data have no" been evalu­
ated and rhc results show onl \' small differences from t he 
dara obtained in Surinam. The forests from which data were 
taken in Surinam and in the Amazon Yallev are located 
approximately 1000 km. apart (fig. 1-\ and B). so that the 
results very probably have a much more general value than 
was originally expected from the studies in Surinam. 

Between the Rio Tapajoz and the Rio Xin~u in the 
Amazon Valley (fig. 1B) an exploratorv sun·ey (Yates, 
r<r1) was made covering an area of approximately. r, \Oo,ooo 
ha. The enumeration of samples ·was performed In the same 
way as in Surina.m, i.e ... the samples were taken along t ran· 
-;ects. a II trees With a d1amcter of 2\ em. or more at breast 
height, or just aum·e the buttresses, were tabulated and t he 
crown \\ idt h measured from those trees "hose crO\\ ns com­
plc~ely .cme~gc~l abO\'C the general level of rhe forest canopy. 
lt 15 l11ghl) p10hable that the crowns of these trees will 
appear on aerial photographs, therefore ir \.\·ill be possible 
to coun~ them and measure their diameters from aerial pic· 
turcs With rhc help of a stereoscope. These trees were noted 
as upper story trees. 

'To be continued in Tropical JVoods 108. 
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T OLERA~C£ CLASSES 

It L'i a " ell-kno\\ n fact that the tree species of tropical 
forests bcha\'c ,·crv differently in their demands for light 
(Richards. 19p). there are trees that can grow fully in the 
shade of other trees. the so-called tolerant or shade-resistant 
trees; others need an abundance of light during most of their 
life. the so-called light-demanding trees. In trying to obtain 
a clear picture as to the degree of tolerance of the different 
tree species in their middle and mature states (i.e., from 2 5 
em. d.b.h. and upwards), their percentages in the upper 
sron of the total enumerated were calculated and the 
results grouped in classes. For example, from tree species 
A. 1ooo trees were counted and 8 noted as upper story trees. 
Therefore this species, with o.S per cent upper story trees, 
was classified m the class o-10 per cent. In the tables below 
( 1-7) some of the better-known species in the various 
classes arc listed. 

Table I . TREE SPECIES CO\IPRISI:"G FRO~t o-10 PER CENT OF THE UPPER 

STORY 

SCfE?\."TTT'IC :SA~l£ PER CE.'i i:S UPPER STORY _ ____:_ __ ____:_::::...=::_: 

Abiorana Pouteria sp. 648 
Acapu V ouacapoua americma 1.6o 
Aquariquara Minqu.:rrtia guianensis 1.34 
Andiroba Carap.:z guimemis 7·8o 
Angdim rajado PithecolobirmJ racemosum 3·65 
Breu Protirnn sp. o.6o 
\..araipe I.icania sp. 9·64 
lmbauba Cecropia junmyll1l4 5·69 
lnga lnga sp. 6.oo 
Jurai pororoco Dialirnn dh·t~Ticarrmz 5·14 
jutai r:ma Cynometra sp. 1.55 
Louro canela Ocotea sp. 10.00 
l.ouro amarelo A niba sp. 7-47 
Mata mara branca F.sci>Weilera longipes 1.o6 (4.6o') 
Rosadinha Cbrysophyl~rm sp. 9·09 

lOata in parenthoo 
Aerial Suney, 

are from Surinam, in Publication 12. Central Bureau for 
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Table Z. TREE SPECIES COMPRISING FROM 1o-20 PER CENT OF THE UPPER 

STORY 

Axua 
L:tkri 
Luuro branco 
l.opuro preta 
J arana 
~ ~parajuba 

SCIENTIFIC NAME 

Saccoglottir sp. 
V ism:ia angmris 
Ocotea guianensis 
Nectandra mol/is 
Eschweilera jliTtnJa 
MtnlilkliTa paraensis 

PER CE."fT IN UPPER STORY 

lJ.39 
I J.33 

"·55 
18.6o 
17.10 
1245 

'fable 3· TREE SPECIES CO:\lPRISING FRO~f zo-30 PER CE.'IIT OF THE UPPER 

~TORY 

COJ\1.\<IOS NAME SCIENTIFIC NAME PER CENT IN UPPER STORY 
------------------------~--

Axixa Sterculia sp. 27-54 
Cedro Cedrela odorata 28.57 
FaYeira barbatimao Stryplmodem:lron sp. 2745 
Frcijo branco Cordia e:caltata 1845 
lrauba MezilauTlls itauba 23.57 
famanqueira Fagara sp. 25.52 
Ucuuba Virola sebifera 29.53 

------------------~----------------~~-----

Table -+· TREE SPECIES CO:\IPRISING FROM 3o-40 PER CENT OF 11iE UPPER 

STORY 

C0:\1:\tOS NAME scn::.;nnc s A:\f E PER CENT lS UPPER STORY 

\nani Symphonia globulifera 31.58 
Amapa Parabtnrcor11ia tnnapa 38.14 
Cupiuba Goupia glabr.t 39·31 (40.70) 
Cumaru CoumtiTozma odorata 32·3• 
Freijo Cordia got'IJitnra 35·'7 
.\la~saranduba Manilkara huberi 38.02 
\luturi Ptcrocarpus rhorii 30.16 ------- - -----'------~-----------::..------

Table 5· 'fKEF. SPECif.S COMPRISING .. RO\t 40- 50 PER CENT OF THE UPPER 

STORY 

t 0 '1.1.\tON NAME 

c ·uiarnna 
Jut:Ji mirim 
\ larupa 
<)uaruba 

SCIENT!f' IG SAM F. PER CENT IN' UPPER STORY 

BucbeTUI'Via sp. .¢.56 
Hymerw:a parvifolia 4fl.oo 
SimtiTuba amara 41.66 
Qwlea sp. 47-30 (5o.6o 

and sz.So) 
l'nxi Sclerolobitmt sp. 4l·'o (56.5o) 
?:lpucaj_a.~ _____ ___.:L::::.:ec~y:.:t::h'::'s..:.s::rP::.· -----------=44~·8:..!9 ____ _ 
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J'ab)e 6. Tttt:r SPECIE~ CO:\ IPRISI:"C FR0\1 jo-6o PUt Cf .. 'I;T OF TH& UPPER 

STORY 

C0:\1 :1.10~ XAME 

Caraparuuba 
Copaiba 
F1l\'cira folha firu 
FJ\"cira bolacha 
Para para 
Pau d'Arco 
Piquia 
~ucupira 
1 auari 

-
Aspi.iospeT71tJ niti.irnn 
Copai(era sp. 
Pipt.rdeni.:~ swr.:eolens 
I' atairt'i1 cytbrocarpa 
I ac,rranJa co p.lia 
Tecom:z sp. 
Caryoc.'TT ·::illosrnn 
/Jo-:;:dicbia nitid.z 
Cf!!!.mt.rri sp._ _ 

PER CE:-;T IS UPI'P.R STORY 

52·91 

Sf-46 
59·9-t 
54·50 
50.23 
so.8o 
s6--te 
5 1.11 

52·37 (59·90> 

Table i. l'RH SI'H.II.S L0:\1 PIUSIXG 6o PER CE:- T OR :\tORI::. m· TilE UPPER 

STORY 

CU\1 \lOX 1\.<\..\.1£ SCIEXTIFIC NA:\1£ Pl::lt CENT IN UPPER STORY 
~ ---- ------

r\ngclim pcdra 
\rucira 
Castanhcira 
r ,1\ cira bolota 
l"ll\"Cit:l uing 
jmai assu 
,\lirarawa 
:\lorototo 
!_atajuba 

H ymenolobirmz petraeum 
tlstronium lecointei 
B,>rrhoietia excelsa 
t'arki.z pendula 
EnterolobiWII sc!Jomburgkii 
II y me naea cour baril 
,..Jpuleia moiJTis 
Did y mo pana:r moror o t oui 
BagassJ guiane11Sis 

79·00 
64.63 
86.30 
83·33 
iD.]O 

70·75 
7-+-55 
6o~o 

i7-"i7 

,~lrogcthcr 172 species w:~c found in the upper srory of 
which 36 could not be classified because of insufficient tbta. 
For example, 6 sumauma (Ceiba pemandra) trees were noted 
in rl~e upper story. _This would. indicate that Ceib,1 penuw­
dra IS too per cent hght-demandmg. lJowevcr, it is a known 
fact rhat thi> tree, with. its conspicuously umbrella shaped 
crown, occurs ~nmrly m marsh forests on pcriotlic:tllv 
watcr-lng~ed soiL In rhe marsh forest small ceibas arc oftc;1 
seen growmg up under other larger trees. T he occu rrence 
of this species is rare in rhc dry land forest, as ~hown hy the 
facr that only 6 were tabulated above. T o a certain extent 
th~sc classc~ can he regarded as tolerance classes. The class 
wuh. the lughcst percentage contains the least tolerant t ree: 
species. Accurate interpretation of the dJta, however, de­
m~nds _grca_r care. A few examples mav serve to illust rate 
th1s pomt: nnbauba (Cecropia sp .) is one of the most light-
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dem~nding trees known-one of the pioneer species of the 
~roptcal forest. As soon as a _sufficiently large opening occurs 
m the forc~t ~anopy to recetve most of a full day of sunlight 
on the sod, 1mbauba appears. In this instance it must be 
recorded as one of the most tolerant trees belonging to 
class o-10 per cent, because only trees from 25 em. d.b.h. 
and upwards \vere enumerated. At that stage (i.e., from 2 5 
em. d.b.h. and up·wards) in~bau~a is already a ma~ur_e tree, 
~·cry often near the end of 1ts hfc cycle. Usually, 1t IS then 
~n'ergrown by other taller trees which laterally close the gap 
m the forest. Therefore it is practically impossible fqr 
imbauba to appear with a full crown in the upper part of 
the forest canopy of the dry land forest. The same is true 
for lakri ( Vismia sp.; class ao-zo per cent) . 

Other trees as andiroba (Carapa guiancnsis), angelim 
rajado (Pithccolobium sp.) and rosadinha (Cbrysophyllznn 
5p.) occur more frequently in the upper story of the lower 
forests (on more sandy and wet soilS) than in the high dry 
lanJ fo resr. Actually. these species grow taller, are of greater 
diameter and are better shaped in the higher forests than in 
the lower forests. It seems however, that it is impossible for 
t hem ro hy-pass the other taller trees which dominate, with 
their large crowns, the uppermost parts of the forest canopy. 
The remarkable difference between the data from the 
Amazon and Surinam forests for taxi (Sc/crolobium spp.) is 
caused by the fact that taxi in the Amazon region is often 
overgrown and suppressed by very large trees such as mass.;­
r:mduba (Manilkar,1 hubcri) and cast.anheira (Bertholetta 
~xcelsa). 

Practically all tree species commonly found in the dry 
land forests can develop in the shade of the bigger trees. 
Some prefer the openings and the borders of the holes in 
the forest to regenerate, taxi (Sclerolobium spp.) for ex­
ample. Others, as castanhcira (Bertholetia excelsa) and 
pi<]Uia (Caryocar villosum) most probably need large ?pen­
ings which close very slov.·ly, so that they have a max1murn 
o(light over a long period in whic~ they can de\·elop. That 
this development is nomtal and mherent to these forests 
could be deduced from the data obtained during the survey. 
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From the tree diameter analyses and the tabulation of trees 
~ It) 

r- .E 
with a diameter :.maHer th:m 1;; em. at bre.1st height, it "0 

u 
appears that these forests have a balanced diameter ?istribu- "0 

'-I() 
·;;: 

tion (Meyer. 1953). \lost of the common tree spec .. es show I • :.0 
J:J 

the same char-Jctenstics in a histogram of rhetr d •a.mcters ; :::1 

"' the highest number of trees is found in the_ smallest dtame_ter I 
...... 

I ~ 
class, while the numbers of trees found m the succcedmg .. 

I 
f-0 ~ diameter cl:lsses gradually decrease. • -<:) 

It is practically certain that onl~ ,·cry few of the upp~r .. 
"' story tree:. were onmred by adoptmg a 2' em. d. b. h. lmu r. "':S ~ 

I "'U " ... In the diameter class of 25-H em .. 1 !.' per cenr of the totill I ~~ ~u _e 
number were enumerated, whereas rhe trees w hich just ~.5 
reached the 2 5 em. limit came to o.6 per cent. \lost of the 

I I ~ 5 
upper story trees belong to the djameter classes between 3 5 -> 

~~g 
u ·so 

and 7 5 em. d.b.h. I uu 

I 
g~ 

I 0 "' ... ___ 
PHOTO-INTERPRETATION r- u .!! ott 

I I OQ. 

As was done previously in the Surinam studies. the upper 
... <:) ... ~ 

I I 
_.,c u Ill 

srory rrees were di\'ided into a "lo\\'" and "high" class. N-,:, ~ \ Vhen t he estimated total height of the tree ''as 2 5 m. o r 

I I !:~ less, it was placed in the "low" class; trees higher than 2 5 0 

~~ ... 
m. were put in the "high" class. The lo\\ er forests, and also I I f- 0-; 
the lower trees which are mostlr less than 2 5 m. high. can, I "~E ~--
with sufficient experience, be distinguished from the higher c.o e ~ 

Q (J ~ 
foresrs and higher trees on aerial photographs (up to a scale _o 

~ ot of 1: 40,000 ) with the help of a stereoscope. This rather 1-!? ...... 
rough di\'ision into tree height classes has been made in ord: r ~0 

25 to correlate the field data with the tree height estim:ue·, ... uu 
obtaineil from rhe aerial photographs. Unfortunareh· this -5 E .. 
method had to be adopted because it is impossible to · mea~- t-2 tilt-c::O 
ure the tree heights with a parallax meter. because rhe h:m: ·p 

~ ~ ground normally cannot be seen on aerial photographs of ::It 
evergreen tropical forests (Zonneveld, et al., 195 2 ) . :==_ 

Fig. 2 gi,·cs rhe ranges of the crown diameters suhdi ,·idcd f-1() ~; .. 
m tolerance classes. and " low" and "high" trees. Ir shows tao: 

o.::: 
that ,the more light-dcm~nding and the b.igger rhe upper CoO tl .~ 

G ·- ..:: 
:r: ..J :Z:..J - :I: : sw_:) trees are, the larger IS rhe range of then· crown widt hs. J;..J %:J :Z:..J :Z: ..J :z: - • CoO c 

G 0 ·-l t IS, of course, impossible fo r the "low" trees to ha\'C rhc .. -
~ 

g -CoO ... c: 

~ 0 ~ ~ 0 CoO u til .. 
same range in crown width a-; rhc ''high" trees. since a C(llll - '#. ~ "" 

I 0 0 i.i: ...... 
0 0 0 0 0 u -,:, 0 
CD • If) N ... ~ 
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paratively small tree, with a height of 2 5 m. or less, will, 
only in exceptional cases. ha\·e a l~rge crown; for example, 
!-pccics which form disk or droopmg crown types (Hems­
dijk. 1955)· 

The idcntiticarion from aerial phorographs of tree species 
from .tropical forests is ,·cry difficult a~1d hip-hly ~peculati~e, 
especially at a scale of 1: .fO.ooo. ldentlficanon w1th certam­
r,, is only possible in a few cases: \\'hen the upper story of 
the f orc;t is domina red by one species, so that it appears on 
the phorograph as a pure stand ( lfora excelsa. for example), 
or a mhed tropical forest \\ irh patches of upper story trees 
composed of a single species (Goupia glabra, Hymenolo­
bium petraeum, etc.). Accuracy of identification is also 
possible \\hen a certain forest type has only two or three 
species in the upper story ha,•ing distincrly shaped crowns 
c usually possible for S\varnp forests). 

ror dry land forests such cases are exceptions. Here one 
must always look for combinations of tree species with large 
c~owns whic~ give an indj~ation of the forest composition. 
1 he really b1g crowns, wtth a crown width of w m. or 
more. arc found among the ljght-dernanding species of 
wlcranc~ claSl> 3o-+o per cent and m·er (fig. 2). This fact 
subsranr!ally reduces the n~mber of tree species to be 
"ought m the upper sron-. Smce comrnonlv not all of the 
tree species belonging to these tolerance ·classes produce 
large crowns. this number can be further reduced ro 
approx!marcly ten spe~ies. These ten species are for rhe 
photo. mtcrprcr~r the Important ones; their crown shapes. 
the d1ffcrences m tone of the images of their crowns on 
~he photographs. rhc1r habit of growing in clusters or as 
Isolated trc~s. m.usr be studied ,·cry care~fulh. It is possible 
to deduce m th1s way, much infom1ation about the forest 
composition from aerial photographs. Nevertheless. rhe in­
terpreter mu~r have the ne_cessary field experience and a great 
deal of sampmg data at h1s disposal. 

RP.J.ATioNSIIIP B•:TWF.F'\ CRo\\':-; WmTH A~T> Bou: DtA .\IETER 

ln Suri.nam a close relationship was found between the 
crown \\ tdth of the upper story trees and the diameter of 
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their boles at breast height, or just above the buttresses. In 
fig. 3 the results for all upper story trees of the Amazon 
region arc presented and compared with the corresponding 
rc:.ults for Surinam. The Amazon data are from 7785 upper 
swry trees; the Surinam data from 17,868 trees. As can be 
seen from the cun-cs, the differences arc small, not more 
than 7 em. up to a crown width of 30 m.; betwen the crown 
widths of 15 to 2 5 m. differences are practically zero. 

fhe ~urinam curve shows an exactly linear relation from 
a crown \\ idth of 3 m. and up, whereas the Amazon curve 
shows this only from a crown width of 10m. and above. The 
bend jn the Amazon curve is mostly caused by the ''low" 
trees, as can be seen in fig. 4t which presents the curves for 
the "low" and the "high" trees separately. In fig. 4 the curve 
for the '·high" trees is practically straight and nearly identi­
cal with the curve for all trees together from the Surinam 
dara. Corresponding data for the "low" and the "high" trees 
from Surinam are not available, but, as will be shown later 
on, the differences among the groups from Surinam are much 
smaller. 

The forests in the Amazon region, in which the upper 
story trees were enumerated, were growing partly on 
heavy clay and partly on sandy soil; the composition every­
where was practically the same on each soil type. Compared 
with the forests on the clay soil, the tree growth on the 
sandy soil is Yery poor. 1\lost of the "low" trees were found 
in the forests growing on sandy soils, which explains the 
difTcrcnces in a\·erage diameter of the bole for the same 
crown width. To explain the differences between the Suri­
n:lm data and the Amazon data is much more diffcult. At 
prcsenr, rrec species found in Surinam and in the Amazon 
Valley are partly the same, and most belong to the same 
genera. In the Surinam data many swamp trees were in­
cluded, as Virola suri11trmeusis, Triplaris suri71mllen.ris and 
Tabc:buia spp. (panta), which were not enumerated in the 
Amazon forests sun·cycd. Approxim~tely 10 per cent of the 
upper story trees enumerated in Surmam were Qualca spp. 
or F.perua falcata. both species having, in compari.,on with 
the or her rrees. a heavy hole for the same cro\\ n \\ idth. In 
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Fig. 4· This figure shows separately the curve for the relationship 
between cro'"'" diameter and bole diameter for the "low" (C'unv 
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the Amazon rcaion fewer Qun!e,1 spp. were enumerated 
(appro:dmarcly ~ per cent of ~he total), and no Epet'U/l 
falcata. To what extent these dttferences were counterbal­
anced bv such heavy trees as Mm1ilkara lmberi, Bertboletia 
e.\·celra ·and H )'111M10iobium petraeum. which were not 
enumerated in Surinam for the lower parr of the curve, is 
at this time impossible to analyze exactly. The differences in 
rhc upper p;trt of the curYes. w~1ere the :\ mazo~ data show 
hioher a,·eragc.~ for rhe bole d1amerers. are m:unlv due to p ~ • 
rh~c hea,·v trees. 

Up ro ;1ow most of the photo-interpretation .work .in 
Surinam and the Amazon regwn has been done wtth aertal 
photographs on a scale of r :~ 4o,ooo. As has been explained 
at length in Publication 13 of the Central Bureau for Aerial 
Sur\'ey in Sunnam, it is impossible to measure the crown 
'' idth of the upper story trees with great accuracy from 
these pictures, even if they are of an excellent quality. The 
borders of the tree crowns, especially of the loose crowns, 
are mosd\' hazv ;md the smaller crowns with a width of less 
than 10 m. appear as small points "hich can be identified, 
bur nor be measured. As has been done for the Surinam 
data, the Amazon data were grouped in crown diameter 
classes: Class l includes trees with crown diameters from z 
ro. 3 m. up to 1: m. In reality this means upper story trees 
With a crown d1ameter of approximarelv 10 m. In Class II 
are trees '~irh crown diameters of 1 3 to ·, 7 m. or an average 
of approxtmately 1 5 m. In Class Til are found trees with 
crown diameters of 18 to 2 2 m. or :tn average of approxi­
mately 20m. In Class IV arc trees with crown diameters of 
2 3 :"· an.d more, or with an average of appro,·im:ncly 2' m. 
(~ountmg and measuring upper story tree crowns from 

aeml photographs at a scale of ': 4o.ooo is not easy. If the 
p~oto-int.erprcrcr "ere obliged to measure all these crowns 
wah a 1111cromcrer (Spurr. 1948) a great deal of time would 
he c~pcn~lecl _in. evaluating a single hectare. By using- this 
classificatiOn It IS only necessary to measure a few crowns 

. h h I r • ' Wit t e lelp of wh1ch. in a compararivck short rime, all 
o.ther cro\vns from the plot can he classified. At the same 
ttme the d?ta do nnt pretend to achieve an accuracy which 
cannot be JUStified. Tahle 8 gives the a\·erages for the differ-
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ent crown diameter classes for the "low" and the "high" 
rrees. Comparable data from Surinam are in brackets. Data 
arc shown for all tolerance classes together and for these 
classes separately . 

The average crown diameters in Class I for the "low" 
rrees are mostly belov.· 1 o m. (theoretical average) com­
pared ·with measurements for the "high" trees. These trees 
usually occurred in the lower forests, which were compara­
tively' open with a great deal of palm growth undemea~h. 
Therefore the trees would appear more frequently ·w1th 
their crowns in the upper story. In the crown diameter 
Class IV (tolerance class 6o per cent and up) the average 
crown diameter is remarkably high and shows a compara­
tively large number of trees. It is here that the very big 
crowns occur . 

The differences between the average diameters of the boles 
for the "low" and the "high" trees from the Amazon data 
are much larger than the corresponding differences as shown 
in the Surinam data (table 9). The same trend is present 
for the average length of the merchantable boles. The aver­
age heights of the buttresses arc less in the Amazon than 
in Surinam. As could be expected, the biggest (oldest) trees 
have the highest buttresses. 

Table. Q. DrFFERE:"CFS nr.nnn: .o\\T.RAt.l' ut.o\\IF.H:Rs OF BOLES FOR 

"t.ow" .,S() "mc.u'' TRF.l:S IS C'~'l. 

REG! OS CROWS DIA:\IETF.R Cl-"SSES 

11 Ill IV 
Surinam 4 II 10 
Amazon If I) 20 27 -- - --

In table 10 the same data are presented as in table 8 for 
some tree species for which data from Surinam arc also 
ll\ aibblc. In comparing both. the following remarks can he 
mad~: In the Amazon forests under survey, the Qwlea 
spec1es are not as common as in Surinam. Here thev occur 
only in the very high forests. The writer ha" the impression, 
rhat the Qua/e,1 species found in these high forests exist 
under better growing conditions than in Sti"rinam. but that 
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rhc\' must overcome much more competition fro h 
· · Th' 1 · h m ot er spec1es.. 1s s~~ms ~,o exp am w y so few trees were enum-

erated m the low ~e1ght clasS. The differences in bol 
diameter p~r crown d1ameter class point in the same direc~ 
tion: Jess m the low classes and much more in the high 
classes. The average length of merchantable boles is also 
greater. This means, most likely, that the Qualea species must 
increase \'ery rapidly in height in order to survive and 
develop into large trees. 

Sclerolobium species are, in the Amazon forests under 
survey, much more common than in Surinam. In Surinam 
rhey belong among the high trees, whereas in the Amazon 
they belong to the middle class and are often suppressed by 
taller uees. The average diameter of the boles per crown 
diameter class are, for the Amazon trees, lower than for 
the Surinam trees. The average length of the merchantable 
bole is in reality higher, but the average height of the trees 
which corresponds with the average length of the merchant­
able bole plus the average height of the buttresses, is a little 
higher for the Surinam trees. Contrary to the general trend 
in the Amazon data, which have a lower average bole 
diameter in the low crown diameter classes and in the higher 
classes a greater average bole diameter, these species have in 
all crown diameter classes a lower average bole diameter. The 
impression is that the growing conditions forSclerolobitln in 
the Amazon area are better than in Surinam; tree growth 
seemed to be much more rapid, especially near the gaps in 
rhe forest canopy where the crowns have a g~ter op~­
tuni ty to spread. There was less buttresS fonnaaon than m 
Surinam, and the longevity of the ~es seem~ to be much 
shorter. Dying Sclero/obium trees, tn the higher p&!IS of 
the Ama7on forests under survey, was a conunon mgbt. 

The C ouratari species belong to the tallest treeS 0/ tb~ 
dry land forests and in the Amazon area are ftrely o~n 
in lower forests. The data clear1f show that the rowtng 
Conditions for these species are r!f!J~ in the be= 
forests than in Surinam. Tbct ~lr"":"' e~':en in the 
the two sets of data for m. i!':!es can fonnaQOil 
a\'erage heights of the buttrfiiiiCI' When buttreSS 
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is one of the characteristics of a certain tree species, as it 
is for Couratari. the height of rhe burcrc.sses giYcs an indica­
tion of the gr~wing c'Ondit ions and the age of the tree. 
Under good growina conditions. the small (young) trees 
produc; les.<; buttres; growth than under poor condit~ons. 
The big (old) trees fonn Yery larg~ burrre~c;es so~1et1mes 
ncarlv o\·er the whole length of rhe1r boles. m wh1ch case 
the r'otal tree height is comparatiYely lo". This generally 
indicates poor gro\\ ing conditions. 

To he coru:m•cd 

"XYLEM A"NAT0\1Y OF STROPHANTHUS 
( APOCYNA CEAE) 

CHI L L\G CHEX 

Biological Laboratories. Harvard Unir;:ersity. Cambridge, 
. \1 assacbusettsl 

In recent vears, much interest has been directed toward 
the genus St • oph.wtbus. primaril~· due to its medical value. 
Alkaloids. from "hich cortisone can be deri,·ed, have been 
isolated from S. rannentosus; the seeds of a few other 
species, e.g .. S. kombe. also \'ield alkaloids ,, hich arc effec­
tive as heart stimulants, and ,·aso-constrictors. Because of 
!h~ g_rowing therapeutic significance of this group of pl:tnts, 
Jt JS Important that we become familiar with the morphol­
ogy of the organs. It is to this purpose that the anatomy of 
the secondary xylem is investigated. The taxonom,·· of 
Stropbamhus has been srudied by .Franchet ( 1 R9 ~ ), Gilg 
(1903), Stancr and \1ichotte (1934), and Krukoff and 

1
Prcsc'!t ac~drcss: Department uf Anatomy, School of Medicine, 

Yale UmveJ"<;Jry, ~cw Haven, Connecticut. 
The writer wishc~ to express his appreciation ro Profe R b rt 

\V, Hess, formerly of the School of Forestry Yale U .ssor. 0 fe 
ff · h •. 1 f · · . . · mvcrs1tv, or o enng t c matcna or mvesngauon and for his 30 .. ·1 d · · h' 

d ·r· D \\'"11' 1 · • cc urmg t 1s ~ru y. . o .r.. · 1 1~m .•. Stern. gratitude is acknowlcd ed for his 
mrcrest m th1s '"''C\tlgatJOn and for his ''aluable sug ~ d · 
the preparation of this paper. gesuons unng 
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Letouzey ( 1950). However, so far as the write · 
xylem structure has not been examined. r JS aware, 

\Vood for thi~ study was collected by B. A. Krukoff and 
R. Letouzey _durmg I9-J9 and . 1950 in French Cameroons and 
Gabon, and IS now on deposit in the Samuel James Rec rd 
~1emorial_Collection of the ~ale School of Fo~. He~ 
n~m sprec1mens ~,·ere ~laced ~~ the Museum National d'His­
tou·e Narurelle m Pans and m the herbarium of the New 
York Botanical Garden. 

Because of the similarity in the wood structure of the 
various species, a detailed account is given for only one 
species~ S. sannemosus. The main xylem features, with 
dimensiOns of structural elements, are noted for other 
species. The information concerning the habit of the plants 
is based on the records of Krukoff and Letouzey. Tenns 
used for vessel diameter are those recommended by: the 
Committee on the Standardization of Terms of Cell Size of 
the International Association of Wood Anatomists (1939), 
and those for numerical distribution of vessels and wall 
thickness of fibers follow the proposals of Chattaway ( 1932 ). 
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multiple~ of :.-7 or more (mostly 1-4) . rarely in clusters, 
and infrequently sul irary, very frequently with a contigu­
ous ray on one and occasionally on both sides, O\'al in out­
line or. in multiples or clusters. compressed with common 
walls of contact fb rrcncd. Pores are moderately numerous 
to numerous and rather uniformly distributed. Vessel walls 
arc medium thick and without spiral thickening. Perfora­
tions arc simple with \\'ide nrns; .nrunscular pitting is 
altcmacc (fig. 3 ). rhe pits numerous, up to 6J1. in diameter; 
pit borde~ ruumled to o' al, or polygonal through crowd­
ing. \'C!\"turcd. Pir apertures arc lenttcular, usually horizontal 
and included. Tyloses are sparsely de' eloped in most cases, 
partially or sometimes entirely pluggmg the ,·essels; gum 
deposits arc abscm or occaswnal , occluding some vessels 
\\ hen prcstnr. 

\:' ouJ parenchyma is paratracheal and apotracheal (fig. 
:. ) , 111 st.ran?s .of 4-H, mostly 4-6. cells. Para tracheal paren­
chyma 1s lumrcd to occasiOnal cells about the vessels or 
vess_el groups. Apotrachea~ pa~e~chyma is of t\\ o types: .< a) 
Renculare ur abundant dtffuse-m-aggregates; (b) mara mal 
parenc~yma w~1ich is initial ?r ternunal, in irregular. ragged, 
mostly 1-3-:-..enatt bands. Gumm~ deposits in parenchyma 
cells arc very sparse; crystals have not been ob~cn·ctl. 

In tr;tns\·crse ~ection, wood fi~ers are polygonal co 
rounded or somenmcs flattened rad1allv on the outer ma r11 in 
of g~owt:h ring. in irregular radial rows, non-septate, ngn­
gelatmous. up to 35· but mostly 15-27Jl. in diameter. \Valls 
a r~ z-51• in thickn:ss; lununa for the most parr arc much 
\\ tder than the th1ckness of rhe wal~s. 1ntu-fibcr pit'> :tl'e 
abundanr. more numerous on rhe radtal walls, minute bor­
dered, orbicular or 0\'al, "ith slit-hkc, steeply ohliqu~. e:x­
tended apertures. 

Vascular rays arc 13-19 per mm., 1-3 cells wide, hctero­
g~nco~s, ~nd of r~vo types: (a) Uniseriatc, or very rarely 
wnh b1semte portions, usually consisting entirely of uprigi1r 
cells, up to ~o or more ~ells ~n height (fig. 3); (b) broader 
r.ays 2-J-SCnate, 2. s-6oJl. m \\'td~h, co~isting of procumbent 
cells through the central port1on. With uniseriate mar ,ins 
of 1-26 or more rows of upright cells (fitg 4) \ : . · gil ( d ~ · · · e1 CI C3 V 
u e rays arc frequent. Ray-\·esscl p it pairs are numerous, 
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oval .to ?rbicular, with rounded to lenticular apenures, 
?-SJ-1. m _diameter, frequently u~laterally compound; gummy 
mfiltrattons are sparse or lackmg; crysralo; have not been 
observed. 

XYLEM STRUCI'URE OF THE SPECIES 

Strophanthus sanmmtosus _DC:-This plant is a large Iiana 
up to 20m. long and 10 em. m d1ameter. The wood is cream 
colored to light yellow or light yellowish brown, somewhat 
lustrous to lustrous, without a characteristic odor, or taste. 
or ~omewha.t bitter, of medium density, fine textured and 
strrught gramed. Growth rings are usually inconspicuous, 
but sometimes are fairly distinct to the naked eve because 
of a difference in the size of pores in the latewood· and early­
wood of adjoining rings. 

Vessels are mostly 1 oo-160Jl. in diameter, but may be up 
t~ . zooJ-1.; those in the earlywood arc usually larger and 
v1s1ble to the naked eye. Pores are usually in radial multiples 
of z-6 (mostly 2 or 3), rarely in clusters, and infrequentlv 
solitary, oval in outline or compressed when in multiples or 
clusters. There are 1 s-z 3 pores per square mm. V esse I mem­
bers have medium thick walls. Perforations are simple, with 
prominent rims; intervascular pitting is alternate, the pits 
numerous, 3-5J1. in diameter, oval to orbicular or angular 
through crowding, vestured, with lenticular, usually hori­
zontal apertures. Tyloses are generally sparse, plugging some 
\'essels; gummy deposits are occasional. 

\ Vood parenchyma is paratracheal and apotracheal. in 
strands of 4-6 cells. Paratracheal parenchyma is scanty; 
apotracheal parenchyma is (a) abundant diffuse-in-aggre­
gates or reticulate and (b) initial or tenninal, fonning 
irregular bando; 1-3 cells wide. Parenchyma cells are up to 
6oJ1. but mostly 21-JOp. in diameter. 

vVood fibers are polygonal to rounded in transverse sec­
tion or sometimes tfattened mdially on the outer margin of 
the ring. in irregular radial rows. up to 46. but mostly a6-
z6p. in diameter. Walls are z-sp. thick; fiber lumina for the 
most parr are much wider than the thickness of the walls; 
inter-fiber pits are abundant, more numerous on the radial 
walls, minute, bordered, oval, with slit-like. oblique. extended 
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apertures. Gummy depositS are sparse; crystals have not 
been obsen·ed. 

Rays are 16-21 per .m~. , 1-3 cells wide, het_erog~nc~us. 
of two types: (a) ~~tsenare_ or very ra~ely Wtth btsenate 
portions, often conststmg enmely of u_pnght ~ells, _up to 24 
or more cells l1igh and 900 or m~re ~mcrons m het~ht; (b) 
broader rays 2- 3-seriate, mostly biSenare, 26-45fL w1de, c.on­
sisting of procumbent cells through the central portton, 
taperjng to uniseriate margins of 1-24 or more fO\VS of up­
right cells, sometimes over r,ooop. in height, the central por­
tion 9o-22op. in height; vertically fused rays f requent. Ray­
' esse! pit pairs are numerous at each contact, oval to orbicu­
lar. \\ irh rounded to lenticular apertures, 3-4p. in diameter, 
frequently unilaterally compound. Gummy infiltrations are 
sparse or lacking; crystals have not been observed. 

\larerial: Yale 47103 (Krukoff 1949-1); Yale 4-7104 (Krukoff 
1949-10), Yale 4il05 (Krukoff and Lcrouzey 133); Yale 47106 (Kru­
koff and Lerouzey 139); Yale 4710j (Krukoff and Lerouzey •35). 

Sf!~pbamlms cougoensis Franch.- This species is a liana 
attammg a length of 15 m., and a diameter of 7 em. at the 
base. The wood is pale straw color . Growth rings are 
scarcely dJstmct, and rather narrO\\ . 

\ 'esscls are up to 180, but mnstly 1oo- r)op. in diameter, 
for the mos~ part in radial multiples of :!-6 (mostly :!-) ), 
very rarely m clusters and infrequently solitary; 2o-3o per 
square mm. lnrer:ascular pits are up to 6p. in diameter. 
'T)'loses are occas10nal, partly, or sometimes entirely, plug­
gmg the ''essels. Parenchyma is in strands of -~-8 cells; cells 
arc m?srl: 22-30p. m diameter but may he up to 5o1t; gummy 
d~posrts are \'el} sparse. \ Vood fibers arc usually , ~-2 5/J. in 
dtametcr, sometimes reaching pp.. Rays are 13-!9 p~r ;11m., 
narro\~' ray~s are up to z3 or more cells high and 1 ,wop. o r 
more t.n h_etght; broader rays :-~rc mostly biseria re. occasion­
a!!~ rnscnare. zs-6o,t in width.'\ tth tuiiscri:nc lll<l rg ins con­
ststmg. of 1:-21 or more rows of upright cells, and ~ ,-}OOp. or 
mcJrc m. hetghr. the central ponion 6o-35op. in hci<rlw ray-
vessel ptts are 3-4p. in diameter. ::- ' · 

.\l:nerial: Yale 47091 (Krukoff a nd Lctouzey 176) ; Yale 47o9z 
(Krukoff and Lctouzcy 212). 
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Strophamhus gratus (Wall. & Hook.) Franch.-These are 
Ia rge lianas reaching a length of 30 m. and a diameter of 1 2 
em. near the ground. Wood is creamy white to pale yellow 
or yellowish brown. Growth rings are scarcely distinct and 
rather narrow. 

Vessels are mostly uo-18op. in diameter but may reach 
240p., for the most part in radial multiples of 2-6 or more 
(mostly z-4), and 12-25 per square mm. Intervascular pits 
are 3-5p. in diameter. Wood fibers are usually 16-27p. in 
diameter with a maximum breadth of 35P.· Rays are •s-za 
per mm.; narrow rays are up to 30 cells or more high and up 
to 1 ,]oop. in height; broader rays are 2-3-seriate ( 3-seriate 
rays common) and 35-7op. wide, uniseriate margins with 
1-2 5 or more upright cells and up to 1 ,5oop. or more in 
height; ray-vessel pits are mostly 3-4p. in diameter. 

\taterial: Yale 4709J (Krukoff 014); Yale 47094 (Krukofi and 
Lctouzey 115); Yale 47095 (Krukofi and Letouzey u6); Yale 4701)6 
(Krukoff and Lctouzey :zo:z). 

Strophmthus hispidus DC.-These lianas attain a length 
of 2 5 m. and a diameter of 12 em. The wood is cream or 
straw colored. The root is characterized by a bitter taste. 
Growth rings are inconspicuous to scarcely distinct, nar­
row to very narrow. 

Vessels are mostly 1 oo-18op. in diameter but may reach 
200p., for the most part in radial multiples of 2-6 or more 
(mostly 2-5), and 17-38 per square mm. Intervascular pits 
are up to ~P. in diameter. Tyloses are occasionally present; 
gum deposits are rare. Parenchyma occurs in strands of 4-6 
( ?lostly 4) cells; cells are up to 55 but mostlv u-36p. in 
d1ameter. Wood fibers are mostly 15-2 SP. in diameter but 
may attain 37P.· ~ays are 12-19 per mm.; narrow rays are 2 ~ 
or more cells h•gh and 1 ,JOOp. or more in height; broader 
rays are 2-3-seriatc, mostly biscriate, 2 5-65p. wide, tapering 
at t~e ends to uniseriatc margins of 1-16 or more rO\\S of 
upnght cells, up to 2,Joop. or more in height with the broad 
~enr~al portion 14o-35op. in height; ray-vessel pits are 4-5p. 
m d1amerer. 

Material: Yale 47102 (Krukotf and Lerouzey 235). 
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Stropbamhus t1Jollo7lii Franc h.~ These are lianas 
lcnPLh~ of 12 m. and diameters ot 7 em. at base. The 
is ~~aw colored with scarcely distinct, narrow growth 

V c~eb arc mostly 1 zo-t6op. in d~ameter .but up to 1 

at rime!), for the most part in rad tal multiples of 2-7 
more (mosdy .!-+), and 26-p per square mm. !nte 
pit~ arc 3-sp. in diameter. Parenchyma_ occ~rs m strands 

4
-6 cells; up to +5· mostly 2o-27p. m_ dtmnerer; 

dcpo~its arc rclach·cly abundant. \Vood fibers arc mostly I 

27p in diameter hut up ro 351-l· Rays arc 19-.! 5 per mm.; 
row rap arL up ro 26 or more ce~ls high and 1 ,2_oop. or 
in height; broader rays arc btsenare, 2o-37 JJ. \\' tdc, 
at the end ro uniscnatc margins of 1- 1 B or more u 
cells. and up to 1 ,o5ol' in height; ray-vessel pi t'\ arc 3-4p. 
diameter, gummy deposit~ are relati\·ely abundant. 

,\latcrial \alt 4~108 lKrukoff and Letouzey 101) ; \'ale 47 
{Krukoff 1nd l.ctouzey 103). 

Otscussto~ -\~D Sv \ I ~IARY 

X ylcm srudy ot Strophantblls reHals rhat this genus has 
number of icarun:s commonly present in a majority 
apocynac.eous genera, namely: generally inconspi 
gro\\ th nngs, small to medium-sized and numerous, or 
numerous, pores arranged predominantly in radial 
of two to.severa\ (a few genera of Apocynaccac have 
Mvcly sohtary pores); absence of spiral thicken ings on 
~\ails of ,.c..,~cl members (spiral thickenmg has been , . ..,, ... ,...,~-" "·' 

1? \'Csscls of three ~cner~ of -\ p_ocynaccae; Soleredcr. IQ<>8) 
sunpl~. vessel pcrtoranom. \\ 1th prommam rims 
scalantorm plates have been reported in a few genera; 
RecnrJ and 1-l c~s, 1943), alternate intervascular pitting with 
very small w mmute, vestured pits; thin to mode rate!\• rhin .. 
walled fibers and generally heterogeneous rays. · 

Anatomically, Srrophambus is similar to. mmw other 
genera of the A poe! naceac. 1t c-1n be -;cp.mucd froni a nnm .. 
b~r uf.genera by rh_e presence of irr~gular. ro1gge~L 1.n;lrginal 
p renchyma (margmal parenchyma 1s nnlv prco;enr tn a few 
genera~ of Apoeyn:~ce~c: Record :tnd H ess, ,943: ~lcrcalfe 
and Chalk. H) o). 1 he absence of rare fit disrin-
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guishes Strophamhus from other apocynaceous ta~a possc:ss­
. g marainal parcnchvma (Record and Hess, 1943, Dadswell 
~d Ingie, 1948; ~1crcalfe and Chalk, ~950). The ra~ of 
s· rophantbus, based on rhe samples exammed, are 1-3-sena~e; 
genera characterized by wider rays can therefore be dis-

tinguished. 
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H owARD A. S PAI.T A .. '\D \VtLLIA:\1 L. Sn:R~ 
Scboo/ of Forestry' r ale Uni-..·ersit)' I :v erw H ave1l, 

Comzecticut 

19S7 

Entandropbr.zgma augolt."'1W! 
E. macropbyllum A. Chc,·. 
E. septC"lltriouale A. Chc,·. 

( \Vclw.) C. DC. 
Tiama Meliaceae 

Aubrcvillc (1936) reportS that the three above-listed 
botanical names nrc S) nonomous. Rendlc ( 1938) states that 
". . . the name Emaudrophragma angolense is here 
used to include a number of closely related forms sometimes 
classed as distinct species." 11 O\\;ever, since the botanical 
differences among them are slight and their woods almost 
indistinguishable one from another, they will be considered 
as a group in this description. 

In the export trade, the wood is known as mukusu, 
gcdu-nohor, bodongo mahogany (United Kingdom; Forest 
Products Research LaboratorY. I9+5i Jay, 19r ), and tiama 
(_France~ Organisation fur E"uropean Economic Co-opera­
non, 1953). Local names (Dalziel. I937i j ay, 19-H) are 
abenbegnc (Gabon); timbi (Cameroons) ; edinam[tiama­
tiama (C~hana2); gedulohor (Nigeria); tiama (h ·on Coast 
and Belgtan Congo). · 

. The tree attain~ a maximum height of 160 f cct with a 
dtametcr ~,f 3 and ?1~e half to 4 and one hal f feet ( Eggcling 
:m~ I tarns, tcny). l he bole is often strongly buttressed to a 
hctght of ~o l.ec~ . Occurrence .~f t~e species is reported 
from the h ory ( .oast, Chana. -:\ tgena, Cameroons, Gabon. 
J;.ngol~ and east\\ ard across the continent through the Bel­
gtan ~nngo t~1 l ganc~a (Rcn~le, 1938) . The trees arc gen­
crall) found tn the htgh, semt-cverg recn forests, usually on 
moderately dry to somewhat moist sites. · 

~·~c reader is .d•rcctcd .to T ropical JVoods ws: 1 ~-~8. for Part I 
:~cs~ah1es and mtroducuon, and ro 1o6: 6; 97. for p,11·t 11 of rhe 

'Ghana \\as forml'rlv refer ·1 t h G 11 c · · · • rcu o as t c o ' oast 111 tlus senes. 
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An unusual variation in wood coloration is noted in this 
group., The fres_hly cur wood is white to pale pink through­
out. V pon drymg:, however. _the hcam,•ood of some logs 
darkens to a rcddtsh to purphsh brown. whereas in others 
only a slight color change in the heamvood may take place 
and the heartw_oo_d and sapw_ood are virtually indistinguish­
able. <;olor vanatiO~s found m the group include a uniform 
pale pmk wood, a hght brown heartwood grading gradually 
into the pale pink sapwood. and a dark red brown heart­
wood sharply delineated from the pale pink sapwood (For­
est Products Research Laboratory, 19~8b). The intensity 
of the dark color of the heartwood is related to the amount 
of a dark reddish brown gum deposited in the cells. In the 
light colored wood, the gum is almost entirely lacking. 
The wood has a high g-olden luster and lacks a distinct taste 
or odor (Kribs, 195o): The grain is commonlv interlocked; 
the texture medium (Clifford. 1953). Growth rings are dis­
tinct due to concentric lines of terminal parenchyma~ pores 
are distinct without a lens, cvcnlv distributed. and in soli­
tary or radial groups of 2-3. The lumina of vessels are filled 
with red gum and a whitish substance. Parcnchvma is ter­
minal in concentric lines 2-, cells wide. vasicentric 2-4 
cells wide. aliform with short wings and rarely confluent 
connecting 2-~ pores. Rays arc visible to the naked eye 
on the cross section; thev are distinctly visible on the radial 
section being darker than background. 

In the seasoned condition, the wood weighs 3o-38 poun~ 
per cubic foot (Kribs. rcHo) with :m average of appr~XI­
mately 32 pounds per cubic foot (Jay, 1947). The spec~c 
gravity (air-dry volume) ranges from 0.43-<>·54- averagmg 

approximately o.46. 
The timber air-seasons slowlv with a pronounced tend­

ency to warp and a slight te.ndency to split and check 
(Eggeling and Harris, 1939; Forest Produc_ts Resea:ch 
I.aboratorv, 1938b ). Planl<s, 2 and ?ne~half mches thrck, 
piled in England in March an~ mamtamed _under cover 
dried from 6s to H) per cent moiSture conte.nt m 18 months. 
In kiln-seasoning. low temperatu~ are advtsable ~o prevent 
warp. If a mild schedule is used, httle or no checkmg occurs 
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and excessive warping is avoided in .the th.icker .sizes. T~o­
inch planks seasoned in a forccd-crrcubnon. ktln reqmre<l 

45 
dap to dry ~rom ~o to 10 per cent m01~ture content 

wich 
3 

schedule 10,·ol\'lng temperatures rangmg from 95 
to 

140 
F. and re!Jti\'e humidities ranging from 85 to 40 per 

cent. 
The result~ of mechamcal test~ on unseasoned and seasoned 

material arc presented in table 1. Tiama is si.milar ~n its 
strength propcrues to sycamore (Platanus occrdemnlrs) of 
the same specific gra,·iry. 

The unseasoned wood is equally as strong as sycamore in 
bending properties includmg stiff ness, work to · 
load and total work. It is So per cent as resistant to 
loads. Tiama 1s 20 per cenr stronger than sycamore in maxi­
mum crushing strength, 1 5 per cent harder on the side-grain, 
and :o per cent harder on the end-grain. Shearing strength 
and resistance to splitting are approximately the same as 
for sycamore. 

Upon drymg to the air-dry condition, both tiama and 
sycamore exhibit an approximate 50 per cent increase in 
modulus of rupture m·er the green nlues. \Vork to maxi­
mum load increases slightly for tiama and total work de­
creases about 5 per cent. Impact resistance properties also 
undergo but little change. ~Iaximum crushing strength, 
shearing strength and end-hardness increase approximately 
6o pe~ cent. Increases in side hardness and cleavage upon 
scasonmg arc about 20 per cent. 

I~ the ni;-dr) condition. tiama is ec1ual ro sycamore in 
srauc bcndt~g srreng_th, ma.xim~m crushing srrength and 
clc~'·agc. It 1s ~nly slightly mfenor to sycamore in impact 
rCSJ~tance (m_:JX1111tllll ?rop of 50-pound hammer to produce 
fracn~rc). 1t .ts approxunarely 20 per cent harder on the end­
and ~~d~-gram :md 1 5 per cent stronger in shear parallel to 
the gram. 

Shrinkage ~·alnes for tiama are similar to comparable 
values for whttc oak (table 2). Volumetric shrinkage values 
of . •5·7 per cent are equal for both species; tangential 
shrmkage of 10.6 per cent is greater for riama, but radial 
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shrinkage is somewhat less. From C)O per cent relative humid­
ity to 6o per cent reative humidity (equilibrium moisture 
contents of 22 per cent and '3·5 per cent respectively), the 
wood undergoes 1.6 per cent tangential and 1.2 per cent 
radial dimensional change (Forest Products Research Lab­
oratory, 1954). The difference between radial and tangen­
tial shrinkage is not consistent in these values and in the 
shrinkage values reported in table 2. 

Results of decay tests carried out in Great Britain arc 
reported in table j. After 8 months exposure to white- and 
brown-rot fungi, test specimens were appreciably reduced 
in ·weight by decay action. The one white-rot fungus em­
ployed (Polystictus versicolor) reduced wood specimen 
weight by one half. The wood is therefore classifie~ as 
non-resistant to decay (Findlay, 1938) and shows particular 
susceptibility to deterioration by white-rot fungi. It is also 
susceptible to attack by boring insects (Clifford, 1953 ) . 
The timber is not of the class normally given preservative 
treatment and is reported to be somewhat difficult ro treat. 

The working properties of the wood have been investi­
gated in detail at the British Forest Products Research Lab­
;,rarory ( 1938). It ripsaws cleanly. wit~ little dulling effect 
on cutting edges bur some tooth v1brat1on occurs when the 
angle of ~hook exceed~ 20° • • Ba~dsawing produce~ clean­
sawn surfaces with shght ch•ppmg at the saw ex1t when 
cutting acros.-; the grain. Best results were obtained with 
handsaws having 16 teeth to the foot. ~e wood planes we~ 
bur some rearing of the interlocked gram on the quarter ts 
noted. The wood turns well but may show pic~ing-up _of 
grain on the quarter. Boring is easily acco~phshed wtth 
smooth clean holes and little tendency to ch1p. The wood 
~rains ~ery well. and has an attractive fi.n.ish if the .surface 
is smooth and clean (Clifford, 1953). Nailmg, screwtng and 
!!luing properties are very good. . 

Tiama is intermediate between Afncan ma~oga~y (Kbaya 
ivorensis) and sapele ( EnttmdrOfJbrllgmtl cylmdr1etnn) as .a 
cabinet and decorative paneling wood. lt lacks the promi­
nent stri ed figure of sapele ~ogany and general!y shows 
a more ~ttractive figure than IS common for Afncan rna-
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hogany. Tiama is primarily used as a. ~ecorati\:c w~od for 
paneling. cabinet work and high-class JOmery (F ggehng and 
Harris, 19~9; Clifford. 1953; Jay. 19+7)· 

Enumdropl;ragma cylindricum (Sprague) Sapcle ~ tcliaceae 

This species is also known in trade as sapelc maho~any, 
scented mahog:my. c;apcle (United Kingdom); aboudikro, 
acajou sapelle (france~ Jay. 19+- ). Local common names 
(D:tlziel. 19~;) are bibitu. bubussu. lotue (hory Coast); 
pcnku:1 (Ghanah atorc owuru. ubilcsan (c;outhern ~igcria). 

The tree :mains a heiv:ht of 180 feet with a clear. straight 
hole 8<H)n fecr long and up to zo feet in diameter (Oal;icl, 
1 <n; ). fluttrcsses arc common e:x1:ending up the stem for 
about 12 fecr. The tree is found in greatest frequency in 
\Vest \fric:1 from the Ghana southward through the Ivorv 
Co:1st, "1gcria. to the French Cameroons, and eastward 
througl the Belgian Congo to Cganda where it is found 
onh• in the fore;ts of Buganda and Bunyoro. 1t commonly 
o~curs in association with Khaya spp. in the eYer~reen and 
m1xed deciduous forests (Fggeling and H arris. H)J9; Jay, 
194i ). 

The sapwood is pale in color '\\.;th a pinkish tint; the 
hcarrwood is a more reddish in color when freshlv cur. dark­
ening to a rich red brown color when exposed (\Vood. 
19·o). The wood has a distinct cedar-like aroma but lacks a 
distinctive taste (Jay. '9+7). The odor remains e\·en after 
lo~g exposure (Dal1.iel. 19~7 ). The wood is highlv hNrous 
~v1th a golden tone .. The texture is medium and· the grain 
Jnt~rlockcd, producmg: a striped figure on the quarter 
f\\.n~d. ~<H?). Occas1onal logs have considerable grain 
v~n~tJon wh1ch produces a blister figure. GrO\nh rings are 
c!Jstmct due to ~o~ccntric bands of terminal parenchvma. 
~he _pores arc d1snnct to the naked eve. numerous. evenly 
d!!•t:lhu:cd an~ sol.itary or in. radial groups of 2-~. Paren­
ch) ma IS t~rmmal 10 c~ncentnc bands 2-1 o cells wide, apo­
trachcal, ~l1form and aliform confluent with red "gum'' and 
crv.stal~ m the cell cavities. The ravs arc distinct ao; fine 
"h1te lmcs on the cross-section and are visible on the radial 
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surface as dark marks due to "gum" and crystal deposits in 
the cavities of the cells (Kribs, 1950). 

The wood is harder and heavier than African mahogany 
( Khnya spp.) with an average density of 40 pounds per 
cubic fo~t air dry (Kribs, 1950; Rendle, 1938), equivalent 
ro a specific gravity of o.62 based on oven-dry weight and 
air-dry volume. Harrar ( 19.p) reports the specific gravity 
as 0.57 based on oven-dry weight and volume. Rendle 
( 1938) shows a wide range in weight for the species. 

Considerable variations in the seasoning behavior of the 
wood are reported. J\lost sources agree on the better dry­
ing results obtained with quarter-sawn rather than with 
plain-sawn material, the latter being very prone to \.varp. 
The wood dries slo\',rly thus requiring mild drying condi­
tions and good piling practices to minimize warp (Eggeling 
and Harris, 1939; Forest Products Research Laboratory, 
19+5; Jay. 1947). Severe drying conditions increase the 
incidence of warp in flat-sawn stock and may render the 
pieces useless. The British Forest Products Res.earch Lab­
oratory ( •9-+5) recommends a low temper~rure k1ln schedule 
established for timbers which are particularly prone to 

warp. . 
The results of mechanical tests on green and rur-dry 

m3terial arc reported in t:thle 1. Sapcle is notably. inferior 
in static bending and impact strength to domestic hard-
woods of comparable specific gravity. . 

In the green condition, ~ap~le may be compared w.tth 
white ash of the same denstty m most strength propemes. 
It is equally str~ng. in ben~ing ( mo~ulus of rupture~ and 
So per cent as st1ff m bendmg as wh1te ash. T~e maxtmum 
crushing strength of sapele exceeds that of wh1te ~sh by .~o 
per cent. It is 20 per cent harder on the end and sade gram, 

30 
per cent more resistant t<? cleavage_ and 85 per cent ~ t ?o 

in.-lb. per specimen) as resistant to ampact loads as '' htte 

ash. . . 
Upon drying. the strength propertaes ~how erratiC 

changes. The modulus of rupture an bendmg decreases 
slightly, impact strength exhibits a marked drop to 70 per 
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cent of rhe o-rcen ,·alue and clca,•age resistance along the 
rndial plane ;:,sho\\s no increase upon drying. !\~aximum 
cn~hing :,trcngth and hardness u_ndergo moderate mcreases 
with d rying. T he strength bchanor of the wood t~pon dry­
ing bears out the tendencv of defects to deyclop m season-

~ . 
mg. 

~In the air-drv condition. sapele is approximately 6o per 
cent as strong In bending (modulus of rupture) ~nd 70 per 
cent as stilT <lS white ash. It is equal to white ash m hardne~ 
;md in resistance to cleayage and 1 5 per cent stronger m 
maximum crushing strength; however, it is only so per 
cent ( 102 in.-lh. p~r specimen) as resistant ~o impact loads. 
The lack of impact st rength may be explamed m part hy 
the pronounced interlocked grain common to the species. 

T he shrink-tgc (sec rable z) of sapele- volumetric 14.0, 
tangential 7+ and radial 5·9 per cent-upon drying is 
similar ro white ash except that the ratio of tangential to 
radial :.hrinkagc is much less for sapele ( r.2 3 to 1. 54). The 
acrual shrinkage of the wood rna:· be somewhat erratic due 
to rhc irregularities of the grain and distortion in the fonn 
of warp frequently encountered. 

The wood is modcratclv resistant to decav but converted 
srock has been noted to· be susceptible to pinhole borer 
attack The sapwoo_d is susceptible to attack hy powder­
post beetles ( Lycntlae and Bostrychidae) and termites 
(Clifford, 19\3~ Forest Products - Research Laboratory, 
1945) . 
. The wood wor~s readily wirh no undue dulling of cut­

tmg edg~s (Eggelmg. and Harris, 19 39). It is 20 per cent 
more res1stanr to cumng than Honduras mahogany (Forest 
:rnducts Rcsea.rch Lahor~rory, 1945). The presence of 
mterlnckcd g rmn caus~s p1ckang up on quarter-sawn sur­
faces and also some ch1ppmg out. However, a cutting angle 
of 1 s produces uniformly good resul~. The wood works 
w~ll in t~thcr opcratio~s and it nails. screws and glues 
sat!sfoactonly. Sapele stams readily on smooth surfaces- hut 
rc9mres care if the surface is nor well machined. The wood 
finJShcs very well. 
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Sapele is usc~ predo£?inantly in _the fonn. of ~eneer for 
furniture, panelmg, cabmets and h1gh-class mtenor w~od­
work (Forest Products Research Laboratory, 194;). L1ttle 
is used in the solid form because of seasoning and distor­
tion problems. Eggeling and Harris ( 1939) state that solid 
sapclc furniture offers good commercial possibilities if 
seasoning difficulties can he surmounted. The wood offers 
little possibility for construction work because of its poor 
dimensional behavior in lumber sizes. 

Emandrophragma utile (Dawe & Sprague) Sprague 
Sipo Meliaceae 

Although of the same genus as sapele (Entandropbrag111a 
cy lindricum) and tiama ( Bmandrophragma spp.), E. utile 
differs considerably in many properties from the other 
members of the genus. 

As is the case with the other species of Entandrophrag;ma. 
E. utile is often referred to in the trade as a type of ma­
hogany. generally as mufumbi mahogany (Eggeling and 
Harris, 1939). Other trade names (Forest Products Research 
Laboratory, 1952b) are: utile (Great Britain); sipo (France 
and the Ivory Coast); and assic (Cameroons). The common 
name in Uganda is mufumhi. Local names (Dalziel, 1937: 
Organisation for European Economic Co-operation, 1951); 
include: sipo (Ivory Coast); efuo-konkonti (Ghana); akuk. 
gedulohor (southern Nigeria); m'vovo (Belgian Congo). 

The tree is one of the most impressi,·e of the forest . 
attaining a height of 15o-170 feet at maturity (Forest 
Products Research Laboratory, 19ph). The hole is straight 
and cylindrical with verv slight taper, 7o-8o feet (occasion­
ally up to 100 feet) long. and up to 8 feet in di:tmetcr 
CEggeling and Harris, 1939). Buttresses are rounded :md 
short but relatively wide-spreading from the base. The 
species occurs in the semi-evergreen forests of tropical 
western and central Africa from the Ivory Coast eastward 
through Ghana. southern Nigeria, Cameroons, Bclgi:m 
Congo, to Uganda. It is most commonly found on the drier 
sites. 



TROPICAL \VOODS •9S7. 
100 

The heartwood is a fairlv uniform reddish or purplish 
brown with a high. golden luster a_nd is sharply d_e1inc~t~d 
from the light brown sapwood whtch a,·erages 2 mches m 
width (\Vood. 1950: Forest Products Research Labora­
tory. 193 Rh). The \\"ood lacks a d_isti~ct taste b~r possesses 
a faint, cedar-like scent. The gram IS broadly t.ntcrlocJ<ed 
producing a rather wide and often irregularly stnped figure 
on qu:mcrcd surfaces. Texture is medium generally being 
some\\ hat finer th:m the general run of African mahogany. 
Gro\\ th rings arc distinct on a cleanly-cut end surface. 
Pores arc d[o;rinct to the unaided eve, "evcnh· distributed. 
and solitary or in radial groups of 2-3~ Parench~·ma is formed 
into wan• tangential hands which arc discontinuom> in the 
early portion 'Of the growth ring. Rays arc barely distinct 
without a lens on rhc end surface. \'isible on the tangential 
surface and conspicuous on the radial surface. Ripple marks 
are generally irregular or absent. 

Sipo is a hca,·y wood "irh an a•erage weight per cubic 
foot air dry of .p pounds hs-+R pounds; Forest Products 
Research Laboratory. 1952b). The specific gra,·itv (oven­
dry "eight. air-dry Yolume) aYCrages o. '9 ( 0.4-~-<,.67). 

The British Forest Products Research Laboratorv ( 1918b, 
195:b~ prm·i?~s conflicting statements concer.ning · the 
scasonmg .quahne_s of the wood. Apparent]~· sipo air-seasons 
slowly With a shght to marked tendency toward degrade 
in the form of splitting and distortion. The se\·eritv ~f de­
g~ade de,•elopment may yary considerably from ·piece to 
ptece. Planks. :! and one half inches in thickness. required 
19 mont~c; under cm·cr to dry from ~o per cent to 'R per 
ccn_r rnms~ure. content. The wood kiln-dries '''ell and quite 
raprdly wrth h~tlc tendency to check and split. \1aterial with 
pron~unccd mt~rloc~ed grain mav exhibit appreciable 
warprng, otherwrsc rh1s defect is seldom severe. 
Th~ results of mec~anical tests on green and air-dry 

m.atcnal arc reported m tahle 1. Compared with teak of 
slightly greater specific g~a,•itv, sipo is equal or superior in 
~early all strength categ-oncs. In the category of static bend­
mg. the unse.1soned wood of sipo is slightly inferior in 
modulus of rupture and somewhat less stiff but superior in 
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shock resistance as measured by work to maximum load. 
J r is essentially equal to teak in maximum cr.ushing ~tren~th 
and appreciably harder on the end and s1de gram. Stpo 
exceeds teak in shearing strength by 1 o per cent and is equal 
to teak in resistance to cleavage. 

Upon drying from .rhe ~reen to ~he air-_dry conditi?n, 
sipo undergoes apprcctahlc mcreases m max1mum crushmg 
strength, end hardness and shear (approximately 50 per cent 
over the green value) .• \ 1odulus of rupture and stiffness in 
static bending, side hardness and cleava~e exhibit moder~te 
increases upon seasoning. \Vork to m~XJmu~ load ~emams 
practically unchanged but total work m statJC bendmg and 
impact resistance undergo serious decreases ( 35 per cent and 
20 per cent of the green values respectively). 

The seasoned wood of sipo is slightly superior to teak_ in 
the static bending properties of modulus of rupture and stiff­
ness. It is also superior to teak in _impac~ streng~h as ~e~­
ured by v.:ork to maximum load m stattc bendmg. S1po IS 

r o per cent stronger in maxim urn crushing strength and 2 5 
per cent harder on the side grain than teak_. It is ;o pe~ c:ent 
stronger in shear and 4-0 per cent more reststant to sphtong. 

Tests, conducted at the British Forest Products Research 
Laboratory ( IQ)Zl>), indicate that sipo is a very poor steam­
bending species. The wood can not be compressed to any 
appreciable extent without buckling. Steamed material can 
be bent to radii of curvature of 36 inches per inch of thick­
ness when supported by a steel tension strap and 40 inches 
per inch of thickness when unsupported. 

Green to oven-dry shrinkage values arc given in table 2. 

These values-\·olumerric 1 !.S, tangential 7.o and radial 6.o 
per cent-are somewhat below the average for domestic 
hardwoods of similar density. The shrinkage of sipo is ap­
proximately 50 per cent greater than that of African 
mahogany and twice as great as that of teak. The dimen­
sional change berwcen 90 per cent and 6o per cent of reb­
tive humidity (equilibrium moisture contents of 2 2 per cent 
and 14 per cent respectively) is 1.8 per cent tangentially 
and I .6 per CCnt radially of the dimension at 60 per cent 
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relative humidity (Forest ProductS Research Labo:atory, 

19)-+). Sipo thus. exhibits +O per cent g reater tangenttal and 
~~ per cenr greater radial d imensional change t~~n teak. 

Results of decay tests carr ied our at the Bnnsh _For~t 
Products Research. Laboratory (Findlay, 1 9~8) are gtven li1 

table 3. After 8 months exposure to the acnon. of + wood­
destroying fungi, sipo exhibited an a\·erag~ '~~tght loss due 
to decav of 9·3 per cent. A greater susccpt1b1 ~1t·y to ~rown­
rot furig1 ts noted, ncverrhelcss, ~he " ood ts ~lasstfi~d as 
moderate!\ resistant to deca\ . Sccnom of z ><. z mc h dunen­
sions ha,·c· been found ro ha\ ·e an a' eragc liie of t-+ years in 
contact with the g round in England (Forest Products Re­
search I aboraton~ 19 52h) . The sapwood is liable to attack 
b~· powder-post 'beetles. Sipo is extremely resistant to im­
pregnation with creosote. 

The working qualities of the "" ood have been investi­
gated at rhe British Forest Products Research LaboratOry 
( 193Sb) where it was found that sipo works fairly easily 
with hand and machine tools, requiring no special treatment 
in order w produce smooth surfaces. There is some tend­
ency toward tooth vibration in sa\\ ing when a hook of 20° 

or more is used. Air-drv mate1; a1 is some'' hat more resist­
ant to curring than green material but the dulling effect 
on cun:ing edges appea rs ro he s light. Planing material with 
pronounced interlocked grain may result in grain pick-up 
and chip marks which can be eliminated bv reducing the 
cutting angle to 20 (Forest Products Research Laboratory. 
1952b). Chipping-out at tool exits is commonly encountered 
if the material is not properh· supported. In drilling. some 
charring may also be encol'Inrcred. Smooth surfaces are 
readily produced in all other operations but then· is a slight 
tendency towa rd splitting in nailing. Good results arc pro­
duced \\ ith rh<; usual stains and finishes when a g rain filler 
is employed. 

Sipo docs not ha,•e as handsome a figure as sapele but is 
u<;cd .fhr the same purposes such as furniture, decor:nive 
paneling, woodwork and shop fittings (Forest Products 
Research Laboratory, ' 9)2b) . In addit ion. its moderate 
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eight strength and shrinkage properties, combined \Vith 
~elativ; ease of working indicate that the woo~ may _pro\'e 
suitable for other exactmg purposes. Although Jts shnnk~ge 
is considerably greater than that of teak or mahogany, s1p_o 
possesses certain other advantages (greater strcngt~ pe~ urut 
weight and decay resistance) ~vhich may ~endcr J_t satJsfac­
rory in ship planking and deckmg and also 1~ franung where 
good steam-bending qu~t_ies a~e not r~qwred. It app~ars 
ro be a good general utility t~b~r. swtable for a w1der 
range of uses than those for whtch 1t IS now employed. 

Gossweilerodendron balstrmifeTum (Vermoesen) H arms 
Agba Leguminosae 

Agba is also known as achi, a~ba~a, emo~ga, loshierin, 
mobonron, okimeten (southern N1gena) and m the trade as 
" pink mahogany" or ''Nigerian cedar" (Jay, 1947 ). 

The tree is one of the largest in west Africa, often attain­
ing a heiaht of 15 feet and a diameter at the base of 6 feet 
(Gerry, ~949; Jay, 1947 ). The bole is straight, clear and 
cylindrical up to a length of roo feet (Forest Products Re­
search Laboratory, 1945). No root swelling or buttresses 
occur at the base. A thick gummy substance exudes from 
rrunk wounds v.·hich when hardened is collected and sold 
locally as an illuminant. The species is found in west Africa, 
predominantly in southern Nigeria and in Belgian and 
Portuguese Congo, occurring as a rain forest tree, scattered 
or in local "pockets." 

The wood is yellowish to pinkish brown in color. The 
sapwood is distinctly lighter in color and approximate!\' 4 
inches wide (Forest Products Research Laboratory, 195ia ) . 
The luster is high, the texture fine and a distinctive taste 
and odor are lacking (Kribs, 1950). The grain is str;tight 
to slig htly wa\·y or interlocked. A sticky substance is fre­
quently found in cavities or splits near the heart. Some logs 
tend to contain large quantities of this material while other 
l~gs are almost free of the exudate. Growth rings arc dis­
tmct due to fine concentric lines of terminal p;trcnchnna· 
the pores are barely visible without a lens, numerous. C\:cnh: 
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distributed and solitarv or in radial groups of 2-3. The 
lumina of parenchymi cells contain a _brownish ~iep_osit. 
T he parenchy ma is distinct and terminal m concentric h~cs, 
\'asiccnt ric. aliform \\ ith short wings. confluent conncctmg 
a few pores, and diffuse-in-aggregates fom1ing hr~>~cn 
tangential lines between the rays. The rays are barely \' IStble 
'' ithout a lens on rhc cross secrion and inconspicuouo; on the 
radial surface. Secretory ducts are vertical, numerous, 
diffusely arranged and appear as white dots on the cross 
section. 

The wood is moderately light in weight a\•eraging from 
3o-32 pounds per cubic foot (Forest Products Research 
Laboratory, 19pa) with a specific gravity (oven-dry 
weight, air-dry rolume) from 0·43~·45 · 

Agba seasons fairly rapidly either in the air o r in kilns 
'' ith the little tendency toward degrade (Forest Products 
Research Laboratory, '945· 1951a; Jay. 194- ) . High kiln 
rcmperarurcs should be avoided to pre,·ent melting the 
gummy material and consequent exudation from the sur­
face. The British Forest Products Research Laboratory 
recommends a kiln schedule similar to that suggested for 
sugar maple and black walnut. 

The results of mechanical tests on air-drv material are 
~rc.~cnrc.d in table 1. Agba exhibits strength properties very 
slmtlar m all categories except impact strength ro sweet 
gum. 

The s~asoncd woo? of agba is ~s strong as sweet gum in 
all h~ndtng properties except st1 ffness. It exceeds sweet 
~urn m fihc~ s.rress at the pro~ortional limit in bending and 
1s equal to It 111 work to max1mum load and rota! work in 
hcnd~ng. However, agba is only S 'i-<)O per cent as stiff in 
hendmg. Borh woods are equal in maximum crushing 
<.trengr~ .. a.nd hardness. Agh~ is 70 per cent superior in 
comprcssl\.e strength perpendicular to the g rain. H'i per cent 
as stro~g m shear parallel ro the grain and 8o per cent as 
strong m clea\·age as sweet gum. 

. Values for shrinkage from the !!reen to oven-dr\' condi­
tion for agba :trc not reported. The dimensional change 
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bct\\·een 90 per cent and 6o per cent relative humidit\' 
(equilibrium moisture contents of 17 per cent an 1 2 per 
cent respectively) is 1.8 per cent rangenti:tlly and o.; per 
cent radially expressed as a per cent of the dimension at 6o 
per cent relative humidity (Forest Products Research Lab­
oratory, 1954) . Comparable values for teak arc r. 3 per cent 
tangentially and o.S per cent radially, and for white oak 
2.8 per cent tangentially and 1.3 per cent radially. Agba is 
therefore classified as a wood with good dimensional 
stability. 

Decay tests carried out in Great Britain on material from 
Nigeria indicate that agba is very resistant to decay by horh 
w hite-rot and brown-rot fungi (Findlay, 1938). The results 
which are reported in table 3 show that after 4 months 
exposure to 4 wood-destroying fungi. specimens exhibited 
negligible weight loss due to decay. Logs arc susceptible to 
pin-hole borer attack and the sapwood is liable to powder­
post beetle infestation (For est Products Research Labora­
tory, 1945). The wood is reported as resistant to termites 
in ~igeria. The species is ver~· re.sistant to impregnation 
with preservatives by the open-tank process. 

Tests of the working properties of agba3 were carried 
our at the British Imperial Institute ( 1 Q2 3 ). The tests indi­
c:tte that the wood works easilv with machine and hand 
tools giving excellent results in s;wing hut rending ro s~ow 
grain pick-up in planing. The wood is easily hored, nailed 
and screwed without splitting. The wood curs well on a 
mortising machine and strong joints are ohtainable. It gen­
eralh· glues and finishes wei( although rhe gummv exudate 
may· affect the finish. -

~he results of these tests arc reported in the B!llle;" of tb~ 
Imperial lmtimte 21 : 40· 1913, on a species th~n idk:nfif d as ar:; 
Ptcrnlobium sp. At the time of the test, boramcaJ dl ow fe rr British 
species was ~kctchy. A recent letter from B. 1 Ren ·~r~ ab~ur the 
Fnrcsr Products I.ahorarorv resolved the undc~b d ·n 19., bv 

. , , h p 1 ~ sp was escn e • • ~ 
spccLCs. ne reports t at tero ounntl · ( M Essmcn Form. 
V ennnesen as Pterygopodimlt balsanrlferuttl rl an~nsferrcd ro the 
Congo Be/g. zn. rQn) and was subsectCzenb;s,,dferum (Norizbl. 
I!Cnus Gosrweilerodendron by Hums as • 
Berlin Bot. Gart. 9: 457· 1925). 
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The ,, ood is recommended for use in joine~, co1nstruc:!~ 
tion ,, ork. flooring. interior fixtures and furniture ( 
Products Research Laboratory •. 19~.5; _]~):, 1?47 ). In 
Roval Suire at lhc Glasgow Emptre Exl11bltlon m 1938, agba 
was used in flooring. 

Gumwr ced1.r·.r l \.Che\·.) Pcllcg. G 
G. thomp~·o,, .. ~prague & Hmch. 

uarca 

Both spcctcs ,uc known by the misleading names Nigerian 
pcarwood, ~tger.ian cedar, and cedar mahogan! (Jay, 

19~;). G. cedrnta 1s d1srmgmshed by the tradc. ~l~mes scented 
guarea and ''hire guarca, and G. tbomps~nu IS known !15 
guarea and black guarea. The trade name m France and m 
French \Vest Afnca 1s bosse. Local names ( Dalziel, 1937) 
tor ,, h1tc guarca include nguande, guissu, anokuc, ~ dzana, 
belii. pahiapo (lnH) Coast); kwad\\Uma, pcnkwa ( C~ha~a); 
lofun, ogboroghoro, obobo-nofwa (southern ~tgena); 
edoucic, rimbi (Cameroons) . Those local names for black 
guarca include boh-in-dah ( Libena); mungbanay~ .. mietan'­
dabo. koiguibc (I von· Coast); k \nbohoro. rennHm. kwad­
\\uma (Lhana); obobo-nekwi. ofe. ughokpo. dirimo-ako 
{~omhcrn "\ igeria). 

Trec.s u: ,,hite guarea attain heights of 6s-1oo feet or 
more and diameters of 3-~ feet (forest Products Research 
Laboratory, 19~5 ). The bole is cylindrical abO\·e the but­
tresses and clear ro a height of ;o feet from the ground 
(Collarder. 19!9). Black guarea is similar in growth habit 
to white guarca except that the bole JS not as heavily but­
tressed. "I he ranges of both species oYerlap in the Ivory 
Coast, Ghana and southern 0:igeria. white guarea extending 
further westward ro the Cameroons and blacl< guarca ex­
tending funhcr eastward to Liberia (Forest Products Re­
!\Carch Laboratories, 1 9~5). Both species occur in the moist 
evergreen forc'>L'i (Forest Products Research L1boratorv, 
•o3Sa; Dali'iel, 1937). · 

The freshly cur wood is a pinkish. creamy white color. 
~~·he sapwood is approximately ~ inches wide· and somewhat 
lighter than lhc hcanwood (Collarder. 1<):!9)· Upon ex-
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posure, heartwood darkens to a light reddish brown, that of 
black guarea being somewhat lighter in color (Forest 
Products Research Laboratory, 1938a). The freshly cut 
'' ood has a distinct cedar-like odor which is more pro­
nounced in white guarea, and slowly fades upon drying; no 
distincti\'e taste is present. The grain is straight, wavy or 
slightly interlocked; the texture medium fine and the luster 
high. Growth rings are indistinct; pores barely visible to the 
naked eye on a clean-cut end-surface, fairly numerous, even­
ly distributed, solitary or in radial groups of z to 3 or more, 
occasion:tlly containing a dark-colorea gum; parenchyma 
is in broken wavy, tangential lines barely visible on the end­
surface in white guarea and in continuous tangential lines 
visible to the naked eye in black guar~a; rays are fi.ne, 
invisible without a lens except on the rad1al surface (Knbs, 
1950). Both woods exude a gum which is more pronounced 
in white guarea (Forest Products Research Laboratory, 
1938a). 

The wood of white guarea is equ.al in de~iry ro black 
walnut, averaging 38 pounds per cub1c foot ~ll' dry (Forest 
Products Research Laboratory, 1938a), w1th an average 
specific gravity (oven-dry wei~ht, air-drr, volume) of 0.53. 
Black guarea is somewhat heav1er, averagmg 40 pounds per 
cubic foot air dry (Forest ~roducts. Research Labora~ory, 
1945), with an average spectfic gravity (oven-dry weaght, 
air-dry volume) of o.56. . 

White guarea air-seasons well wtth n?nnal . care, ~ut 
requires protection from the sun and ram while drymg 
(l:orest Products Research Laboratory, 1945). The woo~ 
kiln-seasons fairly readily with very little tendency to spht 
or warp but may be degrad~d !n appearance by the ~Tfr 
exudatiOn. A kiln schedule stmJlar to that reco~J!Dlen e ested 
Sitka spruce (for non-aircraft use) and teadk 15 sRugg h 

B · · h F est Pro ucts esearc 
for white guarea by the rltls or check sli htly and 
Laboratory ( 1 94 5) · Black guarea ten,:h: air-seas!ed. The 
to exude. a clear gum~y subs~ with little tendency to 
wood ktln-s~asons sattsfacto~y Ut. A kiln schedule similar 
warp, but w1th a tendency to P ma le and black walnut is 
to rhat recommended for sugar P 
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suggc~ted for black guarca by the British Forest Products 

Research Labornror\' ( 19:+ 5) · 
The re~ultS of ;ncchanical te~ts on green and air-dry 

material arc reported in table 1 for both species. Black 
guarca, being ~omewhat heavier than white guarea, is the 
stronger of the two species. 

T he unseasoned wood of white guarea may be compared 
in mechanical properties to the unseasoned wood of black 
cherry. \Vhite guarca is superior in modulus of rupture by 
z 5 per cent but notably inferior in total work in bending 
and lcs.o; resistant to impact loads. In all other strength cate­
gories •" h1te guarca is considerably superior to black cherry. 
Black guarca 1s in a class with :\merican beech as far as 
strength propcmes are concerned. In bending, black gu!lrea 
JS superior to beech in modulus of rupture and stiffness, 
but somewhat inferior in total "ork, and only 65 per cent 
as s~rong in imeact strength. It is 6o . per cent stronger in 
maxmmm crushmg strength but considerably less resistant 
to splitting. 

. ~pon drying. ro the a_ir-dry condition, both species ex­
hibit moderate mcreases m most strength properties. White 
guarea undergoes a slight increase in work to maximum 
load. bur black gu:1rea exhibits a slight decrease in this 
property .. Decreases in total work in bending occur for 
both spec1cs. Impact strength docs not change fo r w hite 
guarea but decreas~ for black guarea by approximately 15 
per .cent. Decreases m cleavage occur for both species upon 
drymg, black guarea undergoing the greatest decrease in this 
propeny. 

In the ai~-dry_ condition, strength \'alucs for white guarea 
arc ~lmo~t 1dcntlcal to \'alues for black cherry with the ex­
ccptlc"' o~ end hardncs.<;. in which black cherry is superior, 
am\ <;hcanng srrcngth in which whi te guarea is superior. 
Blacl· gu·nc• 1"s • 1 ·1 A · b · · ~ • .. ~~~ 11 ar to mencan eech m maxmlllm 
hcndmg st~cngt.h ( ~nodulus of rupture) and stiffness but 
some\\ hat mfc:1or m \\ ork ro maximum load and ()o per 
cent as. strong m total work and impact strength. American 
beech ~~ ~lsn somewhat h:m.ler and more resistant to shear 
and sphttmg than is black guarea. 
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Both species are classed as moderate} ood 
ing_ woods (For~t Products ResearchyL~bora::am-bend­
whlte guarea bemg suherior in this respe t Thry, 

1~5), 
· h f · c. eradiiof 

curvature per me o t 1ckness to which the ds 
f 

. woo maybe 
bent a te~ stearrung are 1 1 i!lches when supported with a 
steel tensiOn strap and 20 mches when unsup d c 

h
. d · porte 10f 

" 1te guarea, an 14 mches when supported and 6 inches 
when unsupported for black guarea. 

3 

Green to ?ven-d~y. shrinkage values are reponed in table 
z_. Both specJCs ex~1b~t small ~hrinkage compared to domes­
tiC hard v.:oo~s of sumlar spec1fic gravity, volumetric shrink­
age_ amountmg to 9.8 and 10._3 per cent, respectively, for 
"vlute and black guarea. White guarea exhibits one fifth 
less tangential and volumetric shrinkage than black cherry, 
the radial shrinkage being similar for both. Black guarea 
undergoes one third less tangential and volumetric shrinkage 
than American beech and approximately one fifth less radial 
shrinkage. The dimensional changes between C)O per cent and 
6o per cent relative humidity (equilibrium moisture contents 
of l9 per cent and •3·5 per cent for white guarea, and 18 per 
cent and 1 2 . 5 per cent for black guarea respectively) are 
1 .6 per cent tangentially and 1.:z per cent radially for white 
guarea, and 1 .6 per cent tangentially and r.o per cent radially 
for black rruarea (Forest Products Research Laboratory, 
1954-) . The~e values are not widely different from compar­
able values of ~. 3 per cent and 1.0 per cent for mahogany 
(Swietenia macropbylla). . 

T he results of limited durability tests are repof!ed m 
· "ther White-rot 

table 3· \Vhite guarea is not resiStant to eJ. • .. • 

or brown-rot fungi although black guarea exhibJte!::: 
ance to decay by a white-rot fungus after 1

8
;

0 
rea is 

posurc (Findlay, 1938). T he .saewood of b :r- ~ beede 
reported as probably susceptlab~ to =t ra tennites 
arrack; both species are madera Y ~ ) The heart­
(Forest Products R.ese~c~ La~raror;;; :::s~necration of 
\\'Ood of both species IS 1m~ous 200 unds ~r square 
~reosote even at pressures =-~gh(Y:,rest Products Research 
mch and is classed as untre e od is easily impregnated 
Laboratory, 1938a). The sapwo 
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under pre~urc and satisfactorily impregnated by the open 
rank procc.,s. 

Tc. ts of the working qu;tlitics of the wood conducted 
in England (ForcM Products Rese~rch Labora~ory, 1938a) 
indicate that the wood works wrth some dtfficulty but 
.,moorh surfaces arc generally obrainab~e. Cutting with saws 
that usually pro\'c ~uitablc for matenal of thrs class w~ 
found to be slightly difficult \\ ith w l!rre guarca. ThiS 
~pccics has a tendency to exude gum '' ~rch adheres to .the 
:.aw and increases the resistance to cumng. I• or npsawmg, 
a saw running at 1o,ooo feet per minute peripheral speed 
and ha\'ing a ~o hook is recommended. Hlack guotrca has 
more prn~ounccd inrcrlockcd gr:1in but a lc:sst:r tl'ndcncy 
to exude gum. (f the same saw specifications are used as for 
white guarea, black guarea ripsaws with much less difficulty. 
In all orhcr machining operations, good results are obtained 
with moderate case except that black guarea may tend to 
show grain pick-up in planing. The nailing, screwing and 
gluing propcrries arc good and satisfactory results arc ob­
tained \\ ith rhe usual finishing treatments. \ Vhite guarea 
may tend to cxudt gum in finishing if exposed to warm 
air (Forest Products Research Laboratory, '945 ). 
. The t~\'O spt:cJes are n;ry much ali_ke and may be con­

sidered Jdent1c1l as far as thcrr use 1S concerned (Forest 
~ro_ducrs Res_earch La bora tor~. ' 94-5). They are very 
sumlar ~o Afncan mahogany (l\.haya spp.) in their essential 
properucs and should prove suitable for similar uses such 
as furnimre stock. interior woodwork, high-class millwork 
and boat building. 

Kbaya mubotheca D. DC. ;..lunyama \1eliaceae 

. This s~ccics coml~ined '~ith other species of Kha)•a is 
mcludcd m. commercral cons1g~ments of African mahogany. 
I lowe\·e:. m ~~ attempt to d1fferentiate this species from 
Khay,l lt•orensJs, ~he trade names of munyama, Uganda 
"!ahoganr ~nd ~\·lm~ mahogany ~ave been applied to it in 
(,rcat Bmam ( l'..ggelmg and Hams, 1939). The name white 
mahogany is misleading and its use is discouraged. In France 
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and French African territories the trad · ' e names · 
krala and acaJOU blanc are applied (British Standards tcaJ00 

cion. 1946). In the United States, the trade names A£: 
mahogany and khaya are used without regard to th 
cicular species of Khaya involved. Local names <~i 
1937) indude diala, krala (Ivory Coast); kwabaho (Ghana)· 
ogwango nofwa (southern Nigeria); mangona (Cameroons): 
munyama ( Uganda). ' 

,\lunyama is a deciduous forest tree attaining a height 
of 14o-•8o feet (Eggeling and Harris, 1939). The bole is 
heavily buttr~sse~ at the base for a length of rz feet but is 
clear and cylmdncal for 3o-8o feet beyond the buttresses. 
The diameter of the bole ranges between 2 and one half 
and 4 feet in mature trees. The species occurs in a belt across 
the continent from the Ivory Coast through Ghana, Nigeria, 
Belgian Congo, to Uganda and southward along the western 
coast from Nigeria to the Cameroons, Gabon and Angola. 
It is found in the intermediate zone between the moist 
coastal forest where K. ivorensis occurs, and the drier, in­
terior zone where K. senegalensis is found. Munyama is 
common on stream banks, requiring a g~ deep s?il and 
considerable moisture. In many ~ of Its range,. It may 
be found in forested swamps where 1t devdops consrderable 
heartrot. 

The fre!;h ly cut wood is pale pink with n.o ditfereoriati~ 
bet" een heartwood and sapwOod {Eggeling and ~~ 
19 H ' d' ) u ,.YnM1U'e.. the heartwood uu•..au 39; c m, 1930 . pon -r-:---· • · l:..l.t 
to a light reddish brown but th~ sapwood 1'etw1DS ~ ..:;;. 
coloration and is distinct as a thin border-~ e • • 
\\. ood. A distinct taste an~ odor are ~~· ~ped 
slightly interlocked produc.mg a broad,,JnCO~ medium. 
fi~ure on the qua~ere~ ~urfaces and dl~ the naked 
C.rowth rings are mdrst1nct. Poresj~ Jilr$dial gro• 
eye. few, evenly distributee!, and t"Se to the naked 
of z-6. The parenchyma 1S s tM and narrow, 
~yc, forming narrow borders ~ ~~istinct to the 
1rregular tangential bands. orfaces when moistened 
naked eye on the end and s le marks are irregUlar· 
and sometimes locally PP 
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The wood i!' moderateh· heaq: in weight and similar to 
K. i'I.'Orcnsis in density. The "eight per cubic foor_ .1vcrages 
H pounds (F-·H. poun?s; Scott. 1949). :he spcc1~fic g rav­
ity (oven-dry \\ c1ghr, a1r-dry ,·olume) a\ erages o.' ' (o.46-
o.66). 

,\lunvama seasons easily with very lirrle degrade ( Fo rest 
Products Research Laboratory. 19.35). Care is necessary 
to prcn·nr warp hcl\\ ever, in dr~·ing material in lumber sizes. 
The Briti!-h Fon.''>t Products R esearch I a bora tory ( I 945) 
suc:c:esr.-. a kiln schedule similar to that recomnH.'nded for 
• \;1;erican black walnur and suga r m<1 ple. 

The results of mechanical tests on g reen and air-dry 
tmtcrial arc reported in table 1. I\1unyama is markedly 
superior ro domestic hard\\ oods of similar specific gravity 
in most strengrh categories. 

The unseasoned wood of munyama may be compared to 
that of Central American mahogany of similar spec ific 
graviry. In static bending strength. it is inferior to Central 
American mahogany in the property of modulus of rupture. 
slighth· Jess stiff. bur superior in work to maximum load. 
The g"reater work e-xpended in static bending to maximum 
load is ~!so rcflecte? in its somewhat greater impact strength. 
In max~mum crushmg strength and shear. mun\':ttna 3\'Cragcs 
approximately 20 per cent below Central 1\merican ma­
hogany, but ha" a moderate superiority in hardness and 
cleavage. 

Upon drying from the green to the air-drv condition, 
mun.vama exhih~ts si1cable inc reases in modulus of rupture, 
maxunum cn tshmg strength, end hardness and shear. St iff­
ness and work to maximum load in bend ing and side h:~ rd­
ncss undergo sma11 to moderate increases: However, total 
"ork expended in static bending, impact strength and cleav­
age exhibit mther serious decreases. 

}n the air-dry c~ndirion. munya~a compares very well 
\\ 1r~ Central A~1cncan mahogany m all categories except 
?'a~unum crmhmg strength ~nd cleavage. In static bending, 
1t IS equal to Central Amencan mahogany in modulus of 
n1pture. superior in work to max:imum""'load, but somewhat 
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Jess stiff. I~ avera.ges 10 per cent below Central American 
~mhogany m ma~1mu~ crushing strength and slightly below 
m clc~Yage but JS de~1d~dly harder, more resistant to shear 
and slightly stro~ger m. Impact. It is very similar to African 
mahogan~r ( /( .. zv~re~sts} in all strength categories except 
cleavage m wh1ch 1t IS somewhat inferior. 

Collardet ( 1930) reports the volumetric shrinkage of 
munyama as 1 1 .8 per cent. This is so per cent greater than 
the comparable value for Central American mahogany and 
35 p~r cent ~reater than that of African mahogany of equal 
specific grav1ty . 

Laboratory ~ests of . the~ decay r~istance of munyama 
have been earned out m England usmg 4 different wood­
destroying fungi (Forest Products Research Laboratory, 
19 35 ). The results, which arc reported in table 3· indicate 
that the wood is moderately resistant to decay. Logs are 
susceptible to attack by pinhole borers and longhorn beedes 
and the seasoned sapwood is liable to infestation by powder­
post beetles (Forest Products Research Laboratory1 1945). 
The wood is impenneable to preservatives even under high 
pressure. 

The working qualities of munyama are good except where 
pronounced interlocked grain is encountered (Forest 
Products Research Laboratorv, 1935). The wood shows a 
distinct tendency to produce a rough su.rface when the end 
grain is machined. Picking-up of the gram on quartered sur­
faces is often encountered and necessitates a reduction of 
the cutting angle to 20 ° (Eggeling .and H~rris, I Q~Q). Wo~ly 
surfaces are sometimes produced m tummg. Munyama 1s a 
good veneering wood, may be sanded to a ~mooth surfa~e, 
and produces an attractive finish with stams and varmsh 
when a grain filler is employed. . 

The uses for the wood are identical wit~ ~hose for ~fnc~n 
mahogany since both species are indiscrumnately m.1xed m 
commercial consignments (Brush, 1940). These uses. mclude 
\'eneers for furniture, interior fixtures and panel~ ~d 
lumber for ship plank ing, hulls an~ fixtures ( O rgamsano!' 
for European Economic Co-oeerat1o~, 1951 ). Munyama 15 

much used for these purposes 111 Mnca. 
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KIJaya gr1mdifolia C. DC. Big-leaf mahogany .\tcliaccae 
K. senegalensis A. Juss. Dry-zone mahogany 

1\.ba)a grandifolia and 1\. senegalensis are.cwo of.thc four 
species of Kbaya "hich comprise cornm~rctal constgnments 
of \frican mahogany shipped from Afnca. Howc~·cr, they 
represent a ,·cry small portion of export. co.ns1gnmcnts 
main~\> due to their remote loc:ltion from sh1ppmg centers 
(Rendlc. 1938). Big-leaf mahogany is locally known ~s 
dialn-iri (I \'Orv Coast and Ghana); akuk, ogwango (NI­
geria); cri. mario (Uganda); bandoro. bele, trio (Sudan; 
Fg-gcling and ll:lrris. '9~9; Dal~iel. r9r ). Dry-7one ma­
h~ganv '"is kno\\ n loc:tlly- as diala (French Guinea, French 
Su~ian. and Sierra Lcorie); bisselon (Portuguese Guinea); 
loko. kokl (Ghnna); frimu. haemu (Togo); ma'dachi, 
agwanwo ("\igeria). The commercial name for dry-zone 
mahogan) in rr:mce is acajou du Senegal. 

The rrccs of big-leaf mahogan~r are medium-sized to 
large. ofren over roo feet in height with a bole So feet long 
(Brush. 19-fO; Eggcling and Har,.is. 19~9). Those of dr\'-70nc 
mahogany arc much smaller. seldom over So feet in height 
and 3 feet in diameter. Big-leaf mahogany occurs in a l;elt 
immcdiateh• inbnd from the rane:e of munyama ( K. antbo­
tbeca) in rhc Ivory Coast. Ghan;. '\igeria and Angola cast­
" ard to Cganda. Dry-zone mahoganv is widelv distributed 
in the interior. sa,·anna regions from Senegal to Angola, 
across the Belgtan Congo to Uganda and is locallv frequent 
along waterways. • 

The wood is pink when freshly cut. The heartwood 
darkens to a r~;pical mahogany brc"~·n with the sapwood 
~ot sharply del~neared hut somewhat hghrer in color (Egge­
lmg and I Jarns, 1 Q39). The grain is interlocked anl the 
rcxtun.· io; coarse. Gro\\ th rings arc indistinct and indicated 
hy a zone of smaller pores. Pores are barely visible to the 
una.idcd c;·c. few. Jess numerous in the l:nc ,, ~>od and solit an· 
or m radtal groups of 2-6. Parenchyma is sparse, occurring 
as n~rrow l1orders around the pores and as irregular tan­
g~n~lal ha~ds faintly \'isible to rhe naked eve. Ravs arc fine, 
dl'itiOCt WithOUt 3 lens on moistened end and tangential sur-

No. I07 

faces. and 
irregular. 
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locally storied. Ripple marks are occasional and 

The woo~ is very heavy having an avera e air-d • (I 
per cent moisture content) weight of 48 g d 1) .5 
f (E r d H poun s per cubiC 
oot gge mg an arris, 1939; Jay, 1947) which is er 

cent greater than the a\•erage air-dry weight of K · 35 P. 
The 'fi · ( . t'i.'Ore-nsts. 

specJ c gravny oven-dry weight, air-dry v I ) 
a\·erages o.67. . o ume 

Seasoning qualiti~ of the ":ood are good. Drying proceeds 
at a mo?era.rcly r~p1d rate With some warping and splitting 
developmg 1f drymg progresses too fast or adequate piling 
measures .ar~ not taken. It appears that the wood dries in .1 

manner s1m1lar to K. ivorensis. 
Strength. tests have been conducted on dry-zone ma­

h~gany ~smg ~he French methods of testing. Compared 
wtth K. worenst~ of 40 l?er cent lower specific gravity, dry­
~one mahogany. JS super~or but not ~!ways m proportion to 
Its greater spec1fic grav1ty. In bendmg and crushing-. dn'­
zone mahogany is superior to K. ivorenris. almost in pro­
portion to its greater specific gravity bur in impact strength, 
it appears only slightly superior at best. However, ft is 
appreciably harder than K. ivorensis. 

Decay resistance of the wood is believed to be compar­
able to the other species of Khaya (Eggcling and Harris. 
1939). Dry-zone mahogany is comidered resistant to ter­
mites in Sudan. 

The wood works similarly to that of K. ivorensis except 
that it is considerably harder and offers proportionately 
greater resistance to cutting (Eggcling and Harris. 1939). 
It is claimed that the working qualities of the wood are com­
patible with the exacting requirements of the cabi~et-m~kin~ 
trade. Finishing qualities arc very good but gram fillmg IS 

required. 
The uses for big-leaf and dry-zone mahoganv a.re esse~­

tially the same as for Afri~an ma?o~an~ ( K. t'l.•ore~_l:ts: 
Brush, ,940). Since the spec1es are mdiscrtmmarclv nmed 
in shipments, all species have probably. been u.sed for com­
mon purposes. The principal uses are m furmture, fixtures 
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and decorative paneling in t~e form of solid lumber or 
,·cnccr. T he woods arc also smtable for plywood manufac­
ture and arc conunonlv used as the face veneer. Further 
u ·cs for "hich African mahogany is well suited and for 
which bier-leaf and dry-zone mahogany maY be well adapted 
arc in ~h~p planking am.l frames. a"nd ·for _fibs, planking and 
deckinQ in !1111:111 boats. These two species are harder and 
may !:>;r\'e very well in boat construction where this prop-
ern· is d~ired . 

1\.baya it·orensis A. Chev. African mahogany J\leliaceae 

The commercial name African mahogany has been loosely 
applied to all of the species of J(ba)'a which arc exported 
from Africa (Brush, 1940) . Recently, attempts have been 
made to rcser\'c the name exclusively for K. ivorensis (Col­
larder. 1930), which is presently the most important species 
of Kb,Ty.r in the export u ade. The nomenclature of Khaya 
is further confused by the practice of denoting export 
consignmcnrs by the name of the ports of shi pment, such as 
Lagos mahogany and Benin mahogany (Nigeria); Sekondi 
mahogany (Ghana); and Grand Bassam mahogany (Ivory 
Coast). This practice probably originated because consign­
ments o[ Khaya were made up of several species in varying 
proportiOns. 

In Great Rrirain. t~e name African mahogany is applied 
to ~II three of rhe maJOr spec1es: K . antbotheca, K. grandi­
f olra and K. i'::o·ensis (British Standards Institution, 19-+6). 
ln France and French African territories, K . i'L·oremis is 
known as acajou d'Afrique and acajou de Bassam. ·n1c 
names African mahogany and khava are indiscriminately 
applied to all of the major species of Khaya in the United 
States (Briti!>h Standards Institution, 1946; Forest Products 
Lah?ra~ory. 195_ 1) . _Local names (Dalziel, 1937 ) for this 
spcctcs mclu.d~ d1bun, dulmma (Ivory Coast); dubini, dupuin 
(Ghana); h1rthu (Dahomey); ogwango (Nigeria) . 

· 1~h~ tree o~ K. ivorensis is the largest of the genus, 
attammg a hctght of 1oo-1so feet and a d iameter of ~-6 
f ec~ ah~Jve rhe bunre.-;scs (Jay, 194 7). T he bole is straight, 
cyhndncal and clear of branches for a length up to 90 feet. 
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The species occurs in the coastal rain forests f h 1 (, a ·r Gh N" · o t e vory .o s ' ana, • Igena, Cameroons and Gab (B "" 
1940

). on rus ... 

\Vhcn_freshly cut, the wood is a uniform pale red (Kr'b 
1950). Upon exposure to the air, the heartwood darkens

1 
ts. 

a d~ep red . brown with a high golden luster. The grain ~ 
strrught . to mt~rlocked, the latter being most common. The 
text~re IS , medmm. to coarse and a distinct odor and taste are 
lackmg. Growth nngs are usually indistinct. Pores are visible 
to the . naked eye o~ the end surface, evenly distributed, 
a~d solitary or 1~ rad1al groups of z-8. Parenchyma is indis­
~mct to the una1~ed eye and occurs about the pores and in 
1 rreg~lar ~angent1al bands. The rays are distinct without 
magruficat10n on the end surface and conspicuous on the 
radial surface being darker than the background. 

The wood is moderately heavy with an average weight 
per cubic foot at 10 per cent moisture content of 35 pounds 
(P--+5 pounds; Scott, 1949). The specific gravity (oven­
dry weight, air-dry volume) averages 0.51 (o.46-o.65). 
African mahogany averages slightly Jess in specific gravitv 
than Central American mahogany (Swietenia macrophyllaj. 

Air-seasonin~ and kiln-seasoning may readily be accom­
plished with hrtle tendency toward degrade (Jay, 1947 ) . 
Warping may be encountered in material having accentu­
ated interlocked grain but this defect seldom becomes 
serious. The British Forest Products Research Laboratorv 
( 19-+5) suggests a kiln schedule similar to that recommended 
for sugar maple and American black walnut. 

The results of mechanical rests on green and air-dry 
material are reported in table r. African mahogany is ~me­
what inferior to Central American mahogany of shghtly 
greater specific gravity in most strength categories but the 
differences in strength are generally small. 

The unseasoned wood of African mahogany (average 
specific gravity, green volume, 0-43) aver:ages somewhat less 
in strength than th~t of Ce~tral Ameracan mahogany of 
slightlv greater specific gravity (0:45. b~sed .on green vol­
ume): In static bending strength. 1t IS mfenor to Central 
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.\merican mahog.my by 1 o per cent in fiber_ stress at the 
proportional linur. zo per cent in_ modulus ot _rupture a~d 
15 per cent in stiffn~~- Both ~pecrcs a_re e~sent1all_Y eq~al ~n 
impact strength. At rican mahogany IS s_hghrly mfen_or m 
maximum cru!)hing strength and companson p~rpcnd1cu_lar 
to the grain and 70 per ccnr as hard. Howenr, 1t IS supenor 
in sheiring strength and considerably more resistant to 

splitting. 
Strength increases upon sosoning to 1 2 per cent moisrure 

content arc moderate to appn:dable in all categories except 
work expended in suric bending. impact stn:ngrh and cleav­
age. 1\ laximum crushing strength and end hardness undergo 
the grcawa increases upon drying (55 per cent and 90 per 
cent rcspecrivcly). Fiber srress at the proportional limit 
and modulus of rupwre 111 static bending increase by ..J.~-50 
per ccm ni the green 'alue. However, '' ork expended in 
~taric bending as measured l>v work to ma"\imum load and 
impact. strcng~h decrease by' 1 o per cent and 1 5 per cent 
respectl\·cly. Cleavage \'alues remain essentially unchanged. 

In the air-dry ~ondition, African mahogany. by Yirrue of 
gr~ater strcng~h mcreases _upon seasoning. compues more 
fa, o~a!)ly t.o. Central \mencan mahogany than in the green 
cond1t1on. I he a\·crage strength values for African mahog­
any ~rc leSl. rhan 1 o per cent belo" those of Central 
Amencan _n~ahogany in all categories reported except maxi­
mum. cru.,Jung ~tren~t~. shear and cleange. In maximum 
crushmg ~trcngrh: Atncan mahogany is inferior by zo p:!r 
cent, but Ill sh.earmg strength and clea,·age. it is superior ro 
Central Amencan mahogany. On the basis of !ipccific 
srrc?gth (strength per unit weight) the seasoned wood of 
Afr1c~n mahogany compares fa,·orably to that of Central 
Amencan mahogany. · 

Green _to O\'Cn-d~-~ shrinkage values for the species ;1rc 
reponed m table 2. l he values reported b,· the T 1 s 1; .. ·r ]> I I l \. . . . ()I t.:S 

rot.ucts .a wratnry (II cck, 1 93i) -Yoiumctric H H t:'lll-

y,cnttal ,,8 and radial 5 .o per cent-and the British. l~orcst 
t:~duef;S Rc.-;ear~h Laboratory ( •945)-Yolumerric tts. 

genu~! 4.0 radtal 3.6 per cent-arc in reasonable acrrec-
ment wsth one another Howc\·cr tllo~c 1::, l · . .. rcportel >)' 
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Harrar ( 1942 )-volumet~ic 16.?, tangential 8 . ..J. and radial 
+ 1 pe~ _cent-arc excess~vely ~1gb compared to American 
and Bn~1sh data and arc •~consistent wi~h rhe low-shrinkage 
p:oper~1cs commonly attnburcd to Afncan mahogany. The 
dune.nsJOnal ~~ange be~~·;een 90 p~r cent and 6o per cent 
rclarm: hum1d1ty ( e(]UIIrhnum mmsturc contenrs of 20 p..!r 
cent_ and 13.5 per cent respectively) is 1.4 per cent tan­
gclmally and o.~ per cent radially of the dimension at 6o 
per cent relative humidity (Forest Products Research Lab­
oratory, 1 954). Comparable values of 1.3 per cent and r.o 
per. ce_m for Central American mahogany indicate the 
snnrlanty berwee~ the two species in dimensional properties 
and serve to subJect r~ further doubt the high shrinkage 
\'alues reported for Afncan mahogany by f larrar. 

~·he \vood is moderately durable when exposed to the 
act1on of wood-destroying fungi (Collardet, 1930). How­
ever. it is susceptible to infestation by powder-post beetles. 
longhorn beetles, pinhole borers and termites (Forest 
Producrs Research Laboratory, 1945). It is exrremeJv diffi­
cult to impregnate with creosote even under high pressure. 

TI1e wood is somewhat variable in its working properties 
and the quality of surface produced depends upon the 
degree of interlocked grain (Forest Products Research Lab­
orato~y. 19-fS)· ~lilder (softer) grades of straight-grained 
matenal work about 10 per cent harder than Central Ameri­
C<ln ma~ogany and hard~r.gradcs may be up to ;o per cent 
more d1fficult to work. 1 he presence of interlocked crrain 
r~sults in grain pick-up on quartered .surfaces unless tht cur­
tmg an~le is reduced to 1 ; ' . ~ailing, screwing and gluing 
propemes arc ,·cry good and an excellent finish is readilv 
obtainable. · 

The. pri~cipal us~s for African mahogany arc in furni­
ture, mtenor panehng and high-class woodwork (Bmsh, 
JC)..J.O). :\ large proportion of the timber is used for face 
\"Cnecr in plywood and lumber-core construction predomi­
n;mtlv for rhe furniture industry. It is also widely employed 
for fixtures in stores, restaurants, banks and public building-s. 
particularly for counter tops, cabinets, rabies and lloo~. 
Furrher uses are in passenger-ship c:tbins ns a paneling wood 
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and in small pleasure craft for ribs. planking _and fixtures. 
It is generally suirable for many of the e_xacrmg purposes 
for which American mahoganies ( S'" •. detema spp.) a re used. 

Lopbira alata Banb var. procera Burrt O.wy 
Ekki O chnaceae 

Lopbira alata and its yariery procera are very similar 
bot:mically but Ji tTer grearly in grow th habit (Chalk ct 
al.. 1933). L. .rlat.r is a sa\·anna tree of ~horr srarure 
with a t\\ istcd bole having little if any present commercial 
importance. L ,r/.rt,r var. procera is a larg e rain forest tree 
of prcscm commercial importance. 

L. ahlltl ,·ar. procera is commonly called ekki in the t im­
ber trade. of the British Africa n territories and azobe in the 
timber trade of French African territories. Other common 
names mclude ironpost, red irom\ ood. red oak, and African 
oak (Chalk et al., 1933; Jay, ' 9+7; Kribs, 1950). Local 
names include end wi, rmgs (Sierra Leone); esore, nokue 
(Ivory CoJst)~ kaku (Ghana) ; aba. kuru~ okor. eki or ekki 
(l'igeria); hoko, bongossi (Cameroons) . 

The trees attain large size up to 160 feet in height (Chalk 
er al.: 1_1.)~3) and 6 feet m d iameter (G erry . t951) . The 
bole 1:-. tree from buttresses, but mav be sliahtly swollen at 
the base, with an occasional graceful bend. ~nd clear of 
bran_ches for m_ore than one half t he height of the tree. The 
spectes occurs m w_esre:n tropical A frica from Sierra Leone 
eastward trough Ltbcna, the l vorv Coast G hana ...._, . ·. 

d I 
r•. . . . • 3 ' ' . .. ,gen .l, 

an t 1~ U~meroc?ns. 1t ts found 111 the fresh-water S\\'am p 
forc.~t. m the motst parts of the evergreen fo rests, and clo~e 
to nvcr hanks. Apparently it is nor found on 'i" l<l • . ·1 

I 
. . . . n l } SOl 

un ess 1t 1s a swampy s1te. 
The hcan \\ ood is a dark reddish bro\\'n 0 h 1 

t 
. . r c oco ate 

~ro\\'n ~olor (Chalk CL al. , '.9~3) . The sapwood ic; much 
l1ghrcr. 111 color and approxtmarcly 2 inches wide T he 
wood IS ta~tclcss and odorless when dnr Gra· · · · 1 ·k d · .. · ) 111 IS 111tc r-
oc c · rexturc 1s coarse_. and luster is ·low (Coo cr and 

Record, 1931). G rowth rmgs are not distinct ( K ribp . ) 
Pores are open and visible to the naked c\·e s, l<hO • . . nor numerous, 
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and ~venly d~tributed or in echelon. The . 
contain COnSpiCUOUS yellow de its p rre openmgs 
ro the naked eye and scattered ktw~n ~c yma. is visible 
spaced tangential bands 3-7 cells wide. The rrres ~ cl~ly 
\\ it~out a lens on the end surface and inC ~fc 
r~d1al surface. The cell cavities of ray cells . n the 
dish "gum." contain a red-

~he wood is extremely heavy and hard. At 11 r cent 

n i01Sture content the weight per cubic foot ranies from 
, r,-7 1 po unds (Chalk et al., 1933), the average be" 
appr_oxtmarel:y 63 pounds (CooF.r and Record, 1931) . ~ 
~pec1fi c gravtty (oven-dry we1ghr, air-dry volume) varies 
bet ween o.8o and 1.02 with an average of 0.90. Cooper and 
R ecord ( 1 9 3 r ) report the average specific gravity (oven­
dry ·weight and volume) as 0.98. 

T ests on a limited amount of material at British and U.S. 
laboratories (Gerry, 1951; Jay, 1947), indicate that ekki is 
e~tremely refractory and cannot be satisfactorily kiln-dried 
dtrectly from the green condition. Surface checking and 
end-splitting are severe and distortion is likely to occur. A 
com bination of air-seasoning and kiln-seasoning may pro­
duce better results. 

The results of mechanical tests on air-dry material con­
ducted _a~ the Imperial Institute (1926) are .reported iD table 
'. Ekki 15 supenor in strength to domesnc hardwoods of 
equal specific gravity. . 

1 he seasoned wood of ekki is superior to mockernut hick­
ory in the static bending properties of tiber streSS at the 
cl;lstic linm ( 1 3,s50 psi), modufus of rupture and modulus of 
e lasticity; ho,vever, ekki is approxima~ •s-.z-s per ~r 
more dense than mockernut hickory.~t IS su ~or to1 moch-

. h' k · · rush•'3g e ro t e c1 nut 1c orv m max1mum c • · h · · · enor m s ear-
gram and approxrmately equal to hdy SUP. e die 
ing strength parallel to the grain. :~mf:;:![J~0° per= 
~ar to the. grain ~nd cleaV&JC. on: tenSiOn pe ndicular 
sun mon. I~ JS supeno~ to~~ 10 Bgnum vitae lbuaiaczn11 
to the gram (1555 pst) and eq ( il) reports that ekki is 
officina/e) in haraness. Gerry 19~ greenheart (Ocotta 
comparable in shock ~ 
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rodiei) . Ekki i:. considered one of the strongest woods of 
Africa. _ . 

The arecn to ovcn-drv ~hrinkage values tor ckk1 arc com­
parablc::-to dogwood which is o~ly ? per cent as dense as 
ckki. The dimensional change ot ekk1 bet" cen 90 per cent 
rclati,·c humidity ( C(JUilibriur~ moisrw-e content of I~ · 5. pe~ 
cent) i~ :.5 per cent rangcnuaUy and 2:0 per cent r,~lhall~ 
expressed :1.., .a. per ~ent of the d1mens10n at 6~ pet. cen.t 
rclath c hUJmdlt\' ( l· oresr Prod ucrs Research Labo~ator), 
•9)4) . These ,·:ilucs of. ~imensJOnal change arc_ s11111~a~ to 
rhmc for white oak; ekkt 1s classed as a spectes '' 1th medmm 
dimensional change. 

Jar ( •9-+i) reports the spectes as ,·ery _resistant to de~ay 
:md Is comidcrcd the most durable '' ood m '' cstem Afnca. 
lt JS also very resistant to insects ( tem:i~cs, borers and an.rs) 
and manne borers (Gerry, 1951). Ekk1 1s moderately restsr­
am to impregnarton \~ ith prescrYati:·cs; crossties absorb 4-7 
pounds of creosote mixture per cubic foot. all but a narn>\\ 
strip in the center bemg penetrated ( \larshall, 1941 ) . 

The working properties of ekki haYe been studied at tl~e 
Imperial Forestry Institute, L~ndon ( 1926). The. \\ ood IS 

moderatclv difficult to cut wtth hand and machme rools. 
In planin~. aood surfaces are produced on the tangcnci.tl 

~ t' ... 
faces but grain pick-up on the radial faces makes smooth 
surfaces difficult to obtain. Resistance to boring is high, 
hut clean tool curs arc readily obtainable in machine opera­
tions. The wood is \'Cl)' resistant to the dri,·ing of nails and 
Iaroe bored holes arc required for the dri\'ing of screws. 
St~ong glue jninr.s arc readily produced. The ~-;raining and 
finishing t]Ualities of ekki arc satisfactory hut a gr;tin filler 
is rcC]uired. 

Irs suitability for \'arious uses is limited by its \\cighr and 
the difficultv encountered in com·ersion. The \\ ood should 
prove suitaf,lc in heavy construction, hea\'Y !1onring :11\d 
marine com.tnlction. T ests of ekki. greenhcart and blue 
gum U~ur..1lyptus sp.) in Freetown. Liberia for suirahiliry 
m marine piling. intlicate rhar ckki is superior ro hluc gum 
and almost as resistant as grcenheart to marine borer dJm-
agc (Jay. H)47). ... 
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Lovoa spp. African walnut Meliaccae 

T~ere ar~ seven k~own spe~ies of the genus LotJ
011 

in 
tropical Af.~Ica of whtch L. klaine"!"' Pierre & Sprague and 
L. bro,.,.;.·mz Sprague are most unponant commerciall 
(Eggeling and Harris, 1939; Record, 1919). L. kltdnetm. t 
one of Lhe more imponant species in the expon trade from 
\\estern Africa and is exponed to Europe and the United 
States under the trade names of African walnut, tigerwood, 
Congo\\ ood (U. S.); African walnut, Benin walnut (Great 
Britain); noyer d'Afrique, noyer du Gabon, acajou noir 
(France); 1'\ ussholz (Germany; Record, 1919). Local names 
(Dalziel, 1937) for the species include apetou, dibetou (Ivory 
Coast); kwatanuro, pepedom (Ghana); apopo, pereko, sida 
(southern .Nigeria). L. brownii is restricted in range to 
Uganda and Tanganyika Territory in eastern Africa wh~ 
it is known locally as Ugand~ walnut a~d nkoba (Eggeling 
and Harris, 1939) . It is not Important m the export ~e 
from eastern Africa but is of considerable local commercial 
Importance. 

Keicher African nor Uganda walnut is related to the ~e 
walnuts of the family juglandaceae. The .te~. wal_nu~ 
applied to these species because of the similarity ::0 
coloration of the Lovoa wood to that of the true w uts, 

]u.glans spp. · h ipts f over 
The mature trees of both s~~ attam eh . htso (uo-

. a1 .. t-N~in•na greater eJg 
100 feet; the Afncan w nut--~. 

10 
feet; Chalker al., 

130 feet) than the Ugand~ walnut In both cies, the bole 
1933; Eggeling and.H~r1s, 1939)· feet in~ and 3-4 
i., straight and cylmdncal, 00..:5 rounded burrresses. 
feet in diameter with s~ort, ~ unt 0~ to western Mrica 
African walnut is re~mcted 10 ~ lvolY. Coast, Ghana, 
\\here it is found in SJerra Leone, l <JUently in the wetter 
Nigeria and Gabon. It occurs m~~l on moist sites near 
'l<mcs of the min forest . and 0 f:!st. ~anda walnut occu;.; 
srream banks in the deciduous . • of streams and lakes m 
on deep moist soils in the _F0~¥anganyika Territory. 
Uganda and Bukoba Pro~ce walnut is buff colored nnd 

The sapwood of AfJ'!cahcs wide (Chnlk cr nl.. 19H ). 
narrow, commonly r-z lllC 
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The color of the heartwood is \'ariable .. gradi~g _from gray­
. h b r "'ark chocohte brow n w1th a d1stmct golden b ro wn o u · , · . 1 
1 (K .1 . -o) The wood of Uganda '' a lnur 1s pa e ustcr ra )S, 19) · . ~ , . 
l l fre Ill\' cut darkcmnu to a ,-eJlm, hrm\ n or >r0\\11 w len !> 0 • . II . 

" · 0 ·ure (Ecrcrehna and arns, nuhol!•lfl\' hro\\ n upon cxp !> oo o . 

19w): •(·he !>apwood remains pale brown an~ IS dearly 
di;tinguishablc from the he~rrwood_. The g ram of bot~ 
s ecies is interlocked producmg _a n bbon fig ure o~ . '11!:11-
t~rcd surface!>. The rextu re 1s medmm and .rhc luste_r 1s_ h~gh. 
Odor and taste arc not distinct. Growth rmgs a_rc mcbstmct 
on the end suriace of African wal nut and distmc t on that 
of Uganda walnur. The pores are di~tinct to. t he n.a kcd eye. 
numerous, c,·enly distributed and solitary or 1!1 rad ia l groups 
of z-·. Parench\·ma is indistinct to the naked eye. arranged 
in na~row h:mds about the pores and in concentric lines 
within the gro\\ th ring and at the terminus of the g rowth 
ring Rays ~re fine and bareh· visible on the .end surface ~)f 
both species :md conspicuous on the rad1al surface m 
African walnut. 

The '' ood is moderately hea'T· the aYerage weight per 
cubic foot of Afncan walnut is 37 pounds and tlut of 
Uganda walnut is 3 5 pounds (Eggeling and Harris. 19 39; 
Forest Products Research Laboratory. 194-5 ). Specific gr:l\'­
itv (o\"en-dry weight, air-dry Yolumc) a\·erages o.n ;mel 
o:..;9 for African walnut and Uganda walnut respectively. 

The wood air-seasons readil!· and fairly rapidly w ith 3 

tendency toward degrade m rhe form of splitting nnd dis­
tortion. F:~st early drying rends to promote the deYelop­
ment of splits and the extension of existing splits. T he w ood 
kiln-dries readily with some tendency toward splitri ng anci 
disrorrion. ·1 he British Forese P roducts Research L·1borat my 
( IC).;s) suggests a kil n schedule similar to rhar recnnu1!cndcd 
for sugar inaplc and American black walnut. 

The results of mechan ical rests on green and air-dry 
marcrial of African walnut a re reported in t1ble 1 . Afric m 
walnut compares fayorahly in strength properties with 
domestic hardwoods of Cflual specific gravirv such as Ameri ­
can elm. On a specific strength basis. it also compares 
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favorably with American black walnut which has 
cent greater specific gravity. a 1 S per 

_The uns~asoned '":ood of African walnut is comparable 
,\.tth Amencan elm m most strength categories. It exceeds 
American elm in the static bending properties of modulus 
of rupture and is equal to elm in stiffness. It is onlv 8o 
per cent as resistant to impact loads but notably superior 
in maximum crushing strength and end hardness. 

Upon drying from the green condition to 12 per cent 
moisture content, African walnut undergoes moderate in­
creases in most strength properties. The modulus of rupture 
increases by 45 per cent of the value for the unseasoned 
wood but stiffness increases bv only z.s per cent. Maximum 
crushing strength and hardness exhibit increases in the neigh­
borhood of ,o per cent of the values for the unseasoned 
wood. The property of cleavage unde.r~oes little cha.nge 
upon dr~·ing hut impact st~ength exhiba~ rather senous 
decrea<:es. The resistance to ampact loads as reduced by. 20 

per cent and roughness decreases 45 per cen~ upon dry~n~ 
from the green condition to u per cent moasture content. 

The seasoned wood of African waJnut is c~mparable to 
that of American elm in most strength caregones. The ~tv 
wide difference.; hetween the strength of t~e two ~es 
are in the propertie~ of impact 5ttenJ!,~a::: C: cou:! 
strenrrth and shearmg strength. cent) moder­
sidemhh· inferior in impact strengthhi (30 r:~ (zo-' 25 per 

. . · · crus ng str ... .,;-arcl v supenor m ma~lmUf!l • h rin sfrength (15 per 
cent) and somewhat rnfenor m 5 ea g 

cent). . . Forest Products Research 
T ests conducted at the BntJSh African walnut is onlv a 

L~horatorv ( 194') indicate .that es. Steamed wood ~as 
modcrarelv g-ood steam-bendang a~ches l*.' inch of thick­
bent to a radius of curvature of ~on smp. 
ness when supported by a 5t~el e values for African wai-

The green ro o~en-dry 5~ va)ues-volumet~c 11.6. 
nut are reported rn ta?le :a. cent-are intenned~ate be­
rangenti:tl R.R and rad!al $·~d American black walnut. 
rween those for Amencan 
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The \\ ood is classed as resistant to decay by fungi (Forest 
Products Research Laboraro rv, ' 94j ) . Logs are susceptible 
to pinhole borer and l~ngho.rn beetle attack and the sap­
\\ ood i" liable to in festation by pow~er-p?st beetle~. Reports 
from :"\igcria as~crt that the wood ts reststant to Impregna­
tion with creosote by the open-tank process. 

lnvc:-tioations of the working qualities o f African wal­
nut have" been conducted at the British Fore.c;;t Products 
Rc.search Laboratory ( '9+5) . African walnut works easily 
with hand and machine tools. I t is easier to cut than the 
denser American black "alnut. :\ laterial wit h interlocked 
grain ha~ a tendency to pick-up on q uartered surfaces in 
planing '' htch can be partl) arrested by employing a cut­
ting a~tglc of 1 5 • The "ood .finishes smoothly in other 
operations pro\ tdtng sharp cutting edges arc maintained. 
It takes nails and scre\\·s readily and ho lds them firmly. 
The wood glues east!y and good joints are readily obtain­
able <;,r.:ttning and finishing qualities are satisfactory. 

Afnc •• n walnur is used for furniture, mi lh'. ork ilnd 

woodwork in Africa and Europe (Forest P roducts Research 
Laboratory. 1945. Organisation for European Economic 
Co-operation, 195 3). C ganda walnut is used for the same 
purpo~e~ in eastern Africa (Eggeling and H arris, 1939). 
Jay ( '94i) reporrs that selected material of African walnut 
}~as been stai~cd and ~sed as a substitute for mahogany in 
sunulatcd anttllUe furmrure. lt has also been used to a limited 
extent for gunsrocks and flooring and may prO\'e suitable 
as a substitute for American black walnut for these pur­
poses. 
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