
":tALE UNIVI RSITY SCHOOL OF FORESTRY 

TROPICAL WOODS 

NUMBER 112 

CL ltRI !\T 



I 

TROPICAL WOODS 

A teclmic~ magme dnmud to the furtberace 
of knowledge of tropic~ woods tmd forests tmd 
to tbe promotion of foremy in the tTopics. 

Editor 
\VILLIA~I L. STERN 

Dr:isirm of Woods. U. S. N111iorul Mr.s1111m 
Sr:mbsor;um lnstitnsiotJ, V1111hU.giH 2,, D. C. 

Associate Editors 
l·•tr..niRirl\ F. \VAN<>AARO JoHN R. REEou 

HARo• o j . Lun OswALD TIPPO 

Subscription price S3.00 for two semi-annual numbers. Remittances 
~hould b~ made payable to T ROPICAL \\'ooos. Manuscripts intended 
for rub~cat.Jon should be addrcs:;ed to the Editor. All other com-
murucattpns should be sent to 205 Prospect Street. New H 11 
Connecticut. u.s. A. aven , 

an~1anuscri~tS on all ~hases of tropical forestry and tropical woods 
t}pe:e~u~l~}~c~~ns~cred for publicatio~. Manuscripts should be 

done in black l~k. or ~~~t~~~up~ onh 0~~ ~de of paper. o.rawings, 
boud and the d · d d . s, ~ 0 

• e mounted on stiff card­
planned so th:n ~h:r :: uct.•on plamly mdicated. Figures should be 
p•ge (4 inches) and an .ducu?n they occupy the entire width of a 
of sp2ec is important· tJcforuon of t~e hetght (6 inches}. Economy 
(It those so mounted' cfore: the edJtor cannot accept loose fi$ures 
p2ge. Figures should b~ to l~\ e large unus_ed spaces on the prmted 
should be type\Hitten an~U~l jred co~ecuuvely. Legends for figures 
for one group of fi me uded Wlth the manuscript. All legends 
where magnifiC2tion gures should form a single paragraph. In cases 
figures. 5 are stated, they should apply to the reduced 

In general, style should f II 
~V~I>s cspeciall. as rc ar% ow the '11fOSt r~cem number of TROPICAL 
~u.on, usc of fralics g d s ~unctuauon, hterature citation capitali­
;t~!ll. divisions arc i ~di;atc~e ~rcnces to litera~re and ill~strations. 

.lc!lcd muginal ca . y centered headtngs; subdivisions b 
editors alone retain thf~ihs. Footnotes sho?ld be minimized. TI!e 

g t ro accept or reJect manuscripts. 

TROPICAL WOODS 
~UMBER 112 

THE COMPARATIVE MORPHOLOGY OF THE 
CANELLACEAE. 
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INTRODUcriON 

It has often been stated that no truly phyletic classification 
system of plants can be established until the summation of 
the evidence provided by the whole plant (both exomorphic 
and endomorphic) is taken into account. The past ten years 
or so have seen a number of detailed morphological-ana­
tomical studies on angiosperm families (mainly ranalian), and 
the conclusions of these srudies have been incorporated into 
several new classification systems (Copeland, 1957; Cron-
quist, 1957). 

Bailey ( 1953) pointed out ~~comparative ~y ~ 
morphology can ~ontribute SIP,candy to the cluacfati?n 
of particularly difficult taxonom1c problems. It was with 
this in mind that the Canellaccae were selected for stody. 
Heretofore no detailed morphological-~tomical study~ 
been made on this family, and there ~ !lo compreh~ 
taxonomic revision in existence.1• In addinon, the taxonOJJDC 

'Part of a dissertation submitted In P~ f~:! t.= 
ments for the degree of DoctOr of Pbilos0Ph~_!;~04 to ~! 
The author wishes co express his si~ 1f~ for his • 
Canright, Department of Bo~_!.t.~~ Um~ecl g; pm hy a SipiJ 
and criticism in this stUdy. ruuu-won wtS II 

Xi-RESA Grant-in-aid. the followUw 1U0-
1aAfter this paJX:r had already sane ~ifelcbiar, s. • w. 

nomic treatment of the CaaeJ)aceaem 'Ealler 'anc~ Pnmf, Die ~ 
Schultze-Motel. 1959. Can~ 22 -224. 
lichen Pfbnzenfamilien. eel. 2. 17111: 1 
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. . f h Cancllaceae is not at all clear, the family 
Postnon o t e 11· d · h h A • 0- 11e or another been a te wtt t e nno-
hannu at one I . · 1 d R 

I 
0s·. 1 . Guttifcrales ~lagnoliales, Paneta es an an-na cs, 1xa es. • . h · 

ales. The problem rcsoh·es itself, then, mto a compre enstve 

d , f the morpholouy and anatomy of the Cancllaceae, stu ) o ::;.. . . .
1 

. 
and a comp3rison of its features wtth strru ar . ones m sup-
posedly rela_ted _fa~Ulies. ~c i~ hoped tha~ t~c evt~e.nce here1,!1 
prO\·ided wtU a1d m clarifymg the ph) lenc posmon of this 
taxon. 

In spite of the fact that membc_rs of the C~ncllaccac hav_e 
been known for some 300 years, 1ts systemattc placement JS 

still problematical. Most systematists (e.g., Ben~ hall! and 
Hooker, 1862; W arburg. 1895) placed this famtly m the 
Panctalcs, close to the Violaccae and Bi.xaceae, mainly be­
cause of parietal placentation in these taxa. Lawrence 
(597.1951 ), ho·wever, in discussing the Parietales, notes that: 

". . . aYailable e\·idence indicates that the order 
is not a phyletic taxon and the realignment of the 
famili:s into seve!al orders is to be expected. In 
~~me mst3:n~cs tlus may result in transfer of fam­
Ilies to eXISnng orders and in others in the estab­
lishment of new orders." 

On th~ o~her hand, Baillon ( 1871) made the canellads the 
fifth sencs m the .\lagnoliaccae based on the presence of a 
polypctalous or gamopetalous corolla and a slightly convex 
receptacle. Be also noted that the pollen grains of Canella 
alba were \'cry much like those of Magnolia. Hallier ( 1912) 
follo\\:ed ll~i~lon a_nd allied the Canellaceae v.·ith the magnoli­
~ce~us famtlics. Stmilarly, both Wettstein ( 1935) and Gun-
crs~~l ( \950) placed the Canellaceae in the J\tagnoliales, 

p(arl ttla Y >ecause of the spiral arrangement of the petals 
a t tough not pre. · ll . 

cells v . . 1 ( sent m a genera) and the presence of oil 
thc.Can~~~a 193

1
7) concluded, on anatomical grounds, that 

is gcnerall):cpcfe s~~uld be near the M yristicaceae (the latter 
ace m the Ranales sensu lata) . 

In the past several , 
the Angio ) ears several new systematic schemes of 

spcrmae have bee blish . . . 
new system supposed!, b n pu ed. Bmvm (1956) , m a 

) ased on more recent developments 
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in taxonomy and morphology, ea the CaneUaceae be­
tween the Samydaceae and the · e in the Bixa.les. In 
this scheme the Bixales are derived from the Dilleniales and 
t he latter in tum from the Magnoliales. These orders are all 
grouped under the subclass Li,.Udae of the class Dicopsi.da 
(subdivision Angiophytina, divuionPterophyta). 

Benson (1957) in his recent textbook places the Canel­
laceae in the Violales because of the following characteris­
tics: fusion of the filaments to fonn a stamin!f tube; coales­
cent carpels, cyclic (rather than spiral) st3mens and carpels; 
and some basal fusion of ~ in some of its members. The 
Violales are included in the Thalamifiorae, the first group 
in the Dicotyledoneae. 

In formulating his system, Copeland (1957) ~ drawn 
heavily on microscopic (i.e., anatomical, embryolog~cal, and 
paly nological) evidence. In this syst_eii! th«: ~eDacc:ae are 
placed near the Myristicaceae and MoDJmJaceae m the 
heteroxylous, monocolpate pollen group of the ~ultisiliquae. 
The Multisiliquae in Copeland's ~ compnse ~C: ~ 
order in the dicotyledons (~ly the most pmmuve) 
and are a combination of the Englerian orders Piperales and 

Ranales. ·cal d 
Like Copeland, Cron~ (1957) ~ ana~ ~ 

morpholouical data (although less exteDSlvely) md P~Cro 
o - ed famili and or ers. n-a new outline of dicotyl onous es . 

1 
famil in 

quist ( op. cit. 17) makes the Canellaceae the sang e Y 
a new order-the Canellales. He •tes: f: 

"The Canellales, com~ of 8 ~le ~ am­
ily Canellaceae, are de~l~ped f~ ~ ':erat &: 
near thereto. The M~migh~ea~ ~!xne reason 
ily of the Laurales Which ftllrticuJady 
be referred to the Ranales kisteaJ ~ties be-­
suggestive of ~e CaneUa::tthe Cancua-e have 
tween the M~caceae and others. The 
been pointed out by Vestal pollen and 
Canellaceae retain the Jiave a syn-
ethereal oils of the and they 
carpous ovary_ with illtllelll 
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The Canellaceae, which are sma~ trees of tropical dis- ~ 'i I 

'b · comprise six well-recogruzed genera and about I 
tn unon, · 1 d c 
rwcnty-onc species: T he ~ew \Vorld ~encra ~c u e: an-
ella with two spec1es, rangmg from lO\\ er Flonda, throu~h- • out' the \Vest Indies, and into northern S?uth Amer1~; 
Pleodendron, with two species ~ P?erto ~co a!ld H:ut1; 
Cimzamodendron, with seven spectes m B~aZII , Sunn~, ~d I 
the \\'est Indies; and Capsicodendron, w1rh two sp~C1es. m 
Brazil. The Old \Vorld genera consist of TV arburgza, With 

' ! four species in eastern Africa (from Kenya to Transvaal), 
and Ctmwnosma, with three species endemic to Madagascar. ~ 
Figure 1 shows the distribution of the genera. c 

~ 
SYNOPSIS OF THE fAMILY u .c 

w 
CAl\T£LLACEAE Marrius, Nov. G en. et Sp. 3: 170. 1829. ... 

0 
Trees, mostly small ( 10-15 feet); some species of War- ~ ~ 

burg1a, however, may be quite large- up to 90 feet; leaves u 

' 
c 

alternate, simple, entire, exsripulate, short petiolate, thick; ~ 
u 

flowers bisexual, regular, solitary, or a cyme or raceme; ..: £ .. 
sepals. 3, ~1bricate, fleshy ; petals 4-12, free or basally fused ·. ... 

0 

or uruted mto a tube; stamens up to 20, connectives fused , c 
0 

to fo~ a tt~b~, anthers extrorse, dehiscent by one longitudi- 'Q 
::J 

nal split; p~snl 1, o,·ary superior, unilocular, carpels 2-6, 
A 

] ovules scm1-anatropous; style solitary and thick· fruit a 
berry, seeds with oily endosperm. ' ~ 

K EY TO GENERA 'i 
0 

A. Petals S, in one whorl, free or united. ii 
B. Petals free or at most weakly united at base. Anthers 20. c. 

~ --1. Canella 
B. Petals united for half their length. Anthers 14-16. ..: 

4. Cinnamorma .sf» 
A. Petals more than S, in two or more whorls • ~ .. • [J ~ 

C. Petals. 6, in two whorls. · I I I 
D. Sngma 3-lobed 7 c · d c c 
0 s · · -·-----·--- · apnco endron .. 0 0 I I . ugma 4-5-lobed 4 c· II ~ .. 

C p - · -· -- . •mzamosma 'g 0 c 
· eta!~ more than 6 E () I 

I .! u .. 0 

E. ~e~~ 8-10, fre~ •. 1n two whorls. Stamens 10. l • "V 0 ·a. a o E c: ... .. ... 
- u j · uJals ~10, tnncr whorl shoner than outer and Juitc .. ! g 0 "8 c: 

F p n an !llcmbranous. 3. Cinnamode ron c c .s u ~ • ctals 10, tnner row of petals similar to outer. . a (j u 0: 
I 

E. Petals 12 · 4 h 6. W arburgia • 
• tn w oris of 3 each. Stamens 12 S Pk d d ·- · o en ron 
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1. CA.'·a~LLA. P. Browne, Civ. Nat. Hist. Jamaica 275. 1756 .. 
Trees, evergreen; leaves alternate, obo~ate-oblong! cona­

ceous, glabrous, simple, entire, short penolate, exsnpulat~; 
inflorescence terminal raceme or cyme; flowers small, bt­
se~"Ual, regular; sepals 3, imbricate, thick, . fleshy; petals 5, 
united at base rather thick, dark red to v1olet; stamens 10 
united by fila~ents into a rube, connective protruded be­
yond anthers, rube almost as long as p etals, dehiscent by 
longitudinal split; ovary I, conical-oblong, lo~ule 1, carpels 
2, ovules 4, almost anatropous; style short, sngma truncate, 
obsolete, bilobed; fruit a berry, blue-black, seeds 4, endo­
sperm oily. Distribution: southern Florida, Florida Keys, 
\Vest Indies, northern South America. T wo species: C. alba 
Murray, Syst. Veg. 14th ed. 443. 1784. [C. winterana (L.) 
Gaertner, Fruct. et Scm. Pl. 1788] and C. obtusifo lia Miers, 
Ann. J\1ag. Nat. Hist. Ser. 3. 1: 348. 1858. C. obtusifolia from 
Venezuela may be only, according to Gilg (1925) , a variety 
of C. alba. The author has not been able to secure material 
of t~ species and officials of the Venezuelan Department of 
A~nc.ulrure do not find it recorded in their regional floras 
(1 ob1as Lasser, personal communication 1956) . 

2. CAPSICOD£:\DRO:\ Hoehne, Ostenia 294. 1933. 

Trees, small. to medi~-sized; leaves alternate, petiole 5 
mm. long, exs?pulate, emu~, oval to obovate, 5-9 em. long 
by 2-4 em. w1de; flowers b1~exual, regular, axillary, solitary 
or 1-3 p~r st~lk, l~ge ped1cel; sepals 3, large, imbricate; 
petals 6, 1~bncate m two whorls; stamens 7-10, united by 
filaments. u1:co a rube_, anthers bilocular, longitudinal dehi­
sccnce;.ptsnl 1, supenor, locule 1, carpels 3-4, ovules 6 (?), 
style tnlobed; frutt a berry (with 2-4 seeds). Two s ecies· 
C. pnncntena Hoehne, Ostenia 29-t. 193 3 •nd c Pd. ·. :. 
( '- I k ) 0 I . . R . ' " . umu 

,JC 1w~c ·e cc uoru, ev1sta Bras. Bioi. 3: 484. 19+ 3 b h 
found m southwestern Brazil. • Ot 

3. C~!':"A:\-tOI>l.:\ORo:-: Fndlicher, Gen. Pl. 1029. 1840_ 
1. recs, evergreen, much branched· lca\es 

conaccous, opllOSitc, entire, short p'cr' I • ovoatc or ~blong, 
I fl to ate <IWCr. ' I ary racemes, cw- owercd bisexu I 

1
• s In aXJ -

' a ' regu ar; sepals 3, cori-
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aceo~s, persistent, imbricate; petals 8-10, in two whorls, 
extenor fleshy, oblong, imbncate, interior membranous, 
spathulate oblong,_ alt~rnate with exterior and hardly as 
long; stamens 8, uruted mto narrow tube by filaments, as ~ong 
as petals, connective produced beyond anthers, 8-lobed, 
anthc~s cxtrorsc, long1rudinal dehiscence; pistil 1, ovary 
supcnor! locule 1, carpels 3-:4 (5? ), ovules 10 or more, style 
t~ck, sngma. 3-4-lobed; frwt ovate, fleshy. Seven species: C. 
axzllare Endbcher, Gen. Pl. 1029. 1840, southwestern Brazil; 
C. corticoswn Miers, Ann. Mag. Nat. Hist. Ser. 3. 1: 350. 
1858, West Indies; C. cubense Urban, Repert. Sp. Nov. 18: 
19. 1922, Cuba; C. tenuifoliwn Uittien, Rec. Trav. Bot. 
Neerl. 23: 367. 1925, Surinam; C. angustifolium Sleumer, 
Rcpert. Sp. Nov. 41: 127. 1937, Haiti; C. ekmanii Sleumer, 
Repert. Sp. Nov. 41: 127. 1937, Dominican Republic; C. 
sampaioanunz Occhioni, Arq. Jard. Bot. Rio de janeiro 7: 
159. 194 7, Brazil; C. venezuelense Steyermark, Fieldiana Bot. 
28: 402-403. 1952, Venezuela. 

4. CL~NAMOSMA Baillon, Adansonia 7: 219-220. 1867. 
Small tree; leaves simple, exstipulate, short petiolate, entire, 

oval-elongate, base narrow, apex round; flowers solitary, 
sessile, axillary, bisexual, reria:r; sepals 3, weakly united at 
the base; petals 5-6, lower half united into a tube; stamenS 
8-10, united into a tube, anther dehiscence longitudinal; 
pistil I, ovary superior, unilocular, carpels 4-5, placenms 4-S; 
ovules 8 or more, semi-anatropous; style 4 lobed; fruit a 
berry. Three species: C. madagascllriemis P: Danguy, N~ 
Syst. Paris 1: 236. 1909; C. macrocarpa Pemer de 1a Bathie, 
Bull. Soc. Bot. Fr. 94: 214. 1947; C. (FagrtmS Baillon, Andan­
sonia 7: 219-220. 1867, all of Mada~. Characterinticm 
of genus based mainly on Van Tieghern {1899). 

5. J>LEODENDRON Van Tieghem, jour. Bot. (Paris) 13:. 271 
1899. 

Tree; leaves alternate, simple, short petiolate, oval. ~ 
acute, base acute; flowers solitary, iXillary, ~ 
sepals 3, united at base, persistent; Petals 12,- in 4 ~ 
nate whorls, external alternate widi sepals. large. da ~ !"""""'·-· 
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more narrow; stamens 12, united into a tube, anthers bilocu-
lar, dehiscence longitudinal; pistil single, ovary superior, car­
pels 6, unilocular, placentas 6 parietal, ovules many, style 
thick with a 6-lobcd stigma. Two species: P. macranthum 
(Baillon) Van Tieghem, Jour. Bot. (Paris) 13: 271. 1899 
(Cinnamodendron viacranthum Baillon, 1882), Puerto Rico, 
and P. ekmanii Urban, Ark. Bot. (Stockh.) 22: 75. 1929, 
Haiti. 

6. WARBURGiA Euglcr, Pflan. Ost.-Afr. Theil C: 276. 1895. 
Trees, some quite large, over 33 m., densely branched; 

leaves short petiolate, subcoriaceous, oblong-spathulate; 
flowers bisexual, regular, short pedicellate, axillary cymes; 
sepals 3, free, suborbicular; petals 10, in two whorls of 5 
each, the 5 outer twice as long as the sepals, obovate-spathu-
late, the 5 inner smaller than the outer and spathuiate; 
stamens 10, united by filaments into a tube as long as the 
jetals, connective extended beyond anthers, bilocular, de-
lisccnce longitudinal; pistil 1, superior, carpels 5, unilocular, 
placentas 5, parietal, ovules 10-15 semi-anatropous, style 
thick, 5-lobed; fruit a berry, large, fleshy; seeds with oily 
endosperm. Four species: W. stuhlmannii Engler, Pflan. Ost.-
Afr. Theil C: 276. 1895, Kenya and Tanganyika; W. ugan-
densis Sprague, Jour. Linn. Soc. Bot. 37: 498. 1906, Belgian 
Congo, Uganda, Kenya, Tanganyika, Transvaal (W. breyeri 
Pott, 1917); W. salutaris (Bertoloni f.) Chiovenda, Nuovo 
Gior. Bot. Ital. 3. 44: 680. 1937, Africa; W. elongata Verd-
court, KewBull . 1954: 542. 1954, Tanganyika. 

In 1954 Gagnepain described a new genus, Tardiella, from 
Annam (Indochina), and tentatively assigned it to the 
Canellaceae. Tardiella differs from tlie Canellaceae by having 
5 sepals, no petals, fascicled flowers, introrse anthers and 
stipules. In this connection Steenis (1955) states, "there is no 
doubt whatsoever that Tardiella is synonymous with 
Casearia (Flacourtiaceae)." The present author agrees with 
Steenis in this conclusion. 

Fig, 2—11,—Fig, 2-6, Canella alba Murr,—Fig. 2. Transverse section showing solitary 
arrangement of vessels and scarcity of axial parenchyma.—Fig, .V Radial section showing 
scalariform perforation plate and homocellular character of rays,—Fig, 4. Tangential section 
showing uniseriate rays.—Fig. 5. Radial section showing intervascular pitting of opposite 
type.—Fig. 6. Radial section showing perforation plate of scalariform and reticulate type. 
Notice sinall borders on perforations.—Fig. 7. CapiUodendron pimenteira Hoehne. Trans­
verse section vessel characteristics: small diameter, angular outline, solitary distribution.— 
Fig. 8. C. diniiii Occh. Scalariform-reticulate perforation plate. Radial section.—Fig. 9. 
Canella alba Murr. Radial section showing scalariform perforation plate.—Fig. 10-11, 
Capsicodendron pimenteira Hoehne.—Fig. 10. Radial section showing predominantly homo-
cellular rays.—Fig. 11. Tangential section showing uniseriate rays. Fig 2-4, 7, 10—H 
X 64, Fig, 5-6, 8-9 X 222. 
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Wooo ANATOMY 

Aside from occasional references to oil cells in cortex and 
leaf, Solereder {1899) seems to have been the first to give 
any attention to the internal anatomy of the Canellaceae. 
On the basis of an examination of the wood of two species 
(Canella alba Murr. and Chznamodendron axil/are Endl.) 
Solereder i~dicates that the Canellaceae may be related to 
the Magnohaceae. Van Tieghem (1899) considers briefly the 
anatomy of the young stem of Canella, Pleodendron and 
Cinnarnosma. Many others investigated the wood anatomy 
of the Canellaceae merely for descriptive purposes and made 
no attempt to derive phylogenetic significance from their 
findings (Lecomte, 1922; .Metcalfe, 1933, 1935; Record and 
Hess, 194 3; Occhioni, 194 7, 1948). 

Garratt (1933b) in investigating the relationships of the 
M yristicaceae concluded that the Canellaceae, on the basis 
of wood anatomy, were "rather far removed from the 
Myristicaceae"; Vestal (1937), on the other hand (again on 
the basis of wood anatollly ). recommended that the Canel­
laceae be placed ncar the M)Tisticaceac. 

1\lctcalfe and Chalk ( 1950) note that the presence of oil 
or mucilage in the Canellaceae suggests an affinity with the 
1\lagnoliaceae and Lauraceae; further, that vessel-member 
length and some other characters suggest that the Canel­
laccac are less specialized than the Lauraceae or even the 
Magnoliaceae. However, neither Canright (1955) working 
on the Magnoliaceae, nor Stem ( 1954) working on the 
Lauraceae has considered these families to be related to the 
Cancllaceae. Lcmesle ( 195 5), from a morphological investi­
gation of the Canellaceae, concluded that this taxon belonged 
in the Parietales, although he states that the secondary xylem 
of the canellad members included archaic characters that are 
not consistent with other advanced features of this group 
(Lemcsle, 1950, 1951, 1955). 

Money, Bailey and S~~r (19~0) incl}l.ded. the ~­
laccae in their "Group B o ranahan families, Le., families 
with monocolpate and derived pollen, ethereal-oil ceDs. and 
trilacunar or multilacunar nodes. 
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Recently, Stern (1955) concluded that the similarities be­
rwcen tl1e woods of the Gomortegaceae and the Canellaceae 
arc due to rarallel evolution and not to a close genetic rela­
tionship. \ ander \\'yk and Canright {1956) found little 
comparison between the woods of the Annonaceae and the 
CanclJaccat:. The latter investigators conclude that perhaps 
Vestal was correct in placing this family near the Myristi­
caceae. 

MATERIALS AND METHODS 

A total of 43 wood specimens representing 10 species in 6 
genera was examined. The material was obtained from the 
following so~rce~ : Yale Univ~rsity, School of Forestry (Y); 
Har~ard Uruver~1ty (H) ; .Chicago Natural History Museum 
(C~II;\ 1 ); j ardm1 .Botaruco de Rio do Janeiro (JB); 1m­
penal Forcs~y Instttute, Oxford University, England ( IFI); 
Royal B,or~ruc. Gardens, Kew, England (K); Museum Na­
tional d HtstOJre ~aturelle, Paris, France (J\1NHN). De­
p~r~ent of Agn cuir:u.re, Division of Botany, Pr~toria, 
Cr~on . of. South Afn ca (SA) ; East African Herbarium 
N·mobt, K~nya (EA); and Forest Products Research Lab~ 
oratory, Prmces Risborough, Bucks, England (FPRL). 
. Small blocks of the samples were boiled in water, softened 
~i~~~f~rt 70 per c~nt alcoh?l and one pan hydrofluoric 

~crwd of time ranging from one week to several 
mo~~~s. A t~r washing, the blocks were either sectioned on 
agl)~Ctet?g tmdcrotome or stored in a solution of one part 

nne an one part 70 1 h blocks of . d . per cent a co ol. Even when the 
tcndencv ;~ o~~rl\~~hreenprtohpecrl~ softekned, the sections had a 

• Y were ta en off th · 
A n.cw technique was develo ed which h e microtome. 
ful m all cases tried If th kp'f d as proved success-

. · e ru e an block b · · an:. c:ontmuously bathed in a 1 emg secttoncd 
a commcrcially'-availabJe det per cent aqueous solution of 

· . • ergent no curli 
sccttomng, the sections \ VC 'I d ng occurs. After 

· d . re was 1e with sramc , usmg a safranm-hemalum . . tap-water and 
the celestine blue-iron ·Ilum f c.omfbmauon (Sass, 195 J) 
1,. 11 · sa rarun 0 1 • 

lC \ c (1956), or iron-alum saf. . rmu a of Gray :md 
s1mc authors. tam n alone described l)y the 
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Slides of macerated wood of most of the above samples 
were prepared by the method of Wilson and Shutts (1957). 

Generally the tenns used in describing the anatomy of the 
wood are those recommended by the Committee on Nomen­
clature (1957). For terms used to describe the numerical 
dimensions of wood features, the recommendations of Chan­
away {1932), Chalk (1938) and the Committee on Stand­
ardization (1937) were followed. 

The crystal types of Chattaway ( 1955) were used to 
describe those found in the wood of the Canellaceae. In 
describing the parenchyma recourse was made to the classi­
fication of Hess (1950). In interpreting phylogenetic signifi­
cance of rays, reference was made to the work of Bailey and 
Howard {1941), Kribs {1935), and Barghoorn (1940). 

After examining the wood microscopically, the diagnostic 
features of the wood were entered onto S X 8-inch punch­
cards in the method described by Canright {1955). By using 
tlus technique, two samples of wood (previously identified 
as members of the Canellaceae) were discovered whose 
anatomy was very different from that of the other samples 
in this family. Although their identity could not be un­
questionably determined, further examination established 
that they were not members of the Canellaceae and had evi­
dently been misidentified. The use of the punch-cards was 
also helpful in dete~g ranges o_f ~tion within the 
family as well as relaave levels of speaahzaaon. 

OBSEllVATIONS 

Canella.-Y essels moderately small in tangential diameter 
(50-1001') or sometimes larger; usually almost exclusively 
solitary with occasionally a few small clusters; 7-10 ear sq. 
mm. with local areas of up to 30 vessels F sq. mm. (fig. 2), 
perforation plates scalarifo~, although often the bars aoaa­
tomose giving a pseudo-reaculate appearance. The ll1DDber 
of bars' ranges from S to 2~, .with the mean IS (fig. 7), aad 
some specimens show vesuP! borders on the bars (fig. 4 
and 9). Intervascular pitting (fig. S) penlly ~ dai 10 
the solitary nature of the v~ but w~ ~t ~ 
to transitional, with an OCCISlOnal scalarifonn pit P*S• 
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its to rav and strand parenchyma similar to intervascular 
~ittinO' usuallv of medium size. Vessel-member length 
mcdi~~1 to mo.dcrately long, to very long (500-lSOOfL), but 
most frequently moderately long with ac_ute-angled end 
walls ami a moderately lona- overlap. Axtal parenchyma 
paratracheal, generally· confi~cd to one s~de,2 but may also 
surround vessels; also some very scarce, diffuse parenchyma. 
Some rhombohedral crystals present. Rays (fig. 3-4) mostly 
uniscnate with some biseriate, homocellular to heterocellu­
lar; some multiseriate portions of rays seem to be merely 
local additions to a basically uniseriate ray; rays heterogene­
ous (Kribs T} pc I or III), with a few small square marginal 
cells occurnng sporadically. In some samples, the marginal 
cells showed a slight tendency toward a vertical elongation, 
but not consistently in all samples studied. Rhombohedral 
Cf) stals generally present, often abnndant. Imperforate 
tr~cbeary ele?ne?zts of the fiber-tracheid type, thick to very 
duck-walled, pits bordered with medium-sized apertures 
included; length 800-lSOOp., most often 13001-L. Record and 
Hess (1943) note that the rays are more or less heterogene­
o~s, and the wood parenchyma is located on the outer side 
ot the pores (abaxial distribution) . 

i\Iatc;"ial examined: Canellanlba Murray lY49403, Y38276, 
H2129), H25lb5, H7633, H21297, H26296, CNHM ( lVilson 
F-16), C~H\1 (Scott 7H88), F PRL2228, FPRL20382 j . 

Capsicodendron.- Vessels extremely small to moderately 
small (25-.5014 in diameter), usually very small (fig. 7) ; 
usually sohtary. but s~me pseudo-pairs due to oYcrlapping 
ends present; pcrforatton plates exclusively scalariform (fig. 
8), the bars frequentl) anastomosing similar to those in 
Cane~la, although the bars are much finer and closer together 
than m Canella (the number of bars is usually 46-64) · 
v 1 · . • · mter-ascu ar pmmg rare. due to sohtary nature of vesse' 
when present, opposltc to transitional \\ith SOlne alls!fbut, 
-- sc an orm 
~uc to lack of growrh rir.gs it is im "bl . 

parenchyma is on the "outer'' or ... P~,551• e to dectde whether the 
side of the vessels away from the ~~~er Side o~ vessels, i.e., on the 
I low~~cr. an abaxial placement of p h o~ the s.lde toward the pith . 
condition. parcnc yma 1s the more common 

No. 112 TROPICAL WOODS 13 

pits; pits to parenchyma similar with some unilaterally com­
pound pitting to ray cells present in one specimen; vessel­
member length moderately long to very long, mostly very 
long (1100-1500fL)· End walls acute {10°-30°), with long 
overlapping ends.8 Axial parenchyma mostly apotracheal dif­
fuse with some in small groups, occasionally some paratra­
chcal parenchyma present, again occurring as individual cells; 
oil cells common in parenchyma. Rays 1-2(3) cells wide, 
mostly uniseriate homocellular to heterocellular, very low to 
low (fig. 11 ), homogeneous (Kribs Type I or Ill), although 
some specimens occasionally show a weakly heterogeneous 
condition; marginal cells generally horizontally elongated to 
square (fig. 10), rarely some rays have marginal cells slightly 
elonaated vertically; crystals rarely present in rays, oil cells 
co~on:' Imperforate tracheary elements of fiber-tracheid 
ty pe, walls thin to very thin, with medium-sized bordered 
pits and included apenurcs; length short to long, mostly 
long (1500-20001-L)· 

Material examined: Capsicodendron dinisii (Schw.) Occh. 
(JBI914, jB2017, CNHM622864) and Capsicodendron 
pimentira Hoehne (Y23444). 

Ci·nnamodendron.-Vessels very small to moderately small 
(50-731-L in diameter), mostly moderately small ~fig. 12}, 
usually solitary with some pairs due to overlappmg ends; 
very small clusters some~es present. Pe~oration p~tes 
exclusively scalarifo~ ~1th some anastomo.smg bars; siinilar 
to Capsicodendron m stze of b~ and spacmg; ~~100 bars. 
Intervascular pitting opp~st.te With some transiOonal (fig. 
15). pits to parenchyma similar. Vessel-member length very 
long to extremely long .<1~2400J&)· Aria~ Pa:encby7114 
apotracheal diffuse, someomes m ~hort tangenoallines. Some 
rhombohedral crystals present m Earenchyma. Rays 1-4 
cells wide, mostly 1-2 cells, heterocellular, very low to low 
(.fig. 14). Kribs Type heterogeneous I and ill. Some ~pies 
show a tendency towards a weak homogeneous condiaon. 

~ le of end wall measured from~ uis of the ceD._ 
'Re~ord and Hess (lU. 1943) state, no crystals or oil c:eUs ob-

served." 
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1\larginal cells mostly square, but some specimens have mar­
ginal cells that are slightly vertically. elongate: hnp.erforate 
tracheary elements of the fiber-trachetd ty pe ,.,..lth thm walls, 
and distinctly bordered pits wjth included apertures; size of 
pits 10-lSJ.t· Fiber length long to very long, mostly long. 

Material examined: C. axillare Endl. (JB362) and C. samp­
aioanzcm Occh. (JB 1772 from type tree). 

Cimurmorma.- V essels moderately small to medium, most­
ly moderately small (50-l OOp in diameter); mostly solitary 
with some small clusters (fig. 16) . Perforation plates scalari­
form with anastomosing bars and some reticulate (fig. 19-
20), .1~-49 (1~-30) bars. Inte~vascular pitting opposite to 
transltlonal w1th some scalanform, pits to rays similar. 
Vessel-el~ment length moderately long to very long, with 
very oblique end walls and long areas of overlap· angle of 
end wall 5°-40°. Axial parenchyma paratracheal v~sicentric. 
~hombohedral crystals p~csent in the parenchyma, and some 
o~ cells. Rays 1-2 cells w1de, mostly uniseriate homocellular, 
Wlth som~ heterocellular (fig. 18) ; homogeneous, predomi­
nantly Knbs Type Ill ~d I, and possibly some heteroaene­
ous Type. III also; margmal cells horizontally elongat~d to 
square w1th some rare vertically elongate cells (fig 17) 
Rhombohedral crystals present. Im perforate tracbear; ele~ 
men~s of the fiber-tracheid type w ith distinctly bordered pits 
and mcluded apertures, although some apertures are extend 
ed; len~ short-~ong (100-1700p.), walls very thick to thick~ 
K~i;~en~~NHNexammed: C. f ragrans Baillon [Y7367, K l93 15, 

• 9819, MNHN (col. by s ] R d 
CN(M~HNM 1(7froCNm HYMale) ]. C. madagascariensis p ~~~gr U)); 

• 622578). . 
Pleodendron.-Vessels in this s 1 

(5~-94p. in diameter) , usually exclu~~fJ e ~oderat~ly small 
p~s (fig. 21). Perforation plates of yh so tary.wlth a few 
wtth 15-40 bars (fig 25 ) Th b t e scalariform type 
In · · e ars resembl h · 

tervascular pitting rare due to th . e t ose m Canella. 
v~~els, but when present oppo . e solit~y nature of the 
pmmg transitional ro o . stte ~o transttiOnal. Vessel- ra 
rangement. Vessel-memtfe~~~~egthwlth some scalarifonn .]_ 

moderately long to very 
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long (900-~3001'~· Axial parenchyma paratracheal on the 
outer ( abax.tal) s1de of the vessels with some on the inner 
(adaxial) side. Some diffuse parenchyma present consisting 
of individ~al ~ells or very small groups. Rays 1- 2 cells wide, 
mostly urusenate. homocellular .to heterocellular (fig. 23); 
homogeneous Knbs Type III w1th an occasional ray hetero­
geneous Type ~II (fig. 22); marginal cells elongate horizon­
tally and occasiOnally some elongate vertically. Imperforate 
tracheary elements of the fiber-tracheid type with distinctly 
bordered pits. Length short (900-12001') · ' 

Material examined: P. macranthtmz (Baillon) Van Tieg­
hem (Y35444). 

W arburgia.-Vessels very small to moderately large 
( 42-1361' in diameter). Usually solitary, but some pairs and 
small clusters present (fig. 26). Perforation plates scalari­
form with some bars anastomosing; 13-52 bars (fig. 29-30). 
Intervascular pitting opposite to transverse, pitting to rays 
similar. Vessef-element length very long to extremely long 
(1100-2300p). End wall oblique (30°-40°) with moderately 
long overlap. Axial parenchyma mostly apotracheal diffuse 
and in short concentric lines; occasionally some paratracheal 
parenchyma, either diffuse or vasicentric, present. Oil cells 
and crystals sometimes present in parenchyma. Rays 1-4 
cells wide, mostly 2-3 cells, homoceUular to heterocellular 
(fig. 28) . Homogeneous Kribs Type I and III and hetero­
geneous liB. Marginal cells horizontally elongate {fig. 27) 
and some square; occasionally some marginal cells are ver­
tically elongate giving rise to a weak heterogeneous condi­
tion. Rhombohedral crystals occasionally present in the ra~ 
Imperforate tracheary elements of fiber-tracheid ~With 
distinctly bordered pits with the aperture included, J»!ts 
large. Fiber length long to very long (lS00-2600f'), Walls 
thick. 

Material examined: W. stubl'lllllmlii Engler (IFI864. 
IFI1294S, IFI13566, FPRL 14027, FPRL 416, FPRL18339) 
and W . ugandensis Sprague [Y24312, IFI2467, IFI11186. 
Wilson 659 (SA) and 664 (EA), FPRL646, 2717, 10177, 
18339]. 
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sUM:'>lARY OF \ \'000 CliARACfERISTICS OF T HE C.\ 1\ET.LACEAE 

Vesse!s.-.\lostly moderately small (50-lOOJ.t in diameter) , 
in C.tpsicodendron very smalL an~ smaller t~an the av~r­
a.,.c in Cimzamodendrou. Usuallv solitarY, but \Vlth some patrs 
(due to ovcrbpping ends of. \·esscl clemcn~s); oc~asional 
small clusters in C.mell.z. CimM7IIOS1na and JJ· 1rburgza. Per­
foration plates entirely scahtriform; some bll'S _seen~ to 
anastomose giving a pseudo-reticulate appearance; m Cumil­
mosm.t some actual reticulate plates were found; Cane/In , 
Pleodendron, Cinn.17710Slllct and Warburgia had 10-20 bars; 
Cnpsicodcndron and Cimwnodendron generally had 50-100 
bars. The intervascular pitting is generally opposite to 
transitional with a few specimens throughout the family 
showing some scalariform pits. Pits to parenchyma and rays 
similar· scalariform-opposite. Vessel-member length gener­
ally medium to very long in Canella (500-1600JA), moderate­
ly long to \'cry long in Pleodendron and Cimzamosma (800-
1400/-4), \ 'CI) long (ll00-1500p.) in Capsicodendron, and 
very long to extremely long (oYer 1900p.) in Ciunmnoden­
dron and W ar~urgia: T?c angles of the end walls ( meas­
ured fr~m ve~tcal axts) m all specimens were generally less 
than 4~ and m some cases approached 0° . The vessel ele­
mcn~ m all genera had long overlapping end walls. 

AX?.1l p.1renchyma.-Prcdominantly apotrache~l diffuse in 
Capsr~oden~ron, Cimmmodendron an? JV nrburgia, with 
occ:tstonally some other arrangements; m Cimzamosma there 
sceme? to he an equal amount of apotrachcal diffuse and 
scanty paratrachcal parenchyma present; in Candia and 
Plcode,zdron the parenchvma was predonu·nantl}' .· · 
( b · I) .· · \':lstccnrn c 
a aXla pararracheal With a few other types sparsely re 

scntcd. Rhombohedral crystals ·were · 1 prc-
ch f (,. . present 10 r 1e parcn 

yma o .mnamosnra, ~f! nrburgia. and occa . . -
Canclla and Cimzamodcndron. Oil cells 'SlOnal.ly m 
parenchyma of Capsicodendron d W w~rc ~ound In the 
sionally in Cinnamosma. an ar urgza and occa-

Rays.-Vcry numerous, 1 (2)-cell wide i 
dendron, and Cinn,11110 _

11
• . C . n Canella, Pleo-

. . ·"', m apszcodendr · 
tnscnatc rays arc foutld In c·· d on occasionally 
l · nmamo endr d 

t 1e rays arc 1-4 cells wid 1 on an Warburgia 
c, most y 2-3 cells. Ravs homo-
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gcneous Kribs Type I or Ill with a few weekly heterogene­
ous in Canella, Cinnamodendron Pleodendron and War­
burgia. In Capsicodendron and Ci~namosma the heterogene­
ous rays .are comparatively rare. The rays are composed of 
cells honzontall.Y .elongate or a~ost square. The marginal 
c~ll.s may be surular or even slightly vertically elongate, 
g1vmg nse to the weak heterogeneous condition; however, 
these are in the minority. The rays range from extremely 
low to. low, most of them being extremely low (20-1500p, 
averag-Ing 100-5001')· Rhombohedral crystals are found in 
the rays of Canella, Cinnamomuz and W arburgia, and oil 
cells in the rays of Capsicodendron. 

Imperforate tracheary elements.-All genera have distinct­
ly bordered pits, generally on both radial and tangential 
walls. The sht-like apertUres are included within the pit 
borders in all species except Cinnamosma madagascariensis 
where some are extended beyond the pit border. The walls 
of the imperforate tracheary elements are thick in Canella, 
Pleodendron, Cinnamosma and W arburgia; Capsicodendron 
and Cinnamodendron have thin-walled imperforate trache­
ary elements. In Canella and Pleodendron the imperforate 
tracheary element length is generally short, short to long in 
Cinnamosma, long in Capsicodendron, and long to very long 
in Ci1lnamodendron and W arburgia. The average for the 
family is long (1500-20001')· 

DISCUSSION AND CoNCLUSIONS 

It is evident that the woods of the Canellaceae show a 
considerable degree of homogeneity. The vessels are all 
fairly long with a similar type of intervascular pitting. All 
genera possess v~Is with characteristic many-~ 
scalariform perforatton rlates. Some genera have predonu­
nantlv paratracheal axia parenchyma but with apotracheal 
parenchyma present also, whereas other ge!lera nave pre­
dominantly apotracheal parenchyma but With some pal!-• 
tracheal present. The ray typ~ are similar, being in the main 
quite narrow and ~ow. The lDlJ>er,fo~tc: tracheary, elemen1S 
have, likewise, a high degree of Slmilarity, possessmg c:ozn.. 
paratively large boraered pits. 



18 TROPICAL \VOODS 1960 

Usina this similarity of structure per se as .a~ indication 
of clos~ generic rel_ationship i~ hazardous, for l.t ts. ge~erally 
recomized that cndence dcn ved from the exarrunanon of 
,.35c~lar tissues is of more value in negations than in confirm­
:nions (Bailev, 1949). However, since none of the genera 
exhibited an\· radical (inter se) anatomical differences, the 
six genera now recognized for the CanelJ~c~~e appear ~o 
form a natural group. Nevertheless, the poSSibility must snll 
be considered that this apparent anatomical similarity may 
be the result of parallel evolution. Evidence from reproduc­
th·e and other vegetative parts is needed. 

The wood of Cimzamodendron and Capsicodendron ex­
hibits the most primitive characters in the family. The vessel 
elements arc quite long (maximum observed, 1500p. in Capsi­
cod~ndron and 2400p. in _Cimzamodendron), have an angular 
outline, very long, slopmg end walls and the perforation 
plates are scalariform, with a large number of bars (up to 
100 m both genera) and very narrow openings between the 
bars. T he vessel clements in these two genera come close to 
m:cting the requiremen~. of a pri~tive vessel as proposed 
b~ Frost (1930) . In addmon, the 3.Xlal parenchyma of these 
two ge?cra is predominantly apotracheal-diffuse, the fibers 
have t~n walls,. some rays may be 3 or 4 cells wide and tend 
to be slightly higher than those in the other genera, and the 
vessels arc mostly in a solitary arrangement. 
. The characters of lV arburgia also show a degree of primi­

tiveness, but to a lesser extent than the preceding two gener 
The vessels range from verv long to extreme) 1 a. 
fo ration plates with man)· scalariform b dy ong:, _per-

. · · ars, an transmonal 
ro oppo~ltc pmmg. However, here the vessels are much Ia -
g.cr m dlamc_t:r and not predominantly solitary in d' t 'b r 
ttOn. In additiOn, the parench rna is . IS n u­
some paratracheal parenchyma YI.s more aggregated and 

. present. 
Pleodendron and Cinnamos-ma a e . 

advanced. T he vessels are shorter ~h ar ~o be slig~tly more 
genera, and the diameter is J Than t le precedmg three 
scalariform perforation platar~er. alle number of bars of the 
· d . es ts sm er and th ts pre onunamly paratracheal 'th e parenchy ma 

Wl some apotracheal. 

No. 112 TROPICAL WOODS 19 

Based on wood anatomy it appears that Ctmel/4 possesses 
the highest level of advancement. The vessel-member length 
is the shortest of all the genera (832-12501'), the scalariform 
plates have fewer bars, and in cross sectional outline the 
vessels are round. The rays are mostly uniseriate and pre­
dominantly homogeneous. The parenchyma is mostly para­
tracheal in distribution, with very little apotracheal paren­
chyma. 

In comparing the anatomy of these genera with their 
geographic ranges a striking correlation emerges. The wood 
of the most temperate species (Canel/4) shows the greatest 
number of advanced characters, whereas the genera with the 
most tropical species (Capsicodendron and Cinnamoden­
dron) exhibit the most primitive characters. The wood of 
the species of the other 3 genera are intermediate between 
these two extremes. 

In general, the woods of the Canellaceae exhibit the fol­
lowing specialized st;ructural char~cteristics : tiber-trachei~ 
walls thick-very thick, cross sectional shape of vessels IS 

round to oval, homogeneous rays almost wholly uniseriate 
or with a few bi- or triseriatc, and unilateral paratracheaJ 
parenchyma. Conversely, the woods show . the following 
primitive characteristics: long fiber-trac.heJds and v~l 
members, small diameter of vessels, scalanform perforaaon 
plates usually with a large nu?l~er C?f bars, int~~ 
pitting and vessel-pa~enchyma ptm~g linear ( trallSlaon from 
scalarifonn to oppostte) and opposite, very acute end walls 
of vessel elements, some scalariform perforations show slight 
borders, thin vessel element walls, some apo~c~eal paren­
chyma in each genus, and solitary vessel dlStribuaon. 

COMPARISON OF WOOD OF CANELLACEAE WITH THAT OF 

PUTATIVELY RELATF.D FAMILIES 

When the anatomy of the secondary xylem of the ~ 
laceae is compared, via th~ punch-card ~et!tod (~ght, 
195 5) with the anatomy of us s~pposed alii~ m the ParietalC:S 
(or Bixales or Violales), i.e., V1olaceae, Btxaceae, Fla~­
aceae, Koeberliniaceae, it becomes apparc:~t that there JS no 
close relationship with any of these families. Although the 
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Violaceae do possess wood w ith a few primiti\ c ch:lractcrs, 
rhe two distinct sizes of the rays, the septate fibers, and t~1e 
alternate to opposite intervascular pitting are fean1 rcs qu1te 
different from those in the Canellaceae. The w ood of the 
Violaccae does possess some similarity to the Canellaceae in 
the slightly angular outline of the vessels, in the presence of 
a fe\\ scalariform perforation plates in some members, and 
m some similarity in pitting. Because these characters are 
not const:mt throughout the Violaceae as a whole, the author 
docs not sec close relation between this family and t he 
Cancllaceae. 

There arc even fewer similar traits shared by the Bixaceae 
and Cancllaccae tlun by Canellaceae and Violaccae. T he 
diameter and outline of the vessels are roughly comparable, 
and the narrow width of the rays ( 1-4 cells) suggests t he 
Can~llaccae. Howeve.r, t~es~ few resemblances probably arc 
of shght phylogenetic stgnificance. These semblances arc 
opposed ?r the shon vessels and fibers, perforation plates 
cnnrd} s1mple, :md fibers sometimes septate in t he Bixaceae. 

The Flacourtiaceae arc verv similar to the \ "iolaccae and 
therefore ha,·c lmle m comnion with the Canellaceac 'aside 
from the angular outline of the vessels and some scdttcrcd 
scalarif orm perf oration plates. 

The h..otucrliruaceae pos~ess vessels in a solitary arrange­
ment, and I a\'c fiber-trache1ds and are therefore · ·1 h " . • • , sum ar to 
t e Cancllaceae m these two characters. H owever this doc 
not seem to be adequate evidence on which to ' · s 
degree of relationship. assign any 

A!> has been reported earlier the Canellacc 1 sionall · b 11 d · 1 ' 1
C la\·c occa-. . ) ten a Jc WJt 1 the Ranales (sensu Into) M . 

lbtlcy and Swamy ( 1950) include th C ll . . oncy, 
R · I b · f . . e anc aceac 111 the ana cs ccausc o charactenstiCS other than h . 
by \\ oou anatomy, i.e., monocol ate oil t ose prov1dcd 
cells. In \' tcw of this fact it was~ Pd ~n _and ethereal oil 
gate the wood anatomy 'of the ee~e a Vl_sable to investi-
compare it w irh the anatolll\' ot~ho t ra~al han families and 
poso;tble actual marenal was ·ex· . ed ane aceae. \ Vhcrever 

. f . amme auiJlncm ·d .. . f 
lll3tiOI\ I"Otll the following r ' .o· C U} In 0!-

I[CfatllrC: Balley ( 19-H) i Bailey 
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and Nast {1948);. Bailey and Smith (1942); Bailey and 
Swamy {1953); Bailey and Tupper {1918); Canright {1955); 
Garratt ( 193 3a, 1934); Howard ( 1948); Lemesle ( 1946, 
1947, 1950, 1951, 1955); McLaughlin {1933); Metcalfe and 
Chalk (1950); Money, Bailey and Swamy (1950); Nast and 
Bailey ( 1946); and Record and Hess ( 194 3). 

The wood of the Canellaceae shows very few similarities 
to the wood of the vessclless members of the woody Ranales. 
Of the remaining members of the woody Ranales, the wood 
of the Canellaceae has little in common with that of the 
Himantandraceae, Lauraceae, Calycanthaceae, Annonaceae, 
Piperaceae and Berberidaceae. These conclusions agree with 
those of other workers. Metcalfe and Chalk ( 1950) note that 
some features of the wood of the Canellaceae suggest affin­
ities with the Magnoliaceae and Lauraccac, though they go 
on to say that other characters lend little support to this 
conclusion. Stern ( 1954) did not consider the CaneUaceae 
closely related to the Lauraccac, and consequently did not 
consider their anatomy. 

Bailey, Nast and Smith ( 1943) note that when all evidence 
is considered, the Degencriaccae, Himantandraceae and 
Magnoliaceae fonn a group of very closely related families 
which are only remotely related to the other ranalian fam­
ilies. \Vhile the wood anatomy of the CanelJaceae shows but 
few features in common with the Himantandraceae, a 
number of features are shared with the Degeneriaceae and 
Magnoliaceae (especially with tropical genera such as 
Talauma). Vander Wyk and Canrigllt {1956} could find no 
basis for a relationship between CanelJaceae and Annona­
ceae, nor between CanelJaceae and the "magnoliaceous 
triumverate of families." What few similarities do exist be­
tween Canellaceae and the Magnoliaceae and Degeneriaceae 
could possibly be explained on the grounds of equivalent 
levels of spectalization. 

As noted above, the Degeneriaceae and Magnoliaceae 
show more features in common with the CaneUaceae than 
do the Himantandraceac. Also, the Myristicaceae, certain 
groups of the Monimiaceae, and Chloranthaceae show about 
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the s:~mc number of features in commo~ with the Canella­
ceae as do the Dcgeneriaceae and Magnobaceae. 

\ "cstal (J93i), agreeingwith \Vettstein (1935) and Be~y 
(1915). has placed the Canellaceae next ~o the My n sn­
caccac. Similarly. Yander \ Vyk and Cannght (20. 1956) 
state: 

". . . certain genera of the 1\lyristicaceae share 
a number of anatomical features with the Canel­
laccac. Thus it may be possible that Ves? l ha~ ~he 
correct solution for the proper taxonorruc posltlon 
of this familv when he suggested that it be placed 
in the woody Ran ales ncar the ~~ yristicaceae." 

On the other hand Garratt ( 1933b) observed "the Canel­
laccae . . . seem rather far r emoved from the Myristi­
caccae, despite certain points of similarity." The writer's 
O\\ n obscn·ations arc more in line with those of Garratt, in 
that there seem to be few similar points between these two 
families. 

In wood anatomy the Chloranthaceae and l\lonimiaceae in 
general show little in common with the Canellaceae, but 
certain ~e1~1bcrs of the former families have some points 
that arc :.tmtlar. e.g .• the length of vessel elements. scalarifo rm 
p~r~oration plates with many bars, and t)'pe of intervascular 
pmmg. 

. ,By far th~ grea~est degree of agreement in secondary 
X) l~m seem~. to cx~st between the Canellaceae and the fol­
lo~\'~ng fan11hcs: _DJ~leniaccac, Euptelcaceae, Eupomatiaccae, 
lll~c~accac, and ~chtsandraceae. Of these five families the 
llhctaccac a.nd l!.uptcleaceae seem to have more fcatur~s in 
co~nm~n w_ttl~ 1thc. Ca~ellaceac than any of the others. They 
arc qutte sum ar 111 stze and shape of vessels f 
scalariform perforation plates with many b • .presence lo 

• · 1 ars, tntcrvascu ar p1ttmg. vcsse arrangement, narrow ra s (Ilr . 
composition (somewhat like I:u tcle y ICtaccae) and 
fibers. All tllC; Canclbccac sho~ /ch accae~ ~nd lcnglh of 
f · 1 aractensttc tvpc of per or:~uon p ,JL Lest described as seal ·'f . . . -
of a rclicuhue n •pc (Con . · · au orm \Vtth a nm. turc 

·; J mmce on Nomenclature, 1957 ). 
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This same type ( scalariform-reticulate) is also found in the 
Illiciaceae and Eupteleaceae. 

Bailey (1953), Vander Wyk and Canright (1956), and 
Stern {1954) among others, have warned of the danger of 
basing phylogenetic conclusions on wood anatomy alone, or 
for that matter on any one line of evidence. Consequently, 
the author does not wish to imply that definite relationship 
exists between the Canellaccae and the Eupteleaceae or the 
Illiciaceae, but is merely pointing out that these anatomical 
similarities do exist. However, due to the small number of 
wood features shared by the Canellaceae and Parietales, the 
affinities of the Canellaceac do not lie with the Parietales. 
Conversely, because of the abundance of similar features seen 
in the Canellaceae and Ranales the affinities of the Canella­
ceae appear to be with certain families of the arborescent 
Ranales. This tentative conclusion will be discussed from 
other standpoints in succeeding papers in this series. 

SUMMARY 

The Canellaceae is here considered to be composed of six 
genera: Canella, Pleodendron, Cinnamodendron, Capsico­
dendron, J-V arburgia and Cin1U1'11tosma. 

The infonnation gained from studying the secondary 
xylem of members of the above genera was used to compare 
the Canellaceae with members of the Parietales and R.anales, 
orders in which this family has been placed in many ta:xo­
nomic systems. The anatomy of the wood shows some farrly 
advanced features in the character of rays, but the other 
features point to a low l~vel of spc:cializati~n-a ~onditi?n 
which is not in accord wtth the high rank g~ven this family 
in most systems of classification. There is more similarity 
between the wood of the Canellaceae and the woody Ranales 
than between the wood of the fonner and the Parieta.les. 
Among ranalian f~es the '!~ds of the E~pteleacea~ 
Dilleniaceae, Eupomanaceae, Illictaceae and SchiSandraceae 
are most similar to the wood of the Canellaceae. 
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FOREST SOILS OF DARIEN PROVINCE, PANAMA 

josE A. ~lARn~ •. RICARDO AH Cau, P EDRO N EL L EZCANO , 

Servicio JntermnericJno de Cooperaci6n Agricola en Panama 

j oHN \V. BRoWN 
International Cooperation Administration 

T he arri,·al in Panama of a group of botanists1 from Yale 
and Sr. Loms CniYersities in !\lay 1959, presented an oppor­
tunity to obtain more in!ormatio~ on the so.ils of th~ 
Province of Darien, Panama. A prevtous reconnrussance soli 
survey prepared by technicians of the United Fruit Com­
pany (Smith, et al., 1954) was available and was used as a 
general guide. The United Fruit Company survey was found 
to be extremely generalized, and the soils of the Darien arc 
so variable that to attempt a systematized survey in the sev­
eral classes of vegetation, at different altitudes and along 
seacoast and rivers, \VOuld be a task requiring several years 
and a large field party. For the purpose of this trip, it was 
deci?ed to sc!ul a soil scientist with the botanisrs to prepare 
a sml.collecuon and profil~ study at each site where plant 
u~atcnal. was collected. This would serve to check the pre­
non~ soil survey and provide basic information for a more 
detatled survey if one were desirable at a later date. It would 
also prO\·ide soil data for possible future correlation in plant 
ecological l;tudies. 

T.he atta.chcd map. (fig. 1) shows the location of the gen­
crahz~d. s~nl areas. Sites 1 to 7, 18, 19 and 31 to 35 were in 
t~e. ':tcmtty of El Real; sites 8 to 17 were taken in the 
vtctmty o~ the Cuna Indian village of Paya; sites 20 to 30 
~ obtamed bct\veen Boca de Cupe and the Cana Valley; 

.'The s~il~ s~dies. described herein were erfo d . . . 
wah flor•~tJc 1nvemgations of the Darien P . rme . m assocJaoon 
under the au)pices of the "'ational Scien F be•~g _earned out partly 
and the U.S. Office of Naval Resear h ce oun. au~n of the U. S. A., 
close cooper::nion with botanists \ V c L 1 he sot! socnusts worked in 
J. E. Ebinger of Yale Universi a d · tern, K. L. Chambers and 
versity. It is intended to publis~' .n. J. D. Dwyer of St. Louis Uni­
hte pedalogical and botanical obS: JOI~t paper in an au:empt to corre-

rvauoos at a later date. 
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and sites 36 to S1 near where the Rio Tuqueza meets the 
Rio Chucunaque, designated on table 1 as "Pandelpet." 

Table 1 presents data from field observations while table 
2. is devoted ~o information obtained after laboratory analy­
SIS of the soil samples. Reference to figure 1 will show 
that Darien Province varies from extremely fiat river bottom 
lands to steep mountains. The bulk of the samples collected 
was from rather flat or rolling lands but this should not be 
interpreted as meaning that the area is flat. 

The column headed "Class" in table 1 indicates the land 
use capability classification system employed by the U. S. 
Department of Agriculture, Soil Conservation Service, par­
ticularly that of Hockensmith and Steele (1949). The best 
agricultural land would thus be Class I, with Class Vlll the 
poorest suitable only for recreational purposes. Oasses II, 
III and IV are suitable for cultivation with limitations being 
imposed by slope, water availability, etc. Classes V, VI and 
VII are suitable only for pasture or forest. The capital letters 
immediately following the land class denote a general super­
ficial aspect of the land and may or may not be associated 
with the factors which influenced the formation of the soil. 
These are as follows: 

A. alluvial 
C. hilly 
H. rolling 
R. residual soil not otherwise classified 
0. organic 

The column headed "survey number" may be interpreted 
as follows (Hansen and Ah Chu, 1960): 
Allrwilll soils (fig. 2) 

24 Medium temll'C: adequately drained not subject to intmda-
tion. • ~-..!-

2S Fine tenure: adectuately drained and subject to muDUliUUO. 

26 Coarse textlll'e: adequawy drained. 
29 Very fine texture: imperrccdy drained. 

ResidU4l soils not latosolic <fis· 3) 
30 Coarse teXNR: adeCJUitelY drain~. 
40 Medium cexmre: adequately. drained. 
so Fine tenure: adequately diained. • 
70 Without clay pan: impCrfccdy draioed. 
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utosolic soils (fig. 4) 
75 Without clay pan: impe~fectly drained .. 
82T Rolling with day pan: tmperfectly dral!led. 
550 Land cut sharply: adequately drained. 
Si'O .\loumain land: adequately drained. 

The bcosolic soils arc dcri\·cd largely from basic igneous 
andcsttcs or basalts (Tern·, 1956). Residual soils w hich are 
not htosolic arc formed ' iargelv from parent materials of 
shales, sand~toncs, conglomerates and limestones of Eocene 
to Late \ hocenc age with some influence of igenous intru­
sions. 1 he alluvial soils are derived from mixed sediments 
of both igneous and scdtmentary parent materials. 

The texture of the soils (table 2) was determined in the 
laboratory by means of a hydrometer (American Society for 
Testing J\laterials. Committee D-18, 1950). In general, the 
soils contain large amounts of clay, but there is usually suffi­
cient sand and silt so that the soils may be classified as loams. 
The color of the wet soil was determined by reference to 
Munsell soil color charts. Most of the soil colors are some 
shade of brown or red. This may be somewhat misleading 
because of the presence of a mottled zone in the subsoil. 
The letter .M has there~or~ been placed immediately before 
the color m order to mdtcate a mottled zone which is a 
mi.xrure of ~ed, ?·cHow, black and sometimes green or grey. 
The latosolic sods us.uaUy occur on rolling lands and thus, 
although they contam a mottled zone in the subsoil are 
sometimes listed as having medium drainage if excess \.~ater 
is n_ot a problem. Sites 38, 39, 41 and 51 have a mottled zone 
whtc~ has develo~cd as a. result of prolonged flooded periods. 
The mternal dramage 1S adequate but drainage has been 
shown as only medium. The pH of the soil was determined 
by 11_1eans of ? glass electrode using a 1 + 1 soil-water sus­
pensiOn (Urut~d States Salinity Laboratory Staff, 1954). 
There was a wtdc pH range (3.5 to 7.5). Samples above H 
7.0 arc extreme!) rare and are associated w1'th th 1 P 

l h e ca care-ous areas. t s ould be noted however that 1 
h. h · 1 · · samp es very tg m ca cmm have m some cases a very low H 

1 Th f .1. 1 p va ue. 
e ertt tty evels, that is nitrogen (N) h 

(P206) and potassium (K.,Q) extracted by' lOP osphorus 
- ' per cent 
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Table !-Continued ..... 
t..l 

SIT& nAn: Sl.OPE SURVEY 

NVMOf.R (X)U t:C1T.D PER Cf.NT CLASS NUMBER DRAINAGE J.OCAflON ---- Good Cana 3 miles north 26 June 26 l HO 30 
27 June 26 I II A 24 Good Cana 4 miles north ncar Rfo T uira 

28 June 26 12 VR 82T Poor Cana 8 miles nonh near Rio Paca 

29 June 27 IS VR S70 Medium Cana 10 miles north near Rio Cupe 

30 J une 27 J IIIR so Good Cana 12 males north near Rlo Cupe 

31 J une 30 s vc 75 Poor El Real 1 mile southeast ncar airport ;! 32 June JO l IV C 70 Poor El Real 300 f cet from site 31 

33 June 30 1 VH 75 Poor Fl Real ~ mile southeast ncar airport 0 
34 July 1 1 IV H 70 Poor El Real south toward Cerro Pirre ~ -35 J uly 1 1 IV H so Good Ll Real 300 feet south () 

36 July 4 l lilA 26 Good El Real half way to Yaviza on Rio Chucunaque > 
37 J uly 4 1 Ili A 26 Good Site 36 about 150 feet from R fo Chucunaque r 
38 J uly 4 1 Til A 25 Medium Site 36 about 100 feet from Rio Chucuruaque ~ 
39 July 4 1 IV A 25 Medium Pandelpet 0 
40 J uly 4 1 IV C 75 Medium Pandelpet 60 feet south 0 
41 July 4 1 Ili A 30 Medium Pandelpct 100 feet east 0 
42 July 4 10 VIC 550 Medium Pandelpet 150 feet east CJ) 

43 JulyS 1 VIA 29 Poor Pandelpet ~ mile northeast 
44 J uly S 1 IV A 70 Poor Pandelpet Vz mile northeast near Rio Chucunaque 
4S J uly 5 1 IIA 26 G ood Pandclpet 1 mile northeast 
46 J uly 6 1 IV R 70 Medium Pandelpet 1000 feet northeast 
47 July 6 1 IV R 70 Medium Pandclpet 60 feet from site 46 
48 J uly 7 1 IV R 70 M edium Pandelpet across Rio Chucunaque 
49 J uly 7 15 VIC 75 Poor Pandelpet 300 feet from site 48 
so J uly 8 10 IV R 70 Poor Pandelpet Y, mile northeast 

.... 
'0 

51 J uly 8 Medium 
0. 

1 IliA 26 Pandelpet 150 feet from site SO 0 

1-•ig. 2. River margin shuwing area where alluvi;al soils arc dcpo~ircd and where agricu lturc is mmt prumi~ing 





~ .\ \IPU m..rrn 
.Nl.f.\ f 8fR ININC'HF..S --

14 0-6 
12- 36 

IS 0-6 
10-15 

16 0-6 
6-20 

20-40 
17 0-6 

12-24 
36-48 

18 0-30 
30-60 

19 0-16 
16-48 
484> 

20 0-6 
6-12 

12- 36 
36-54 

21 0-3 
3-20 

20-40 
404> 

22 0-3 
3-12 

12-40 

Table 2 Comimu:d 
-- -PH 

~--

PCl\JNDS PI R m cr.w .(8 IN.) ..... PE R CENT 4-
I t I "\;0. P.O,. K,O CA ORGANIC 

COLOR (WET) TEXTURE F.A'TRACI (EXTRACTARI E UY 10 PI'R CF.NT ~AAC) MAll'ER - - · --
dnrk brown silr loom 4.7 80 25 300 750 3.57 

M red brown clay loam 4.6 80 2S 300 750 1.'01 
brown sHt loam 4.2 160 25 540 1750 3.11 

,\1 d;lrk brown silt loam 4.2 20 25 420 1750 2.23 
ycJlo,, brown sandy loam 6.0 160 60 300 14000 2.7 1 
dark brown clay 4.6 20 60 480 14000 .93 ;J .\1 yellow brown clay 4.7 8 125 360 14000 .90 

dark gray brown sandy loam 6.0 160 60 660 14000 4.82 0 
yellow brown clay 5.4 40 60 300 14000 1.04 ~ -M yellow brown clay 5.1 80 185 420 14000 .78 () 

dark gray brown clay loam 5.3 8 60 660 1750 5.66 > 
,\f dark g ray brown clay loam s.s 8 60 660 7000 3.49 l" 

yellow red sandy loam 4.7 8 25 360 750 3.16 ~ .\ 1 yellow brown sandy loam 5.2 8 60 300 14000 .02 8 brown loam sand 7.3 8 185 300 14000 .09 
dark brown sandy loam 3.6 40 25 360 750 5.3 0 
yellow red clay 4.3 8 60 300 750 2.11 (J} 

very dark brown sand 4.7 :w 25 300 750 .67 
\1 lighr yellow brown clay loam 4.2 20 25 300 750 .71 
dark yelluw brown sandy loam 4.5 40 60 420 1750 11.0 
Jighr gray brown sandy loam 4.4 40 60 360 1750 5.00 

Collecred but legend unreadable 
H ry dark brown clay 4.8 20 25 300 750 .71 

red brown clay 3.5 8 25 300 1750 10.40 -brown sandy loam 3.7 80 25 300 750 4 .91 
'() 
~ 

M yellow red clay 4.5 8 25 300 750 2.00 0 

being c ropped on residual soils whk~ h o~ rc nor. l.nosolil·. Sud 1 loc;lliric, occur in mounr:1in 
\':tllcys anJ rcprcscm places of agricul tural potl'nt ial. 



Table 2-Continued 

PH POUNDS PER HECTARE (8 JN.) PERCENT z 
1 + 1 NO. Pt06 ~0 CA ORGANIC ? 

SAMPLE DEPTH 
NUMBER IN INCHES COLOR (WET) TEXTU1lE EXTRACT (EXTRACTABLE BY 10 PER CENTNAAC) MATTER --

clay 4.5 8 25 300 750 .81 N 

~50 M yellow red 
23 ()-3 yellow brown loamy sand J.6 80 25 300 750 .14 

3-16 yellow red sandy loam 4.1 20 25 300 750 3.19 

16-40 M yellow red clay 4.5 8 185 300 750 1.39 
40-60 M kellow red clay 4.2 8 25 300 750 1.02 

24 ()-16 dar red gray clay loam 4.9 80 60 300 5000 1.66 ...; 
16-32 dark yellow bro~ sandy loam 5.1 60 60 300 7000 1.14 ~ 

25 0-12 bro~ clay loam 5.5 80 60 540 1750 3.19 0 
12-24 dark brown clay 5.1 8 25 360 350 1.62 

., -26 0-8 dark gray brown loamy sand 6.4 60 185 360 14000 8.24 Q 
S-36 dark yellow bro~ sandy loam 6.4 20 125 300 7000 3.07 r 

27 0-16 dark brown sandy loam 6.1 80 125 300 14000 3.13 
16-40 dark brown silt loam 6.1 60 185 300 14000 2.41 ~ 

28 0-12 dark ~ellow brown silt loam 5.6 8 125 300 14000 3.37 0 
12-36 M dar kellow brown clay loam 5.9 8 185 300 7000 1.66 0 

29 0-16 dar brown sandy loam 5.7 40 60 300 3500 9.01 0 
16-24 M dark brown sandy loam 5.7 20 60 540 14000 2~41 

V'J 

30 0-16 dark brown sandy loam 5.7 40 60 300 14000 5.72 
20-40 bro~ silt loam 7.5 60 185 480 14000 .62 

31 0-20 dark red brown clay loam 5.5 8 185 420 14000 4.16 
20-40 M red bro~ sandy loam 4.7 8 60 300 7000 1.87 

32 ()-tO dark brown silt loam 6.0 40 125 360 14000 1.69 

·~ 
M yellow brown clay loam 4.5 8 60 300 7000 .71 

)3 0-8 dark brown silt loam 5.1 8 60 660 7000 2.41 
S-24 M yellow bro~ sandy loam 4.7 8 25 300 750 1.33 ...... 

2+-40 M yellow red sandy loam 4.6 8 25 360 5000 .21 
._, 



~'"II'U: llfl'lll 
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.34 0 3 
3-18 

18-40 
35 o-10 

10-40 
36 o-3 

3-20 
Zo-30 

37 o-3 
3-24 

24-40 
38 Or.? 

2-24 
.?HO 
4(}-60 

~l9 o-2 
2-18 

18-40 
40 o-2 

2-20 
2o-32 
32-.S'O 

41 o-zo 
2o-30 
Jo-5o 

4.2 4-14 

Table 2-Cominucd 
"PI1-- ---POt;NilS PI"R fii.CJ'AIIE (8 IN.) PERr.£Nr ~-0.. 
1 -t-1 '1\;0. P.o. I<~o CA ORC'.ANIC 

COLOR (WET) TE..'HUR£ f.XTRACT (EXTRA< T~IIJ,I: IIY 10 I'I·R c:~>.NT :1\;AAC) MATTEil --
Collected but legend unreadable 

M brown silt loam 5.1 8 60 300 1'1000 1.56 
M Collected but legend unreadable 

gray brown clay loam 5.7 8 80 660 14000 3.23 
dark brown clay lonm 5.4 8 185 300 14000 1.91 

dark gr;ly brown sand 5.5 40 60 360 5000 1.91 
~ dark yellow brown silt loam 5.9 80 185 300 7000 1.75 

dark yellow brown clay loam 6.6 8 80 300 14000 1.68 0 
very dark brown loamy sand 7.0 20 245 300 7000 8.60 ~ -dark brown sandy loam 7.0 20 185 300 14000 2.16 ~ dark brown sandy loam 6.3 8 185 300 7000 .12 

Collected but legend unreadable r 
Collected but legend unreadable ~ 

.\1 dark brown clay 5.1 8 60 300 3500 .83 8 ,\1 brown clay loam 6.9 60 120 300 750 1.36 
Collected but legend unreadable 0 

dark brown clay loam 5.8 60 185 300 5000 3.58 Vl 

,\1 dark brown clay loam 5 J 20 185 300 5000 1.20 
Collected but legend unreadable 

dJrk red clay loam 5.1 40 60 300 750 2.40 
1\t dark red clay loam 5.0 80 80 300 750 .66 

,\ t yellow red clay 4.5 8 125 300 1750 .90 
d1rk brown silt loam 5.7 8 60 300 1750 

yellow brown 
.96 

silt loam 5.7 8 80 300 750 .84 -1\1 brown silt loam 6.3 8 125 300 1750 -o 
dark brown 

.90 ~ sandy loam 5.9 60 60 300 14000 5.99 

latosolic soils are present. Such areas are best rcscr\'cd for forest land as their 
agriculrura.l productivity is low. 



T able 2-Continued z 
PH POUNDS P£R HECTARE (8 IN.) PER CENT ? 

SAMPLE DE.Pnl 1 + 1 NO. P.o. K.O CA ORGANIC -NUMBEII IN INOIES COLOR (WET) TEXTUR£ EXTRACT ( EXTRACTABLE sv roPER CENT NAA.c) M ATrEJt -N 

1~28 yeUow brown clay 6.2 8 185 300 7000 .45 
28-50 yellow brown clay 5.9 8 185 300 7000 .15 

43 0-10 M dark ~y brown sandy loam 5.7 8 245 420 14000 2.83 
10-SO M rown silt loam 5.6 20 120 300 7000 1.20 

44 0-8 M dark brown silt loam 6.0 40 40 300 7000 4.91 

~ 8-SO M dark yellow brown clay 6.1 8 125 300 14000 2.50 
4S 0.20 Collected but legend unreadable ...... dark brown silt loam 6.3 20 185 300 14000 .99 

~ pybrown day loam 6.2 8 120 540 7000 3.23 
M brown silt loam 5.1 8 60 360 14000 134 
M broWn ~yloam 4.9 80 120 360 14000 1.18 -wr brown san'!f.loani s.s 40 80 660 14000 s.n 

~ -''fOWD :y 4.3 60 80 330 14000 JJ7 
yeDo~-btoWD c;lay loam 4.8 20 80 360 7000 .93 

cJfirlt. biown SID~Ioim 59 40 2S 300 1SO s.n fl dirldnown 
claylt..n 

5.4 60 lZS 300 1750 l.S4 
M . clark: blow 6.0 8 ISS 300 1750 I .AM 
dUk ted bt6wn san~oam 6.0 80 125 780 sooo SM ftc1.· . :y 4.5 80 2S 300 150 1.s8 
M 41a$ brown eik!Mm 5.7 40 60 300 1750 J11 cfU.k b .-n~loam S.9 60 18J 420 14000 12.20 '· ..,~ 

¥ '8ai..., &IOWA ~ 6.0 8 12S 330 14000 9.53 
~dected but legencl unreadable 

6.6 8 60 420 sooo l.7S 
""' 63 40 ISS 360 14000 .93 ..... 
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~odium acetate (Lunt, et al., 1950) are very low as would be 
expe-cted in an area of high rainfal~ .and high . tempera~re. 
rhe u:-e of large amounts of fcrtiltzcr, parocularly htgh 
phosphorus application. is indicated b~· th~ la~oratory analy-
k 'llte appearance of the natural ,·egetatlon 1s usually quttc 

\'igorous :md first impressions arc that t his land is extremely 
fertile. This is in error howcYcr, and one or two crops will 
rcmo,·e the anilahle numents resulting in the failure of 
subsequent crops. This has given rise w t he " Rosa" or "slash 
and burn" svstcm in which the land is culti,·ated only l , ·car 
of each 5 ro 8 years. The alluvial lands, particulari~· ,~·hen 
they contain large amounts of calcium, are howe,·er, poten­
tially \'cry productt\·e if fertilized and managed properly. 

Organic matter was found to be extremely variable. Areas 
which ha,·e been in tropic:1l forest for manv· years have large 
amounts of organic matter in the surface 'ta\·ers, but where 
~n ar~a has been cleared and ~ulti,·ated. the organic matter 
1s rap1~ly oxtdtzcd under the mAuence of high tempera ture 
and ramfall. Some of the areas of alluYial soils receive an 
annual deposmon of sml and debris and are charcterized b\· 
a high organic matter content. · 

5v\t\1ARY 

The soils of the Damn area mav be divided roughlv mto 
three groups. · · 

I_. The_ alluvial !>oil nf rhe lowbnds \\ hich are subject 
t<~ mu~dauon I?Y flood waters. Large areas are inundated bv 
!ugh .n~cs whtch. !~aYe giYen nsc to the saline mangrO\:e 
as.-;octatl~n~ not. vtsttcd on this trip. "'earlv all the agricu l­
ru:at actmty ot ~he I?aricn area takes place on the alluvial 
sotls ncar the ma1or m·ers and their triburar1·cs 

1
· 

l • • n areas not 
su'>JCCt to the mRucncc of seawater These all · 1 ·1 · 11 . . . · · uvta SOJ s arc 
p<,rcnua ~ c. xrrcmch productive and offer large · f 
· 1 1 1, · 1 -1 . reg1ons o \a ua .' c agncu Lura land tf protected from flood in 

su pphcd \\ tth adc9uarc drainage. g and 

2. The 111isccllancnus grouping of soils called .. . d 
1 but nor latf,solic'' OCCUJlics locatt' ons . d' rest ua 

th II · 1 mrcm1c tate between 
c 3 uvta and latosolic conditions It 0 · . 

· ccurs m mountam 
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valleys w~~h are slightly undulating, and which are of more 
recent ongm than the areas of latosolic soils. Nevertheless, 
the soils of thes_e valleys .are in the process of degradation. 
The area oc~upted .by this grouping is small but it contains 
the only sotls beSides the alluvial kinds which may be 
successfully cultivated. 

3. T~e latosolic solis which predominate, occupy most 
of the lull\' and mountainous land. These soils are limited 
to usc for· pasture or forest production and only very few 
situations are suitable for cultivation even 1 year in every 
5 years. 
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0~ THE ORIGIN OF AN UNUSUAL DIPHOLIS 
FROM THE FLORIDA KEYS1 

KENTON L. C HAMBERS 

Department of Botany, Yale University, New Haven, 
Connecticut 

t"\o Name Key is a small island in the Lower Keys of 
Florida lying just cast of Big Pine ~ey and f?nnerly. con­
nected with that larger island by a highway bndg~. Pnor to 
19-J.S \vhen the bridge was wrecked by a hurncane, No 
~an;e Key was permanently inhabited, and its vegetation 
probably resembled the fire scarred pinelands of neighbor­
ing Big Pine Key (Stern and Brizicky, ~9_57) . ~~en Dr. 
\Villiam L. Stern and Dr. George K. BrlZlcky v1S1ted No 
Name Key in July of 1956, however, they found it was 
virtually abandoned and evidently had been free from burn­
ing for a number of years. An impenetrable growth of palms 
and young hardwoods \vas massed below the tall old pines; 
the unused asphalt road that bisects the island was being 
encroached upon by grasses, young pine trees, mats of 
Acacia f,Tnzesian.t, ferns and shrubs from the roadside thicket. 
The dramatic contrast between the dense vegetation on this 
uninhabited island and the sparse, open stands of pines and 
low palms on adjacent, well populated Big Pine Key caused 
these im·csrigators to suggest that hardwood hammock for­
ests, in the absence of fire, eventually could replace much 
of the pine forest now present on the Lower Keys. 

Among the plants observed by Stem and Brizicky in the 
lush thi~kets along the ab~ndoned road on No Name Key 
was a st~gle small tree,. evtdent~y a member of the Sapota­
ceae, which they tcntanvcly asstgned to the genus Dipbolis. 
It differed markedly in leaf shape, however, from nearby 
trees that appeared to be typical of D. salicifoJia (L.) A. 
DC., th~ only species known from Florida. Its leaves, while 
not n~~cea_bly longer t~an those on adjacent young trees of 
~tczfolta, were consistently at least twice as broad, giving 

1

Field . work ncce~sa~ ~or collections on the Florida Keys was 
accomplished under l"anonal Science Foundation grant G-2325 
awarded to W. L. Stern. 
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q~ite a~ unusu~l aspe_ct to its fo~e. All the individuals of 
D1phol!s. were m frwt at that time of the year, and Stem 
and Bnz1cky prepared herbarium specimens of the aberrant, 
~road lea~ed tree and of a normal, narrow leaved one grow­
mg ne.ar 1t .. The br~ad leaved individual seemed to diJfer 
from Its n~1ghbors m no other significant moq>hological 
f~atures; Without furthe~ evidence it could only be con­
sider.ed ~ somewhat atypical fonn or genetic variant of D. 
saliczfoluz. 

MORPHOLOGY 
When Dr. Stem and I made a trip to No Name Key in 

March, 1958, we noticed that the trees of Dipholis there had 
abundant clusters of young flower buds. A second series of 
pressed specimens of the broad leaved and narrow leaved 
types was taken, and in addition, buds of the two forms were 
preserved in Camoy's 3: 1 ethyl alcohol-acetic acid fixative. 
We hoped that cytological observations on the meiotic be­
havior of the plants might offer additional clues to the 
taxonomic problem ~a by the variation in leaf shape. 
The specimens obtained in young bud also revealed distinc­
tive morphological features of the broad leaved variant that 
were not present in the earlier collections of Stem and 
Brizicky. The flower clusters were larger and denser, the 
flower buds were larger, and the pccticels were longer and 
stouter than the corre:Sp!)nding ~ in narrow leaved. 
"normal" individuals of D. itllicifolia on No Name Key. 
The differences in leaf shape and in the ap_peara_nce of die 
inflorescences are evident in the -accompan~g thor.~ 
(fig. 1-4). The two plants ill~ grew Slde. Y sa e.~ 
no individuals with leaves or iil1lol:eSCCJ1C• of mterm=ed•• 
si1.c were present; the larF buds in ~~!'!J ate ~c 
older than those in fip 4, siac;e CO··~~·e mm 
were found in the largest buds of dte tWo plana. be hi die 

As strikingly different 8S kllf .,.,.tlil.Y ••• 
collections from No 
or exceeded in specimens 
the range of that soedf.l!·''j•BfLj-L\'l"l."i"l~)l,~jP.I~~~~~?f:· 
figure 1 varies from II 
it varies from 12 to 
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Dipholis Cronquist (1945) states that the leaves of D. sali~­
folia range in width from "1.5 to 4 em." Some of the vana­
tion in leaf shape of D. salicifolia is illus~ated in ~gure 5 by 
leaf tracin2S made from selected herbanum specunens. The 
types fou~d on No Name Key ~re shown at A a?d B; ~he 
remaining sketches arc lettered m the order of mcreasmg 
cfurance from that island. T he plants at C and 0 are from 
rla.: rip of peninsular Florida, E and F ~re from the Uppc:r 
Ken, G. H and J are from Cuba, and K IS from the Domtru­
can Republic (table 1). Even from this small sample of 

F G 

Fig. 5. Leaf tracings of Dipholis sa/icifolia at rune localities. X !,1.­
A; St~rn & Chambers 3JJ, No Name Key; B. Stern & Chambers 312, 
No Name Key; C. MacDonald 11, Cape Sable; D. Curzirs 1760 Um­
brcU~ Key; 1:. Sttm & Chambers 2$8, Plantation Key; F. W. L .' Stern 
32, Kty Largo, G. Jack 561$, Cuba; H. Wright 132$ Cuba· J. Gill 

0 Whitford 41 Cuba; K. Schiffono 94, Dominican Republic. ' 
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leaf types it is evident that the broad leaved individual, A, 
from No Name Key is not noticeably out of place in D. 
salicifolia as a whole. 

To discover whether the samples from No Name Key 
are within the range of variation of the species as it occurs 

100 

' • 
90 ~ 

' '~ •• . • 
E ••• 
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~ i. .s 80 . // 

~ ~ / ,, - . ,~ .. Cl 
c B I~ ~•,.• • .!! 

• ••• • - • ~ . c 
• / G) 

....J 
I' I 

10 20 30 
Leaf blade width in mm. 

· D' b lis ~~~- at foar Fig. 6. Scatter dia~ram of leaf shapes m 3 N Smw e 
localities in the Flonda Keys. Dots at A. o ;:-No ~ ~ 
Briziclty 394 and Sum 0: Chtmrbefs J::,; elora ~ - Pial ~. 
stern , c~n, 11~;.1:: ::_;:co ~upper Wf. Pte·~ a 
Stern 6- Bnzu:lty 290, --t~• 1:..a.. ~- ,.,. • Stern 6- Cbltllrbnl ZJI; y---. -~ 
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on the Florida Keys alone, a scatter diagram was prepared 
from leaf Jcngrh-width measurements made on these and 
three other c~llccrionc; from the Keys (fig. 6). Ten well 
developed Jca,·cs were measured on a' singl~ tree from each 
locality; the 20 lca,·es diagrammed for the broad leaved No 
0:amc Key individual, at :\, represent 10 lea,·es f rom the 
Stern and flriticky sample of 1956 and 10 from the Stern 
and Chambers collection of 1958. Although trees A and B 
are clearly distinct on the diagram (as one would expect 
from fig. I and 2), the trees from Big Pine Key (one mile 
fron· ~o "Jame), Plantation Key (56 miles from No N ame), 
and North Key Largo (75 miles from No Name) rather 
well fill the gap between them. The plants on N o Name Key 
represent the extremes of leaf shape in D. salicifolia on the 
Florida Keys. On the adjacent mainland, individuals from 
Cape Sable (fig. 5C, 37 miles from No Name) and U mbreJia 
Key (fig. 50, 45 miles from ~o Name) match or exceed 
m '' idth the broad leaved, ''aberrant" tree on No Name 
Key. 

Table l. SPrA.t:'\te-.;s Usrn IS TH£ Co:'\1PARISONS oF LEAF SHAPe AND 
STO:'\UTE Stu. 

W. I •. Stern & G. K. Brizicky, 394, '\o ~arne Key, .\tonroc Counrv, 
Florida. Y .1 • 

W . L. Stern & K. I.. Cl:ambers 331. same indh·idual as above. Y. 
W. L. SteT_n & K . L Chambers 132, ~o "arne Key, ~lonroe County 

Flonda. Y. ' 

W. L. Ster;z & !<· L. Clmnbers 2f8, Plantation Key, ,\tonroe County, 
flonda. \ . 

W. I.. Stern & G. K. Brizicky 190, Big Pine Key \ tonroc County 
Florida. Y. ' · ' 

W. L Ster~ & G. K. Brizicky 460, Nonh Key Largo, :\1onroc County 
Flonda. Y. ' 

IV. L. Stem 32, Key Largo, \lonroe Counry, Florida. Y. 
A •. l/. Curtiss 1760, UmLrclla Key, Monroe County, Florida. YU. 
Gt/1 & Whitford 4, ca~rern Cuba. Y. 
J. G.fack S67f, Cicnfucgos, Cuba. Y. 
S. R. MacDoflaiJ 11, Cape Sable, Monroe Coun'"'· Flo 'd ". 
IS h 'ffi ·•· n a. 1 • c t mo 94, Dominican Republic. Y. · 
C. Wright H25, Cuba. YU. 

IM;,br;yj:ullJIU for herbaria arc taken from Lanjouw and StaB~ ( 
1959 

• 
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Despite the equivocal nature of the contrasting leaf shapes 
found on No Name Key, there remain the clear differences 
in size of inflorescences and flower buds on the broad leaved 
an? narrow lea~ed trees there. The number of flowers per 
a.~Ilary cluster m the broad leaved variant, which is in the 
range of 20 to 48, is not excessive for the species, D. slllici­
folia. The collection, Stern & Chtnnbers 258, from Planta­
tion Key, for example, has 8 to 24 flowers in a cluster. How­
ever, the size of the flower buds in the robust plants on 
Plantation Key is the same as that shown in figure 4; the 
remarkably Jarge buds in figure 3 are unique to the broad 
leaved individual on No Name Key. 

fi 7-12 Floral pans and ceU size in two plants ~ Dipbolis from 
No ~arne Key.-F1g. 7-9. Stern f!J Chambns 31!·-F'B· 1~12. Stma 
~ Chambers 332.-Fig. 7 and 10. Anthers.-~ag. ~ and 11. Pecal 
lobes.-Fig. 9 and 12. Magnified views of petal ep1dernus. 
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Preserved flower buds of the collections, Stern & Cham­
bers 331 and 332, were sectioned and dissected, and meas­
urements were made of the size and thickness of the floral 
parts. The largest buds of 331 are 2.5rnm. long and 1.75 
mrn. wide; the buds of 332 at a comparable stage of devel­
opment are 1.75 mrn. long and 1.25 rnm. wide. The sepals 
and petals of 331 are from one-and-one-fourth to one-and­
one-third times as thick as those of 3321 and the anthers and 
petal lobes are on~-~nd-one-third tim~ as lo~g. Th~ cells ~f 
the petal epidermis m 331 are one-third agam as wtdc as m 
332; a microscopic field of view of the former, for example, 
may show seven rows of cells where one of the latter shows 
nine rows. Figures 7 to 12 illustrate the differences in 
anther size, petal lobe size, and cell size just mentioned. 
Similar, though less striking, differences were seen in the 
ear-like appendages on the petals, characteristic of Dipholis, 
and in the petaloid staminodes t hat alternate with the 
stamens. 

Two questions are raised by the correlation just noted 
bet\veen larger cells and larger floral structures in plant 3 31, 
the "broad leaved variant." Does its greater cell size explain 
its relatively larger leaves, in comparison with the narrow 
leaved 332? And are its larger cells indicative of a polyploid 
difference m chromosome number? T o answer the first 
question it was necessary to compare microscopically the 
leaves of 331 with those of "typical" large and small leaved 
plants from other localities. Pieces of mature leaves from 
six collections were cleared and stained ( Carlquist, 19 57), 
and a random sample of 50 pairs of guard cells was exam­
ined on the lower epidermis of each. The leaves used were 
the same as those shown in figure 5; in the tabulation of 
results, figure 1 3, the letters at the left correspond to those 
in the former illustration. In figure 13 the range, the mean, 
and the standard error of each set of measurments are given. 
The guar~ c~lls of plant A, which is Stern & Chambers 331, 
are very stgmficantly larger than those of the other samples. 
And the .lan~r P.lants (with the exception of plant D), 
t!lOugh t11fTenn~ m leaf size and in geographical distribu­
non, have esscnually che same size guard cells. Why sample 
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D, from Umbrella Key, varies so ~eatly from the others in 
the small size of its guard cells JS not clear. However, it 
seems fair to deduce that plant A, from No Name Key, 
differs consistently from typ1cal D. salicifolia in cell size, even 
though the shape of its leaves is not abnonnal for the 
species. The contrast in leaf shape between plants A and B 
(331 and 332 of fig. I and 2) may be due in part to this 
cellular difference; the similarity in shape between plant A 
and plant D (fig. 5), on the other hand, is not founded on a 
similarity in size of cells. 

CYToLOGY 

Squash preparations of the preserved anthers of the two 
plants on No Nam~ Key, _Stern ~ Cham~ers 331 and 3~2, 
made in aceto-carmme stam, provtded saosfactory matenal 
for examination of some of the meiotic stages. However, 
only a few of the largest buds were undergoing meiosis, and 

A 

a 

c 

D 

E 

K 

• 
10 20 !0 40 

Guard cell length in micra 

Fi . 13 . Size of stomatal apparatus in the leaves of Dipb~lis f~ 
six J~calities. Horizontal line, the range of ~he measuremdn~, vertic;: 
line the mean; black rectangle, plus and mmN one :an B = 6' 
the 'mean A Stern rh Chambers 331, No arne t'; .Sable D 
Chamber; ni, No Name Key; C. Mapc:::J:;, 2h_ p~~ 
Cuniss 1760 Umbrella Key; E. Stern. v ' 
Key; K. schitJmo 94, Dominican Republic. 

50 
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a relatively small number of cells was available for study. 
In addition, perhaps because the buds had been stored in 70 
per cent ethyl alcohol for several months in a refrigerator, 
the staining reaction of the chromosomes was relatively 
weak. T emporary mounts had to be set aside for several 
days to allow the stain to darken. Phase-contrast microscopy 
was unsatishctory because of the numerous inclusions pres­
ent in the C) toplasm of the sporocytes. 

In the narrow leaved, "typical" D. salicifolia (332), the 
only stage seen :lt which it \\as possible to obtain a count of 
the number of chromosomes was second anaphase of meiosis. 
The haploid number \Vas determined as n = 12. Figure 14 
illustrates a cell at this stage, with the clearest of the four 
anaphase groups of chromosomes drawn in detail. Very 
man) of the anthers examined had sporocytes that had not 
yet entered mctooc dtviswns; the anthers in only a few of 
the largest buds had completed meiosis and produced quar­
tets ot spores. In a prcparanon shO\\·ing spore quartets there 

lOp 

fig. 14. S·c.., d mcmtic an;~ph:be m Dipbolis salici{ol~t.z St rb 
Chambt rs 332 '-o '\arne Key. n = 12. • ern 
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appeared to be very little irregularity in the meiotic prod­
ucts. ~~t of 1.80 quartets studied, only two were abnormal, 
contammg a nny fifth spore. The percentage of apparentlv 
normal quartets was 98.8 per cent. • 

The preserved material of the broad leaved individual 
St~n~ & Cha1~1bers .331, had a somewhat more satisfactory 
~tammg ~cacnon wtth aceto-cannin~, but in this plant also 
~t was di!ficult to find many cells m the stages of meiosis 
m~e~med1ate .between. first prophase and second telophase. 
\\ lule studymg a. slide containing many sporocytes at 
pachynema, I nonced three large cells that seemed to be 
undergoing a mitotic division. Two such cells are illustrated 
in the photographs and drawings of figures 17 and 18. Of the 
n~merous tapetal c~lls mixed ~ith the meiocytes on the 
shde, close to two-thirds were bmucleate and one-third were 
uninucleate. Despite the rarity of division figures, the 
dividing cells clearly did not resemble meiocytes, and the 
most reasonable interpretation is that they are part of the 

tapetum. 
Binucleate tapetal cells are known for many genera of 

plants (Cooper, 1933), and they are usually the result of a 
normal or nearly nonnal mitotic division of the diploid 
nucleus in a uninucleate tapetal cell (Witkus, 1945; Brown, 
1949; Nirodi, 1955). A common pattern of development is 
for the first tapetal division to be mitotic and the later divi­
sions in the daughter nuclei to be endomitotic (Brown, 1949; 
Nirodi, 1955). The first division in a uninucleate tapetal cell 
may sometimes be endomitoric, however, producing a single 
tetraploid nucleus (Witkus, 1945) .. In .tomato and the .g~ 
genera studied by Brown and ~uod1, aboye, the m1to~c 
tapetal division occurred at the nme the me1ocytes were m 
earliest prophase, and sporogenous. cells at later pachynema 
were accompanied by completely bmucleate tapetum. 

The presence of abundant binucleat~ tapetal. cells. at the 
time the sporocytes are in pachrnema, m tile. D1pbol1s flant 
under discussion, suggests that lts tapetum, li.ke ~hat .o .. the 
genera just mentioned, first undergoes a IUltonc di~on. 
the cells pictured in fi~~ 17 and 18 w~uld then be mter­
preted as diploid cells div1dmg to form bmucleate tapetum. 
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They, and the uninucleate tapetal cells seen on the same 
slide, may have come from an anther younger than that con­
taining binucleate tapetum and meiocytes in pachynema 
(two anthers were crushed on the slide). The cells do not 
show 24 chromosomes, the diploid number that would be 
assumed from the count of n = 12 made on plant 332, 
abo,·c; rather, they can easily be interpreted as possessing 36 
chromosomes, the triploid number. As none of the stages 
of meiosis, to be discussed below, was satisfactory for 
verifying this number of chromosomes exactly, these tapetal 
cells are the best evidence for a significant difference in 
chromosom~ number between plants 331 and 332. 

It was mentioned that in some genera the first division in 
a uninucleate tapetal celJ may be endomitotic (Witkus, 
19-+5), rather than mitotic. The Dipholis tapetum shown in 
figures 17 and 18 docs resemble in appearance nuclei in 
endoprophase illustrated for Lycopersicon (Brown, 1949) 
and Coix (~irodi. 195 5), and endomitotic uninucleate cells 
m Spinacia (\Vitkus, 19-+5). However, the essential features 
of endomitosis-the absence of a spindle, the falling apart 
of daughter chromosomes at endoanaphase, the pairs of 
d~ughter chromosomes in endotelophase-can not be deter­
rmned on figures 17 and ~ 8. Chromosomes at mitotic pro­
~ha~e and endoprophase m a tapetum often appear quite 
smular (Brown, 19-+9, fig. 4 and 10) . It would be interesting 
to know more about t~c. dcvelopme~lt of the tapetum in the 
~apotaceae; however. 1t .1s not essenttal to the present discus­
Sion whe.ther the cells tllustrated are truly in mitotic pro­
phase or m endoprophase. T he somatic chromosome number 
would be displayed in either case, and the number in dus 
instance is triploid. 

An autotriploid origin for plant 331 the "broad leaved 
variant" u~der discussion, is clearly indicated by its close 
morphologtc~l res~mblance to diploid D. salicifolia , the only 
spcc1es of Drpbo~rs that .occurs in the Florida Keys. Except 
fM the g.rc?tcr s1zc of 1~ flo~vcrs, the triploid is perfectly 
charactenstiC of the spec1cs; 1t appears unusual onlv wh · 
co~1pa~cd with thc.panicular narrow leaved specimens wi~~ 
wh1ch It was growmg. The larger floral parts. more numer­
ous flowers, and larger leaves may all be expressions of the 
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more robust growth and larger cell size attendant upon 
polyploidy. 

Meiotic behavior in the triploid individual, in those stages 
at which it could be studied, tends to support an hypothesis 
of autotriploidy. Sporocytes at pachynema stage show a 
high degree of chromosome pairmg. In figures 15 and 16, 
for example, the paired chromosome strands are visibly 
double at several places in the photograph. H owever, accom­
panying the normal pairing was the consistent presence of 
single, unpaired strands. Figure 15 illustrates the commonest 
type of cell observed in pachynema; although most of the 
strands are broad, double structures, many short or long 
unpaired segments can be seen. Some of the most obvious 
such single strands are marked by arrows. In those ce~ 
which at first inspection contained only double strands, tt 
was always possible by careful study to locate single threads 
among the tangled chromosomes ~fig. 16). Clear trivalent 
associations were searched for, and m three favorably spread 
cells configurations of.thre~ ~ands were seen that.suggested 
a point of exchange m pamng partners. The eXIStence of 
both paired and unp~ed. c~omos~mal segments would ~ 
expected in an autotnplotd, m which each chromoso~e 1s 
present in triplicate yet only two chromosomes may parr at 

any one point. . 
Cells at first metaphase and first a'_llphase were mfrequent 

and chromosome pairing relationships could not ~ asc;:r­
tained. The cell pictured in fi~e 19 ~very megu ar, 

. h . kin clumpin~ and fragmentation of chromo-
wtt soc ess, • a1 metaphase cell 
somes apparent. In ano er more norm d be• 

. . 1 d multivalents aU seeme to 
btvalents, uruva ents, an 1 11 t first anaphase 
present on the spindle plate. n a ce a h di .. i 

. d an exact count but t e VlSlOn o 
clumpmg prevente al· the chromosome number 
chromosomes was cle:atlY unequ base group and 24 in the 
was estimated as 12 ~ one anaJe most irregular first telo­
other. Figures 2~22 illustrate seen among eight cells at 
phase configuranons ~t were even in essentiallY 
h. M" nuclet were common . t 1s stage. 1cro chr tin bridges and fragments, 

normal cells (fig. 23), but ;.J.maquent. 
as in figures 20 and 21, were re 
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Second telophase, or nuclear "quartet," was the most 
abundant stage obtained in pollen mother cells of plant 331. 
A careful search was made for irregularities, especially the 
presence of micronuclei, in 138 such cells. One or more 
micronuclei were found in 106, or 76.8 per cent of the 
cells at second telophase; 32 cells, 23.2 per cent, lacked 
micronuclei. Figures 2.,-29 illustrate cells with micronuclei, 
and figure 30 is an apparently normal cell '~ith a quartet of 
spore nuclei. The high percentage of obv1ously abnormal 
quartets is probably a reflection of the upsets in pairing and 
chromosome segregation that resuJt from triploidy. ~licro­
nucle! may fonn from lagging members of a multivalent at 
first anaphase, or from univalent chromosomes in either 
dh·ision that fail to move properly on the spindle. Even 
more extreme abnormalities in meiosis are illustrated by the 
tclophases shown in figures 24-26. Cells with such distinct 
upsets-numerous and unequal nuclei, bridges, and dumb­
bell-shaped nuclc1-were rare, however; the three cells 
illustrated were the only ones seen. The telophase quanets 
that lacked micronuclei (fig. 30) may nevertheless contain 
nuclei with unbalanced and abnormal chromosome comple­
ments and may thus be inviable. Triploid plants character­
istically segrcgo1te quite irregularly, and the few observations 
on early meiotic stages reported above would confirm this 
type of behavior for the individual under discussion. 

Table 2. As:-oR:>.H.J.ITILS IS .\hcaosPoRE QuAllttTS OF D IPLOID AND 

TRIPLOro PLA.'H:. oP Dipl;olis, A:i ~1£Alimu:o BY KtJMJl£Rs oF StJP~­
su:~tERARY SPOllEl>. 

NUMBER OF 
SP£CI:\\£S St1PE.RSUM£.RA.RY QUAil lETS PERCENT 

SPORES PE.R QUART£T OBSERVED OF TOTAL 

Stern & CIJambers 132, none 178 98.8 
2n 24 1 2 1.2 

Total 180 

S:e.'Til & C!JJmbcrs JJ/, none 219 59.2 
2n-36 I 107 29.0 

2 39 10.5 
3 3 0.8 
4 2 0.5 

Toral 370 
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21 

23 

27 

28 29 ;o 

50~ 

.d d ·ngs of meiotic stages in pollen 
Fig. 19-30. Camera .luc! a rawsStern til Cbtnnbers JJJ.-F•g. 19. 

morher ceUs of the UlP~. P~~2J Abnormalities at first telophase; 
Irregular first metaphase. 18• d ~cronuclei.-Fig. 24-26. Extreme 
chromatin bridges, fragments, an . brid es and micronuclei.-Fig. 
abnormalities at second 1te1~,;ith Jcronuclei.-Fig. 30. Appar-
27-29. Irregular second te op • 
endy normal second telophue· 
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Cells in second telophase that contain micronuclei, as well 
as those that lack them, may give rise to normal-appearing 
quartets of microsporcs. A micronucleus may be included 
with a larger nucleus in a spore and be overlooked by the 
person examining the cells. If the micronucleus is enclosed 
in a separate cell membrane at the time spores are formed, 
however, it will appear as a fifth tiny spore among the four 
l:trger ones. In table 2 are given the results of studies of 
370 spore quartets in the triploid plant, 331, compared with 
the earlier cited study of similar cells in the normal D. salici­
folia, plant 332. In over half of the cases only four spores 
were present, and in only 40.8 per cent were there one or 
more small supernumerary spores. This is not a true measure 
of the pollen fertility of the plant, on the other hand, 
since in the earlier stage of second telophase, described 
above, 76.8 per cent of the quartets possessed micronuclei. 
The. amount of normally viable pollen produced by plant 
331 lS probably very low, and a similar infertility would be 
expected in its female gametophytes and egg cells. 
. One possible me~re. of the fertility of the triploid, 331, 
lS the number of frmts It forms under conditions of natural 
pollina~~n. As m~~tio~ed earlier, this tree was sampled in 
the frumng condmon m 1956, under a different collection 
number, Stem & Brizicky 394 (table 1). An adjacent tree 
of normal D. salicifolia was collected at the same time. On 
16 ~veil developed tv>igs of ~he triplo~d there are 24 ripening 
frwts, an average of 1.5 frwts per tw1g. On 21 twigs of nor­
mal D. salicifolia .found the same year at the same locality, 
there are 168 frutts, an average of 8 per twig. The triploid 
thus forme? 19 per cent as much fruit as the normal. If an 
all~wancc IS made for the fact that the triploid has about 
tw1~e as m~~y ~owcrs per cluster as the diploid (fig. 3 and 
4), Il7 fcrti~Lo/ 1s cl~scr to 9.5 per cent that of the latter. 
And m addmon, frutt set on the triploid probably de ends 
!aq~c~y on the receipt of normal pollen from nearby dp 1 · d 
mdiVlduals. tp 0 1 
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DISCUSSION 

The ~hromosome number found in Dipholis salicifolia, 
n = 12, 1~ not an unusual one for the Sapotaceae. Darlington 
and Wylie (1956) report numbers of n = 12 and 13 for five 
genera of the ~amily. Later work, summarized by Cave 
(1958-1959), brmgs the total of known base numbers in the 
Sapotac~ae ~ox= 10, .12, 13,, 14 and 18, most of the species 
bemg dipl01d. Of parncular mterest is the report of Brown 
and Clark (1940) of the diploid number, 2n = 24, in Bwnelia 
lanugi7losa (Michx.) Pers. Cronquist, in his monograph of 
the two genera (1945), considers Dipholis and Bumelia to be 
closely related, the latter being "evidently derived from" 
the former. Bumelia persimilis Hemsl., for example, which 
"may be only slightly removed from the prototype of the 
genus," is generally similar to D. salicifolia. The major dif­
ference between the genera is found in the seeds, which con­
tain endosperm in Dipholis but lack endospenn in Bumelill. 
The corolla, with its basally appendaged corolla lobes and 
petaloid staminodes, is similar in both, although four species 
of Bumelia lack lateral appendages on the corolla lobes. 
Baehni ( 1938), minimizing the di1fere1_1ce in endospe~ 
united Dipholis with Bumeli4 taxononucally. The similar 
basic chromosome number in the two taxa, implied by the 
two counts so far reported, supports an hypothesis of close 
phylogenetic relationship. 

The single autottiploid individual found. on No Name 
Key, while apparendy not complete!Y. sterile, showed ex­
treme meiotic U'regularities characte~c of an unbalanced 
chromosome condition. Although a high degree of no~ 
pairing could be seen in pachynema, chromosome ~?on 
at first and second anaphase must have been abno~ ~ce 
micronuclei were frequently produced. Chromatin bnd~ 
and fragments occurred but were rare. The p~nce o~ 
bridges, fragments, lagging chromosomes and nu<:r?nu~et 
is characteristic of many, though not aU, autc?tnP,lol'!& 
Steere (1932) and Smith (1938) reported autotn~oi:, m 
Petunia and Impatiens that had a low frequency o .!aJ or-
malities. It may be sipcant tha~ in both 8fi::' :. = 
tended to have teniUnalized chiasmala at m P 



56 TROPICAL \VOODS 1960 

forming mostly simple chains of chromosomes. In aut~tri­
ploids of Tt~lip~, on t~e. othe~ hand, \Voods ( 1937) ?escnbed 
trivalents w1th mterstltlal chiasmata; from these, bn~ges and 
acentric fragments were produced at anaphase. S1xty per 
cent of the resulting microspores had one or m?n~ '~cxtr~­
nuclear chromatic bodies." The products of me1~S1S m ~n­
ploid Dipholis more closely resemble the example m Tulrpa; 
about 7 7 per cent of the meiocytes at second telophase had 
micronuclei. 

The general morphologi~al s_imilarity ~etwe~n t~e triploid 
Dipbolis and the normal d1plo1ds occurnng With It-except 
for the differences in leaf shape, flower size, and cell size­
strongly favors an origin through autopolyploidy. All the 
plants on this portion of No Name Key were part of a 
young vegetation actively reoccupying a once disturbed 
locality. A triploid sapling, formed perhaps by the union of 
an aberrant diploid gamete with a normal haploid one, ·would 
be at little disadvantage and might be favored by its more 
robust growth. Its reproductive fertility is low, however, 
and dependent perhaps on backcrossing by pollen from its 
diploid neighbors. 

SUMMARY 

l. An aberrant tree of Dipholis salicifolia was discovered 
that differed in ha\'ing wider leaves, larger flov.:er clusters 
and larger flowers than surrounding individuals. 

2. Its leaf shape was found to fall \vithin the range of 
\"ariacion of the species as a whole, though the width was 
extreme among specimens from the Florida Keys. 

3. The larger floral parts of the aberrant [rcc had larger 
cells rhan normal plants, and guard cells on itc; leaves were 
significantly longer than on samples from five other collec­
tions. 

4. ~he chromos?~e number of normal D. salicifolia, 
dctermmcd from me10t1c second anaphase, is n - 12. 

5. Tapetal cells of the aberrant individual showed 
2n = 36 at mitotic prophase. Meiosis was irregular and 
micronuclei were common at .first and second telophases. 
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CJu·omatin bridges and fragments were rare. Small super­
numerary spores were seen in 41 per cent of microspore 
quartets. 

6. The aberrant tree was estimated to have a fertility, as 
measured by fruit set, of slightly less than 10 per cent that 
of adjacent nonnal trees. Its origin through spontaneous 
autotriploidy is suggested. 
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A XE\V SPECIES OF PARAMACHAERIUM FROM 
PANAMA 

G EORGE K. BRIZICKY 

Samuel ]mnes Record Memorial Collection, School of 
Forestry, Yale University, New Haven, Connecticut 

In 1925 Duckc (Arch. Jard. Bot. Rio de Janeiro 4: 86) 
created the genus Paramachaerium with a single species 
Pammachaemmr scbomburgkii (Benth.) Ducke, based on 
M.1cbaerium schomburgkii Benrh. I n 1935 a second species, 
Paramacbaerium ormosioides (Ducke) D ucke, segregated by 
Ducke from Pterocarpus, was added to the genus (Trop. 
\Voods 41: 6). P. schomburgkii is known from British 
Guiana and the State of Amazonas in Brazil; P. onnosioides 
has been collected in the State of Amazonas and also in the 
State of Para in Brazil. A third species of t he genus can now 
be established due to the diligence of Mr. Fred G ruber of 
the United Fruit Compan} in Puerto Armuelles, Panama, 
who has presented us with complete herbarium material. 
Leaf) t\\ tgs. flowers and fruits were collected from the same 
crcc, but at different umcs. Because of his efforts t his new 
species .is namcJ in .Ius honor. Sterile specimens ~re repre­
sented m the hcrbanum of the S. J. Record ~lemorial Col­
lection: Dunlap s.11. 1948 and Stem & Chambers 132. Both 
specimens were collected in Panama in the Province of 
Chiriqui and Comarca del Baru, re~ectively, under the 
same common ':amc-"sangrillo negro." Because the struc­
~rc of the as~ocmtcd \\.ood samples suggested that of Swart­
zm, these scenic hcrbanum vouchers were tentatively identi­
fied as belonging to that genus CI rop. \ Voods 1 o9: 70-7 1. 
1958). 

. Pa~amachaerium . gruberi Briz.icky sp. nov.-Arbor 
me:mts c~ . 30-mctr~hs trunco recto, 0.9-1.5 m. diametro, 
b~l antendts robustts ca. 1.8 m. longis fulto. Folia impari­
pm~ata, 21-~7. em. longa foliolis plerumque 9-13 (14), 
pc~o~o tcrett tnc.onspicuc ca~aliculato 2.0-2.5 em. Iongo 
baSI mcrassato; ~npulae. non vtsae caducae. Foliola alterna, 
pcrgamentacea, mregernma, versus folii basim decrescentia, 
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4.3-13.0 cm.longa et 1.8-4.6 em. lata, plus minusve oblonga, 
apicalia saepissime oblanceolata vel obovata, basalia lanceo­
lata vel ovata, apice acuminata et aristata (arista decidua), 
basi rotundata vel rarius paulo cordata, supra nitidula glabra, 
subrus opaca pallidiora minutissime parce adpresse pilosa vel 
glabra (glabrescentia), penninervia nervis faterali6us utro­
bique 10-14. a costa anFo 50°-60° abe~ntibus ~enuibus 
P.aulo curvatts ante margmem anastomosanobus, verus venu­
liSque reticulatis vix conspicuis; P,Ctioluli te~et~ 0.~-0.35 
em. longi et 0.06:0.12 em. crasst, parce . piloSI; ~pellae 
minutae subulatae mterdum observatae. Sp1cae densifiorae, 
ca. 2.5-5 em. longae (vel verisimiliter longiores) in pani~ulas 
tenninales erectas dispositae, simplices, rhachibu~ tenwb~, 
ca. 0.15 em. crassis, dense minute fulvo tomentellis, bract~IS 
bracteolisque ad anthesim persistentibus fulvo tomei_ttellis; 
bracteae lanceolate apice Ionge attenuatae et plus mmusve 
incurvatae, ca. 0.4 em. longae et 0.15 em. latae, bracteo!ae 
paulo minores, lanceolate vel lanceolat~-oblongae, ap~ce 
attenuatae. Calyx tubulato-campanulatus, m alabastro ap1ce 
paulo incurvatus, ca. 0.7-0.7 S ~· longus et .0.3 em. latus, 
extus dense fulvo tomentellus, mtus parce mm~te adp~ 
pilosus, basi obrusus, parte ~stall b~biatus lab~o supe~~: 
emarginato lobis duos brev1bus obli<JUe lato man~lab' 
apiculatis ca. 0.1 em. Ion~· et basi 0.~5 em. l~ns, 1~ 
· · · · ovatlS vel m­mfenore tnsecto segmenn us subaequalibus 

1 
. et 

0 
l4-

angulari-ovatis aticulatis, ca. 0.23-0.26 c:nt· 00~11 'ta 
· lla · Ia glaberrima· v urn te 0.18 em. latlS. oro VIO cea • ' basi 

un icularum ungue 0.35 em. Iongo et ap•ce 0•25 em., 
0 lgucm Jato lamina rhomboideo-oblata, 0.65. em. ~~ et 

· · • · · mediano cu-
1.0 em. lata, ~d~ata, ara·~e emar~~laris ca. o.s em. 
lata; alae lamma U'regu an~ su uali tenuiter unguiculata 
longa et 0.25 em. lata ~ maeq

1 
dorso breviter connata 

0 3 I ngo· cannae petala ungue . em. o ' 0 5 em longa et 0.25 
lamina subobovato-falc~ta, c~. • ungui~ulata ungue 0.3 
em. lata, basi in~equ:o=ddt~ 0,7 em. Ionp. tubo 
em. Iongo. Stamma . ~club suborbicularibus ca. 
0.45 em. Iongo, anthens vers;a ~terstaminalis minutuS 
0.05 em. longis. Di~us n~ctarife:pitatum stipite O.OS c:m. 
annulifonnis. Ovanum JDlnute 
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longo. paulo btcralitcr comprcssum. lanceolatu-oblongum, 
dense adprcsse fulvo pilo~um, ca. 0.45 em .. longum; stylus 
glaber, 0.3 em. longus; sogma pan'lim capucllarum; ovula 
4-5 pcndula. camp) lorropa, subtrans\·ersaha. Legume~ sc.s­
sile, ,·aide lateralitcr compressum, alarum; ala termmalrs, 
pcrgamentacca, cultrifornus, apice rorundata,. 7.0-8.7 .em. 
longa ct propc ba~im 3.8-4.5 em. lata, mar~m~ su_pcnore 
recto \'cl basi plus minus\·e curvato st~ lo ternun~h apJculat~, 
margine infcriore valdc arcuato, nervis ad margmcm supen­
orem longitudinalibus marginem inferiorem versus transver­
salitcr rcticulatis; pars scminifera plus minusve incrass:J.ta, 
rcticulata, oblique obovata vel suborbicularis, 3.0-4.4 em. 
longa ct 1.2-4.0 em. lata, dura, sublignosa; semina plerumquc 
4 observata, verisimiliter 1-2 omnino evoluta maturcsccntia, 
septis transversalibus crassis lignosis separata, lateralitcr com­
pressa, lanceolato-oblonga, ca. 2 em. longa et prope basim 
0.6 em. lata, apice rorundata, basi oblique rotundata et 
unilatcralitcr rostcllata, atro-fusca, Jaevia, glabra; cotyledones 
fere plarue. Cr:tSSiusculae, lanceolato-oblongae, apice rotun­
datae, r::tdicula incurvata. 

Species P.rr.mr.1cbaerii speciebus duabus Brasiliensibus 
valde affinis sed ab cis foliis plerumque 9-13-foliolatis, disco 
imersraminali minuto annuliforrni et leguminibus verisimi­
liter majoribus differt. 

P.\.~ \ \lA Co~tARCA DEL BARu, area west of Puerto 
An . :"!!l's, l Gmber s. n. (HOLOT\:"PUS US, fig. 2; 
ISO I\ PI Gil, .\10, ~Y. Y), Stern & Cha·mbers 132 (~10, 
US. Y. fig. 1); PrO\ mc1a de Chiriqui. Dunlap s. 11. spnng 
1948 (Y). 

A tree al~our. 30 m. high, P. gruberi has a straight trunk 
0:9-1.5 m .. m diameter with strong buttresses about 1.8 m. 
h1gh; the mncr bark exudes a blood-red sap when cut. 
Leaves ~lternatc, imparipinnate with mostly 9-13 (14) leaf­
lets .• wh1ch decrease in size toward the base of leaf rachis; 
peuole 2-2.5 em. long, incrassate at base; stipules caducous, 
not seen. Leaflets shortly petiolulate, basically oblong in 
shape, but the terminal mostly oblanceolate to obovate, and 
the basal lanceolate to ovate, 4.3-13 em. long, 1.8-4.6 em. 

... 

t:h 
u: 
I ,.., 
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b~oad, tip acuminate and aristate, base rounded or rarel 
shghd_y cordate, glabrous above, paler and minutely ap rJ 
sed pilose or glabrous .beneath; texture pergamema~us. 
Flowers crowded on fairly slender, brownish tomentulose 
spikes 2.5-5 em. long arranged in short terminal panicles. 
Bracts and bractlets (at least in part persistent during blos­
soming) brownish tomentulose, the former lanceolate, 0.4 
em. long, the latter slightly shorter, lanceolate or lanceolate­
oblong. Calyx tubular-campanulate, in bud slightly incurved 
at apex, 0.7-0.7~ em. long and 0.3 em. thick, brownish 
tomenrulose outside, sparse! y minutely apfressed-pilose in­
side, obtuse at base, bilabiate in the dista half, the upper 
lip emarginate with short oblique, apiculate lobes, the lower 
lip 3-parted with ovate or triangular-ovate apiculate seg­
ments, 0.23-0.26 em. long and 0.14-0.18 em. broad. Corolla 
dark-violet, glabrous; the standard clawed, about 1 em. long, 
with a rhomboidal-oblate, undulate and emarginate lamina 
and broad-cuneate claw; wings and carinaJ petals somewhat 
shorter than the standard, fairly broad with slender claws; 
nectariferous interstaminal disk minute, annuliform; stamens 
monadelphous, connate for about two-thirds of their length; 
ovary minutely stipitate, somewhat laterally compressed, 
lanceolate-oblong, densely appressed-pilose, style glabrous, 
stigma terminal, capitellate; ovules 4-S, pendulous, campylo­
tropous, almost transverse. Legume sessile, strongly Iateially 
compressed, winged; wing terminal, pergamentaceous, .cul­
triform, 7 .0-8. 7 em. long and 3.8-4.5 cin. broad at ~c Wl~cst 
point near the base, rounded at apex, ventral margm ~ght 
or sometimes curved at the base, crowned by ap1culate 
style remnant, dorsal marsfu: curved; seminifero~ porti~n 
incrassate, reticulate, obliquely obovatc or subcirCular m 
outline, 3.0-4.4 em. long, 2.2-4.0 broad, hard, more or Jess 
woody; seeds blackish-brown, smooth and glabro~ 4-5 
(apparently only 1-2 fully developed), separated by ~ose 
septa, laterally compressed, Janceofate-oblong, ca. 2 ~· ong 
and 0.6 em. broad at base, a~ roun1:t base~~ 
rounded and unilaterally bcaiCed; coty ons • • 
thickish, lanceolate-oblong, rounded at apa; ndicle Ill­
curved. 



62 TROPICAL WOODS 1960 

The new species d~ffer~ ~rom Paramachaeri_um schom­
burgkii and P. ormosiozdes m Its usually 9-13-foholate leaves, 
a minute annular inrcrstaminal disk and larger legumes. (It is 
not known if the fruits a,·ailable of the above two species 
are mature. ) According to Ducke (Trop. \Voods 41 : 6. 
1935) the lcaYcs of P. schomburgkii and P. onnosioides have 
3-5 leaflets, subopposite in the former and alternate in the 
latter species. Duckc did not mention the presence of an 
interstaminal disk in either of the two Brazilian species. 
Both, however, possess a conspicuous tubular-cupuliform 
hypogynous disk around the base of the ovary .1 Legumes 
of P. schomburgkii have very short w ings, the wings on 
fruits in P. onnosioides appear to be only half as long as 
those in P. gruberi (Arch. Jard. Bot. Rio de Janeiro 4: pl. 
13, fig. 33. 1925, as Pterocarpus ormosioides ). 

Leaflet shape in P. gruberi varies to some degree. Although 
the type collection is represented by narrow-oblong leaflets, 
those in the paratypes are broadly oblong to lanceolate- or 
ovate-oblong. The leaflets of Stern & Chambers 132 are 
very ~imilar to those. o_f the Brazilian species of Parama­
ch,1enznn. Howe,·er, It IS probable that all the above-men­
tioned types of leaflets can be found on the same t ree. In 
some lea:e~ of the type collection the distal inter jugum of 
the rach1s ts reduced to such a degree that the apical part 
of these leaves creates the impression of a truly paripinnate 
leaf. !he length of the distal interjugum varies from 0.05-1.0 
em. tn the type collection and from 0.4-1.3 em. in the 
parat)·pcs. 

~n some charac.ters, as fo_r example the more or less bil­
ab.tate calyces wluch are ap1cally curved in bud, the ovaries 
With. 4-5 almost transverse ovules, legumes with 4-5 seeds 
and In the shape of seeds, Paramachaerium seems to be fairly 
close to Pterocarpus. The obtuse base of the calyces the 
presence of an interstaminal disk and the general appea;ance 

u'lJ'e ~~iter cxrcnds _his thanks. to Or. Richard s. Cowan of the 
• . · Nauonal HerbariUm_ for kindly arranging to loan herbarium 

spe<:dlmens of Paramachaertum schomburgkii and P. ormosioides for uo y. 
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o_f the. te~y win~d legumes ~ht also suggest rela­
~oriShip w1~ Machamrrl!'· Al.though at present any conclu­
Sions ~egarding ~e relationships of PllTamacbaerium within 
the tnbe ~albergieae are not possible, it is quite evident that 
the genenc status of Ducke's genus is well-founded. 

'":hether the great geo~aphic disjunction between our 
species and the two Brazdian species of PllTamacbaerium 
exists in fact, must await the results of further exploration in 
the intervening areas. 

THE WOOD 
( W. L. Stern) 

The wood of Paramacbaerium gruberi is almost identical 
in anatomical structure to that of P. schomburgkii as de­
scribed by Record in Tropical Woods (41: 7. 1935). The 
brief anatomical description below is based on wood samples 
accompanying Stern q;. Chambers 112, Dunlap s. n. 1948 
and two commercial test samples supplied by the Canal Zone 
Corrosion Laboratory numbered 84A and 84C. 

Pores are barely visible to the unaided eye, soli~ and in 
short radial multiples. Vessel elements possess sunple per­
foration plates in the transverse or aim~ ttansVerse en~ 
walls; intervascular pitting is alternate. ~ par~ch~a 1S 

invisible to the naked eye, and occurs m two disposiaons: 
aliform with narrow extensions and as narrow apotracheal 
bands; strands of crystalliferous cells are common. Vascular 
rays are all uniseriate, homocellular (cells procumbent), and 
usually 7-10 cells high. ~~orate tracheary elements show 
very minute bordered p1ts With pdy exte!'ded and crossed 
pit apertures. All elements are reguiarly ston~~· 

Although the !Ccimen of P. schomburgki• on handdD(Yckw; 
nArent heartWood, an u c Ducke 217, Y) ows no apr--- • :-1 • hi•e through 

h d th th d of p, ontiOStOIUIS IS W " -
as state at e woo • d~ Janeiro 3: ISS. 1922), wood 

out (Arch. jard. Bot. Rio distinct. chocolatc-c:olored 
of P. gruberi is marked by: a u1f-colored sa wood 
heartwoo.d s~rrounded by. a Ia~ of b cimcn of P. fcbom-
7 em. w1de m our matCriaJ. bu spc terial of p grubni 
burgkii is rather nondescript;. t ma • 
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exhibits pronounced striping due to the interlocked grain. 
The wood of our species is highly lustrous and of fine tex­
ture. Ducke (T rop. \Voods 41 : 6. 1935) mentions the wood 
of P. scbomburgkii as valueless, and Record and H ess (Timb. 
't:\\' \Vorld 301. 1943) state that the trees are of small to 
medium size and exhibit poor form. Our species, however, 
may be valuable since individual trees are of large size and 
good form. Furthermore, preliminary results of tests still 
undenvay in Panama indicate that the wood shows a high 
natural resistance to the action of boring organisms in both 
fresh and salt water environments. 
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WOOD ANATOMY OF OCHORIEAE 
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INTRODUcriON 

65 

The _tribe ~ichorieae ~ distinctive among Compositae in 
possessmg a high propomon of herbaceous genera, with very 
few that could be termed woody at all. The woody members 
of the tribe take on a special significance both because of the 
localities in which they occur and because of the current 
controversy over their mode of origin. Either the woody 
Cichorieae represent vestiges of ancestrally woody Qcho­
rieae, or they represent instances in which herbs have in­
creased production of secondary xylem. The reader must 
keep in mind that these hypotheses bear no relation to the 
primitive condition for Compositae as a whole. From the 
writer's various studies in Compositae, a primitive~y woody 
condition for the family as a whole seems more m accord 
with known observations than does an herbaceous ancestry. 
Nevertheless, certain groups of Com~tae could have 
evolved from woody to herbaceous, and ~ese herbs could 
have secondarily acquired increased productton of secondary 
xylem. 

Skottsberg (personal communication) believes that the 
woody Cichorieae of the Juan Ferll;lndez l~ds are best 
interpreted as vestiges of ~ow~ct mainland woody 
ancestors. His reasons for this beli~f seem ~o stem lar~ 
from phytogeographical consideraaons. This an~ 
been questioned by Stebbins (personal, co~umcaa~ 
who claims that dte Juan Fernandez Cichoneae .are . 
designated, in fact, as herbs.. The Juan ~ernand~~:fO: 
seem relatively advanced m termS o gross 
---: b Nadoaal Scieace FOUDCiatioo 1This research was supported~ 1 sincereR • 
<?rant, N~G:S428 •• Th~ wn:-='cer ~ biJ smcties ~ 
non for this aul, which II f · 
anatomy of Compositae aDd 
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(Stebbins, 1953), pollen structure (Erdonan, 1952), chromo­
some number (Stebbins, jenkins, and \Valters, 1953), .and 
floral anatomy. The most primitive floral anatot?Y. descnbed 
for the t ribe occurs in the herbaceous Astatic genera 
Dubyae,, and Soroseris (Stebbins, 1940). The writer, on the 
basis of independent study in other tribes (1?57~, 1957c) 
arrived at the s:une general concepts as Stebbt~ m regard 
to pn·mtivc features of floral anatomy m Composatac. 

\ Vith respect to Cichorieae at large, the hypothesis that 
woody Cichoneae are secondarily woody at leas~ in ~art 
might be more satisfying because: ( 1) woody Clchoneae 
on islands possess many characteristics of herbs (succulence, 
large pith and cortical regions); ( 2) woodiness is not present 
in the genera now regarded as primitive for the tribe, but 
rather in nnous relati\·ely adunced genera which are not 
taxonomically close to each other; (3) woodiness, even in a 
single genus, is quite different in different species (e.g., 
Stephanomeria guadalupensis acquires secondary X]'lem in a 
mode entirely different from that of S. virgata); and ( 4) 
woody Cichorieae on islands resemble herbs which have 
been able to continue growth by virtue of release from 
marked annual cycles in moisture, temperature, or day­
length: ~cverrhelcss, the ,.,:riter does not feel that any inter­
p.retanon of the mode, or modes, of origin of woody Cicho­
neae has as yet been supported by decisive evidence. Char­
acteristics of wood anatomy may, however, be examined 
with. regard to this. qu~stion, and the present paper may be 
constdercd a ~?ntnbunon toward resolution of such ques­
nons. In adt.lmon, wood anatomy of Cichorieae offers a 
n~mber of features which are of importance to the taxono­
nuc system. 

Fourteen species of Cichorieae have been studied here. 
Add!tional species of continental herbs, such as several more 
spec1cs of Lactuca, could have been included but the 
p~esent. materials encomp~ss all the "woody" genera of 
C1choneae and probably gtve a representative picture of the 
gamut of wood characters to be found in the tribe. 

Examples of. herbs in. the present study are species basic­
ally annual wluch, b}' v1rrue of a long growing season, may 
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acquire a woody base. Such species include Lactuca Semola 
Stephanomeria exigua, and S. virgata. Stephanomeria flirglltll' 
for example, is ideally adapted to the long growing seaso~ 
of southern Califorrua, because it genninates and fonns a 
leafy rosette during the winter months, then, as moisture 
becomes less available, fonns a tall (up to 10 feet) inflores­
cence stem before dying, usually in September. 

The two perennial species of Malacothriz studied here are 
distinctive in their maritime habit. Malacothrix Blairii is 
endemic to San Clemente Island, California, whereas M. saxa­
tilis occurs on maritime bluffs of southern California and 
on the southern California islands (Williams, 1957). Most 
species of Malacothrix are annuals, and the perennial habit 
of the two species may be related to the rela~v~ly even 
maritime climate which they enjoy. The same pnnaple may 
account for the perennial habit of Stephtm?meria pmda~­
pemis an endemic of Guadalupe ·Island, MeXIco. This speaes 
posse~es a very woody base which annually innovates shoots 
which terminate in inflorescences. 

For whatever reason, predominantly herbaceoll;S familiC:S 
of dicots often include woody insular rep~ntaa.ves. !his 
phenomenon is clearly illustrated by the tnbe Ochoneae. 
For example the Juan Fernandez Ochorieae, represented by 

· ' . n'b • · R and Hes-Dendroseris and 1ts segregates c. oemcosens, ea, • 
. rosette-shrubs. For taxononuc perosens, are rosette-tee~ or kabl the 

descriptions and illustraaons o_f these remar e f::'i
928

, 
reader is referred to the. stUdies of S~o~~ tio~ and 
1951, 1953). lnfonnaaon concenuns: • ~offered 
ecology of the Juan Fernandez Ochoneae 15 • 

by Kunkel (1957a,. 1957b). Alth?'1h 
0

;&:0re ~~c~ 
develop a xylem cylinder up ~d by relatively wide 
in some instances, they are c 
cortical and pith regions. • • es, ~ws on the 

The genus Thamnosms, with twO =entoradas Islands. 
low, dry, and thoroughly deso~~serl.r is a succulent 
located west of northern Cbilb;;. Blllril (wbich pws iD 
subshrub, much like M~lf/" illustndoDs. IIZOnomic dis­
similar habitats) in habiL or 
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cussions, and ecological information, the reader is referred 
to the works of Skottsberg (1937, 19-H) and Johnston 
( 1935). 

Soncbus i:> n:presented by several species (section De'!ld~o­
sonchus) on the Canary Islands: Thes~ -~u?shrub~ are s1mtl~r 
to Tbamnoseris or .lt.1lttCotlmx Blmru m hab1t, and th~s 
habit again rna) be related to the dry, tcmpe~ate to ~ubtropl­
cal climate of the Canary Islands. For Illustratwns and 
phnogeographical discussions, the work of Schenck ( 1907) 
on. the Vt·ndrusoncbus species ma) b~ con~ult~d. These 
species arc represented in the present 111\'esugauon by S. 
leptocephalus. 

Fiuallv note should be taken of a group of oriental insular 
rcpresct1t;tivcs of Cichorieae,_ the _subgenus Crepidiastr_urn ~f 
lxeris (Stcbl>ins, 1937), ·which ts not represented m this 
srudy. Species of Crepidiastrum are notably woodier than 
other spectes of lxeris. 

Although the Cichorieae are, at least in many genera, well 
known raxonomtcally, just as they are cytologically (Steb­
bins. jenkins, and \\'alters, 1953), anatomical studies arc 
rclaciYcly few. In addiuon to tlus srudy of wood anatomy 
in the tribe, the ''ricer 1s undertaking anatomical studies of 
other portions of insular Cichorieae ro aid in elucidating the 
prol>lems ourlincd abO\C. Because \Vood anatomy represents 
only one clement of such investigation, few conclusions 
concerning C\"olucionary and systematic problems can be 
reached in the present study. 

J\L\'IERIALS A~D ACK.'-'OWLEDGMENTS 

Because woody Cichorieae occur in such remote localities, 
the cooperation of a number of individuals was necessary 
before sufficient material for this study could be accunni­
lated. The ~'riter w!shcs especially to acknowledge Dr. Cnrl 
Skotts~crg for sendmg samples whic~1 he and his party col­
lected 111 the Juan Fernandez Islands 111 1955. \Vood S<1111plcs 
from Dr. Skottshcrg's 1917 expedition, located in the Samuel 
j. Record .\lcmonal Collection at Yale, were made avait1 ble 
rhnJugh the courtesy of Dr. \ Villiam L. Stern. Thanks arc 
cxtcnJed to Dr. Reid Moran, of the San Diego ~atural His-

.. , • droscris /itoralis.-Fig. I. fransection.-
l"ag. 1- L- I•g. 1- -· _ IJt~l •. J-4 IJmJroseris macrop/Jylla (Yw­

Fig. 2. Tangential ~ccram.t.-Fag.. 
4 

·Tangential section. All, X 65. 
2H20) .-Fig. l. Transccraon.-Fag. . 
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tory Mus~um, and t~ the Scripps Institute of Oceanography, 
for ~nab~g the wnter to VISit Guadalupe Island in 1958. 
Graoru~e IS expressed to Dr. Roxana S. Ferris of the Dudley 
Herbarmm, Stanford, and to Dr. David D. Keck, formerly 
of the New York Botanical Garden, for wood sam _pies from 
herbarium specimens in those institutions, respectively. Dr. 
\\.illiam L . Stern and Dr. Carl Skottsber~ read the manu­
script and offered helpful suggestions. Fmally, thanks are 
due Mr. Alfred G. Diboll for his services in sectioning 
many of the woods used in this study. Herbarium speci­
mens documenting wood samples, or specimens from which 
wood samples were taken, are listed in table I. Herbarium 
abbreviations are according to Lanjouw and Stafieu (1959). 
Taxonomic treatment of species collected in California fol­
lows that of Munz (1959). Names of the Juan Fernandez 
Cichorieae are according to Skottsberg (1951). 

METHODS 
Wood samples collected by the writer were fixed_ in 

formalin-acetic-alcohol. All other wood samples were dried. 
For both types of samples the typical methods, described 
earlier by the writer ( 1958) were used. In the ph~tographs 
of wood transections, more recendy formed xylem IS toward 
the top of the illustrations. 
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Table 1. Wooo CuAaAcn:as IN Oa101UEAE 

SPF.Cml COLLEcnON 

Dendroseris litoralis Skottsb. Skottsberg 20-XII-1954 (SBT) 
D.m.lcrophylla D. Don Kunkel II-1955 (SBT) 
D.m~cropbylla D. Don Skoasberg, 1917 G\rv) (Yw-27420) 
Lacruca Serriola L. Carlquist: 617 (RSA) 
Malacotbri.t: Bl4irii (Munz & j tn.) Munz Blair, 1923 (T ype, POM) 

M. saxatilis (Nun.) T. & G . Carlquist 496 (RSA) 
Phoenicoseris Berteria114 (Dcne.) Sparre 5-lii-1955 <SBT> 

Skonsb. 
P. pin1l4ta (Bert. ex Dcne.) Skot:tsb. Skottsberg, 1917 (l'."Y) (Yw-27423) 
P. reguz (Skottsb.) Skottsb. 
Rea 11ticramha Bert. & Dcne. Skot:tsberg, 1917 (NY) (Yw-27424) 
R · h Skot:tsberg, 1955 (SBT ) 

. 11Ucrant a Bert. & Dcne. Sk b 
Soncbus leptocepb:Jius Cass. Ot:ts erg, 1917 (NY) (Yw-27421) 
Stepbanomeria exigua Nun. Kuntze 6-1-1888 (}."Y) 
S. guad.1lupensis Brandegcc Munz & Johnston 11258 CPOM) 
S. virgata Benth. Carlquist: 457 (RSA) 
Thamnoseris lobata j tn. Carl9uist 616 (RSA) 

Willis 1 (Type, DS) 

No. 112 

93 58 2.62 
156 64 1.52 
104 58 2.67 
93 45 5.13 
65 44 2.60 
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195 377 
247 373 
281 390 
182 282 
172 416 

26.6 
19.4 
zz.-t 
18.2 
19.S 

2-4 ap 
1- 3 
1-J 
2-J 
3-S ap.DY. ap.PV. 

ft ft 

.59 126 

.64 t39 
1.DIS IS2 
.61 109 
.41 !16 

104 60 2.03 195 364 26.1 2-J 
104 57 1.42 303 435 23.8 1-J 

.sa 91 

.70 n 

169 79 
104 69 
97 55 

130 74 
68 4() 

66 44 
104 58 
91 43 
91 57 

2.24 
2.76 
2.00 
1.66 
1.68 
3.00 
1.86 
3.30 
2.58 

338 
259 
192 
227 
218 
266 
192 
244 
204 

357 
341 
346 
343 
204 
391 
429 
402 
312 

27.5 
29.S 
2S.2 
29.1 
26.2 
24.8 
29.1 
2JJ 
JJJ 

~ 
2-J 
2-S 
1-S 
2-J 
1-J 
3-S 
2-J 

'"ff mas 
DV,ft ff I.IS 6J 

S4 81 
tf ff J7 68 
,..,~ ,,.,.., .8J 81 

M 117 
.41 142 

tpPf Ml24 

J-6 " 
139 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

71 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ + 
+ 
+ 
+ 
+ + 
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ANATOMICAL DESCRIPTIONS 

Table 1 contains a summary of chara.cters. consi~ered to 
be significant in comparing ~ecies of Cicho?c:ae Wl~ each 
other and with other CompoSitae. Characte~ncs w hich. are 
not easily summarized in chart form, or which occur 1!1 a 
limited number of species, are discussed under appropnate 
headings below. 

Explanation of symbols in table 1: 
ap = apotracheal parenchyma 

f = fibers 
ff = a few, or some, fibers 

mv = more numerous vessels 
nv = narrow vessels 
sf = short fibers 
tf = thin-walled fibers 
v = vessel elements 

vp ;;;;; vasicentric parenchyma 
vt = vascular tracheids 

wv = wide vessels 
+ = presence of characteristic 
- = presence of characteristic to a limited 

extent 
blank space = absence of characteristic 

VESSELS 

Dimensions, shapes, types.-Columns 1, 3, and 4 of table 
1 give dimensions of vessel elements in woods of Cichorieae. 
Although species where more than one collection was 
studied (Dendroseris macrophylla, Rea micrantha) show that 
figures for these dimensions are by no means constant, there 
arc. some good differences among the taxa. The species 
\•~htch occur in California all have vessels the average 
d!a'!letcr of which is 451-L or less. Sonchus leptocephalus, with 
Slmtlarly narrow vessel elements (fig. 17}, grows in a similar 
warm, dry, climate. These species with narrow vessels also 
have relatively short vessel elements (fig. 15, 18, 20}. Not­
a~ly l~ng v~ssel. elements occur in the close pair of species 
f.hor:mcoser_ts pmnata and P. Berteriana. T his fact may be 
s1gmficanr m relation to the~~w~· lru~~lliilCQb._lOO$ell~--

. F' 5 7 Transections.-. oseris regta.- ag. , • 'a) 
F ig . 5- 10.- Fig. 5-8. Pl~ot711C F' s~ show xvlem between speca -

F . 6 8 T angential sccraons.- ag. d largely of narrow ,.~Is 
i1

1;d ban'ds; fig. 7-8 ~how .. ~and~~~~'n.:enicoseris pitmo~taF' fit1~· 
and o~cular r~achc•ds.:n ·:~rial section.-Fig. S-8, X 6S; ag. • 
Transection.-F1g. 10. T g 
X 70. 
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rree form of these species. Phoenicoseris regia, which has 
sho~~r v~ssel elements, develops a shoner stem. Some 
vana.oons m v~el-element dimensions may be attributed to 
rclat;tve I_Mtunty of. wood samples. In the stem of Stephano­
merza vtrgata sruclied, vessels become narrower in later­
formed wood (possibly in response to decreasing moisture). 
The last-formea xylem in the stem of Malacotbriz Blairii 
studie~ c~ntained narrow vessels, some of which, by virtue 
of theu tmperforate nature, are vascular tracheids. Such a 
ring of vascular tracheids may be related to the closing of a 
season's growth, as seemed to be the case in an annual com­
posite, Blepharizonia plumosa (Carlquist, 1958). In Thtnmlo­
seris Jobata, on the contrary, wider vessels appear to be 
formed in the outer portions of a stem. 

Markedly caudate vessel elements were observed in 
Stephanomeria exigua. Some tendency toward caudate vessel 
elements was seen in S. 'Virgata and Thtnmloseris lobata. 

Lateral wall pitting.-Typical alternate bordered pits, 
circular in outline, were observed in wood of the annual or 
near-annual species Lactuca Serriola,, Stephan~eri_a exigua, 
and S. virgata. All the other Ochoneae srudied differed .to 
various degrees from this pattern. Although alte~te crr­
cular bordered pits may be presumed to be ~c to ~e 
group, all other species possesst;d at l.east ~me ~1ts which 
were elliptical (elongate tan~ntially~ m outline (fig. ~3, 25, 
31 ) . Transitions between ptts of ~ shape and .deadedly 
scalariform pits were not iilfrequent m these speaes. Three 
species, Dendroseris litoralis, Pboenicos~ regia, and ~o~­
chus leptocephalus, possessed more scalariform than .ellip .­
cal pits in vessels. Such pitting is illustrated for Phoemcosens 
regia in figure 27. . • of "t-

The writer believes that the poSSCSSlOn of this type P. 
. . "d bl ·,....u;cance It has been re~rted In 

tmg 1s of cons1 era e Sl!;•WA• · · · 'ds ch:....-. ch as the muos101 ,,._.-
other genera of Com~~Sltae, su d'IINlfc d w---'erlicbill . b .l. Q l "' X ,..an ,,,.,.a, an IR"' taea unra 1 1s, ue c - o· · f H Uanthcae, such as Con-
mir~bili~, as well as a nwnber 0 • e f EsplletM (Carlquist, 
opStS gtgantea and three speaes 

0 all the ·es men-
19 57 a, 195 8). The curious

0
facth ~bou~bich ba:aabundant 

tioncd as well as all the c oncae 
' 
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scal:uifonn pitting, is that these species have a growth fonn 
which could be termed "rosette tree" or "megaphyte." The 
writer ( 1958) has interpreted the occurr~nce . of. su~h pit­
ting in secondary xylem as perhaps bemg mdicanve of 
retention of mctaxylem pitting patterns throughout the life 
of the plant. This may appear to the reader to be merely a 
fonn of words, but there can be no doubt, with evidence 
from three tribes of Compositae, that there is some correla­
tion between growth form and pitting type. Such a correla­
tion might be usable- when more is known about wood 
anatomy of rosette trees-as a possible indication of deriva­
tion from herbaceous ancestry rather than woody. Such pit­
ting, however, should not yet be regarded as the sole cri­
terion for such an evolutionary history in certain groups of 
Compomae, but it should not be overlooked as having such 
a possible significance. 

.spir~l bands or grooves are notably absent in vessels of 
Ctchoneae. The only instance in which this phenomenon 
was observed to any degree was Malacothrix saxatilis. In this 
species, narrow short grooves extend on either side of 
apertures in areas where pits are relatively sparse. 

Perfo~ation plates.-Simple circular or slightly elliptical 
perfora~on plates are characteristic of the vast majority of 
CompoSltae. There are occasional reports of multiperforate 
p!ates in Compositae. A resume of such occurrences has been 
gt\·en by the writer ( 46-4 7. 1957b) and additional instances 
may b~ fou~d in sub~cquent papers (Carlquist, 1958, 1959b). 
The C1choncae studtcd here exhibit a wide variety of such 
mul~perfo~a~e plates. However, only the Juan Fernandez 
spectcs cxhtbttc~ thes~ plates with any degree of abundance. 
Plates of Pboemcoserts Berteriana (fig. 23-26) show a num­
ber o.f tlun bars. In .smaller .Plates, the arrangement of these 
bars 1s transverse Wlth relauon to the stem, although larger 
plates (fig. 24, 25) may have bars arranged vertically. If 
numerous bars are prcsen~ many of them are forked. 
Anastamoses of the bars may be presen~ so thar- as in figure 
24 a "fi · " 1·k ..., fJ ' . 1ngc!pnn~ - 1 e arrangement is often achieved. In 

hoemcosem regza (fig. 28- 31 ), on the contrary, multiper­
foratc plates most frequently give the appearance of round-
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ed perforations separated by wider bands of wall material 
~fig. 29-31 ) . Another. inter~g phenomenon in this species 
ts the marked elongation of p1ts surrounding the perforation 
plate, so that the margin of the plate may appear as an 
isolated ring (fig. 28). Perforation plates like those illus­
t rated for Phoenicoseris Berteriana were observed in small 
numbers in P. pinnata and both collections of Rea micramba. 
In Cichorieae studied other than the Juan Fernandez species, 
multiperforate plates were found to be quite uncomplicated 
and very infrequent. In Lactuca Serriola, a single one-bar 
plate was observed, and in Stepbanomerilz 'llirgata, one two­
bar plate was seen. Thus, although multi~orate plates­
which are apparendy rresent in only a fraction of the vessels 
in any wood section o Compositae--cannot definitely be said 
to be absent in any of the species not mentioned, they are 
far more abundant in woods of the Juan Fernandez Ocho­
rieae. Interestingly, Sanio. ( 18~3) has figured a yariC9' of 
perforation plates for Hrerae~um wlglltrf"' (~chon~), 
including both the type shown for Pboenr~os~ Bm~ 
and that of P. regia. Thus there may~ no Slgnificance.m the 
fact that divergent types were found m the tw~ sraes. 

One fact which does ap~ to be of som~ sign!lican~ 
at least morphogenetically-is that. in Pboefllcosms Berfen­
ana and P. regia, which have relauvely numerous mul~­
forate plates, such plates occurred not at ranroddom but .m 

ial • ·tial ds to p uce a senes 
radial series. Thus, a camb 1111 ten h thers give rise 
of vessels with multiperforate elates, w ~ 0 

"ter has not 
to vessel elements wi~ sime e J?lates.od T :f ':currence of 
encountered any me!lnon '!f this m e 
multiperforate plates m the literature. di oods . · , revious stU es on w 

Grouping.-As m the wn~r 5 P umber of vessels ~ 
f C · figure is mven for D • r-:. o ompos1tae, a o·be •szniticant for the mainland 

group. This figure seems to ~:h are annuals and have a 
species of Cichorieae, all of fihi~9) The insular species all 
figure of 3.00 or greater( see g. 00 -Is pup. The 
have an average of few~ than 3dny a~to the writer. 
cause of this differen~ IS not rea strO tendency toward 
The C.ichorieae .studied ~':.:Is (e.: fig. 3). Tbis tald­
formauon of radial rows 0 v 
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enc\· is not apparent in some of the species with a very low 
nuri1ber of \'esscls per group, such as Sonchus leptocephalus 
fig. I i) or TbJJJmoseris lobata (fig. 13). 

LIBRIFOR..\1 FIBERS 

The figure for fiber length given in table 1 shows that in 
most species, libriform fibers a.r:e betwee~ 300 an~ 435~ 
in length. The upper e~treme 1s found .m Phoemcosens 
Berteria11.z, a species which also has r~laovely long v~ssel 
dements. Kotably short fibers occur m Lactuca Serrtola. 
The lowest average fiber-length, however, occurs in Soncbus 
lt'ptocepbalus (fig. 18). In this species, moreover, a fiber 
dimorphism occurs. As indicated in table ~, the avera~e 
fiber length is 20-1-J.t- Shorter fibers (fig. 18, nght) occur 111 

bands. Such fibers average 1751-' in length, whereas fibers 
between bands average 2341-' in length. The two types of 
fibers are otherwise alike in all histological characteristics, 
and thus the shorter ones do not qualify as apotracheal 
parenchyma cells. In one collection of Rea micrantba, several 
concentric bands of thin-walled fibers were present (fig. 11 , 
j usr abo\'e center). Because the thinness of walls is the only 
variation in hiscology of fibers of this specimen, such fibers 
cannot be termed apot:rachcal parenchyma cells. The other 
collection of Reu micrantba showed a single band of only 
slightly more thin-\valled fibers. In both Sonchus leptoce­
phalus and R~a micrantha, such variation in fiber character­
istics is probably related to duration of certain climatic 
conditions. 

In table 1, a figure for range in thickness of fiber W<llls is 
given. These figures are intended to demonstrate the rcla­
ri,•cly thin-walled condition of fibers in almost all of the 
Ci~horieae studied. The. only .notable exception is Thamno­
sem Jobata (fig. 13 ), m whtch some rather thick-walled 
fibers occur. 

A~ in~cresting tcndcn~y which appears in all of the taxa 
~tudtcd !s the radtaii}'-Widened narure of fibers, as seen in 
transection. 

. l (,,,. '7·PI) -Fig. II. Tr:m-•. v , 1m,·ram ~.1 -- - • • l 
ltg. II H.- 1-tg. II 12. ,~t·l . Fig IJ-14. Tbamnos~u o-

. .. ·1· nnal secnon.- · · · All X 65 \ccuon. -hg. 1!. :Ul~C F' 14 Tangcnttal secnon. • · 
b.ua.-Fig. 13. Transccnun.- 1g. · 
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AXIAL PARENCHYMA 

. Apotr~cheal P"!ench;yma.-The fact that some fiber 
cf!morphism, men.o~ned above,, is present in certain Cicho­
neae, may be a surular express1on to the presence of actual 
concentric bands of apotrachcal parenchyma cells. Such 
parenchyma cells are shorter, more thin-walled and gener­
ally richer in latex dro~;>lets than are fibers. Examples of 
such bands may be seen 10 Thamnoseris lobata (fig. 13, just 
below center) and Stephanomcria guadalupensis (fig. 21, two 
successive bands on lower half of photograph) and, to a 
lesser extent, Dendroseris litoralis (fig. 1, center). In the 
last-named species, apotracheal parenchyma cells are shorter 
(ca. 250p.) than fibers. These bands are doubtless related to 
durations of certain climatic conditions. Such bands have 
been described in other Compositae, such as Hemizonia 
clementina (Carlquist, 1959a), an insular endemic of south­
em California. The presence, in the rather short succulent 
stem of Thamnoseris lobata1 of wide apotracheal parenchy­
ma bands alternating with thick-walled fibers is curious. 
Another example of this type of c~~c~on .~ay be foU?d 
in the similar stem of WuTJderl1chza mzrabllzs (Carlqwst, 
I957a), however. 

V asicentric parenchyma.-The Cichorieae stUdied her:e 
show marked differences with regard to presence of Va51-
centric parenchyma. Relatively abundant parench~ 
forming a sheath 1-2 cells in width around .vessels or vess~I 
groups, occurs in the Juan Fernandez speetes as w~ll as ~n 
Thamnoseris lobata and Sonchus leptoceph~lUf· Va51cenmc 
parenchyma in Stephanomeria guadalupenszs IS less abund­
ant. It may be present as a sheath, a single layer of cell~ 
wide which is not continuous around a v~I or ~esseh 
group' although it rna~ be more abundant, f?rmmg a sdeaht 

· ' · · · mts aroun t e that 1s two cells 10 t 1ckness at certain fa1a tbriz Blairii 
periphery of a vessel or vessel s.roup. • 

11 
coplete sheath 

h . . 'cal f compoSiteS' an mcom , 
as a condltlon typl . or er of ~ells thick. The three 

ne~er more t~an a smgle lay . la Stephanomeri4 tzip, 
mamland specles, Lac~a. semo , 'cenaic chyma. 
and S. virgata, show a JllinUilUm of VISlnch =ds may 
In these species, only one or twO pare yma 
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be present adjacent to a vessel or vessel group. Kribs (1937) 
has suggested that both loss of vertical. parench~ and 
abundant vasicentric parenchyma are den ved condinons. If 
this is true, the j uan Fernandez Compositae, together with 
Thmmzoseris lobata and Sonchus leptocephalus form one 
extreme of specialization, while t he mainland Cichorieae 
mentioned form another extreme. V asicentric parenchy ma 
in the former group could not be termed "abundant" com­
pared with that in dicotyldeons at large, but it is abundant 
when compared to that of other Compositae. 

Because the juan Fernandez Cichorieae form such rela­
tively abundant vasicentric parenchyma, the writer decided 
to determine the number of cells per strand for each species 
of Cichorieae. Lactuca Serriola, with minimal parenchyma, 
has mostly two cells per strand. The same number of cells 
per strand is typical of the two species of Malacothrix, Son­
elms leptocephalus, and Stephanomeria guadalupensis. The 
juan Fernandez species and Tbamnoseris have a range of 
from two to four or five cells per strand. In Dendroseris 
macrophylla four cells were more common, whereas in Rea 
micrantha, two or three cells predominated. In Phoenico­
~eris Berteriana and P. pinnata, four or five cells per strand 
1s most frequ~nt, although in P. regia, a single cell, rarely 
two or three, lS present per strand. 

TYLOSES 

The only instance of tyloses was seen in Dendroseris 
macroph!lla, where thin~walled tyloses were observed in 
one. poroon of a transectto~. As in other groups of Com­
poSltae, tyloses are thus of mfrequent and sporadic occur­
rence. 

VASCULAR RAYS 

. T_yp~s.-.In comp:mson .wi~h Heliantheae, Cichorieae are 
dJsttnct1ve m possesst~g ~sen~te ray~ in comparative abund­
ance. The o~ly spec1es m. which uruseriate rays are absent 
or nc?rly s.o lS Thamnoserzs lobata; they are rare in Phoeni­
cosens regza. 
~mrensions.-Ray dimensions. may be computed in units 

or m tcnns of cells. Table 1 gwes average ray height for 
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both ~ultiseria~e an~ ~riate rays. Notably high rays 
occur m Phoemcoserzs regza (fig. 6) and one collection of 
Dendroseri~ macrophylla (fig. 4). The relatively high rays of 
Thtrmnoserzs lobata (fig. 14) are related to the fact that little 
alteration of pith rays occurs during secondary growth. 
Some breakup of rays, as seen in transection, may be ob­
served in this species, however. Relatively short multiseriate 
rays occur in Lactuca Serriola, Malacotbriz Blairii (fig. 15), 
M. saxatilis (fig. 16), Rea micrantha (fig. 12), and the three 
species of Stephanomeria (fig. 20, 22). As measured in num­
ber of cells, there is wide variation in width of multiseriate 
rays among Qchorieae. juan Fernandez species (fig. 2, 4, 6, 
10, 12) and Thamnoseris lobata (fig. 14) have notably wide 
rays, numerous cells in width. In so~e .of th~ species (e.g., 
Rea micrantha, fig. 12; Dendroserzs lztoralts, fig. 2, upper 
left) the cells in the central portion of the ray (procumlxmt 
cells) are much smaller in diameter than those of the ray 
margin. Relatively narrow multiseriate rays, rarely more 
than three and often only two cells in width, occur in MaLz­
cothriz (fig. 15, 16), Sonchus l~pto~epha~us (fig. 18~, and 
Stephanomeria (fig. 20, 22). This distincnon IS certatnl~ a 
noteworthy one for separating ~ese gr~u~ of speaes. 
Often, in the latter group of speaes, ~ulnsenate ~ys. have 
long uniseriate wings. This character m these. speetes ~ not 
related to primitiveness in ray .str?cture but IS more likely 
related to the abundance of urusenate. raY,S and the narT?w­
ness (in number of cells) of t~e mulasenat~ rays. Certainly 
there seems to be a relation, ~ Mallzcot~? LactUCa, and 
Stephanomeria, between the he1ght o! urusenate rays (note 
the rather great height of such 'r!-ys. m these taxa) and t!'e 
fact that they have narrow mulasenated brays. Thbese speetlls.es 

· · measure y num er of eel: 
also have tall urusenate rays asth f that mul..:-riare rays, 
This l · is due to e act YOn< 

corre anon . .d h, ·rh uniseriate p<?rtions, are 
which are few ce~ 10 WI t • ~ te ra than is the case 
cl?ser in ~onstrucn~n to ~tiseJ:te rays, and thus 
wtth speetes ~J niseriate rays may be ~ 
more numerous and e~ ~ riate rays. Mention shoUld be 
in species with narrow ~ =te rays an l)mdroseris fii4Crtl­
madc of the fact that umse 
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pi~) /l.t arc often three or more _c~lls ~n he~gh~. Two .to three 
cells is the most common condmon m umsen:lte ra) s of the 
species of Steph.momeria. In Pboenic~se~is, Rea (fig. 12, 
center), and Soncbus leptocepbalus, urusenate rays are most 
frequently only a single cell in height. 

Histology.-Table 1 shows the occurrence of erect ~nd 
procumbent celh; among the \'arious ta.xa .. Cells nearly !SO­

diametric as seen in radial section, occur m all taxa. These 
distinctio~s in pattern of ray-cell shape~ :u;e i~teresting ?nes, 
and may be interpreted, in part, as mdtcations. of dtffcr­
cntiation among the ta.xa. Erect cells on the margt~ of .rays 
may be similar to libriform fibers and render prectse limtts 
of rays difficult to define in some species, such as TI:Janmo­
seris lobata (fig. 14). 

Relative thickness of cell walls varies in rays of Cichorieae. 
Thin-'' ailed, non-lignified rays occur in Phoenicoseris regia. 
In the regions where bands of narrow vessels and vascular 
tracheids occur (fig. 7, 8) all ray cells are non-lignified and 
thin-walled. In regions between these bands (fig. 5, 6) only 
the central portion of multiseriate rays consists of such cells. 
Relatively thick-walled ray cells occur in Dendroseris (fig. 
2, 4) and Rea (fig. 12). Because of this thickness of cell 
walls in these genera, pits, which are rounded in face view, 
appear prominently. Ray cells of Pboenicoseris are thinner, 
and pitting, consisting of circular to fusiform areas, is less 
conspicuous. Relatively thin-walled ray cells with incon­
sptcuous pitting occur in the three species of Stepha11omeria 
as well as in Soncbus leptocephalus, Tbamnoseris, and 
M.tl~coth:ix (fig:. 15-16). Pi.tting on the ray cells of Lactuca 
Serrzola 1S relaovely pronunent, however, despite a thin­
walled condition. 

Phoenicoseris Berteriana and P. pinnata are notable in that 
the rati? of ~he ~ea _of fibers t? the area of rays, as seen in 
transectton, 1s htgh tn companson with that of the other 
Cichorieae studied. 

GROWTH RINGS; RING POROSITY 

Variation in the type or nature of elements produced has 
been mentioned above in relation to fibers and apotracheal 

1 · . HI 1irii nngcntial scction.-Fig. 
~ ag. 15- Ht- Fig. I'· \l,r/.trot m:' 1 •. ·ti;m · Fig 17- ltl. Srmclms 

16. \la/Mmbril· s.n:.ttilu. t:lllgcn~aa ~~~- jll •t.1ngcntial section. 
Jeptoapb,,/us.- Fig. 17. Transccuun.- ag. . . 

All, X 65. 



No. 112 TROPICAL WOODS 81 

parenchym~. Thus characteristics of these two cell types 
are Summanzed under the heading "ELEMENTS DISTINGUISH­

ING RINGS" in table 1. Vertical elements of the band shown 
for Phoenicoseris regia in figures 7 and 8 are notable because 
they are narrow vessels and vascular tracheids, with fibers 
absent. A similar condition was present in the terminal band 
of the stem examined of Malacothrix Blairii. Because varia­
tion in vessel diameter and relative abundance characterized 
bands in these two species, they might be termed ring-por­
ous, or having a ring-porous tendency. Likewise, the pres­
ence of wider vessels in a band in Phoenicoseris pinnata (fig. 
9) or more numerous vessels, combined with presence of 
shorter fibers in bands in wood of Sonchus leptocephalus 
(fig. 17, just above center) or the combination of apotracheal 
parenchyma with narrower vessels in Stephanomeria guada­
lupensis (fig. 21, two bands in lower half of photograph) 
would render these instances also examples of ring-porous 
tendencies. 

STORIED STRUCTURE 

Despite the rresence of patches of obscurely-~toried 
fibers in Phoemcoseris pinnata (fig. 10, left)! P. regza, ~nd 
Rea micrantha, the only prominent!~ and collSlStently stoned 
condition in the tribe was observed m Soncbus leptocephalus 
(fig. 18), in which all elements excert rays confo~ to the 
storied pattern. Elements in the te~nal band descnbed ~or 
Malacothrix Blairii are also stoned. Examples of sroned 
structure are not infrequent in Compositae and they ~ve 
been reported in Mutisieae, Heliantheae, and Helemeae 
(Carlquist, 1957a, 1958, 19S9b). 

LATEX DEPOSISTS 

Identification of latex deposits in woods ~f Cicho~eae was, 
to be sure circumstantial, because no nucrochenucal tests 

li
' d Such supposed latex deoosits, however, do not 

were app e . r 'k d · · ther 
h h Stal

• ning reactions as rCSln-h e epoS1ts m o 
ave t c same . h · · this srudy has . N f the C1c oneae m 

Compos1tae. one 0 the writer's sections of 
secretory cavities or canals, whereas d ealed Iaticifers 

. other than woo rev 
vcger.aove structures 1 d d laticifers are considered 
clearly in many of the taxa. n ee ' 
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a universal feature within G chorieae. Therefore, the deposi­
tion of droplets of latex within xylem elements of Gchorieae 
is not at all unexpected. T he writer does believe, however, 
that although the presence of numerous small droplets in 
xylem elements is a genuine charac teristic of certain cicho­
riean woods, latex may be infiltrated or soaked into vessels 
or other elements when a wood sample is cut from a stem. 
Therefore, the reports below are data the writer believes to 
represent normal occurrences only. Examples of latex de­
position are most apparent in the accompanying photographs 
as darkish clotted appearances, as for example in figure 1 
(center). figure 17 (upper Jeft) and figure 18 (lower left) . 

Dendroseris litoralis: droplets present especially in axial 
and ray parenchyma, also in fibers and in vessels. 

D. macrophylla (l{unkell955): droplets in rays, tyloses, 
and especially vasicentric parenchyma. 

D. macropbylla (Skottsberg 1917 ): droplets in rays and 
axial parenchyma. 

Lactuca Serriola: no appreciable deposits. 
Malac~tbnx Bl.1irii: deposits in ray cells (fig. 15) ; fewer 

m other cells. 
M. saxatilis: no appreciable deposits. 

Pbo~nicoseris Berteriana: droplets in parenchyma, fibers. 
P. pm~mt.l: droplets in axial and ray parenchyma. 
P. reg~a: droplets in rays, fibers. 

Rea micrantha: scattered droplets in all cell types. 
Sonchus l:ptocepbalus: prom~nent deposits in axial paren­

ch} ma.; a f~w droplets 10 other cell types. 
Stephanomerza _exzgua: a few droplets, especially in rays. 
5. guadalupemz~: abundant in apotracheal parenchyma and 

vastccntfl(;: parenchyma, droplets somewhat less 
. abundant 10 fibers, rays, and axial par enchyma. 

S. vzrgata: latex deposits virtually absent. 
Thamnoseris lobata: scattered droplets in all cells. 

The above summary of occurrence shows that latex a ears 
tcJ be more abundant tn parenchyma cells than in traf[eary 
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elements. Probably latex in tracheary elements is formed as 
the element matures and remains when the element dies. 
The relative abundance of latex in insular species and rela­
tive absence in species collected in mainland southern Cali­
fornia may be at least in part attributed to the lack of paren­
chyma cells in the latter species. The diferenc:e, in any case, 
is a rather sharp one. 

DISCUSSION AND CoNa.USIONS 

Analysis of the variation patterns outlined above inevit­
ably involves numerous references to the taxonomic systan, 
to geographical, and to ecological considerations. Summation 
of relationships of wood anatomy to these factors may be 
considered under the following headings. 

Variation 'Within a species.-Two collections were avail­
able for two species, Dmdroseris macropbylla and Rea 
micrantha. Comparison of coll~ons in each of ~ ~ 
species showed a number of differences of a ~tltattve 
nature. In Dendroseris fllllCf'ofJhylla, the colleeaon Kunkel 
19 55 showed narrower longer vessel elements, fewer vessels 
per group, and markedly shorter mul~ rays ~ t 
wood sample Skottsberg 19!1· These differences miftt the 
attributed to greater matunty of wood charactas m . 
former sample, but the stem from which t!U&. was ~ did, 
in fact, show ItS xylem accumulation. V~tt~ns of tbis sort 
may be correlated with o~ of ... ~ple WI~!:= 
normal variation. No qualitative uwacnces -r--
collections, however. • of Ru ~ re-

Comparison of the two collecttoDS Jlll"Nwef. 
veals that the collection Skottsblrg 19~ the~ 
shorter vessels, narrower, lonp rays. hich c:haraclerize the 
nent bands of thin-walled Dbers w cbaractedsdcs may 
wood sample Skottsberg 1111. These 1 which was 
. d' matw'l·ty in tho latter SIUDP e, m tcate a greater In neither~ Js there my 
obtained from a larger steDL WIS lllf misidcDI:ificadoiao 
reason to believe that tb::mtioDI ao(l cWfcnat p of a 
Rather, different~ cWfefeDCeL Such ~ 
stem may account !or .::.__u .. IJI&.r of ~ie cha­
however, do emphasiZe the~-, 
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acters w here source of samples may vary, in agreement with 
the evidence on this point presented by Stem and Greene 
(1958). 

Correlatiom of habit and ecology with anatomy·-:-The 
data presented in this paper ~uggest that a number of dll!er­
ences exist between the mainland herbs ( Lactuca Sernola, 
Mulacotlmx saxatilis, Stephanomeria exigua, S. virgata) and 
the insular species. The following. contrasts ca~ be offered. 
These features arc not entirely Wlthout excepnon, as refer­
ence to the above data will show, but they are generally true. 

Mainland Species Insular Species 
Many vessels per group, in Fewer vessels per group 

radial rows 
Relatively narrow vessels 
Near-circular, alternate pits 

on vessel walls 
Vasicentric parenchyma 

scanty 
~lultiseriate rays fewer 

cells in width 
~o bands formed in xylem 

Latex deposits scanty or 
absent 

Relatively wide vessels 
Vessel-wall pits elliptical 

to scalariform 
Vasicentric parenchyma 

more abundant 
Multiseriate ran often four 

or more cells wide 
Bands of various types 

formed in xylem 
Latex droplets abundant in 

parenchyma, other 
cells 

These differences may be attributed at least in part to the 
ros:cre-~hrub or rosette-tree habit ~f the insular species, 
wluch m turn may have evolved m relation to certain 
cli~a.tic factors .characteristic of temperate-zone islands. In 
addmon, these d1ffcrcnces may reflect other factors inherent 
in insular floras. The reader should note that all the "main­
land species" are from southern California, and this location 
rna~ account f?r some of the differences, although two of 
the msular spcc1es arc from the same region. 

The pccu!Jar features of rosette-shrubs and rosette-trees 
arc not . unique among. Compositae. There are parallels in 
other trtbes of CompoSltac, as weU as in other families. For 
example, xylem of Thamnoseris lobata shows similarities to 

. Stepbatlomeria e.Tisttta.-Fig. 19. Transcc-
Fig. 19- 22.- Ftg. 19-~0. . F'' , 1_, Stepbanomeria gu11da-

. " ' ?Q T enual sectton.- tg. • ••. . II 6S 
uon.- r tg. • · ang . Fig ,, Tangenrial secunn. :\ • X · 
lupemis.-Fig. 21. Transecuon.- - -· 
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that of Hemizonia clementina (Heliantheae, subtribe Madi­
inae) or Wunderlichia mirabilis, as mentioned above. Similar 
parallels ~ay be ~o~nd for other Qchorieae. The significance 
of scalarifonn p1mng of vessels in relation to the rosette­
shrub or rosette-tree habit, discussed earlier, has been enter­
tained earlier by the writer (1958). The relatively long 
vessels in Phoenicoseris Bertcriana and P. pitmata may be 
related to the peculiar palmifonn habit of these species. 

The possibility must be noted that the mainland species of 
Cichorieae may represent just as much adaptation to their 
locations as insular species do, so that the characteristics of 
insular species need not be regarded as necessarily derived 
from the characters listed for the particular mainland species 
studied. 

Comparisons with the taxouomic system.-The recent 
system offered by Stebbins ( 19 53) for the tribe is based on 
Stebbins' morphological and cytological (Stebbins, Jenkins, 
and \Valters, 1953) stUdies of that tribe and doubtless repre­
sents the best expression ~f ~ubdivisions within the .tribe to 
date. According to Stebbms system, the taxa studied here 
would fall into the following groups: 

Subtribe 4. Stephanomerinae: Tham11oseris, Stephano­
meria, Malacothrix 

Subtribe 5. Dendroserinae: Dendroseris and the segregate 
genera Phoenicoseris and Rea 

Subtribe 6. Crepidinae: 
Lau11aea-Sonchus line: Souchus 
Prenanthes-Lactuca line: Lactuca 

The genus Thamnoseris, on account ~f its peculiar yrowth 
form, geographic location, and certam features o g~oss 
morphology, has proved a genuinely anomalous. ge~us Wlth­
. c· h . Skottsberg ( 1937 1947) has mamtamed that m JC oneae. ' · 1 • d" the totali of features, including anatoffilca ones! m I_cate 

1 
. tyh. t the Juan Fernandez genera of Ctchoneac. 

a re at1ons tp o h ld b 1 d · 1 the 
If this relationshib. s valid, it perhaps s o~ e p ~ce u . 

b "b J ston (1935) was skepocal of this relanon-
same su tn e. o · d hi d" · · 
shi , and Stebbins ( 195 3) has quesnone t s ';Sposmun. 
St~bins emphasizes contrasts between Tbamnosens and the 
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Juan Fernandez genera in ac_hene morpho_logy, but Skotts­
berg ( 194 7), in a paper not cited by Stebbms, seems to have 
offered close similarities as well as contrasts between the tw? 
in respect to achene morphology. Stebbins does not det~I 
his grounds for suggesting affinity betw~en S_tephanom~ia 
and its allies and Thanmoseris. The wnt~r 1s developm~ 
additional anatomical information concerrung Tbamnoser,s 
and the Juan Fernandez Cichorieae, a~d such data may erove 
of significance in furthering compar~ons ~nd atte~ptmg a 
more definitive statement on the relanonships of this genus. 
At any rate, the present study shows that the. secondary 
xylem, which seems closely related to the. p~cu_li_ar growth 
form of Th,rmnoseris, offers no close similarmes to the 
secondary xylem of the other taxa considered here. 

The grouping by Stebbins of Stephanom~a ~ the same 
subtribe with Malacothrix would seem to be Justified on the 
basis of wood anatomy, although some of these similarities 
may in fact be due to similar climate and growth form. 
Lactuca, for example, shows much the same features al­
though it is in another subtribe. This accounts for the groui: 
ing of Lactuca with Malacothrix saxatilis, Stephanomeruz 
exigua, and S. virgata in the Mainland Species category 
above. From the anatomical features which the Mainland 
Species have in common, Malacothrix Blairii and Stephano­
meria guadalupensis, both insular species, depart in similar 
ways. Such parallelisms need not necessarily indicate any 
close relationship between these species. Interestingly, Mala­
cothrix Blairii was first described by Munz and Johnston 
( 1924) as a species of Stephanomeria and later transferred 
by Munz (1935) to Malacothrix. Williams (1957) in a 
monograph of Malacothrix retains the species in that genus, 
without commenting on the placement, as does Munz 
( 1959). In the opinion of the writer the affinities of M. 
~lairii . have not yet been thoroughly explored, and con­
sideration of other anatomical characteristics is needed to 
find if more criteria for its placement exist. The chromosome 
!lumber ~Steb?ins, Jenkins, and Walters, 1953) of M. Blairii 
is excepnonal m the genus Malacothrix, but characteristic of 
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Stepbanomeria, and on this and other grounds the species 
has been regarded as a Stephanomeria in the paper just cited. 

The great similarity of Stephanomeria exigua and S. 'Vir­
gata in respect to secondary xylem characters is noteworthy, 
and probably indicates a close relationship. 

The placement of the Juan Fernandez genera in subtribe 
Dendroseridinae, which includes no other genera, was 
originated by Hoffmann (1890) and seems to have been 
accepted. Skottsberg, after considering all the Juan Fernan­
dez species as Dendroseris ( 1922) recognized four genera in 
the group (1951), largely persuaded by evidence from 
pollen morphology developed by Erdtman (see Erdtman, 
1952). Stebbins, Jenkins, and ~alte_rs (1953) no~e that two 
species of Juan Fernandez Cichoneae, pl~ced. 10 separate 
genera by Skottsberg, have the same distmcnve chromo­
some number and size, and they discount the value of 
generic distinctions. . . 

The Juan Fernandez Cichoneae could be said to h_ave ~e 
following characteristics in common: abundant vasicen~nc 
parenchyma, vasicentric parenchyma strands of ten c0DS1St­
mg of four or more cells, relatively wide (four or !11?re 
cells in width) multiseriate rays, lateral-wall vessel p1ttmg 
elliptical to scalarifonn,, and relati~ely frequent, ofte~ ~rge 
multiperforate perforanon plates m vessefs. Th~ similar­
ities may not seem to be particularly_ substantial, but at­
tempts to find distinctions correspanding to the ~gregate 
enera ielded fewer characteristi<:5. Den~rosens ( sensu 

g . ) Y d Rea both passess relanvely thick-walled ray strzcto an . · Ph · · 
11 • h fairly prominent pits, whereas m. oemc~s~, 

ce s wit thinner with less conspicuous p1ttmg. 
the cell walls ~ ' . ) d Rea have refatively 
Both D~ndroserzs ( sensu =torO:mbent cells in the cen­
short, w1.de rayfsth, with narln Ph~enicoseris, multiseriate rays 
tral pornon o e ray. 'th ut smaller cells, and occupy 
are somewhat. narrower, i:; ~on, in com~n to fibers, 
a ~lier area 11!' a ~~:sens ( sensu stricto) or Re11. 
than 1s the case m D ·ca1 studies to illumine 

. has · rogress anatonu 
The wnter ~ P. . difference among the groups 

funher degrees of similarity or 
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of Juan Fernandez species. J\1eanwhile, the names of segre­
gate genera have been used provisionally. 

The wood of Sonchus leptocephalus is easily the most 
distinctive of the Cichorieae srudied on account of the short, 
storied fibers which are shor ter in the occasional bands 
which occur. The xylem of Lactuca Serriola~ a~ mentione~ 
above, shows similarity, possibly because of smular ecolog~­
cal conditions, co the mainland species o~ Stephanornerta 
rather than to Sonchus leptocephalus, despite the fact that 
both Lactttca and Sonchus are placed in the same subtribe. 

Characteristics and evolution of wood in Cichorieae.­
Relarively few features can be cited as being characteristic of 
Cichorieae rather than species of tribes studied earlier by 
the writer. The presence of relatively numerous uniseriate 
rays and, at least in some species, relatively narrow multi­
seriate rays is like Mutisieae but unlike H eliantheae and 
Helenieae. Spirals and grooves in vessels (with the exception 
of Malacothrix saxatilis) are notably absent in Cichorieae, 
unlike a number of Heliantheae, H elenieae, and Astereae. 
The tendency toward elliptic to scalariform pitting in ves­
sels and the possession of thin-walled fibers, wider radially 
than tangentially, are characteristics of many Cichorieae but 
comparatively few species in other tribes. 

T he gamut of specialization of characteristics in Cicho­
riea~ is small, but certainly, as in other Compositae, the pos­
sesss1on of v~ry short, storied fibers (Sonchus leptocephalus), 
large grouping of vessels an.d very. s~anty vasicentric paren­
ch)11!1a (Lactuca, M~lacothrzx saxatzlis, Stephanomeria exigua, 
S. virgata) or relatively abundant vasicentric parenchyma 
(Juan Fernandez species, Thamnoseris) seem advanced char­
acteristics. 

Certainly some Cichorieae show anatomical adjustment to 
par.ticular growth forms or .ecology. T he xylem of Thamno­
serzs seems exemplary of this, as does the formation of bands 
in this species and others. The species with narrow short 
vesse.l elements and n:rrrow multiseriate rays all odcur in 
Mediterranean-type climates. Thus, suppositions concerning 
patterns of wood evolution in Cichorieae must untangle the 

I
.. , , l 1~· 1 > '6 f' lJo1.•11it'osais 8 .-rtai,111<1, pafor,u ion phtcs 1g 1 1 1 . - 1g. - ·-- ,. > • , 

f 
· - I f .,

1
•.
1
1 s·c•· r'10 ns - Fig .:?;-~ I. I bo,:lllt'QSt!TIS r,:g111.-o \'C~sc , ron1 r:iu , • " · · . · • 8 

I. ,_· S 1~r·1fnr111 lateral-wall 1>i tting from scl'fl<>ll shown Ill ~g. .-
ig. - · · c~ ·• I • '8 'I f · 1 1111 s"~ · · I' - l•r • ,,f \'CSSC s· hg. • ' , I 0111 r. I , H-I 1g. :?H ~I. crl11r,mon p ,, c, · · · . • . . . . .. ,, 

. .. h. '9 ·o li,Jodcrnl 1>larcs from tJt1gt•nt1,1l )lccm,11,.-I 1g .. - . >< 
nons, g. - . , • • ·. :;._ • " fi ,6 .,0 . fig ,- x no. h~. 1~ 
.<10; fig. ~-l. · ,o,. hg. :?,. X ,-.,: g. - • X '- • ' - ' • 
31. X ,55. 
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ove.r-all phyloge!'letic trends in wood anatomy from changes 
which may be mduced ~>': .particular climates or peculiar 
~rowth. forms. The ~SSibdity that these latter considera­
uo~ nught play a relanvely important role in attainment of 
parncul~r wood configurations was explored in Helenieae 
~ Ca~lqms~, 1959b), a.nd this possibility seems equally valid 
m C1choneae. If special climatic or ecological factors under­
lie w~od patterns in Cichorieae, the fact that such patterns 
are different from those described in Helenieae is readily 
understandable, considering the different habits and habitats 
occupied by members of the two tribes. 

If one were to cite characteristics which could be used in 
assessing whether or not woody Cichorieae originated from 
herbaceous ancestors, several might be mentioned. The high 
proportion of genera with elliptic to scalariform pitting on 
lateral walls of vessels in Cichorieae seems significant. The 
presence of thin-walled, radially widened fibers may also be 
noteworthy in this regard. Woodiness, if it is derived from 
herbaceousness in Cichorieae, could have originated more 
than once in Cichorieae. Intensive examination of wood (and 
other features) of rosette trees throughout Compositae, as 
well as in other families, is needed before the mode, or modes 
of origin of such growth. fo~s ca~ be clarified. Cichoriea.e 
will undoubtedly prove sigruficant m such further compari­
sons however because of the decidedly herbaceous nature 
of the tribe, a~d the striking relation between woodiness and 
insular habitats. 

LllDATUU Qm, 

CAm.QUIST, S. 19S7a. Wood anatomy of Mutisieae (Compositae). 
Trop. Woods 106: 29-4S, . . . 

-. 19S7b. The genus Fite/Ji« (Compositae), Umv. Calif, Puhl. 

Bot. 29: 1-144, 
-. 19S7c. Anatomy of Guayana Mutisieae. Mem. N.Y. Bot. 

Gud. 9: 441-476. . 
-. 19S8. Wood anatomy of Heliantheae (Compositae) . Trop, 

Woods 108: 1-30. . 
--. 19S9a. Studies on Madinae: anatomy, cytology, and evoluaon-

ary relationships. Aliso +: 171-236· . . 
--. 1959b. Wood anatomy of Helerueae (Cornposttae), Trop, 

Woods 111: 19-39, 



90 TROPICAL WOODS 1960 

El:DTMAN, G . 1952. Pollen morphology and plant tuonomy. Chronica 
Botanica. Waltham, MassachusettS. 

HonMANN, O. 1890. Compositae, in Engler and Prantl. Die natiir­
lichen Pfianzenfamilien 4(5): 1-402. 

JoHNSTON, I. M. 1935, The flora of San Felix Island. Jour. Arnold 
Arboretwn 16: 440-447. 

K.1uBs, D. A. 1937. Salient lines of srroctural specialization in the 
wood pareochyma of dicotyledons. Bull. T orrey Bot. Club 64: 
177-186. 

KUNKEL, F. 1957a. Beobachrungen ii.ber die Vegetation auf dem 
Yunque-Massiv. Bot. Jahrb. 77(2): l'f9-157. 

--. 1957b. Ueber einige endcmische Komposiccn der Flora feman­
dez.iana. Ber. Schweiz. Bot. Ges. 67: 428-455. 

LANJOUW, J ., AND F. STAFLEU. 1959. Index: herbariorum , Part I . The 
herbaria of the world. ed. 4. International Bureau fo.r Plant 
T axonomy and N omenclature. Utrecht. 

Mum, •P. A. 1935. A manual of southern California botany. Claremont 
Colleges, Claremont, California. 

--.1959. A California flora. Univ. Calif. Press, ·Berkeley. 
- - , AND 1. M. JOHNSTON. 1924. Miscellaneous notes on plants of 

southern California. III. Bull. Torrey Bot. Club 51: 295-302, 
SA.,,o, C. 1863. Vergleichende Untersuchungen iiber die Elementaror­

gane des Holzkorpers. Bot . Zeit. 21 : 85-91, et seq. 
Scm:Ncx, H . 1907. Beitrage zur Kenntnis der Vegetation der Cana­

rischen Inseln, in Carl Chun (ed.), W issenschaftliche Ergebnisse 
der deutschen T iefsee-Expedition auf dem Dampfer "V aldivia." 
2(1:2): 227-406. Verlag Gustav Fischer. Jen.a. 

&onsBE.11.a, C. 1922. The phanerogams of the J uan Fernandez 
Islands. The natural history of Juan Fernandez and Easter 
Island 2: 95-240. 

--. 1928. Notes on some recent colleetions made in the islands 
of Juan Fernandez. Medd. Goteborgs Bot. Tradg. 4: 155-171. 

--. 1937. Die Flora der Desventuradas~lnseln. Goteborgs K. 
Vetensk.-o. Vinerh.-Samh. Handl. B 5 (6) : 1-88. 

- - . 1947. Eine kleine ~flanzensammlung von San Ambrosio (Islas 
Desvenmradas. Chile) . Medd. Goteborgs Bot. Tradg. 17: 
49-57. 

- -. 1951. A supplement to the p teridophytes and phanerogams 
of Juan Fernandez and Easter Island. The natural history of 
Juan FeTI12ndez and Easter Island 2: 763-792. 

--. 1953. ~e vegetation of the Juan Fernandez Islands. T he 
natural history of Juan Fernandez and Easter Island 2: 793-960. 

STEBBINS, G. L. 1937. Critical notes on the genus /:xeris. Jour. Bot. 
7S: 43-Sl. 

No. 11 2 TROPICAL WOODS 91 

-. 1940: Studies in. the .Cicborieae. Dubyae11 and Soroseris, 
endemics of the Smo-Himalayan region. Mem. T orrey Bot 
aub 19(3): 1-76. 

-. 1953. A new classification of the ui'be Cichorieae, family 
Compositae. Madrolio 12: 65-81. 

--, J. A. JENKINS, AND M ARTA A. W ALTERS, 1953. Chromosomes 
and. phylogeny in the Compositae, tribe c.ichorieae. Univ. 
Calif. Publ. Bot. 26: 401-430. 

SruN, W. L., ANDS. GUBNE. 19S8. Some aspects of variation in wood. 
Trop. Woods 108: 65-71, 

WILLIAMS. EuzABE111 W. 19S7. The genus Maluotbriz (Compositae) . 
Amer. Midland Nat. 58: ~512. 



TROPICAL WOODS 1960 

CURRENT LITERATURE 

Know your woods. Albert Constantine, Jr., Home C:afts­
man Publishing Corp., New York, N. Y. 1-384 illus,. 
trated. 1959. $5.75. 

T he book is divided into two parts. Part 1 is entitled 
"The Wonderful Story of Woods" and consists of fifteen 
chapters. They include an opening chapter on wood struc­
ture and then chapters on identification, nomenclar_ure, 
logging, veneering, physical appearance, woods of the Bible, 
state trees, drugs from trees, trees with edible products, 
poisonous trees, unusual woods, wood collecting, woods in 
craftwork, and finally a wood quiz. Part 2 is entitled "Woods 
from Abura to Zebrano," with a color chart and key illus­
trating 60 woods and a written description of some 300 
species. A glossary and index is included. 

The jacket states that a dozen experts had a preview of 
the manuscript and their unanimous opinion was "nothing 
else like it.,, Unfortunately, this appears to be true. The 
author has attempted to boil down complete texts to a single 
chapter and include a little smattering of many complex 
subjects. Very little of the subject matter is new or original. 
T~e technical subjects have evidently been carefully 
edited, but the general material is neither carefully edited 
nor even factually correct. 

.The wood quiz is truly amazing, a collection of w hat 
trught be termed "filler material " or culled from the "Be­
~eve it or not" columns. For insta'nce, question 122 is: "When 
is a tree n?t a tree?", and the answer is: "When it is a papaya 
tree." It is doubtful if this answer will be considered an 
advance in education. 

.The sectio~ on woods from Abura to Zebrano is prefaced 
With the outline of 14 characteristics which are to be given 
for each wood. However, after making the list, the author 
pr?ceeds to neglect to follow it in some cases and to change 
1t m others. 

The author is in the business of supplying rare woods to 
craftsmen, and loses few oppormnities so to advise the 
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reader. The chapter on craftwork has some excellent illus­
trations, and for this reason alone should find a ready sale to 
the home shop worker, but the book will be of little value 
outside of the home shop.-Arcbie F. Wilson, 54 Druid Hill 
Road, Summit, New Jersey. 

Dictionary of economic plants. J. c. Th. Uphof, H. R. 
Engelmann (J. Cramer), Weinheim, Germany. 1-400 
bibliography. 1959. $9.75 (from Hafner Publishing 
Co., New York, N. Y.) . 

Economic botany, in the broad sense, concerns plants 
which are used by man. The total number of th~e plants 
must be in the tens of thousands, and a search for inf orma­
tion on any one of them may be accoi:npanied by lll:3llY h~urs 
of arduous library work. Such study is ~ommo~y 1mPoss1ble 
for the interested layman, and may be 1mpracocable for the 
specialist. For these reasons ~ comp~ehensive _dictioll3:1)' of 
economic plants would provid~ a highly desirable, S1IDply 
arranged guide to the plants which man employs. These may 
have been among the motives which .Prompted Professor 
Uphof to prepare his volume on econom1c p~ts. 

The Dictionary of economic plants collSIStS of an alpra­
betical listing of the scientific names of plants r~ss-re .~ 
enced in large part with common names an otaru f 

· · f llowed by the name o 
synonyms. Each ~aes name ~ 0 

• famil to which 
the author responsible for the bmonual, the Y hical dis-

h l mmon names and the geograp 
the plant e ongs, co. F h la t there is a more or 

'b . f th speaes or eac p n d m uoon o e . · f . uses, frequently couple 
less extended ex~l31?3t1on ° ·~ant or the timber) , manu­
with a brief descnptto~ of the P ch~cal derivatives and 
facturing processes, unpartant 
other pertinent notes.. . a certain amount of selec-

In such a compendium 85 ~ hof has drawn his plants 
tion must be made. Pro:esso~!; in horticulture, in medi­
from am~ng those '::d ore of ~gs. Spice yielding p~ts, 
cine and m the man acmr. roducing plants, plants with 
toxic plants, fibe~ and textile P tial oils, are also included. 
resins, gums, latices and :Coriginals and which are purely 
Many wild plants, used by 
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of ethnobotanical interest, have also been considered. One. 
of the useful features of the book is the classified bibliog­
raphy. Here, under such topics as "Beverages," "Dyestuffs," 
"filedicinal plants'' and "Economic microorganisms," one is 
introduced to the literature on the plants in any of the many 
kinds of economic categories. 

Generally speaking, and in large part, Professor Uphors 
book is very well done. He has brought to bear on the sub­
ject his many years of experience and in particular his strong 
caxonomic background. H owever, one could wish that the 
book were composed and printed in an English-speaking 
country, for the conspicuous typographic, semantic and 
orthographic errors are no doubt at least partly resultant 
from the fact that these operations were accomplished in 
Germany. The typographic errors are particularly disturbing 
because they sometimes occur in technical words and in 
scientific n~es where they may go unnoticed by the lay 
reader. Certam words are used in a peculiar or at least un­
~ommon manner, e.g., Celtis australis, wood used for "blow­
mstruments" (probably musical wind instruments is intend­
ed) and Ca~apo.nia pedata, roots contain a "drastic" (prob­
ably purga~ve 1s .meant). The separation of words at the 
ends of printed lines appears to be random, and is often 
co~t~r" to acce~.t~d methods, e. g., "ea-sily" rather than 
eas1-l), du-rable instead of dura-ble and "se-veral" rather 
than .s~ver-al. Some words as western, species and autumn 
are di:vided when they should not be so treated. An English­
speaki~g .reader will also wonder at some of the unusual 
ab_brevia~~":S employed. It is unfortunate that these rather 
nunor cnnc~ms are so numerous that they detract from the 
over-all quality of the text. 

f E~en. though the classified bibliography constitutes one 
0 t e 1mbrtant features of the book, certain highly perti­
~ent wor have been omitted in some cases. In other 
mstances, older, out-of-date publications are cited in lieu of 
newer, m?re comprehensive literature. A few examples will 
selkrvel .tdso illusd trace these points: Under "Pectic substances, 
a a 01 an tannin ,, h th . s, t e au or omits the most extensive 
current work on alkaloids, Manske and Holmes' many vol-
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ume series, The alkaloids, begun in 19SO. In the "Forest 
products" section, Record and Hess' important Timbers of 
the New World (1943) is lacking. The list of works on 
"Economic ~Cr?organisms". does not mention ~r of Thom 
and Raper's s1gruficant treanses on the Asperg,ll, and Peni­
cillia, nor Waksman's Nobel Prize-winning studies on anti­
biotic producing microorganisms. Zon and Sparhawk's 1923 
Forest resources of the world is listed although the recent 
A world geography of forest resources (Haden-Guest, et al., 
1956), which covers the same subjects in an extended, up-to­
datc manner, is omitted. Record and Mell's 1924 publication 
on the Timbers of tropical America is cited rather than the 
more up-to-date and expansive volume br Record and H~ 
Although it is clear that Professor Upho could not mennon 
all works on economic plants, nevertheless the reviewer feels 
that his choices are not always of the best. 

It is somewhat significant, if not amusing, to note ~t 
Professor Uphof, a raxonomist, has added t~e -aceae f~ 
suffix to the classical Latin roots in Labiatae, Guttiferae, 
Umbelliferae, Gramineae, Cruciferae, Leguminosae and 
Palmae, but not in Compositae. Pe.rhaps, even ~ough ~e 
states in his introduction that "pracncally all families ~nd m 
-aceae " he could not bring himself to overcome this o~e 
last re~nant of his classical upbringing. No do~bt there will 
be some raxonomic eyebrow-raising ~ong his colleaf: 
since there are recommended alternative . names for e 

f 'li . the International code of botanical nomenclatur 
arm es m f Palmae and 

(e.g., Fabaceae for Leguminosae, Arecaceae or 
Poaccae for Gramineae). . f 

The Dictionary is fundamef tally a:: ::~dei~e~ w:: 
ally accurate, highly useful vo ~e w · lants and their 
while acquisition for anyo:;e:;~d ~ ~f plants which 
relation to man. The 6000 ost~of those commonly to 

'd d ertainly cover m nl are cons1 ere c hi h will be encountered o y 
be encounte.re~, and many f rderence, the cross-indexing, 
by the specialist: !he ~ ~ and the good quality non­
the sturay plasncized in~ this volume to the reader. 
reflecting paper all cokmmwilledoubtlessly take its place on the 
Professor Ophofs boo 
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book-shelf beside such often consulted botanical compendia 
as "·illis' A dictionary of the fiowering plants and fems.-
Tr illia1n L. Stern. 

CORRECTION 

Tornll-1ITA GRANDIFOLIA L. Wms., nom. nov. 
Tovomita macropbylla L. Wms. in Trop. Woods 111: 16. 19S9, non 

Walp,. 1842. 
During the time that this plant was being studied it was tentatively 

placed in three genera. The specific name "macropbylla" was used 
for it in one of these genera and I failed to change it back when I 
returned the plant to T ovomita.-Louis O. Williams. 

TENTH PACIFIC SCIENCE CONGRESS 
The Editor has been asked to announce that the T enth 

Pacific Science Congress of the Pacific Science Association 
,vi.l.l be held at the University of Hawaii, Honolulu, from 21 
August to 6 September 1961. A post-sessional field trip will be 
held from 2 September to 6 September. All inquiries should 
be addresse? to: Secretary-General, Tenth Pacific Science 
Congress, Bishop Museum, Honolulu 17, Hawaii, U. S. A. 

T ,op,ul Woods 111 WdJ p11blish,a N 011•mb,, 24. 1959. 
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NuMBERS 95 TO Ill, Jum 1949 To Ocron£R 1959 

There have been no inclush•e indices nor tables of contents pub­
lished for Tropical TVoods since the appearance after iSl.-ue number 
94 of a general index and index ro scientific name~ in December 19-\9. 
and an index to vernacular and t:I'llde names in May 1950. These 
indices covered all issues publishe-d up to that time. Howe\·er, s.cvcral 
incomplete indices and interim cables of contents have appeared since 
the issuance of number 94: An index and cable of contents of number~ 
89 through 96 appeared with the latter number; an index ro the 
scientific and common names employed in numbers 95, 97, 98, 99 and 
103 appeared as an appendix to issue 103; a cable of comem:s including 
numbers 97 through 104 was issued with number 104. 

In the present index to scientific and common names, a given name 
will ordinarily be indexed only once for a given article; i. e., the first 
time it appears in the article. 

The Editor would like to acknowledge the assistance of ~lrs. Bar­
bara Greensrein and i\lrs. Patricia H. Chappell in the redious and 
exacting task of preparing these indices. 
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Asimina triloba 104: I 
a~pen, quaking 1015: 35; 106 : 66; 

110: 47 
Aspidospemra 104: 104 
ArJ1idospenna cmenNmr 95: 33; 

98: 4!1 
A. deJmamlmm 103 : 2 
.1. duckei 103: 2 
A. megalocarpon 103: 2 

A. nitidr1m 107 : 70 
A, quir1mdi 102: 24 
assacu 97: 73; 98: 105 
assie 107 : 9!1 
Artronium 104: 102 
Asrronium fraxinifolirmt 102: 26 
A . graveole11s 911: 37; 98: 52; 109: 

62 
A .lecointci 103: 2; 107: 70 
A. urundeu.va 102: 2-l 
Atalamia 104: 123 
A talaya 104: 11!1 
Atamisquea 1M: 121 
Athyana 104: 123 
a tore owuru 107: 96 
auas 103 : Sl 
Aubrl!'llillea 101: 3 
Aucoumea klaineana 105: 15, 21~ 

106: 65 
Auerodendron 1M: 123 
auree 109: 62 
ausubo 98: 118 
tlveledo11 nu"ifera 101: 10 
A. tesS11larmiana 101: 1 o 
Averrboa 1M: 117 
Avicennia 104: 121; 107: 5, -lu 
A'llicemzia nitida 107: -12 
avodire 110: 102 
avu 1015: 30 
awabima 110: 86 
awasea 110: 86 
awicmfo·samina 105: 30 
awonia 106: 87 
axixa 107: ll9 
axua 107: 6!1 
ayan 106: 92 
ayan 105 : 2:; 
aye 110 : !Ill 
ayin 1011: H 
avinre 106: 3!1 
ayinrcta 1011: :lCJ 
ayous 110: 99 
Azadiracbta 104: tlli 
Azara 1M: 122 
azobe 107: 120 
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B 
baa 105: 25 
baboenhout 103: 106 
babu 110: 47 
Bnccnuro 101: 3; 104: 109 
8>Jccl.'.lris 109: 16 
Baccl.'aris ,mgrmifolia 109: 25 
B. h.tlimifolia 109: 1 
B. nu:un11mcnsis 109: 31 
Backbousia 104: 117 
badi 110: 71 
R.zn-i.1 111 : 35 
B.zl"ria m.Icramha 111: 19 
B. mJcramha var. 71UICra11tbJ 111: 

24 
B.:Jerinpsis 111: 30 
B:reriopsis guadalupemis 111: HI 
Bagassa gruanensis 95: 41 , 98: 53; 

107: 70 
ba~ 95: 41, 98: 53 
bagwain 110: 47 
bagyi 110: 91 
bahia 110: 51 
Baikiaea minor 102: 50 
B. p/urijuga 106: 67 
Baileya 111: 20 
baji 110: 91 
bajii 110: 91 
baka-bakuc 106: 81 
hllkana 100: 76 
bakbwe 105: 30 
bakbwe kapun bongbo 105: 30 
balakc 106: st 
Balanoc.trpus 104: 107 
8.>/.1nops 104: 104 
Balanopsidaccae 104: 104 
balata 95: 89; 98: 118 
b:1lat~ faux 103: 58 
balawo-kudu 105: 25 
baldcypress 110: llO 
bale 110: !IS 
Balfour(Jdtndron 104: 118 
Balog/.>ia 104: lOll 
balsa 104: 62; 109: 63, 110: 23, 53 
Bals.zmoritrus 104: 123 
Bals.mtodendto11 104: 121 

Balsamorrbiza sagirtata 108: 21 
bamba 110: 99 
bambito 109: 67 
bamboo 102: 24 
banak 99: 162 
Banara 104: 122 
Banara grandiflora 101: 24 
bandoro 107: lH 
ban$han 105: 30 
bam a, ebony 103: 96 
Bamsteria 104: 123 
Banisteriopsis 104: 123 
bannia 103: !16 
banrong foro 105: 34 
B.tp/Jia nitida 110: 76 
barahu 103: 'H 
barba chele 97: 116; 98: 181 
barb is 95: 12;, 98: 177 
barillo 103: 23, 100 
Barklya 104: !13 
Barnadesia 106: 30, 31, 43 
Barnadesia dombey.ma 106: 32 
barre 106; 92 
Barringronia 104: 113 
harwood 110: 75 
hasong 106: 92 
b~i 110: !H 
Bassia 104: 123 
basswood, '\.rnerican 100: 74, 110: 

92 
bateo 109: 1:1 
Barid:.ceae 110: 1 
s~ridales 110: 2 
B,uis 110: 1 
Baris americana 110: 1 
B. argillicola 110: 1 
B. auramiaca 110: 1 
lJ. c.ri(omica 110: 1 
B. fntticosa 110: 1 
B.IJennapiJrodrt.t 110: 1 
B. maritima 107: 47, 110: 1 
B. spinos.1 llO: 1 
B. venniculata 110: 1 
bats ~ouari 95 : 53; 98: 71 
Bauhinia 104: 113 
Bauhinia cucomta 109: 69 
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bay, sweet 100: 1 
baya 110: 51 
bayc 110: 91 
bean, tonka 87: 65; 88: 92 
Bebbia 108: 1; 109: 22 
Bebbia atTiplicifolia 108: 8 
bcdo 110: 77 
beech 110: 46 
beech, American 105: 32; 100: 94; 

107: 108; 110: 58 
beefwood 85: 89; 88: 118 
Bei/schmiedia pt71dula 100: 24 
B. roxburgbiana 100: 24 
belarbre 103: 62 
bele 107: 114 
beli 110: 68 
be Iii 107: 106 
beUo 106: 81 
Beloperone 104: 121 
bcmoonba 103: 47 
bengoultlll 106: 65 
Bennettia 104: 122 

Bemoin 100: 8 
bcra caspi 103: 100 
Berbcridaceae 100: 38; 104: 104, 

121; 105: 11 
Berberis 104: 104; 105: 12 
Berclmna 104: 123 
Bergeronia 104: 122 
Berlinia 105: 15 
berlinia 106: 70 
Berlinia aricttlata 106: 70 
B. grandifloral06: 70 
B. !Jeudelotiana 106: 70 
Berrva 104: 124 
Bers~ma 104: 123 
Bertholleti.t 104: 11:{ 
Bertbolletia excelsa 97: 43; 88: 5~; 

107: 70 
bece 110: 45 
bcthabara 99: 15ii 
Bemla 107: 3 
n.•tula allegbaniensis 101: 65; 110 : 

·JG 
B. papyrifera 101 : 6G 
bcrun 103: 29 

Be)'eria 104: 109 
bibitu 107: 96 
Bi.lcm 108: 23; 109: 10; 111: 38 
Bid<·m bendersom:nsis 108: 6; 109: 

tO 
B. leucamha 109: 7 
B. pilosa var. alba 109: 7 
8. pilosa var. radiara 109: 8 
Big11o11ia 109: 4~ 
Bignoniaccac 104: 104, 121; 107: 

17; 108: 78; 109: n3 
bilinga 110: 77 
Bill in 104: 122 
birch, vcllow 106: 27; 110: ~G 
biribu ·107 : 11 S 
Bircboffi.t 104: 109 
bissclon 107: lH 
BilC.ales 104: 1!1 
blackwood bush 107: 50 
blakaberic 103: 37 
Blepbarizonia 108: 24 
8/epharizonia plumo.fu 108: s 
Blrpbarocarya 104: 102 
blimah-pu 110: 102 
bloedhour 103: 41l 
bloodwood 110: 72 
blor-feh 105: 30 
Bl1111teodendron 104: 10!1 
bo 110: 75 
bcm·wood 103: 100 
bobanl! 106 : 77 
bobi waara 103: :.~ 
Bomgeopsis 104: s 
Boeconi.1 frmes(C71S 109: 7t 
bogamani 109: 73 
bogum 109: 66 
huh-in-dah 107: llltl 
bois a pian 103 : 51 
bois cochon 915: 1!!·1; 88: 171, 103: 

100; 106: 50 
bois d'cnccns 103: :IS; 106: so, 5~ 
bois de rose 100: 2 
bois gommicr 106: 50 
bois gris-gris 95: 49' 88: 64 
bois magot 103: 74 
bois rouge 103: 37 
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bois soumis 95: 62; 98: 84 
boiHiokt 103: 74 
b<•ion es: 62; 98: !'4 
boko 107: J20; 110: 7~ 
bokome 110: 95 

I 
brazil nut 97: 43; 98: 58 
breu 107: 68 
breu sucuruba 106: 50 
8rex:a 104: 122 
8rt j m.J 104: 122 

bolruk 105: 3~ 
boJador 95: 119; 98: 166 
holleme 95: o9, 98: 11& 
bollcuie, b:l!>r2 103: 37 
Bomba..:-accat 101: 10: 104: 61. 6:!,1 

·~. 77, 1()4, 121, 109: 63 
Homb.uopsis quinata 95: 45; 98: l 

60, 110: 24 
Bomba.t: 104: 75, 104 
Bombax mrJ/orb.JTicum 109: ~9 
8. pyr.nnidal~ 109: 63 
Bomhyci.lt1hlron 104: 123 
boncillo 103: 100 
honga 99: 27 
bongele 110: 83 
bongossi 107: 120 
IJonkangu 110: 77 
bonk~ 110: 77 
Bomlt:ia 104: 121 
Bonnctilceae 104: 121 
Bora!linaceae 104 : 10-t 
Borricbi.l 108: 23; 109: 16 
BorTicbia o~rboruuns 108: 6, 109: 

]0 
B. frurc-scens 108: 6; 109 : 12 
Boscbia 104: 7~ 
bosima 110: 77 
Bosinoa 104: 118 
bosse 107: 106 
bosuma 110: 77 
8or.:rllia 104: 105 
80:IC'oJ 104: }02 
lKJucmon 106: b5 
Rourrtria 104: 104 
8ow.f1cbia 104: 122 
Ro':l.•dicl;ia nitiJa 107 : 30 
Brarbvc/.oirou 104: 120 
Brarl/ylaena 101: 3 
Brarhystegia 104: 113 
Brass.tiopsis 104: 121 
bra1jJietto 107 : 51 

brick-wa."~; tree 103: 100 
Bridelia 104: 109 
Brieya 104: 5 
Brommtm 104: 11G 
8rowsonetia 104: 123 
Brcrumta macropbyll>J 109: 1;9 
8ruguitra 104 : 118; 109: !II 
8TIIgwera c.1ryophj 1/oi.l.:s 109: 55 
B. g_vmnorrbiza 109: 54 
B. p>Jroj[lora 109 : 55 
Bruflonia armralis 109: 3!:1 
Brunoniaceae 109: 38 
Brya 104: 122 
bu-ay-wray 110 : 42 
bubussu 107: 96 
Bruhanama 104 : 102 
Bucberu~·ia 107: 69 
Bucbn1.n·:a cap1to>ta 95: 4!1, 98 : 1\.( 
bucke\'e, yellow 110: 100 
bullet 'uee, ba5urd 103: 37 
bolletwooli 95: ':i!l; 98 : 118 
bully uee 95: b!l 
Bulnesia 104: 121 
Brm1dia 104: 123; 107: -42 
8rmuli.:~.mgusrzfolia 107: !16 
8. ul:mrina 107: 42 
B. p:m:ifolia 107: 56 
buna 110: 91 
8unchosia 104: t 15 
Bupbrb:zlmum .Jrbortrcws 109 : tO 
8. incammr l09: IB 
burada 99: 121; 105: ~11 
811rJacNa 104: 123 
Bur.<tra 104 : 121; 110: 30 
8rrrura acuminaca 106: 57 
B. smramba 107: 45; 110: 32 
B. standlt'j'il1ta 110: 30 
Burseraceae 101: 31; 104: 105, 121; 

106: 46; 109: 64, 110: 30 
Brmea 104: 122 
Butea 104: 122 
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butternut 1011: 1; lot: 04 
buttonwood 107: 411 
burusu 110: 47 
8utyrosptrmrm~ 1M: 123 
Bux.aceae 110: 1 
Byrsonimll 1M: 123 
ByrsonimJJ com ctll. lot: 71 
B. crassifolill108: 72 
B.lruida 107: H 

c 
cabbage uee 107: 60 
C>Jbralea lot: 123 
cacao 109: 77; 110: 19 
cacique negro 109: 69 
cacti 107: 54 
Cadellia lot: 120 
cadeno 96: 97; 98: 138 
Caesalpinilllot: 113 
Caesalpinill bonduc 107: 46 
Caesalpiniaceae 101 : 9; 101 : 73, 

( rev.) 78 
Caesalpinill pauci(for11 107 : 44 
caimito (rev.) 110: 117 
cainito (rev.) 110: 117 
calaba 1~: 23 
CalatolD lot: 122 
Caldclt~t..;ll. 1M: 122 
Caka asptra lot: 11 
Cillligomnn comorum 108: 82 
CoJIJitris 107: 3 
Calodmdrum 1M: 118, 123 
CiJiogyne 109: 38 
Calopl.•yllmn lot: 11 J 
C>Jiophyllrml brasiliense 109: 66 
C. brasilimse var. rekoi 1~: 2 
C. d. lo11gi{olium 109 : 66 
Calpocalyx 1M: 122 
Cal)•camhaceae 100: 39; lot: 2 
Calycopbyllum candidissimum lOS: 

29 
Calypcramhes tot: 117 
Calyprranthes palltns 107: 45 
cambuhy ferro 108: 48 
Cameraria 1M: J 21 
camer6 n 103: 29 

camote 1M: 61 
Campanulaceae 108: 42 
camphor, East African 110: 57 
camphor. lbean 110: 57 
camphorwood 110: 58, 59 
camphorwood, Fast African 110: 

54 
C.nnpnosp1!T11111 pa'flllmmris 109: 

62; 110: 24 
Camptoscmron 1M: 75, J04 
camwood 110: 76 
Clm11.bis (rev.) 110: 117 
canamito 96: 33; 98 : 49 
Cananga 1M: 5 
Cananga odoratll lot: 1 
Ca1111rirnn lot: 105; 106: 47 
Cmarium dmticulDttml tot: 103 
C11111Nali11. lintata 107: 46 
candelera 97: 61; 98: 88 
candle tree 108: 50 
Canella 1M: 121 
Cantllaceae 10• : 2, 22. 121 
C.me/Ja winttrtr7z.J 107 : 4!1 
Cann.Jbis (rev.) 110:117 
C11norill 1M: JUS 
Capparidaceae lot: 121 
Capparis lot : 121 
Caprkodm.fron 104: 121 
CapsicoJmdron pmll!merr:J 1M : 20 
'-"a.rrbali 97 : 27; 98: 38 
caracoli 97 : 31: 98: 40 
caraipe 107: 68 
Caralli>J lot: 118 
C.:tr.:tpa lot: 116; 109; 62 
carapa 97 : 46; 98: 67 
Carapil guio~11tnsis 97: 46: 98: 67; 

107: 68 
carapanuaba 107: 70 
C. proctrll. 97: 46; 98: 67 
C. slattri 109: 73 
carbonero 109: 71 
carbonero de municion 110: 38 
Carudaceae 109: 2 
CarJwelli11 101: 8 
Carinian11. lot: 122; 110: 38 
Cariniana pyriformis 110: 38 
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ca.rnauba da mo.cca 103: 50 
Carpim1s 104 : 105 
C.trpinm carpinoi.fes 104: t03 
Carpodews 104.: 122 
C.trpolobi.t 104 : 123 
CtJrporrocbt lin!{uifo/i,l 101: 2'! 
C.lonl{ifo/ia 101: 2S 
C. pacifh·o~ 101: 28 
C. r.rmosii 101 : 28 

Car_)'D glabra 110: f>l 
c. o-::.1/ol 110 : 6 i 
Czryocar 104: 122 
Carvocar.1ccae 104: 12:?, 109: fi• 
c,rr) ocar costanc.·nse 109: 64 
C. ':.!illonnn 95: 53; 98: i l , 107: 70 
Caryophyllolccac 110: 12 
Casearia 104.: 111 
Cascaria )!.ossypiospenmnn 102: 2-t 
C. ja".'imrsis 109: 66 
ca.~hew, wiiJ 9i : 31, 98: 40 
Casimiroa 104.: 118 
Cass-ia 10-t: 11'3 
c:mil-barl: me 100: 1 
C.usipourttJ 104: 118 
Cnrs~r/;a 100: 8 
C.lSt~"~'t 104: 11n 107: 3 
Casr:mt'•t dror11r.t no: !ti 
Cobtanh~ du Par~ 97: 4J; 98: 5~ 
ca~tanha ~apucai.1 99: 86; 105: 40 
ca~canh;~ \·crdadcira 97: !3; 98: :.s 
ca~tanheira 107: 70 
C.ut.Jn(J{'S1S 104.: lltJ 
CastaT/osptrmmn 104: 11:1 
CaSMIIorpom 104: 11 0 
C.uuarin.t 104: lOS 
CJsuarinaccae 104: }05 
Casuarimz eq:meti{o/io~ 10'i: 43 
Ca1bormio), 104: 122 
COI0\'0 97 : '' 98: 135 105: I, 109 : 

;o, uo: a 
C iltOJ'U"IIIIIIil 103: 2 
cmui\'0 97 : R7; 98: 135 
c.r.·.mi/lma plar.mifolia 110: 23 
C~.TIJOtbTis 104; I I (1 

Crotlotbu~ re :lmarus 109: 95 
ccbil colorado 108: 4!! 

Caropia (rev.) lOG: 101; 107 : 70 
Cecropi.1 Jllranpna 107: 68 
ccdJr 107;96; 110:100 
cedar. African pencil 110: w:; 
cedar, l-ast African 110: 105 
cedar. casrcrn red 110: tOG 

ccdi!r, ~igerian 107: 103 
cedar, pencil llO: 10:\ 
cedar, red 110: ss 
cedar, Spanish 98: 73, 'ii; 108: G'i ; 

110: 21 
cedar, western red 110: 53 
ccdrc gris 97 : 96; 98: t 4:\, 103 : R7 
Cedrela 104.: 116; 106: 67; llO: ~1 
Cedrela fissilis 102: 24; 109: 7:l 
C. 1m/Jeri 97 : 52; 98: 'i3 
C. me:ricm1n 110: 1s 
C. odorata 107 : 69 ; 110: 18 
C tonduzii 95 : 57; 98: 77; 109: 73 
C. roona 109 : 56 
Cedrelingn 104 : 122 
cedro 98: 73, 77 , 102 : 24; 107: Btl 
cedro bnnc:o 97 : ii2; 98: 73 
cedro cebolla 109: 73 
cedro cirmarron 103 : 23 
cedro cspino 95 : 45; 98: 60; 110: 24 
cedro granadino 95 : 57; 98: i i 
cedro macho 97: ~7; 98 : 67; 109: 

73 
cedro mancho 109: ':1 
cct!ro-rana 97: llli; 98: lS I 
Ccdms 104: 105; 107: 21 
Ct·ib,J 99: 27. 104.: i-1. 104 
ceiba 107: 70 
cciba bonga 99: 2i 
Cciba p~tr;:ifolt.z 104: 111 
C. pem.wdr., 99: ~•: 104: Iii 107: 

70 
ccibo 99 : ~7 
Cclastrac<;ae 104 : 10.;, J:! 1; 109: IH, 

110 : 29 
Cdasrrm 104 : 105 
Cclw 104: 121. 105: 12; 106: 73 
celns 106: ~a 
Celm a.iulfi rrid ·n o lOG: 73 
C. soy.mxii 106: 15, 106: n 
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C. ze11keri 106: 73 
cenizo 109 : 78 
Centrolobimn 104: 122; 106 : 16; 

110 : 41 
Centrolobium patinenre 110: <11 
C. yavizammr 110: 41 
Ccntrospermae 110: 2 
Cephaelis ipecacuanha 110: 21 
C. rome-ntora 109: 76 
Cepbaloccrcus keycnris 107 : !14 
Ccpbalohibiscus 104: 115 
Ceratonia siliqt~~~ 101: 53 
Ceratopetalum 104: 107 
Ccratopetalum apet11lum 104: 103 
Cerbera 104.: 104 
Ctrberiopsis 104: 121 
Cercid iphylb ceae 104.: 105 
Cercidipbyllum 104: 105 
Cercidium 104: 113 
Cercis 104: 113 
Cercocarpw 104: 118 
cerillo 103: 100; 109: 66 
c~riopl 104: 118 
cerro 109: 66 
Ceroantesia 104: 123 
Cespedesia 104: 123 
Chaenactis 111 : 20 
Chaenomeles 104: 123 
Chaerocarpus 104.: 109 
Chnetoptelea 109: 78 
CIJaeroprl'lea mexicana 109: 78 
Chailletia 104: 122 
chaperno 95: 34; 98: 49 
Cbaunocbiro11 104 : 1n 
Chenopodiaceac 104: 105; 110 : 2 
cherry, black 106 : 69; 107: 108; 

110: 47 
chesrnue 110 : 97 
che.~rnut, American 110: 47 
chewscick 103 : 100 
chibuga no: 38 
chicharro 96 : 120 
chichique 96: 33 
Cbimantaea 106 : 30; 108 : 26 
Cbimamaea mirabilis 108: 32; 108: 

13 

Cbiococca alba 107: 45 
Chionambus 104: 123 
Cbisocb.:ton 104 : 116 
Chloranthaceae 100: 39 
Cbloroleucon 104 : 113 
CbloropiJora 104 : 116 
Cbloropbora exlcsa 105: 15, 21. 

106 : 76; 108 : 57 
C. rincroria 97: Sti; 98 : SO; 107 : 51 ; 

109 : 74 
Cbloroxylon 104: 123 
Cboriria 104 : 75 
Cbristiana africana 108 : 72 
Cbryracrinia 111 : 19 
Cbrysacrinia mexicana 111 : 24 
Cbrysobala1ms icaco 107: u 
Cbrysocblamyr 111: 15, 17 
Cbrysochlamys eclipcs 111: 15 
C. nicaraguensis 111 : 18 
C. pauci(lora 111: 16 
C. wmdleyiiT1a 111 : 16 
Cbrysopbyl/um 104: 120; 107: 68 
Cl:wysopbyllmn olrvif omze 107 : ot!i 
Cbrysotbammrs 111 : 34 
chuchupatc 109: 73 
chuclla 109 : 70 
Clmkrasia 104 : 116 
chulub 103: 29 
chupon 97: !14; 98 : 132 
chupon rorito 97 : 84; 98 : 132 
Clmquiragua 108: 30; 108: 18 
Clmquiragua imignis 106: 3:.! 
Cbydt!1111711btiS 104: 122 
Cbytramlms 104: 123 
Cichoriaceae 109 : 2 
Cie11fuegosia 104: 115 
Cimunmmmm C•nllpbora 100: 24 
C. cassia 100: 1 
C. porrecnmt 100: 24 
C. uy/.wicum 100 : 1 
cinmunon, wild 107: li I 
Cimi•TIIIOS'IIIa 104: 121 
Cipaderta 104: 123 
ciruelillo 96: 37; 98: 52 
druelo 95 : 37 
Cisrambera 104: 124 
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Cistamwa pap.n:mfrra 105: 15; 
106; 81 

C11l•au:r:yltm1 frullconnn 107: 45 
C. lankesuri 109: 7 ~< 
C11riob.:m11 104: 117 
Citronella l Ot : 111 
CimiS 104: 11>~ 
Cladrastis 104: 113 
Claoxylon 104 : 122 
Clappia Ill: 19 
CI.tppra rtt.:Jr.lifoli.:J 111 : 24 
Clarm.t (rc\') 106: 101 
Clarhrotropis 104: 113 
Cl.msnl.l 104 : 11 tl 
Cl.wrj.l lclmwmn 109: 7'i 
Cleidion 104: lOll 
C:lcirt~ntlms 104: 100 
Clfisrocaly:r 111: 3 
Cleistocai)·.T gtW.r.:ioidcs 111: 3 
Cltistocblamys 104: 'i 
Clib.:~.lirnn 108: 27; 109: 62 
Clib~t:iium lerogymmr 109: M 
C. oliga~&Jmm 108: 11 

Cotlesrina maritima 107: 54 
Coclodr:pas 104: 122 
Coelom~ia 104: 7 5, 104 
Cufa 110: !l9 
Coflea 104: I I~; 110: 21 
coffee 110: 19 
Cojoba 104: 122 
Cola 104: 123 
Colleria 104: 123 
Colombia crumpet lrr\". ) 108: 7'l 
Colon.1 104: 12 1 

colorado 95: 33, 98: 4'l 
ColrJbrinn 104: liS; 110: :1!1 
Colubrinn arbort:sCf'/IJ 107: ;,:: 
C. elliptica 109: 95 
C. ferruginosa 110: :IR 
C. glandulos.t 110: 38 
C. reclinnra 107: 45; 109: 9~ 
C. mfa 110: 38 
Combreraceac 104: 105. 122; 109: 

6-l; 110: 91 
Combrerocarpus 104: 1 t" 
Cmnbrttum 104: 105 

Clidnm.1 purpuuo-":.•iol.~cea 109: 'i2

1 
Clrwa 107: M; Ill: 17 
ClliSi.J fiat IJ 107: ~· 

Combrm nn luanamb11111 104: 103 
Co11nnersom:J 104: 120 
C011nniphora 104: 121 

C:. TOsta 107: M 
Cnnnidart.:J 109: s;, 
C~(lr.JCClC 101: 31 
C:tlt·s:idhm/ 104: 122 
<.'11u:is 104: 122 
Cmcotlxrmm1s 106: 30 
O~ticotbatJITllls/ortnr::JI 106: 32 
Corr:oloba 104: 123; (re\'.) 110: 

Jl7 
Couoloba di-.lersi{oli.z 107: 4~ 
C.lclmumnii 109: 7:. 
(.'. 1/t'I{CT.J 107; 43 
Cocrotbrnrar argem&~ta ! Oi: -1 3 
cochun 95: 11 0; 98: 1 6G 
con• 109: t>S 
<'!>CO de mono 99: G2; 105:40 
Cocos nuci( a11 107: 4 G 
cucntero lOZ: :H 
Cod1.1 t().J: 107 
C:oJr:umn 104: 10!1 

C011roci.Jdia 104 : 121 
Compositae 101: 3; 104: tO::., 122 : 

106: 29, 108 : I ; 109; J, HI ; 
Ill: 19 

Conce-.:e1h11stnnn 104: 122 
Coruialla 104: 123 
conejo 109: 75 
Ct>ngowood 107: 121 
Conifcr2t" 104: t o;,, 12~; lOG: '"; 

110: I 
conifer 104: ' 1 
Cunuar.Ictll< 104: to; •. 122 
ConaniJ 104: 105 
Co11ocarpm 104: 1 It• 
Conoc.trpm rrecws 107: 42; 109 : 

IH 
ConoHegia chiriqttt'n<is 109: ; 2 
C. u tosa 109: i2 
Convoh·ulaccac 104 : IWi 
cop~ia 103: ·,u 
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copaia des chantiers 103: :.t 
copaiba 107: 70 
Cop11i(era 1M: 122; 107: 70 
Copatfera reticulata 103: 2 
corail UO: 75 
Coral wood, African 110: 75 
corban 103: tOO 
Cordia 104: 104 
Cordia alliodora 911: 60; 98: 84; 

(re\·.) 106: 101; (rev.) 101: 79; 
110: 18 

C. collococca 97: 61; 98 : 88 
C. exaltata 107: 69 
C. glabra 97: 61 
C. goeldilfi'UI 99: 32; 107: 69 
C. seberte1111 107: 46 
C. tricl1otoma lot: 25; 103: 2 
Cordyla 104: 122 
Coreopsis 109: 23 
Coreopsis gigantea 108: 1 
Coriaria 104: 122 
Coriariaceae 101: 31; 104: 122 
corlrn•ood 99: 27 
Conuceae 104: 105, 122; 109: 64 
Comus disciflora 109: 64 
cortez 95: tOS; 97: 10-1; 98: 155 
Corvlaceae 1M: 105 
Co..Ynocarpaceae 104: 107; 1011: 12 
Corynocarp11s lOt: 107; 1011: 8 
Corynocarpus austf'alasica 1011: 9 
C. dissimilis 1011 : 9 
C. lae-.:igatuS 1011: 9 
C. timilis 105: 9 
cmrillo 95: 34 
CotimiS 104: 121 
conon tree 99: 27 
Cotylelobimn 1M: 122 
Coula 104: 123 
C:oultcrella 108: 1 
Coulrerella capirma 108: 8 
Com11,1rouna odorata 91: 65; 98: 

92; 107: 69 
C. oh•i{CT/1 97: 64; 98: 92 
Couralin 104: 104 
cournmira 103: 38 
Couratari 107: 70 

C:orm11ari pulc!JTII91: G9; 98: OG 
courbaril911: 74; 98: 10!1 
Couroupitll lOt: 113 
Coruare11 tOt: !23 
crabwood 97: -16; 98: •17 
Crataeg111 1M: 118 
Cratat~grl1 aUJrolr4s 101 : 53 
Cremarospenna 1M: 4 
CrinodntJron 1M: 122 
Crouopttalum ilici(olium 101: -H 
Crou01trom111 /auri(oli.J 109: 52 
Croton 1M: tO!! 
Crotonlinearis 107: H 
Cn1dio1 1M: 122 
Cryprocarya corJat.l 100: :!a 
C. /and(olia 100: 2!1 
Cryprosepalum 104: 122 
Cu:nolop!Jon 1M: 115 
Cudrallia 104: 123 
cui anna 107: GU 
Cullenia 1M: 75 
cumararana 97: "o; 98: 47 
cumaru 97: 65; 98: 92 
cumaru 107: 69 
cumaru prero 105: 40 
Cunoni.J 1M: 107 
Cunoniaccac: 1M: 107. 122 
Cupania glabra 107: -15 
Cr~pDniopsis 1M: 1 19 
cupiuba 99: Gli; 107 : 69 
Cupressaceae 110: 105 
Cupresrus 107: 19 
Curtisi.t 1M: tor. 
curupa'y lOll: 24 
curupay 108 : "" 
cuurro 109: 70 
Cvathcaceac 109: ••5 
c:\·at!Jor.al;vx 1M: 9 
Cvbisrax .lonncii·Stltitbii 110: 1" 
C:yclom{on lOt: tOll 
Cylirodiuus 1M: 122 
C:vlico.lisrtts b.Jttiscombci 108: 52 c: gabuntmis 1011: 16, 21: 106: l:!S 
C:.vmbopt'l.tlll111 104: 7; 109 : 62 
Cymbopaalum costaricenu 109: 6:1 
Cynocrambaccac: 110: 1 
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Cynomctra 10i: 113; 107: 68 
CyntmmrD alcxandri 105: 16; 106: 

87 
c. 4%nllntJ 10~: 16; 106: 1>7 
cypress, bald 105: 39 

D 
Jabbt'ma 110: 61! 
dabCm.:a 108: 47 
Dacr;yo.lcs 1M: 10~, 106: -4f. 
D.uryodrs acuripyrm11 106: S:l 
D. hdcmnzsis 106: 53 
D. colombi.wa 106: 54 
D. cupul<~ris 106: 52 
D. ace/sa 108: 4fi 
D. gl.Jbra 106: 113 
[), 1-:TOIIIttrTISH 108: 52 
D. btx.mJrJ 106: 46 
D. mirroc~rpa 106: 53 
D. microc.1rpa \''lr. Jgnctolat.1 106: 

!54 
D. niuns 106: 55 
D. occi.icntalis 106: 55 
D. olr.Ji(cra 106: 55 
[), par.zmsis 108: 52 
D. ptmvi.ma 106: -4!1 
D. peruviana \'ar, CIITonimsis 106: 

54 
D. ror.zimmsis 106: 54 
D. scleropbyl/J 106: 5~ 
dagame 103: 29 
dah 106: 1!7 
dahoma 108: 46; 110: 6ti 
/)a/bcrgt.J 103: 2, 104: 113 
d:tUi, hill 103: 106 
l);nnpu·ra 109: 43 
DJnicll:t 104: JH 
[}Jnit:llta 106: 00 
D.uucl/ia ogca 105: 21; 106: 90 
D. tlmrifcr.J 106: !10 
DJnicllti.l oge.z 105: Hl 
dam2 106: 81 
Daphniphyllaccac 104: 122 
J)aplmipbyllrmz 104: 122 
Davidsonia 104: 107 
0;;\'idsoniaceae 104: 107 

Deba:tlia elliptic11 100: ~ 
D. mmdra 100: 25 
Dccgdn;iJ 104: 30 
degame 103: 29 
degamme 103: 29 
Degmcria 104: U 
Degeneriaceae 104: 2 
Dendropa1Ulx 104: 121 
Dmlmnia 104: !OS 
Dmntttia 1M: 8 
dcnya 106: 85 
de-orh 110: 8b 
Derris 104: 114, 110: 21 
Du:modium 104: 1 H 
Desmopsis 104: i 
Demtos 104: 7 
deternu 95: 93; 98: 125; 105: 40 
diala 107: 111 
diala-iri 107: 114 
Dialitml 104: IH 
Dialimn divartcatulll 107: 68 
Dialyamhcr.1 otobg 109: 73 
Diatenoptery:r 1M: 123 
diberou 107: 123 
diburi 107: 116 
Dichapetalaceae 1M: 122 
Dicbrostach;ys 104: 122 
Diclinanona 1M: 7 
Dicoe/ia 104: 122 
Dicorynia guianensis 105: 40 
D. p.1ramsis 95: 6;;, 98: 97; 105: 40 
Dictyoneura 104: 119 
Dic:-peliium Cllryopbyllatum 100: 

2:1 
DiJymopm.1x 104: 121 
Didymopanu 111orororoni 107: 70 
Dilkea 109: 45 
Dillmia 107: 1> 
Dilleniaceae (rev.) 111: 40 
Dimcrocarpus 1M: 116 
dimori 110: 47 
Dimorpbandra conjugata 108: 311 
Diomeden bidemara 109: 13 
D. glabrara 109: 10 
D. idmtata 109: 10 
D. linearis 109: 13 
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[)iosp_vros 1M: 107 
l>ipbolis salicifolia 10'1: 45 
Dipbysa lot: 122 
Dipbysa robinioides 109: 69 
Diplantbcra lot: 104 
Diplodiscus 1M: 121 
Diploglottis lot: 119 
Diplorrbyncbus lot: 121 
Diplotropis 1M: 114 
Diplotropis purpurea 89: 38 
Diprerocarpaceae 101: 3; lot: 107, 

122 
Dipteryx lot: 114 
Dipteryx panamensisl09: 69 
dirimo-ako 107: 106 
f)iscocaly:.: 1M: 117 
Disepalum 1M: 8 
Dissilaria 104: 109 
Distetn()11antbus bmtbamignus 105: 

16, 21; 106: 92 
Distepbma 109: 52 
DiStich/is 110: 3 
Distylium 104: 122 
diuru 110: 47 
djadirja 103: 92 
djeboe, roode 103: 92 
djombe 110: 95 
Dod()7Uiea 104: no 
Dodonaea ebrenbcrgii 107: 45 
D. microcarya 107: -45 
Doerpftldia 1M: 123 
doe-yah 110: 77 
dogwood 106: 88; 107: 122 
dogwood, flowering 106: 81! 
Dolicbtmdrone tot: 121 
D ouglas-fir 110: tOO 
{)0'1Jj'4%/ia (rev.) 110: 117 
()O'IJvalis (rev.) 110: 117 
Dra~ontomelum 1M: 102 
/)reprmantlms lot: 7 
l>ryobalnnops 1M: 107 
Drypetes 104: 100 
Drypetr:s dit>enifolia 107: 45 
dua :myan 106: 92 
duabai 106: 92 
f)uabanga 1M: 120 

' dualuy 105: 1-1 
duakobin 105: 14 
l>ub4lllli.J 108: 2 
Dub.JIItld knuJsemi 108: 5 
[). /a;ca 108: I! 
D. linearis 108: 3 
D. menziesii 108: 5 
D. microrcpiJala 108: s 
D. p.1leata 108: 3 
D. pl.J1tl.zgim.'4% 108: 8 
D. p/aryp!Jy/1.1 108: 2:. 
D. r.Jilliar.iioiJn 108: 8 
D . smn!JioloiJcs 108: 25 
[). tf.oyrsi{lora 108: :l~· 
dubini 107: 116 
Duboll':.ctia 104: 107 
T>r1gurtia 104: B 
Duidgea 106: 30 
DuiJgeg pinifolia 106: ~12 
dukuma 107: 116 
dunkafle 110: 77 
dupuin 107: 116 
f)urio 1M: 75, 104 
Dycra 107: 12 
[)yso:r;ylrmt 1M: 116 
Dyso:ryltmr me/ghgricrmr 109: 59 
D;yssoJia 111: t 9 
Dyssodia coo peri 111: 24 
d1.:ana 107: 106 

E 
EnstwooJia 108: 2 
Eartu:ooJi.2 elcgnns 108: a 
eben 110: 51 
Ebenaccae 1M: 107 
cbencbe 110: 8S 
chi 110: 111 
cho 97: G4, 98: 112, 1011: 34 
chwu 105: 34 
f.:rbit~s 1M: 121 
cdinam tiama-tiama 107: 9:! 
cding 106: 7tl 
cdu 106: !l2; 110: 9~ 
edode 107: 106 
cdum 106: 70 
cdundu no: 68 
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drh·o 100: 77 
duO..konkonti 107: 99 
~hoin 110: 9S 
CJI 110: 95 
C)OUO!( 110: 99 
F.ktbergia 104: 116 
cldunu l OS: 47, 110: 68 
ekt 107 : 120 
ckki 107: 120 
ckongc 110: t.l3 
t:l.teis guinunsis 110 : 21 
r:lacocarpaccac 104: 107, 122; 109: 

6:»; (re\'.) 111: 40 
f:lacoco~rpm 104: 101 
W.1COColrpw pseu./osepik,mus 104: 

112 
lil.lcoden.lron 104: 105 
lil.turiosptnmrm 104: 1011 
f:l:trrostacbys 104: 119 
cltbom 110: 51 
c:lilom 110: 51 
Ellipamlms 104 : 122 
ell on ~rypho 103 : 74 
elm 110: 53 
elm, American 107: 124; 110: 53 
elm, rock 110: 56 
elm, slippery 110: 61 
e1o 105 : 14 
elon 106: 76 
clui 106: <6 
Elvasia 104: 123 
cman_g 106 : n 
cmcn 110: 91 
cmicn 105: 34 
emil 110:91 
E1mnmospt-T111a 104: us 
cmonga 107: 103 
I'Jnpctraccae 110: 1 
crnn 110 : 91 
cmwcnfuochai 110: ~o 
Enall.tgmo~ lOS: 72 
Rnamz.t 104: 8 
f~nulia 109: to;" 

Rnreht c.lliformrn 108: 6; 
F..J.mnosa 108: 6, 109: l b 
cncibe 109 : 67 

109: 1u 

Endi.mdra glauco 100 : 26 
E. trichotosa 100: 26 
EnJiicbt-ri.t m.llicb.-riopsis 100: 26 
E. sericea 100: 26 
EnJospemzum 104: lOfl 
EnduSJ 104: 1:.:3 
endwi 107: 120 
eng an 110: I 03 
Engelhardria 104: 113 
Englerodt71dron 104: 12 :! 
EmandropiJTilifi/Ul 104: II fi; 107: 

!19 
Emandropl.>ragmJ .mgoh·mc l OS: 

16; 107: 112 
B. CJiindricum 105: IU; 107: !Iii 
E. macropl.•yllum 107: 112 
K upr~mrionale 107: ~:· 
E. wile 105: lll; 107: (19 

F.morolobitnll 101: 3 
Enterolobirmz comorrisi/iqrmm 102: 

2-f 
E. scbomburv;kii 99: 44; 107: 71l 
F pacridaccac lOi; 1 Oi, 1 :!:! 
epcpe 110: 91 

I 
1-:pml.J falcata 10i : 7 ;,, 108: 3~ 
F.phedr~ 107 : 17 
F.picbaris 104: 123 
epru 106: 111 

I 

Eremorizms 104: llS 
cri 107 : 1H 
Eribroma 104: 123 
Ericaceae 104: 107, 12~ 
Erzcam1 Tl3 10.1: 122, 109: 34 
Erinocarpm 104: 124 
Erit>borr.va 104: 123 
F.riocarf>tml flori.famnn 109: 3:! 
E. glaucum 109: 32 
E.11ugaccpbalum 109: 'l2 
£rioJmdro1r 104: 12J 
Crioglommr 104 : 123 
F:riolnen,, 104: 123 
F.riolobus 104: 1 :!3 
Eriopbyllum 111: 31 
Eriopl.'yllum couftmf/ontm 111: 

19 
£ . la11atum 111: l !l 
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£,,,evimi 111: 19 
£. Ir3ubadifolium 111 : HI 
1\rim13 104: 124 
F:rvat.mtia 104: 104 
Erv:zro~mi.J crzopbora to• : 10'1 
ErytbriTia 104 : 114 
F.ryrbri11a beruro.tna 109 : li9 
F.rytl . .,.opbloeum 104: 114 
L ryrhroxylaceac 104: JOi 
f.ryrJ.oroxylrrm 104: 107 
e&a 106: 73 
csagko 110: 63 
Escalloniaccae 104: 107, 122 
Esclnueilcra 104 : 113; 109: 88 
Esc/nuei/era bla11C/)etitma 99: 50; 

105: 40 
E. jara11a 107: 69 
E. longipes 105: 39; 107: 68 
£ . odora 99: 49; 105: 40 
E. sagoriallll 95: 69; 98: 102; 106: 

40 
E. m/Jghmdu/osa 99: 56; 105: 40 
f.. lt:Th1X 89: 62; 106: 40 
Est>nbeckia 104 : 123 
esia-kokobin 110: 66 
t."Wre 107: 120 
c '>pave 97: 31; 98: 40; 110:24 
~pavcl 97: 31; 98 : 40 
F.speletia 108: 1 
Cspeleri:r brrwegiana 108: 8 
£. harM~:egii 108: 13 
1-:. inc.111a 108: 26 
F.. pleiocJ.oaria 108 : !! 
£ . uribei 108: 8 
csscngc 110: 42 
c~'>ia 110 : 66 
~ulc 106: 70 
r:raballia 104: 122 
Cuca/yproptis 104: ll'l' 
I:uc.1lyprus 104: 117; 108: 13; 107: 

122 
Euealypws cnmnldr~lrmis 109: 82 
E. globulrJS 10~ : 27 ; 110: 116 
Eugenicr 102: 26; 104: 117\ 107: 36; 

111 : 1 
F.uge11ia alci11ae 111 : 2 

E. aTiastomosans 111: 2 
F. .• mgopboroides 111: 2 
F:. att<'1llllltJ 111 : 2 
r:. axil/.ms 111 : 2 
1-:. bahammsis 107 : Gl 
f:. bleescri 111 : 2 
r:. br.Jti/ieTISIS 111: 2 
r:. bwtif olia 111: 2 
r:. cnbancnm 111: 2 
1-:. calcico/a 111: 2 
E. caryopbyllar.t 111: 2 
f:. cisplarensis 111 : 2 
r:. r/miM(O/ia 111: :! 
f~. conftlsa 111: 2 
E. conniflora 111: 2 
F.. corynamiJa 104: 110 
E. crebri11ervis 111: 2 
f:. crypropiJlrbia 111: 2 
£ . cyanocarpa 111: 2 
F.. durhieana 111: 2 
£ . t-rvr/.orodo:r:z 111 : 2 
E. n;ererrii 111: 2 
B. filifomris 111: 2 
E. fla1;1'SCt'11S 111: 2 
1-:. flat'ifolia 111 : 2 
1-:. florida 111: 2 
!:. frJncisii 111 : 2 
F.. glauca var. ps,wJoglauc.J 111 : 2 
F.. glaucic;tlyx 111: !! 
£. granJis 111: 2 
1-;. grisea 111 : 2 
E. ifllabijtl 111: 2 
F.. g11atmzalmsis 111 : 2 
F.. /Jelft-ri 111 : 2 
E. j.rmbos 111 : 2 
E. kurJIIda 111 : 2 
F.. ligmrrina 111 : 2 
F.. longipes 107: H 
1-:. lru~lmranni 111 : 3 
E.nrncrocarpil 111: 3 
E. 11117Cstrensis 111 : 2 
F.. nf<lirr 111: 3 
E. nz.tlarcmse 111 : 3 
E. meg.1/anrha 111: 3 
F.. momirola 111: 2 
F.. moorti 111: S 
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/i, 1r.UCT01latll 111: 2 
1:. myrtoides 111: 2 
£. 1midismn.t 111: 3 
E. Ot'rntdiana 111: 2 
F.. olrosa 111: S 
F.. orig;moiles 111: 2 
E. palr.!.'llnmsis 111 : 3 
!i. polita 111: 3 
E. proura 111 : 2 
E. rartf/ora 111: 2 
f:. Tl't/lSa 111 : :! 
r:. TObNtii 111: 3 
£. TOTaim.ma 111: 2 
£. rubrgmomm 111: 13 
R. mborbimloJris 111: 3 
!~. sy:ygioldes 111: :1 
F.. rbompsoni Ill: 3 
B. tosi 111: 3 
£. mriflora 111: 2 
J.; '-'JI,I t"t.IIOSII 111: 3 
F.. t•enrttl.uii 111: 3 
E. ~.:Jttuir 111: 2 

F. 'U.•byui 111: 2 
E. WIIS01Ii 111 : 3 
F. wm=crlmgri 111: :! 
F.. :<!jlamra 111: 3 
l:uon) mm 104: 122 
E. L-icmale 109: 7 
Eupatonum fnmratum 109: 2 
f: NnnJ/ 109: 7 
r. odor a tum 109: 4 
f'uptorbi01 104: 122 
I uphorb•aceae 101: 3; 104: 109, 

110, 122, 109: 65 
Euphoria 104: 119 
f:upboriaml'frs 104: 123 
l.11pomatia 104: 18 
I upomatiaccae 104: 2 
l:upom:JII.f l:zurma 104: 1 S 
l:urosc!Jinus 104: 102 
I:rmJerory/on mt•lag1111g"i 100: 27 
r::. :JU:agrri 100: 27 
f.'voJia 104: 123 
f~:rcorr.aria 104: tOll 
f:xrJC.tr(ms 104: 119 
J;:cortt.>m-2 raribanm1 10'1: ~ 5 

Exotl't-' 104: 119 
Exotl:l'a p.miculata 107: 45 
C\"3 110: 68 
c\·elc 106: 90 
Eysenl.'o11Jt1.t 104: · 22 
F'abaceae (rev 108: 7~ 
Fagat:e.l<' 104: 110, 106: 10; 109: 

65; 110: ] 
F'agales 110: 2 
f'ag.1r.t 104: 119; 107: 69 
F'.tgm 104: 110 
Fagus dombcy1 110: · 
f. gmndifo/i.t 110: :';II 

faraven 110: !l!'i 
faro 10s: 9o 
fa\'Cira barbarimao 107: li!l 
h\'eira bolacha 107: 70 
fa\·eira bolota 107: ;o 
faveira folha fina 107: 70 
faveira uing 107: 711 
F eijoa 104: 117 
Feronia 104: 11!1 
Ficus 104: 116; 107: 4;; 
Ficus •Illre" 107: :.o 
fiddlewood 95: t2i ; 97: 112, 98: 

lili, lii. 105: 4(1 
iig. florida 107: 50 
Fzr.rueroJ 98: •>i 
Filichmr 104: 123 
liqu~ro 97: ·17 
Firmiulla 104: 1~0 
Fisricaly:c 104: 1 H 
Fiuistigm:z 104: " 
Fztcbia 106: 311, 108: 1 
FiuN::r cuneMa 108: 11 
F. m.mgarM.'<.'mis 108: 3 
r. mu.2m 108: G 
F. rapensis 108: G 
f. IptciOSOJ 108: 5 
FlncourtiD 104: 111 
Fbcourtiacelc 101: 10; 104: 111, 

122; 108: i2; 109: fiG; 110: iltl 
Fl.rverm 111: 35 
Flaveria lmc•Jris 109: 2:l, 111: 111 
Flt·millfl.ill 104: I H 
f'lmdersitt 104 : tl!l 
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flor azul 91: 127, 128; n : 117 
florecillo 97: 96; 81: 143 
floresa 97: 87; 81: 135 
Flotovia 108: 30; 101: 14 
Flotoua leiocepba/11 108: 32 
1'/ourensia 108: 14; 111: 34 
flourmsia Ct1'11UII 101: & 
fok 105: 25 
Fomainea 104: 109 
frake no: 95 
fram 110: 95 
framer-i 110: 91 
f ramire 110: 91 
Fra:rimu 104 : 123; 110: 61 
Fraxim11 americ111111 110: 411 
freijo 99: 32; 107: 69 
freijo branco 107: 59 
frei jorge 99: 32 
F remonti11 104: 123 
frijolillo 95 : 97; 98: 138 
frimu 107: 114 
frua dorada 109: 73 
Fuchsia arborercens 109: 74 
fukadi 95: 120; 91: 165 
f'maea 104: o& 

fusric 97 : 56; 107: 51 
fure 103 : s 1 
furui 103: 60 

G 
gaboon 108: 66 
Galactia spiciformis 107: 54 
Galbulimin~.t 104: 111 
Galbulimimll baccata UK: 106 
Gttllesia 104: 123 
gallinaw 103: 60 
gallino 103: 50 
Ganophyllttm 106: 1111 
Gamta 104: 120 
garapa 97: 40 
garapa amuello 97: 40 
Garcia 104: 122 
Garcinia 106: 111 
Garnga 104 : 105 
gareado 95: 37; 98: 511 
gavil:ln 109: 70 

gaw 110: 68 
gayohi 105: 25 
gbende 105: 25 
gbese 108: 90 
gbon 110: 68 
gbor-du-orh 108: 70 
gcdulohor 10'1: 92 
gedu-nohor 107: 92 
GeijNa 104: 119 
Gtissois 104: 107 
Geissospnmum 106 : 121 
gele bagasse 95: 41; 81: 53 
Gmipa 11111tril'aT/a 109: 76 
G. clusillt(olia 101: 46 
Gmista lot: 122 
giribi 109 : 68 
Gironniera 105: 12 
g lasswort 107: 47 
Oleditscbi/1 106: 114 
Qliricidill sepirnn (rev.) 101: 79; 

108: 69 
Q/ocbidion 104: 109 
Glossarion 108: 30 
Glossarion rbodamhum 106: :{2 
Ql:yconnis 104 : 123 
Glyc:ydmdron 111111r:onicum 103: 2 
Gneraceae 104: 111 
Gntttmr 106: 111 
Qnennn conatum 106: 108 
Gocbnatill 108: 33 
Goldmmia 108: 46 
Goldm.mia paragun11is 108: 49 
G. plntycarpa 108: 49 
Gomorttga 101: 67; 110: 33 
Gomoncgaceac 100: 39; 104: !!. 

108: 16; 110: 33 
Gomorrega nitida 108: 67; 110: 33 
gomier de montagne 103 : 3S 
gommier 108: 50 
gommier blanc 108: 60 
gommit'r, moumain 108: 511 
gon~alo ah•c.' 911 : 37; 81: 62 
gongo 1011: 25 
Qongyloltpis 106: 30 
Qongyloltpis bttttiJamiana 108: 38 
a. fnlticosa 106: 34 
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G . m:~roa114 106: 32 
G . 711:Jrti:JTI3 106 : 32 
Gomotb:Uamus 104: 6. lo.f 
Gomotbal3mus gr .mJi{loms 104: 

112 
Gonoc11rymn 104: 111 
Gon)petalmn 104: 1:!:! 
Gonysr)lus 104: 111 
Gonntvlac~c 104: 1 11 
GooJI.'1iia 109: 3 ~ 
Goodcniaccae 109: Jb 
Cior.lcmi,, 104: 120 
Gossnnphuu 104: 1 ~~ 
Gnrsu•erlcro.len.lron 104: 14, 107: 

105 
Gosrwcilt·rodcndron balrami(r:nm1 

106: lli; 107: 103, lOG 
Gossyprmprnmnn 104: 11 1 
Goupi.r 104: 122 
Gnupiaccac 104: 122 
Gou("" g!abra 99: ti~; 107: 69 
Gr.Jbowskya 104: 123 
granadillo 95: 49; 98: 64 
£!1':1piapuiia 97: 40 
grnpiapunha 97: 40 
0r<Jptupl•yllum l04: 102 
grccnhe.1n 100: 2, 105: 40; 106: 

•G, 107: 121 
green heart, l>ernenrn 100: 2 

Grf".o~ta 104: 121, 124 
Orras ftmJitTI 101i: 72; 109: llb 
Grrffitbramlms 104: 7 
grignon fou 97: 06; 98: 143 
grignon rouge 95: 93; 98: 125 
Grmdtlr:~ 108: 1 
Orin.lella smcra 108: 11 
G. stTicra 'OJ.t. procmnbcns 108: l! 
gnnon iou rouge 103 : s; 
Grist/mitt 104 : lOS 
G rislca 104: 123 
grnnfuclnc 97: :Jt1; 98: 143 
grunfocloe, berg 103: 87 
g ronfucloc, mnunt:~in 103: f\7 
g ruus!>uu 110: 77 
guachar>el~: 95: ~17, 98: 13!> 
Gun.fuanr~grmifolia 102: 24 

Gu:U.:crnn 104: 124; 107: ~ 9 
GILli.Jcrnll officin.:l~ 106: l>tl; 107: 

49, 121 
G. sancmm l07: 45 
guarnarillo 95: 9':'; 98: l .h 
Gu111111iJ 104: 7 
gulpinol 95: ~4 ; 98: l OU 
euanbu ujado 103: i-1 
Guare.1 104: 11 6 
guuca 107: 106 
gu:tte:L, black 107: 106 
Gwzrea cedrata 105: 17. :!1 ; 107: 

106 
G.longipetiol., 109: 73 
guarea, scented 107: 1(~6 
Guarea thom psonii 105: 1 i , 2 1: 

107: 106 
guarca, white 107: lllti 
guasango 96: 37 
Guattcria 104: 7 

Guatteriel/.1 104: 5 
guayabo 95: 119; 97: 108; 98: 1tlfl, 

170; 109: 64 
gu:ayabo ala1.2no 103: 2!1 
gu:ayabo colorado 103: 2!1 
gwyabo de monn: 9 i' : 1 0 ~ ; 98: 1711; 

109: 64 
guayabo jovcroso 103: 2!1 
guayabo Icon 95: 120 

I gulyac:in 95: 10:1; 9i: 104: 98: tai 
guayacan 109: G3 
Gt~ettnd:t scabra 107: H 
gui 106: 76 
Gui~ra 104: 122 
Guila11Jina l04: 114 
Guio;z 104: 123 
guissu 107: l OG 
gulih 110: r;: 
gulo-ml7.1 110: ;; 
gum, blue 105: 27; 107: 12:!; 110 : 

56 
gum, doctor 103: ton 
~TUm, SWCC[ 107: 10·1 

gumlin 106: 50 
guna109: 711 
gusancro 95: :17. 98: :1'! 
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G11stavia nana 109: 68 
G. rbodamha l08: 68 
G. mperba 109: 68 
Guttifc:rae 101: 111, 122; 109: 66; 

111: 15 
Gy11mamhes luciJa 107: 45 
G ymnocladw 101 : 11 4 
Gymnospori.z 101: 105 
Gvrostemonaceae 110: 12 

J-1 ,tasia 100: 8 
habc! 110: 68 
habillo 99: 27 

H 

H <ImUJtoxilon 107: 112 
haemu 107: 114 
hafa 110: 99 
hague 110: 103 
Hake., 104: 118 
Halfordia 104: 119 
Hamamelidaceae lOt: 111, 122; 

110: 1 
H amelia axiii<Jris 109: 76 
II. rO'Wleei 108: 76 
Hn11pea lot: 75 
Hannoa 101: 123 
H<Iplolobus lot: 105; 108: 47 
Haplopappus 108: 32 
flaplop.,ppus ( Macbaermtbna) 

pbyllocepba/us lot: 34 
H. megacepb.21us 109: 32 
H. pbylloceph.,lus 109: 33 
H. phyllocepbadus var. meg<J-

cepbalus 108: 32 
HJTdwickitl 101: 114 
HarJwickia pimlatll 108: 119 
harino 103: 29 
Harpalyce 104: 122 
Harpep/Jylltmz 101: 102 
Harpullia lot: 119 
1/asteltia 101: 122 
1/asseltiopsis lot: 122 
I lasseltiQpsis albomic<Jns 101: 10 
II. dioica 101: 19 
H. 111UCT01l<Jta 101: 17 
ll111.•ardia lot: 122 

H tcanocltis 106: 30 
Hecastocl~is sbockltyi 106: 32 
lluatostmton tot: 1:!2 
lltJyc<Jrya tot: 111; 
lldsterr<J barbara 101: 2ti 
H. calommra 101 : 2u 
H. cf.l.:tifo/i., 108: 74 
llelcnic:ae 111 : 19 
lldiamhcac 108 : 1 
Htliatlms 101: 1 
H eliamlms an nullS 108: 6 
/lelicter~s lOt : 123 
Heliett<J lot : 119 
Heliocarpm lot : 124 
Hcliocarpm popay.wt'Tisis 109: 78 
Hemicyclia lot: 100 
Hmtitclia 109: 66 
llcmiteli<J petiolata 109: G!> 
H. M:Ct, CnmtiJ.,ria 108: 65 
H. 'WOTOTIOVii 108: 65 
Hcmiwnia 108: 26 
llmtiwni<J clt'11tcmi11a 108: 11 
H. mimbornii 108: 8 
Heritiera 104: 120 
Hc:mandiaccac 100: <10; 104 : 2 
Hert~~~llditl peltata 100: 10 
H. sonor11 103: 2 
Hesptronunnia 106: 30 
H. arborescms 108: 32 
Hcrerodmdron lot: 119 
II crcrtnneles lot: 118 
Heseroper<Jium lot: 6 
fln:ea lot: 109 
Hn:ea brasilimsis 110: 21 
Ht:r<Jlobus lot: H 
Ht:rapora 100: 9 
II ibiscus tot : 115 
Hibiscus pilosus 107: 53 
H. tili<JCtSII 108: 72 
hickory 106: 74 
hickory, mockcmut 108: 89; 107: 

12 1; 110: 85 
hickory, pignut 106: 85; 110 : 61 
hickory, shagbark 110: 85 
Hicoria lot: 113 
Hierony,. 101: 100 
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kankra 109: M 
kapok 104: 61 
lapoL.ic.r 99: 27 
hpun 105: 30 
ka-nmko 110: 95 
1\.ar-.:.•inskt:~ lOt: 123 
J\QWJ 104: 122 
Kcit!uri.z 104: 10;. 
1\.bay.J 104: 116; 107: 96; 110: 91 
klup 107: 116 
1\.IJ.zya .wt!JotiJCCJ 105: 1'0, 21; 107: 

llO 
K. granJi(olia 107: 11-1 
1\, it·or..-mls 105 : 21, 106: till; 107: 

!15 
K. scm·galemis 101 : 111 
Kibara 104: lltl 

K1barali.J 104: 104 
Kichia 104 : 121 
KrngioJeudro11 104: tH 
kirandy 102 : 2~ 
kirikawa 103: 42, :l6 
ki,ia 110: 77 
Kjtllbtrgiodtmdron 104: 111 
KltJindoxJ 104: 120 
1\lcinbo'l:i:~ 104: 120 
Kocbi.z 104: 10.5 
koddobakkoc 99: 27 
Kodrmteria 104: 123 
koemaroc 97: tiS; 98: 92 
koepai~ 103: 51 
koesirl bahtarie 103: 5j; 
koc-tema 106: 76 
koiguibe 107: l OG 
koka 107: llf 
1\oklil 104: 123 
kokoniko 110: 83 
kokrodua 105: 14, 20 
koh 105: 30 
konoko 103: GS 
koocl pi.tlli 95: b1 98: 114 
Koomp:~ssi.z 104: 114 
1\oor.icrsiodendron 104: 102 
Kopsia 104: 104 
korina 110: 95 
kori 106: 81 

kotibC 106: 81 
koukcc 105: 30 
kpa-kpa 105: 25 
kpar 110: 63 
kpendc-deli 105: 25 
kpcndc-gul i 106: 70 
hala 107: 111 
krappa 97: 46; 98: 67 
kra£~3 103: 23 
KntgioJcn.iron 104: 118, 12:! 
Kmgio.imdron ferrcum 107: 48 
kuangua ini:una 110: lit' 
kuge 105: :H 
kulo 105: 30 
kumaru 97 : tic 98: !12 
kura 110: 133 
kuranako 110: 63 
kuru 107: 120 
ku!i!>ia 110: 77 
kwabaho 107: 11 1 
kwabohoro 107: tOll 
kwadwunu 107: tOtl 
kwarie 97: 116 98: 1'11 
kwarric. berg 103: s­
k·watanuro 107: 12:. 
kwo-kwo 110: 5 1 
Kydia 104: 115 

L 
laba-laba 103: 87 
Larco.lisCIIS 104: 1!!3 
lactoridacCQe 100: 40 ; lOt: 2 
I...aetJa 104: 111 
l..:ziou/Jiil p:mici(olia 110: 39 
Lzgasce:~ 108: 27 
L.zgascea heliambifolia 108: 27 
Legerstro~nia 104: 115 
l.av;unariil 104: ll!i 
Laguncularia r:Jcetnos.t 107: .J :l 
laguncro 97: !12; 98: 1•11 
lakpa 110: SO 
IJkri 107: till 

l
lanccwood 103: 2!1; 104: 
Lansitmt 104: 116 
lap3cho 102: 24 
l.tlpbomia 111: 19 
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L.zpb;mzia meg.zcepb.zl.z Ill : 24 
L.1placea s~miserrata 109: 77 
)arch (rc\" .) 106: 105 
LJrix occidmtalis 101: 65 
J • .zrrea 104: 124C 
T •• uiambera 104: 113 
Lauraceae 100: 1; lOt: 2, (rc\·.) 

105: 48; 106: 16, 25; 109: 62; 
110: 54 

laurel 97: 76; 98: 124 
laurel blanco 95: 60; 98: 84 
laurel, Cape 110: 54 
L111rus nobi/is 100: 27 
Lecoc.trpus 108: 13 
l.ecocarpus pin114tifidus 108: 3 
Lccyrhidaccac 104: 113, 122; 109: 

138; 110: 38, 66 
Lecytbis 104: 113; 107: 69 
Lecytbis amp/a 109: 68 
L cf. amp/a 109: 69 
L. paraensis 99: 85 
L. wymna 109: 69 
L. usitatJ var. tenuifo/ia 99: 86; 

105: 40 
lee he amarillo 103: 100 
lcchc de maria 103: 23 
lechcro 99: 139 
Leguminosae 101: 9; lOt: 101, 113, 

114, 115, 122; 105 : 14, 25. 29~ 
106: 67, 70, 85. 87, 110, 92; 107: 
103; 1o8: 63; 109: 62, 69; no: 
-'1, 68, i2, 75 

lcmonwood 103: 29 
Lepidobotrys 104: 122 
1-epidosp.zmnn 111: 36 
l.epis.J"mhcs lOt: 123 
l.cptadeni.z 104: 121 
Lt•ptonycbi.t 104: 123 
T.eptospenmmt lOt: 117 
Lcttowi.mtlms 104: 8 
Leucoena 104: 114 
Leucopogon 104: 107 
Ucania 99: !18; 107: 68 
Ucania nrborcn 109: 711 
1.. bu.Ti(olia 99: 91; 106: 40 
f •. macropbylln 99: 117; 106: 40 

1 Ltcaria ctJyemt~/JtS 99: 103; 100: 
27; 105: 41 

I •. t'xcelsa 109: 66 
I .. pimt'ri 109: 67 
1.. TtgiJtJ 100: 2tl 
lickapatoe 103: 55 
lignum\ itae 106: 68; 107: 4'.1 
limba 110: 95 
limbo 110: 95 
lime, Ogeechee 107: sn 
limonciUo (rc\',) 106: 9~ 
l.imortia 104: 123 
Linaceae lOt: 115, 122 
Undackeria lOt: 111 
Und.:ra bemoin 100: 2!1; (red 

106: 48 
I .. comnnmis 100: 28 
I.. genrmi(lora 100: to 
1.. me/lissaef olia 100: 3 
Li11gels1Jeimia lOt: 122 
lingue 105: 25 
Lipocbaeta 108: 2 
LipociJatta laf.lanmt 108: li 
Lippia conJricensis 109: 7R 
I .. torrcsii 109: 78 
Uriodendron tulipifera 110: ol3 
LirioS1114 lOt: 123 
Liquidtnnbar styr.zci(lw 101: 65; 

no: 93 
Litchi lOt: 119 
L1tbocarpus lot: 110 
Utbraea lOt: 1:.!1 
l.irseaceae 100: li 
I.itsea eiongata 100: 28 
L. mel/if"" 100: 2!1 
liwamba 106: 2!1 
/.obelia plumieri 109: 3H 
locus, baM"ll 96: 65; 91: !17 
locust, black 110: 61 
locuSt, South Am«!rican 95: 74~ 98: 

109 
locust, \Vest Indian 95: 74; 98: 10!1 
lo(un 107: 106 
Loganiaceac lOt: 1 lll, 12!! 
Iogwood 107: 112 
loko 106: 76; 107: lit 
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Lo1lcbocarpus 104: 1 H ; 110: 21 
Lo11cbocarpus cf. arropurpurrus 

109: 70 
I.o11gcri.J 104: IO!l 
Lopb:mtbcr.z 104: 1:!3 
Lopl.>ir.J 104: 117 
Lopbira o~lat.J 107: 120 
1 •• ol.mz \'ar. prour,, 107 : 1:?0 
1 •• prorN.J 105: 17,21 
l.opbopctalwn 104: lOS 
lnpuro pKra 107 : ti!l 

l.oranrh;lccae 104 : 115, 1:!2; 109: 71 
l.orJ11tlms 104: 115 
l.oramlom dr:pm.lcns 104: J06 
lushicrin 107: 103 
lorut: 107: 96 
louro :unarclo 107: 68 
loum br~ncn 107: 6!1 
louro, B~t.tliln 97: 35; 98: 4 1 
louro cancla 107: 68 
louro faia 97: 36; 98: 41 
louro rosa 91: 36; 98; 41 
louro ,·cnnclhu 95: q: 98 : 125 
l.o:·oa 104: 116; 107: 23 
/.(1'1.:011 br0'W11ii 107: I 23 
1.. klamcaiL2 10.5: 17, 107 : 123 
Loxopruygz:mr sagorii 9.5: bJ ; 98: 

114 
l.l1CU711.J 104: 120 
Lmhra 104: 121 
l.wr.uia 1()(: 11 !1 
Lyc:ium 107 : 42 
Lyc:ium cnolmi.umm 107: of2 
1 .. r:~rop11ntm 109: 82 
l.ycoscris 108: 30 
l.ycoscr1s :riplirtcrt·i:~ 106 : 32 
l.ys1loma 104 : 122 
l.ythraccac 104: 115, 123; 110: 39 

.\1 
M.1bD 104: 101 
macano 109: ti9 
M~raranga 104: 109 
.11o~cl.'.7crmtl.•tra 109: 3·1 
Mar.hacramlura pb;yllocepbala var. 

megacepbala 109: 32 

~ l.lrbaerium 104: 12:! 
.Hacbifus 100: 10 
MJclura 104: 116 
.u,,coubeJ 104: 121 
,\b coubca gui:mrmrs 103 : ;,5 
ltJcropreramiJcs 104: I ll~. 
m£dachi 107: JH 
,\faJi:t 108: 1 
Madia sam•.J 108: t! 
madroiio 103 : 2~1 
M11esoborrva 104: 1~:: 
MJesopsis "t04: llll 
M.rcsopsis emmii 105 : 17, ~4. 110: 

42 
mafamuci 108: 55 
.\lagnoliaceac 100: lO, 104: ~ 
,\,fagno/ia soronmr 9.5: 1!5, 98: 11!'• 
mahoc. wild 109: 72 
mahoganr ss: 101, 98: Ht! 99: 

149; 106: 1\7 . 107 : 50; 110: 1!1 
mahogany . ·\ fncan 106: 66; 107: 

95; 110: 1!0 
mahogany. :\mcric~n 107: l.!!l 
mahogan\ , Benin 107: 1Jti 
mahogan~·, big-leaf 107 : 115 
mahog;my. bodongo 107: 92 
maho$!mv. cedar 107: Jll6 
mahogan}·, Central American 107 : 

112; 110: 48 
mahogany, cherry 110: 41! 
m:ahogany, Cuban 108 : 56 
mahogany. dry-zone 107: 1 Jol 
mahog.my, Grand Bass.tm 107: 1 IIi 
mahogany, llondura ~ 107: !!~>, 110 : 

-19 

mahogany. l.agos 107: 116 
mahugany, mufumbi 107 : !1'1 
mahogany, pink 107: 103 
mahogany, Rlwdc~1.1n 105: 26 
mahoglny, .s:~pde 107: !IS 
mahogany, 5ecntcd 107: !Hl 
mahogany, Sekondi 107: 116 
mahogany, Uganda 107: 11!J 
mahogany, wh•tc 107: 110; 110: 

102 
Mahonia 104 : 1!! 1, 105: 12 

1960 TROPICAL WOODS 33 

mahot rouge 108: 62 
makarfo 105: 14 
makore 110: 47 
makwe 110 : 48 
malady 95: 34 
\lalesherbiaceae 108: 45 
.\1.JIIoms 104 : 109 
~{a/mea 104: 7 

,\ lalpighiaceae lot: 116, 123; 107: 
71; 109 : 48 

Malus 104: 123 
,\ lalvaceae 1M: 115, 123; 1011: 12, 

109: 72 
\lah·ales 105: 12 ; 107: 30 
\1 af'IJII'IIiSct/S lot: 115 
Malvnvisctrs {loridanus 107: 53 
mamecillo 109: 66 
mamey oloroso 109: 75 
Mammea 1M: 111 
mampa£a 110: 63 
mampataz 110: 63 
manasati 110: 42 
manbarklak 99: 56; 106: 311 
m:mcha 109: 74 
mandioqueira 97: 96; 81: H 3 
Wangifera 1M: 102 
Uangifera salom011fflsis lo&: 108 
mangle de monte 108: 77 
mangona 107: Il l 
mangrO\'C 107: 43; 110: 23 
mangrove, black 107: f5 
mangrove. red 107 : 43 
mangro\·e, white 107: 46 
.Hanibot 104: 109 
,\1anilkar.J 1M: 120 
.\fanilkara biJentat/1811: 89; 81: 

118; 105: 41 
.\1. cuncifolia 101: 50 
M. h11bcri 103: 2; 107: 611; 101: fl 
.\1. paraensis 107: 611 
Waniltoa 104: 1U 
mani 103 : 100 
manniballi 108: 100 
Mn1101es 10f: 122 
.Wansonia 1M: 120 
mansonia 110: 45 

M11111tmill 11ltissima 101: 17, 21; 110: 
45 

manwood 88: 116 
maparajuba 81: 89; 81: 118; 107: 

611 
maple, African 110: 99 
maple, bush 110: 99 
maple, Kd 101: 28 
maple, sugar 106: 27; 108: 71 ; 107: 

I<H; 110: 46 
mappa 108: 55 
maqucliz 811: 112; 98: 1511 
marakaipo 108: 46 
marafi6n 87: 31; 98: 40 
Marcgraviaceae 1M: 123 
Maria 108: 23; 109: 66 
marila 1M: 122 
mario 108: 23 
mario 107: 114 
marishiballi 88: 91; 106: 40 
M.rrle11 1M: 122 
M~~rlintll 1M: 123 
Mmiodnzdron lOf: 122 
marupa 87: 100; 98: 145 
marupa 107: 69 
marupa falsa 101: 50 
masa 811: 124; 81: 171 
~e 108: 100 
mawc£a 110: 60 
massaranduba 91: 89; 81: 11s; 107: 

69; 101: f 1 
mastic 107: 51 
Mtuticbodnzdron 1M: 123 
mastic:k 107: 50 
Mtutixill lOf: 105 
mara hombro 108: 6~ 
mara-mata 88: 49; 1011: 40 
mara ma£a branca 107: 68 
mara palo 108: 71 
mara raron 108: 69 
Matisill to&: 121 
Mlltthlltll lot: 116 
mattoe moenba 101: 106 
Mauria lOf: 121 
Maurill pmwian11 101: 12 
M . snnplicifoli/1 101: 13 
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ffil)i!O\\C:I'l> 9~: 112; 97: 104; 98: 
155, 159 

ma\ilowcr, \'c:llow 95: 10'~ 
Miyn:rlin~ifoliJ 101 : 211 
,\f,lon!-!ifoliJ 101: 2!1 
\{, pact {iN 101: 2~ 
.11. ramosti 101: :!ti 
mau 110: 51 
mban\' 102: 24 
mbdi:guli 110: 68 
mhoro 105: 25 
mcau 102: 62 
lt<!dusa11tbat1 104: 113 
rnc:hr-chu 110: 80 
\fctogync 104: 11 
Mt'lo~lt'UCJ 104: 117 
,\ fclomocl>yla 104: 102 
,\fel.molepis 104: 109 
Melo~mbaa 109: 17 
Mt'lJntb~ra .zsper<J 109: 17 
M. dtltoid,•a 109: 17 
.\lcla,rom:.ccac: 109: 62, 72 
mclc:gba 106: 70 
Jttlia 104: 116 
.\ leli~cc~c: 10 1: 1. 31; 104: liS, 116, 

123; 106: 11, (rt\',) 100; 107: 
92; 109: 73; 110: 102 

\lc:lianthacc:ac: 104: 123 
.\ttiiCope 104 : 119 
.\ftlicorca 104 : 123 
.\l tliorma 110: 39 
Mt110mu allctJii 109: 77; 110: 39 
M. amsopbylla 110: 39 
M. boln:ic,sJs 101: 27 
M.lor.gipctJolatll 110: 3!1 
M. m.:xim.1. 110: 41 
\ttlocl:ta 104 : 123 
Mtlodonrm 104 : 7 
mc:mbrillo 109: RH 
mc:niridan 97: 96; 98: 1 ~ 3 
mc:ri 103 : 37 
Mtmllia 104: 123 
.\1csu11 104: 111 
.Httopium 104: 102 
Met opium toxif.:rum 107 : 45 
Metrodorea 104. : 123 

,\lcneniusacc:ae 101: 10 
llttuniura resmiJmu.mo~ , ·ar. 

fragramiuim.J 101: Ill 
.\le--.ilaurus itaub.J 99: 110; 100: :!!1; 

107: 6!1 
II S) n.JnJra 100: 29 
He::c11ia 104: 7 
mgua 106: 73 
,\licoma argcmea 109: 7:! 
M. blaktacfo/ia 109: 7:! 
M. etJn:ipl!tiolata 109: 'i:! 
.\I. impctiowrts 109: 7:! 
\1 robinsoniana 109: 7:! 
H. tra1/S'"Jersa 109: i2 
Hic:rocimts 104: ll!l 
MICTOCOS 104: 121 
Mic:romclmn 104: 11 !l 
Wirrop!Jolis guyanensis 103: !iR 
11-f ic:ro para 100: 9 
\,Jicrostemon 104: 102 
Uicrotropis 104: 122 
mietan'dabo 107: lOG 
nuguelario 109: ;3 
rnijao 97: 31; 98: -1 11 
M iliusa 104: 4 
Millenia 104: 114 
\limosaceac 101: 3 
Mnmuops 104: 120 
Mimusops emargin.1ra 107 : 45 
M. beckelii 105: 17, 21; 110: H 
,\finqrunia 104: 1:!3 
,Uinquarti.l gui.m.:nsis 99 : llG; 107 : 

611 
mirauwa 107: 70 
mirindiba 95: 4!1 
Mischocarpus 104 : 11!1 
Miscbodon 104: J22 
M itommnn.1 109: 45 
Mitragy114 110: 51 
M itragyna africm.• 110: ~•I 
M. ciliata 105: 17, 21; 110: ,SJ 
M . im:rmis 110: 51 
.i-1. macrop!Jylla 110: 6 1 
M. sripulosa 110: 51, 52 
J1urephora 1CK: 4 
mlombwa 110: 7:? 
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mobonron 107: 103 
molongo 103: 55 
momangi 106: 77 
Uon.mthocbloe 110: 3 
\tonirniacc:ac 100: 40; lot: 2, 11G 
Uonodora 104 : 4 
Honoscbisma 108: 46 
• W onoscbfsma inaeqrule 101: 51 
~1. lr:prostacbyrnn 108: 51 
Jlonotoca 104 : 10; 
,\1omanoa 108: 1 
Wom:m oa hibiscifolia 108: 6 
Momezmna 104: 75 
Montrouziera 104: 111 
\loquinia 106: 41 
Mora 104: 114 
mora 97: 56; 98: 80; 108: 112; 109: 

74 
mora amarilla 97: 56; 91: 80 
~loraccae 101: 9; 1M: 1111, 123; 

106 : 'i6; 109: 74 
morade guyana 103: 62 
~fora excelsa 103: 62; 107: 74 
moral 97 : 56; 91 : 80 
mon pero 108: 62 
mora, roode 103: 62 
mon, wine 103: 62 
mon -yek 103: 62 
.Horinga 104: 123 
~loringaccac: 10&: 123 
\lorisonia UK: 121 
mororo 110: 72 
morotoro 107: 70 
morrao 99: 50; 101: 40 
\fonts 104: 116 
UosciJoxylum 1M: 123 
\1 osquiroxylum lot: 121 
mouchigo rouge: 103: 4i 
moukourni 106: 65 
mo\'ingue 106: 92 
lll~lcwcrc 110 : 68 
mpwcre 108: 47 
mubura 110: 63 
muchenche 108 : 66 
mucunana 97 : 92; 81: 141 
Uuehlenbeckia lot: 117 

Muellna 1M: 122 
muc:nge 110: 75 
mufumbi 107: 99 
muhimbi 106: 87 
muhongc:n 110: 4!! 
muhumula 110: 42 
muhun~ 110:42 
muira-Juba 87: o&O; 81: 47 
muinruira 87: 40; 81: 47 
muintana 87: 40; 91: 47 
mujwa 101: 34 
mukonja 110: 9:i 
mukonja malambia 110: 51 
mukunya lOll : r.o 
mulcusi 106: M 
mukusu 107: 92 
mukuu 110: 105 
mulambi 110: 72 
munhaneca 110: 72 
muninga 110 : 72 
munyama 107: 110 
munkoiwa 110: 60 
muro 103: 62 
Murray11 lot: 119 
musengera no: tos 
musharagi 110: 60 
musizi 110: 42 
Mussatnd11 1M: 123 
murankwa 110: 105 
mutere 110: 72 
muthat no: 60 
murigbanaye 107: 106 
Muriseac: 108: 19 
mututi 107: 69 
muvulc: 108: 76 
m'vovo 107: 99 
mvulru 110: 51 
mylady 81: 33; 91: 49 
Myrceugenill lot: 123 
Myrci11 1M: 123 
Myrcillria lOC: 117 
Myrimtbus 106: 113 
Myristicacc:ae 100: ft; 1M: 2, 123; 

108: 73 
Myroetrrpus lot: 122 
Myrospnmum 1M: 122 
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mayftowcn 95: 112; 97 : 104; 98: 
155. 159 

nu\·tlowcr. vcllo\\' 95: l OS 
Mi.vr..:zlingr;ifolio 101: :!8 
M.longifolia 101: 28 
\f. p.lcifica 101: 2b 
M. TJ1110Sii 101: 2b 
maza 110: 51 
mbany 102: 24 
mbcli-guli 110: 68 
mboro 105 : 25 
mcau 102 : 52 
Medusambera 104: 113 
mehr-chu 110: 80 
Meiogyne 104: s 
Jlelalt-uca 104: 117 
Melanocbyla 104: 102 
Melano/epis 104: 109 
Melamber.:z 109: 17 
Melambera asper.:z 109: 17 
M. deltoidca 109: 1 'i 
,\lelastomaccae 109: 62, 72 
melegba 106: 70 
,\.lelia 104: 116 
Meliaceae 101: 1. 31; 104 : 115,116, 

123; 106: 11, (rev.) 100; 107 : 
!J2; 109 : 73; 110: 102 

,\leliamhaccae 104: 1:!3 
Melicope 104: 119 
Melicocca 104: 123 
Meliomza 110 : 39 
Meliomza allcnii 109: 7i; 110: 39 
M. anisopbylla 110: 39 
M . bolit·irosis 101: 27 
M.longipcriol.1t•1 110 : 3!1 
\1. maxima 110: 41 
Melocbia 104: 123 
Melodomm 104: 7 
membrillo 109: 68 
mcniridan 97: OG; 98 : 143 
meri 103: 37 
Merril/ia 104 : 123 
Mesua 104: Ill 
Meropium 104: 102 
M etopitmr roxifenmr 101: 45 
Metrodorea 104: 123 

,\lcneniusaccae 101 : 10 
,\letteniusa tt•ssmarmiJTIJ \'ar. 

fraf{TJntissimJ 101: 10 
.\le:iiJunu itaub.1 99: 11 0; 100: 2U; 

107: 69 
M. syn.wdra 100: 29 
.lle;;::ema 104: 7 
mgua 106: 73 
Miconia argeme.t 109: f':! 
.H. blakeaefolia 109: 72 
.H. curvipetiolata 109: 72 
M. impetio/aris 109: 72 
M. robimoniana 109: 72 
. \1. tra11s1:ersa 109: 7 2 
Microcitrus 104: 119 
Microcos 104: 121 
Micromelmn 104: l l!l 
itficropbolis guyanemis 103: 5~ 
Micropora 100: 9 
Microstemon 104: 102 
Microtropis 104: 122 
mietan'dabo 107: 106 
miguelario 109: 7., 
mijao 97: 31; 98: ~CI 
Jf ilima 104: 4 
Millettia 104: 114 
.,\ l imosaceae 101: 3 
Jtnmuops 104: 120 
,\limusops emarginatJ 107 : 45 
,\1. becke/ii 105: 17,21: 110: -17 
.\linquartia 104: 123 
.\fi11qu.:mia guianemis 99: 116; lOi: 

68 
miratawa 107: 70 
mirindiba 95: 4!1 
J1 iscbocnrpus 104: 11 !I 
MisciJodon 104: 122 
M itostnmna 109: 45 
Mit ragyna 110: 51 
Jlitrngyna africnna 110: 51 
M. ciliatn 105: 17, 21; 110: 51 
M. inermis no: n 
M. macropbylla 110: 51 
M. stipulosa 110: 51, 52 
Mirrepbora 104: 4 
mlombwa 110: 72 
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mobonron 107: 103 
molongo 103: 55 
momangi 106: 77 
~1onambocbloe 110: 3 
\lonimiaceae 100: 40; 10&: 2, 110 
Uonodora 104: 4 
.Honoscbimra 108: 46 
M onoscbiS?na inaeqttale 108: 51 
Jf. /eptostncbyrmz 108: 5 1 
\lonotoca 104: 107 
\1ontauoa 108: 1 
~fomanoa bibiscifolia 108: 6 

M omezuma 104: 75 
, Wont rouziera 104: 111 
Moquinia 106: 41 
Mora 104: 114 
mora 97 : 56; 98: 80; 103: 62; 109: 

7 4 
mora amarilla 97: 56; 98: 80 
.\1oraceae 101: 9; 104: 116, 123; 

106: 76; 109: 74 
morade guvana lOS: 62 
Uora exceisa 103: 62; 107: 74 
moral 97 : 56; 98: 80 
mora pero 103: 62 
mora, roode 103: 62 
mora, wine 103: 62 
mora-yek 103: 62 
Woriuga 104: 123 
\loringaceae 104: 123 
\.forisonia 104: 121 
mororo 110: 72 
morororo 107: 70 
morrao 99: 50; 105: 40 
~1orus 104: 116 
\-Joscboxylum 104: 123 
lfosquitoxylum 104: 121 
mouchigo rouge 103: 47 
moukoumi 106: 65 
mo"ingue 106: 92 
mpcwcrc 110: 68 
mpwerc 108: 47 
mubura 110: 63 
muchenche 108: 55 
mucunana 97: 92; 98: 141 
M11eb/mbeckia 101: 117 

Mutlln" 10&: 121 
muenge 110: 75 
mufumbi 107: 99 
muhimbi 108: 87 
muhongera 110: 42 
muhumula 110: 42 
muhunya 110: 42 
muira-juba 97 : 40; n : 47 
muiraruira 97: 40; 88: 47 
muiratana 97: 40; n : 4i 
mujwa 105: 34 
mukonja 110: !15 
mukonja malambia 110: 51 
mukunya lOS: .)0 

mukusi 106: 67 
mukusu 107: 92 
mukuu 110: 105 
mulambi 110: 72 
munhaneca 110: 72 
muninga 110: 72 
munyama 107: 110 
murakoiw2 110: 60 
muro 103: 62 
MurrllY" 101: 119 
musengera 110: 108 
musharagi 110: 60 
musizi 110: 42 
Mussaenda 101: 123 
mutarakwa 110: 105 
mutete 110: 72 
muthat no: 60 
murigbanayc 107: 106 
Mutiseae 108: 29 
mututi 107: 69 
muvule 108: 76 
m'vovo 107: 99 
mvuku 110: 51 
mylady 95: 33; 88: 49 
Myrceugenia 101: 123 
My rcia 104: 123 
MyrciaTi" 104: 11 7 ' 
Myritmtbus 101: 183 
Myrisricaceae 100: 41; 101: 2, 123; 

109: 73 
MyrocaTfJUS 10&: 122 
Myrospemrum 101: 122 
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m:~yflowers 95: 112; 97: 104; 98: 
155, 159 

m:n1lowcr, \'cllow 95: 10~ 
.Hay12.2 lingUifolia 101: !!~ 
\f.lont:ifolia 101: 2ts 
H. pacifica 101: 2b 
AI. ramosii 101: 2b 
m:&U 110: 51 
mban,· 102: 24 
mbcli:guli 110: 68 
mhoro 105: 25 
mcau 102: 52 
M eJusam hera 104: 113 
mehr-chu 110: 80 
,\feiogyne 104: 8 
Melaleuca 104: 117 
.Helanochyla 104: 102 
Melanolepss 104: 109 
Melamber:r 109: 17 
Melantbcra .upera 109: 1 i 
M. deltoidea 109: 17 
,\1clastomace:~e 109: 62, 72 
mc:Iegba 106: 70 
.Uclia 104: 116 

Mcliaceae 101: 1, 31: 104: 115, 116. 
123; 106: 11, (rev.) 100; 107: 
92; 109: 73; 110: 102 

\lelianthaccae 104: 123 
Mclicope 104: 119 
Melicocca 104: 123 
.\1 elionna 110: 39 
Melinmu allenii 109: 77; 110: 39 
M. anisopbylla 110: 39 
M. boli-.Jimsis 101: 27 
M. longipetiolata 110: 3!1 
M. maxrma 110: 41 
Melochia 104: 123 
Melodonnn 104: 7 
membrillo 109: 68 
mcniridan 97: 96; 98: 143 
meri 103: 37 
Merrillia 104: 123 
Menn 104: 111 
Metopium 104: 102 
Metopizmt toxifenan 107: 45 
Mttrodorca 104: 123 

,\lctteniusaceae 101: 10 
Metteniusa urs111anniana \ 'Jr. 

fr:t.fl;T•mtissima 101: 10 
Me:.ii.Iurus itaub.t 99: 110; 100: 2ll: 

107: 69 
M. syn.mJr,t 100: 29 
Mcz::.cwa 104: i 
mgua 106: i3 
Micoma argeme.t 109: i:! 
M. blakeaefolia 109: 72 
M. curvipetiolata 109: 72 
M. impetiolaris 109: 72 
:\1. robinsonitma 109: 72 
M. transversa 109: 72 
Microcitrus 104: 11!1 
Microcos 104: 121 
,\.flcromelum 104: 119 
Jlicropholis guyanensis 103: 58 
~ficropora 100: 9 
Microsten1on 104: 102 
Uicrotropis 104: 122 
mietan'dabo 107: 106 
miguclario 109: 73 
mijao 97: 31; 98: 40 
Jfiliusa 104: 4 
Millettia 104: 114 
.\limosaceae 101: 3 
.\.fimusops 104: 120 
.Hinmsops emargin.u.1 107: 45 
M. beckelii 105: 17. 21; 110: 47 
Minquartia 104: 123 
.Uinqr~.trtia guianemis 99: 116; 107: 

68 
mirarawa 107: 70 
mirindiba 95: 49 
\.fisc!Jocarpus 104: 119 
\!iscbodon 104: 122 
VI itoste1mna 109: 45 
Vlirragyna 110: 51 

,\.f itragyna africana 110: 51 
M. Ciliata 105: 17, 21; 110: 51 
M. inermis 110: 51 
M. macropiJylla 110: 51 
M. stipulosa 110: 51, 52 
MirrepiJora 104: 4 
mlombwa 110: 72 
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mobonron 107: 103 
molongo 103: 55 
momangi 106: ii 
Uonambocbloe 110: 3 
\1onimiaceae 100: 40; lot: 2. 116 
Honodora 104: 4 
Mo11osc1Jisma 108: 46 
\lonoschfnna inaeqttale 108: 51 
U. Jeptostacbymn 108: 51 
Wonotoca 104: !07 
~1omanoa 108: 1 
~fomanoa l'ibiscifolia 108: 6 
~fomezuma 104: iS 

tHontrouziera 104: 111 
Moquinia 106: 41 
Mora 104: 114 
mora 97: 56; 98: 80; 103: 62; 109: 

74 
mora amarilla 97: 56; 98: 80 
\toraceae 101: 9; 104: ue, 123; 

106: 76; 109: 74 
morade guyana lOS: 62 
~fora excelsa 103: 62; 107: 74 
moral 97: 56; 98: 80 
mora pero 103: 62 
mora, roode 103: 62 
mora. wine 103: 62 
mora-yek 103: 62 
Horiuga 104: 123 
.\1oringace:ae 104: 123 
.\forisonia 104: 121 
moroto 110: 72 
morotoro 107: 70 
morrao 99: 50; 101: 40 
\/oms 104: 116 
Woscboxylwn 104: 123 
~losquito:cylum 104: 121 
mouchigo rouge 103: 47 
moukoumi 106: 65 
mo,·ingue 106: 92 
mpewcrc 110: 68 
mpwere 108: 47 
mubura 110: 63 
muchenche 108: 55 
mucunana 97: 92; 98: 141 
Mueblenbeckia 104: 117 

Mrulln• 1M: 122 
muenge 110: 75 
mufwnbi 107: 99 
muhimbi 108: 87 
mubongera 110: 42 
muhumula 110: 42 
muhunya 110: 42 
muira-juba 97: 40; 91: 47 
muiraruira 97: 40; 98: 47 
muiratana 97: 40; 91: 47 
mujwa 105: 3,. 
mukonja 110: 95 
mukonja malambia 110: 51 
mukunya lOll: 50 
mukusi 106: 6i 
mukusu 107: 92 
mukuu 110: 105 
mulambi 110: 72 
munhaneca 110: 72 
muninga 110: 72 
munyama 107: no 
mtm~koiwa 110: 60 
muro 103: 62 
MurTaya 1M: 119 
musengera 110: 108 
musharagi 110: 60 
musizi 110: 42 
Mwsaenda lot: 123 
mutarakwa 110: 105 
mutete 110: 72 
muthat 110: 60 
murigbanaye 107: 106 
Mutiscae 108: !II 
muruti 107: 69 
muvule 108: 76 
m'vovo 107: 99 
mvuku no: 51 
mylady 95: 33; 98: 49 
Myrcttlgenia 106: 123 
Myrcia tot: 123 
Myrciaria 106: 117 ' 
Myriantbus tot: 183 
Myristicaceae 100: 41; tM: 2, 123: 

109: 73 
Myrocllf'IIU$106: 122 
M,rospmratm 1M: 121 
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Uyro.rylon 104: 122 
\hrrl:inium 104: 1:!3 
M}·rsin2ccae 101 : 3; 104: 117, 123; 

109: i4 
\l)rrinc 104: 123 
\lrnacc~e 104: Hi, 123; 110: 34 
u) miS 10i: 36 
II) mts ~·crrwo.r t 107: 44 

" najesi 97: 41 , 98: f, 
nancc 109: 7:! 
Nan.ffna 105: 12 
naranjo 95: lHI; 98: llili 
nargu.,1a 95: 11!1; 98: 1 u6 
S ar.:,tlma 108: 2a 
Sanr.rlma dominJr.emis 108: r. 
nazare no 110: 24 
Veblinaea 106: 30 
•':eblin.u~a promomorium 106 : 32 
~ecumdra concinna 91: 76, 98 : 124 
l\. corucea 100: 29 
1\:. fuscobJrbata 109: Gi 
.\. globosa 100: 29 
N.larifolia 106: 57 
N • mol/is 107: 69 
·':· reticulata 109: 67 1\· srandleyi 109: 6i 
,\ · "~bitei 109· 6~ 
.\'eesia 104: 104 • 
nc:grito coyote 95: 12" 
n;-mor-ba-dc 110: 80 
~/01:f111lauminur 104 : 1011 
l\_eobtsea le-.Jinei 100: 30 
!\; tnn!nosa 100: 30 
~/:omr/lsp.tugbia 104: 123 
l\,eonauclca 104: 123 
~coscortecl:inia 104: 10!1 
~eospntcea granJi{tora 101· 22 

• montalla 101· ''0 . 
~ . ~ 

• pediccllata 101: 24 
~.sararensis 101: 21 
~ sucumbiensis 101· 23 
cp~limn 104: llO • 

105: 30 
e-.... rmua 108: 4C 

X e-:.:.1oni.1 au~revillei 108: st 
V bucb.w.mr 108: •7 
.\'. dup.1rquetiana 108: 52 
N . el/ioti l OS : 52 
X . erlangeri 108: 52 
.V. g!anduliferif 108 : 52 
S . griffoui.ma 108: 52 
N. bil.lebr,mdtii 108: 53, 54 

62 I 

Y. bi/debrandtii nr. mtdejM-.alfiAI 
108: 52 

X . bildebrandrii nr. btl.IJ~J~r.mili.~ 
108: 52 

N . insignis 108: 52 
V. leucocarpa 108: 52 
N . nitida 108: 52 
N. paucijuga 108 : 52 
.\'. psilosracbya 108: 52 
X. m,Jveo/ens 108: !l2 
?\'. zenkeri 108: 52 
ngambo 102: so 
nguande 107: l Oti 
nguebc 110: 77 
nha 97: o~3, 98: 5s 
niangon 110: 88 
X iopa peregri1Ul 108 : 48 
nispcro 95 : 89; 98 : 118 
nispcro de monte 110: 39 
N itraria 104: 124 
Nirrari.1 remsa 109: 82 
njamoesere 103: 51 
nkoba 107: 123 
nkobakoba 102: 50 
nkom 110: 99 
nkunn 102: 50 
nokuc 107: 120 
non go 105 : 30 
V oramea 104: 123 
NotiJapboebe 100: 10 
N otbiopsis 104: 123 
Nothofague 104: 110 
.Votl•oJagus dombevi 110: 3• 
N ouelia 106: 30 · 
N oueli.t imjgnis 106: 32 
noycr d'Afr ique 107: 123 
noycr du Gabon 101: 12:J 
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nsira 110: 42 
nussholz 107 : 123 
nutmeg 104: 15 
."\' uxi.t 104: 122 
nyangwen 110: 88 
nyangwune 110: 88 
nyankom 110: 88 
~ycraginaceae 110: 12 
N )'cticalmubus 104: 123 
."'Jyssa 104: 117 
~ yssaceac 104: 117 
N yss.1 sylvarica 101: 65 

0 
oal< 105 : 34; 106: 73; 110: 46 
oak, African 107: 120 
oak, American red 110: 90 
oak, black 108: 76 
oak, English 106: 76 
oak, live 110: 62 
oak, red 107 : 120 
oak, white 105: 28; 106: '72; 10'1: 

94; 110 : 62 
obeche 110: 99 
obobo-nckwi 107: 106 
obobo-nofwa 107: 106 
obwa 106 : ;o 
Ocbanostilchys 104: 117 
Oclma 104: 117 
O ch naccae 104: 117, 123; 107: 120 
Ocbrocarpus 104: 111 
Ocl.'roma 104: 62, 75, 76 
Ocbroma bicolor 109: 63 
O.lt1gopus 109: 63; 110: 13 
0. /agopus var. bicolor 108: 63 
0. pyramidale 109: M 
0. py ramidale var. bicolor 109: 6a 
Ocl>rosia 104: 104 
Ocht/Jocosmus 1M: 122 
llCOtC 103 : 8 1 
Ororea 91 : 36; 98: • 1; 10'1: 68; 

109: 67 
Ocotea bullata 100: 2; 101: 18; 110: 

54 
0 . cooperi 100: 30 
O.~uianensis 101: 69 

0.~100:30 
0 . rod•~• 100: 2; 101: <tO; 108: 86; 

107: 121 
0 . rubr• 81: 93; 81: 125; 101: 40 
0. scbtmzburgkima 101: 68 
0. W1171JbarensiS 101: 18, 21; 110: 

55 
0 . cf. 1Jeraguensis 109: 67 
Octolmema 106: 123 
Octoknemataceae 1M: 123 
Octopbora 106: 123 
odani 110: 68 
Odina 1M: 102 
odo 1011: 25; 110: 45 
odoko 110: so 
odosi 110: 77 
odum 106: i6 
ofe 107: 106 
ogborogboro 107: 106 
ogea 106: 90 
ogoue 110: 88 
ogwAngo 107: 1H 
ogwango nofwa 107: 111 
ohia 108: 73 
ohura 105 : 30 
ojia 108: 90 
OJiloko 110: 95 
okan 108: 85 
okimeten 107: 103 
okineten 108: 90 
okoko 110: 83 
okot 107: 120 
okotjo 103: 32 
okoume 108: 65 
okpewe 110: 66 
okura 101: 30 
Olacaceae 101: 10; 1M : 117, 123; 

109: 74 
Olllx 106: 123 
0/dfieldia 1M: 122 
Oleaceae 1M: 123; 110: 60 
Olea bochstetteri 105: 18, 21; 110: 

60 
Olearia 1M: 105 
oleo baran 103: 100 
olive 110: 62 
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oli\·e, E:m African 110: 60 
olh·e, wild 107: 51 
olh·icr 95: 49; 98: u4 
oh\ier, white 95: 120; 98: 166 
OJm~dirlla 104: 122 
olombi 105: 25 
olon 110: 102 
oloroso 103: 3!! 
olosan 106: ~5 
oltoliondo 110: 110 
omugo 106: go 
Onagracc1e 109: 7·1 
Ongok~a 104: 123 
onidJo 110: 91 
onitoto 110: 68 
onunun 110: 66 
Onyc/Jopr:ralum 104: i 
Op.Jramlms 108: 2 
Op.zrambus rapt:nsis 108: G 
opepe 110: 48 
Opumi.:~ 107: 43 
oqucminia 106: 92 
orcy 109: 02; 110: 24 
OriciJ 104: 123 
orin 109: 62 
onnigo 95: 37 
Ormosia 104: 1l4 
Onnosia paramsis 103: 2 
oro 106: Sl; 110: 86 
orodo 105: 2\l; 110: 83 
O rophea 104: 8 
Oroxylon 104: 121 
O rtbocraspedon 108: 62 

Ortbopterygmm 104: 122· lOS· 
Ortbopterygium buaucui io1 . . ,·9 66 
os:an 106: 77 · ~ 
Osmia 109: 7 
Ormia fnmrata 109: 2 
0. odorata 109: 4 
Osteophlot:m 104: 15 
Osre~pblot'1Wl pl.uyspennum 103: 

Ortodes 104: li O 
Ostrearia 104: 111 
Os:rya 104: 105 
oturu 108: 81, llO: 86 

Ougeinill 104: 114 
Our.Jtea 104: 123 
owawa 110: 9H 

O weni.t 104: llti 
ow esc 106: ~.; 
owoso 110: ii 
Oxalidaccae 104: 11 i 
Ox:mdrJ 104: 8 
Oxandra lanceolata 1M: 1 
O:cydcndnnn 104: 107 
Oxymitra 104: 8, 11 
Oyed,ua 108: 2:1 
Oyedaea boliviana 108: ll 
oziya 106: 90 
ozoli 103: 100 

p 

paardevleeschout 95: 89 
Pacbira aquatica 101: 16 
P. cardonae 101: 15 
P. minor 101: 16 
PJcbylolms lOS: 4G 
Pachylobus edulis 108: 47 
P. hexandms 106: 46 
P. peruvia11Us 108: 4G 
Pachypodantbium 104: 7 
padauk 110: 76 
padauk, And am an 110: 72 
pad auk, Burma 110: 72 
padouk 110: 75 
padouk. Gabon 110: 75 
Paeonia 104: l!l 
pahiapo 107: 106 

Pabudia 104: u 4 
Palaquium 104: 120 
Palicourea 109: 76 
Palicourea galeou iaua 109: 7fi 
palm 107: 44 
Palmae 108: 15 
palm, African oil 110: 21 
palm, coconut 107: 46 
palo blanco 95: 104; 98: 149 
palo cameron 103: 29 
palo cochino 95: 124; 98: 171 
palo de culcbra 95: 37 
palo de sal 109: 77 
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palo ~1aria 103: 23 
palo piedro 108: 72 
palo santo 109: 75 
pamashto 95: 89 
pampena 105: 30 
Pancberia 1M: 107 
Pangium 104: 111 
Panopsis costnicmsis 108: 75 
P. murcronata 109: 75 
P. suaveolens 108: 75 
panta 107: 75 
papao 105: 25 
Papaveraceae 108: 74 
papawu 105: 25 
Papilionaceae 101: 9; (rev.) 108: 

78 
Pappea 104: 123 
Papualthia 104: 4 
Papuodendron 1M: 115 
Parahancomia amapa 107: 89 
Paralstonia 1M: 121 
paraman 103: 100 
Para7lephelium 1M: 123 
para-para 10s: so 
para para 107: 70 
Paratocarpw 1M: 116 
[>arasborea 1M: 107 
Parasttrmon 1M: 118 
Paratrophis 1M: 116 
pardillo 95: 60; 88: 84 
Parietales 1M: 19 
Parinari 99: 128; 101: 40 
Parinari campestTis 99: 121; 101: 60 
P. excelsa 99: 121; 101: 18, 11. 40; 

110: 63 
P. rodolpbi 99: 128; 101: 40 
Parkia 101: 3; 1M: 114 
Parkia pendula 107: 70 
Parosela 104: 122 
Partbe7lice 108: 27 
Parthe,limn 108: 14 
Parthenium argentlltfml 1011 8 
pasa-ak 97: 100 
Pasania 104: 110 
Passiflora 107: 36; 101: 45 
Passiflora apoda 101: 52 

=-1101: II, 101: 45 
~~~etlblu.-:152 
P.~ lO'h 81;101: 45 
p. fJfiiiiJIIrm f. alli!IN lot: 46 
P. itlliiro,_ 108: 41 
P. vlllfoU. 101: 50 
paa d'uco 87: 1CK; 88: 156; 107: 

70 
pau incease 108: 90 
pau koota 101: 25 
pau mulato 87: 40; 81: 47 
pao-mulato branco II: 120 
pau rosa 87: 86; 81: 41 
pau rom 101: 7f 
Pftlmt~IO&: 128 
P11t101114 10&: 75 
pearwood, Nigerian 107: 106 
Plllac•lyz 101: 3 
Ptllicitrll rhizophorae 108: 77 
Ptltogym 1M: 114; 110: 24 
Peltoone W1f0St1108: u 
Ptlto~~htnum 10&: 114 
Ptltopborum brasilinut 107: 51 
P. dubium 101: 24 
~a107:91 
Penkw• 107: 106 
}Jtm11171tia tO&: 113 
Pmt4CI 10&: 121 
Plfttllclnbra mtl&f'Dioba toe: 70 
Plflla&IM 10&: 101 
p~1M:111 
p~t0&:104 
pepe 101: u 
~dom 107: 123 
perakaua 101: 62 
pereko 107: 123 
Ptripttr1P 1M: 105 
PtriquJttira 81: 48; 81: 64 
Pnif1l' 111: 31 
Ptrityle irlelff4 111: 10 
peronfi 108: 69 
Pnsta.,;clfllll 100: 31 
P. borlJonU 107: 41 
P. rlgnu 108: 6'l 
P.scbkdt.ulOO: 31 
persimmOn 107: 111 
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Perpncnium strigillomm 108: 6 
P.·ca/ostigma 104: 122 
pccercbi 95: GO; 98: 84 
pcrerivy 102: 25 
Petersia a(rzcana 105: 18, 21. 110: 

66 
pcto 103: 62 
Petrobium 108 : 22 
Pettmga 104 : 123 
Peucepbyllrnn 111: 36 
Pb.teamhus 104: 8 
l'baleria104 : 124 
Pbaseo/us (reY.) 108: 78 
PIJellodendro11 104: 119 
Pbialodiscus 104: 123 
Phlebotaenia 104: J23 
Pboebe ampli(olia 100: 31 
P. brenesii 109: 67 
P. jolmstonii 109 : 67 
P. mexicana 100: 31; 109: 67 
phootie 103: 50 
Phyllantbus 104: 110 
Pbyllostemonod.aplme geminifiora 

100: 13 
Phyllostylon 104: 121 
P~ytolaccaceae 104: 123; 110 : 12 
Pz_cea 102: 46; 104: 105; 107: 19 
Pzcea engelmannii 101: 65 
P. mariana 101: 65 
P. sircbensis 110: 92 
Picramni.1 104: 120 
Picrasma 104: 120 
piemo-bollcrrie 103: 32 
Piliocaly:r 104: 110 117 
Pimeleodendro11 104: 110 
Pjnaccac 106: 14 
Pinck11eya 104: 123 
p~ne 104: 91; 107: 41, 110: 53 
pmeapple (rev) 110: 117 
pine, Caribbean 103 : 81 
p~nc, Honduras pirch 103: 81 
P!nc, o~otc 97: so, 98: 130 
pmc, p1tch 103: 111 
p~nc. slash 102: J 1, 104: 80 

1 
P!ne, south Florida slash 107: 44 
pmc, western white 110: 100 

pine, white 103: 81 
pino 103: 81 
pino macho 103: 81 
pi no ocore 103: 81 
pi no veta lOS : 8 1 
pintr ie 103: 106 
J>inus 107: 1 !l 
Pimts banksia11cl 101 : fi.i 
P. caribaea 103: 81 
P. comorra 101 : 65 
P. elliottii 101: 65: 102: 12; 104: M:! 
P. elliottii var. densa 107: H 
P. momicola 110: 100 
P. oocarpa 97: 80; 98: 130 
P. strobus 107: 20 
P.syi'Vestris 107: 19 ; 108:66 
Piperaccae 109: 75 
Piper taboganmn 109: 75 
Piptadenia 104: 114; 108: 46; 110: 

68 
PJptadenia africana 105: 18, 22; 

108: 46; 110: 68 
P. buciJanani 108: 4 7 
P. coumzzmis 108: 58 
P. excel sa 108: 55 
P. {lava 108: 58 
P. macrocarpn 102: 24 
P. pterosperma 108: 55 
P. rigid a 108: 49 

Pi/)tc1deniastrum 108: 46 
Piptadeniasrrum africamau 108: 4fi; 

110 : 68 
Piptadenia suaveolem 101: 70 
Piptostigma 104: ::i 
Pipturus 104: 121 
piquia 95: s:i: 98: 11 
pi quia 107: 70 
piquia bravo 95: 53 98: 71 
Pirnn!Jea 104: 122 ' 
pisic 103: 69 
Pisonia rotrmdata 107: H 
Pistacia 104: 104 
Pisracia atlanttca 101: 53 
P. lentiscus 101: 52 
P. occidentalis 106: 57 
P. palaettina 101: 53 
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Pithecellobium guadalupense 107: 
44 

p. mangense 109: 70 
P. oblongum 109: 70 
P. spimJiosum 108: 73 
P. unguir-cati 107: 46 
Pitbecolobium 101: 3; 104: 114; 

107: 71 
Pitbecolobium racemosum 107: 68 
P. saman 99: 133 
Pittoniotis triciJantba 109: 76 
Pirtosporaceae 104: 117 
Pittosporum 104: 117 
Pityrocarpa 108: 46 
Pitycrocarpa C07Jstricta 108: 58 
P. fiava 108: 59 
P. gonoacantba 108: 58 
P. pteroclada 108: 58 
P. viridifiora 108: 58 
pizarra 109: 67 
Planchonella 104: 120 
Plancbonia 104: 113 
Plantaginaceae 110: 1 
Platanaceae 104: 117 
Platanus 104: 117 
Platanus occidentalis 101: 65; 110: 

83 
Platen 104: 122 
Platbymenia 104: 114 
Platonia 104: 111 
Platydesma 104: 123 
Plntymiscium pinnatum 103: 2 
P. trinitatis 103: 2 
Platymitra 104: 8 
Plntypodium maxonianum 109: 70 
Pleiogynimn 104: 104 
Pleodendron 104: 121 
l'lttcbea 109: 36 
Plucbea indica 109: 36 
P. odordta 109: 1; 111: 29 
pochotc 95: 45; 98: 60; 99: 27; 

104: 61 
PodacbaeuiumlOB: 1; 109: 211 
Podacbaenium eminens 108: 6 
l'odadenin 104: 122 
podo 110: 105 

Podocarpaceae 110: 108 
Podocarpru 110: 105 
Podocarpus elot1gatus 110: 108 
P. falcatus 110: 108 
P. glacilior 110: 108 
P. henkelii 110: 108 
P.latifolius 110: 108 
P. milanjillnus 110: 108 
P. tbtmbergii 110: 108 
P. ruantbarensis 110: 108 
Podopetalum 104: 115 
Podopterus 104: 123 
Podostemonaceae 110: 1 
Poecilonertron 104: 111 
pogodom 110: 86 
PoinciAna 104: 122 
poison tree 97: 73 
poisonwood, Florida 107: 6U 
Polyalthia 104: 8 
Polygalaceae lot: 123 
Polygonaceae 100: 41; 104: 117. 

123; 108: 75; 110: 1 
Pometia 104: 119 
Poncirus 104: 123 
Ponganrill104: 115 
poplar, yellow 105: 1. 28; 106: i!l: 

110: 43 
popo 110: 51 
Popo7UU 104: 122 
Popowia 104: 8 
Populus 104: 123 
Populus eup/Jratica 104: Si 
P. trC111llloides 101: 65 
Porcelia 109: 62 
P01'celia magni(mcrrmr 109: 63 
Porlicria 10«: 124 
Porophyllrnn 111: 19 
Porophyllrmr gracile 111: 24 
possenrrie 97: 73; 98: 105 
possi 105: 30 
possumwood 97: 73; 98: 105 
Potanreia 100: 8 
poui 97: 104 
Pouteria 107: 68 
Por~teria carabobmsis 91: 84; 98: 

132 
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P. chiricana 110: 39 
prima,'era 95: 104; 98: 149; 110: 

21 
princewood 95: 62; 98: 84 
Prioria 104: 122 
Prioria copaifera 97: 87; 98: 135; 

105: 1; 109: 70; 110: 23 
Prockia 104: 122 
Prockta cnJcis 109: 66 
P. mori{olta 101: 26 
P. oritzocencis 101: 25 
Prosopis 104: 115 
Proteaceae 100 : -!2, 104: 118; 109 : 

75 
Protitm1 104: 105; 106: 48 
Protomegabaria 104: 122 
Pr()tmia 106: 30 
Protmia pungens 106: 32 
pro no 110: 45 
Prunus annul oris 109: 75 
P. serotina 110: 73 
Prammiria 104: 122 
Pseudocarapa 104: 116 
Pseudocedrela 104: 123 
Psrudocydotlia 104: 123 
Pseudolarix 104: 122 
Pseudomorus 104: 116 
Pseudopanax 104: 104 
Psrudopboenix sargentii 107: 57 
Pseudosamanea 104: 122 
Pseudosamanea gttac/)apelc 95: 97, 

98: 138 
Pseudosindora 104: 115 
Pseudotruga menzierii 110: tOO 
PseudoweinnUimlia 104: 107 
Psrudoxandra 104: 4 
Pset«lrwaria 104: 11 
Psidium 104: 117; 109: (H 
Psidium gtJajava 107: 43 
Psilostrophc 111: 19 
Psilostrophe cooperi 111 : 21 
P. gna pbalod es 111 : 24 
Psittacamlms scbiedeamtS 109: 71 
Psycho tria undata 107: 45 
Ptaeroxylon 104: 123 
Pteleopsis 104: 122 

Pterocarpus 104: 115; 109: 70; 110: 
72 

Pteroc.1rpus angolensis 105: 18, 2:!: 
110: 72 

P. dalbergioides 110: i2 
P. bayesii 109: 7 1 
P. mdicus 109: 'i o 
P. offici11alis 109: 70 
P. rborii 107: 69 
P. soyaul·ll 105: 18, 22; 110: 75 
P. vernalis 97 : 92; 98: 141 
Purocymbimn 104: 120 
Pterogy11e nitf!'Tls 102: 24 
Pterolobium 107: 105 
Pterosper?J/um 104: 120 
Pterygopodium balsamiferum 107: 

105 
Pterygota 104: 120 
Ptycbopetaltmz 104: 123 
Pull co 104: 107 
purgio 95: 89 
purperharr 103: 74 
purplcheart 103: 74 
Pruranjiva 104: 122 
Pycnantlms 104: 15 

Q 
Qua/eo 97: 97, 98: 143; 104: 12~ ; 

107: 69 
Qualea albifiora 97: 96; 98: H :l 
Q. cymulosa 108: 73 
Q. rosea 103: 87 
Quararibea ciroana 101: c. 
Q. guianensis 103: 2 
tluaruba 97: 116; 98: 181; 107: l.i!l 
Quelcbia 106: 30 
Quelcbia X grandifiora 106: 32 
Quercus 101: 8, 104: 110; 107: 3; 

108: 74; 109: 62 
Quercus alba 101: 65; 110: 62 
Q. baruensis 108 : 75; 109 : G5 
Q. cal/iprinos 101: 53 
Q. corrugaia 108: H; 109: 6G 
Q. esesmilensir 108: 76 
Q. gulielmi-treleasei 108: 75, 109: 

66 
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Q. infectoria 101: 52 
Q. ithabt4rensis 101: 53 
Q. robttr 106; 76; 110: 71 
Q. rubra 101: 65 
Q. seemanni 108: 76 
Q. virginiana 110: 62 
quculc 110: 33 
Quiinaceae 104: 123; 108: 13 
quillo sisa 103: 111 
quinilla 95: 89 
Quintinia 104: 107 
quipo 110: 23 
quiribi 109: 6A 

R 
Railliardia 108: 2 
rajate bien 95: 128; 98: 177 
rakuda 97: 73; 98: 105 
Ranales 104: 2 
Randia 104: 118; 107: 42 
Rtmdia aculeata 107: 42 
R. exaltata 104: 106 
Rapanea 104: 117 
Rapbiolepis 104: 118 
Raputia 104: 123 
rasca 109: 75 
Ratonia 104: 123 
raton rojo 109: 64; 110: 29 
Rauvolfia (rev.) 108: 78 
Rauwolfia 104: 121 
Rauwolfia pemapbylla 108: 2 
Ravemara crassifolia 100: 32 
Reaumuria palaestina 109: 82 
redwood 105: 39; 108: 67, 81; 110: 

75 
redwood, Rhodesian 106: 67 
n einwflrdtiodendron 1M: 123 
Retama raetam 109: 82 
Reynosia 104: 118 
Rcynosia septenrrionalis 10'1: 45 
rezogoul! 110: 88 
Rhamnaceae 1M: 118, 123; 109: 95; 

110: 38,42 
Rbamnella 104: 123 
Rba11midium 104: 123 
Rbmmms 104: 118 

RhiiiiiiUS ellipticus lot: 95 
R. fmugineus 101: 53 
Rbttinodendr07J 108: 2 
RbizopboralOi: 118; 10'7: 43 
Rbizophorac:eae 101: 3; 1M: 118, 

123, 109: 75 
RIJizophora c07Jjugata 109: 5!1 
R.11111ngle 107: 43; 110: 23 
R. mucronata 109: 55 
R. samoensis 109: 75 
R. stylosa 109: 56 
Rhodoleia 104: 111 
Rhodomyrtus 104: tli 
Rhodosp!Jaera 104: 1M 
Rhus 1M: 104 
R!Jynchocarpa 104: 115 
Rhyticaryum 104: 113 
Ricbel/4 104: 8 
Ricberia 104: 110 
riemhout, wit 103: 58 
l~inorea sqtUJmata 109: 79 
Robinia 104: 115 
Robinia pseudoacacia 110: 61 
Robinsonia 108: 2 
roble 95: 112; 98: 159 
roble blanco 95: 112; 98: 159; 109: 

65 
roblecito 109: 75 
roble morado 95: 112; 98: 159 
roble rojas 109: 66 
rokko-rokko 108: 55 
roko 108: 76 
rokoroko 108: 55 
Romnia 104: 8 
ronr6n 95: 37; 98: 62 
rosa morada 95: 112; 98 : 159 
Rosaceae 104: 118, 123; 109: i5; 

110: 63 
rosadinha 10'7: 68 
Roupala 104: 118 
rubber 110: 21 
Rubiaceae 104: 118, 123; 109: 76; 

110: 51 
Rubus 104: 24 
run run 109: 62 
Ruprecbtia104: 123 
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Rutaceac 101: 9, 31; 104: ll8, 119. l sangre de drago 97: 92; 98: 141 
123; 109: 76 sangrillo negro 109: 70 

Rutalcs 101:31 Sanjuan 95: 104; 98: 149 
Rllttya frttticosa (rc,·.) 108: 7q Santalaceac 101: 3: 104: 119, 123 
ruttya, red ( fC\ .) 108: 78 S,mt,l/ttm 104: 119 
Rutt)a scbolcrii ( re\·.) 108: i S Santa ,\1ari;t 103: 23 
Ryani.r 104: 111 samang 106: !.10 
Ryp.Jrosa 104: 11 1 S.wtiria 106: 47 

s 
S11bal p.1lmetro 107: 44 
Sabiaccac 101: 10; 109: ii; 110: 39 
sab~lll'ro 108: i3 
S.!ccoglotris 104: Ill, 107: 69 
S.u·copt•talum 104: 11 
S.rcoglottis ucb1 103: 2 
s.lgt r.re.l 104: 8 
S.lgCrt'li,l 104: 123 
saka 103: 74 
.sakachi 105: 30 
S.1l,1cia 104: 111 
salamo 103 : 29 
~alcru 109: tiS 
1
HJiC3Cl'2C 104: 123; 110: 1 
s~ c.ale.s 110: 2 
S. licornia 110: 3 
Salicomia pcrcnnir 107: 47 
Salix 104: 24 
Sali:r nigra 101: 65 
Sa/111.1/ia 104: 104 
Saltola rosm.trhms 109: 82 
salm·on 107: 4; 
Salvadora 104: 123 
S.llv:zdoracc.u: 104 : 123 
S:rmadera 104: 123 
sam:in99: 133 
S.T1n.mt•a 104: 115 
samaniqua 915: !17; 98: 138 
sam~rupa 103: 50 
samba 110: !HI 
sambobrum 109: 60 
sand an 108: 90 
S2ndbox 97 : 73 
sande,rs, yellow 95: 49; 98: 64 
Saudoricum 104: 116 
s:mgrc 97 : 92; 98: 1-11; 109: 70 

S:mtiriopsis 106: 47 
sapele 107: 95 
Sapindaceac 104: 119. 120, 123 ; 

106: 15 
Sapindalcs 105: t 2 
Sapindus 104: 123 
Snpium 104: 110 
Sapium cf. aucupnmnn 109: 65 
S. biglandulo.wm 99: l:l!l 
S. c£. biglandulosum 109: 65 
S. jamatcense 109: tl5 
Saporaceae 104: 120. 123; 110: 39, 

47 
S.7prambus 104: I! 
sapucaia 99: S5; 105: 40 
sapucaJa 107: 69 

' sapupira 9~: 38 
saqUI-saquJ 95: 45 ; 98: 60 
S.1raca 104: 122 
Sarcobarus 110: 10 
Sarcocarpaea 109: 42 
S.Jrcocephalus diJerricbii 1015: 19; 

110: 77 
Sarc(jmpbalus 104: 123 
Sarcopteryx 104: 11 9 
Sarcospenna 104: 123 
Sarcotheca 104: 11 7 
sarrapio 97: 65; 98: 92 
sarsaparilla 110: 21 
Sassafras (re\' ,) 1015: 18 
Sassafras albidum 100: :12; ( rev.) 

105: 48 
S. tzu:nm 100: :J2 
satinwood 110: 95 
satinwood, African 105: 14 , 110: 

102 
satinwood, ~ igcrian 108: 92 
satinwood, 'igerian yellow 106: 9:! 
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satin-wood, soft 110: 99 
satinwood, yellow 105: 14 
Satyria 104: 122 
sau 106: 70 
Saurauia 109: 62 
sa\anncijlerhart 103: 96 
Sa'l.•ia 104: 122 
Savia bahmncnsis 107: 45 
Scaevola 109: 3!1 
Scaevola floribtmda 109: 41 
S. frutescem 109: 41 
S. gaudicbaudiana 109: 41 
S. koenigii 109: 43 
S. lobelia 109: 3R 
S. plumieri 107: 46; 109: 38 
S. spinescens 109: 43 
Sca/esia 108: 1 
Sca/esia pcdunculata 108: 3 
Scapbopetalum 104: 123 
Sc!Jaefferia 104: 105 
Schima 104: 120 
Schinopsis 104: 121 
Scbimts 104: 104 
Schizandraceae 1CM: 16 
Schizomeria 104: 107 
Schleicbera 104: 119 
Scbotia 104: 122 
Scboure11i.z 104: 121 
Sclerocary.J 104: 104 
Sclerolobium 107: 69 
Sclerolobhtmmelinottii 103: 92 
Scolopia 104: Ill 
Scotte/lia 104: Ill 
Scottellia cori;ue.z 105: 22 
S. kamenmemis 105: 19; 110: SO 
Scwia 104: 123 
Securincga 104: 110 
Scgui11ria 104: 123 
Sel/iera 109: 314 
'cloch·c bocrwin 108: !18 
Scmecarpus 104: 104 
semci 108: 70 
Seneg!lli•t 104: 122 
Sequoia 107: 20 • 
St•quoia sempe"•irens 1M: 81; 101• 

06 

serama 110: 99 
Serenoa repens 107: 44 
Serimthes lOt: 115 
Sesbtmea coccina 107: 52 
Sesbmi11 104: 115 
Sen111ium porn•lllcannl111 107: 46 
scwanna 103: 47 
shibalidanni 108: 96 
SIJiia 104: 110 
Sborea 104: 107 
shugc 110: 63 
Sida 107: 123 
SiJeramlms megacephalm 109: 32 
Sideroxylotz 104: 123; 107: 51 
Sideroxylon f oetidissimum 107: 45 
sigua 109: 67 
sigua cancla 109: 67 
sili 108: 76 
silk-cotton tree 99: 27 
sil\'crballi, swizzlcsrick 103: 6~ 
simarouba. faux lOS: 51 
SimaNiba 97: 100; 98: 145 
Simaruba tmlllTil 97: 100; 98: 145; 

107: 69 
Simarubaceae 101: 30; lot: 120, 

123 
Simaruba glauca 107: 45 
sime 106: 76 
sinani 106: 81 
Simlora lCM: 115 
sindru 105: 34 
Siphonodon lot: 105 
sipo 107: 99 
slangenhout 95: 81; 98: lH 
Sloant•a lot: 107 
Sloanea medumla 109: liS 
Smilax 110: 21 
Smitbia 104: 115 
soemarocpa 97: 100; 98: 145 
sokko-sokko 108: 55 
Solanaceae 1M: 123; 109: .77 
Sotam11n ocbrJceo-ferrugmeum 

109: 77 
Sole71otpmmmt104: 105 
songo 110: 103 
Sonneratia lot: 120 
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Sonneratiace2e 104: 120 Steripboma 104: 121 
Sophora 104: 115 Srifftia 106: 30 
~orillo 109: 62 Stiffti:J chrysamh.t 106: 32 
Sorocea affj11is 109: 74 1 srinkhour 110: 54 
so rod an 103: 32 stinking rree 108: -19 
'ou:ui 95: 53; 98: 71 stinkwood 110: 54 
So\.Jllxia 109 : 51 stinkwood, South African 100: 2 
So\ 111ida 104: 11 G Stomarocl•;zeta 106: :H 
StJ;zcbea 104: 123 St0111Jtocb;zct:~ cymbJ(olia 106: 32 
sp1cc: hush (re\',) 105: 48 StOT?IJM 104: 5 
So :<1t'opsit 104 : tOi Strombosia 104: 117 
Spondias 104 : 104 Srrophnmhus 107: 84 
Spondias mombin 99: 143 Stropbambus congoemis 107: 88 
~pruce 110 : 53 S. grams 107 : S!l 
~iprttce,mtlms 101: 24 S. hispidus 107: 89 
spruce, Sitka 106 : 7·1, 107: 107; s. kombe 107: 84 

110 : !l:.! S. sarmentosus 107: 84 
srcbcbc 103: 4 i s. thollonii 107: 90 
~ ·u-ah 106: 90 Strntbaml:rus cf. marginntm 109: 
St.:iuMnnia 104: 123 7

1 
Sr · bylcacc.,c 109: 77 Stnclmos 104: 115, 107: 5 
Srclccbocarpus 104: 8 SrryphnodenJron 104: 11 5; 107: 69 
Stcm:rtocb.teta lOG: 30 
StnmnzJema gr:~ndif/oT.Tl09: 63 Sryracaceae 104: 120 
StemommiS 104: 113 Styrax 104: 120 
StenanonJ l04: 8 sucupira 107: 70 
StenamiJera 104; 8 suge 110: 63 
Stcnocarpus 104: 118 subaha 110: 51 
Stenopadus 106: 30 suikerhout 103: 58 
Stenopadus etu·ul/.m1s 106: 32 sumahuma da \'arzea 99: 27 
Sterculia 104: 120; 105: 8; 107: 59 I sumauma. 107: 70 
Surculia aperala 103: 2 suradann1 103: 32 
S. appendietJiattl 105: 11 Suriana 104: 123 
S. blancoi 105: 11 Stmana maritima 107: 46 
srcrculia, brown 110: IH surra 103: 29 
Srcrculiaceac 104: 120, 123, 105: Srtttonia 104: 117 

1:!; 109: i7 110: 45 Swarrzia 104: 115; ( rC\'.) 108: 7A; 
Sto:rculia coccinea 105: 11 109: 70 
S. elegamiflora 105: 1 1 Swartzia bannia 103: fiH 
S. oblong a 106: 11, 22; 110: 83 S. panamemis 109: 70 
S. quinqurloba 106: 11 S. mmorum 108: 73 
S. rhinoperala 106: 11, 19; 110: 84. sweet-gum 105: 28; 110: 93 
S. tomentosa 105: 11 Swierenia 104: 116; 108: 67, 107: 
S. urms 105: 11 120, 110: 48 
sterculia, yellow 110: 83 1 Swierenia macrophylla 95: 101; 98: 
Stereospemrum 104: 121 1 •s 99 1 ' 9 107 1 -. , : .. . : 1 0!1; 1 0: 1 R 
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s. mabagom 107: 45; 101: 68; 110: 
18 

swierimerie 103: 38 
sycamore 107: 94 
sycamore, American 108: 71; 110: 

83 
Symingtonia 104: 111 
Symphonia 104: 111 
Sympbonia globulifna 103: 100; 

107: 69; 109: 66 
Symplocaceae 104: 123 
Symplocos 104: 123 
Syncarpia lllllrifolilllOI: 39 
Synotmz 104: 116 
Systemonodapbne 100: 11 
Syzygium 111: 1 
Syzygium multipeta/um 111: 3 
S. TZUtans 111: 3 
S. onesimum 111: 3 
S. paniculatum 111: 3 
S. polita 111: 7 
S. rubiginomm 111: 3 

T 
tabaca 95: 97; 81: 138 
tab:miro 103: 37 
tabanuco 106: 50 
tabasara 97: 87 
tabasaro 98: 135 
Tabebuia 99: 156; 107: 76; (rev.) 

108: 78 
Tabebuia avellanedat (rev.) 101: 

78 
T. cf. cbrysantba 108: 63 
T. donnell-smithii 91: 10.; 81: 149 
T. gaudichauditmll (rev.) 101: 78 
T. gaudichaudii (rev.) 101: 78 
T. gu4yacan 95: 108; 88: 155 
T. beterotricba 97: 104; 81: 165 
T. ipe 102: 24; (rev.) 101: 78 
T. pentapbylla 911: 112; 81: 159 
T. serratifo/ia 99: 155 
Tabernaetnonttmll 1M: 111 
tabonuco 106: 58 
tachuelo 110: 24 
taco 97: 84; 91: 131 

mkorowa 108: 81 
T.uM IN: 120 
tamanquein 107: 69 
Tamaricac:ae 101: 3; 104: 30, 124 
Tlllnlrlndus IN: 115 
Tetlllri1ldru indica 10'1: 43 
Tfl~t~Jt~U 101: 3; 10&: 24, 124; 109: 

82 
T lllllllriz african. 10&: 29 
T. africllf'ltl var. brt!flinylis 10&: 39 
T. af.ricllf'ltl var. pbilinaea 104: 39 
T. ampltzicaulis 104: 27 
T. apbyU. 10&: 29; 108: 81 
T. arll'fJnuis 10&: 29 
T. arawmis var. miCTantba 104: 52 
T. arll'fJensis var. patensismna 104: 

52 
T. arborea 10&: 28 
T. articulata 10&: 55 
T. bOfletma 104: 34 
T. cbinnuis 104: 27 
T. desmi 104: 26 
T. deserti var. miCTocarpa 104: 34 
T. florith 104: 40 
T. gallica 10&: 25 
T. g.uica var. abiadensis 10.: 46 
T . gaUica var. anisandra 104: 45 
T. gallica var. ascalonica 10&: 45 
T. gallica var. brtvhpica 10&: 46 
T. gallica var. drvergens 10&: 47 
T. gallica var. eillltbnzsis 1M: 46 
T. gaUica var. nytbrocarpa 10&: 48 
T. gallica var. bispanica 104: 39 
T. gallica var.longispica 104: 45 
T. gallica var. maris-morrui 1M: 

43; 109: 81 
T. gallica var. micrantba 104: 48 
T. gallica var. miCTocarp.t 104: 41 
T. gallica SSP· nilotica 104: 29 
T. gallica var. pacbybotrys 1M: 47 

T. ga/lica var. rubpatens 104: 49 
T. gallic• var. tenuior 1M: 49 
r. genntssarnuis 1M: 29 
T. btmtpetma 1M: 43 
T. jordmis 104: 26 
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T. jorJanis 'ar. bracb; sracl.'JS 104: ~ 
41 

r. jordam's ntr. neget·cmis 104: 42; 
109: ~1 

r. jordanis var. sodommsis 104: 42 
"J'. jordanis \ 'Dr. rypic.t 104: -10 
T. J.:otscbyi 104: 36 
'J'. 'lll.TCTOCarp:z 104: 52 
T. mamzifaa 104: 2~ 
T. maris-71/ormi 104 : 2S 
T. 111cyeri 104: !!fi 
!'. negr..•ensis 104: 2!1 
1'. 11ilotic,1 104: 25 
T . oriem.tlis 104: 55 
T . pallasii 104: 27 
T. p.rn:ifl ora 104: 2!1 
T . p.userinoides 104: 27 
T. pseudopall.n ii 104: 28 
T . pynoc.Trp,l 104: 52 
T. T.unosissima 104: 27 
7'. sodomemi, 104: 29 
T. S)' ri.tca 104: 28 
T. retragynu 104: 29 
r:angarc 97: 47; 98: G •• 109: 73 
rapaiuna 98: 97 
Tapeinosperma 104: 117 
tapireng araulama 103: 92 
Tapirir:~ 104: 104 
'f'JptlrJ 104: 122 
Taraktogenos 104: 122 
T aralea 105: 40 
Ta" ictia 104: 120 
Tarrietia m ilis 105: 19, 22; 110: SS 
rarroema 103: 32 
rarwecd 108: 2 
tatajuha 95: 41; 98: 53; 107: 70 
tauari 97: ti9; 107: 70 
rauary 97 : 6!1; 98: 96 
tawan angro 103: 37 
taxi 107: 69 
'l'n:coJimn dircticlmm 110: 11 0 
T a.rotropbis 104: 116 
ta\i 102: 2tl 

teak 9!: uG; 98: 163; 105: 2o, to6: 
6. ; 107: 100; 110: 21, 101 

teak, African 106: 76 

teak, :"igerian 106: 76 
teak. Rhodesian 106: r.; 
reck d~: Ia Gunna 95: 65; 98: !17 
T ecoTJz.t 107: 7o 
T ectorz.z grandis 95: 116; 98: 163; 

105: 2!i ; 106: 67; 110: 1~. 71 
teninini 107: l OG 

Tephrosia 110: 2 1 
Terebinthaceae 101: 30 
Tenninali.1 104: 105 
T ermimllia .mza::o11ia 95: 119; 98: 

166 
T. cbiriquensis 109: 64 
T. guynnensis 97: 1 OS; 98: 1711 
T. ivoremis 105: 19, 22; 110: !ll 
T. superba 105: 19, 22; 110: 91 
Tes11tlea 104: 117 
TetragastTis 104: 121 
Tetragastris balsamifera 95: 124; 

98: 171 
T . panamensis 109: 64 
Temrmerista 101: 3 
Tetramerisricaceae 101: 3 
TetTammnna 104: tO! 
Tetrnstylis 109: 45 
TetTasynandm 104: ll ti 
T etratbj'lncitm J 104: 122 
T erratbylacium jobamenii 109: 61i 
T etrorcbidium 104: 122 
Theaceae 104: 120; 109: 77 
Theobroma 104: 123 
TbeobrottM angurtifolium 109: 77 
T . cacao 110: 21 
Theophrastaceae 104: J2(); 109: 77 
Thespesi.:~ 104: 115 
Tbespesia populth•n 107: ·13 
Tbevetin nitida 109: •i3 
thondo 110: 72 
Tbrinnx 107: 43 
Tbrinax microcar[Jil 107: 44 
Tbujn plicnta 110: 1 no 
Thymclaeccae 100: ·12; 104: 124 
Tbymelaea birsutn 109: 82 
Tbyrsodium 104: 121 
tiama 107: 92 
tifei 110: 66 
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cigerwood 107: 123 
tigre 109: 70 
Tilia americana 110: 92 
Tiliaccae 104: 121, 124; 101: 12; 

106: 81; 108: 72; 109: 78 
Tiliales 107: 30 
tilokoenoeroe 103: 32 
timbauba 99: 44 
cimbi 107: 92 
timbo 102: 24 
umme bonzo 108: 76 
Toechima 1M: 120 
colokyo 110: 105 
colu 95: 45; 98: 60 
Toluifern 104: 122 
rongo 106: 73 
conka 97: 65; 98: 92 
Toonn 104: 116 
Topobea membranacea 109: 73 
Torrubia 107: 44 
cocoka 97: 43; 98: 58 
Toumefortia gnaphalodes 107: 46 
T ottrolia 104: 123 
T ovomita 111: 15 
Tovomita macrophylla 111: 15 
T. nicaraguensis 111: 18 
T ovomitopsis 111: 15 
T ovomitopsis nicaraguensis 111: 18 
towaronero 103: 37 
Toxicodendron 104: 121 
Trnttinickia 108: 48 
Trnttinicki.:J glabra 108: 59 
rremonrino 97: 87; 98: 135 
Trewia 104: 110 
triane 103: 38 
Frichadenia 104: Ill 
Trichilia 104: 116 
TTicbilia tuberculata 109: 73 
Trichospcnmmt 1M: 121 
frigoniaccae 104: tU 
Trigo11iastnm1 104: 124 
Trimenia 104: 122 
t r io 107: 1 H 
T rioma 104: 105 
T riplaris 104: 117 
Triplaris surintnnensis107: 75 
T riplocbiton lot: 120 

Triplocbiton sclerozylon 101: 19, 
22; 110: 99 

Tristiropsis lot: 120 
TritJalwrilz lot: 8 
Trixis 108: 30 
Trizis ctllifomica 108: 32; 108: 11 
Trochoc«rpt~lot: 107 
TrochociiTpalaurina 1M: 106 
Tsugt1 101: 46 
Tsuga c111111densis101: 65 
ruave 109: 68 
tuc~ 87: 43; 98: 58 
turnbll'o 108: 76 
turanira 103: 38 
Tumeraceae 109: 45 
turpentine wood, Australian 105: 

39 
Turpinia occidentalis 109: 77 
Turraetmtlms lot: 116 
Tu"aeambus africma lOS: 19, 22; 

110: 102 
Tylecarpus 1M: 113 

u 
uaeaca lot: 122 
ubdesan 107: 96 
ububa 108: 70 
uca 103: 29 
ucuhuba-I'2Ila 103: -&2, 47 
ucuuba 107: 69 
ugbokpo 107: 106 
uguwa 101: 34 
uhie 110: 75 
uhu 105: 34 
ukpa 110: 75 
Ulez lot: 122 
Ulmaceae lot: 121; 105: t2; 106: 

73; 109: 78 
Ulmus lot: 121 ; 109: 78 
Ulmus amtricana 101: 65; 110: 53 
U. mexictmll109: 78 
U. rubra 110: 61 
U. tbtnnasii no: 56 
uloko 108: 77 
Umbel/ularia californica 100: 32 
umnukane no: 54 
umvagaz uo: 72 
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unwana7j 110: 72 
unpapa 106: 67 
Uno11<1 104: 4 
Uno no psis 104: 7 
ur:i 106: 50 
U r.mdra 104 : 113 
Urbanodmdron 100: 8 
Urb.modenlron vemtcOS111Um 100: 

13 
U recbires lmea 107: 44 
urodo 110: 45 
urraco 103: 29 
Urtica 104: 124 
t:nicaccac 104: 121, 124, 110: 1 
li rticales 110: 2 
urua 95 : 60~ 98: 84 
urunde'y 102: 24 
urundey-para 102: 26 
utile 107: 99 
Uvana 104: 4 
Uvaria.rtnmz 104: 7 
U\'illo 108: 74 

v 
nc:uita 109: 68 
Vacciniaccac 104: 121 
Vauinitmz 104: 121 
V acbelli:1 104: 122 
\ '3CO 95: 1>5; 98: 115 
Vall:1ris 104: 104 
Vallcsia 104: 121 
vanani 103: 100 
' 'anilla 110: 21 
Van ilia f ragr.ms 110: 21 
J', pl.mifolia 110: 21 
V.nwmca 104: 122 
\'aria 95: 62; 98: 8-t 
\'ario 103 : 23 

Vataimr 104: 115, 109: 71 
VarairL"a cytl.•rocarpa 107: 70 
Vatcria 104: 107 
V arica 104: 107 
Vavaea 104: 116 
Venegaz.~a 108: 2; 109: 25, 111: 36 
Venegaz.:a carpL"sroides 108: 6, 109: 

25 
V rotilago 104: 118 

I' epris 104: 119 
Verbenaccac 104: 121; 109: 62 
Verbesina 108: 21; 109: 17 
Verbesi11.1 l.war.1 108: ;j 
T'. mblob.u.z 108: 6 
F . ·.:icina 108: 6; 111: 37 
,·crdccillo 95: l OS: 97: W4, 98: 155 
V ernonit~ 106: 36 
~·esselowsky,t 104: 107 
Viguiera 109: l i 
Vig11ier.z J.tcmiata 108: 6 
Violaccac 104: 12-l : 109: 7!1 
V irolct 109: i3 
Vtrola kosclmyi 99: 163; 109: 74 
V. melinonii 103: l OG 
V. sebif era 107: 69: 109: 7-1 
V. mrinamemis 99: 1 62; 107: T ,-, 
Visctlm 104: 122 
Vi11nia 104: 122; 107: 7 1 
Vismia angnstis 107: 69 
V. g11ianensis 109: 66 
Vitex 104: 121 
Virex cooperi 95: 128; 98: 177; 

109: 79 
V. gaumeri 97: 112; 98: 176; 105: 

40 
V. kllylenii 95: 127; 98: l i7 
V. orinocensis 103: 2 
Vitis 101: 3 
V oacanga 104: 121 
Vochysiaccae 104: 124; 108: 73; 

109: 79 
Vocbysia femtginea 109: 7!"1 
V.guianemis 97; 116, 98: t81 
V. bonduremis 97 : 11 6~ 98: 11:! 1 
V. J.wceo/,u,1 102: ·HI, 103: 111 
V. vimrii(olta 102: 4!1 
,·olador 95: 33; 98: 4!1 

V ouacapoua IJ11U:rrc,wa 99: J 68; 
105: 40; 107: 68 

V ouaram1 104: 123 
Yuku 110 : 51 
vukus 110: 51 

\V 
wadara 97 : 69, 98 : 96 
W allaceodendron 104: 115 
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walnut 108: 95; 107: 123; 110: 46 
walnut, African 107: 123 
walnut, American black 108: 67; 

107: 112; 110: 45 
walnut, Benin 1?7: 123 
walnut, black 101: 27; 108: 82; 

107: 104; 110: 47 
walnut, Brazilian 99: 32 
walnut, English 110: 96 
walnut, Uganda 107: 123 
Walsura 104: 116 
wana pisie 103: 69 
wane 95: 93; 98: 125 
wanekwalie 97: 116; 98: 181 
wansewa 110: 103 
Warburgia 104: 121 
Warscewiczia coccinea 109: 76 
wasepoekoe 103: 58 
wass1e-wassie kivarie 97: 96 
wawa 110: 99 
TV eimnannia 104: 107 
TV ercklea /utea 109: 72 
Wetria 104: 122 
Whiteodendron 101: 117 
whitewood, African 110: 99 
Wilkesia 108: 1 
Wilkesia gymnozipbium 101: 8 
willow, black 101: 35 
Wmmreria 109: 62; 110: 29 
Wi7mneria concolor 110: 29 
W. sternii 110: 29 
wine wood 109: 73 
w iswiskwal.ie 97: 96; 88: 143 
wochi 101: 30 
wokuka 105: 34 
wosime 110: 47 
Wrigbtia 104: 104 
IVunderlicl,ia 106: 30 
IVunderlichia mirabilis 108: 32 
W. tomentosa 108: 33 
wupa 108: 70 

X 
Xerospenmnn 104: 120 
Ximenia americana 107: 43 

Xylia UN: 115 
Xylocarpus 104: 116 
Xylopia 104: 1 
Xylopilln011111ticA 109: 63 
X. fruttscros 109: 63 
Xylomta 104: 111 

y 
yaco-sanango 103: 55 
yauwi 110: 8R 
yaw 110: 88 
yawe 110: 88 
yaxnik 97: 112; 98: 176 
yekoro 103: 68 
yeUowwood 110: 108 
yeUowwood, common 110: 108 
yellowwood, falcate 110: 108 
yeUowwood, rcal110: 108 
yellowwood, upright 110: 108 
yemeri mayo 109: 79 
ylang-ylang 101: 1 
Yr1cca aloifoliA 107: 46 
yuvia 97: 43; 88: 58 
yvyra-pita 101: 24 
yvyra-ro 101: 24 

z 
Zanba 104: 123 
Zanthoxylum 101: 119; 110: 24 
Ztmtbo:rylum belizense 108: 76 
zarragosa 109: 64 
zebrawood N: 37; 88: 52 
Zelkova lot: 121 
Zexmenitz 108: 23 
Zexmroia frutescens 108: 6; 111: 

37 
Ziz.ypbus 104: 118 
Zollernia 104: 122 
zorro 98: 37 
Zuccagnia lot: 122 
Zuccarinia 104: 123 
ZueltmiA 104: 111 
Zuelanill guidonia 109: 66 
Zygophyllaceae 104: 121, 12t 
Zygopbyllum dumosum 108: 82 


