
YALE UNIVERSITY 

NUMBER 108 

CONTENTS 

Woon ANATOMY OF HELIANTHEAE {CoMPOSITAE) 

Sherwin Carlquist 

1.HE UPPER S1"0RY OF TROPICAL FORESTS 
Dammis Heinsdijk 

THE ANATOMY oF SoME TIMBERS FoRMERLY l.NCLtJDED 

IN PJPT ADENIA 
J. D. Brazier 

SoME AsPEcrs oF VARIATION IN Wooo 
William Louis Stem and Sheldon Greene 

NoTES FROM THE S. J, REc:x>RD MEMORIAL CoLLBC11DN· L 
George K. Brizicky 

SrGKIFrCANr RECENT CoLLECT•~ or QrJERCUS 
FROM PANAMA 

Cornelius H. Muller 

CURHEI'\T LITERATURE 



TROPICAL \VOODS 
A tttbniral magazine dr,·oted to tbe frmbermce 
of J:nowlcdge of tropical woods ~ forests ~ 
to tbe fJTOmOtion of forestry m tbt trOpiCS. 

Editor 
\ \' llJ.IA!\1 L. Sn:.ttN 

Assoctate Editors 
FREDI::RICK F. W ANGAARD JoHN R. RuDER 

liAAoLD J. LUTZ OswALD TIPPO 

Subscription pricl! $3.00 for rwo semi-annual numbers. Remittances 
should be made payable to T ROPICAL \Vooos. All communications 
should be addressed to the Editor. ~os Prospect Street, ~ew Haven 
11 , Connecticut, U. S. A. 

Manuscripts on all phases of tropical forestry and tropical woods 
and trees w1ll be con~idercd for publication. Manuscripts should be 
typed. double-~ced throughout on one side of paper. Drawings, 
done m black mk, or phmographs. should he mounted on stiff card
board and the desired reduc~on plainly indicated. Figures should be 
pbnned so that after reduCllon they occupy the entire width of a 
plge f.; l_tl~hes) :tnd any portion of the height (6 inches). Economy 
of space as 1mpon:am, therefore, the editor cannot accept loose figures 
or tho~ so mounted :ts to leave large unused spaces on the printed 
page. hgurcs should be numbered consecutively. Legends for figures 
fhould oe typcwlltten and mcludcd with the manuscript. All legends 
or one group o~ figures should form a single paragraph. In cases 

fihc:re magrubcauons arc stated, they should apply to the reduced 
gures. 

\\~n general, flYie sl)oflld follow the most recent number of TROPICAL 
ooos c~peciallv as regards r . ,. . . . . 1~·io r I' l unctuanon, lterature cnanon capttah-

- n, usc o lt.1 ICS and refcre I' . , . Mai d' •· · . ' . nces to tterarure and tllustranons. 
itali~izc~ ~~~a~~i~~~ mdt~ated ~ centered headings; subdivisions by 
editors :alone retain chpll.olhls, . ootnotes sho?ld be min~mized. The 

t e ng t to accept or re1ect manuscripts. 

TROPICAL WOODS 
~t::\lBER 108 APRIL 1958 

\VOOD .Y~:.\TO.\lY OF IIELIA~THEAE 
(CO~IPOSITAE) 

SIIER\\'1:-.o CAHI.QUISI 1 

Tbe Claremont Graduate Scboo/, Rancbo Santa A11a Botanic 
Garden, C/arcmom, Califomia 

In an earlier study the writer ( 1957a) surveyed the 
anatomical diversity In woods of the tribe ~1utisieae. The 
p1·esent work continues this study to Hclianthcae. This tribe 
is of particular interest both because of the supposed primi
tiveness of some of its genera (e.g., Cronquist, 1955) and 
because numerous arborescent or shmbhy plants are char
acteristic of the tribe. Among the genera mcluded in this 
study which ha\·c truJy arboreal species arc Fitchia, ,\1on
ta1lott, Podacbaenium. and Scalcsia. ~lost of the remaining 
genera utilized in this investig;ttion could he classified as 
shrubby to arborescent. lVilkesia, Espcletia, and Coreopsis 
gigantea can be called "mcgaphytes" bec:mse of their un
branched stems with terminal leaf roserres. Certain herbs, 
such as Helilllztlms, Argyro:ripbium, .\ladia, and Grindelia 
ha\·e been introduced ro widen the comparisons and to 
demonstrate some of the more specialized types of xylem 
structure. 

The tribe Heliantheae is characteristic of the tropical and 
subtropical portions of the Ameri~as. pa~ticularly in ~he 
\>;estern portions. The subtribe ~tadunac, wrth the exception 

'The writer has been ahle w accumulate a generous sampling of 
helianthoid woods through th~ .coopcr~tion of sc,·eral individuals. 
Acknowledgment is due Dr. \VJlham L. Stern for wood samples from 
1hc Yale School of Forestry and Dr. I. \V. Bailey for wood samples 
from the collections of llan·ard University. Dr. John \V. Hall 
contributed samples of Espdetia, and \tr. \~ill!am ~· Birder pro\'ided 
material of Bebbia and Coultcrella. Appreciation IS expressed to Or. 
Philip A. Munz. for samples fr1!111 li\'ing pl:tnts .in the Ranc~o Santa 
Ana Botanic Garden. For readmg the manuscnp.t and offenng sug
gestions, the writer wishes to thank Dr. I. W. Ba~ley. 
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of the Hawaiian genera Argyro:riphi~m, TVilk~sia, and 
Dubautia, is mostly confined to Californta. EspeletuJ occurs 
on the high ptiramos of Colombia, Lipocbaettt on the 
H:twaiian Islands, Scalesia on the Galapagos Islands, and 
Fitcbia and Oparanthus are endemic to certain islands of 
southeastern Polynesia . Othcn \-ise, the tribe is found mostly 
in wanner and · drier parts of ~orth, Central, and South 
America, with a particular concentration of species in 
i\1extco. 
. An ane.mpt to "monograph" the woods of a given genus 
1s not baste to this s~udy. Ho,,·e,·er, the species diversity in 
se,·eral genera provtded an imerestina key to diversifica
tion in '' ood structure. Foremost amgng r'hese is Dubazttia 
(construed here.as including !<ttilliardia), in which many of 
rh.: w~ody spectes \\ere studt~d . B~cause a critical problem 
ex.tsts 10 regard to .the relattonshtps of Dubautia, certain 
other g~nera were m:lude?. According to Keck (1936), 
Du?alltta bears a relanonshtp to Argyroxipbium and 1-Vil
kesla .. These .. latter genera, in tum: have been traditionally 
assoctated \\ 1th the t~rwee~s (Heltantheae, sub tribe Madii
n~e) .• a~1rh~~gh .Keck ts dub1ous of this relationship. Because 
o stmt annes tn 'egetative and floral morpholo . d 
anatom\', these three Ha,vaiian genera are ~:Y 

3

1°1 
g

roup (I · h h d provtstona y 
•· c Wit t e tar:" ee s here. Dubau.tia has been re arded 

pre~o~.sly as bclongJ~g to Senecioneae (Hillebrand gl 888) 
~ . e lantheae. subtnbe Galinsoginae (Hoffmann , 1890) 

eck. ( 1936) suggests a relationship of Dubautia' to t . 
scn~ctOnean genera of the Juan Fernandez Isla d ~o 
soma and Rhetinodendron Th 1 n s, Robm
be considered in later studies ::: atterll geln.era, ~hich w ill 

d h 
' rn we p aced m Sen · 

neae. an t e writer is skeptical f I . . ecto
Dubautia. Sreyermark (l 93i) 1 ° t'leu· relatiOnship ro 
that Grindelia and Eastwood' 1as suggested the possibility 
in \\ hich thev have traditi;~a?t'ay not belong to Astereac, 
are helianrhoid. Representatives ~f ~ten placed, hut rather 
fore been included. In an earlier 1ese genera ~ave there
the writer placed Fitcbia . st.udy _(Carlqmst, 1957b) 
a d . I d d m a new subrnbe of H li h 
n mc ~ e Oparambus in the sub 'b ~ ant eae, 

monotyptc genus V enegaz. . tn c Petrobunac. The 
ta seems to the writer best placed 
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in. Helianth~ae, subtribe Coreopsidinae, rather than in the 
tnue H~le.meae, al~hough it lacks certain key characters of 
Coreopstdmae. Wtth the above exceptions, the system of 
Hoffmann ( 1890) for the tribal and subtribal arrangement 
of genera has been followed. 

MATERIALS AND J\1ETHODS 

Wood samples of trunks, or basal portions of larger 
branch~s of shrubs, were used almost exclusively. Twigs, 
approximately three-to five-years old, were used for Fitcbia 
11ll1'1lgarevensis, Dubautia paleata, D. linearis, Lecocttrf!US 
pi1111ati{idus, Scalesia pedzmculata, and Eastwoodia elegltnS. 
Obviously. with herbaceous species, the amount of wood 
available was limited, although the basal portion of the stem 
was utilized in each instance. Wood samples were available 
either dried or preserved in fonnalin-acetic acid-alcohol. 
Dried wood samples were boiled and immersed in commer
cial-strength hydrofluoric acid for periods varying accord
ing to the hardness of the wood. Liquid-preserved wood 
samples were immersed directly in hydrofluoric acid. Most 
woods were sectioned on a sliding microtome, although for 
smaller samples, embedding in paraffin and sectioning on a 
rotary microtome proved more convenient. Safranin was 
used as a stain in all instances. Mordanting with tannic acid
ferric chloride proved necessary for adequate staining of 
wood samples which received only a short treatment with 
hydrofluoric acid. Duplicates of slides used in this study 
have been distributed ro the wood slide collections of the 
Yale School of Forestry and of Harvard University. For 
convenience in referring to growth ring phenomena, all 
photographs of transverse sections in this paper show the 
earliest-formed elements below. 

ANATOMICAL DESCRIPTIONS 

The features of wood anatomy in which significant 
variation was observed are summarized in table 1. In the 
second column, the source of each specimen is listed, giving 
either the Yale (Y) or Harvard (H) accession number or 
the herbarium specimen documenting a sample or from 
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·h'ch a sample was taken. The herbaria in 
\\ 1 . d' d b specimens are locat~d are m 1cate y re,ITia~~ 
accordance \\ ith LanJOUW and Staflcu, Index 

cd. 3. 
In cable 1. the symbol + indicates presence of 

cared character, "hereas absence of a symbol 
the character does not occur. For certain 
symbols are used to give specific information about 
of occurrence. The type of apotracheal parenchyma 
is indicated by b. for bands extending around much 
of rhe stem, and pb, for pania l bands which eX1tentfl 
dtstance b~tween two rays or less. Similarly, if 
structure JS present, the elements which are ct-ntoia.il~ 

indicated by f, fibers, p. apotracheal parenchyma, t, 
trac?etds, and v, yessel elements ( if they conformed 
sror~ed pattern of orher elements) . In no instance 
sro~1ed rays obserred. A figure for average height 
~enate rays was entered if an appreciable number oc~~m:'fl 
J.e .. more than abour 5 per sq. em. of a tangential 
Th7 character "rays thin-walled , unlignified" is sorne,;~ 
arbtrrary although ·r . . 
lig 

·fi d ' 1 was apparent that m some taxa 
· m e tfutay cells, which were sectioned successfully' 
~p parfia on account of their delicacy were present ( 

re g. 12 and 27 for the h . . • 
such ran is · d. d se tee mgues) . The presence 

. m Icate bv -1- \Vhe h of a genus was d' . · re more t an one 
between the twstu ted: ~nd little difference could be 
mentioned only~· o~e 15 mcluded in the table, and the 
used in the tab! U: r_ e ~ext. Further discussion of '-u•su''"'"""''"' ~: 

c 15 me uded under the headings below. 

Si_ze and sha e - . . YESSF.Ls 
tae IS among tho~e As 1~d•cated by Bailey ( 1957) 
7..ation in vessel ef:m•ltes i~ \\hid~ the gamut of :.u•;'-'liU&-:-:··-• 

~tru~rurc of \·cssel e~enrs IS. relatively small, since the
_am•ly. Because of th. menrs ts. ad\·a nced throughout the 
)n growth habit 

0 
lSh as he states, and because differences 

rg.th ?r end Wa;l Ot er features may alter vessel element 
amtly tn these ch angle, the local variations within the 

aracters m 'd ay ovcrn e, and thus negate, 

No. 108 TROPICAL WOODS 5 

the applicability here of those trends of s~cializati 
established in dicotyledons as a whole (e.g., Baile ~~ 
!"P~er, 1918): A:fo~eovcr, the significance of such Agures 
m th1s study 1s hm1ted by the fact that variations within 
a plant could not be compared on account of the varied 
sources of wood samples. Certain features of vessels, there
fore, hav_e been treated here statistically because they offer 
taxo?om1c characte~s, ~ot because they are subject to 
deta1led phylogenetiC mterpretation. It is evident, for 
example, that vessel element length is much greater in 
V erbesina lanata than in another member of the same sub
tribe, as Flourensia cermm. A glance at the figures for 
vessel element length reveals considerable variation of this 
nature, although overall conclusions are not warranted. It 
~ of in~erest, however, that very ~hort vessel elements occur 
m spectes presumed by taxonomiSts to be highly advanced 
(e.g., Hymenoclea sa/sola) as well as in some herbaceous 
taxa (e.g., Argyroriphium; fig. 13-14). Similar considera
tions obtain for vessel width. In Heliantheae, as in Mutisieae, 
the great variation in vessel width within a single transverse 
section prevents an average figure from being meaningful. 
In addition, the presence of vascular tracheids (which can
not always be distinguished from vessels in a transection) 
in a number of species results in a gradation between wider 
\·essels, narrow vessels, and vascular tracheids, which are 
usually as narrow or narrower than the smallest vessel 
elements. Certain outstanding characteristics, however, are 
revealed by measuring the widest vessel seen in a slide. To a 
certain extent, this is a reflection of the overall width of 
vessels in a given species. For examele, the fact that the 
widest vessels of Dubautia Menziesii (fig. 6) are only half as 
wide as those of D. Knudsenii (fig. 1 ) is correlated with 
other differences between these species. Likewise, the vessels 
of Fitcbia speciosa, which are wider than those of other 
species, are correlated with larger cell size in other parts 
of plants of that species, a fact observed qualitatively in an 
earlier study (Carlquist, 1957b). Many of the herbaceous 
species studied have narrower maximum vessel diameterS 
than most of the woody species. Relatively wide vessels 
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fitcbi:z czmeatJ J. \ \' . .\toore \loore 655 (BISII) 78 250 2.36 pb f,p 1.8 + 
F. 711Jng.Jr'"':msis F. Brown Q uayle%3 (BISII) 84 330 1.73 b,pb f.p 1.7 + 
F. mwms I look. f. Y-26499 96 270 1.76 b,ph f,p .7 + 
f'. r.Jprnsis F. Brown St. j ohn 15282 (BISII) 120 360 2.00 b f 2.0 + 
f. spaiosa Ch~:cscman Carlquist 1129 ( UC) 

Pctrobiinac: 100 350 2.07 f 1.5 + 
Opar.wtlms r.rprmsis (F. Brown) Sherff Y-24310 

Corcupsidinac: 100 300 2.13 f 1.9 + 
Bidcns IJendrrsoT~<·nsis Shcrff St.John 15 155 (BISH) 60 210 2.24 + + no 2.9 + 
Coreopsis gi!{ame.z (h.cll.) H all Balls 18809 <RSA ) 66 470 3.84 7 + 
St1T'l.'alina domingt:nsis Cass. L eonard 13402 ( UC) 2.20 

. f 80 3.4 + -., 240 . ,_ 
l' ene!{a:h carpesioiJes DC. Carlquist 401 <RSA) 

V crbesininac: 83 183 1.84 
1.2 + + 

Borricbia arborcscens (l.) DC. Stern & Briz.ickv 232 (Y) 17 218 1.52 
3.0 + 

H. frmescttls (L. DC. Stem & Brizick} 32 7 ( \') --, 178 2.64 + b,pb f,p,t,v 74 1.1 + + 
Encelia californica '\u(O". 

,_ 
119 .9 + 

Balls 18822 CRS \ ) 108 123 1.60 
E. (arinosa Grav Balls 18906 CR S \ ) 90 121 2.36 + + b,pb p,t,\' 190 .7 + 
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l'odaclJITmium eminens (La!!;.) Schulrz T urm:r 238 (RS.'\ ) 48 246 1.48 102 .6 + 
Scalcsia prdrmculara ll ook.~f. Stewan 687 CCAS) 132 426 1.57 + f 284 .6 + + 
Verbcsin,J /anat.z Greenman Skutch 17"8 (G li ) 96 402 1.37 240 2.7 + + 
V. sublobata Bcmh. 228 1.0 + 
V. dcina Blake 

Skutch 1982 (C il ) 84 378 1.47 + 90 .6 + 
lt~uiem l.1ciniata Gray 

ll- 1535 102 137 3.04 + p.h 
2.8 + + 

Ralls 18838 (RS \ ) 100 295 1.18 
/ xmenia frtllesct'ns (,\\ill) Blake Y- 10035 
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Carlquisr I-1'28 (UC) A rgyro:cipNrnn Caliginii Forbes 47 138 2.24 + b,pb p,t,\' + 1.0 + + 

A. Gmyanum (Hillebr.) Degener Carlquisr H27 (UC) 53 207 3.92 +ph + 1.2 + + 
A. sand•..viclmue DC. Carlquist H19 (UC) 29 114 6.05 + + .8 + + 
Blephari:.onia plumosa (Kell.) Greene Carlquist 418 (RSA> 67 153 2.00 + 158 .5 + 
l)ubtr.uia Kmtdsenii Hillcbr. Carlquist H H ( UC) 108 413 1.24 f 130 2.8 + 
1). laxa H.&.\. Carlqu ist H 12 (UC) 94 306 2.24 b f,p,v 95 .8 + 
D. line.ms (Gaud.) Keck Rock 8123 (BISH) 71 196 1.77 pb p 3.3 + 
D. Mmziesii (Gray) Keck Carlquisr Hl7 (UC) 53 223 4.55 +ph f,p,t,v 1.7 + 
D. microcep1Jala Skottsberg Carlquist H14 (UC) 77 336 1.70 b f,p 210 1.1 + 
D. paleata Gray Forbes 914K CBISH) 6t 339 1.65 f 3.3 + 
D. pii1Tltaginea Gaud. Carlquist H 20B (UC) 65 236 4.65 + b,pb f,p,t,v 2.0 + 
D. railliardioides Hillebr. Carlquist H 16 (UC) 118 301 1.55 117 1.8 + 
Hemi:.onia \fimbonrii Jepson Carlquist 407 (RSA) 71 133 1.60 + b,pb p.r,,· .7 + 
Madia sativa \lol. Carlquist 403 (RSA) 77 206 1.65 144 .3 + 
Wilkesia gymnoxiphitmz Gray Carlquist H lO CUC) 83 336 1.77 + 212 1.6 + 

Galinsoginac: 
Bt:bbia atriplicifolia (Gray) Greene BittlerVli-28-1957 (RSA) 124 218 2.16 f,,. 1.7 + + 

Mclampodinae: 
Espeletia Hartwegitma Cuatr. Y-44409 88 306 1.27 + 1.7 + + 
E. incana Cuatr. 

Langcnheim 35 11 ( 1\ tiN) 71 :!01 2.32 + f + .9 + + 
E. pleiocJJ,lSia Cuatr. 
E. Uribei Cuatr. Langenhcim 3500 {\liN) 136 282 1.56 + f.\' 133 1.3 + + 
Lecocarpus pimunifidus Dec. Lang!mheim 36n (i\1I~) 83 192 1.85 97 1.2 + + 
Partbeniwn argentmum Gray S~ewan 639 (Gli ) 61 217 1.80 + 1.0 + 

,\I illerinae: 
) -40997 41 242 2.95 + + + 267 .2 + 

Clibadirrm oligandnrm Blake 
Skurch 1127 142 389 1.45 +b f 2.0 + 

Lagasccinae: (C ll ) 

Coulrerella capitata Vasey & Rose 
Bhder \'11-28-1()57 (RSA ) 59 218 1.68 h,pb v,p JJ + 

Ambrosinae: 
Hymenoclea sa/sola T.&G. 

\tunl. 17405 <RSA) .5 + 
Grindelia stricta DC. var. procumbem 100 106 1.70 + + + 

(Stcyenn.) Kcck Balls 19476 <RS.t\) 
1.5 + 

F.awwoodia elegans Bge. 59 147 3.50 b 
Peirson 8405 <RSA) 53 136 2.i6 + + r,v 13S .7 + + 
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" ere considered to be less specialized than very narrow 
vessels in the writer's srudr of .\\utisieae ( Carlquist. 1957a). 
This may also be true in Heliantheae. Excessively wide 
\'esscls (e.g .. Perymer:ium strigi/losum, fig. 20) may also 
rcprc-.ent a deri\'ed condition. \\"ebber (1936), in her study 
of desert and chaparral shrubs. including some Compositae, 
has noted n correlation of arid habitat with diminished 
,·esse) diameter and increased ,-esscl element length. This 
correlation docs not appear w hold for Helianthcae on the 
1 ·1sis ~.. ~ the present srudy. 

'\o f1gu~e was gtYCn for the number of vessels per sq. mm. 
because thts figure ts ro some extent correlated \.\·ith vessel 
width ~~1d the ·~a~ure _of vessel g_rouping, and did not appear 
to p_rO\ sde as JIS(mcr~vc expressiOnS of the variation pattern 
as Jtd lh~e figure~. 1 he ten~cncy of v~ssels in some species 
r~ appc~r angul~r m transecnon ss not mcluded in the table. 
1 h'". t~~d~ncy. m Compositae, _is_ probably an expression of 
spcctal.li'.atlon r_arher than pnnutsYeness, a possibility noted 
hy ~:uley (19.)7 ). Such_ yessels are shown hr several taxa 
srudted, such as Dubautla \lenzicsii (fig 6) a d A . 
pbium Caliginii (fig. 12). . n rgyroxz-

l' esse/ arraugemeut.-Tippo ( l9 ,6) a d th h ·'d d h .,. n o ers ave con-
st ere t at sohtu\ vessel d . phvlogencticalh ~ h s prelce_ e aggregatiOns of vessels 
I Jclianthcae so thatu~ fia correhatton appeared justifiable in 

· " gure, t e a\·erage numb f I 
per group ( ,·essels acruallv in c . . er o vesse s 
l~een calculated. V:tScular trach~~~:ct ." lth each other) has 
sthlc. excluded from this fi 1 h\\ere, :u' _much as pos
to di!>tinguish a small ves~~r~. a t ough It IS not possible 
transection. This figure mav r~; a . "asc~lar trachcid in 
trachcids arc alnmdanr and .• · 1 

1111sleadmg if vascular 
. \ . ' \ esse s rare ther f I 

zom,1 1 lmtbomii (fig lS) f • e ore. n Ilemi-
1 

· or example 1 • 1 c cmcntc; occur in grou' l h , rc attvc y few vessel 
t I 

· 1 ps. a r ough nun 
rae l:I(IS arc associnted with them· 1erous vascular 

h:cn mcluded the figure for rh· ' _had vascular tracheids 
htgh, rather than lo~\· Tn •1s shpec~es would he extreme!,, 

I 
. · spectcs avmg f . 

rrac lctds. howc,·er. the fi ure is . e~\ ~r no vasculnr 
tcndcncv roward vessel g .a reltable mdscntion of the 

, .. nggreg:mon. ~otable difference . s m 
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this respec~ are revealed, so that if we compare three species 
of Du_ba~~tza, D. Knudsenii (fig. 1 ), D. laxa (fig. 3), and D. 
Mcnzzesll, (fig. 6) we observe marked increase in vessel 
aggrcga~ion '~·ithin this genus, an interpretation aided by 
correlatiOn with other wood characters. In Hcliantheae at 
large, the correlation of such characters would seem to 
ju~ti~y_ the generalization that the solitary condition is 
pnmttl\'e and larger groupings advanced. 

Aggregation of vessels, where present, is usually in the 
for~1 of groups spread almost equally in tangential and 
radtal directions. Exceptions to this arc found in NaT'I.:alina 
d~mingensis, Venegazia carpesioidcs, H elia-mbus tmnuus, 
Ltpochaeta lavarum, Bebbia atriplicifolia, and Grindelia 
stricta, in which radial rows of vessels arc frclluenr. 

Ri'ng porosity.-According to the Committee on Nomen
clature of the International Association of \Vood Anatomists 
( 1933), ring porosity includes d itfercnccc; in portions of a 
wood in number or size of pores. "Pore'' is construed as 
including vascular tracheids. By virtue of this definition, a 
number of helianthoid woods can be described as ring 
porous, or having a ring-porous tendency. For example, 
H emizonia Minthonzii (fig. 15) shows bands of thick
walled fibers (fig. 17) alternating with bands in \\ hich vascu
lar tracheids and parenchyma predominated (fig. 16). The 
size of vessels in these two types of bands is not appreciably 
different. This situation is also present in Grindelia stricta 
and Eastu·oodia elega11s. In Flourensia cernua (Carlquis~ 
1957b) and H emi'Z011ia clementina, vessels in rhe vascular 
trachcid-parenchyma bands tend to be smaller in diameter. 
Clibadium oligandrtnn (fig. 25) has. at intervals, bands 
consisting of vascular tracheids and strand parenchyma; the 
size of vessel elements, however, is approxtmately the same 
from one part of a growth ring to another. In Blepharizonia 
plumosa a band of vascular tracheids terminates the growth 
at the e~d of its growing season. This condition is reminis
cent of Trixil· californica (Carlquist, 1957a). in which short 
hands consisting of vascular tracheids are intercalated into 
the wood. Parthenium argentaN/111 and Hymc110clt>a salso/11 
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Is and vascular tracheids at (fig. 27) ha,·e smaller ,·esse . d iameter of fibers "~"",_..,,. , 
h · ng Decrease m 

1 end of a growt n ... · . . . !so seen in H ymenoc ea. 
the end 'Of a gro\\ rh nng ts Ia tracheids the situation 

h. h 1 ·k \'ascu ar ' other ta:xa '' tc ac . . (fi ?0) has ves:sell,.~ 
'iimpler. Pen711t'llill111 smgrllosumh g. ;ells at the nPI[J'JrtniiJY 

• t · cheat parcnc vma 
and numerous apo I a . . I surrounded h\' h 
of a gro\\ th rmg. small ' e~c 5 

a Venega·~i11 'carpesioides 
fibers ~at the end of 3 groh\\·t . nr,~~ shO\\ S n~a rkcd increase 
I orrachcal lnrenc ' ma, . . f 
tas no ap . . 1"1 • d' meter at the bcgmnmg o a in \'essel and , br torm 1 >er Ja . • • 

h . (T Sliahc tendency toward nng porosity m 
gro'' t nn::o. .o . . d' · d by· bands of narrower \loma11oa brblsct(olta ts m tcare . . 'd d 
\'essels >\s '' ith \ lutisieae, ring poroslty IS b~t consJ ere 
an ad~anced character as ~omp~red with the ~Jffu~e P0~0hfs 
condition. m agreement " 1th Ttppo ( 1946~ a.n or . c

1
rs. h 

interpretation is supported by rhe ~octanon Wit 1 ot er 
ad,·anced features in the woods ment1oncd. 

~·ascular tracbeids.-Table I indicates the large number 
of taxa among Heliantheae studied '' hich possess \"ascul~r 
tracheids. As indicated abo,·e, such elements may occur m 
a cercain portion of a gro\\ th ring. In ?ther taxa, which lack 
ring porosity, they arc associated wtrh. groups o~ vessels. 
Dubautia J\Jen~ie5ii (fig. 6-7) , Encelta calif om rca (fig. 
22-23 ), Argyroxiphium Caligiui; (fig. 12 13 ) ;md other 
species of A1·gyro.ripbium show this condition. T he presence 
of ,·ascular tracheids in Heliantheae. as in \ 1uti.,icac, is best 
interpreted as a specialized character, in agreement '' ith 
their designation as "imperfect or degenerate ,·essel mem
bers'' hv the Committee on '\:omenclarure of the Interna
tional Associadon of \Vood \natomists ( 1933 ) . Their occur
rence in such a large number of I Ieliantheae is interesti ng, 
particularly in \'iew of their presenc~ in subrrihes presumed 
to he more advanced ( \ ladume, \l tllennac, \ mbrosiinac) . 
Although two genera of \ 'crbesintnae possess them, they arc 
lacking in rhc Firchitnae, Pctrobiinae, and C.orcop<iidinne 
e'\amined. 

l'erforatiOJl pl~tes.-'\lthou~h p_crforation plates of \'essel 
clements are typtcally s1mple 111 Composirae. numerous thin 
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bars, usually scalariform with some forking of bars. may be 
seen on occasional perforation plates in woods of Com
positae (Metcalfe and Chalk, 1950). Such perforation plates 
have been figured for He/iambus by Smith (JQ35). Other 
Heliantheae in which they may be seen include Fitchia 
speciosa ( Carlquist, 1957b), Venegazia carpesioides, V er
besina lll7llltll, and Espeletia pleiochasia. It seems reasonable 
to suppose that these structures may occur in a number of 
taxa. Their total absence is difficult to demonstrate. because 
in species in which they occur. only an occasional vessel 
clement can be shown to possess them. 

Lateral wall pitting.-Circular bordered pits with elliptical 
apertures. alternately arranged, are characteristic of vessel 
walls of Compositae. Such pits may be fewer in number on 
\'essel walls in contact w1th parenchyma cells. Typical 
intervascular pitting is figured here for Dubautia Knudsenii 
(fig. 2). In some taxa, bordered pits may he very small and 
numerous ( V erbesina lmata, Carlquist, 1957b) or very large 
and crowded (Hymenoclea salsola, fig. 31 ). Both of these 
conditions are probably specializations. In some taxa. there 
is also a tendency toward the production of vessels with 
scalariform or scalariform-transitional pitting. Although 
such pitting is not infrequently found on wall.; of vessels 
facing parenchyma, certain species characteristically show 
this type of pitting on all walls, and it is this latter condition 
which is inaicated bv + in table 1. Among the species 
studied which show 'this are Coreopsis gigantea, Espeletia 
incana. E. pleiochasia (fig. 19), E. Hartwegii, and Lecocar
pus pinnatifidus. Some tendency toward this~ of pitting 
is shown by Perymenium strigilloS'flm. Such pittmg has been 
reported for Chimantaea mirabilis (Carlquist, 19S7a), a 
"mcgaphvtic" plant with habit similar to that of Espeletia 
or Corco'psis gtgmztea. As in Mutisieae, this condition seems 
best interpreted as a retention of metaxylem pitting types 
throughout the life of the plant. Although Lecocarf1US is not 
a mcgaphyte, the occurrence of this type of pitting in 
plants of the Espeletia habit may indicate that this is one 
ao;pcct of their growth form, in which a leaf-rosette com-
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parable to that of herbs seems ro he a protracted j 
.,tage. . . . 

T he occurrence of helical stnanons 10 ,·essel walls 
He\iantheac has hccn reported preYiously. for f}~., ... ,,... .. ,;..., 
ccnm.t (~1ctca\fc and Chalk. 1950; Carlt1UJst.' ~9) t b) .. . 
~ \ utisicae. the \Hitcr suggested that these srnattons ongtn
:lted as groo\'cs. smne~ 'Of which connect pit apertures 
(Carlquisr. 1957a). A similar interpretarion} ppcars pm;sible 
in llc\ianthcac. as the photographs of H tiJ:csM ( ~~· 2~) 
and Tfymcuoclca (fig. 30-31) ma) suggest. h H t/J:esra, 
Podach.umium. F c.rbesina lauata and V. 'l.>iciun, the-;c striae 
appear as numcr0\15 \'cry fine lines on ycssel walls where 
few pits occur. In Flourensia. Part!Jeuium, Hymenoc/ea, and 
Eastv.•oo~b. (fig. 28), howc,·cr. such striae are particularly 
charactensttc of smaller ,·csseLs. "here thev cover the walls, 
and of Ya~cu\ar trachcids. Some of the Ianier yesscls in these 
taxa may lack them. ln hrger ,·essels. the~ number of helices 
is the same or t\\ icc as ~anv as the number of helices in 
which pit apcrrures (which are connected hy the groo~·es) 
appear. to he arranged. In smaller Yessels· and ",·ascular 
trachetds, the number. of ~e\ical grooves is much o-rcatcr 
than the numher of hchccs m which the pit aperture 

0 

to occur. O n account of the fact that t\,cse str'at· 
5 

:tppealrl • ' • I 100\ tn 1 
mstances appear to be a form of relief in rhe se d . 

, 11 h . h · d . . con at v \\a , rat Ct t :m supcnmpose thtckcnmus. the te "I 1: 1 h' k . ,, . \" o rm lC 1-
~~ ~ .•c ·enm~ 1sf'/not ~PP ted to them here. 1 n certain 
. uttsdJcafic .. su

1
c 1 as • Ot()".Jia (Carlquist. 1957a). such rhicl\cn-

mgs e mite v arc present. although thev ma\' ''" . · . ~ 
1 1 1

• . ~ • ·•' e nngm-
atc{ t u oug' e;.;aggcratton of the rvpe of striatic . . . 
1

.1 • IJ '"J'· · A . 11. • ms seen 111 
· ourem/If or ' I KI?SI(l . s m l''iuttsieae, the \\ riter 1 • 
that t hcse l vpcs of ves""Scl wall relief arc best · 

1
eheves . I" '· . . . mtcrprcte l 

as spcc1n t7,:tttons, tn agreement w1th Frost ( 1931 ) d c 
ley ( 194R). In the species in which thev arc m~~ Mos~
nentlv represented, he\ica\ striations occur in .,St p;omt 

· 1 . I h · d · ..l nS.'iC!Ctat' wtt ' vascu ar trac ct s. swneu "ood structure 1 · ton 
characters which appear ro be advanced. ' ''

11
t cnlwr 
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LtBRIFORM FIBERS 

Hcliantheae have no cells which could be called true 
cracheids, and the division between vessel elements and 
libriform wood fibers is quite sharp. Considerable variation 
in wall-thickness of fibers occurs. Although most ~es 
have moderately thick-walled fibers (e.g., Espeletia pleio
chasia, fig. 18), .. some, sue~ as Coreposi! gigantea and Grin
delia stricta, have very thm-walled, w1de fibers. It may be 
noted that these latter species are herbaceous. Variation in 
fiber thickness according to growth rings has been discussed 
above in relation to ring porosity. Consideration is given to 
differentiation of fibers in respect to length, morphology, 
and distribution of different types in wood bel~w i~ con
nection with vertical wood parenchyma. In WJlkesra (fig. 
1 O-I l ), for example, tangential sections of different por
tions of the xvlem reveal differences in fiber length. Septate 
fibers were ·observed in Zermenia frutescens, Fitcbia spp. 
(Carlquist, 1957b ), and are very frequent in Lipochaeta 

lm:arum. 
\'ERTICAL PARENCHYMA 

Vertical parenchyma in Heliantheae woods is of two 
basic types: those parenchYll_la cells which im~ediately 
surround vessels, and those which, in som.e s~c1es, occur 
in tangential bands. The former type. which IS j-;se~~ f 
c;cami yasicentric parenchyma. is basically foun m a o 
the species considered, although the mode of ocTice 
may be altered by larger group~ngs o~ vess~ls or .b~ t e ~~ 
that the parenchyma is present m conJunction .w•t vd 1 
tracheids. V cssels or vessel groups are usual!Y 1acket~ ~ Y 
bv n single layer of oarenchyma cells; thiS layer bJS 

0 
en 

· · ' 1 a vessel element a uts on 
mcomplete so that m p aces • 
libriform fibers. In some species (e.g., Coulterella. ca~tata, 
fig. 24) more than one cell layer may be present an P ac~ 
\Vhere 'bands of flfcotracheal earenchyma codn~ctdt'vffesseeren 

. 1 y be encountere an -
hm.,·e,·er, some dt cu ty .ma . altho h the 
tiating these from the vas1centnc {lare~chym~ ~~ 
rwo rvpes are usually different an ~IZC an morp 

0 
ogyd. 

· . cells are typically very narrow an 
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as long as the adjacent ,·csscl clement, although they may 
be di,·idcd into strands of two or three cells (fig. 2• 19, 21 >· 
In Clibadium oligandrum (fig. 26 ), the parenchym.a cells 
"hich occur in bands wgcrhcr "·irh vascular rrache1ds are 
present .in strands of three to fi,·e cells. 

The nature and interpretation of apotrachcal p~renchy~a 
constituted one of rhc most important problems Ill analysiS 
of helianthoid "ood~. A~ indicated bv table I. a number of 
species have apotracheal parenchyma eir~er in the form of 
tangential bands of indefinite cxrenr. or ot short hands span
ning the space, or part of the space, bem een .t\~ o r;~ys, or 
in both forms. Such parenchyma cells arc dtstmgubhable 
irom libriform fibers by their width, wall thicl,ncss, shorrer 
length, blunter ends, ami (as indtcated by liquid-preserved 
material of some species, such as Encelia califomica) living 
contents. Such parench) ma cells may be the same height as 
shore ,-cssels or \'ascular tracheids (fig. 16). Occurrence of 
aporracheal parench} rna is clearly demonstrable in " oods 
lacking vascular tracheids, such as Fitchia. Per:> menium 
strigillosum. Dubautia microcepbala, and Coulterella. In the 
remaining instances, vascular tracheids arc present in or 
adjac~nt ~o th~se ban.ds ( Argyro.<tipbium Caliginii, fig. 13; 
Hemzwma .Hmtbomu, fig. 16) so that in a sense, at least 
some of these cells could he said to be paratracheal. The 
bands of parenchyma arc basically the same in both instances, 
howe,·er, c;o thar they c.1n be cons1dered together. 

Although uncertain about the interpretation of these 
bands of parench~ ma in earlier studies ( Carlctuist 19)--. 
19-~b) h . l ,. . ta, 

:>, , t e \\ nter now >e 1en:s that such cells arc an · d' 
. f h I · 10 •cauon o p y ogenenc ad' ancemcnt. This. interpretation is 

based on the fact rhat thcv arc present 111 \\ O<>tls h · 
I · 1 d · avtng sevc_ra seemmg y a \'anced features (vascular rracheid. 

stoned wood structure, numerous vessels per grolJ s), 
d · f · · p, etc an on companson. o spcc.1es m genera \\ hich ha,·c a .. · 

chyma bands only m certam species. Dubautia is th P 1 en
in "hich material perlllirrcd this companson to ~~~ genus 
most clearly. In Dubautia Knudsenii (fig. l-2) f) ~llade 
and JJ. railliardioides, \\ hich seem less specialized. pa eata, 

· on the 
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basis of gross morphology and the lack of particular special
JzatiOns 111 wood characters, as well as stem and leaf 
anatomy, the fibers are relari,·cly uniform in width and 
length, and more obscurely storied than in the other seecies. 
In D. laxa (fig. 3-5), there arc hands of "fibers" (tig. 4) 
which are shorter, wider, more frequently septate, and have 
much more rounded ends than fibers in other portions of 
the wood (fig. 5). These cells arc tentatively termed "apo
rracheal parenchyma" here. The greater number of vessels 
per group and the gross morphology of the i1wolucre sug
gest that D. !axa is more advanced than the above species. 
Like Dubautirr Jaxrr, a certain degree of differentiation may 
be seen in Wilkesirr gyumoxipbium, although the shorter 
fibers are not considered as "apotracheal parenchyma" in 
that genus. Dubautia Menziesii (fig. 6-8), an alpine shrub 
specialized in leaf, stem, involucre characters, shows marked 
differentiation into cells which must definitely be termed 
apotracheal parenchyma (fig. 7) and librifom1 wood fibers 
(fig. 8). The parenchyma cells arc very short. wide, thin
·walled, and often subdi,·ided bv a definite \\'<111 rather than 
inconspicuously septate. The fibers, on the conrrary, are 
long, narrow, thick-walled, and non-septate. Dubmaia 
J!enziesii shows advanced wood structure in the verv nar
row yessels, which arc numerous in each ,·es.,el group. the 
presence of numerous nscular rracheids and a prominently 
scoried condition. lf the ahovc comp;lrisons arc valid. it 
'' ould appear that bands of apotracheal parenchyma have 
arisen in Hcliantheae by ditTcrcnti;Hion of lihriform wood 

fibers. -

\'ASCUI.:\R RAYS 

The Heliantheae studied show a remarkable paucity of 
uniseriate rays. In only two species, V erbesi11a vici11a and 
ltadia sativa, could uniscriatc rays be designated as fre

<]UCOt. In 1\rtadia sath:a, they arc almost as numerous as 
mulriseriate ravs. As can be seen in table 1, thev arc absent 
in many species. \Yhcrc present, they ;trc often only one 
or two cells high, and ,·crtically elongate so that they re
semble fibers in some instances. Absence of uniscriate rays, 
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according to Barghoorn (I?H), is phy ~ogcnetically ad
yanced. This process he enYJSJ.ons as. r~s.ultt~g from elo!lga
tion of ray initials to form ft1Slfor~1 ~nmals ~ ~ t~e cambmm, 
with the resultant products. c?nststmg ~f ltbriform fibers 
instead of uniseriacc rays. Thts mterpretatJOn seemed tenable 
10 rhe writer's study of ~lurisieac, and the present data do 
not seem opposed to this .thesis. I.t. is of. inter~st, ho:\·e~cr, 
to contrast Helianthcae wtth J\lunsJeae, m whtch untsenate 
rars were found in all genera except Cbuquiragua (Carl
quist, 1957a). The helianthoid "oods in which uniseriatc 
rays were found do not seem particularly specialized in 
comparison with woods of other members of the tribe. 

~1ultiseriate rays in Heliancheae vary greatly in width and 
hetght, and in the nature of cells which compose them. 
~leasu~ements of ray height could only be an estimate in 
many mstances, because \'ariation \V.ithin a single tanaential 
se.crion was often extreme. Some species, such as Co~eopsis 
grgantea, Narvalina domingerzsis, Borrichia frutescem, Lipo
cbaeta lavarum, V erbesi1Ut sublobata, and Dubautia linearis 
ha~e exr\emely high multiseriate rays, almost indefinite i~ 
hetg~r. ~one of t~ese could be called truly woody species. 
R~lau.vely sho~ dtscrete mult1seriate rays were observed in 
r~tchta rapenm, Scalesia pedunculata, ,i-fadia sativa, Pm·tbe
mum argentahl~n, and. H ymenoclea salsola. These s ecies 
ar~ of s.u~h .vaned habtt t~at no correlation betweenphabit 
an ra) etght seems e\·tdent. Differences in ra hei ht 
however, mav be useful as taxonom·1c ch t Y g ' .. · arac ers. 
b In Mu~steac, the writer observed that ray cells . d 
~;tnv.cen dtsodiametric :md .procumbent or between i~~~~a-

c an erect and that 10 0 1 f . 
types of cells b~ found. The ~c~u~ree\' spectes could both 
bent and erect cells in a rav is m ~ce of b~th procum
Heliantheae, as table 1 indicates ~~eh requ~nt m species of 

d. h . . vv ere thts occu span mg to t e defimtion of "H rs, corre-
( 1935). rhe procumbent cells oc~~er~gcneous II" b~ .Kribs 
the ray. Ran consisting of cell P) ~ central posttton in 

· , s varvma- b 
metnc and procumbent occur in E i' e. . etween isodia-
cernua, Viguiera laciniata Parth .nee ta farmosa, Flourensia 

' . enzum argentatum H , ymeno-
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clea sa/sola, and Grindelia stricta. Rays in these species 
would, therefore, correspond most nearly t? the. definitio~ 
Homogeneous II by Kribs (1935) . The des1gnanon ~f this 
condition as derived by Kribs seems acceptaole in vtew of 
the specializations seen in most of the species listed. Most. of 
the Heliantheae studied, however, have ray cells varymg 
between isodiametric and erect. In some species, such as 
Wilkesia gy11moxiphium (fig. 10-11 ), Dubautia Menziesii 
(fig. 8), D. paleata, and Espeletia pleiochasia (fig. 19), cer
tain ray cells are nearly as high as t~e ~brifo~ ~bers to 
which they are adjacent. In these spectes, m fact, It IS ~orne
times difficult to define the precise limits of a ray. Ftgures 
6, 9, and 18 show that both typical thick-walled fibers and 
vertically elongate thin-walled cells abut on rays, so that .a 
ray may be said to be clothed with parenchyma cells transi
tional to libriform fibers. The widespread presence of erect 
ray cells, and the occurrence of. rays wit~ marked vertical 
elongation of cells, such as those JUSt descnbed, are probably 
phenomena refe~able to Bar~hoorn 's ( 19~ 1). statement that, 
"Extensive verucal elongauon of ray 1rutials to pro~uce 
high-celled multiseriate or uniseriate rays is phylogen:euc. as 
well as ontogenetic and is .fre~uently cor~elate.d w1th ~
creasing structural speciahzatwn, reduction m cambtal 
activity, and a tendency toward the loss of rays." Al~h?ugh 
decrease in cambial activity does not seem charactensuc of 
many of the Heliantheae .s~died which ~ave erect ray ce~ls, 
and a near ray-less condmon was seen m only o?-e spe~tes 
( Adenotbamnus validus, isotype, GH), th~ J?Cr~asmg 
vertical elongation of ray cells may well be an mdtcatton of 
a specialized condition, as ~arghoo~n suggests. . . 

Variation in cell wall thtckness m rays of Heliantheae Js 
quite wide. Ray cells in F/ourensia cernrlfl are extremely 
thick-walled, as noted by Metcalfe and C~alk (1950). ln 
contrast, very thin, unlignified walls occur m a num.be~ of 
Helianthcae, indicated in table 1, such as Argyroxzphzrn1z 
Caliginii (fig. 12-14) and H_ymenoclea salsola (fig. 27). 
With the exception of Parthenzum f"gentatum and Hym~.o
clea salsola, which are shrubs posstbly of herbaceous ongm, 
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all of the species with such r~y cells are perenJ?ia~ he~bs. 
The wood rays of Argymxtplmnn (fig .. H~ arc dtstmgwsh
able from the foliar rays in rhat spectes Ill that they are 
much smaller and slightly more thick-walled. Very thin
walled rays, rhen, seem to indicate an herbac.eous habit of 
growth. fn a simtlar manner. the rather t hm-walled ray 
~ells, vel} wide rays. and correspondingly narrow fasci
cular areas of Lipocbaeta /avarum suggest a basically herba
ceous habtt for that plant. Unusually large ray cells were 
observed in Dubautia microcepbala and Coulterella capitata, 
\\ hereas unusually small ray cells are characteristic of 
PaHbenium argentrttum and Flourensia cernw. 

The s~ler.ificarion. o_f .~he central port~on of the ray in 
Argy~o:xtpb~um Callgmu (~g. 1 ~) applies only to foliar 
rays, m wh1ch such wall-thickemngs are developed in the 
'tcinity of a leaf trace. 

Secretory c~nals.-Secretory canals have nor previously 
b~en.reponed m vascular rays of Compositae. Bebbia atripli
ctfolta (~g. 21) does have such canals, however. These are 
no.t commuo~s with pith secretory canals, and are originated 
by the cambm~. So~e could be traced the entire length of 
a ray from the1r pomt of initiation. As seen in a tangential 
s~ctto~ of .the \\ ood, the canals are small, and lined by a row 
o epithelial cell~ which are surrounded by various num
bers of small thick-walled procumbent cells. Several s I 
~anal~ may be present in a single rav, and relatively ~e~~ 
ays 0 not possess at least one such canal. 

Altho.ugh secret.ory canals were not observed in an 

~~~=~is~~o~~ ~~~:~~~~~l~rar~poa~~:d 0~cs;~y5deposHits are chat~ 
salsola. m ynrenoclea 

. STORIED STRUCTURE 

The Hcltanrheac examined are d' t' . 
number of dccies which •h'b' IS IO~UJshe. d by the large 
S · d ex 1 1t stoned . d 
.tone woo was seen in all the subt . "\\;~0 stn~cture. 

tH>n of Lagasceinae. In irs sim 1 f nbcs Wtth the excep
fihcr.s arc ~toricd, as in Verbfsi~t I orm, only the libri form 
pl. 35d) and Dubautia Knuds « .. a(nfiata (Carlquisr, 1957b 

enu g. 2) . As ' 
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expected, transitions from non-storied to storied exist, and 
only certain portions of the wood in Dubautia paleata, D. 
railliardioides, and D. microcepha/a are storied. Clibadittm 
oligandrwm and the species of V erbesina studied other than 
V. /auata show obscurely storied libriform fibers. 

Storied structure in apotracheal parenchyma but not in 
fibers was observed in Coulterella capitata and Dubautia 
linearis. In most of the woods in which storied structure 
is present, however, this condition tends to extend to all 
the vertical elements of the '\vood. In Dubautia Jl-knziesii 
(fig. 7-8) and Encelia californica (fig. 23), for example, 
fibers, parenchyma, vessels, and vascular tracheids all con
form to the same pattern of storied structure. Storied wood 
structure has been reported previously in Heliantheae by 
Record ( 1936) for H ymenoclea sa/sola and by Brown 
( 192 2) for Dubautia plantaginea. In view of the association 
of storied wood structure with orher advanced features, the 
Heliantheae with storied structure seem good illustrations of 
the concept of Bailey ( 1923) that storied wood structure 
is more specialized than non-storied. 

TYLOSES 

Striking sclerified tyloses .occ~r in Fitchia speciosa <C:arl
quist, I957b, pl. 31a) and Fttcbi~ nutam. ~~od.erately rhi~k
walled tyloses were observed m Espeletta mcaua. Thm
walJed tyloses occur in Oyed.aea bolivia?Ur, Pery~mm~um 
strigillosum (fig. 20), Zermema frutesceus, and Cl!badlln~r 
oligandrum. Thus, tyloses are probably not rare m Heh-

antheae. 
HESI:'IJ DEPOSITS2 

In addition to the resin deposition in rays mentioned 
above numerous helianthoid woods show considerable 
amou~ts of resin accumulation. Outstanding in this respect 
are Floureusia cernua and Borrichia arboresce11s (fig. 25). 

~Although the writer has not ana1y~ed th~se substances che'!lically. 
they probably represent the 1c~ \'o1at~1e n·s•duc of an o1eo~e.sm such 
as that described for Balsamorrb1za saglttata, a member of llchantheac, 
h) Faust (Bot. Gaz. 64: 441-479. 1917) . 
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In these ,, ood.;. all the cells in some portions of the wood 
~re complcreh• occl~ded wi.th resins. A lth.ough :esin. deposits 
m ~orne woods arc mconsp1cuous. no hehanthOJd \\ ood was 
ob~en·ed in which ~uch substances were totally absent. 

T AX0'\0\ 11c br PLJC.HIO:'\S 

Although some subrnbcs are represented in this study 
only by a scattering of genera, suffic ient representati\'CS of 
others ha,·e been studied so that evidence from wood 
:ma~omy can be discussed in relation to the existing taxon
omic ~vstem. 

FITCHTI NA.E 

.The ,~·oo~ characteristics .of rhe only genus in this sub
m~:· FliC:hta, have been discussed previously ( Carlguist, 
19)tb). 1 ~e m~terial gi\·en here. howeyer, ·demonstrates 
r~c wa):s m '' hich spe~ie~ differ. The larger cell si7c of 
~ ~pectos.T. expressed m mcrcased dimensions of YCssels, 
~ g cr. rays. and longe.r fibers, is e\·ident. In contrast, F. 
apenSTs and other spcctes have relatively short fibers r . 

and vessel elements. The figures for F. "n"n ' . a} s, 
P

rob 11 • 1· · ,, " gttre".;enszs are 
a ) ) not re !able on account of the small . f h 

stem from , ·h· h . s1ze o t e 
. ' Ic sectiOns were prepared In dd. . F 

specrosa has onl\' cxten"i" . 1 . a mon, . 
parenchyma· thes~ are aer, not pa:rifa . bands ?f apotracheal 
. h . ' more m requem mte , 1· h 
m t e other species In F P . n as t an . . . . s ecrosa, ap otracheal h 
IS not stoned, whereas it is . th h . parcnc yma 
of Fitchia arc rather unifo~ . e ot er species. The species 
however. 10 respects other than these, 

Pr TROBll'\;AE 
Oparantbus is clear) d ' · . 

Llck.mg apotrncl~eal p~rlnch~~~g~~habl,e fr~m Fitcbia in 
~to~Jed, as illustrations in an ·e 1: e '"' ood JS more clearly 
mdJcate. Because of cl ar Ier study ( Carlnuisr 1 95"71>.) h CJSC aareeme . ., . 
c. ara~tei . hr relationship the~ write nr m other WO(HI 

Fttchza and Oparantlms seems ·u "fi r suggested between 
sample o: P~·trobimn 3\'aibbl I ~tl ed. Althoug h the wood 

c \\as too small to . perm1t anv 
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definite conclusions, there are no marked differences from 
Oparamhus, and the same storied condition of fibers 
prevails. 

COREOPSIDINAE 

Members of this tribe, in turn, show affinities to Petro
biinae. Bidens hendersonensis, Narvalina, and V enegazia 
show no important features not found in IJetrobium or 
Oparanthus. Coreopsis gigantea, although its specializations 
seem related to its herbaceous habit, exhibits basically the 
same pattern. Coreposis gigantea and Narvalina have non
storied xylem, thus differing from Bidem hcndersonensis 
and Venegazia. Venegazia differs from the others in having 
bands which, in transection, appear to be apotrachcal paren
chyma. These bands, however, which occur at the begin
ning of a growth ring, prove to be only shorter, wider 
fibers, and the condition is reminiscent in this respect of 
Wilkesict. The presence of radial rows of pores is like 
Coreopsis and Narz:alina; the wide, thin-walled fibers are 
reminiscent of Bidens and Coreopsis. The wood of Vene
gazia suggests that it may well be a specialized member of 
coreopsidinae. 

\'ERBESININAE 

Because it is the largest subtribe of Heliantheae, the diver
sity of this group might be expected to be greater than that 
of other subtribes. This is, in fact, true, although it is inter
esting to note that Borrichia, Hclimlfhlls, Momanoa, Oye
dttea, l'odachaC11izmz, Scalesia, and Z cxmfmia lack any 
obvious specializations other than those characteristic of the 
tribe at large. Other genera sh~w only o~e or two fea.tu~es, 
such as storied fibers ( Verbcsma). Considerable specializa
tion is evident in Flourensia cemua and Encelia ca/ifomica. 
That such specialization.s arc local . man.ifestations in the 
taxonomic system seems hkcly; Encelttt farmosa, ~or example. 
confonns to the pattern of the seven genera hsted above. 
\' ariation in the tendency of. ray cells ~o he erect o~ l?ro
cumhenr is disregarded in this connecuon. Such v:mauon, 
nlthough perhaps significant, docs not appear to be corrc-
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lated with other modifications of ~ylem. T~e t\~·o ty~es of 
ray cells most frequent in l Ieliantheae, JSOdJametnc to 
crecr and !Jorh procumbent and erect. ~eem rather random
h· distributed amona the taxa. Borricbia fnttescens, for 
C:xample. lacks procu~1bent cells in rays. alrhough they are 
present in B. arborcscens. The tendency of r~ys to be wholly 
compo:-;cd of procumbent cells ( Flozmmsza) seems more 
clearly an ad,·anced character. 

Mt\DIL\ '\£ 

T he apparent di' crslt) of xylem in 1\lad iinae seems 
c:msed by the numerous species 111 '' hich cerrain specializa
tions arc present. As a ''hole, this subtribe seems more 
advanced in wood structure than \' erbesininae. Certain 
genera. like JVilkesia and \Jad1a, have wood similar to the 
type considered basic in V eruc:iininae. In \ • erbcsininae, only 
two spccic:i, Flouremia ccmu.1 and En celia calif omica, were 
observed to ha,·e an appreciable number of \"ascular 
tra~heids. In \~adii?:1e. howe~·er. these occur in A rgy ro:ri
phmm, Blephanzo71J.:I: Dubm1t1.1. and Ht:mi:onia. There seems 
to b~.no characte~ of wood anatomy which clearly separates 
~ladu~.ac from \ erbcsin inac. Because the CO\·erage of the 
Hawauan gener~ included in this subtribe is relati,·ely com
plete, more detailed taxonomic comments can be made: 

• (~ Argyroxipbium .and lrilke~·ia have quite different 
t) P of '' ood, confinnmg the \\mer's opinion that these 
t\\ o genera should remai n separate (Cari{]Uist 1 9\ -1c ) The 
presence f 1 ' - · 

• · 0 vascu ar trac.heids, aporracheal parenchyma. and 
sfton~~. woo~ st:ucrurc m Argyroxipbiznn are features not 
ounu m WJ/kes1a Wil/..•c .· h 

• • · .l ltr, on t e contrary, appears similar 
to ccn:aul spcctcs of !Jubnutia, such as D. rail/i ·d· .d . 

( ') • . .n 101 es. 
~ I he species of 1lrg .· 1 1 . . licaric 

1 
yroxlp :Jillm s 1ow some dtvcrsJ-

fercn:~t~~i'orng t lClnl..,clvhes. Argyroxipbium Caliginii is dif-
rom t 1e ot ers by ·rs t · d 1 A. sandwicbcure has 11 • 1 s one xy ern, \\ hcrcas 

numero nota J y narrower. shorter vessels more 
us per group than those of A G . • 

tracheal parench)'lll; . .' . . . · r,rY_amnn. No apo-
. '' .ls seen m A . sand'I.L•zcheme. 
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(3) T~e species of Dubautia are highly di\'ersified. In 
constdcratJon of the apotracheal parenchyma. discussed 
above. a possible line of speciali7.ation was indicated: 

(a) Vessels are few per group. fihers non-storied or 
obscurely storied; little or no differentiation of 
fibers; Yascular tracheids absent: D. Kmtdsenii, D. 
railliardioides, D. paleata. It seems of interest that 
these three species are all endemic to Kauai 
(Hawaiian Islands), and arc placed next to each 
other in the monograph of Sherif ( 1935). They 
seem, then. to he closely related, although thev 
are separated by distinct characters of groSs 
morphology. 

(b) Vessels more numerous per group; fibers differen
tiated into short (apotrachcal parenchyma) and 
long, both storied; ,·asc~l:tr ~rachcids. absent or 
infrequent: D. taxa. D. /means, D. 11/J~r~cepba/a. 
Dubautia linettris is transitional to (c) m Jts sharp 
differentiation of fibers and apotracheal paren
chyma. 

(c) Vessels narrow. numerous per group; conspicuous 
differentiation into thick-walled. long. narrow 
libriform fibers and short. wider. thin-,~·alled apo
tracheal parenchyma cells; near~y all vertical ele
ments storied· vascular trache1ds abundant: D . 
plamaginea, n: platyphyn1, D. Me11zicsii, D. thyr
siflora. D. struthioloidcs. 

1 r is noteworthy that the species included in (a) and (h) 
arc, with the exception of D. /ineari.r. included in the genus 
f)ubautia in the restricted sense (Sherif. I 9.35); the con~ents 
of (c) consist of both species of Dubamza ( scusu stricto) 
and Hailliardia. Because of the great similaritv amon~ the 
woods of (c), the writer agrees w.ith Keck {!936). that a 
single genus is desirable; no clear hnes of dcmarcatton b~
twecn ~ Dubautia and Rail/iardia can he demonstrated m 
respect to wood anatomy. .. 

In regard to the Pacific Coast mcmhers of the ~1adunnc. 
• ) · I' t' appc1r to have similar processes of xy em spec1a 11.a Jon · : · 
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t.tken place. 1\ladia sati·•·a is similar to TVilkcsia; the species 
of H emi-:onin studied show as much, and the same kind of, 
difference from MJdia as do rhe species of Argyroxiphium 
from Wilkesia. Conscqucnrl) , Hemi:.onia Mintbomii and 
Argyroxiphium Ctrlrgmu look remarkably similar (compare 
fig. I 2-14 wirh fig. 15-1 i). Blcpht1ri:,onia is specialized in its 
,·ascular rrachcids. \Vhcrher or not the specializations of 
Pacific Coast :\ladiinae and the Hawaiian genera treated here 
h~\'e been t~tally independent, sJmilar patterns ha\·e cer
ramly been followed m both groups. The evidence from 
'' ood anatomy is nor opposed to the union of these two 
group~ "iLhin a single subtribe. 

GALJ:\'SOGJ'\AE 

Because only a single spectes of this subtribe was studied 
no comment concerning relationships can be made. Th~ 
presence of ~~cre~ory cana~ m rays of Bebbia is of interest, 
and the dtstnbutton of rhts character ,.,·irhin the 5 bt '1 
s~ould be studied. The storied xylem of Bebbia acrre~s ,~·'i:~ 
r c more ad\'anced position of Galinsoginae. 

0 

,\1E:LA:\IPODI'\ 1\E 

Espefetia and l.ecocnrpm alth h h 
remarkably differem hab· · d oug . t ey are plants of 
similarities in scalariforn~\ an . ~ro~ morpholog,._ show 
presence of borh P. rocumb - transdmona pitti?g. of \'essclc;, 
· h f en an erect cells m ra • d 1 
10 t e act that wide bands of ) s. an a so 
fibers alternated with broad ba some\\ hat !>honer, wider 
fibers. In none of the s ec· ~?s ~f narrower, longer 
tween these two type/ ;csfi~u led IS the difference be
A I though some rendenco t . ders ~ery great, however. 
E · V 0\\ ar stoned struc ~· mcana and E. pleiochasia tl b .· ture occurs in 
LspeletitT is not unlih~ o ' fle I asJc X) !em structure of 
z~ . . . ' ne o t 1e Verbes· . 

nncma. I he occurrence f I . . mmae, such as 
!JI t ~~lied fibers in Espeletia omar~ anvely \\ tdc, thin- and 

phync habit of this genus . • y be related to the "mega
related to such a haiJit in. c~u::o as .sue~ fibers appear to "be 
taea (Carhluisr, 1957a) l - psts gtgantea and Chllnttll-
l'trrrh . . . . n comr·tst t I 

emum argenratum has th" . 11 o t lc abo,·e "ener:t · m-wa ed . 5 • ' ra)s com of 
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isodiametric to procumbent cells exclusively vascular 
rracheids, helically striate vessels, and thick-waU~d narrow 
libriform fibers. 

MILLERINAE 

T?c. on~y g~n~s studied,_ Clibadium, shows an interesting 
spectal_tzatlon m 1ts formatron of bands containing vascular 
r~a~hetds and strand parenchyma. Otherwise, this wood is 
suntlar to that of V erbesina, with which it agrees in having 
a tendency toward storied structure. 

LAGASCEINAE 

In ~icw of _the ~trong difference between the two genera 
of thts subtnbe m respect to flora l anatomy (Carlquist, 
1957b), the writer wished to compare xylem of Coulterella 
and. Lttgascea. Although only a limited amount of wood was 
avatlable on twigs of Lagascea belianthifolia from herbarium 
~a~crial, the wood s~cture of this species appears very 
sumlar to that of Hellanthus a1muus, thus agreeing with 
resemblances to the latter in floral anatomy. Coulterella, on 
the contrary, has band-; of apotracheal parenchyma and 
storied fibers. Although Lagascea may well be r~arded as 
a highly specialized genus related to Helianthus and its allies, 
the systematic position of Coufterelln is quite obscure. The 
fe:trures shown bv Coulterella can all be found in 1-Ielian
theae; one would· expect, however. a greater similarity with 
Lagascea if rhese two genera are indeed related. 

AMBROSIN AI': 

Wood of Partheuium argentatum is verv close to that of 
Hymenoclca. A number of botanists ha\•e "noted the similar
ity between advanced members of ~1clampodinae, such as 
Pttrtheuium and Partbe'l1ice, and memhers of Amhrosinae. 
Certainly the wood of both Partbe11i11111 argcmatmn and 
1/ ymeuoc/ea is highly specialized, so that their advanced 
position in the tribe and in the f;tmily is justified. Because 
of such close similarity between these two genera, however, 
treatment of Ambrosinae as a suhtrihe nther than as nn 
independent tribe seems preferable. The nature of differ
entiation of Ambrosinae from Mclnmpodinae is an interest-
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ing problem, a~ the results of \Vodehouse (1935) indicate, 
\\'hich descrYcs further study. 

Grindelia A~D Eastwoodia 
Steycm1ark (1937) has suggested that rhese genera repre

S(:nt outliers of IJcliantheae transitional to Astereae. With
our deta!lcJ eddence on the nature of wood in the latter 
tribe, little can be said concerning this hypothesis. Both of 
these genera shO\' deri\'ed rypes of \\ ood structure ·which, 
although they do not match any other genus in the tribe, 
are not outs1de the range of variability found in H eliantheae. 
The. wood o~ t~e Grindeli,r species srudicd does not appear 
part1cularl! snmlar to that of Eastri.IJOOdia. 

G£'-ERAL CoNCLt.:SJO!\S A:\D Su:\tMARY 
From the material studied, the following characters would 

:~.ppear w be ad:anced: very na rro\\· ( 60 microns or less) 
'~el_s; ag&regattons o£ numerous Yessels; presence of helical 
s.manons m ".essels a?d vascular rracheids; presence of 
\ascular tracheJds; stoned wood structure· ravs H omo ene
ous II; rays composed of rhin-wa lied, ~on~hgnified ~ells· 
presence of apotracheal h . T . ' added to th r parenc y rna. hts last character is 
such parenc~,~~a ob:~~scount of .the appar~nr derivation of 

. as seen m DubautJa. 
The problem of dealina .· h · · · in a family of wh'cl 

11 
l \\It prumt1ve ,·ersus advanced 

in comparison wir~ ~~o: 11~;' oods are rar?er specialized
As norcd hv B ·1 Y ons at large-IS an acute one 
surveys of dicr,t~~lee~ ( 1957 )' the trends established fron~ 

· ; nons as a wl 1 ;tpplv for all wood h 10 e cannot be expected to 
· . c aracters in a fam' l f 1 . suggestions conccrnin d 1 Y o t 11s nature. The 

ha\'e, therefore be g ad vanced characters in Heli:mtheae 
I 

, en ma e on th b . f 
on \' where striking sp · I' . e asJs o established trends 
stratcd in ~ther f. efla 17.atl0ns have been clearly demon~ 
rcm:~indcr of thea hml tes (e.g.. storied wood) . For the 
rc · d · c :'lfacters a rarl · · · . quire · 10 which rhe ass : . 1er mtumve approach is 
lzeu cha ' ocJatton of hvpo h . ll . racrers wirh each h . . r Cttca v special-
cxJsring _taxonomic. hvlo ~r er IS noted and coniparcd to 
the famtlv The f llrb.·l. g nenc, and anatomica l stud' . 

• ' 3 I I Jty of this . ICS 10 · · approach IS obvious, and 
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~he writer bel~eves that Compositae demonstrate difficulties 

10 phy logenetic ~se of wood characters much better than 
they otf~r clear mstan~es of their usefulness. Heliantheae 
serve to Illustrate the highly advanced nature of woods · 

· f '1 
10 

tlus am1 Y· 
Because the gamut of ~haract.ers in which significant 

vanatlOn can be observed 111 Hehantheae is not large, the 
value of wood anatomy for taxonomic use in this tribe 
arpe? rs to be restr~cted mo.sdy to a comparison of species 
w1thm a ge~u~, o~ m some m~tances comparisons of related 
genera. Dehmttatwn of subtnbes or tribes on the basis of 
wo~d charact~rs alon~ . is not possible. Comparison of 
Heltantheae wtth Mutisteae offers few discrete points of 
difference. One rather striking feature is the relative absence 
of uniseriate rays in Heliantheae, whereas wide multiseriate 
rays are common in this tribe. Uniseriate roys are abundant 
in Mutisieae, and multiseriate rays, where present, are gen
erally narrow. The tendencies toward the production of 
vascular tracheids, storied xylem, and apotracheal paren
chyma are all more prevalent in Heliantheae studied than in 
the materials utilized by the writer for Mutisieae, but these 
hardly afford points of differentiation between the two 
tribes. Study of other tribes with woody members will be 
use_ful in giving perspective to the variation patterns de-
scnbed thus far. 
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THE UPPER STORY OF TROPICAL FORESTS! 
DAMMIS HEINSDIJK 

Superintendencia do Plano de Valorisa;ao Economica da 
Amazonia U.N.F.A.O. Forest Mission for the Amazon 

Valley, Bellm do Para, Brazil 

R ELATIONSHIP OF UPPER STORY VoLUME ro TOTAL VoLUME 

oF FoREST 

With the data from table 8 at hand, it is possible to 
transform the tree counts from the aerial photographs, sub
divided into "low" and "high" trees per crown diameter 
class, into the volume of standing timber for the upper story. 
As the volume tables for the Amazon trees are not yet ready, 
the general form factor 0.7 (Gonggryp and Burger, 1948) 
is used for the calculations. The volume of standing timber 
in the merchantable bole for the single tree is equal to: 

D.B.H.2 X .!.!. X length of merchantable bole X 0.7. 
14 

Table 11 gives the results for the Amazon data with the 
corresponding data from Surinam in parentheses. 

Table ll. Vot.UM£ OF STANDING TIMBER FOR UPPER STORY TREES IN M.
1 

cROWN DIAMETER 

CI.ASS 

I 
II 
Ill 
IV 

"LO\V Tll££S" 

1.1 ( l.S) 
1.7 (3 .2) 
2.5 (4.2) 
4.3 (6.0) 

'
1HI(:H TREES" 

2.6 {2.2) 
4.4 (4.1) 
7.2 (7.0) 

12.0 (9.6) 

The forests under consideration were surveyed for com
mercial purposes. In the samples, all trees from 25 em. 
diameter at breast height, or just above the buttresses, and 
upwards, were enumerated .. If the!e i~ a ~cmand fo.r pole 
or timber wood from certam spec1es, It wJll b~ poss1bl~ to 
present from the data obtained, the necessary mfonnatton. 
Becaus~ of recent progress in pulp and paper research, the 
smaller trees below the 25 em. d.b.h. limit, were counted on 
parts of the samples. It is possible that in the future the pulp 

)Continued from Tropical Woods 107: 84. 
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. d . will have a special in~ere~t m 
and paper m UStf) ld be clear that interest m t ~~ 
s1mller trees. It shou .. alotlC but that It 1 

' . . h er sto1) · . . is not lumtcd ro t e upp 1 contrast wJth aenal 
. 11 11 trees present. n . 1 

pracnca \' a . . h temperate zone, acna onorl()~ 
graphs of most forests 10 

t . e se onh· a fraction of the 
graphs of t_rop1cal fo_r~~~exl~~~ info.nnation about uooJl::al 

number_ ot t~ces. f lJ e~al photographs, rhe relat 
forests IS d~stred r~~r ~ and the total forest must be 
between thSJs upper ch) a relationship was indeed 
lbhed In unnam su h A 
The s~me also prO\·ed co be the case fort e mazon 
under sun·ey. Fig. 5 present~ ch_e Amazon data; fig. 6 
the Surinam· data (from Publlcat!On 1 3 of the C~ntral Bu 
for Aerial Survev in Surinam) and also mcludes 
Amazon curre from fig. 5. The Surinam data are from 41 
samples mostly of one hectare each; the Amazon data 
from 41- samples of one hectare each. 

Both cun·es shO\\ between 1 ""0 and 180 m. 3 total (or 
gross) \·olume per hectare, a ~·pica! bend for '' h.ich at the 
moment a satisfactory explanation . cannot be g:1ven. T he 
differences between the CUlTes, wh1ch show a htgher total 
"Olume for Surinam than for the Amazon at the same upper 
sron· volume, can be explained to a certain extent by the 
fact· that the total number of trees enumerated per hectare 
for rhe Surinam samples was much greater than that for the 
Amazon samples. Thjs larger number of trees is mainly due 
ro rhe higher number of trees in the diameter class of 25-34 
em. Table 12 gives a clear picture of these differences. 

At the ~nd of table 12 the averages for the total range 
of the Surmam data and for the corresponding Amazon data 
are listed. Tr can be seen from the curves that the greatest 
di~erences are in the upper stof)' classes of 40-80 m.3 It 
will also be seen that the averages for this part are prac
tically the same. 

The forests surveved in Surinam were much denser than 
those in the Amazo'n Valley and had roughly 40 trees per 
hectare more. Half of these were in the diameter class of 
25-34 em. The average number of upper story tree..<; per 
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Table 12. A COMPARISON OF THE TOTAL NUMBER OF TltEES PER HECI'AJl£ 
ASO THt.; ~UMBER AND VOLUME OF THE ntEES FROM DIAMETER CLASS 

l5-34 CM. FOR THE SURINAM AND THE AMAZON DATA 

UPPI'R STORY TOTAL NUMBER DIAMETER CLASS l5-34 CM. 

'olume OF TREES Number of trees Volume in m.• 

class Surinam Amazon Surinam Amazon Surinam Amazon 

40 

45 

so 

55 

60 

65 

70 

75 

80 

85 

90 

95 

100 

105 

110 

115 

120 

125 

All 

40-80 

130 

152 

159 

145 

141 

152 

148 

150 

147 

151 

151 

152 

161 

158 

158 

149 

159 

164 

151 

126 

94 

105 

109 

106 

103 

103 

113 

Ill 

107 

107 

114 

110 

111 

117 

109 

115 

Ill 

72 

82 

86 

72 

71 

72 

68 

71 

65 

67 

69 

70 

69 

71 

76 

65 

70 

65 

Total averages 
73 

56 

45 

51 

54 

52 

50 

45 

49 

so 

42 

46 

52 

49 

50 

S5 

48 

so 

47 

36 

43 

46 

39 

38 

40 

36 

41 

35 

37 

38 

38 

38 

35 

44 

36 

40 

36 

38 
109 51 

Averages of upper story volume class of 40-80 m.• 
148 71 39 

50 

29 

24 

24 

30 

30 

30 

26 

26 

30 

29 

27 

31 

29 

3l 

34 

30 

30 

30 

29 

28 
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hectare for Surinam was approximately 30; for the Ama~on 
20. There b a strong temprarion ro ~rrempt an explanation 
of the difference!> between the Sunnam and the Amazon 
data for the relationship of cro\\ n width to bole diameter 
and upper story ,·olumc to total ,·olume of the forest entirely 
by this difference in densitY. For the smaller (younger) 
upper ston· trees there is more room for de,·elopment in the 
open fore;ts; they can gain rapidly in heighr. Since there 
is also more space in the upper srory. these trees can better 
dc\'elop the width of rhcir cro\\'ns, \\ hich. in turn would 
indicate a smaller bole diameter for rhe same crown width. 
The larger (older) upper story trees ha\·e less root compe
tition in open forests. I herefore, they can more easily 
de\'clop inco heayv rrees. This would mean a areater bole 
diam~re~ for rhe same _crown width in the mo~ open for
e:ts. fh1s last cxpl:mano~ seems to be contrary to expecta
tion. It would appear log1c:tl to haYe a smaller bole diameter 
corresponding with rh~ same cro\\ n width, because the 
cr~wns o£ these trees can more easily de\·elop horizontally. 
\\hen an upper story tree has a crown complerelv free from 
the lower trees it no longer de,·elops up\\'ard. Tl1ese crowns 
ha,•e a dens~r appearance (more leayes) and some of them 
~ta~ droopmg at th~ periphery. T herefore. it seems that 
~~c tre_es ?o not gam much more in widrh. The fact that 

h
e cun cs m ~g. 6 meet each other. could only mean then 

t at at a cenam stage 1 d'ff . . • ' 
the hirrher .. ' t \e 1 crence m Yolume. caused by 
rapidly inc~~~~~r ~!~~~~~s E;rtl~cctare, is equalifzed by the 
open forests. \Ve arc forced e arge ~rees o the more 
species whose characreris . to dea~ \nth so many tree 
the time being it is im ti.C~I re so little known, that for 
sugg~srion. For practical~~:~> he, to present :nore than this 
relatiOnship between the volu } t~e photo-mterprcter, the 
total volume of the forest ha mb e o the upper story and the 

\ I. · .s ecn tabulated (table 13) 
' s can ue seen from these da . . 

\'eyed were more unifor . ta, the Sunnam forests sur-
in the Ama'lon Valley •11,-'n. volume than those surveyed 
i~ the Surjnam data so~e 

0

1
; ~fa~ly due to the fact, that 

ttons were not included r rhlg~ and the low observa-
. n rca lty m the Amazon Valley 
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T allie 13. RELATIONSHIP BF.TWF..EN llf£ VOI.UM£ OF m E UPPF.R STORY AND 

1 m : \ OLU:\IF. OF llfE TOTAL FOREST IS M\'ES FOR 11tE AMA7.0N FOR£Sr 

·' 'll lifE St:Rr..:.,:\1 •·oRESr. DATA •·oa •:sPECIAI.LY llltiH AMAZON 
I"ORESTS, ARE ISDIC.An:D IS PARE.'IiTIIF.SF.S. 

\"OI.U:\t£ TOTAL VOLUME \'OI.U.ME TOTAL \'OLUME 

UPPfR FOREST IN M.' t:PPF.R FOREST IN M .' 

STORY STORY 
IS \1.8 A:\IAZOS SVIUNAM ISM! AMAZON SURINAM 

10 
52 

15 
62 

20 
72 

25 
82 

30 
92 

35 
102 

40 138 
112 

45 146 
121 

50 153 
130 (151) 

55 161 
140 (163) 

60 168 
150 (175) 

160 (187) 
70 183 

170 (199) 
75 189 

179 (211) 
RO 195 

188 (223) 
85 201 

195 (231) 

90 

100 

110 

202 (238) 

208 (245) 

215 (252) 

222 (260) 

229 (267) 

208 

214 

220 

226 

233 

115 239 
236 (274) 

120 246 
243 (2!!1 ) 

125 252 

130 

140 

145 

ISO 

155 

1(,0 

249 (21!H) 

256 (295) 

263 003) 

270 (310) 

277 0 17 ) 

284 025) 

291 ( 332) 

298 (339) 

TOTAL VOLUME 

FOREST IN M .' 

VOLUME (SL'RINA:\t 

UPPER DATA 

STORY LACKING) 

IN M.' AMAZON 

165 

170 

175 

180 

185 

190 

195 

200 

205 

210 

215 

220 

225 

230 

235 

240 

304 (347) 

31I (354) 

318 (361) 

325 (368) 

332 (376) 

339 (383) 

346 (390) 

353 (397) 

360 (404) 

367 

374 

382 

389 

396 

413 
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there were more heavv forests surveved than in Surinam. 
The low forc~ts in SU'rinam occupied comparati\·ely small 
patches \\ hich could c.1sily be mapped with the help of 
excellent \'Crtical aerial photographs. Th~sc patches usually 
had :m outstandingly d ttferenr composttJon from those of 
the surrounding higher forests. _T his was especially rru~ on 
sand\· soils where there \\as otten an abrupt change trom 
highly mixed. to pure forest srands of Eperua falcatn or 
Dimorpbaudr.r conjttgat.r. In the Amazon forests such 
changes were not obsen·ed. There it appeared more to be a 
slow degeneration from high to IO\\ forest. Some of the 
tree species disappeared and the gro\\ th of the remaining 
species bcc~mc \'tr) poor. Forest type mapping, especially 
for the obh(1ue parts of the rrimerrogon photographs, had 
~ere to Le based main!:· on the available samples. Therefore, 
Jt was also necessary to enumerate the lower fo rests. \Vith 
g?od vertical photographs on hand, the enumeration of this 
kind of forest can. as _ ion~ as the: do not occupy large areas 
or arc of commerctal mtercst, mostly be avoided (and 
sepa.rated_ o~ the forest type map). \ Yhen during an explora
tof) ~u.n e~. small patches of forests are met " hich show 
\'cry dtffer~nt composi~io? fr?m that of the surrounding 
fores~. a stmple descnptton ts sufficient If th ... f 

· 1 · · ey are o commercta tmere~t because of their locat'1on d · · · an or com-
posmon. subset}Uentlv the\· can be enumerated 1 Th · · · • separate v. 

e questton remams howe\·cr. of whether 'tt ·, .. 'II . 
k I. t 1 · b poss1 1 e to 

ma c a re ta > c e~runatc of the total volume of the Amazon 
f~rcsr: from aenal photographs with the hel f h d 
gt\'en m the rahles. P 0 t e . at 1 

Da_ca arc 3\'ailable of a systematic fo rest , .. 
area m the Territory of Ama 3 (C i sun e~ m an 
Enumerated here \\:ere trees f ~~g. 1) made m 1956. 
breast height, or just above ;~~11 3 tarneter of -l-5 em. at 
Regularly :;paced from each otherbut~ress~s, and upwards. 
of one hectare each tal·en f r 

11
· ''ere '? forest samples 

breast height, or just above r~'; ~ut trees Wtth a diameter at 
up~ards. By exrractin the a\·era tresses, from 15 em. and 
all trees from the dia~etcr class·~~ 1'~ol~me per hectare of 
volume per hectare of all . f )--4 ~m., the average 

trees rom the dtameter class of 
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25-H em. and upwards was obtained. Fortunately this part 
of rhe forest was covered by the verticals of a uimetrogon 
flight strip. In this case, it was possible to make plot enum
erations from these photographs. Three photo-interpreters, 
who had never visited this forest area, counted three sets 
of 36 plots of one hectare each taken at random from the 
aerial photographs. The following average volumes per 
hectare were obtained: 177, 172 and 151 m.3, or an average 
of 167 m.3• The average of the total volume from the actual 
field enumeration was I 65 m.3 per hectare. From forest areas 
covered by the verticals of trimetrogon flight strips in 
region B of fig. 1. two sets of 50 plots of one hectare each 
taken at random from the vertical photographs were counted 
by two photo-interpreters, who had also visited parts of 
this area. The results were: 215 and 216 m.8 per hectare. 
The average of the samples of the exploratory survey was 
231 m.s (real average between 227 and 235 m.3 :chance 2 in 

3 ). 
In a particular part in region 0 of fig. I, 50 plots of one 

hectare each were counted from the verticals of a trimctro
gon flight strip which covered a comparativclv small por
tion of this area. By using the same data as before an aver
age of 250 m.8 per hectare was obtained. In the .fi~ld, 38 
samples of one hectare each were enumerated gtvmg an 
average total volume of 314 m.3 per hectare (real average 
between 304 and 324 m.3 per hectare :chance 2 in 3). For 
the parts of the Amazon forest surveyed up to now, this 
area was extremely dense, with an average number of 14_2 
trees per hectare. The most remarkable fact was, that th1s 
density could be obtained from tree counts of the u~per 
story. The average numbers of upper story t~ees f~r reg10ns 
C and B were both 22 per hectare, whereas m reg10n D the 
average was 32 per hectare. This is about the a_vcrage for 
rhe Surinam forests. It will be clear that the data m table 13, 
calculated from forests with an average of 1 O? trees per 

I nnot be used for forests of approxtmately the 
1ectare, ca . ll 11 ry trees 't'on but with hracnca y a upper sto same compost 1 1 f 142 
in the "hi h" class and wit an average rota .o . trees 
per hecta!e. In attempting to correct the devtatmg results 
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obtaincu from the aeneral data in table 13, all observations 
with an a\'erage m~mber of 130 or more trees per ~ectare, 
were -.cparatcd. As has been done for all obsen·ar1ons to
gether. the.-;e data were put into graphic form. and the total 
~ olumcs corresponding with the upper sror~· \·olumc cl~s..o;es 
were abstracted from the cun·e. T hese ,·olumes arc g1ven 
in p.trenthcscs in table 13. Bv using these data, the average 
of the total ,·olumc csnmates from the aerial photographs 
rises to 289 m.3 per hectare, which is a. fairly good result. 
As onh 39 of the 41., Amazon obsen·anons had more than 
130 trees per hectare. the data in parentheses in table I 3 
should be regarded as preliminary for the time being. 

In region E of fig. I, a fairly large forest area was found 
with a uniform l<l\\ 3\'Crage total volume. Some valuable 
tree species were present. so this area had to be included 
in the sampling procedure. Only a pan of it was covered 
by the \'erticals of a trimetrogon flight strip. In that place 
10 samples ~\'Cre enumerated in the field. As close as possible 
to the locauon of these samples, I 0 plots of one hectare each 
were enumerated from the vertical aerial photographs. The 
sampling data in the field were: "'2. I 10, 101, llO, 118, 117, 
116, 139, 63 and 107 m.3 per hectare. or an average of 105 
m.a. The sampling data from the ,·errical aerial photographs 
\\Cre: 112. 102. 102. 102. 112. 112. 82, 112. 121 and t+O m.a 
p~r plot of one hectare or an average of 110 m.a per hectare. 
1 he .last two cx:1mples are from forest parts which arc ex
cepuonal and occupy comparati\·ely small areas. The dara 
for these parts arc onlv presented to illustrate the .. ·1 ·1 · · f 1 • · poss1 >1 -
1t1es o vo ume cst1matcs from aerial photographs. 

A forester who has enumerated numerous forest I 
can I· ~ 11 1 · samp es, rna ,e exec cnc ocu ar volume estin1ates . I r.l l .f f · · . ' · In t 1C JIC ( o 
orcst .Parts \\'l[h '' h•ch he is acguainred. The f . . 

phoro-mterpretcr can do the same from ster .or cst~J
phorographs. 1 n estimate the total volum eoscoprc ac.n al 
forests from aerial photographs is h e ~f these trop1cn l 
~imilar estimates from forests in then~~c easier. than mak ing 
the range of the total \'Oiume of th mperate .zone, because 
comparatively small With I' 1 ese .trop•cal forests is 

. . a Itt e expenence in the field , 
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combined with proper photo study, the foresr.s with a total 
volume less than 150 m.3 and more than 250 m.3 per hectare 
can ea~ily be identified on photographs; they are, respec~ 
rivcly, usually unifom1ly low with a smooth crown canopy, 
or uniformly h!gh and dense with a very coarse crown 
canopy. To est1mate the total volume of tropical forests 
having a total volume between 150 and 250 m.3 per hectare 
is a little more difficult, since they show a much more varied 
canopy. 

The forest surveyor who has samples of a certain forest 
area in \vhich he has enumerated in succession, low, high, 
and higher forests, will seldom think it necessary to make 
total volume estimates from the vertical aerial photographs 
used during his survey work. At that time he is much more 
interested in the composition of the forest than in the total 
volume. Only in the exceptional cases, as mentioned under 
PuoTo-I~TERPRETATIOX, and if the aerial photographs were 
taken when one or some of the upper story trees were in 
full flower (deduced from obsen·arions made in the field), 
it is possible to obtain \·aluable additional information abo~t 
the forest composition through plot counts from the \'ertl
cal aerial photographs. 

\Vith a steadily growing amount of sampling data from 
the Amazon forests a\·ailable. it becomes more and more 
evident, that there is a certain relation between the total 
volume of the forest and its composition. Practically every
where groups of tree species are fou~d which grow broader 
and taller in the heavier forests than 111 the low forests. Most 
of the occasionally encountered ~recs arc confined to either 
the high or the low f?rests and d1sappear when these forests 
change into low or lugh forests, or at least only .occur. there 
as an exception. A good example was found m reg10n B 
( fig. 1 ), wl1ere the forests on the slopes of a pl:tteau '~·ere 
surveyed. These slopes \V~re mostly covere~ by obhgu~ 
photographs, so type mappmg became very d1fficult. It "as 
observed that on the higher parts of the slopes ~~aranduba 
(Manilkara huberi) grew in reasona~le quanuue.o;, whereas 
on the ]ower parts of these slopes this tree wns r:trely seen 
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or tabulated. From the ob,·ious di~erences in total volume 
of the forc.'>ts on the low and the htgh parts .of thcs~ slopes, 
it "as nece~~ary to di,·ide the ~lope ~orests mto a htgh a!ld 
3 low type, coinciding ' ' irh rhe h1gh and _stce~ c!ay1sh 
parts and the lower and Aaner sandy parts . . \s an mdtcator 
ma~arnnduba wa~ u-.ed. The resul~s '' ere: a\·erage of all 
samples taken on the slopes 132 m:~ per hectare; low P.art 
(~ample~ ~'itbout ma~saranduba) I ll m.a per hectare; l11gh 
parr (samples -.:.:it h massaranduba) 167 m.3 per hectar~. 

Considerina the rc.,ulrs obtained of total volume estimates 
from plob ~, :~erial photogr~phs an~ th~ fact that it. is 
impossible or high!~ speculatt\·e to ~denr1fy ~ree spec1es 
from aerial photographs in highly m1xed trop1cal forests, 
the e:\isting rc:huionship bet\veen the total volume of these 
forests and their composition will be put on a sound statisti
cal base. \ Virhour the means to estimate directly the total 
volume of the Amazon forests from aerial photographs, it 
'' ould be high I) interesting ro haYe data regarding this 
relationship. bur it would not make the survey work easier, 
more efficient, or less expensive. It would stili be impossible 
to have bcf orehand (which means before t he start of actual 
field sampling) information which could be checked, instead 
of all the information being retaken. T he forest sun·eyor 
\\ill be eager to make plot counts from the vertical aerial 
photographs to he used during his next sun·e,., if he is 
convinced that the dara obtained will enable him to obtain 
bener. or :tr lca~r the same results as before '' ith less time in 
the field. 

Co~ctus1oxs 
Th~ timber and . veneer wood extractors are interested 

onlv 111 those trop1cal tree species that c"n '· 1 · 1 
• • • 1 • · · ' " ue exp o1reu ccononuca 1}·. Csually rhev can C''tract 1 · · . . . .' , .... argcr quantities 

and more useful tnnber from the 111·gh P t 1 f f 
I • 1 · a c 1es o orests w 1crem t wsc desirable species arc co l ·h 

· · mmon, ntt r e rc\·ersc may also he tJ·ue. It often happens that th d' 
·. d ·I · h ' e me lllm-SIIc trees, '' He occur more freque tl . . h I 

f n \ m r e ower orest parts, arc of better C]Uality with less· h I 
•h 1 \I · · · ca rr rot t 1:m • c argcr trees. ~ so, thcv can be ha dl 1 . • 

• • • n c< more easllv. Bur 
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in general, these extractors will have only slifht interest in 
the coral volume of the highly mixed tropica forests. 

Ir is probable that pulp and paper research will reach a 
srage ''here it will be possible for the industry to utilize 
economically, all, or a great number of tree species from 
these mixed forests. As pulp wood must be cheap in com
parison with \'eneer and timber wood, the production per 
hectare must be high; probably at least 100 m.3 To reach 
this amount, all, or a group of tree species which are com
monly present, will have to be used. I~ that instance t~e 
possibility of making total volume esttmares from aer1al 
photographs will become of the utmost importance. 

At the time Publication J 3 of the Central Bureau for 
Aerial Survey in Surinam was written, attempts were made 
to obtain such estimates, but the results were nor satisfac
torv. This was mainly caused by the fact that the differences 
in the height of the upper story ~rees was less accentuated 
in Surinam than those observed m the Amazon. Further
more, the number of observations on which the relationship 
between the volume of the upper st~ry and _the tot~) volume 
of rhe forest was based, was cons1dered msuffic1ent. The 
typical bend in the cun•c. \\ hich gives a decrease in growth 
of the total volume per upper story volume class. from 18.0 
m.a per hectare and upwards, could n?t be e~plamed. It IS 

still impossible to explain this bend sattsfactonlr. The same 
bend, which is even more accentuated, occ~rs m the .Ama
zon curve. Therefore this trend must be mherent m the 
relationship between the volume of the upper story and 
the total volume of the forest. 

Volume estimations from aerial photographs will. v~ry 
robahly never reach the same degree of accuracy as s!nular 

~srimates taken in the field (Spurr, 1_952). However,~n ~~he 
initial stage of forest survey work m th~ Amaz<t ad e~ 
there is no need for great accuracy. Wha.t .Is urgent y nee e 
. I . . 'nformation about the compositiOn of the forestS IS >aSIC I 

located close to navigable rivers. 
Accordin to Ricardo Lemos Froes (Lucio de ~stro 

Soares, 195f) typical Amazon trees occur not only m the 
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Amazon \ ·aller, but also in the western pans of ,\laranhao. 
From cast to ,~;est in Brazil, the Amazon forests occur over 
a front of 3.000 km. The p:trts located close to the na.vigable 
ri,·crs arc e:.timatcd to occupy an area of approximately 
100.000.000 hectares, or 2 5 per cent of the total fo rest lands. 
T he expectation i!>, that the compos~tio~ of the d~ land 
forests close to the Amazon Rn·er. mil differ onl~· sltghtly, 
and will ch:mgc graduaii~T from east to west. C p t~ n~w, 
samples co\'cring a f ronr of approximately 600 km. JUStify 
this expectation. 

The Amazon RJ\ cr. and parts of its larger tributaries 
flowing through Brazil, are navigable to seagoing ships. 
From lhe point of \ IC\ \ of transportation, the importance 
of the forests localcd close to these rivers, is the same for 
foreign mark~rs :tS it is for the more populated southern 
pam of Br:lZil (Gachot et al., 1953; \ 1cGrath, 1955) . For 
this reason. an initial fores t survev \\.·ill have to cover the 
whole area of I 00,000,000. hectareS". The least costly. quick
~st, and abo the n_JOst des.trable way of executing an initial 
torcst ~urvcy of t~JS magmtude, would be of course. by pure 
photo-l~terp:ctatt~n. \Vhe~her it will e\·er become possible 
t~ obtam .rchablc •_nformatJon about the composition of the 
h1ghlX m~xed troptcal forests of the Amazon Yallev in this 
way, ts. ?•ffi~ult·to· foresee. At rhe moment 1t is no't pracri
cahlc .. I h~. sun C) .method. used at present, is forest type 
m~pp1~g "nh the a1d of aenal photographs based on samples 
t~kcn m rh; field. By cmpl~ying this means rojreparc tota l 
\ olumc esumates from acn al photographs an t k' · . 

I . . . a mg mto 
accou~t t lC ~n~rcasmg skill of the photo-inter retcrs in 
deducmg prelmunarv infonnarion about tile forestp . 
· · 1 1 • · composi-tiOn Wit l r 1e help of the available sam lin d ·, 

Progrc .. f h · · · 1 f P g ata, n c ss n t e Jnl tJa oresr survcu can be 1.11Crc d I 
Stanl ·. II ·1·1 · · .r asc su l -, •·• r. l C aun 1s ro replace g . d 11 I. · ' Ia ua v part of tl · s:unp mrr \\ ork in the field b · 1 · • . lC 
enabling~ larger f . ! P lOto-mterpreranon, thcrehv 

, OJ csr a rcas ro he covered . h • 
M s:unplc-;. m t e same number 
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THE A:, _\ TO;\tY OF SO.\ lE T l.\lBERS FORMERLY 
11-\CLLTDED l~ PWTADENIA 

J. D. BH,\ZI ER1 

Department of Scientific and Industrial Research, Forest 
Products Research Laboratory, Pri11ces Risborougb, Eugland 

INTRODt:CTIO""> 

As a result of recent '" ork particularlv by Brenan ( 1955), 
the numerous species formerly incl~dcd in Piptade~1ia have 
been reclassified and are no\\ constdered to conmbute to 
eighc genera. T hese are Piptadenia Bent h. (sensu stricto), 
Anadenallti:Jera Speg., Golduumitt Rose ex .\1icheli, Newtonia 
Baill., Pityrocarpa (Benth. ) Britton & Rose and three 
genera described by Brenan for the first time, lndopipta
denia, Mo11oschimza and Piptadeniastncm. 

The fifteen African species of Piptadenia (sensu Into), 
described by Baker (1930) , are now referred to Newtonia 
except for the important economic species, Piptadenia 
ttfr~camz H ook.f., which is now known as Piptadeniastrum 
ttf:tcm_mm (Hook.f.) Brenan. This species has a wide dis
tnbutlOn through \Vest, Central and East Africa and is 
l~~Uy very common. Irs t imber has been exported to the 
Cntted Kmgdom and other European countries under a 
number of names according to the. ~ountry of origin, among 
~hem dahoma (adopted as the Brmsh Standard name; Brit
Jsh Standards Institution, 1955) f rom Ghana, agboin and 

1~he author wishes to record his appreciation for the co-operation 
rcceJ\•cd ~rom the ?'·crscas correspondents who kindly made spcci
;cn~ availablr; ro lum· Dr. Chowdhu_ry, until rcccnrly of rhe forest 

cscarch fn~nrute, Dehr~ Dun. !ndta; Monsieur "Jormand of the 
~nt~c ~cchmque Foresuer T roptcal, Puis; Monsieur Lebacq of the 
• , usee oyal du Congo Beige, Tun ·uren, Belgium; Dr. Stern of the 
\'ale School of foresrry; Senhor David de -\zamb · f h · · 
Forest Service· Professor \ Iii . f h ·8 · . UJa 0 t e Bra7.than 
J · '- · anez 0 t e otamc G ardens Rio de 
anctro and Senor J. A. Castiglioni of the Adm' . . \ .. . I 

de Bo~ues, Argentine Republic , h J tm~ac10n "" actona 
Prof~or Tortorelli's slide prcp~ra~ioonsa s7 mad~ avaftla~le cert~in of 

Th' . . . o spectcs o P1ptndema. 
. IS paper ts published by pcrnussion of th D e f . 

ufic and lndu!>trial Rc~earch . e partmenr o Scten-
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ekhimi from Nigeria, dabema from the French West African 
territories and mpwere from Uganda. The name mpwere 
has a1so been used in Uganda for the timber of Newtonia 
buchanani (Bak.) Gi1bert & Boutique, thought to be 
similar to that of Piptadeniastrum africmum, and for a long 
time the timbers of the two species were marketed together. 

As part of the programme of testing Commonwealth tim
bers at the Forest Products Research Laboratory, Princes 
Risborough, six logs of "Piptadenia fl{ric1111a," now Pipta
deniastrum africanum, and seven of "P. buchanani," now 
N ewtonia bucbanani, were received from Uganda in June 
1954. From an examination of this materia] it was clear that 
the timbers of the two species differed appreciably in gen
era] appearance, and it was found subsequently, in certain 
technical properties. It was of considerab]e interest, there
fore, to determine whether they could be distinguished with 
certainty on the basis of their ''·ood anatomv. 
Duri~g the examination of these and othe; African species 

of Piptadenia Brenan published his revision of the genus. 
The investigation was then extended to include an examina
tion of wood specimens of as many as possible of the species 
1isted by Brenan in order to determine whether the groups 
recognized by Brenan and established as genera could be 
distinguished from an examination of their wood anatomy. 
So far as is known no comprehensive study of the wood 
anatomy of the "Piptadenia" timbers has been made before. 

Wood specimens of all eight genera described b~ Brena!l 
were available for study but for two of these, l11dop1ptadema 
and Monoschisma only a single specimen was available. In 
the following des~riptions a brief account of the physical 
properties of the timbe~ is fol~owed by an account of the 
anatomical features of dtagnosnc value . 

ANADENANTRERA 

As now constituted, Anadenanthera comprises four 
species, A. colubri7Ul (Veil.) Brenan, A. falcata (~enth.) 
Speg., A. macrocarpa (Benth.) Brenan and A. peregnna. (L.) 
Speg. Commercially, the most important of these IS A. 
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711acroc.trpa
1 

the ccbil colorado ?r curupay of t~e subtropi: 
cal and dn· forests of the .\.rgentme :md Parag~ay: T?rtorelh 
( 19-+S) has ginn :1 derailed account of t~e dtstrtbutton and 
importance of th1s spcc1es m the Argennne. Anadenallt~Jera 
peregrin.t is dcscnhc:d b~ Record and H ess .(1943) as Nzopa 
peregrina. It l'\ a medium-sized tree occurrmg from cen~ral 
Rrazil, through the Guianas and V enezuela t?. rhe W.est 
Indies. A. colubrint1 and A. f.tlcata are both Brazthan spectes, 
the for·ncr known as angico and camhuhy ferro. 

Dcscnpnon~ of the wood anar?~Y of ~- macrocarpa hav~ 
been g1\en b~ Couo ( 1951), Kn?s (19)0) _and T ortorelli 
(1948), and Pere1ra (1933) has bnefty descn bed the struc
ture of A. colubrinn. \Vood specimens of A. colubriua, A. 
macrocarpa and A. peregrina were available for study . 

Tbe timbers.-The timbers of all three species studied arc 
\'erv hard and hca\'Y. The heart\\ ood is red-brown with 
darker stripes in A.' mncrocarpa, and dark brown with a 
reddish tint in A. colubrina and A. peregri11a. The texture 
is fine. and the grain usually interlocked. T he "eight2 of 
the heartwood is '"of the order of 60 lb. per cu. ft. in a11 three 
species and up to iO lb. per cu. ft. in A. macrocarpa. 

Stntctu~e.-\"esse Is solitary and in radial groups of 2-4 
and occasiOnally more; moderately small, 1 00-1601-l mean 
tangential diameter and moderately numerous. i0-150 per 
sq. mm.; somewhat larger and less numerous in A. colubrina 
t~an in A. macroc.1rp,1 and A. peregrina. Vessel-vessel pit
u_nt: mo~cr~tely ~oarse, i-91-l tangential diameter; ray-,•esscl 
pmmg s1mtlar With mostly 2, occasionally 3 rows of pitc; 
per ray-vessel field. · 

. Parenc~yma moderately well dc,•cloped, vasiccntric tend
mg t~ ~ltform. Scatrcred strands (diffuse) present, usually 
con~ammg ch~mher.ed crystals. Chambered crystals abund
ant m the \"as1ccmnc parenchyma. 

Ray tissue h~mogcneous; multiseriate rays up to 6 but 
mostly 4 cells \\'ldc. 

~All weight data refer to specimens in the air d d' . I 
otherwise stated. · - ry con mon un css 

. . . 1 111 1 Fra ' A 7/old;.'l/.llltlxr~l . I . I , •. ,,,l f t lll.l f/~11 II : ' :-- · • • • 
l u•. I 4.- ·tg. · . 1 

" : • •
1 
hh~ 1111 thC,l' r.mg.:ntt.ll 'l'<.:'-

r- ' lttfcrtnCl' 111 ra\ " ' · • 1 · tu.rcroc.trp.t. otc l •. ' (. lltll .rtti l {lliTol~ I('IHi>, t.mgcnu.t w<.:ltllll 
. ,. I 100 l tg ' t CJ I • I • ~ , .. ' , • ••• rrons. >or 1 X .- • · . ·

1 1. 1 1ucndl\ 111 ,1, X Ill. tg . ... · '·· • 
ro ~h<m confluent, Jm·.tll) •.ut< ~·. I. ' II ,,····tinor uni-craatl' t.t\·, .uhl 

·• 1 , • trial 'l'l'llon 1 ll' " :o rom.t su.i'i.'<'CJ ellS, t.mg~• 
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. F_ibres thick-walled; septa not observed and not recorded 
m !Jrcratur_c (Coz~o, 1951; Kribs, 1950; Tortorelli, 1948). 

c;ompamon ~..:;rtb other spccics.-Jn color, texture and 
\\.c~ght the spec1~s of A11ade~!m1thera arc similar to Piptadenia 
ngt~a. :\.n~tom~cally the timbers of the two genera arc 
r~a?1ly dJ_stmguJ~hable _on ray width, the rays in Piptade11ia 
rtgtda bemg mamly bJ- or occasionallv triscriarc whereas 
in Auadcnantbera they are tvpically 4 and occasionally more 
cells wide (fig. I, 2). • · 

Material cxamined.-Anadeuambcra colubrina (\'ell.) 
Brenan, two specimens, Brazil; A. macrocarpa (Benrh.) 
Brcnan, eight specimens, Argentine Republic, Paraguay, 
Brazil and F lorida (cultivated); A. pcregri11a (L.) Spcg., 
two specimens, Brazil and Puerto Rico. 

Goto:\tA~tA 

Brcnan has listed two species of Goldmtnria, G. plat_ycarpa 
Rose ex ~1icheli and G. paragumsis (Benth.) Brenan. \Vood 
material of the former was not a\·ailahlc and. so far as is 
known. has not been described. The following description 
refers onlv to G. pttraguensis. This is a bush or small tree 
of the northern Argentine and Paraguay .md is known as 
ihara-ne, literally "stinking tree.'' l~"ortorclli ( 1948 ), who 
has gi,·cn an account of the species, savs that because of its 
disagreeable odor the wood ic; not used. 

The wood is of medium weight and a uniform. slightly 
greenish-yellow color throughout. It has a moderately fine, 
even texture. The disagreeable odor reported in the green 
rimbcr is nor noticeable when the wood is dry. 

Structure (fig. 3).-Vcssels solitary and in short radial 
groups· moderately small, abour ioo,t mean tangential 
i.. , • s 
diameter and moderately numerous, 60-70 per 10 sq. mn~: 
Vessel-vessel pitting moderately coarse, the ray-vessel ptt-

1Torrorelli (1948) describes the vessels as numerous to very numer
ous, 12- 30 per sq. mm. Examination of his illustration~ shows that. G. 
paraguensis has the least numerous pores of the spec1es he. d~scnbes 
and, accepting the magnification as gh·en, the number for Ius Illustra
tion of G. paraguemis is about 7 per sq. mm. 
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ring similar and mostly with two rows of pits per ray-vessel 
field. 

Parenchyma well dc\'elopc~, Yasicentric, alifo.rm, often 
confluent and locallv formmg short, tangenttal bands. 
Chambered crvstallifcrous strands present. 

Rav tissue homogeneous; rays nor more than biseriate 
and rhe majority uniscriare with only occasional biseriate 
portions. 

Fibres moderately thick-'' allcd and apparenrly non-sep
tate. 

Comparison witb otber spccies.-In irs wood anatomy 
Goldmania is distingUished from all the species studied l>y 
the abundance of irs parenchyma which, although of the 
paratracheal type characteristic of the group as a w hole, 
extends laterally often forming an irregular banded arrange
ment. 

Material cxamined.-Goldmmzia paraguensis (Benth.) 
Brenan, two specimen~. Argentine Republic. 

I :\DOPIPTADE~IA 

The gcn~ lndop!ptadenia has .been established by Brenan 
for the Ind1an spccJcs. fom1erly mcluded in Piptade11ia and 
n?w k.nown as.ln~oplpt~denia oudhensis (Brandis) Brenan. 
Lm!~ mformaCJ.on. 1s a,·~llable about rhe sp~cies but Gamble 
(19--). has descn~ed 1t as a moderare-s1zcd tree with a 
ycllow!sh or redd1sh, close-grained timber, hard, durable 
and wnhour color contrast between sapwood and heart
wood. 

The .only ma~crial ava!lable was a small specimen, not 
authcnttcatcd wnh. hebanum material bur from its struc
~urc .clearly bclongmg to the Piptadenia complex. It has a 
~ns,ty of a~JOut .f7 lb. per cu. ft., but is large! tension 
wo~d and this figure may be abnormally high. y 

8tmcture.-Vcsscis most!}' solitary but occ . II . 
Pa· d ~ h . as10na y m 

trs an s on radtal groups· sparse 40-50 10 
and modcrarch• small 100-160 ra ' . 1 d'per sg. mm. 
v 1 • • • • P. ngcnna tameter. Vessel-

esse ptttmg coarse, mean tangential diameter about 9 . 
p., 
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vessel-ray pitting similar with 2-3 rows of pits per ray
vessel field. 

Parenchyma vasicentric, well developed aliform and in 
the late wood locally confluent. Diffuse strands, commonly 
with chambered crystals, present and chambered crystalli
f crous strands present in the vasicentric parenchyma. 

Ray tissue homogeneous; multiseriate rays 2-3 cells wide. 
Fibres moderately thick-walled, due, in part, to develop

ment of tension wood; apparently non-septate. 
Growth rings present but not well marked. 
Comparison with otber species.-The presence of narrow, 

predominantly bi- and triseriate rays and the absence o.f 
septate fibres serve to distinguish lndopiptadenia oudhensrs 
from all other species examined during this survey except 
those of Piptadenia (sensu stricto). 

Material examined.-lndopiptadenia oudhensis (Brandis) 
Brenan, one specimen, India. 

MoN05CHISMA 

Monoschimra as known at present comprises two species 
of Brazilian origin, M. inaequale (Benth.) Brenan and .M. 
leptostachyum (Bent h .) Brenan. . . 

The onlv material available for study was a smgle spect
men of M. leptostachymn. It had b~en . cut fr?m . a small 
tree and was sapwood throughout, pmktsh wht~e tn color 
and with a moderately fine texture, a shallowly mterlocked 
grain and a density o{ about 46 lb. per cu. ft. 

Structure.- Pores solitary and in groups of 2-4. moderately 
numerous, about tOO per tO sq. mm. and moderately small, 
90- 150p. tangential diameter. average about 1.15#'- ,Vessel
vessel pitting mod~ra.tely fi.ne, 7-Sp. tangenti~I d1amete: 
vessel-ray pitting s1mtlar, with 3-4 rows of p1ts per ray 
,·cssel field. 

Parenchyma vasicentric, aliform and locally con.ftuthent 
• · Ch b red crystals};resent m e between adJacent pores. am e 'ff d 

. h d bundant as 1 use stran s vasicentr1c parenc yma an a 
among the fibres. 
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Ray ti sue homogeneous; ra~·s exclusively uniseriatc. 
Fibres moderately thin-\\'allcd; septa not obsen·cd. 
ComparisoTl witb otber spccies.-Anatomically AI01lO-

scbisma is similar to the A mcrican species of I\' e'U.·tonin and 
the species described as J>ityrocarp,l A, but pending an 
examination of more marerbl of Monoschisma it is uncertain 
"hether it can be separated from these genera for certain. 

"\'rWT0:\1.\ 

Baillon's genus Nc'U.·toma has been re-established and as 
no"~ constituted comprises. fourteen species, eleven of them 
Afn~an .and t~e rest Amen~an . . i\lost species ar~ large trees, 
n~an~ p1 oducmg an attt·ac~l\·e nmber of porent1al commcr
ctal mrercsr, but so far as ts known onlv N. bucbmumi has 
been. exploitc~ and t~1is .on a small scale only. The African 
spectcs .are w1dely dtsrnbuted through the tropical regions 
f~om .s1erra Leone in the west to Somaliland and Ta~gan
ytka tn the. cast and Angola and Zululand in the south 
alth~ugh. wtrh rh~ exception of S. lntchammi, none of th~ 
spec~es has. a wtdc geographical range:~ The American 
spectes _arc

8 
Jmp

1
crfectly known; N. nitida (Benth.) Brenan 

occurs 111 rai'J and N. psilostacbya (DC.) Brenan has been 
recorded from the Guianas Specin1ens of "7 57 1 0 J' ) . l'i • IO"iJeO CllS 

1
.; Jq.h GBre_nan ha,d•c he~n rccch·ed from Brazil, British and 
rene ~Uiana an Sunnam. 

au~~ill~f1~::J,8;.~c~J~n~i~~~i~ c~e~;r~i~d distributions are: N. 
<Bak.) Gllben &: Boutique' Bclcri ·c . HAllY Coast; :\'. bucb.m.lm 
Rh d • . . . • e- an ongo, ngola Ugand K 

o CSJa, I anganvJka :\'\'asaland \1 b. • a, enya, 
(Baill.) Kear. (s):n .• \•. • ii,;f~nis llaill ~za~~ Jque; N. duparqnettana 
Ghana, Gabon; N. cllioti (II arms). K: • • Jcrra Leone, Ivory Coa~t, 
{Hanns) Brman Somalibnd· ~ .;;·l) '.Sierra Leone; N. crlaugcri 
Came.rocms. Gah~n Port~ u~s '. C grt 0711

'
7110 (Baill.) Bak. f., South 

<Pcllegr.) Gilbcn '& Bout~t u~c ongo, ,\Jayumbc; N. gltmdulifer.1 
hildcbrandtii (Vatke) 'I orrJ v;r C~~l~7ons, 9ahon, \layumbc; N. 
~~01..1mhique, Zululand, \'ar. pub;sc:n/ ~r·~ldtu,_ Kenya •. Tanganyika, 
b!que, N_ •. lcucoe/ITpa Olanns) Gilbert & ~cna~, f anganyJka, \lozam
N. prr.LCIJUg~ Olanns) Brenan (s , . ?un9ue, Gabc~n, \layumhe; 
f.) fangan)Jka· N. zc:nkeri II I ynC. C)ltcodtscus bawscombei Bak. 

1 am1s, arncroons. 
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N C"..1Jtonia has attracted little interest so far as its timbers 
arc con~crne~ and there arc few published descriptions of 
rhe spcctes. Chalk ct al. (1932) and Fcrrcirinha (1955) have 
described in detail the structure of N. buchmmi and Scott 
( 1950) has illustrated and given a brief description of this 
species. ~ormand ( 1950) has illustrated and described the 
timber of N. ~up~rquetiana. \Vood specimens of ten of the 
fourteen species hsred by Brcnan were available for study. 

The timbers.-The heartwood of all species of Ne't:.:to11ia 
examined is rypicalJy pink or red with sometimes a yellowish 
tinr. In most species it is pale pink with the yellow color 
well marked in N. nitida, N. S7tavcolcns and some specimens 
of N . bu.cbanani, but N. griffonitl1Ul is a medium red-brown 
and N. hildebra11dtii a dark red-brown. The texture is 
mostly fine but moderately coarse in N. buchtmtl1li and N. 
leucocarpn. The grain is typically interlocked, producing 
an attractive stripe figure on quartered surfaces. The weight 
\'aries from moderately light to heavy. Weight data for the 
specimens a\·ailable arc as follows: 

l\•. aubre-:_·i/lei: 36-52 lb. per cu. fr .• 3\'Crage of 3 ~pccimcns, 41 lb. 
per cu. ft. 

X . budxm.mf: 26-44 lb. per cu. fr., :n·cragc of 11 specimens, 36.6 
lb. per cu. ft. 

l\'. duparqueti.ma: (2 specimens) • . 'il and 57 lh. per cu. fr. 
N. gl.mduJi(era: (2 specimens). 37.5 and 49 lb. per cu. ft. 
[\,'. gritTo11i.m.1: (I specimen). 49 I h. per cu. ft. 
X. Nldebr.rudtii: (2 specm1cns), 5.l.5 and 62.5 lb. per cu. ft. 
.V. nit ida: (~ specimens), 45.5 :md 49.5 lh. per l'U. ft. (both pieces 

mostly sapwood). 
l\'. lettcoctiTpa: (I specimen), 46.5 lh. per cu. ft. 
N. paucijug.t: 43.5-54 lh. per t·u. ft., average of 3 specimens, 48 

lb. per cu. ft. . 
N. sua-.;eo/ens: 39-55 lb. per cu. ft., a\'erage of 5 spccamens, 46 

lb. per cu. ft. 
Structure (fig. 4, 6, 8, 10).-Vcssels SJ'!lall to l_nrge; smal.l_. 

mean tangential diamet~r Jess than IOO,u. m N. ht!de~tl1ldn_r, 
N. nitida and N. pauctJuga; large, often cxceedmg .OO,u. m 

crorty-eight pieces, each 5 ft. X 6 in. X 2 in., \'aricd from 29 .to 40 
lh. per 'cu. ft .. md a\·eraged 36 lb. per cu. ft. at 12 per cent mo1sturc 

content. 
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diameter, in N. Jmcbmani and N. leucocarpa, medium-sized 
but mostly rather small in the remaining speci~; \'ariable in 
number. mosth• spar.-e. 20-70 per 10 sq. mm. m N. aubre
dllei: N. lmch~n.wi, N. duparquetiana, N. hildebrtmdtii, N. 
leucocarpa and .\'. rt"1-..·•olem, exceeding 100 per 10 sq. mm. 
in the remaining spectes and occasionally very numerous, 
2.00-400 per 10 sq. mm. as in .V. paucijuga. V essel-vesscl 
pining fine to moderately fine. +-7 p. tangential diameter; 
\'CSsel-ray pitting similar, commonly with 3, occasionally 
4 rows of pits per ra~·-ycssel field (fig. 10) . 

Parenchyma mostly sparse, vasicentric with tendency to 
abaxial dc\'elopmcm in some species, e.g., N. suaveloens, and 
sometimes shortly alifom1. Diffuse parenchyma present in 
N. bucbanani, N. bildebrrmdtii and N . paucijuga mostly 
sparse and co~taining chambered crystals. Chambe;ed crys
ta~s obset;ed. ~n the paratrache.:.tl parenchyma. of all species 
except \'. mttda but sp:.trse m N . glandultfera and N. 
m.r..:eolens. 

Ray tissue homogeneous; ra\'S mostlv 2-3 cells wide. com
monly 1- a~d :!.-seriate m V. aul·~eviliei and N. duparqueti
ana, and umscnare '' 1th only verv occasional short biseriate 
parts in N. nit ida and \. maveolens. 

Sca~r~rcd secretory ca\·iries ?f indeterminate length and 
conratnt~g a pale br.own. gum-hke substance are a fea ture of 
rhe .rays m the spcctmcns of :\. niti1a studied. 

Fihr~.; thin to m?de:~rcl~ thick-\\'!!lled. septa obsen·cd in 
all spectes except N. mflda and N. mat•eolens. nonnallv well 
de\•eloped and conspicuous bur sparse and difficult t · · 
N. hildebrandrii. 0 see m 

Growth rings absent or onlv poorly deyeJoped in most 
species. ~ · 

Comparisou among species.-The s ecies f N . 
can J,e divided inro t\\'o \\'ell defined (Jf-oups ~I ,. ewt?ma 
speci,.... (N · 'I d ,. r ::. · • 1e • men e-m ."'"' .1/ltltaan n.suavcolens)d'ff. f . 
Afncan species in rav width and absence If enng rfiom the 

T · : · · 0 septate bres. 
he Afncan spec1es conran a rc . ll 

\~eight, texture and in their PP Ctah> e ra~ge of color, 
anaromy s ow dtffcrenccs m 
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ray width, size of vessel-vessel pitting, abundance of cham
bered crystalliferous strands, etc., which, taken together, 
n: av enable a separation of individual species. However, the 
material at present available is considered inadequate ro 
gi\'e a definite opinion on such a separation. 

N. bucbanani is the only species known to have been 
exploited. Its timber has been marketed as mafamuti from 
\1ozambi(JUe and muchenchc from Uganda. In rhc past it 
has been sold as mpwcrc, a name used also for the timber of 
Pi ptadeniclstrum africauum in Uganda. These species can 
be distinguished with a fair degree of certainty and the 
salient points of difference arc described under Piptadeni
astmm africtmum. 

Atnterial exami1red.-N ewtonia aubrevi/lei (Pellegr.) 
Keay, 3 specimens, Sierra Leone; N. Jmcbana11i (Bak.) ~il
bcrr & Bourique, 13 specimens. Kenya, Uganda, T:.tnga~ytka, 
Nyasaland; N . duparquetiana (Baill.) Keav. 2 spcctmens, 
Gabon and Mavumbe; N. griffoniana (Baill.) Bak:f., I 
specimen, Belgian Congo; N. glandulife~a (Pelleg:r.) Gtlbe~ 
& Boutique, 2 speci~ens. ~\1~yumbc;. N . htldebra7rdtu 
(Vatkc) Torre, 2 specunens. 1 anganytka; N. /eucoc'!r_Pa 
(Harms) Gilbert & Boutique. 1 sp~cimcn, Ga~on; N. mttda 
(Benrh.) Brenan, 2 specimens, B~aztl; N. pauct]U~a (Har~1s) 
Bren:m, J specimens, Tangan}:tka; N. sua-..:eole11S (~1tq.) 
Rrenan. 5 specimens. Br. Gmana, Fr. Gmana, Surm:1m, 
Brazil. 

PtPTADF.:o\IA 
Bren:m lists onlv rwo species for Piptadenia Benth. (senm 

Jtricto), \'iz .• P. rfgida Be~th .. and P. ptero~·penna Bent h. but 
it is clear from an exammattOn of tts wood anatomy that 
Piptadenia excelsa ( Gris.) Lillo is. correc~l~ placed here. All 
three species are of South Amertcan .ort~m and P. e.-reels~ 
and P. ri1{ida are important commcrct:.tl tnnhc.rs . . To~orclh 
( t94R) has given a detailed account of. rhe dJ~trt?unon of 
t hcse species in the Argentine and descrtbes thetr ttmbers. 

D , · · of the wood anatomv of P. excelsa and P. 
escnpuons • II ' (t94o) . . .~ · en h)• Cozzo ( 1951) and Tortore 1 n • ngzua are gt\' . . · 
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~pecimens of P. pterosperm,l were. not 3\'a ila ~le for st~dy 
3Ild the following accounr summanzcs rhe s~h~nt physical 
and anatomical features of P. e.l:celsa and P. ngzda. 

\\'ood hard and hca\'\'. red-brown in color. modcrarelv 
fine textured and rc!>cmbling Cuban mahogam· (S-u:icte11la 
mabagoni) in appearance bur appreciabl~- hea,:ier, about 60 
lb. per cu. ft. 

Structure.-Porcs solitary and in groups of 2-+, moder
ate!\• small. 120-130p. mean tangential diameter and moder
ate!~· numerous. 60-70 per I 0 sq. mm. in P. rigid.r, slightly 
smaller .md n uch more numerous. 150-200 p er 10 sq. mm. 
in P. e.rce/~.1. \ cssel-\·cssel pitting moderately fine, 6-71l 

maximum diameter, and the ray-\ esseJ pitting similar, usually 
"irh 2-3 rows of pits per ray-vessel field. 

Parenchnm \'asicentric, sometimes '' ith a tendencv to 
aliform dc,·elopmcnr parricularlv in P. excelsn. Scattered 
:.trands (diffuse) common. usuallv comainincr chambered 
crYstals. Chambered cn·srals abuildam in th~ ,·asicentric 
pa~enchyma. · 

Ray tissue homogeneous; mulriseriatc rays 1-3. mosrh 2 
cells wide. • · 

Fibres modcrarelv thick-walled and app::trcntly non-sep-
tate. • 

Gro\\ rh rings di~rincr. 

Comp~r~son 'l.!'itb otbt:7 species.-The timbers of P. c:rcclsn 
and P. rrguia arc :.upcrfi.cially similar r~ t~ose of species of 
A11adenambera. Anarormcallv thcv arc drstmC7uishcd b,• tl · 

'd h · I" d · · · :, 1err r?y ';IJ r
3 

: '". tpt.T l?llta the rays are rvpicallv 2- or occa-
swna Y. -senate '' hcrca~ in species of Anadelumtbern rhev 
are ryprcally ~ and occasJOnall: 5 cells wide (fig. 1 1 ., j 

Material t'.mmin. ed.-Piptadenia e.rce/sn (G · ) 1
3 ~lcl ~ · 

. A . R . rrs. ,J o 4 ~pecrrnens, rgcmme epuhlrc; P. rirrida J3e h 6 . ' · 
A · ,, 1 1. ·~ nt ., specr-

mcm! rgcntrnc 'cpuo rc, Paraguay, Brazil I Fl .· I· ( cultrvared). · · n nc or H a 

P!1>]A£)f.:"\IAS1 RUL\1 

l'iptadcniastrum has been established " , B f 
Af · · f 1 · uy renan or the ncan spccrcs ormcr v known as Pipt .J • { • 

• auema a nca11n 
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I Jook.f. an? now. Piptadenia!tnmr. a(ricanum (Hook.£.) 
Brenan. This species has a w1de d1stnbution, from Sierra 
Leone in tl.1e west rhrou~h Central Africa ro Uganda. It has 
been cxplmrcd on a considerable scale and has been exported 
from Ghana as dahoma, from Nigeria as aghoin and ekhimi, 
from the French \Vest African territories as dabema and 
in consignments of mpwere from Uganda. 

A number of accounts ha\'e been gh'en of rhe wood and 
irs an~romy (Kribs, 1950; Lehacq. 1954; Normand, 1950; 
Schmidt, 19+9) and the following summarizes only the 
salient physical and anatomical features. · 

\Vood of medium weight, about H lb. per cu. ft..0 vel
lowish brown in color and with a superficial resemhhincc 
to iroko (Chlorophora excelsa). It has a \'cry coarse, open 
rexrure and a broadly interlocked grain. Freshly sawn the 
rimher has a very strong, unpleasant smell which disappears 
'' hen the wood is dry. 

Stmcture (fig. 5. 7 and 9).-Pores solitary and in short, 
radial groups. large, 240-280p. mean tangential diameter. 
clearh• visible to the naked eye, and sparse, 15-30 per 10 
sq. riun. \'essel-\'essel pitting coarse, 8-JOp. maximum 
diameter, and the ray-vessel pitting similar, usually with 
1-2 rows of pits per ray-\'essel field (fig. 9). 

Parenchyma well de\·eloped, \"asicentric. often with a 
tendenq· ro aliform. and confluent towards end of growth 
zone in 'some specimens. Scattered strands (diffuse) present, 
sometimes common and often containing chambered crys
tals. Chambered crystals present in the \'asicenrric paren
chyma, sparse to moderately abundant. 

Ray tissue homogeneous; multiscrinte rays 3-7, mostly 
4-5 cells wide. ... 

Fihres mostly rhin-wnlled, conspicuously septate. 

Growth rings poorly developed. 

"\Vcighr range 35-53.5 lb. per cu. f~ .• ave.rage w~ighr 44.4 lb. per 
cu. ft., based on 24 hand specimens. S1xry-mne spccuncns. each 5. ft. 
X " · X ~ 1·n from 4 trees a\·eraaed 45.8 lb. per cu. fr. nnd \'ar•ed <I Ill. • • :-. • 
from 3!1.8 to 49.7 lb. per cu. fr. at 12 per cent mo1sturc content. 
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Compari.,·011 'l.:.:itb other species.-ln its anatomical struc
ture Pipta,fc71iastrum africamn~J approaches most closely t~e 
!\pec1es described below as Pr~yrocarp~ B and although Jt 
can be separated from the s~ec1es exammed, from ~· go'TUJa
c.wtbn and P. '".:iridifiora by 1ts larger pores and their smaller 
number per unit area, and from _P. pteroclnda b~ the. more 
abundant parenchrma and consp1cuous gr~wt~ nng~ m the 
Pityrocarpa, the necessity for such separation IS unlikely to 
:mse in practice owing to rhe different geograph ic distribu
tion of the genera. 

Commerciallv the timber of Piptadeniastn1111 africanum 
is more like I)· to be confused with that of the African 
species of J\·e,..;..:toma and reference has already been made 
to the use of the name mpwere for both P. a{1icanum and 
.\'er;..~.:ronia bucbammi in Uganda. The outstanding differ
ences bet\\ een African species of Ne•wtonia and Piptadeni
astruw are ray width and the number of rows of pits per 
ray-,·~el.ficld; in .\'e·u;tonia the rays are predominantly hi
and m-senare and there are rhrce and sometu11es four rows 
of pits per ray-vessel field, \\ hereas in Piptadeuiastrum the 
~ays are typically .J.- and 5-seriate and the ray-vessel field 
mcludes one or at the most two rows of pits. 

Material exll1nined.-Piptadeniastrum africanum (Hook.f.) 
B~:ena~. '!.7 spectmens, Sierra Leone. l\'ory Coast, Ghana, 
"•gen:~. Belg1an Congo. Uganda. · 

PtTYROCARPA 

EleYen species h · b · 1 d d . . · . a\ e een me u e m Prtyroctrrpa by ~ren~n: all except on~ South American and mostly Brazilian 
~ ong'":. The excepno?, Pityrocarpa constricta (Micheli & 05

.e) Blltton & Rose, IS a small rree found in Mexico. 
1 he species of Pityr 1 . • 
l h · ocarpa 1ave received scant attentton :1m r ere are few put li ·h d d · · 

Will' > s e cscnpttons of their timbers. 
Hrcntams ( 

1936
) has d~scrihcd that of P. pteroclada (Benth.) 

(l?J~) I ras _Prptad<'ma /lava {Spreng.) Benth.l, Pereira 
',as g•,·cn an anatomical accounr of the wood of p 

grmacam J,? (~brr) Brcn ( p· d . · 
' · an as rpta ema C077nmmis Benth.) 
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and Record and Hess (1943) have given a short descriprion 
of the wood of Pityrocarpa constricta. 

T en specimens representing five species were available for 
srudy. Anatomically they fall into two distincr groups, viz., 
1) rhose timbers with predominantly uniseriate rays and 
non-septate fibres, here called Pityrocarpa A and comprising 
P. constricta and P. flava, and 2) those timbers wirh multi
seriare, commonly 3- and sometimes 4-seriate rays and con
spicuously septate fibres, here called Pityrocarp~ .B. and 
comprising P. go11oncantha, P. pteroclada and P. vmdif/orll 
(fig. 11 and 12). 

Pity'rocarpa A 
P. coustricta. The specimen studied is from the same tr~e 

as that described by Record and Hess (1943). The wood Js 
hard and heavy, of the order of 60 lb. per ~u. ft., and has 
a \'ery fine texture. It is a unifonn yelJowiSh brown and 
possibly sapwood throughout. 

P. fiava. A medium-weight wood, between 40:-50 Jb. per 
cu. ft., with a moderately coarse texture and mterlocked 
grain. The heartwood is yellow- ~o red~brown. 

Structure.-Pores solitary and m rad1al groups of up .to 
5-6 in P. constricta; moderately small, average tangential 
diameter I40fl and moderately numerous, 65-70 per 10 sq. 

· p {1-·a· small tangential diameter 50-90p and very mm. In . .. .,, , • . p . t 
numerous, exceeding 300 per 10 sq. mm. m . constnc.a. 
Vessel-vessel pitting moderately fine, 6-Sp tang~nttal 
diameter, vessel-ray pitting similar and commonly With 3 
rows of pits per ray-vessel field. . 

Parenchyma sparse, vasicentric with well marked ahform 
development and locally co~fluent in P. {lava. Chambered 
crystalliferous strands consp1cuous. . . . 

R t'ssue homoueneous; rays exclusively ~msenate ~n P. 

fl ay 
1
d edomfnanrlv uniseriate but w1th occas1onal ava an pr . . 

l . . t arts in some rays of P. constncta. 
J1ser1a e p . d J th'n 

. thick-walled in P. constrtcta, mo crate'! I -
Fibre~ p fl and apparentlv without septa m both walled tn • ti'Va • 

species. 
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Growth rings present bur nor well de\'elopcd m both 
~pccics. 

Pityrocarptt B 
\ Voods Ji[!ht (P. pteroclad.1) to moderately heavy, be

t\\ ecn 40 and 50 lb. per cu. fr. ( P. go11011Cantba and P. 'i.liridi
flora). coarsc-re:\tured and with a straight or slig htly inter
locked ~rain. Specimens of P. gouoacantba are srraw colored 
or gre\~ "irh a nurkeu pinkish tint and possibly sapwood 
throuihour. Specimens of P. pteroclada and P. ".:iridiflora are 
\\hire or ~cllowand entirely sapwood; \Villiams ( 1936) has 
described the heart\\ ood of P. ptuoclada as reddish-brown. 

Strucnm:.-Purcs solitary and in radial groups of 2, 3 and 
rurcly more; large, in all species the largest exceeding 200p. 
in tangential diameter and an a\·erage size from l30- 230p.; 
\'Cr~· sparse, I 5-20 per 10 SlJ. mm. in P. pteroclada and sparse 
ro moderately numerous, 30-80 per 10 sq. mm. in P. gonoa
canth.l and l'. ';:iridiflora. \ esscl-vessel pittina coarse, 9-l2p. 
tangc~t~al d~an:ctcr hut only --Sp. in P. virfdifiora; vessel
ray pmmg snmlar \\ irh 1-2 rows of pirs per ray-vessel field. 
P. go11oacamb.r. has a marked tendency to a semi-ring-porous 
structure, the s1zc of the early wood pores contrasting with 
those of the late \\ ood bur not forming a distinct pore ring. 

Parcn.chyma paratJ·acheal. \·asiccntric and \\ ith well devel
oped ahform-contl~cnr in P. pteroclada and P. 'i.:iridiflora. 
Chambered crystalhfcrous !>trands present. 

Ray tissue honwgcncou:-.; multiseriate ravs commonlv 
rhrce, often four and rarclv five cells wide. • . 

Fibres "ith thin r 1. 1 h. 1. • 
o lllO< crate \" t ICI\ wa lls and consplcll-ou~ly septate. · 

Gr~m th rings poorly dc\·eloped, marked bv a tendency 
to a fll~g-por?us structure in P. J{OllOtlCtllltba and by terminal 
p:ucnc 1Y11!3 10 P •. f'h'roclada and P. 'IJiridifiora. 

Com pans on "''It b at 1 . · l 1 . 
• 1 • "" Jel tim Jers.- n the1r anatomy the t101 lCrs of PJtyrorart \ . . .1 • • 
· 'd 'IV '11 

J arc sun1 ar to those of N ewtoma 
17llt ah, I • srm?eole1Js and Monoschhma leptostach.,,a as all 
arc c aracter,.,ed bv tl . ' ' 
'"'" f ~' le presence of uniseri:nc rays and , ... nee o '>Cptare ubre<; ' J h · · · 

· ey \'ary In such features as size 
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,md number of vessels, amount and distribution of paren
chyma and presence of crystalliferous strands but in the 
absence of more material, in particular of species of Pityro
carpa, it is uncertain how far these features arc of diagnostic 
\·nlue fo r the separation of these timbers. 

The species of Pityrocarpa B are the only American tim
bers among those examined with septate fibres. They ap
proach most cl.osely in structu_re the A~rican timb~r, ~ipu
deniastmm afncammz, and theJr separatJon from thJS t1mber 
is discussed under Piptade11iastrum. 

llaterial erttmined.-Pityrocarpa co11Stricta (Micheli & 
Rose) Britton & Rose, 1 specimen, Mexico; P. f/fl'Vll (Spreng. 
ex DC.) Brenan, 2 specimens, Brazil; P. go11oacamha (Mart.) 
Brenan, 4 specimens, Br~zjl ;. P. pteroclada (Benth.) Brena~, 
2 specimens, Peru; P. vmdzflora (Kunth) Brenan, 1 speci
men, Bolivia. 

Drscuss1os AND CoNcLusross 

On the basis of their wood anatomy the species examined 
can be subdivided into a number of distinct groups, based 

rincipally on ray width and the prc:'ience or absence of 
feptare fibres as indicated in the followmg key: ., 

1. Species " ·ith seprare fibres ........................................................................ : . 
I. Species with non-septate fibres ................................................................. , , 
2. Species with narrow rays, predominant!~ ~- and 3-seraated, somr 

· monl•· 1 seriate· vessel-vessel pamng fine to mo crate y tames com • - • . . · · . · h I 3 
fine, 4--i I' dianierer, ,-essel- ray pntmg sa malar \\It common J:, I 

d · 4 ro··,·s of pits per rav- vcssel field ................ GRo · an somenmes • · . . · b b · 
S · · ed · N •"'wtouia aulrrtt•tllct N ewtoma uc II7IJITU, pecaes examan · • . ' · N · 'f-

N cwt011ia duparquetima, Ncwt~!ua glmtdu~rfcra, ewtoma rJ" -
fonima, N ewtonia bildebrmdm, Ncwtonra lcucocarpa, ew 

tonia pauc!juga.. and 4-scriate and some-

2. ~pecies5 's"'elnt·hate~~~~j~~:es~~;nmpi~~~ ~;toderately fine to 2coarse, 
nmes - • . . · •t ' th mostly 1- rows 
7-12,u diameter, vessell-firald}' pmmg smuG~<~~ II African species. 
of its per ray- vessc e . ...................... . ' 

P . d p·pradeniastrtmt a(ncamnn. 
Species examme : 1 GRouP 111, American species. 

............................. : ............. : .............. p ...... g .. ;;,oacant/Ja l'ityrocarpa ptero-
S ecies exanuned: Puyrocar a ' 

cla1a, Pityrocarpa 'lliridi(lora. 
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3. Specie~ with narrow rays, typically 1-. 1- or 3-scriate ........................ _ 
3. Spcdc' \\ith "ide rays, rypically .J.- or 5-seriat~ ................ GROUP 

Species c.xamincd: rfruden.mtbera colubrma, An~rrnomtl&••;! 
macrocarpa, Anadfflantbcr.r pcn· '{T'ina. 

4. Parcnch,·ma abundant, commonh· confluent and locallv .... ,,u,.u ... _. 
--· ... --··-:-...................................... - .: ......................................... : •.. GRoUP 

Spcc1c~ examined: G o/dm.mi.: paraguensis. 
4. Parenchyma mo,tly ~parse, \ asiccmri~ or aliform and rarely con .. 

fluent except wwards end of growth nng ............................................. .,. ~ 
' Rn 1. niscriatl' or practically so ............................................ GRoup VL 

Species cxaminnl: M onoscbirma leptol1atbyunz, NP~n·tn•ti• : 
7 :Ja. :O..'t:-.;.•tfJ111.1 nur::colens, ritj· r ocarpa C017S1rict a, Pityrocarpa 
fl~n·a. 

5. Ravs c~Hnmonly '- or .3-scriar.e ...... GRoLP VII. American species. 
Spcc1c~ cxammcd· J>tptadcma excelsa, Piptadenia rigida. 

. .. ........................................................... GRouP VIII, Indian species. 
Spcc1cs cxammcd: l ndopifJ/adenia oudhemis. 

lt \\ill b.e seen that the grouping based on anatomical 
features brmg~ together, for the most part, species which 
Brcn~n ~ecogmzcs ~s for~ing distinct genera . The exception 
ro thts ts. Group \ I. wtrh representatives of three enera, 
M~no~cbzsma, Ne-J.:to1Jia and Pityrocarpa, chamcter~ed by 
um~enatc rays and non-septate fibres. T he species of New
toma represented arc those of o\merican orirrin and are 
cl~arlbscpararcd from those of African origin ~vhich com
pnscd. roup I. T he uniseriare condition possibly represents 
an a 'anced dc(Jrcc of · 1· · · 
Jink r1 .b specm tsatJOn and it is tempting to 
t . . lC Amc?~an species with the more usual bi- and 
nscnatc condition through those Af . . N 

aubrc"..'il/ci ami N d . . ncan spectes, e.g., • 
arc commor~ hut u~ua;'t~rquctza?~~~ m. w~ich uniseriate rays 
the abscn f ) occur "tth btsen ate ravs. However cc o scptarc fi b · h . . ' 
marked conrra!>t r h . res m t e Amencan species is in 

. o t ctr promine c · 11 h Af · spcctcs, except rhc thick- . 11 d n. e m a . ~ c ncan 
Th \\a e N. bzldebrandtzr 

c two species of Pit · · 
P. constricta and p yrocarpa mcluded in Group VI, 
genus secrio, p· · {la?.!a, represent the two sections of the 
·rh ' n lf)rocarpa and . 0 l cse species diffc 1 . s7ctton rt 'Jocraspedon. 
ycsscls but mhcrwi:cg~~~~ Y m the 51z.c a?d. number of their 
m marked contrast t htr stru~turc IS stmtlar and thcv are 

0 ot cr spectes of Pityrocarpa examined, 
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which have rays ~ommontr 3 and 4 and occasionally s cells 
"ide and fibres With conspicuous septa. 

The presence of Monoschimt4 in Group VI is based on a 
single specimen of M. leptostachya. 

It is not intend~d. to imply that the species mentioned 
abo, ·e • form .a dJ.stm~t natural group but. rather that 
Brenan s classlficatJon mcludes two genera wtth a greater 
range of structural variation than is normally associated with 
that unit, particularly in the Leguminosae. It is possible that 
Pityrocarpa should be recognized as including two distinct 
types and that the American species of Newtonia should be 
recognized as different from those of African origin and 
established as a separate section of the genus if the differ
ences are not sufficient to warrant the establishment of a 
new genus. 

A further point of interest is the simiJarity in structure 
between species of Piptadenia (sensu stricto) and that now 
known as Indopiptadenia oudb,ensis. These, alone of all the 
species examined, have bi- and triseriate rays and apparently 
non-septate fibres. Brc:nan (p. 179) stat~ that ~ong the 
genera with exalbummous seeds, lndopzptadema appears 
closest to Piptadenia itself, and this affinity is fully borne 
out by the similarity in wood structure of the two genera. 

SuMMARY 

An anatomical study of the wood of twenty-four species 
fonnerly included in Piptadenia supports, for the most/art, 
their re-classification into eight genera as propose by 
Brenan. A description of each of the eight genera is given 
together with a key for their separation. Differences be
tween Brenan's classification and that based on wood 
anatomy occur in Newtonia and Pityrocarpa, in both of 
which two distinct types of wood structure can be recog-
nized. 
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Anatomists studying the wood of obscure taxa are fre
quently confronted with a dearth of material both in 
numbers of samples and sufficiently mature specimens. At 
times recourse must be made even to the sparse second:try 
xylem from twigs of herbarium specimens. Results of 
studies on such limited material are, to be sure, unsatisfac
tory and inconclusive, and must he CJUalified with the usual 
number of modifying adjectives. Rarely is there available to 
the taxonomic wood anatomist sufficient material (Rendle 
and Clarke 1934a,b) of little-known taxa to enahle him to 
present anatomical data without also incorporating many 
qualifications regarding his conclusions. 

Several problems beset the anatomist so burdened: chief 
among which is the question as to the representativeness 
of the one sample at his dispos~l. Certainly a si~gle sample, 
derived from an unknown portion of a plant wall not truly 
represent the variation of anatomical structure in the plant 
under study. Furthennore, there is undoubtedly variation 
among different plants in the same taxon (Bailey and Faull, 
1934). Rendle and Clarke ( 1934a) point out the types of 
\'ariation that may occur in, for instance, vessel diameter: 
I) Local variation in a small sample, 2) variations from the 
pith to periphery, 3) variations from the base of the stem 
upwards, and 4) variat ions resulting from ~hanges in exter
nal conditions. The latter mav he supenmposed on the 
first three tvpes, further complicating the situation. These 
workers explain that it is possible to eliminate variations of 

1For his perusal of the statist!cal methods, the author.; w ish. to 
acknowledge with thanks the assistance of Dr. G eorge M. Funmral 
of the Yale School of Forestry. Appreci~tion is also tende~d Dr. 
D . s. Bullock of Angol. Chile for supplyang research material, and 
information regarding ages of trees. 
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the ~ccond type (dfcct of distance from the pi~h) .by :~cJICCt··· · 
in(T adult materi.tl irom a 1/Mture tree. Thcrcm hes one 
th~ most worrisome problems of the anatomist handi ... aa .. &l'l;;u 

ll\' limited material. Rendle and Clarke further state 
··~\t am· !!'i,·en hcitTht in a tree the elements of s 
annual ~i1~gs arc pr~Jg-rcssh·cly larger during what might be 
called the youthful peri~d. after which th~ mean size of 
clements becomes rcl;tm·ch- constant. \\'Jth small flu ... '•ue~~-. 
tions due to \'ariation~ in rhe external conditions. and 
"ood is said to be .uiult." These facts \\ere similarlv nP''"""'"~ 
~tratcd many years ago tn Pinus syh.:estris by San1o ( l 872 
a_nd more recently m Stquoia stmpt r;.:irens by Bailey 
l·aull (19H). Late!). \ oungs (1955) has suggested in 
stuJy of Ortbop1erygwm. rhat increase in the size of 
clements with age docs not proceed at the same rate for 
clements. 

~he a~e at \\ hieh tree species reach maturity doub 
,·~ncs ':lth the. taxon in l)Uestion (genetic niriation), 
gl\·en h1~ sclccnon of trees, the anatomist, without a 
mendo~s amounr of study. can do little more than 
the penpheral ponions of rhe wood for his studies and 
that ~e has chose~ mature material. It would be quite 
practJcahlc for hmJ first to studv radial strips from 
woody plants to be considered and to determine in 
case '' hcther mature i . · . . . "ooc IS present. The anatomist 
l_ng \\ lth IJnmed material is. therefore. doubh· confou 
tor o~te~ he has no idea of where. radially . his s 
\\fcrthe erJVc?; a~d if he has peripheral materi;J the t' ......... ,_ 

o e tree 1s snll ope t , . ' 
qualifv his results ~· 0 ~uesnon. H1s best recourse is 
of his· materi 1 .dma 'I{; mown to readers the limJra1UOJ[JJI 
~endle and ~:Jaa~e r~ 9 oil ow the sugge~tions given 
lmtitcd mar erial. ( Ha,h) for an:atom1ca I analyses 

An example of an . 
limited material i; th~natomlcal study performed on 
(Stem 1955) r h' 't presented by one of the U/l'llrP.I'I 

ahlc f;,r ana)\:S.ISn t diS \1\'0r~, on)y a small branch was 
· · an c escnpr' Th may be cxpe~tcd w . · t. Jon. e quantitative data, 

' ere su ))ectcd to the usual qualifi~iiLavU! 
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Howe,·er. after J?Ublication of this paper, five more speci
mens b~came avadable. ~hese were analyzed with a view to 
companng the results With those presented previously. All 
of rhe specimens subsequently available were older than 
rhc material studied in the first instance. It should be stated 
here that material for study was selected from the outer 
growth ring in all cases. 

The species in question, Gomortega nitidtt Ruiz & Pavon, 
has a restricted range and is known from the vicinity of 
Concepcion, Arauco, Tome, Collipulli and near the Rio 
Queule in central Chile. The cJimate here has been recorded 
(Blair, 1942) as a Mediterranean or subtropical marine type. 
There is a distinct maximum precipitation from May to 
August, and the midsummer months of December to 
February are almost rainless. Thus we can reasonably assume 
that this marked seasonable variation is responsible, at least 
in part, for the pronounced growth rings in Gomortega and 
that these nre annual in character. In table 1 data are pre-

Table J. SPECIMENS oF Gomortega nitida EMPLOYED FOR ANALYsts 
YALE ACE IN DIAMEDR 

IU:FERENCE Nt1MBER1 YEAJIS IN CM. COIJ.!JCTOII OIUCJN 

A' 49370 4 3.0 C. Junge Concepci6n 
B 49863 13 3.2 L. Rossovsky Copiulemu 
c 49860 15 4.J L. RoSS<l\·sky Tome 
D 49862 22 3.0 L Rossovsky G»piulemu 
E 49861 25 9.0 L. Rossovsk~ Tome 
F 49846 55 11 .0 D.S.BuUoc Tome 

•All ~dmms are housed at Yale Uni"Wersity ia thr Samuel James llccord Memorial 
C:oll~ion of the School of Foresrry. 

•Dam from Srera, 1955. 

senced on the collection. age and diameter of the six speci
mens under discussion. 

For comparison three features possessing phylogenetic 
sirmificance were chosen: vessel element length, vessel 
dFameter and tracheid length. One hundred measurements 
on each of these items were made. The results were treated 
" ith standard statistical procedures .<~endle and 

1 
Clrk~ 

J934b) and the mean, and standard devtatton were ca cu ate 
for each group of data. Range and most frequent range were 



68 TROPICAL \VOODS 1958 

also noted and recorded. The results are presented below 
in tables 2-+. 

T able 2. LE!';Gn~ or ' ESSEL El l::~li::'ITS IN JL 

STANDARD MOST 

Rlo:FI RENCE MEAS D~VIATION R.>.'.NGE FREQUE."'T RANGE 

-
A 884 168 -!-83-1360 725-975 

B 741 110 450-975 600-799 

c 762 108 510-990 660-819 

D 913 125 600-1230 650-949 

E. 883 138 600-mo 750-1099 
F 971 163 615-1395 850-1099 

Table 3 DIAMETER OF VESSELS (TANGE..'ITIAL) lNJL 

STANDARD MOST 

REFERL"CE :\1£.'\.>; DE\1ATION RANGE FRF.QUENT RANGE 

A 
B 
c 
D 
E 
F 

A 
B 
c 
D 
E 
F 

39 
36 
38 
36 
42 
58 

Table 4. 

1140 
991 
1078 
1018 
1239 
1199 

7.0 20-64 
6.1 22-54 
8.7 18-61 
5.9 18-54 
9.2 22-65 

13.6 25-i9 

LENGTII OF TRACHEIOS IN JL 

STANDARD 

DE\"1:\TION RANGE 

35-45 
28-44 
28-48 
28-44 
32-56 
32 76 

MOST 

FREQUENT RANGE 

198 629-1615 975-1275 
165 H0-1425 750-1149 
163 675-1425 850-1249 
183 630-1440 1050-1399 
199 750-1725 1050-1399 
190 735 1770 900-1499 

Comparison of th h 1 undenaken A c morp 0 ogy of elements was also 
of th ·f m?ng the features considered were the nature 

e per orattOn plates · 1 . 
parenchyma distributi ' mtervascu ar pm ing, vertical 
of imperforate trach on, Pfre arrangement, ray type, kinds 
mc:nt end w~ll. and ~ary ~ em~nts, ang.le of the vessel ele
vesscls In o I plttmg Ct\\cen verttcal parenchyma and 
!ogicai diffc~c~~cn~~asc was there any pronounced morpho
mens. lbe single cxc on&' the clements of the different speci-

eptlon was the almost complete absence 

No. 108 TROPICAL WOODS 69 

?f unis~riate vascular rays and .the presence of triseriate rays 
~ sp.ec1men F. All other ~pe~1mens showed predominantly 
?JSCr~ate rars and some umsenate rays. It woUld appear that 
m th1s species, the effect of age on morphology is unimport-
ant, at least after the third year. . 

The major problem at hand is to detennine whether the 
quantitative data for the sample studied in the first instance, 
A (~tern, 1955), can be taken as representative for the 
species. Data such as those presented in tables 2-4 are best 
analyzed by persons somewhat versed in statistical proce
dul'es. However, it is hoped that the simplified analysis pre
sented below will be sufficient to show whether there are 
significant differences between sample A and each of the 
otber samples. 

In order to show this, recourse was made to procedures 
which would illustrate the significance of the difference 
between two means; that is, the mean values for specimen 
A and each of the mean values for the other five samples. 
Ir can be demonstrated (Arkin and Colton, 1950) that if the 
actual difference between two means is larger than 3 stand
ard errors of the difference between these means, the differ
ence is significant and is not caused by chance. The results 
of these analyses are presented in tables 5-7. Perusal of the 
signs under rhe "Significance" column shows rather clearly 
that in most cases there is a significant difference between 
measurements in sample A and measurements made on 
other samples. Therefore. we can assun~e that results pre
viously presented for spcctmcn .A were biased and not repre
scnrative of the total population. 

Table 5. Sn;NIFIGASc& OF THE DIFFERENCE BETWEEN TWO MEANs-

VESSEL ELEMENT LF.N~ 

STANDARD THREE TIMES 

GROUPS F.RROR o~· STANDARD ERROR 
LT£RENCF. OF Dln'ERENCE SIGNIFICANCE 

ANAL~~-z~. ro~P~l~FF~·E~RE~.N~C£~1~N~~~TH~E~D~I~··~~,~·~~~~~--~~-

A-B 
A-C 
A-D 
A-E 
A-F 

I4J 20.07 60.21 + 
122 19.97 59.91 + 
29 20.94 62.92 

1 21.74 65.22 
87 23.41 70.23 + 
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Table 6. SllSirlc.,:-o: or rm: oiFFFRF~C.E Bt:TWEEN TWO MEANS
\ESSF.I. 01\Mt~TER (TA:\'GENII'i) 

------- STA.'-:0.'\RD Tl-fRE.£ TIMES 

GROt:PS J;RROR OF STA!\OI).o\RD ERROR 

,\~!t.J.'\'ZED t>WFE.RF."<m:.I:-' p. TliE DIFfF.Illi"<CF OF l)lfFERENCE SICNfFlCANC£ 

A-B 3 0.928 2.784 + 
A-C l 1.118 3.354 

.\-0 3 0.915 2.745 + 
A-E 3 1.158 3.474 

A-F 19 1.530 4.590 + 
Table -. S•csifiC.\:->cE or nir DIFF£RE!'CE. Bl·:nvrr.:-< TWO :-.tr .... Ns

__________ TI~A~D LE"JmR 

STA,...'OARD THREE TI\-1ES 

l.ROl'PS ERROR OF STANDARD ERROR 

A:-> ALYZEil DlfTIIU.'iC£ 1:'\ J1. THE DIFFERE'<CE OF DIFFERENCE Sl<.NIFICi\NCE 

A-B 149 25.77 77.31 + 
A-C 6:! 25.65 76.95 
A-D 112 26.96 80.88 + 
A-l 99 28.07 84.21 + 
A-F 59 27.44 82.32 

It seems e,·ident that what the wood anatomist needs 
are some generaliz~tions based on extensi\'e and intensiv~ 
~urveys of anaromtcal variation which will enable him to 
tfnterpret ~ore completely and accurately data obtained 
rom resrncred material F · c · h · or mstance: an we generalize 

as roh td e aghe. ''hen woody plants reach maturity? How 
muc oes t ts vary among d . h. . t . : H d . . an wtt m spectes and larger 
~1xa. h O\~ o Site_ and other em·ironmental factors influ
t~~e. t .e ~lze and torm of anatomical elements? \Vhat arc 

\ anat1ons that occur due t · · cion on the u e . 0 proximity to crotches, posi-
we have at JfP r or _lower Sides of branches? It is true that 
but for the !srrt~l answers to some of these questions, 
coming. pa , general rules have nor been forth-

Analyses should be dcsi d h 
anatomists and statistici gne ·h~ rou~h t~e cooperation of 
other an

5
,, ers u on t~s w tch 'nil gtve us these and 

Srudie..o; !.hould bp \\d. liCh _ge~erali7ations can be based. 
• e ma e Wtthm spe . . . . 

senes ro determine the srr . ~les . usmg rephc:ned 
plant. Analyses on d'ff uctural vanatlon m n/1 parts of the 

• I crent species should be compared and 
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the ,~ ·holcdmass o~ data treated statistically. This would 
help m un crsta~dmg anaromi~al variation and could lead 
to the ~;>r~c;entatlon of generalized information on differ
ences w1rhm and among woody plants. 

SuMMARY 

The general problems which face wood anatomists con
fronre~ with lim!te~ mat~rial for study have been discussed. 
The kmds of vanatton wtthin wood are shown to be of four 
kinds, one ~f ,,.·hie~ ( ~istance f~o~ pith-maturity) is per
haps _most ·~fl~ennal m ~etenmmng the size of elements. 
A bnef srat1S~1cal analys1s and comparison of six samples 
of wood of d1fferent ages was made showing that measure
m~nts on a singl~ sample are not representative of the popu
lation and are b1ased in that respect. It has been mentioned 
that observations on these six samples failed to demonstrate 
any profound morphological differences in anatomy, at 
least for Gomortega. This may be due to the fact that 
qualitative maturity precedes quantitative maturity (for this 
species anyway). Suggestions have been advanced for the 
preparation of exhaustive studies which could result in the 
presentation of generalizations as regards variation in the 
anatomical structure of the xylem. 
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NOTES FRO.\i TIIF S. J. RECORD ~IEMORIAL 
COLLlCTIO~. I. 

GWHGJ-: K. BRIZICI\:Y 

Recent examination of marenal in the S. ]. Record 
;\lcmorial Collection of rhc. '\ Jlc School of Forestry, has 
rc,·caled a number of specm1cns "hich seem to be worthy 
of norc. Duplicates of these spcc~mens_ may occur elsewhere 
and it ''ill be the purpose of rh•~ senes t~ record emenda
tions m [he identification of rhese spec1mens and/ or to 

hrin" out inrercsriniT features concerning them. ::- :;, 

Amphitecna macrophylla (Seem.) \ liers (Big nonia
ceac). 1\IEX ICO: Lurno, 0\XACA, LJ. lVilliams 9443 (Y 
34!;61 ). 1Jus specmH.:n was prenously identified as Grias 
fMtdlm Seem. On rhc herbarium sheer, however, Professor 
Record noted: "\Vood different-Leg.'' The leaf of Williams' 
specimen is ~5 em. long. The corresponding wood sample is 
very similar to that of Euallagm.1

1 
and is superficially legu

minous in appearance. Ampbitecna macrophylla is a shrub 
or tree of restricted occurrence in the montane forests of 
southern ,\texico and Guaremah (Record and H ess. Timbers 
of the l'ew \Vorld. ii. 19-B). 

Christiana africana DC. (Tiliaceae). E. ~ICARAGUA: 
Sb:mk 118. (Y 46904). Th.c herbarium voucher was previous
ly de~cm1med. ~s H om,r/mm bondureuse ]. 0. Smith d ' la
counJaceae) ... 1 he \:ernac.?lar name was reported by the 
collec~or as palo p•edro. Lca\'cs of this sterile collection 
arc fa~rl~ large. rh.c bigg_est being :!8 em. long and 23 .5 em. 
~road._l he basal SlllUS ot the deeply cordate leaves is closed, 
m wluch mann~r Shank's l-pecimen differs from all other 
hcrbarlllm spccuncns of the spcc1cs seen by the author. 
Apparently the collection was taken from a sucker shoot. 

. Identification of the corresponding \.vood sam le was 
~depe~dcnt fror~1. and preceded, the determinatio1f of the 
erhariUm maten:1l. Dr. A. Koehler examined the w ood of 

SbanJ: _ll8 and stared: " Docs not compare with other 
llomalmm spp. from \\'. I Iemisphcre . ~ame on wood 
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sample is 'Christiana africana DC.'" (5.15.1952). One can 
assume that Dr. R. Hess, who was in charge of the Yale 
\Vood Collection at the time Shank's collections were 
accessioned, identified the wood and wrote the binomial 
seen by Koehler. Dr. B. F. Kukachka of the U. S. Forest 
Products Laboratory, while visiting the S. J. Record 
~lemorial Collection, examined the above-mentioned wood 
sample and marked on the corresponding file card: "Prob
ably Christiana africana DC." (9.24.1957). Examination of 
the herbarium material by the writer has only confirmed the 
opinion of the wood anatomists. 

Shank's collection of Christi1111a africana, made in 1949, 
seems to be the first known from Nicaragua. Before that, in 
t he \Vestem Hemisphere, the species was reported only 
from British Honduras in Central America, and British 
Guiana and northern Brazil in South America. Interestingly 
enough, in 1926 Standley, reporting on the occurre~ce of 
Christiana africana in British Honduras, asserted: :'!hiS tree 
is likely to be found along the coast between Brmsh Hon
duras and the Guianas." (Trap. \Voods 8: 5). 

Qualea cymulosa Schery ( Vochysiaceae ). CO~O~B~~: 
DEPARTMENT OF BoLIVAR, Lands of Loba, NorosJ-TJqwsJO 
trail, Curran 167 (fr., Y); vicinity of Estrella, Cano Papaya!, 
Curran 333 (sterile; Y 1539). In his m~mograph of Qualea 
(Acta Bot. Need. 2 (2): 1953) Stafleu c1ted (p. 202) Currm 
169 as Qwlea cymulosa. His quotation most likely refers to 
Curra11 167, because Curran 169 from Lan~ of Lo~a repre
sents the type collection of Pitbeco/JobiUm spmulosum 
Pittier (Contrib. U. S. Natl. Herb. 20: 459.1922). The 
vernacular name of Curra11 167 was reported by the collector 

as "sabanero." 
Swartzia sumorum A. Molina in Ceiba 3: 94. 1952 

(Caesal iniaceae). E. NICARAGUA: Shank 83 (Y 46873). 
The coflection is represented by several leaves and young 
inflorescences with flowers in bud. Altho~gh Shan.k 83 
differs from the original descriptio~ in havmg 7-fohol

1
ate 

leaves rather than 5-foliolate leaves wsth mostl~ m?r~l ess 
obovate leaflets, there is hardly any doubt t at lt ongs 
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to Molina's )pccics. Since some ?~tails of th~ ~oral ~t~cture 
were not mentioned in the ongJnal descnptton, It IS per
haps u~cful ro :tdd a brief dcscrip~ion of. the. flowers in 
hud.-rlo\\ cr bud::. globu~c. about - mm. m dmmeter, on 
pcdiceb 0.5-1.0 mnl. long, calyx entire. closed; petals none 
(~ lolina seems to have been somewhat uncertain about the 
petals for he \\fotc: •·pe ,ri.r ut ,._,.·det11r nulla."); stamens 
about 30 in 2 series; 0\'ary appro....:imarely linear, sessile 
(possibly abo subsc....;sile), strongly incurved, dark red
brown, sparsrly whitish pubescent at base, stigma small; 
0\·ulcs 9 (in rhc ~ 0\arics seen) .-The vernacular name 
reporrcd by Shank for his specimen is identica l with that 
cited hy ~lolina for S'Wartz..ia sumorum- "uvillo." 

SIG'\IFJC \ '\T RrCf"\T COLLECTIO~S OF 
QGERC US FR0\1 PANA:\ lA 

CoR~Tut.:s H. ~h.LI.ER 
U11h·ersity of Calif om a. Stu a B11rbara College, Goleta, 

Cal1f orni1t 

ln a small coll~ction of Quercus collected bv Drs. \Villiam 
1;. Stern and Kenton L. Chambers from Prov. Chiriqui, 
I :ma_ma. e':ery one proved \\ orrhv of note. A full set of their 
spehctmcns ~~deposited in the Herbarium of \ale UniversitY 

c ool of l orcstn· (Y) ·I ·1 1 1. . · • ~~ 11 C II . · '' 11 e l up tcares are ret.'uned in the 
u er o ecnon of rhe I 1 1 · f h ~ · · a 1.. . Co ) er >anum 0 t e lJmversttV of 

a ltlornt?, Santa I,arhara College (SBC). I h;we added· scv-
cra spccunens hearing h ' Dr. Rol c I' \V, 

1 
upon t e same species submitted hy 

den (~l~{)t ··h ()Olson, Jr.. of the i\lissouri Botanical Gar
d 

1
. 1 .w ere the originals of these arc deposited \\ ith 

up IC:ltCS tn m,· own II . en , Drs s · co ecnon ("> C). 1 am obliged to 
· • tern and \Vood~on for 1·· 1 · . fnr ~tudy. · ma \tng t 1e specuncns av:ulable 

Quercus corrugata II k Tl . from Chia "S t (. .00 
•• 11S species, well known 

~ · P" u osta Rtca h 5 · ported from p ~ Tl ' ~ nor pre\'IOusly been re-
c. mdition an:una.. le matenal now avaibble is in good 

' acC0111J>31liCd I \' f . l . 1• nm, am readtly recogni:t.able. 
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Specimen examined: PANAMA, PRov. CHIRIQUI, nonh of 
El llato, Volcan Baru, at 1570 m. elev., june 5, 1957, Stem 
and Chcrmbcrs no. 47. 
Q~ercus g~l_ielmi-trel~i C. H. Mull. Although this 

spec1cs was_ ongmally descnbed from the same general area, 
rhc collection here reported illustrates luxuriant develop
ment_ of the _veg~t~tive. characters. Unfortunately, the fruit 
ns~octare~ with It IS sa1~ by t~e collectors probably to be 
nuxcd w1th that of a ne1ghbormg tree of another species. 

Specimen examined: PANAMA, Paov. CHIRIQUI, north of 
Fl Hato, Volcan Baru, at 1570 m. elev., june 5, 1957, Stern 
nnd Chambers no. 52. 
Qu~rcus baruensis C. H. Mull. sp. nov. Arbor grandis, 

ram~th 1.5-3 mm. crassi glabrati vel dense stellato-tomentosi, 
gemmae 2-3 mm. longae rotundo-ovoideae flavae, stipulae 
caducae, folia decidua (?) integra lanceolata apice acuminata 
haud aristata subrus circa costa stellato-tomentosa, fructuS 
annuus brevipedunculatus, cupula 13-17 mm. lata, 8-10 mm. 
alta margine non involuta, squamae appressae omnino puber
ulcntae, glans 10 nun. alta, 15 mm. lata circa 7) inclusa. 

Tree to 30 m. tall, the trunk to 1.8 m. in diameter. Twigs 
2 to 3 mm. in diameter, nearly glabrous or densely stellate
tomenrulose, soon or tardily glabrate with inconspicuous 
light lenticels, gray the second year and the lenticels numer
ous and more prominent (this variation occurring as poly
morphism of individual trees). Buds 2 to 3 mm. long, ovoid, 
apically rounded. dull straw-colored, the scales markedly 
ciliate or ~labrate; stipulcs quickly caducous (not seen). 
Leaves dectduous (?),firm and coriaceous, 10 tol5 em. long. 
2.5 to 6 em. broad, entire, lanceolate or ovate-lanceolate, 
acuminate, the ultimate apex not aristate, cuneate to obruse 
at base, blades dull green and glabrate above or sparingly 
stellate pubesc~n~ along t~e base. of the midrib, very duil 
beneath, the nudrtb and vcms persistently stell~te-tomento~e, 
especially in the axils, margins nearlY. Aat, m.mutely cartil
aginous; veins about 8 to 10 on each s1de~ obv1?usly bra~ch
ing and anastomosing toward the margm •. mmutcly nused 
on the upper surface, rather prominently nuscd on the lo\\ cr 
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rf 
. 1 S 1 , 111111 lona. winged b\' the decurrent 

u ace· peno t~ ro · ;:, · 1· 
l d 'h f, ·c tlnrcncd pubc!>cent or glabrate 1ke b J c, t e upper !>Ur .. c . • • . . . 
h · 1"1 cr nt't ... ccn 1-rmt annual. soh tar\ (from 

t c t\\ lg' • 0\\ s . . . l . 1 . 
h ~ 1 · fl ·cd cJtkins) on short. rhtck pel unc es 3 to ... ort mu n- o\\ct · · -

10 1 d ' to). mn thick: cups 13 to 1. mm. broad, 
mm. ong an . · . . d d 

10 deel) cup-sh.1pcd .. rhe bases roun e , the mar-
' to mm. · d · 1 
gins not inrolled. the .sc.1k~ nghrly appresse , pronunent )_: 
't-an-pubcrulcnt all m·cr, acorns ;tbout I? 1~1111. long and }.) 
nun. broad. den ely pubcrulenr. about ·/3 mcluded. 

Specimen& examined: P \ "·\ ~~.\, PRO\, CHIRIQUI! no~t~ 
of n llato. \ ·olc;Ul llaru. :lt I' 0 m. eleY., June.), 19.)/, 
~tern aud Uw11bcrs 110. 55 (t~·pc 111 \ );Cerro Punta, at 1800 
m. ell',· .. June -. 1957, Stem and Chambers no. 76; at 2000 
m. clc,· .. :\ta\' H . 19·+6, P. H. Allen nos. 3496 and 35'23; Llano 
Jrl \ "ok.m, ~lt 1500-1(100 m. clcv ... \lav 27, 1946, P. H. A llen 
.md G. /',1ircbild nos. 31-64 and 3467: 

Quercus barucnsis is rcadil~· distinguished from Q. 
seemanui Licbm. by the puu~cencc of its t\\ igs, the exten
SJ\ enL-ss of ih leaf puuescence. and rhe uniformity of the 
puberulcncc of it!> cup scales. The same characters and the 
annual fruition distinguish it from Q. esesmilensis Tucker 
and ;\1ullcr. rrom Q~ gulielmi-trehasci C. H . .\lull. it is 
di,tingmshcd b) irs rnthcr large fruit. elongate petioles, and 
thick leaf blades. The audidon of Q. bamemis to the alrcadv 
confu!..ing assemblage of cntire-lca,·ed black oaks is nor t-o 
be undertaken \\it hour a high dcarec of confidence. for this 
group c?nsrirute~ one of rhe mo~t difficult problems in the 
genus. 1 he ~car~1ty_ of mate~·ial o~ some species. the intricate 
pmern o_f ~Jst~butwn :md Jsolatlon of populations, and the 
general ~nmlant) and lack of prominent differences among 
the species _cnt~lhine to complicate the problem. r ortunatcly, 
Q. haru cUSIS dtfTcrs so markcdlv from the previously known 
!!pccics of this assemhbgc that ;tis not difficult to recognize. . . C II " ull ~P· nm. Fig. I. l hc typl', 

Fig. 1-:!. Quacus b<Tflh'IIW , :· ·F·. l., \ rcprcscnt:uivc ~pccimcn, 
Sit: I'll trn.l Chambers no. H ( . ) · .- •g. - · · 
. d ''l,trmbc:rs no. ?6 (SBC). Stern au '--
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CURRENT LITERATURE 

What flowering tree is that? A handbook for the 
tropics. Edwin A . Menninger, Southeastern Printing 
Co., Stuart, Florida. 1-17 6 and index, 6 plates, 300 
illustrations. 1958. Cloth bound $4.00, paper bound 
$2.50. 

This attractively bound volume is designed "to describe 
outstanding (tropical and subtropical) trees whose flowers 
are a conspicuous feature of their growth." The title is 
somewhat misleading, for it implies an all-inclusiveness not 
evident in the subject matter. Following the author's pre
tentious introduction (The trees described in this book "are 
only a fractional part of the flowering trees I am growing 
for the eventual beautification of all Florida.") is a "Descrip
tion of the trees" comprising most of the book. Two small 
chapters, "Description of the vines" and "Flowering calen
dar of tropical trees in South Florida," as well as enumera
tions of "wind-resistant trees," "fruit rrees," "trees for wet 
ground," "plants that make good hedges," ''fragrant-flowered 
trees," "good shade trees," and "ornamental foliage trees" 
are added. A table of contents and index of tree families 
precede the introduction, and an index of common and 
scientific names completes the volume. ~sentially, the book 
is a catalogue of about 1000 tropical and subtropical trees 
and shrubs with high ornamental value, most of them grow
ing in the author's garden at Stuart, Florida. The descriptions 
are arranged by family, the latter being listed in alphabetical 
order according to their Latin names. Each tree in the 
catalogue is provided with a common name, a I .a tin binomial 
and an informal description. Nearly 300 excellent black and 
white photographs illustrate attractive features of the plants 
under discussion. 

There are a few points in the text which the reviewer 
would like to call to the attention of the author for possible 
consideration in the preparation of future editions. Latin 
generic names are abbreviated. by their initial letter when 
the author employs the genenc name as a common name, 
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c. g .. "Red Ruttya (R. fmticosn)?'' '_' lnd~an Ala_ngium (A. 
saldifolilmJ)." This manner of cttatJO~ 1s not m ~he best 
form, as readers unfamiliar \\ ith genenc names m1ght not 
realize to ,, hat name author ~ tenningcr refers when he 
employs an initial l~tter. To avoid confusion it is suggested 
that the full genenc name always be used, at least where 
the genus is first mentioned. 

In many cases the spelling of Latin specific epithets is 
not in accordance "ith the International Code of Botanical 
'\omenclarure. 1956. Recommendation -3 C (b): "\ Vhen the 
name ends in a consonant, rhe letters ii arc added ( ramondii 
from Ramond), except when the name ends in -er, when i 
is added (rhus kemeri from Kerner)." Therefore "Ruttya 
scholesst'' must be spelled Ruttya scbolesii, "Alangium 
lamarcki'' should be Alangiwm Imnarckii, and so forth. 

The author (p. 13) spells "Rauvolfia, and states that this 
is the correct transcription because "there is no 'w' in Latin," 
nevertheless he writes Swartzia and Brownea. Article 73 of 
the International Code of Botanical Notnenclature rules as 
foll?ws: ''The co~sonants '"'-'J and y, foreign to classical 
Latm, and k,.rare m that language, are permissible in Latin 
plant names.' Some degree of consistency would be desir
able. 

According to th_e author "'dendron' is Latin for foliage" 
(p. 72), although m fact, it is Greek for "tree." T he com
~on_ O:~e o~ t~e family Caesalpiniaceae is gi,·en as "Bean 

anuly · ThiS IS likely to be misleading because the true 
bean. Phaseolus, belongs to another taxon Papilionaceae 
(Fabace~e). Tabebuia avellanedae (not av,elltrlltldae) and 
Tabebu ·p r · ta t e are tsted as dtfferent species, but according to 
mon~grapher Dugand (~1utisia 25: 12.1956) they are con
specht c. and ~he former binomial is valid. The name applied 
to t e authors "Colon b. .. . . . 
( h 

- 1 1a trumpet. Tabebzna r,audtchaudta 
t e correct spelling t b ud" h ·· ' · · ) mus e ga zc audtt or f{tiUdtcl:ultldt-

~~~ b a)pearsdt~ be _open to question, for this binomial could 
e ocate 10 Ctther the l11dex Kewensis or in Dugand's 

monograph of Colomb" b b · . ,c.-nero T . . lan ~a e u tas (Btgnoniaceac: E1 
g abebuta 10 Coloml.>ta. \ lutisia 25: 1-22. 1956). 
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T he native origins of trees as gi~e~ _o~ pag~s 170-172 coul~ 
certainly be emended, e. g., Glznctdta septum and Cordta 
alliodora are not r estricted to the West Indies as the author 
implies. It is hoped that_ the above notes will bring to. the 
attention of Mr. Mennmger a few of the more obv1ous 
inconsistencies in his volume. 

The cultural recommendations of the author, mostly 
based on his personal experiences, will be very useful to 
subtropical gardeners. The tabulations of trees and shrubs 
according to their hardiness and use in gardens, and for 
planting in various habitats will guide enthusiasts in the 
selection of these ornamentals. In general, Menninger has 
prepared a volume which is admi rable, in that it points our 
many uncommon and strikingly beautiful flowering trees 
which can be grown in southernmost United States. It is 
a book w hich all gardeners will want.-George K. Brizicky , 
S. J. Record Memorial Collection, School of Forestry, Yale 
University, New Haven, Connecticut. 
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THE \VOOOS AND FLORA OF THE FLORIDA KEYS. 
COMPOSITAEl 

SHERWIN CA!u.QUJST 

Claremom GradUIIte School, RJmcbo Sllllt4 A.llll Botlmic 
Garden, Claremont, Clllifortli6 

T he fac t that Compositae is the largest family of 1iowering 
plants is probably related to its wide distribution in both 
temperate and tropical regions. In his Flora of the Floria 
Keys, Small ( 1913) lists 40 species. Ledin (1951) records 
125 species for the South Florida region. He considexs that 
a low representation of tropical species occurs because frost
free a rea.s are present mosdy in shady hammocks ~ere 
Compositae (which typically occur m sunny locations) 
are unlikely to grow. Nevertfteless, he finds that 18.F. cent 
of the South Florida Compos!tae re~t ~onstlC ele
ments of Mexico Central America, South Amenca, and the 
\Vest Indies. The ta».ainder of the species_ are either 
t} pically ~orth Amenp~Jl or widCSJ.!read s~- Because 
many Compositae are adapted to alkaline ?r distur~ ~ 
the Florida Keys offer a number of swtable bab~ t:his 
~uch weedy species. Maw of the speaes inclu.d~ m fonD 
srudy are of this nature. t:"-,elve ~·es ~~ditional 
the b:~sis for the present ~~nptioo. . ~ ~ 
species, with relatively Sll'lll¥ accunt non wood ·es 
xylem could have been added. ~ the trul' fcltn, spcffl e 
are represented here. The mQSf::dlr:~:SU: ~d C, 
in the Florida Keys .,e B~cp,_~rt·~ ,.,..1, 

odorata. SJnall (191!) ban 
Although various aU~t..!!h ~ A~~ 

divided the Compositae IntO: ~,.e 

~ field work necessatY for 8 -it!:;:_ ~.:-t! = 
from the ~arional Science.Found.td~ cribadod aad fot JIIOfWiill 
Dr. William L. Stern for mvidc uu. COJI 
the material on which it is ~. 
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Carduaceae, and Cichoriaceae, th is practice has not been 
accepted b>' most authors. The g roup recognized by Small 
a.-. Amhros1aceae is more generally treated as a tribe (Am
brosieae). or e\•en a subtribe (Ambrosinae) of Heliantheae. 
Like\\i'ic, the group treated by Small as Cichoriaceae is 
better regarded ~ a rribc, Cichorieae. of Compositae. 
Although it is the most easily defined tribe in the family, 
members of Cichoricac possess no characters which do not 
occur also in the other tribes. 

TRmF. EuPATORIF..AE 

EuPATORIU.\1 FRUS'TRHt.:'l B. L. Robinson, Proc. Amcr. 
Acad. 47: 193. 1911. Osmia frustrata (B. L. Robinson) Small, 
Fl. Florida Keys 147. 1913. 

Eupatorium frustratum is a shmbby perennial, with slen
der grooved stems 5-10 dm. tall. The lea,·es are 0\'ate-lance
olate to deltoid-ovate, opposite. up to 6 em. long and 3 em. 
wide. Leaves .ha,·e three palmately arranged primary ,·eins. 
dentate margms. and a usually obtuse tip. T he herbage is 
lightly covered with inconspicuous uniseriate trichomes. 
The heads are oblong-campanulate, 5-8 mm. long. In
volucra) bracts arc elliptic to lanceolate, greenish to green
ish-white and bear 5- 8 of the linear markings characteristic 
of involucra} bracts in the genus. The heads._ are discoid and 
the receptacle convex. Corollas have a bluish or purplish
blue color and arc about 4 mm. long. T he pappus is com
posed of numerous capillary bristles about 4 mm. in length. 
Achenes are black. 4-5 angled. about 4 mm. long. A mnrkcd 
aroma is characteristic of this plant. 

General distrilmtion.-Eup,rtorium frustratum is endemic 
to the South Florida region (Ledin, 1951). 

U. S. distribution.-Ledin ( I 951) ind icates that the species 
occurs on Cape Sable, Key Largo, and the T en Thousand 
Islands. According to Da\'is ( 1942) it occurs on the Sand 
Keys. Therefore, it is more nearly endemic to the Key~ 
than any other Compositae considered here. 
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ANATOMY2 

G r0 ,, rh rings are moderately distinct in t~e specimen 
studied. Vertical elements of the . xyle~ consiSt of vessel 
elements, libr iform fibers, and vas1ccntnc parenchyma ex
clusi,·ely. 

Pores are somewhat angular in transc~tion .. Vessel group
mgs, where they occur. are mostly rad1~l, w1rh an . average 
of 1.8 pores per group.:1 The range m ta.ngentJal pore 
diameter is l 5-42p. The most frequent range IS 22-30"' ~d 
rhe average diameter is 24p. T r loses a_re absent. Perforation 
plates are simple and circular m outhne. The end walls of 
vessel elements form an angle which varies be~\ een 40 and 
7 5o w ith the horizontal. The average ang.le IS about 45° · 
Intervascular pitting consis t~ of alternate c1rcular bo~de:ed 
pits, about 3p. in diameter. Pit aperture.s are narrow, slit-~ke, 
and arranged nearly horizontalfy. Helical grooves or thick
enings are absent. Vessel element leng~h ranges between 84 
and 238p. The most frequenr range IS 140-190"' and the 
average length is 157 P.· 

Libriform fibers are non-storie~ and average about 350p 
in length. They are moderately. thJck-walled, and possess. t~e 
simple pits with elongate ob!Jque apertures charactensnc 
of libriform fibers in Composltae. 

R . be considered as homoceUular, because 
ay tJSsue may . · d 'al section. Uniseriate cells arc square to upnght as seen 10 ra 1 

--- . · f the anatomical methods 
: rn this, and the fol!owmg series ~ ~~r:;:r~ay involve softening in 

employed are those m c~m""!oncelioidin and staining in safranin and 
hydrofluoric acid, embeddmg m I' Where sevenl ~ens of a 
I leidenhain's i~on-alum haemawxy ~~mature material IS utilized. No 
,pecies are av:ula~le, t~e larg:s'"~o~ in any of the series to follow, to 
:mcrnpr is made m th1s .P~J>C 1• although means, extremes and most 
trear measurements staustlcal Y•l of SO measurements each are pre
f rc<tuent ranges, based on hsam~;~ es stated nomenclature follows that 
~cmcd. Except where ~ erw~~e~ on 'Nomenclature, International 
recommended by the m~lrs in the new lnttmllliDfllll gloss., of 
Association _of Wood An: tom(Trop. W oods 107: J-36. 1957). • 
terms used m wood anllt ."" found useful in euUer studies 

"This me.asure(mCenlr, ~hlcl9hS;a;9~)is defined and discussed by the 
f Composltae ar quJst ' 0 

• • an earlier paper (1958) . wnter m 
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rays are absent. or nearly so. Multiseriate rays are difficult 
to ?efine prectsely. as seen in tangential section, because 
upng~t cells o~ the l~te_ral faces an~ upper and lower tips 
of ra) s approxtmate hbnform fibers m shape and size. Rays 
arc x:nostly. 3 or 4 cells wid~ at t~eir \videst point. Although 
verttcal hc1ght of rays vanes w Jdcly, the average height is 
.54 ~m., and few rays exceed 1 mm. in height. The average 
~Y .ts about 11 cells in height. All ray cells are lignified, and 
p~ttmg among ray cells consists of abundant, small, simple 
pns. 

-~xial parenc~yma is present as scanty vasicentric cells 
whi~h fo_rm an mcomplete sheath, never more than a single 
ccll1_11 wtdth: around vessels or vessel groups. The walls are 
rclauvely th1ck. As seen in tangential Qr radial section, 
,·ertical parenchyma cells are usually subdivided into strands 
of t\\'O cells. · · 

~o resinous deposits nor crystals \vere observed in any 
cells. 

Discussion of the wood anatomy of this species follows 
the description of Eupatorium odoratzmr bP.low. 

Specimen examined.-Ll GNU~ 1 \:IT AE KEY: Erect 
plant, somewhat woody at base; heads blue-flowered; grow
ing in cut-over area; 22 l\larch 1958, U'. L Stern & K. L. 
Chambers 277 (Y; Yale wood no. 51480; RSA).4 

£uPATORJU.\J oooRArU,\1 L.. Syst., ed. 10. 1205. 1758. Osrnia 
odorata ( L.) Sch.-Bip .. Pollichia 22-24: 256. 18R6. 

Eupatorium odoratum is a scandent, much-branched 
shrub. 6-18 dm. in height. T he stems are greenish. smooth, 
and bear a light covering of uniseriate t richomes. Leaf 
blades are 4-10 em. long, 2-5 em. w ide, ovate to lanceola~e. 
Leaves are opposite and glabrescent above, hut covered with 
a dense aggregation of uniseriate rrichom~s on the lower 
surface. The three primary \'ei~s of the lamma are ~almately 
arranged. Leaf margins arc vano~sly dentate; rhe tlp of the 
leaf is acuminare. although blunnsh at the apex. H eads are 

'Herbarium abbrcviacions arc according to Lanjouw & Scaflcu, Index 
lkrbarif/rum, <:d. 3. 
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arranged in a corymb at the ends of the branches. Heads are 
cylindrical, 8-10 mm. in length .. Involucra! bracts are deltoid 
to lanceolate, have a darkened np, and bear 3-5 of the linear 
markings characteristic of the genus. Heads are discoid and 
have a flat receptacle. The flowers are about 7 mm. long, 
the corollas 5 mm. in length, white or sometimes lilac. The 
pappus consists of capillary bristles, about 5 mm. in length, 
which turn tawny upon drying. Achenes are black, 4-5 
angled, about 5 mm. long. The herbage is aromatic when 
crushed. 

G eneral distributio11.-According to Ledin (1951), EufHI
toriwn odoratum occurs in the West Indies, Cuba, Central 
and South America, as well as in South Florida. 

U. S. distribution.-Ledin (1951) records the species near 
Cora l G ables, on Cape Sable, and on Key Largo. Small 
(1913) recorded it from "Upper Keys"; the specimen under 
study was collected on Pfan~ti?n Key. Apparently t~e 
distribution of this species is limited by f~os.ts. Clear.ly, ~t 
represents a tropical species, the northe~ limit of whi~h JS 
South Florida. It appears to prefer moiSt, shady locanons, 
such as hammocks. 

.ANATOMY 

G rowth rings are present, althoug~ not strongly marked. 
Vertical elements df the wood consiSt of vessel elements, 
fibers, and vertical parenchyma. 

· · · · Pore Por es are rounded m outline, as seen m mnsectlon. 
groupings are mostly radial; the average numbc:t of po.r: 
per group is 1.93. Tangential pore diameter. vanes accor 
ing to position in growth rings; the range 15 2~81~'- ~e 
most f requent range is 42-48p., and the a~erag_e '!ia;i:e~d 
~Sp.. T y loses are absent. Th~ pedd:ti;!e ~:a:~on plate 
ts round or somewhat oval1n ou e. h ..,_. . tl dial. 
may be oriented in directions other_ t ~n stnc r f' d 
The end wall angle of vessel elements ts h;ighl[~anaThb e an 

d 60o 'th the honzonuu. e aver-
ranges between 10 an WI 'tf consists of alter-
age an~le is about 30o. In.tervasculari~~ ~:f which are about 
narc circular bordered p1ts, me cav nearly horizontal, 
3p. in diameter. Pit apertures are narrow, 
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and fade into the helical grooves which connect pit aper
tures on the inner surface of the vessel wall. This is much 
like the condition illustrated in the present paper for Pluchea 
odorata (fig. 7). On vessel walls facing parenchyma, pits 
are sparser, and portions of the wall not bearing pits may 
show \'ery fine helical striae. The range in vessel element 
length is -:'0-4-20JL; there is a tendency for vessel elements 
to become shorter and wider in the early \\"OOd of each 
growth. nng. The most frequent range in ,·essel element 
length IS 266-PSJL, and the average length is 278~-t. 

. Librifo~ fibers are non-sroried and approximately 700JL 
m lengt~. 1 hey are relatively thin-walled, although thicker
walled fibers occur in xylem laid down near rhe end of a 
season. Pimng of libriform fibers cons1sts of simple pits 
wtrh narrow, oblique apertmes. 

Rays, as seen in ra_ngential section, are fairly abundant, 
and may occupy a rh~rd of rhe area of such a section. Rays 
may be considered as homoccllular because they consist of 
c~ll~ s~uare to upnghr in shape, as seen in radial section. 
Crusenare ray:s are ~bsent _or nearly so. \lult:iseriatc rap 
vary greatly m vert1cal height; some are extremely high. 
and narrO\\ e? at places along the height, giving rhe appear
ance of ve_rttcally superposed rays. The average ray is 1.9 
mm .. m he1g~r, and about 30 cells high. ,\ lost ran have ,, 
maxm1Um \\'tdth of from 4 ro 7 cells. L'prighc· cells :m· 
present along the lateral fac~ of the rays, and may IJe prc~
ent a.t t~e upper and l~wer. tips. Because these upright cells 
are hbnform, the precrse hm1ts of rays may be difficult rn 
~efi~e, as seen in tangential section. \Valls 'of ray cells arc 
llgmfi_ed, although thin, and IJear numerous small simple plts . 

. Axial parenchyma consists exclusive ly of scanty vasict.:n
tnc parenchyma. Such cells form only a partial shcarh, 
never more than a sinule cell in width around a \'Cssel or 
vessel Of 0 

' d" group. ten, only one or C\\'O parenchyma cells arc 
3• teem to a vessel. As seen in a longitudinal section, verti
callsparcnchyma cells are subdivided into strands of two 
ce . 
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Resinous deposits occlude a few of the vessels. Between 
ray cells there are small deposits of resin-like substances 
which carbonize. No crystalS were observed. 

DISCUSSION 

The two species of Eupatorium described here differ in 
vessel diameter and length of vessel elements and libriforrn 
fibers. The figures are greater for E. odoratum, and this 
fact may be related to the scandent habit of that species. 
Other differences occur in respect to ray height and accumu
lation of resinous deposits. 

Metcalfe and Chalk (1950} repon the following char
acters for Eupatorium: pores in radial groupings (figured for 
E. biem.ale); pores mostly less than SOp. m diameter; rays 
often exceeding 1 mm. in height; pit apertures of vessel pits 
confluent (because of the helical grooves mentioned above 
for E. odoratum). All of these characters are found in E. 
odoratztm, but only the first two hold true for E. frustratum. 

Obviously, more data on wood anatomy in this large 
genus are needed. However, the fact that E. frustrlltU111 and 
E. odoratum are different in certain respects, although E. 
odoratu:m fits descriptions previously given for Eupatorium, 
suggests that the segregation of the two ~pedes from Eupa
torium as Omna (e.g., Smal~ 1913; Ledm, 1951) does not 
seem to be supported. 

Specime11 examined.-PLANT A TION KEY: Shrub, 
woody at base; foliage aromatic; fruiting; in hammock; 21 
March 1958, W. L. Stern & K. L. Chambers 251 (Y; Yale 
wood no. 51468; RSA). 

TRIBE HELIANTHEAE 

SUBTRIB E COREOPSIDINAE 
BlDEl\s PILOSA L. var. RADIATA Sch.-Bip .• in Barker-yvebb &: 
ilenhclot, Hist. Canar. III, 2: 242. 1836-1850. B. ¢lostr var. 
alba (L.) 0. E. Schulz, in Urban, Symb. Ant. 7: 136. 1911. 
B. leucrmtha (L.) Willd., Sp. Pl. 3: 1719. 18_04. F~r a ~1 
synonymy, see Sherif (1937, P· 430~. A de~led disCUSSld 
of the nomenclature of this taxon IS also gtven by Sh 
(1937, p. 439). 
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Bidens pilosa var. radiata is an upright, usually annual 
herb, +-10 dm. tall. T he stems are 4-angled. Simple Jeayes 
occur near the base of the plant, although the upper ones 
are typically trifoliate. Inconspicuous uniseriate uichomes 
are present on the lower surface of the lea'·.es, along t~1e 
petioles, and within the joined bases of the pa1r of oppos1tc 
leaves at each nude. Leaflets have serrate or dentate mar
gins, acuminate tips. and are ovate to lanceolatc in shape, 
up to 6 em. long and+ em. wide. Heads are in groups of 1-3 
at the ends of branches. The tn\·olucres arc campanulate, 
with the bracts of the outer series green, oblanceolate, 
united bv their bases, and some'' hat shorter than those of 
the inner senes. Rcceptacular bracts are lanceolate and 
present throughout the head. Three ro 6 ray flowers may 
be present; corollas are \\ lurish. drying yello·w, and may be 
entire or with :!-3 lobes. Disk flowers yello\\, corollas +-6 
mm. long. The achenes are crowned b): two a\ms \\ ith re
curved barbs, and are 5-9 mm. long in fruit. 

General di:mibut1011.-Bidens pilosa vax. rndiata, original
ly a nati,·e of tropical :\ merica, has spread as a weed over 
warm, dry places in both hemispheres. \ccording to Sherff 
(1937). New \Vorld localities include ~ lexico, Cemral 
Amenca, South America to ChHe and southernmost Bra7.il, 
Cuba, Haitt, Puerto Rico, Jama1ca, and man\ other \Vest 
lndtan islands. In the Old \Vorld, he records it from both 
~orth and Sourh 1\fnca, rhc Canary Islands. China, and 
Thailand .. \ccordlng to Ledin ( 1951) it also occur~ in the 
East lndies, the Hawaiian Islands, and other Pacific islands. 

U.S. distribwion.-Bidens pilo$a var. mdtata is frost-sensi
th•e, but can grow during the warmer portion of the v~ar 
as far nort.h as \lassa~husctts (Ledin, 1951 ). It has f>ccn 
rcc~rded 10 Cahfom1a, .Arizon-a, and Louisiana (Shcrff, 
1931) as well as tn Geo:g1a and 1\labama (Ledin, 1951 ), bur 
the greatest _conce~tratton_. a~cording to these authors, ap
pears to be 10 Flonda; \V !Chm the Keys, it occurs on both 
Upper and Lower 1\.eys and on the Sand Keys (S 11 
1913). · ' ma , 
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ANATOMY 

Although an herb, Bidms pilosa var. radiata is capable of 
considerable xylem accumulation at its base. Growth rings 
are present. Vertical elements of the xylem consist exclu
sively of vertical parenchyma, vessel elements, and libriform 

fi bers. 
Pores are rounded in outline, as seen in transection. Pore 

groupings occur mo~tly in the fonn of radial rows, ~d an 
average of 1.9 .pores IS .present per group. The range In tan
acnrial po re dtameter IS 30-108JL. The most frequent range 
i's 40-65 JL, and the average diameter is 59JL. A few thin-walled 
ryloses are present. Perforation plates are simple and nearly 
circular. The end-wall angle ranges between 10 and 60°, and 
the average angle with the horizontal is 45 ~ . lnterv~cular 
pitting consists of alternate oval bordered J?l~, arp~oxunate
lr 6p. at their widest diameter. A f~w transmona p1~ OCCD;l· 
ApertUres are slit-l~ke, n~arly honzontal, and lenncular In 

face view . A few famt smae are present on some vessel walls. 
T he leng th of vessel elements is 98-490JL. The most f~quent 
range is from 224 to 350,..., and the average length 1S 2651'-

L ibriform fibers typically occur in a st?ried pa~em, and 
aver age 350JL in length. They are rela~tvely thin:'Yalle~ 
although some variation occurs dependm~ on po~tnon. m 
growth rings. Pitting consists of small siDlple ptts WJth 
narrow oblique apertures. . 

Rays are homocellular; they_ C?~ist almost excl~vely ~ 
upright cells. Horizontal subdiVISIOn of some upn~t~ial 
results in the presence of some square cells, as seen bial 
section. A few square cells also originate from cam

8 
ray 

... l U . . are absent or nearly so. ecause m1t1a s. msenate rays 1 era! £ d 
libriform upright ray eel~ are presen~~n r::ise U: :f 8 
on the upper and lower nps of .rays, P . .J~mcult to 

· 1 ction are sometunes QJJ.U 
ray, as seen in tangenna se . ' idth of 4 cells. Multi-
define. Most rays have~ maxunwn w 0 4 and 6 4 nun The 
seriate rays vary in hetght betWeen • h a ra ·is ab~ut 3S 
average ray height is 2.4 mm., an~~~ed, vJ; rather thin, 
cells high. Walls of ray celJs are ua--:-ta.e 
compared with those of other Comp051 • 
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Axial parenchyma consists of scanty v~icentric paren
chyma c:xclusiYely. T his ts present as a partial sheath, never 
more chan a single cell \\ide, arow1d ,·esscls and vessel 
groups. :\.s seen in longtrudinal sections, parenchyma cells 
arc approxJmarcly rhe same length as the ves~e~ e1en:tent 
they accompany. and are typtcally nut subdn·tded mto 

strands. 
Resinous deposits occlude some vessels and fibers, and are 

present in the form of droplets. in ray cells and \'ertical 
parenchyma. ?\o carbonization of these substances occurs. 
~o crystals were observed. 

OtSClJSSIO"-

ln an earlier paper (Carl9wsr, 1958), the wood anatomy 
of se~·eral members of Helianrheac, subu·ibe Coreopsidinae, 
was mYesngated: The resem~lance m wood anatomy be
n,een Bzdem pzlosa var. radr.1t.1 and one of these Bide11S 
bende;so~ensil·, is extremely close both in qualita~ive and 
quanmat_tv~ ch~acrers,. and the t\\ o species could probably 
no: be dlStmgwshed wtth regard_ to '' o~d. anaro_rny. Appro
pnatel), the other members of Coreopstdmae dtffer in vari
a~ respects of ~' ood .sr~cru~e from these two species of 
B1dens. ~urthe_r t~wesnganon ts needed ro determine if the 
genus B1dens IS mdeed qutte umfonn in respect to wood 
anatomy. 
Spec~men cxamined.-PLA "- 1 A l iON KEY: Semi-slu:ub 

1 m. htgh1 '' oody at base, more_ basal leaves simple, up c 1~ 
o~es compou~d; heads wtrh \\ htte ray flowers and yell~"' 
dtsk flowers; m hammock- 21 .\larch 1958 H' 1 s· 
K l Cl b 2

56 
\ ' , · J, tern o· 

• J• 'am ers ( , 'I ale \\ ood no. 51467; RSA). 

SUBTRJBE \'ERBI-:Sll\lNAE 

BoRRICHL\ AnBORESCt::-.s ( L.) DC.. Prot!. 5: 489 
rbalmum arborel·cens L., Sp. Pl. 127 3 1 r 3 /Y I!OfJ. Huph
rata HBK., ~ov. Gen. Am. -+: 213 _ j 8/ · . JOmedea_ glab-
tata Cass., Diet. Set. ""\at. 13: 28-+. un6°· DLomedea mden-

~or:ichia arborescens is a shrub 2_12 · dm . ,· . 
h . k 1s smooth and hght tan 1·n . 1 ·r · m hetghr. 1 he 
. bla ' co or. he le . Site, o nccol:lre, and succulent l a\es ~rc oppo-, so r 1:\t the venarton . ts noc 
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obvious on. the ~urface. The leaves are up to 6 em. in length 
and I em. m w1dth. Leaves are glabrous, although the stem 
is covered by a dense felt of very short uniseriate trichomes. 
The lc~f pair1 upo~ dehiscence, leaves a pair of persistent 
br_acr-~tkc pegs whtch. are arranged at ri~ht angles to the 
mtdvem of the leaf patr. The heads are solitary, terminal on 
branches. Involucres are cup-shaped and have a diameter of 
8-1 2 mm. The involucra} bracts are appressed and some
"'har succulent at their bases. The outer bracts are acute, 
and the inner are rounded at their apices. Receptacular 
bracts are oblong and rounded at their apices. The ray 
flowers are 8-15 in number. The ray coroflas are yellow; 
the expanded portion of the corolla is 3-5 mm. long, and 
either sin1ple or with a pair of rounded lobes at the apex. 
Disk corollas yellow, about 5 mm. in length. Achenes are 
black, about 5 nun. in length and crowned by several short 
papery calyx teeth. The leaves arc aromatic and the stem 
often exudes an amber, resin-like substance. 

Geneml distributio11.-According to Small ( 1913 ), the 
species occurs in Bennuda, the Bahamas, Cuua, and the 
Antilles. Ledin ( 1951) lists it as also occurring in Central 
America. Within the United States, it appears to be re
str icted to the southern portion of Florida. 

U. S. distribution.-A record of the occurrence of B. 
arborescens on the peninsular portion of Florida is given 
bv Small ( 1903 ) . It has, however, been most frequently 
collected on the Keys, and Small ( 1913) indicates that it 
occurs on the Upper and Lower Keys as well as on the 
Sand Keys. Correlated with i~ suc~ule~t nature are the 
alkaline or halophytic locations m wh1ch 1t grows. 

ANATOMY 

A single growth ring was obse~ed !l~ar the periphery !lf 
a stem f rom rhc specimen Stem Cl BriZJCky 232. Ot~erwJSe 
growth rings are apparently lacking. This growth nng was 
characterized by :1 narroW band -of very nli.JTOW vessels 
mixed with vertical parenchrma· The band ap~tly -ex
tended completely a~ound ~e stem. ~e vUtical ~ 
chyma of this band IS not dtstriboted m accordance with 
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the vessels, although some parenchyma cells arc in contact 
with vessels. fhe parenchyma of t hese bands is therefore 
best termed aporracheal. T hese bands arc discussed more 
fully bclo\\ for B. frutesceus, m "hich they are more fre
quent. The) are illustrated for that species in fig. 3-4. 
. Pores arc not appreciably angular m t ransect ion. Group
mg of pores 1s relatively infrequent, and the a\·erage num
b~r of pores per group is 1.49. t he range in tangential 
d\affieter of pores 1s 30-90/L. The most frequent range is 
36-4-/L. and the average diameter is -+5/L· T\·loses are absent. 
Perforation plates are simple and circular or nea rly so. The 
angle of the end wall of ve~el elements varies ben\ een hori
zo~tal and 50 w1t~1 ~he hori~ontal. The average is about 
30 . lnt~n·ascular p1ttmg cons1sts of alternate oval bordered 
p1ts v. h1ch measure about 3 by 5/L. Some transitional pitting 
1s also present. Apertures are rather \\ 1de and lenticular in 
shape. Vessel elements have a range in length of 70-238/L. 
~he most frequent range is I 5 +-196/L: and the ~n·erage length 
lS 164-IL· A very fev. vascular trache1ds were observed. 

Libnform fibers have an aYeragc length of 27 5 p.. They 
a~e often. septate. \Va~ls of fi?ers ~re r~latively thick. Pit
ttng conststs of small s1mple p1ts wtrh sht-like oblique aper-
tures. 

Rays ar~ composed of cells square to procumbent in 
radial secuon. A .fe\\ upright cells are present along rhe 
up~er ~nd lower nps of rays. but not along lateral faces. 
Urusenate rays are absent or nearlv so \lost 1 · • . . · · rnu menare 
r~y~ ~rc ~ cells Wl?e at. their widest point. Although the 
,. anauon m ray he~ght lS great, the aYe rage ra v hei ht IS 

1.1 mm. Such a ray ts about 27 cells in height \ V. 1 ~. gf 
11 l

. ·fi d' · a t:> o ra" 
ce s are 1gn1 c and bear numerous small sirn 1c · 

1 

S · . p pttS. 
can.ry vaslCCntnc parenchyma is present in the form of 

a parnal sheath around vessels and vessel grou 5 S h 
~arenchyma cells are relatively thick-walled and P. · ' uc 
tm bd' ·d d · • are some-

lCS su lVI e mto strands of two cell< s . . 1 · d' 1 · ,, a seen 10 a 
ongl~ ma sectiOn. The apotracheal arenchvm 
mennoned above are subd' 'd d · P , a cells lVI e mto strands of n . 11 
seen in longitudinal section. '

0 
ce s, as 
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The abundant s~cretio.n of resi~-like compounds was illus
trated ph?tograph1cally man earlier paper (Carlquist, 1958). 
Such resms may occlude vessels, fibers, and both vertical 
and r~y parenchyma cells. E~en. in cells where such large 
depositS are not present, resm-llke deposits often occlude 
pits of all but the most recent cells of the wood. Some of 
the resinous. dep~its are carbonized. Crystals were not ob
served. A d1scuss1on of the wood of Borrichia arborescens 
follows the description of B. frntescens below. 

Specimens e~amin.ed.-BIG PINE KEY: Succulent woody 
shrub. 18-24 m. high; flowers yellow; fruits present; in 
sandy strand at extreme south end of key near sea; 23 june 
1956, W. L. Stern & G. K. Brizicky 232 (Y; Yale wood no. 
51076; RSA). Low shrub, 2Yz ft. high; leaves fleshy and 
aromatic; flowers yellow; plant parts exude a sticky, amber
colored sap; at north end of key, edge of hammock; 27 june 
1956, W. L. Stern & G. K. Brizicky 288 (Y; Yale wood no. 

5 1119; RSA) . 
BoRRICHlA FRUTESCENS (L.) DC., Prod. 5: 489. 1836. Buph
tbalmum frutesce1lS L., Sp. Pl. 1273. 1753. Buphthalmr.rm 
inc«num Mill., Gard. Diet., ed. 8, 1768. Diomedea bidentata 
Cass., Diet. Sci. Nat. 13: 283. 1826. Diomedea linearis Cass., 

Diet. Sci. Nat. 13: 283. 1826. 
Borricbitt frutescens is a shrub, 2-7 dm. in height, with 

smooth, light tan bark. The leaves are opposite and oblance
olate, up to 7 em. long and 2 em. wide, or spatulate, up to 
5 em. long and 3 em. wide. Leaf tips are acuminate or acute. 
and a few teeth may be present along the margins or they 
may be altogether lacking. In plants with broader and less 
succulent leaves the major venation is visible on both sur
faces. Both stem's and leaves are densely covered wit~ short, 
uniseriate trichomes. The pairs of leav~, upon deh~cence, 
usually leave a pair of persistent b.ract~hke pegs whtch are 
arranged at rignt angles to the mtdvem of the leaves: In
volucra! bracts are imbricate, pubescent, not apprec1ablh 
succulent· the outer bracts are markedly reflexed. Bot 
involucrai and receptacular bracts are lanceolate,. and the 
receptacular bracts are terminated by a stout spme. Ray 
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flower:, are 12 to 1~ in number. Ray corollas arc y ellow; 
the expanded portion is about 5-10 mm. in length, a~d 
temunated by three lobes. D1sk tlo\\ ers are ! clio\\:- With 
corollas abom 4 mm. in length. Achcnes at matunty are 
about 3 mm. long, and are glabrow., black, and crowned 
by a cup-like calyx. . 

General distributtan.-Borrichia frutescem i!. more wtde
spread than B. arborescens. lt has been reported in Bermuda 
(Small, 1913) and \ ucatan (Lcdm, 1951) as ''ell as in the 
u.s. 

V. S. dismbutiou.-Small (1903) reports ll:u~ species as 
extendmg from Yirgmia ro Florida and l'exas. \,\ 1thin the 
keys, Small ( 1913) reports it on both the Upper and Lower 
Keys, and on the LO\\ er Saud l\.eys. As with 13. arborescens, 
the number of available localities for this species within that 
range may be lumted, because both spcc1es seemingly re
qwre lmoral or salt-marsh habitats. 

A.NATO~IY 

Growth rings are present toward the periphery of stems. 
These growth nngs are demarcated by bands which consist 
of narrow yessels, a fev. vascular rracheids, and apotracheal 
parenchyma (fig. 3, -+). Such bands extend completely 
around the stem. Ihe parenc~yma in r~em IS termed apo
tr~cheal parenchyma because 1t IS nor d1smbutcd primarily 
Wl~ reference t? the \·essels, alt~ough some of rhe cells may 
be m contact \Hth vessels. Vcrncal elements in the earlier
formed xyl~m of the stem, ~ '"ell as the >..) Jcm between rhc 
aboY.c-mentlOne? bands. wh1ch occur m the later xylem, 
conslS( of relanvely w1der vessels. thJck-w::tlled libnfonn 
fibers, and vasicentric parenchyma. 

Pores are not noticeably angular in transection. f he 
~verage num~er of po~es per group is 1 .~. although group
mg ~t pores mcreases m the bands mentwned abO\·e. Tan
gential pore diameter ranges from 18 to 60J.I-. The most 
fre(1_uem. range is 30-H!J.t-, and the :n-crage diameter 15 36 . 
Pcrtoranon plates are simple and circular ~0 n·l J.l-

• l -J oscs are 
pr~ent. The end wall angle of vessel elements varies be-
tween honzontal and an inclination of 60 with the hori-
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zontal. The average inclination is about 40<>. Intervascular 
pitting consists ?£ altema.te .oval (5p by 6p) .bordered pits 
with nearly honzontal sltt-hke apertures. \V1der apcnures 
occur on walls of narrower vessels, and are lenticular in 
shape. The leng~h of vessel elements is 112- 252p. The most 
frequent range JS 140- 200J.I-, and the average length is 178p. 
Vascular tracheids are infrec1uent, and represe~t the fur
thest extreme in the production of narrow vessels. They 
occur only in the bands mentioned above. and have an aver
age length of about 180p.. 

Libriform fibers are about 420p in length. Walls are com
monly thick, and pitting consists of the usual oblique simple 
pits with slit-like apertures. 

Rays are homocellular, because thev consist exclusivelv 
of elements square to upright as seen in radial section. Urn
seriate rays are lacking or nearly so. Upright cells may be 
present on the lateral faces of rays, and on the upper and 
lower tips of rays. Most rays are 5 cells wide at their widest 
point. Although great variation in ray height occurs, the 
average ray height is 1.32 mrn. Such an average ray is about 
40 cells in height. Ray cells are lignified, and pitting benveen 
ray cells consists of numerous small simple pits. 

Scanty vasicentric parenchyma is present .as a . partial 
sheath, never more than a smgle cell layer m th1ckness. 
around vessels or vessel groups. Such parenchyma cells are 
relatively thick-walled, and, in longitudinal section. may be 
seen to be subdivided into strands of 2 cells. Aporrachcal 
P.arenchy ma is present in the bands w~ich terminate growth 
nngs. A few tangentially short part1al bands ~1ay also .be 
present. A potracheal parenchyma is o.ften ~ontmuous wtrh 
~asicentric parench~a, although not mvanably so. As seen 
111 ta ngential section (fig. 4). apotracheal parench~ma cells 
are often septate into a pair of cells .. All th~ ve~cal cells 
in the bands-vessels, vascular trache1ds, vas1centnc par~n
chyma, and apotracheal parenchyma-confonn to a stoned 
pattern. . 

Resinous deposits were observed in vessels, fibers. vertt~l 
parenchyma, and ray parenchyma. Many of these depos1ts 
are carbonized. No crystals were observed. 
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01SCUSSIO:'\ 

A relau,·ely greater amount of marerial. of Borrichia 
arborescens and B. frutescem h~ been studied h~re than 
was studied in the \\ricer's earher sun·ey of Hcila~rhcac 
( 1958). The difference between the species suggested m_ that 
paper, in respect to ray c~lls (~quare tO proc~mbent 1~ B. 
arborescens; square to upnght 1n B. frutescem) a~pca1s to 
be valid. Other differences between the spec1es m wood 
characters are relatively minor, and perhaps arc nor con
stant. 

The tanrrential bands "hich consist of storied narrow 
vessels andbparenchyma arc of c?nsJdc~·abl.e ir:teresr both in 
their mode of occurrence and 111 rhe1r s1gruficance. In a II 
specimens of both species of Borrichia, the earlier portion 
of the xylem was devoid of such bands. In B. arb01:esce11S, a 
single band was seen onlv in the stem of the collectiOn Stern 
& Brizjcky 232.ln B. frutescens, the stem of Stem & Brizicky 
177 had a smgle band, whereas rhree successive bands were 
observed in the collection Stern & Chambers 208. The cause 
for the production of these bands is not readily apparem. 
They do not appear co be an annual production. Their 
formation may rather be induced by some climatic or 
edaphic extreme. 

Whatever the cause of these bands, however, it is inter
<!!>tmg to norc that they are not \\'ithout parallel in other 
Helianrheae. Bands of this nature, although more frequent, 
\\ere observed in another member of the sub tribe V crbesini
nae, Encelia californica (Carlquisr, 1958), although none 
was found in E. farinosa. Similarly, Dubnutia 1\t/enziesii 
(Heliantheae, subtrihe Madinae) shows very pronounced 
bands; other species of Dubautia show less extreme stages m 
differentiation of these bands, as compared ro the remainder 
tJf the xylem (Carhtuist, 1958). In other tribes, such bands 
occur in Hecastocleis and Prousria of \1utisieac: rhe bands 
of Baccharis ( Astercae), described belo''· arc somewhat 
different, but probably represent much the same sort or 
phenomenon. 

.• ~!though feature.-. of \\ ood anaromy alone are not dc
CI~Ive, data on wood structure would not be opposed to 

. I . frltt ·~,·c7H ~rcrn .;;,- C'/.•.unb, '' .:H'. 
I• - 1·· 1 .J Jlorrrc: 'Ill " · • - · 1 tg. l-1 .- •tg. : .. : . ml ranl!~tm.1 J ,n·riu11, I) I porw•n ~~ 

< 265. Fi!!;. I. :!. I r;msHrst ·1 
1 .. • • .• 1 ·~111.,,'-'r'l' t.lll\!l'lltt.tl 

~ .• r ·cur- ·tg '· ... •· · • -
\\ ll'tll "here hands uo no uc 

1 
·. I ·1: IUITU\\ , l'~"rb, , .1,~·ul.1r 

• . 1 1 " htc 1 fill' 111 ~' • • secuons showmg- :t l.llll 
1 

l 't<t ' lmbrosi.r brspr.l.r, ~,, rl1 
· 1 • · • I ·1rcn<.· wma. ::-· · 1 tr.1chl'td~. ;IIH \l'rtK<I P· · . ·f ,, 1,l,,l ,h1mmtZ 1 '·" <lit . , ' J' . ltt'll sc<.'rtltfl 1• ~ • 

~ Cbt1m/J.:rJ .;!.\:. .mg~t · .. · . I x I~'~'· Fig. t., /l,r,.-L•.m• .ml{ r~tr· 
'' hich includes :1 'l'l'l't:tory c.lfl.l • oi 1 • .11 'll'tion 'h'"' Ill!! 



No. 109 TROPICAL WOODS 17 

the supposition that Borricbia represents an eastern devel
opment from the Mexican-centered verbesininoid complex 
which has also seemingly given rise to a number of western 
genera, such as Verbesina, Viguiera, and Encelia. 

Specimens exmnined.-BI G PINE KEY: Single-stemmed 
shrub, 3 ft. high; leaves fleshy; roadside near Halcyon Beach 
(Mynle and Wesley's Place); 21 June 1956, lV. L. Stern & 
G. K. Brizicky 17? (Y; Yale wood no. 51032; RSA). Same 
as above. W. L. Stern & G. K. Brizicky 178 (Y; no wood 
speci~en; RSA). LITTLE TORCH KEY: Shrub, 3ft. high; 
west stde of key; 29 June 1956, W. L. Stern & G. K. Brizicky 
327 (Y; Yale wood no. 51150, not studied; RSA). NORTH 
KEY LARGO: Shrub, 2-3 ft. high; flo·wers yellow; 21 June 
1956, W. L. Stern & G. K. Brizicky HO (Y; Yale wood no. 
51323; RSA). KEY LARGO: Cut-over land on coralline 
substratum near sea between Tavernier and Key Largo 
town; 18 March 1958, W. L. Stern & K. L. Chttmbers 208 
(Y; Yale wood no. 51434; RSA). 

MELANTHERA ASPERA (Jacq.) Rendle, in Fawcett and Rendle, 
Fl. Jamaica 7(5): 232. 1936. Calea aspera Jacq., Collect. 
2: 290. 1786. Amellus asper (Jacq.) 0. Kuntze, Rev. Gen. 
I: 305. 1891. .Melantbera deltoidea Michaux (as Melan
tmtbera), Fl. Bor. Am. 2: 106. 1803. 

Melantbe1·a aspera is an upright perennial herb_ wit~ a 
woody base. Stems are +angle~, and often purp~ISh wl[h 
anth?cyanins. Leaves are op~stte, on slender pettoles 1-6 
em. m length. Leaves are deltOid to hasta_te or cuneate, 5-12 
em. in length, 2-6 em. wi~e. Leaf margms ar~ d~nt~te-~~r
rate, and leaf rips are ~cu~unate: The herbage IS hiSptd ~ Jth 
a covering of stiff uniSenate trtchomes. Heads are sohtary 
on the ends of branches, or in clusters. of two or thre~. 
Involucres are cup-shaped, and ~p~roxtmately ~ em. tn 
diameter. Tnvolucral bracts are elliptic, 3-5 mm. m length. 
and finely hairy. Receptacular brae~ ar~ of the ~me length. 
but glabrous or nearly so a~d longnudmally smate. Hea~ 
are discoid the corollas white ana papery, about 5 mm. m 
len~Yth th~ anthers black. Achenes measure about 2 mm. 

b • "dest ear the anM: in length and have a turbinate shape. WI n r--· 
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They are black in color nnd bear a pair of laterally-arranged 

capillary awns. 
General distributiou.-Melantbera aspem has been report

ed (as .\1. deltoidetr) bv Ledin ( 1951) to occur in Costa 
Rica, Yucatan, and otl-ier parts of ~ lexica, as well as in 
Jamaica, Trinidad, Dominican Republic, Cuba, the Bahamas, 
and Florida. 

U. S. dirtribution.-\Vithm the United Stares, ,Helantbera 
aspera, according to Ledin ( 1951) occurs in peninsular 
southern Florida "from Ft. Lauderdale to the Sand Kevs" 
as ,~·ell as o~ var~ous of the larger Keys. It appears to' be 
ryp1cal of dner d1sturbed areas, such as roadsides, or sandy 
beach habitats. · 

ANATOMY 

Growth rings are very indistinct. The vertical elements 
of t~e xylem consist of ,:esse) elements, libriform fibers, and 
vemcal parenchyma. Although some very narrow vessels 
were observe~, ?o vascular tracheids are apparently present. 

~ores are d1Stmctly angular in transection. Pores are most
ly m gr~ups, and. average 2.3 pores per group. The range in 
~angentla] pore dtameter is ~ 5-48p.. The most frequent range 
lS 27-36p., and th~ average d1ameter is 34p.. Tyloses are abund
a':lt and very thm walled. Perforation plates are simple and 
crrcular. Although the end walls of vessel elements ran e 
bet~reen an a~gle of 30 and 80° with the horizontal t~e 
averag.e angle IS 40°. Intervascular pitting consists of ~lter
rrkte CJrcular b~rdered pits, about Sp. in diameter, ·with slit-

e, nearly honzontal apertures. Pits on walls facing paren
~hyma cells are more sparse and tend to be elr r· 1 . 
hne Th 1 h f rp 1ca m out-
238. Te engt o vessel elements ranges between 112 and 

P.· he most frequent ranae is 140-19 ~ 1 and th 
length is 184p.. o · · J, e average 

Libriform fibers average b 500 . 
non-storied Th a out P. m length, and are 
typical ittin ey a~e ~oderar~ly thin-walled and have the 

l
.k P g, consrstmg of s1mple pits with obr li r e aperrurcs. rque, s t-

Primarv rays 0 11 the xvlein, but t~:a er ste~s occupy a large portion of 
; are rapidly broken up so that the 
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amoun~ of ray tissu~, as seen in tangential sections of la er 
stems, JS not exceptional. Rays are homocellular; they ~n
sist wholly of ~ells square to upright as seen in radial se _ 
tion. Some upnght cells are horizontally subdivided. u;
rig~t ~ells are present along the lateral· faces of the rays. 
UnlSenate rays are absent. Most of the multiseriate ravs have 
a m~mun: v.:idth of 4-5 cells. Rays average 1.35 rnm. in 
verocal he1ght, and an average ray is about 32 cells high. 
Pitting among ray cells consists o'f numerous small simple 
pits, circular in outline. 

Axial parenchyma is present in the form of scantv vasi
centric cells, relatively few in number. They form a · partial 
sheath around vessels or vessel groups. This sheath is never 
more than a .single cell in width. Vasicentric parenchyma 
cells are relaavely thin walled. As seen in longitudinal sec
tion, they are subdivided into strands of 3-4 cells. 

Resinous deposits are present in vessels, and droplets of 
this substance occur in ray cells. Such resinous materials are 
not carbonized. No crystals were observed. 

Specimens examined.-LOWER MA TECU.~1BE KEY: 
Plant somewhat woody at base; leaves scabrous; heads with 
white flowers; in sandl strand along ocean side of key, 4 
miles north of Craig's Post Office; 23 March 1958, W. L. 
Stern & K. L. Chambers 286 (Y; Yale wood no. 51485; 
RSA). BJ G PI!'.lE KEY: Plant with woody base; heads with 
white flowers; sandy spit on southern end of key; 27 March 
1958, Jf.T. L. Stern~ K. L. Cbtmtbers 315 (Y; Yale wood no. 

51504; RSA). 

SUBTRIBE AMBROSINAE 
AMBROSIA HISPIDA Pursh, Fl. Am. Sept. Suppl. 743. 1814. 

_Ambrosia bispida is a creeping,. decumbent perennial herb 
WJth a relatively small accumul~non o~ s~con~ary xylem at 
the base. Leaves are opposite, b1- or trl-pmn.anfid, the lobes 
bluntish or rounded. Leaves are up to 8 ~m .. m len~h, 4 ~· 
in width. A hispidulous covering of un1senate tnchomes JS 
present on young stems and on ~oth surfaces of leaves. 
Carpellate involucres are accomparued .bY bractS and con
gested on short axes axillary to opposite bracteate leaves. 
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Staminate heads are spirally ar!anged in the man~er of a 
raceme along the terminal pornon of the elongate mflores
cence axes which terminate shoots and may bear carpellatc 
branches below. Peduncles of staminate heads arc short, 1-3 
mm. long and not subtended by bracts. Bract'S _within the 
carpellate inflorescences and im·olucre~ of stammate heads 
are hispidulous. Carpellate heads cons1st of a tubercu~ate 
involucra\ envelope, about 4-4.5 mm. long at marunty. 
Staminate heads are about 2-4 mm. in diameter, and possess 
a single series of involucra} bracts which are rounded at 
their apices and more or less united by their bases. Stam
inate flowers are about 2 mm. in length, with dull white 
corollas. The plant is aromatic, and small resinous droplets 
may be seen on leaves and involucres. 

General distribu.tion.-Ambrosia hispida occurs in tropi
cal America as a strand plant. It has been reported in South 
America, Yucatan and other parts of Mexico. Cuba, Haiti, 
Dominican Republic, Puerto Rico, and Florida. 

U.S. distribution.-\Vithin the United States, the species 
1s restricted to southern Florida. It occurs on the Sand Keys 
and on both the Upper and Lower Keys (Small, 1913). It 
has been found less commonly in the i\Iiami region. Char
acteristically it grows on sandv dunes or rocky shores along 
the coast, where it forms lo\V' mats. 

ANATOMY 

Growth _rings arc. present. The axial portion of the 
xylem consiSts of vert1cal parenchyma, libriform fibers, and 
vessel elements; vessel elements grade in diameter to quite 
n_arrow, however, and a few such elements lack erfora-
tlons and are therefore vascular tracheids. p 

Pores are only slightly angular as seen 1n rr · 
The e b f · · ansecnon a':' rage num er o pores per group is I. 7. T a . j 
pore d1am~rer ranges from 12 to 9014 (the lar est ngentla 
observ~d m the collection Stern & Brizicl Jho)res were 
collection Stern & Chambers 282 the yf . In the 
· 20-42 d h ' most requent rang Js . . p., an t e average diameter is 35 (55 · e 
Brrucky 393 ). Tyloses are absent Per/ . P. m Stern & 
simple and tend to be elliptical in · all oranon ~lates are 

sm cr vessels. Circular in 
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larger vessel~. The end wa~l angle of vessel elements ranges 
uenreen honzontal (on wtder elements) and vertical (nar
rower elements). The average inclination ranges between 
30-50° with the horizontal. Intervascular pitting consists of 
oval bordered pits, about 41' in diameter, with nearly hori
zontal- slit-like apertures. Some transitional ritting ts pres
ent. Helical sculpturing is absent on vesse walls. In the 
specimen Stern & Chambers 282, the range in vessel element 
length is 110-28014. Elements up to 4481' in length were 
observed in Stern & Brizicky 393. The most frequent range 
in the former is 170-252~-'• and the average length is 20214 
(average, 28214 in Stem & Brizicky 393). Vascular tracheids 
are from 130-1501' in length. They have pits like those of 
vessels, except that aperrures are wider and tend to be the 
same shape as the pit cavity, although smaller. 

Librifonn fibers are non-storied and average 2801' in 
length. They have thick walls and simple pits with oblique, 
elongate apertUres. 

Ray cells are typically square to upr~ht, as seen in ra~ 
section. A few procumbent cells occur m the central portion 
of larger rays. Both multiseriat~ and uniseriate ~ys :ue pres
ent; uniseriates are relatively ~nfre_quent. ~ulnsenate rays 
rend to be 2-4 cells wide at the1r widest pomt, mostly 2, ex
cept w here secretory canals (fig. 5) are included ~thin .the 
ray. The average mwtiseriate ray: is about 1 mm. m. vc:mcal 
height and about 15 cells high. The presence of librlform 
upright ray cells on lateral faces of ra~ tends to ~bscure.the 
precise limits of many ra~ as seen JD tanf:tial sectton. 
Uniseriate rays are comp~se? of 1-2 cells hlrdav~= 
7 5 p. in vertical height. W1thin perhaps a t . 0 t. TheSe 
seriate rays, a secretory canal (ng. JJ ~~ 
secrewry canals are surrounded by: n- ~,th.y 
fied cells, although the r~main<!.!~~~ the ,c:e.U$.. ~ 
occur is composed of thickert"~e ~ 
tory canals were obsen-ed 
length of the ray in wna~. 

present opposite !t~h:em.[:2.~=~:~=~~=~~~~~ These canals are *'lflll.lli:-1 
observed in the rellattl".W 
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tion ~tenz & Bri':icky 393. Pitting between lig nified ray cells 
conststs of numerous simple small circular pits. 

Scanty yasicenrric parenchyma is present as a partial 
sheath, neYcr more than a single cell in width, around ves
sels or yessel groups. Cell walls are moderately t hick . In 
longitudinal section, ,·asicenrric parenchyma cells may be 
seen ro be septate into strands of two cells. A few bands of 
apotracheal parenchyma arc p:esenr. T hese are tangentially 
short. and do not extend the wtdth of an interfascicular area. 
They are mostly continuous with vasicentric parenc hy ma. 
Although some of these cells are tranS\'Crsely septate, most 
of them are not. · 

Resin deposits occur in vessels ami between ray cells. 
Some of the latter accumulations are carbonized. No crystals 
are present. 

DISCUSSION 

Th~ two. specimens of this species differed markedly in 
the dime~1on of vess~l elements. The larrrest elemen ts 
occurred m the collecoon Stern & Brizicky /93 which h d 
a smaller accumulation of xv lem. ' a 

. The ~resen~e of secretor}r canals in ravs of Ambrosia 
htSptda ts of mterest, because they have been reported · 
only one othe~ genus of Compositae, Bebbia (Carlqui~~~ 
1958). In Bebbta, howe,·er. the secretory can:1ls arc smaller 
and surrounded by. lignified cells. Bec~usc Bebbia belongs 
to a p~rt of Hchantheae quite different from subtrib~ 
A.mbrosmae, and because the nature of canal structure is 
dtffcrent, secretory canals have probably art·s . d · 

tl Th 
• en m epend-

en y. e occurrence of secreta c I . 
~:>ispida is perhaps not surprisin in\•ic\~n:~ 10 

Awbrosit1 
mrernal secretory structures clscg I . I the abund:lnt . \\ 'lere m r le plant 

1 he wood of onlv one other mcmb f . 
H~·mcnoclea snlsola, has been pre\'iousl . er 

0 
. \mbrosinac. 

qmst, 1958). Features of Hv711enoc/e. ~ /mvesr~gared (Carl
those of (lmbro~ia hispida i~cludc th: sa sola dtffercm from 
ly non-hgnificd walls in ray cells p~esence of exclusivc
can:tls, and marked seasonal .pe . d-' .a s~nce of secretory 
of certain elements Bands no. t~tty m the producrio;'l 

· contammg numerous Yascular 

No. 109 TROPICAL WOODS 23 

tracheids and very narrow vessels tenninate growth rings in 
Hynz~noclea. The m:u-kedly procumbent ray ceUs and the 
promme~t grooves m ~ess~l walls of H ymenoclea offer 
furthe: d.1.ffer.ences. Con~tdermg the relatively narrow gamut 
of van at1on m Composttae wood, the woods of Ambrosia 
bisp~da an.d H ymenoclea sa/sola are not particularly similar. 
An mtenstve survey of the woods of Ambrosinae is needed. 

Specimens examined.-NO NAME KEY: Suffrutescent 
prostrate plant; leaves aromatic; growing near eastern abut
ment of N o Name-Big Pine Bridge; 5 July 1956, W. L. 
Stern & G. K. Brizicky 393 (Y; Yale wood no. 51197; RSA). 
LO \ VER MA TECU 1\lBE KEY: Plant woody at base, 
stoloniferous, first erect then scrambling along ground; 
aromatic; in sandy strand along ocean side of key, 4 miles 
north of Craig's Post Office; 23 March 1958, W. L. Stern rh 
K. L. Chambers 282 (Y; Yale wood no. 51482; RSA). 

TRIBE HELENIEAE 

FLA\.ERIA LrNEARtS Lag., Gen. et Sp. Nov. 33. 1816. 
Flaveria linearis is a shrubby perennial, much branched 

below, w hich reaches 10 dm. or more in height. Stems are 
terete and shallowly grooved. Leaves are opposite, lanceo
late, and somewhat petiolate. They reach 10 em. in length 
and 1 em. in \vidth. Margins are obscurely ~entate and me 
tips are acuminate. The bases of each leaf pm form a short 
sheath. The herbage is glabrous. Inflorescences are composed 
of numerous heads in a corymb. Heads are oblong~u
late, about 5 mm. long and 2 mm. in diameter. A few Scale
like bract leaves subtend each involucre. lnvolucral bracts 
are imbricate, 3-5, arranged !n 1-2 series, and elliptic. They 
bear longitudinal brown stnae on the outer surface; these 
'' rc external indications of se~retory canals. The expan~ 
portion of the ray corollas JS about 3 mm. lo~ an IS 
elliptic with an entire rna~· Disk corollas arc a ut 2-3 
mm. long. Corollas of both disk~~ raY. flowers are ~;k: 
\\ ith brownish linear marklilgs mdica:dg seoretOf!.... d 
Achencs arc black, teret~ 8-to-ribb • 2 mm. ·-.~· an 

lack pappus. 
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General distrilmtion.-F/a'l:eria Jinearis occurs in disturbed, 
dry. o r alkaline areas in Yucatan and other portions of 
~lcxico, Cuba. and the Bahamas. as well as in southern 
Florida ( Ledin, 1951 ) . 

U.S. distribution.- T he species has been collec ted in The 
Everglades of southern F lorida. It ranges up the cast coast 
to Brcnrd County :> nd up rhc west coast to Sanibel Island 
(Ledin,1951) . Small ( 1913) records it on the Sand Kevs and 
on the Lower Keys. · 

ANATOMY 

Growth rings are present. bur inconspicuous. The axial 
port~on of the >.·ylem exclusi,·e of vertical parenchym:l 
consists wholly of vessel elements and libriform fibers. 

Pores arc some\'< hat angular as seen in transection. The 
average number of pores per group is 1.7. The range in 
:an~ential pore diameter is 21-5_1,u.. The most frequent range 
1s )0-39p, and the a,·erage d1amerer 1s 33,u.. T v losc.." are 
absent. Perforation plate) are almost e"XclusiYcl\ ·.,implc. \ 
few plates, '' h1ch are best termed multi perforate, were ob
served. These plates had between 10 and 15 scalariform 
bars, most of which \\ere forked. The end ''ails of vcs.,cl 
elemenr;; range ?etwccn h,mzontal and an angle of 60 \\ ith 
the ~or:zontal. .fhe a\·~rage angle is about -t5 . l mcrva<:cu
lar pmm~ co~SI!>tS of ctrcular or slightly ()\'al bordered pi1.., 
a_bout ~,u. 111 d1ametcr. Apertures an: ..,horr, oblic1ue, :md slit
!tke. P_l(.s ar~ scarce on walls facing fibers. r lclical sculpture 
!s.lackmg. \ esse! element length ranges bet\\ een iO ~tnd WOp. 
_I he most frequent range is 15+-196ft. and the a\'C:r:tgc lennll~ 
IS 180,u.. " " 

Lihriform fibers averaac :about 350 .. ·,,, lc,1gt·l1 "1'1 • • :;, · r · le\' OCCUI' 
111 /l stoned pat_tern which confomls to the ,·cs ... cl cit.•mcrlt".; 
\\ails arc rclanvelv thin, although rhis , .. 1r·,. . 1 · • p· . · · • ICS \\It l grO\\ th 
nngs. tts arc simple, with apertures oblique I )' l'k R anc s tt- 1 c 

ays are abundant and occup'r perha . 1 . i · 
c,f a tangential !>Cction. alrhou ·h tl 'ps a 1_llrc of _the area 
gcsted active breakup of rays gb ;~ ·'ttenal srud1cd sug
homoccllular, and consist o( celly t Sl oml cells. Rays :-~ re 
in radial section. Uniscriate rav s S<]~are to upright as seen 

• s arc a sent or nearly so. l ' P. 
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right cells occur along the lateral faces and the upper and 
lower tips of rays; the similarity of these cells to adjacent 
librif?rm fibe~ obsc.ures the exact limits of a ray, as 
seen lfi tangential section. Most rays have a maximum width 
of from -+ to 7 cells. The average ray height is 1.5 mm. An 
a\·erage ray is about 30 cells high. Ray cells are thin-walled 
but lignified. Pitting between ray cells consists of numero~ 
somewhat circular simple pits. 

Vertical parenchyma is present in the scanty vasicentric 
condition exclusively. These cells are relatively thin-walled, 
and form a partial, rarely a complete, sheath around vessels 
or vessel groups. Such a sheath is never more than a single 
cell in width. 

A few resinous droplets arc present in vessels. Such deposits 
are not carbonized. Crystals were not observed. 

0ISCCSSIO:'\ 

Flaveria linearis is apparently the only species referred to 
Helenieae (other than V cmegazia carpesioides) which has 
been investigated ro date. V megazia, traditionally regarded 
as helenioid, was considered by the writer ( 1958) as pos
sibly belonging to Heliantheae, and studied in that connec
tion. Wood anatomy of Flaveria linearis is quire similar to 
that of V e11egazia. It is equallv similar, however, to a num
ber of undoubted Heliantheae, such as Podachaenium and 
V erbesina. These similarities correlate well \\ith the very 
dose affinity taxonomists have consistently suggested be
tween Heliantheae and Helenieae. 

Specimen examined.-PLANTA TION KEY: Shrubby. 
sprawling, woody at base, about I m. high or somewhat 
higher; flowers bright yellow; 21 March 1958, JV. L. Stem 
& K. L. Chambers 260 ( Y; Yale \'r'OOd no. 51469; RSA). 

TRIBE As rEREA~' 

8AccHARis ANGus-rn·ouA Michaux, Fl. Bor. 1\m. l : 125. 

1803. 
Baccharis atlgustifolia is a "?ody shru.b, 5-H dm. tall. 

The srems are terete and conspacuously radged. Leaves are 
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alternate linear or somewhat lanceo)ate, 1-8 em. in length 
and up t~ 5 mrn. in width. Leaf margins ~re endre ?r with 
a few teeth. Herbage is glabrous but gluonous, pamcula_rly 
at the shoot tips. Heads are arranged in a bracteate parucle 
at the ends of branches. Involucres are 4-5 mm. in length 
and conical in shape. lnvolucral ~racts are num~rous, imbri
cate, and greenish in color ( drymg tawny) ~'ttl~ a d.ark~r 
marking near the center of each. Heads are dtscotd, dtOCCl
ous, and with whitish flowers. Corolla lobes of carpellate 
Aowers are filiform, those of staminate flowers lanceolate. 
Fertile achenes are about I mm. in length, whitish and 
minutely hairy. and crowned by a copious aggregation of 
capillary pappus bristles. On fertile achenes the bristles are 
about 8 mm. in length; bristles of the staminate flowers are 
less numerous and about 2 mm. in length. 

General distribu.tion.-Baccharis angustifolia is a species 
characteristic of salt marshes, hammocks, alkaline .roadsides. 
and sand dunes in the southeastern U.S. It has, however, also 
been recorded for the Bahamas (Small, 1913). 

U.S. distributi011.-Within the Cnited States, the species 
ranges west to Texas and north ro N. Carolina (Ledin, 
1951). It has most frequently been collected in Florida. 
\Vithin the Keys, Small ( 191 3) records it from the Upper 
Sand Keys. The specimen under study is from Key Largo. 

A~A'IO\lY 

Gro\\ th rings are indistinct. Bands, which contain vcni
cal parenchyma, narrow Yessels. and \·ascular rracheids arc 
present, but t~ese are scattered equally through all ponions 
of a ~rowth rmg. These bands extend across all or parr of 
the dtstance between two rays, as seen in transection. Some 
uands extend across several fascicuhr areas The · d 

f h 
· 1 · • ' · remam cr 

o t e axm portwn of the xdcm cons·lsts f I I \' ' f .r 0 VCSSC CC 
ments, Ibn orm fibers, and 'asicenrric parenchyma. -

Pores are mostly angular in transection Th 
numbe: of pores per group is I.R. The ra ; c avera~<: 
pore d1ameter 1s 21-60J.t. The most fre nge 10 ~angenttal 
and the average diameter is 41 . T fuent range IS ~5-49ft. 
angle of the end wall of vessel ~I Y oses a~·e absent. The 

. emcnts vanes between I 0 
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and 65° with the horizontal, and the most frequent angle is 
about 50°. Intervascular pitting consists of alternate bor
dered pits, circular in outline, with nearly horizontal slit
like apertures. Pit cavities are about 5 p. in diameter. Promi
nent helical grooves connect pit apertures, so that the exter
nal portions of apertures of pits in a particular helix may be 
said to be confluent, like those in Pluchea odorata (fig. 7). 
On either side of such a groove, a ridge may be built up, so 
that a pair of helical spiral thickenings may accompany a 
helix of pits. Such a condition is present on many vessels, 
particularly the narrower ones, as well as on vascular 
tracheids. This condition is shown in fig. 6. The range of 
length in vessel elements is 14-160p.. The most frequent 
range is I54-182p., and the average length is 164-J.t. Vascular 
tracheids average about 180p. in length. They occur in a 
storied pattern which confonns to that of vertical paren
chyma. cells and vessel elements in the bands in which they 
occur. As mentioned above, helical grooves and their accom
panying ridges are more prominent in vascular tracheids 
than in larger vessel elements. 

Librifo.rm fibers average about 430p. in length and are 
not storied. Wall thickness and fiber diameter vary accord
ing to position of a fiber in a growth ring. Thin-walled 
fibers are about 27 p. in diameter, whereas thick-walled fibers 
are about 15p. in diameter. 

Rays contain cells s9.uare to procumbenr. mostly pro
cumbent as seen in radtal section. Procumbent cells exclu
sively ar~ present in the central portion of mulriseriate rays. 
Both square and procumbent cells occur in un.iser!ate rays. 
:\lultiseriate rays are more frequent than umsenate rays. 
Most multiscriatc rays have a maximum width ?f 3 cell<i; 
Uniseriates average 11 i p. in height; such a ray 1s about ' 
cells high. The average multiseriate rar is ~bou~ ~28,- in 
height, and the average nu~ber of cell~ m. hetgh~ ts .. 0. ~ p
right cells are wholly lackmg, and umsenate wa.ngs. \\ ~ach 
at most contain 2 cells, are rarely present, .and mconspacu
ous. Ray cells are li~fied, .and p1nmg consasts of numerom 
simple pits, circular m outline. 
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Axial parenchyma is present both as. vasicentric cells. 
which usually form a sheath 1-2 cells w tde around. vessels 
or yessc\ groups, and as the parenchyma in b~nds, ~vhtch also 
contain narrO\\ vessels and vascular crachetds. 1 he paren
chvma of bamb, because it is so intimately associated with 
uichean elements, could be termed p aratracheal. lt appears 
to be si1iillar to rhe condmon ' ' hich rhe writer has termed 
apocracheal in other Composirae. A fe\\ small bands may 
contam no trachean· elements at all. Consequently, rhe term 
apotracheal parenchyma seem~ defet~siblc he:e. Ba~ded 
parenchyma, where it occurs. ts co~tmuous w tth . vaSlCe~
trlC parenchyma, as seen jn transecnon. As seen m longt
tudinal secuon, vertical parenchyma cells may be non-sep
tate or divided into strands of two or three cells; a strand 
of rwo cells is the most common condition. 

Large resinous deposits occlude some vessels. In rays and 
,·ertical parenchyma, droplets of such substances are pres
ent. None of these deposits IS carbonized. 

Discussion of wood anatomy of B. angustifolia follows rhe 
descriptton of B. halimifoTia belO\\. 

Specimen examined.-KE\ LARGO: All leaves on plant 
are narrow, broad leaved forms gro\\ ing nearby; on high
\\ a) S 905, 6.4- mi. from C. S. 1, south side of road; 19 
\larch 1958. lV. L. Stem & K. L. Cba1nbers (wirh G. 
Stet,enson) 250 (\;Yale \\Ood no. 514-62; RSA) . 

BACCHARIS HALl \HFOLIA L.. !:>p. Pl. 860. 17 53. 
Baccharis balimif olia is a shrub, 15-25 dm. tall, \\ ith a 

trunk up to about .3 in. m d~ameter. Stems arc ridged. Leaves 
are a~ternate, petiOlate, wtrh m~rgms deeply incised inro 
pron:menr teeth. Leaf shape vanes constderably within tl c 
specaes, .the K~ys specimens have leaves oblanceolate t~r 
obovate lf_l outlme, up to 7 em. m length anJ + t:m. in '-' d 1 
1 {crbage 1s glabrous and often glutinous c<pec1• .. II 

1 
til. h · 1 fl • .. " Y near r 1t: 

s oot tips. n orc.~cence!; consist of numerous 11 .d. I I 
d 

· '· . ea s oosc y 
arrange m a uracteare pantcle. Heads are disc . I I ' 
~cxual, with whitish corollas. J nvolucres me~suOtl ~n~ um
m length and about 5 mm. in diameter Im: re ~- 01111

· 
nrc numcroul>, imbricate, and greenish (d. olucral bracrs 

rymg tawny); each 
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typically bears a darker stre~k down the center. The pappus 
of carpcllate flowers consists of numerous fine capillarv 
bristles about 8 nun. long. Fertile achenes are minutel~, 
hai~, whitish, and ab~ut ] mm. in le?gth. The pappus of 
stammate flowers cons1sts of fewer bnstles, about 3 mm. in 

length. 
General distribution.- Baccharis halimifolia is character

istic of maritime localities and disturbed areas near the coast. 
It is apparently most frequent in somewhat halophytic 
habitats. In addition to the U. S., it has been recorded in 
Central America, Mexico, Cuba, and the Bahamas (Ledin, 

1951 ). 
U. S. distribution.-This species ranges up along the 

Atlantic seaboard as far north as Massachusetts. It also 
occurs on the Gulf Coast from the Keys west to Texas. In 
Florida, B. balimifolia may be found ar the edges of ham
mocks, in salt marshes and swamps, and more rarely in pine
lands. Within the Keys, Small ( 1913) reports it from the 
Lower Keys only, and rhe f.our collections from which 
wood was studied are from th1s area. 

ANATOMY 

Growth rings are rather indistinct. Bands, which con~n 
vertical parenchyma, narrow vessels. and vascular trachetds 
are present, but these are scattered through all portions of a 
growth ring. These bands extend acr~ all or P.art of the 
distance between rwo rays. as seen m transection. Some 
bands extend across several fascicular areas. The remainder 
of the axial portion of . xyle":l consists of vessel elements, 
Jibrifonn fibers. and vastcentnc parenchyma. 

Pores arc somewhat angular in transection. The average 
number of pores per group is 2.2. Tangential pore d.iametc:r 
ranges between 18 and 70p.. The most frequent range ts 
~0-45 p., and the average diameter is 39p.. Tyloses are absent. 
The end wall of vessel elements is at an angle of from IS 
to 50° with the horizontal, and .the average angle. is 3~

0

• 
Intervascular pitting c:onsists of cll'cular borde~d. pats. wtth 
cavities about 5p. in dtamete~. ApertUres are sbt-:li~ nearly 
horizontal, and connected wtth those of other pn:s Ill a per-
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ticular helix by a groove. In respect to helical grooves and 
ridges, the vessels and vascular rracheids are identical tO 
those described above for B. angustifolia (see also fig. 6). 
The range in length of vessel elements is 90-22-+,~. The 
most frequent range is 154-2l0~t. and rhe a\·erage length is 
178p.. Vascular tracheids average about 1 HO,.t in length. and 
conform ro the storied pattern of n~ssels and p:~ renchyma 
in the bands in which thev occur. 

L~briform fibers average about 3801.t in Jengrh and are non
stoned. They are mostly rather thick-walled, and have 
simple pits with oblique slit-like apertures. 

Rays contain cells square to procumbent, mosth· pro
cumbent, as seen in radial section. Procumbent cellc;' exclu
sh·ely are present in the central portion of ravs, and uni
seriate rays consist of both procumbent and square cells. 
Multiseriate rays are more frequent than uniseriatc rays. 
'-!o~t ~ultise~ate rays haYe a maximum width of 3 ceHs. 
lJ rusenate \Vmgs are not present. The average uniseriate 
ray is 150p. in height and consists of about ~7 cells. The 
average multiseriate ray is 440p. in height and is about 17 
cells high. ~ay ce!ls ar.e lignified, and pitting consists of 
numerous stmple ptts, cJicular in outline. 
~ial parenchyma is present both as Yasicentric cells 

whtch form a sheath 1-2 cells wide around ,resc;e\s and ' 
parenchyma in b~nds. The question as to whethe.r ~he ban~~ 
ed parenchyma ts truly paratracheal is discussed abo · 
the account of ~· tmgu~tifolia. As seen in transection, ~:n~~ 
ed parenchyma ts connnuous with vasicentric pare h A · 1 · d' nc yma 

s seen m ong_t~ ma.I section, vertical parenchym:~ . cell~ 
are usually subdJVtded mto strands of two cells. · 

Resin deposits occlude a few ve"•sels Re . ...~ . "' · · smous 11l'O 1 
were observed m rav and vertica 1 h . p ets 
the collections studied Such dep l?arenc yma cells of all · ostrs are not b . 
No crystals were observed. c:~r Ont7ed. 

DISCUSSION 

The wood anatomy of Baccbttris bali . . 
described previously by U rling d S '!Tthfolta has been an mtt (1953). The 
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present account differs from the description of those authors 
m se~~ral respects. Th~y apparently overlooked the storied 
conditiOn of elements m the bands. Resinous droplets 
. 11 f ll . . occur m a our. co ectJ~ns .m the present study, in addition to 
more massiVe deposits m vessels, although Urling and Smith 
report them ~s ab~ent. Numerous multiseriate rays fewer 
than 25 cells m he1ght were observed in the present study 
whereas. Urling and Smith report a range of "25-50" cells: 
The wnter was unable to conllnn their report of intraxylary 
cork strands in any of his material. Such cork strands, then, 
do not appear to be an obligate characteristic of the species. 
lntraxylary cork strands have, as these authors state been 
described in Artemisia rridentata by Diettert (1938).'They 
have. also b~en figured .by Webber (1936}, in the same 
specJes. Urling and Smtth state that Artemisia tridentata 
belongs to the same tribe as Baccbaris. This is not true, so 
the comparison is nor a close one in systematic terms. 

The similarity in all essential features between wood of 
Baccbaris angustifolia and B. balimifolia is extremelv close. 
Comparative material of some of the numerous other species 
of Baccbttris is needed to lend perspective, but the great 
similarity between these two species might well suggest a 
close taxonomic affinity. 

The descriptions of Metcalfe and Chalk ( 1950) in respect 
to pore diameter, vessel grouping, and vertical paren
chyma characteristics of an unspecified species of Baccbaris 
(B. tucumanensis ? ) agree with the data for the two species 
described above. Although a small amount of varianon in 
pore diameter is correlated with growth rings, there does 
not seem to be in the two above s~cies the tendency 
toward ring porosity they mention for Baccharis and figure 
for B. tucummensis. In agreement with the writer's conten
tion that the banded parenchyma may be reprded as 
apotracheal, they figure bands containing no tracheary ele-
ments for B. tucummensis. 

Specimens eztmdned.-BlG PINE KEY: Shrub with single 
stem 5 ft. high, 1 in. in diameter; leaves fleshy; Watson's 
Hammock; 26 June 1956, W . L. Stem 6 G. K. Brizicky 263 
(Y; Yale wood no. 51101; RSA). Small tree, 7 ft. high. l.S 
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in. in diameter, sterile; leaves somewhat fleshy; north end 
of key in hammock; 27 June 1956. Jr. L. Stenz & G. K. 
Bri-:jcky :!92 (Y; Yale wood no. 5 11 2~; RSA). Shrub, about 
6ft. high, 10 July 1956. W. L. Stern & G. K. Brizicky 424 
( Y; Yale \\ood no. 51219; RSA). NO NAME KEY: Robust 
shrub, largest of the species seen, diameter at base 3 in., 
several main stems; sterile; :along road; 6 July 1956, TV. L. 
Stern & G. K. Brizicky 398 (Y; Yale wood no. 51199; 

RSA). 
HAPLOPAPJ>vs PR\LLOCEPHALUS DC. \·ar. :\-1EGACEPHALU5 

(~ash) Hall, The Genus Haplopappus (Carnegie Inst. Wash. 
Publ. No. 389) 59. 1928. Eriocarpum megacephalum Nash, 
Bull. Torrey Bot. Club 23: I 07. 1896. Eriocarpwn flori
danurn Gandoger, Bull. Soc. Bot. France 65: 41. 1918. 
Eriocarpurn glaucum Gandoger, Bull. Soc. Bot. France 65: 
·+1. 1918. Haplopappus megacephalus (Nash) Hitchc., 
Trans. Kansas Acad. Sci. 16: 131. 1899. Siderantbus mega
cephalus (Nash) Small, Fl. Southeastern U. S. 1185. 1903. 
\1achaeranthera phyllocephala var. megacephala (Nash) 
!:lhinners, Field Lab. 18: 40. 1950. 

Haplopappus ~hyllocepf::Jalus var. megacephalus is a low 
... hrubby herb with a woody base. The sterns branch from 
near the base, and are lightly striate. Leaves are alternate· 
m1ddle leaves are 8-12 mm. wide, 3-4 em. long. Both stem~ 
and l~aves have both glandular-scabrid and villous or tornen
~ose mdument. L~af margins ha,'e pr?minenr teeth, about 
- . mm. long, which are ternunated m a stout uniseriate 
tnchome. Heads are mostly solitar) on the ends of stems or 
branches; a group of such flowering branches at the end 
?f one of the mam stems, however, fonns a loose corymb 
fhe m\·olucres are 10-14 mm high and cons·st f · · b · b Th · • l o numerous 
Jm ncatc :acts. . e bracts are lanceolate, about 8-JO mm 
long, greerush with a darkened apex and scarious . . 
The receptacle is ah·colate. H eads are radiate ·t~narftms~ 
flowers. Ray flowers are about 25 to 40 . ~Vl ye O\\ 

~xpanded portion of the corolla 5-7 m: num er, wi~h the 
m rwo or three lobes. Disk flO\\ ers are ab . long, t~rrnmated 
rhe corollas 5 mm lon!T. Pa us o~t 7 mm. ln length, 
bristles 5 - · 1 ° PP consiSts of numerous 

I _ , mm. m ength Achenes d k . 
covered with minute haus. · are ar 1 but densely 
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General distribution.-Although the species Haplopappus 
pbyllocephalus is wide-ranging, extending into Mexico and 
as far north as Kansas and Colorado, it is chiefly character
istic of the Gulf Coast (Hall, 1928). The variety under con
sideration here is much more restricted. 

U. S. distribution.-Haplopappus phyllocepbalus var. 
megacephalus has been recorded from the Gulf coast of 
Texas, Louisiana, and Florida (Hall, 1928). Although Small 
( 190 3) recorded it for Florida, he did not include it in his 
flora of the Keys. It has been recorded from Big Pine Key 
as Siderantbus megacephalus by Dickson, et al. {1953). 

ANATOMY 

Growth rings are perceptible, although they do not in
volve appreciable change in size or distribution of elements. 
The ax1al portion of the xylem consists of vertical 
parenchyma, vessel elements, and .libriforrn fibers; !larrow 
vessels grade into vascular tracheids, a few of which are 

present. 
Various types of pore groupings occur, with an average 

of 3.6 pores per group. The range in ta?gential pore 
diameter is 12-33p.. The most frequent range IS 18-241-'o ~d 
the average diameter is 20,.... Tyloses are absent. Perforation 
plates are simple and circular~ or nearly so. End walls of 
vessel clements range between horizontal and an angle 
of 75° with the horizontal; the avernge angle is _about 30~. 
Intervascular pitting consists ~f oval h?rdered p1ts, 3-4p. _m 
diameter wirh very small obhque lenttcular apertureS. Pits 
are som;what sparser and more elliptical on walls facing 
parenchyma cells. Helical sculpturing is absent. In IenP.· 
vessel elements are 70-154p.. The most frequent range IS 

9R-140f-L. and the average length is JlOp.. 
Lihrifonn fibers are non-storied. and appro:<im~tely 28~1' 

in length. They have relatively thtck walfs and sunple patS 
with oblique slit-like a~· 

Ray tissue is not exceptionally abundant. ~~C are b~ 
cellular, and consist of ce~ ~uare to uP.ng. t as seeD m 
radial section. Both mulusenate ~d ~lSCI'IIta ~ a 
present, although the latter are relatively mfrequent. ~ 
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seriate rays arc mostly 4 cells wide at their widest point; 
some are up to 7 cells wide. Upright cells are present on 
la.teral faces of rays. T he a\·eragc uniseriate ray is 3- 4 cells 
htgh and measures about lOO,u. in height. ~Iulriseriatc rays 
:werage .7 mm. in height and arc about 32 cells high. Ray 
cells are lignified, and have abundant small pits with circular 
apertures. 

Scanty ,·asicentric parenchyma is present as a partial or 
ne.arly complete sheath, never more than a single cell in 
"tdth, ar~und \'essels or vessel groups. Cell walls are mod
erately rhm. As seen in longitudinal section, vertical paren
~hyma cells are in strands of two. Apotracheal parenchyma 
ts absent. · 
R~inous non-carbonized droplets are present in rav and 

vertlcal parenchyma cells. No crystals are present. · 

D ISCUSSION 

iv1er:alfe and Chalk ( 19 50) have studied only one crenus 
be~ngmg to the Haplopappus complex. This is EricaJ:reria 
an the only features they report for it are the presence of 
crystals, ab~ndant uniseriate rays, and the occurrence f 
bordere? ptrs in libriform fiber~. None of these characte: 
~ccurs f Haplopappus phyllocephalus va r. megacephalus 
h ~C:P~ or the presence of a .few vascular tracheids and th~ 
lg . .egree of pore groupmg. this species exhi bits few 
~pe~al~ed characters, ~n contrast to the relatively special
~e "ood ~f Baccham described above. T his is' certain] 
~ ~ac:::ar'rs't~"hthl·cehr~lSladti.ve]~ specialized gross morpholog~ 

' ... lOCCIOUS. • 

s;inners' transfer of this taxon to Machttertmther 
we prove to be the most acceptable r a may 
other areas of the Haplopap 1 reatmcnr. Because pus comp ex req · 
menr before a clear knowledge of h r . mre reassess-
anthera and other genera is obtained t t~c lmlts . of. Machaer
to H aplopappus here Both Shi ' species IS referred 
plant should be recr~rded as nn~rsnfand Hall agree that the 
Hap/ p p ( 1 r- an 1 raspecific · o .a pus n.fachaeranthera) Phvlloce h entity under 

Spectmen examined.-LITTLE T P .trillS. 
shrub; leaves aromatic viscid flesh fiORCH KEY: Low 

, • y; owers yellow; 2 july 
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1956, W. L. Stern & G. K. Brizicky 342 (Y; Yale wood no 
51 162; RSA). · 

TRIBJ.: INULEAE 

PLUCHEA ODORATA Cass., in Diet. Sci. Nat. 42: 3. 1826. 
Pluchea odorata is a shrub 1-3 m. high. Leaves are alter

nat~, ovate, with pe~ioles 1-2 em. long. Leaf blades are 
typt~lly 3.5-4 em. w1de and 10 em. long. Margins are entire 
or w1th a few obscure blunt teeth. The leaf tip is acute. 
Leaves ~re de~sely pu~erulent below with uniseriate tri
chomes mtenrungled w1th short glandular trichomes. The 
upper surfaces of leaves are glabrescent; stems, petioles, and 
p~duncl~ are densely puberulent. Stems and branches ter
minate m cymose corymbs composed of numerous heads. 
Involucres are cup-shaped, about 5 mm. long and 5 mm. in 
diameter. Outer involucra} bracts are ovate, greenish, some
times with reddish tips, and hairy. The innermost bracts are 
lanceolate, glabrous, and scarious. Heads are discoid, with 
central perfect flowers and marginal carpellate ones. Corol
las are filiform, lavender, about 3 mm. long. Pappus is 
composed of numerous capillary bristles, about 3 mm. long. 
Both heads and foliage are aromatic. 

General distribution.-In addition to Florid~ the range of 
the species includes South America, Central America, 
Mexico. and the West Indies (Ledin, 1951 ), including such 
islands as Cuba, the Bahamas, and Bennuda (Small, 1913). 

U. S. distribution.-Ledin (1951) regards the species as an 
introduction to the U. S., although possibly it JS native. It 
is usually found on low ground, at the edges of pinelands, 
hammocks, or on roadsides. It has been collected as far north 
in Florida as Miami (Ledin, 1951). Small (1913) records it 
from Key West. The specimen studied here was collected 
on Key Largo. 

ANATOMY 

Growth rings are. absent. The ax.i~ .portion of the 
xylem consists of verttcal parenchyma. librifonn fibers, ana 
vessel elements. 

Pores are rounded in outline, as seen in tranSeCtion. Pore 
groupings are often radial, and the average number of pores 
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per group is 2.1. The range in tangential pore diameter is 
2-J-87 fl· The most frequent range is 51-66ft. a~d the average 
diameter is 60fl. Tyloses are absent. Perforation plates are 
simple and circular. The end walls o_f vessel cl~menrs vary 
from horizontal to an angle of soc. w1th rh~ h.onzonta~. The 
average angle is about 30 . ln~ervascu]ar pltttng ~~ns1sts of 
alternate bordered pirs with c1rcular to oval cavltles about 
51-l in diameter. Pit apertures are fatrly \\ide, and nearly 
horizontal. Grooves connect the apertures of pirs adjacent 
in a helix (fig. 7. below). There is, in addition. some transi
tional pming present. Vessel elementS range in length be
tween 154 and +201-l. The most frequent range is 275-297fl, 
and the aYerage length is 283fl. 

Libriform fibers are non-storied and average about 500p. 
in length. The; are relatively thin-walled. and have simple 
pits "ith oblique. slit-like aperture~. 
. Rays cons1st mostly of cells square as :;een in radial sec

non. P;o~un:bent cells are present in the central portion of 
rays. Urusenate rays are absent or nearly so. The width of 
m~tiseriate rays varies widely; they may have a maximum 
wtdt.h of from two to many cells. The a\·erage multiseriate 
ray IS about 1._3 ~m. in height. and is about 35 cells high. 
Ray cells are hgmfied, and bear small simple pits with cir
cular apertures. 

~al .parenchyma ts presenr a.'> relatively thin-walled 
vastcentnc cells. These form partial, rarely complete sheaths 
around ~'esscls or v~el groups; such sheaths are never more 
than a smgle cell w1de. As seen in longitudinal section thcv 
are subd1vided into strands of 2-4 cells, mostly 2. ' · 

R~inous deposits are present in a few ve~sels and vasi
~entrtc parenchyma cells. Droplets of such materials occur 
tn ray cells and some fibers. They are nor carhon· d N 
crystals were observed. · 17

·C • 0 

DISCUSSION 

Th~ only sp.ectes of Pluchea for which a d . 
a?le IS P. mdtctt, in whjch Coster ( 1927)ny ata are avall
rmgs. These are Jaclting in p d reports growth 
~1ctcalfc and Chalk (1950) f. o horata. Data are given bv 

or ot er Inuleae, such as lnuia 
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and A1lllphalis, but these are rather different in some char
acters, and do not seem to provide pertinent comparisons 
with P. odorata. 

Specimeu examined.-KEY LARGO: Shrub, 5-6 ft. high. 
spreading; 3 in. in diameter at base; foliage aromatic; on 
highwayS 905, 6.4 mi. from U. S. l, south side of road; 19 
March 1958. W. L. Stern & K. t. Chambers 249 (Y; Yale 
wood no. 51461; RSA). 
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THE \YOODS A~D FLORA OF THE FLORIDA KEYS. 
GOODENIACEAE1 

vVttuA..'l L. SlER~ ~o GEoncE K. BRizicKY 

Samuel fames Record Memorial Collection, Scho~l of 
Forestry, Yale UniveTsity, Ner...u Haven, ConnectiCUt 

The Goodeniaccae are largely confined to Australia and 
10 of rhe 13 genera are restricted to this co~tinent. Sctte'vol~, 
Calog) ne and Selliera also occur o~rs1de of Australia 
(Krause. 1912). Scae'iJOla 1s the most w1despread genus. Of 
the approximately 300 species in G~ode':iaceae .• only one, 
Scaevola plumien, occurs on the Flonda Keys. Small ( 1913, 
1933) treats this species under rhe Brunonjaceae ("Brunoni
aceae. Goodenia Family"). ,\ lost botantisrs today consider 
the Brunoniaceae co be represented only by Brunonia aus
tralis, an herbaceous perennial with regular flowers, con
fined ro Australia. 

Sc.AE\OLA J>I.U~IIERI (L.) Yahl, Symb. Bot. 2: 36. 1791. 

Lobelia plumieri L. Sp. Pl. 929. 1753; Scaet:olrr lobelia \Iurr. 
Syst. ed. 13. 178. 1774. 

Scae<.'Ola plumieri (fig. 3) is ;,1 shrub 3-18 dm. tall. Branch
lets are rerete, rough, glabrous, greenish or purplish and con
spicuously marked with the scars of fallen lea\·es. The latter 
are alternate, crowded at the ends of bnmchlcrs. 5-9 em. 
long and 2-5 em. \.vide, thick and fleshy, shirting, entire, 
obovatc to spatulate with a rounded apex. Leaf bases arc 
narrowed inro winged petioles. Flo\\ ers are bisexual, tvgo
morphic and borne in axillary. 3-llowcrcd cyme~. The cah'.' 
is small and shallowly lobed. The corolla is gamupetalous, · 5 
lobed, split to. the base on one side, .''hire, 2-2.5 em. long. 
glahrous ours1dc and '' oolly \\ 1thm. The ne:trh· )i11c tr 
<.:orolb lobes arc fr~nged \\ ith hro:td, crisped \\ ings. ·<)tamcn.., 
!'um~cr 5, .and arc mc~uded 10 the corolla rube. The m·ary is 
mfenor. b1locular. wuh I O\'Ule in each locule The r' 

1 . . d . · S Out 
sty c 1s tenmnate by a srtgma subtended by a ciliate, pollen-

··n ,c field work necessary for tlus sencs wa~ suppo d b 
frr,m the :-::nional Science Foundation. · rre Y a grant 
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coJlecting cup. The drupe is subglobular, blue-black, juicy, 
1-2 em. in diameter and 2-seeded. Endospenn is corrugated 
and woody. 

General distribution.-Scaevola plumieri is almost pan
tropical, and occurs on sandy and rocky seashores in the 
tropics and subtropics except Australia and the Pacific 
Islands. It has been recorded in southern India, Ceylo~ 
Mauritius, .Madagascar, east, south and west Africa, and the 
West lndics. Records also point to Scaevola plumieri on the 
warm eastern coasts of the Americas. Standley ( 1926) and 
Johnston (1931) report this species fr?m Cl.ario~ Islan.d in 
the Revillagigedo group, and from BaJa Califomta. It IS to 
be noted that rhe occurrence of Scae'LJOltt plumieri on the 
eastern coasts of tropical America appears to be. spora~ic. 
As far as we know, the species has only b~en seen m Me:xtco 
(Yucatan Peninsula), Honduras, Colombta, ye_n~zuela ~d 
Brazil. Additional reports of Scaevola plrtm1en tn troptcal 
America may be expected. 

U. S. distribution.-Ths species inhabits coa~tal sand 
dunes of southern peninsular Florida and the Flonda. ~eys. 
A recent report (Jones, 1957) notes Scaevola pltmnen on 
Padre Island in Kleberg County, Texas. 

ANATOMY 

Growth rings are totally lacking in the Florida Keys 
specimens under study. Imperforate tr~cheary elements are 
uacheids (sensu Bailey, 1936); that 1s, even though the 
circular bordered pits in these eleme~ts are small. (3-71'), 
those in the vessels are of correspondmgly small stze. The 

it borders are round and the inner apertures ~e usually 
fncluded within the borders. Walls vary from thick to. very 
thick (Chattaway, 1932). Average length of trache1Cls ~ 
655p. with a range of 398-937,.,.. The most freque~t range JS 

5 50-SOOp.. In macerations, a high per~entage of btza~ ce~ 
t es is seen: forked ends, sub-tenmnal bran~hes,. buds, 
yp ks etc It was also noted that many trachetds displayed 

croo • · 
gelatinous inner walls. . d · all aU 

Pores are somewhat angular. in ou~c an VldrtU(I:~y l) 
solitary, very few pore mulnples beang note ue· • 
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Tangential pore diameters a\·erage 41!" and range between 
~5 and 60p. T he most frequent range IS 35-SOp. Tyloses are 
absent. Both scalariform and simple perfor:mon plates occur 
in sections .• \ lthough scalanio rm plates arc not of rnre 
occurrence. the\• :trc not as cOimnon as the sunplc type. 
Bars in the scalariform perforat ions arc fe,, ( 1- 6) and may 
be branched. Simple perforations arc notable in rh~r rhcy a rc 
elliptical; the long :txis of the ellipse may b~ at nght angles 
to the vertical :t:'\is of the 'esse) (fig. ~) . I he cnJ ''a lls of 
the ,·csscl clcmenr!> arc mostly obhque \ arymg from 15-65 
from the horizontal. \losr are ;tbour 40-t5 . lnrervascul:tr 
pitting is alternate, but qu1re Jrregular. ' ' ith widely sep 
arated pits. A tendency to transitional pining is noted . Pits 
are small (3-7p.). v. irh some\\ hat ellip tical bo rders. V essel 
clements average ·+20p. in length and range from 213- 639,_... 
The most frequent range lies between 300 and 500,_... 

Ray tissue b irregular ''hen ,·iewed in tangential section 
(fig. 2). It is lfUitc abundant seemingly occupying half the 
area o( the section. "-o rruly procumbenr cells occur and all 
arc either upright or square. Therefore. rays are considered 
as homoccllular. Both mulrisenate and uniseriate ravs occur. 
J\1ultiscriate r.tvs range from 2-- cells m '' idth ·ami m:n 
exhibit unbcriate "wings." Cniscriate r:tvs varv from 1-1·6 
cells m height; mulriseriarc rays from -~3 ce1ls in height. 
R~y cells _ar: lignified and thick-\\ alled exhibiting con-
5plcuous ptttm~ between congeneric clements. Pining be
t\\ een rays cells and \'essels is alternate; that between ra\ 
c~ll.s. and tracheitis, folio\\., the t racheidal pattern. Th'e 
d1\·1ston ~f rays b): the gro" th of imperforate rrachcar, 
cl. mcnrs IS a consp1cuous feature in rhc wood of Scne;;oia 
plumieri . 

. \xial par~ncl~yma is ver~ sparse, and occurs mamly in 
d1ffusc d1stnb~uun. llo\\ever, some strands arc adJacent to 

vessels productng the scanty vasiccmric pattern Cell . 11 
are thick. · · ' "a s 

DISCl.JSSlO'\ 

Comparative material, in the form of slt'des . .1 II f h s J R • \\ as a va 1 a > c 
mm t e • . . ecord Memorial Collection of three other 



SPECIES JMP£RFORAU 
11lAamAilY 
ELEMENTS 

s. plumieri tracheids 

s. floribunll4 mcheids 
and fiber-
tracheids 

S. ft'.utiiC"" tracheids 

s.~ traeheids 
~batlitttul and fiber-

tnebcicls 

Table 1. ANA10MICAL CoMPAaJSON ov Fow SPicES ov Scuwl11 

VESSELS RAYS 

Perfo1'2tion Intervascular Tangential Distribution Type Width 
plates pitting diameter (~£) (cells) 

Average Range 

simple and alternate 41 2S-60 solitary homo- 1-7 
scalariform (transitional) (multiples) cellular 

simple alternate 60 28-84 solitary Kribs 1-2 
(multiples) (J-3) 

IIA 

simple and alternate and 80 38-115 solitary homo- 1-6 
scalariform transitional (multiples) cellular 

simple and alternate and S6 3S-84 soliraz homo- 1-6 
scalariform transitional (multip es) cellular 

AXIAL 
PARENCHYMA 

Distribution 

diffuse 
( vasicentric) 

cllifuse and 
vasicentric 

ditfuse and 
vasicentric 

diffuse and 
vuic:elltric 

z 
~ -0 
'I() 

~ :g 

~ 
~ 
~ 

... -
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species of Scae'l.:ola: S. floribtmda, S. frutescens and S._ gaudi
ciJ.nldiana. Of the species in table 1, only one, S. flor~bunda, 
possesses growth rin~s, and these are poorly defined. All 
species examined exh1bit irregularly arranged, homocellular 
r.w tissue except for S. floribzmda. In the latter, rays arc 
regular and correspond well ,~·ith_ Kribs ( 193 5) he~erogc~c
ous type llA; that 1s, the mulnsenate rap are _prov1ded with 
uniseriate "wings" composed solely of upnght cells, the 
multiscriate portions of the multiseriatc rays are composed 
of procumbent cells and the uniseriate rays are homocellular 
composed only of upright cells. Ray cells in this specimen 
contain a reddish, amorphous deposit. Pores in all four 
species are al.most entirely solitary, _only a small nu1~1b_er of 
multiples bemg noted. In all spcc1es but S. plunuen, the 
a.xia\ parenchyma is fairly abundant. However, only in S. 
florilnmda is it conspicuom. ~Ot\\ ithstanding reports to 
the contrary (Solcreder, 1908; Kanehira, 1921; ~letcalfe ami 
Chalk, 1950) at least some species of Scaevola exhibit scalari
form perforation plates. It might be remarked, that the four 
species of Scae--Jola under discussion are included by Krause 
( 1912) under the section Sarcocarpaea G. Don. S. florilnmda, 
with its regular ray tissue, lack of scalariform perforations 
and transitional intervascular pitting diverges markedly from 
the three other species. An examination of the ray structure 
and perfonnion plates in all 14 species of Snrcocarpaea 
might be of taxonomic interest. 

Systematic botanists are in agreement that Goodemace<lC 
arc closely allied to Campanulaceae. Goodcniaceae differ 
from Campanulaceae chiefly in the lack of late:\ and in rhc 
presence of a cup subtending the ~rigma. The family i~ 
highly a~van~ed sho~ ing such features as zygomorph 1c 
corollas, mfcnor ovanes and fused carpels. Because of this 
the wood of Sca~v~l~ plumieri is interesting, for it sho\\ ~ 
a nu~1b~r of p~unltlve features: scalariform perforation 
plates, dtffuse ·~x1~l parenCh) mt. a tendcnc) co tnlllSit ional 
mtcrvascular ptttmg and a groundmass of tr"cl1e· 1· 11 · ' d' · .. ItS. liS 
seemmg contra ICtorv evolutionary evidence c l ll 
h 

. d • . . an pro >a > \' 
e ascnbe to the retention of certain l)riml.tl·,·e feat .· h I· h · urcs m 

t e xy em. rat er than to the true primiti\·eness of the 
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taxon. As Bailey ( 1957) has emphasized: "It is no longer 
justifiable to assume . . . that one organ or pan of a 
plant is inherently more conservative and reliable than are 
all others. . . . Funhermore, the rates of evolutionary 
modification in different parts frequently are not closely 
synchronized." Carlquist ( 1957) has observed similar con
tradictions between the floral structure of certain woody 
composites and the anatomy of the xylem. 

Although .Metcalfe and Chalk ( 1950) state that vessels are 
absent from Scae'l.l•ola spinescem according to Krause ( 1912), 
\ve find that Krause assertS that vesselS are "fast vollige 
Fehlen," that is, almost totally lacking. Apparently the 
vessels in this xerophile are so narrow as to be hardly dis
tinguishable from the imperforate tracheary elements. In 
general, the woods of Goodeniaceae are extremely poorly 
known. Other than the xylem description of Scaevola. 
koenigii (S. frutescens) by Kanehira (1921) and the descrip
tion of Scaevola, Goode11ia and Dampiera in Solereder's 
H olzstrUktur,2 no detailed accounrs are recorded in the 

literature. 
Specimens erantined.-S. plumieri.-FLORIDA KEYS: 

GRASSY KEY. Shrub, 18 in. high. woody base, succulent 
upper pans· flowers whitish; in sand south side of key; I 
July 1956, ·w. L. Stern & G. K .. Brizicky 336 (Y; Yale 
wood no. 5115 6). Shrub, 2-3 ft. h1gh; flo,, ers pale Pll9?1e; 
H March 1958, W. L. Stem & K. L Chambers 189 (Y; 'tale 

wood no. 51487). 
S. floribunda.-Fljl ISLANDS: Vm LE\ u. 1927, /. lV. 

Gillespie J/88 (Yale wood no. 25584). 
S. frutesce1zs.-WF.ST CAROLINE ISLA~DS: PAL.o\l 

AsGAUR. 29 july 1929, R. Kan£'hira 598 ( \'.tle \\OOtl no. 

20391). 
s gaudichaudimur.-HA WAUAN ISLANDS: Board of 

Agrlculture and Forestry. Territory of Hn\\ 1\ii 45 (Yale 

wood no. 21224). 

·The writers could not verify Sol~eder's. d~ripti~ns ~ Mno.:fl 

11
f Holz.stroktur was :available. lnteresttngly. at as not catcd m e 

und Chalk (1950). 
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THE \\·ooos AND FLORA OF THE FLORIDA KEYS. 
PASSIFLORACEAEl 

\VILLIA.M L. STERN AND GEORGE K. BRJZJCKY 

Samuel ]ames Record Memorial Collection School of 
Forestry, Yale University, New HtWen, c'omzecticut 

This predominantly tropical family consists of 12 genera 
with about 600 species (Killip, 1938). Of the 4 genera which 
are found in the New World, 3 ( Mitostemmll, Dilkea and 
Tetrastylis) are strictly American. The fourth, PIISSiflora, 
with about 400 species, is primarily American being repre
sented in the Western Hemisphere by about 360 species. 
Only the latter genus extends with a few species into the 
United States. Two species of Passiflora, P. suberosa and P. 
urultiflora, are indigenous to the Florida Keys. Only P. 
nru.Ltifiora is woody. Passifloraceae are closely related to 
,\lalesherbiaceae and Tumeraceae (Hanns, 1925). 

PASSIFLORA ~IULTIFLORA L. 
This species is a woody vine, climbing by axillary 

tendrils, densely and softly pubescent throughout; young 
stems striate, old stems more or less conspicuously 
ribbed (fig. 8), up to 2 inches in diameter; stipoles 
setaceous, 0.2-0.3 em. long, soon deciduous; petioles 
0.3-J.O em. long, usually bearing two minute, sessile glands 
ar rhe apex; leaves oblong, oblong-ovate or oblong~Janceo
latc, 3.5-12.0 em. long, 1.5-4.0 em. wide, apex mostly 
rounded or retuse, sometimes acutish or mucronulate. 
rounded or shallowly cordate at the base, tripli-or subtri~ 
linerved, reticulately veined beneath, membranaceous to 
subcoriaceous; flowers J.0-1.5 em. wide in axillary fascicles 
of 2 to 6; peduncles slender, 0.5-1.0 em. long, artJculatccJ in 
the lower half; bracts linear-subulate, about 0.2 em. long, 
borne near the base of the peduncle; calyx tube p~:telli
form, sulcate; se~ linear-Ian.ceolate, ~·4-0:6 em. loog, 
greenish-yellow, acutish; petals linear, white, slightly shorter 

1The field work necessary for this series wu supponecJ by a p.
from the National Science Foundation. 
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than the sepals; corona filaments in :! series, the outer fili
fonn, 0.:!-0.3 em. long. the inner setaceous, 0. 1 em. long 
or less; operculum membranous. slightly plicate. le~c; t~an 
0.1 em. high. incurYed; limen annular, closely cnclrclmg 
the O\'ary; .. stamens 5, about as long as r~e sepals, filiments 
connate at the base, anthers oblong. vcrsanle; onry globose, 
sessile. glabrous; styles 3, stigmas capitare; be:!)· subglobose, 
0. S -1.0 em. in diameter, dark blue ro purpliSh-black. glab
rous; seeds arillate, broadly ovate, about 0. ~ em. long, 
m:trkcd wirh 6-B trans\·erse grooYes ha,·ing rugulose ridges. 

General distribution.-Passiflora multiflora ic; \Yesr Indian 
in ranJ?e. It has l.leen recorded from the Greater Antil les and 
the \'1rgin Islands. Killip (1938) states that its presence in 
Costa Rica is probably due to introduction by man. A 
glabrous form (f. glabra) is known from the Bahamas, Cuba 
and Haiti. 

U. S. distrilmtion.-Southem peninsular Florida and the 
Florida Keys. 

0'1iT0GE.""Y OF THE STEM. 

De\'elopment of the tissues in the stem i~ at first quire 
nom1al. The nscular bundles are discrete and embedded 
in the fundamental tissue. 1\ continuous nscubr cambium 
de,·elops and fonnanon of secondary nlem and phloem 
proceeds i_n regular fashion (fig. 1 ). Prima.ry xylem elementS 
arc consp1cum~s a_round the periphery of the pith and arc 
co':l~sed of hgmfied conducting clement!> surrounded hv 
unhgmficd parenchyma which is distinguishable from th.e 
parenchyma of the pith. 
Th~ :ascula_r cambiu~ produces nonnal tL~ucs in regular 

:h-ant~tles ~nttl SC\'eral mtem~des have heen produced. At 
r :s. tJme. m older s_tem port1ons, fi,·e areas 10 rhc x Jcm 
c; lmdcr b~come nonccahfe because of the localized rc~ _ 
n~n of w1de \'essels (fig 2). In rhc intcr\'cnm ~ uc 
wide vessels occur. The appearance of rhc x I g :ll c~"·dno 
although still quite regular in outline ·s t. h· em cy m cr. 
acrcrizcd hv a sharp difference in p~r~ :i7et .Is sltagcl char-

Th · m oca areas. 
e appearance of the xvlem cylinder h I d . 1 

lv jn the oldest portions '( h as a tere rad1ca -
~ o t e stem at the end of a growing 
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period. A marked irregularity is seen so that xylem produc
tion in_ th~ five ~ide-por~d areas has outstripped xylem 
formation m the mtervenmg areas (fig. 3). In the latter 
regions, xylem production has been sharply curtailed, and 
the vascular cambium has formed much more phloem than 
xr:Iem. The ph~oe'!' in these areas is composed largely of 
rhm-walled, unligmfied parenchymatous cells. The long axis 
of these ce\ls, as seen on the transverse section, is parallel 
w ith the radius of the stem (fig. 6). 

A four "year" stem shows a five-anncd xylem mass, each 
arm separated from the other by "rays" of phloem tissue 
(fig. 4). At this stage the vascular cambium, as seen on the 
transverse section, is visible at the bases of the phloem 
"rays," and at the outer margins of the xylem arms. Side 
walls of the xylem arms are occupied by wide rays which 
are continuous with the medullary rays (fig. 6). 

This scheme is upset as the plant ages and the stem 
assumes its mature form (fig. 5, 8), as follows: 1) The areas 
of vascular cambium responsible for xylem production may 
form patches or "rays" of phloem wirhin t~e xylem arm. 
This is caused by the discontinuous fonnat1on of phloem 
(patches), or the more or less continuous production of 
phloem ("rays"). 2) Within the phloem "rays," a similar 
phenomenon takes place. The vascular cambium here may 
lay down few or many lignified xylem cells. These may 
also occur as patches in the phloem (discontinuous pro
duction), or as "rays" of xylem which may be continuous 
with the secondary xylem in the original no~al ~of the 
xylem cylinder. 3) In old st~ms, the enttre fiv.e~ed 
xylem pattern is completely d1storted by the proliferation 
of the parenchyma cells of the phloem, pith and xylem. (? ). 
The vascular cambium is ruptured and tom. Seemmgly 
many separate and disjointed cambia develop at random 
within the parenchymatous matrix. Wedges of :t1lcm may 
he formed or inverted, so that their broadest dimension 
faces the ~enter of the stem; identifiable f!'lgments of the 
original oarts of the secondary xylem cylin~er are found 
"floatingft in the parenchymatous mass on~ted at ~d 
:1ngles. All is a disorganized assortment of twisted aod d&-
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torted cells and tissues. T h e r e seems to be little doubt that 
all l i v i n g cells in this stem remain totipotent after f o r m a 
tion, and that they are capable of dedifferentiation and 
divis ion to produce other such cells. T h e w o o d is soft and 
pliable and probably offers little resistance to readjustments 
w i t h i n the stem brought on through forces set up b y the 
m u l t i p l y i n g p a r e n c h y m a cells. 

T h e de\elopment of the stem in Fassifiora vmltiftora 
corresponds c osely to Schenck ' s (1893) Bignonieentypus. 
S c h e n c k describes the development of such a stem as 
f o l l o w s : 

T h e w o o d body maintains more or less regular ly arranged 
f u r r o w s as o r o w t h in thickness continues. T h e stem s t r u c -
ture then attains the condit ion w h e r e the cambium remains 
behind in certain longitudinal strips, therefore cut t ing off 
relat ively more phloem elements than x y l e m elements in 
the f u r r o w s . T h e outside c a m b i u m becomes split up i n this 
w a y so that it is n a r r o w in the f u r r o w s , and broad at the 
.xylem project ions. T h e side wal ls of the f u r r o w are lined 
w i t h broad rays . 

I n essence, this is the course of stem development in Fassi
fiora multifiora. T h e subsequent i r regular behavior of the 
stem i n this species also has parallels in Bignoiiia and in cer
tain Malpighiaceae. T h i s is described and illustrated b y 
S c h e n c k . I t is n o t e w o r t h y , that this complex type of 
g r o w t h has almost exact counterparts in w idcly different 
taxa. 

T h e r e is no evidence f r o m the anatomical l iterature that 
the anomalous stem development in Fassifiora imiltifiora 
occurs in a n y other members of Passifloraccae ( S c h e n c k , 
1893; Solereder, 1908; Metcal fe and C h a l k , 1950). Both 
Solereder and Schenck state that g r o w t h in the stem of 
Passifloraceae is normal . A l t h o u g h several taxonomists have 
also studied this species, none remarks on the peculiar stem 
structure ( H a r m s , 1925; Masters, 1871; K i l l i p , 1938). 

X Y L E M STRUCTURF, 

A l t h o u g h the f o r m of the mature x y l e m mass as a whole 
is deeply lobed i n transverse section ( f i g . 8 ) , the elements 

F i g . 1-5. O n t o g c i i v of the stem as seen in transverse secrions. I ' i g . 
1. S e c t i o n t h r o u g h an e a r l y interni ide i l lus t ra t ing the or iginal n o r m a l 
v a s c u l a r c y l i n d e r , x 2 5 . — I ' i g . 2. A later in ternode s h o w i n g the 
p r o d u c t i o n of large pores in 5 areas. X 30 .—I ' ig . >. A sect ion t h r o u g h 
the oldest internode at close of g r o w i n g per iod to s h o w the m a r k e d 
i r r e g u l a r i t y in the p r o d u c t i o n of v a s c u l a r tissues w h i c h c u l m i n a t e s 
in a 5 - r a y e d s t r u c t u r e , x 3 0 . — F i g . 4. A s tem at the e n d of 4 g r o w i n g 
seasons to illustrate the m a x i n u u n de\elopnient of the 5 - r a v e d s t r u c 
ture before internal readjustnients destroy the confis;uratioiT, .( 
p / . ' = s e c o n d a r v |)hloem, s A ~ s e c o n d a r y x y l e m , /; . v = p r i m a r v x v l c m . 
X 1 2 . — F i g . 5. S e c t i o n f r o m a mature stem e x h i b i t i n g distorted masses 
of x v l c m ( u n s t i p p l e d areas) e m b e d d e d in a matrix of soft tissue 
( s t i p p l e d ) . X 3. 
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I ' i g . 6 - S . — I ' i g . 6. Trarisv C I S C sect ion of 4 " y e a r " stem at the base 
of a p h l o e m " r a y . " T h e \asci i lar c a m b i u m , vc, c a n be seen p r o 
d u c i n g m u c h less s e c o n d a r y x y l e m , sx, i n t e r n a l l y , than secondar\
p h l o e m , .f p/.i, c x t e r n a l l v . N o t e the j r i m a r y r a v s , p my, b o r d e r i n g the 
p h l o e m " r a v " and the bit of s e c o n i a r y x y l e m c o m p l e t e l v s u r r o u n d e d 
b y s e c o n d a r y p h l o e m . X HH) .—I ' ig . 7. I 'angential sect ion of w o o d 
s h o w i n g the t e n d e n c y t o w a r d storieil s t ruc ture and the uniseriate 
\r rays . X UN).—I' ig , 8. I rarisverse sect ion of the stem to show 
the lobate, dis torted x y l e m masses. N o t e that some of the x\leni 
w e d g e s face the c e n t e r of the axis. 
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which compose the wood are by and large of quite normal 
form. As can be seen f~om the foregoing discussion of the 
ontogenr, no growth nngs are formed, even in the largest 
stem available for study (± 4.0 em. diameter). 

~mperforate trac~eary elements are tracheids (sensu 
Ba1ley, 1936}, the Circular bordered pits being equivalent 
in dia~eter to th?se of adjacent ~essels (4-7p.). Pits may 
occur m one or m several rows m tracheid walls. Thetr 
borders are rounded and the inner apertures of pit pairs 
may be crossed. Pit apertures do not extend beyoncf the 
b~rders. In transverse section walls range from thin to very 
th1ck (Chattaway, 1932). In table 1, tracheid length meas-
urements are summarized. 

Table 1. LENGTHs or TaACHEIDS IN ,.,. 

SPECIMEN RANGE MOST FUQUENT RANG£ MEAN 

Y51303 213~7 J()()-S50 422 
Y51318 298-653 350-550 462 

Pores are generally circular in outline and arc mostly 
solitary (fig. 6}. However, a very few radial multiples were 
noted; clusters of 2-3 pores are fairly common. Measure
ments for tangential pore diameters are listed in table 2. 
Only simple perforation plates have been seen. 

Table 2. TANGENnAL Pou 01AMZ'IDS IN I' 
SPECIMD' RANGE MOST FUQUENT RANGE MUM 

Y51303 26-185 75-150 99 
V51318 40-165 15-150 104 

It is probably well to mention here that the fibriform 
vessel members noted and described by Woodworth (1935) 
for Passiftoraceae, have also been observed in the wood of 
Passifiura nndtiflora. The cells are tracheid-Iike in shape, 
Jon¥ and narrow with attenuated apices. The perforations, 
which .m.ay be pit-li~e,, apparently .1ack pit membranes. In 
rhe vicuuty of tbe p1t-hke perforattons, the cell wall bulges 
as if to accommodate this unusual growth. Other times, 
perforations are more normal, less pit-like, but are very 
much smaller than those on typical vessel elements. Further
more, perforations in fibriform vessel members are sub
terminal. whereas those on typical vesSel elemal1S are 



50 TROPICAL \VOODS 19S8 

always terminal and occupy the ?orizontal end wall. Wood
worth describes these cells as bemg of extreme length aver
aging 1400p. in Passifiora vitifolia. Such is not t he case in P. 
mllltifiora. where these cells approximate normal tracheids 

in length . 
lnten·ascular pitting is alternate. The pits may be w idely 

separated or close. but never is there any e\·idence of 
crowded pits. Consequently-. borders are rounded in outline 
or they may approach the elliptical condition. Inner aper
tures are similarly shaped. On some vessel members, the 
inner apertures of adjacent pits have coalesced to produce 
the appearance of transitional pitting. 

Vessel clement lengths are presented in table 3. 

st'ECl~ 

YS1303 
YS1318 

Table 3. V£Ss£t. Et.EMENT LE~CTRS IN p. 

RANCE 

57--483 
185-497 

:\fOST FREQUENT RANGE 

200--400 
300-450 

:\'lEAN 

303 
394 

Vascu~a~ rays are. in .large part uniseriate ; ho\\ ever. some 
rays exh1b1t low. l~1senare portions (fig. 7) . ~lost rays are 
homocellular; th~t IS.' they :u:e composed entirely of upright 
or square cells. B1senate portions comprise procumbent cells, 
b.ut the uniscriate "\'-'ings'' of these rays contain only up
nght cells (rays heterocellular). "'C'niseriate ravs range be
tweeen 2 and 15 cells in height; rays ·with biseriate parts may 
be up to 22 or mo.re cells high . Rays are "·ery abundant on 
the ~ansverse secnon and are sinuous due to the lateral ex
pansion of vessels. 

Axial parenchyma is a~undant and is conspicuous because 
the cell walls do. not stam as deeply with safranin ac; do the 
ce11 walls ?f adJacent tracheids and vessels. The arran e
ment of ax1al parenchvma on the transve rse sect'1on · · g h · 1 ) • - 1s some-
w at trregu ar: 1 It may occur in isolated apotrachca 1 or 
paratrac~cal strands, or 1) as irregular clusters of 'such 
strands m. apotracheal or paratracheal position 

A localized tendcnC)' to storied structur . 1 . 
h 

"d d e mvo vmg ravs 
trac Cl s an ''esse! clements has been n t d . . .. 
me Y51318 (fi ) · 

0 
e m one spec•-n. g. 7 . Storymg is also e\'idenr . h 1 

ments of the phloem. 
10 

t e e c-
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DISCUSSION 

The characteristics of the xylem in Passifiora multiflora 
correspond, in general, with those of other members of the 
family ( except Soyauria). The wood is quite highly special
ized in several respects: vessel clements have exclusively 
simple perforations, inten·ascular pitting is alternate, end 
walls of vessel elements arc horizontal, and there is a tend
ency to storied structure. As far as is known, this latter 
phenomenon has never been noted in the Passifloraceae. 

Bailey ( 1920) bas demonstrated that during ontogeny, 
vessel elements elongate but little over their fusiform cam
bial precursors. It is interesting to note that the lengths of 
the imperforate tracheary clements (average 442p.) are not 
much greater than those 'of the vessel elements (388p.). This 
indicates that there has been little apical growth of the 
imperforate elements after their formation from fusiform 
cambial initials (note in fig. 7 the comparison between 
tracheid length and the height of the vascula~ rays). Short
enin~ of cambial initials in dico tyledons 1s a mark. of 
specialization (Bailey, 1944). That vessel elements and Im
perforate elements in P. 1m1ltiflora are specialized in this 
sense, is evident when we see that the mean for vessel ele
ment length in 600 species examined by Metcalfe and Chalk 
(1950) is 649~ and for imper~orate r~ch~ary element length 
in 534 species is 1317 p.. Th1s modtficatton however, may 
merely be a reflection o.n the Iiana habit, and not ~ true 
indication of phylogenetiC advancement for the speCies. In 
any event, "Secondary xylem containing. the m~ highly 
specialized vessels is formed by a cambmm haVIng short 
initials .with abruptly tapered ends and sligh~ overlap~' 
(Bailey, 1957). ~~dging f~om the vessel elements m P. multr
flora, this condltlon obtams here. 

Killip (1938) placed P. 7mlltiflora in the monoty~>ic sub
genus 'Apodogyne and noted that "on the basis of .~essile 
ovary it might perhaps be segregated as a genus. ~e 
occurrence of an anomalous stem and t~e .P~esence of stoned 
structUre noted above, seem to favor Kt~bp s remark retlard
ing the ~ible segregation of this speCies as a genus. How
ever, a sessile or almost sessile ovary is also known to occur 
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in P. apoda H anns (subgenus Plecostfmrma, sect. Cieca) 
according to Killip. Anomalous wood structure, somewhat 
similar to that in P. multiflora, has been observed by the 
writers in P. coccinea Aubl. (subgenus Distephana). In a 
recent letter from Dr. L. Chalk, he states, "1 have examined 
all my material of Passifioraceae and find that my material 
of Crossostenmra laurifolia has the stem broken up into 
segments by what at first sight appear to be merely large 
rays, but which on re-examination I find to be clearly not 
part of the xylem." However, Dr. C. R. ;\letcalfe has not 
found any anomalous stem material in the Ke" eollections 
of this family. 

The observations of the writers and of Dr. Chalk on the 
occ~rrence of anomalous stem gro'\vth, the presence of 
st~ned struc~re, and the r~marks of Killip regarding gen
enc segregauon of P. mulnflora suggest that the classifica
tion of this taxon is not a settled matter. However the 
solution. of this _pro.blem, must awa~t further and more ~om
prehenstve sru~tcs m the comparattve anatomy of the Passi
fl.oraceae. Judgmg from th.e somewhat ~eagre evidence pre
sented above, a taxonomtc re-evaluauon of Passifl.oraceae 
based on data from comparative anatomv and other botanical 
disciplines is probably needed. " 

Specimens examined.-FLORIDA KEYS: U.\t BRELI.A 
KEY. Coral soil; climbing trees; A . H. Curtiss 97 s• (YU ). 
~-..-rATION KEY. Vine growing in trees; hammock, north 
stde U.S. 1; 19 july 1956, lV. L. Stern & G. K. Briz.icky 522 
~Y; Yale wood no. 51303). Vine, 2 in. diameter, clambering 
m tree tops; hammock; 21 March 1958, lV. L. Stern & K. L. 
Chambers 255 (Y; Yale wood no. 51466). Wt,.DLEY's K EY 
s. w. end. Vine reaching into tree tops; 20 July 1956, W . r.,: 
Stern & G. K. Brizicky 542 (Y; Yale wood no. 51318). 

CUBA: s.l. C. Wright 2598 (YU). 
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ADHESIVES FROl\1 TAl'\~I~S I~ THE BARK OF 
BRUGUIERA SPECIES 

D. NARAY!.~A:\tURTI, P. R.A\tACHA~DRA R.Ao A...'D RuLIA RAM 

Forest Research Institute, Debra Dun, India 

l~TRODt:CTIO~ 

Bmguiera is one of the 1mportant and abundant man
groves. Although mangroYe barks are quite rich in tannin 
content, the utili?ation of these barks for tannage has always 
been a problem due to the red colo r and harsh nature im
parted to leather by their tannins. This paper deals with 
recent attempt:; to utilize the bark of Bruguiera spp. in the 
preparation of adhesives for plywood manufacture. 

According to Pearson (1914), Bmguiera species are found 
in the tidal forests of the Sunderbans, the Andamans, Burma, 
Ceylon1 tropical Afnca, Indonesia and Australia and grow 
into quite large trees. Bruguiera gymnorrhiz..a, in particular, 
is reported to attain heights of 60 to 80 feet, the y ield of dry 
bark per mature tree a\'Craging about 50 pounds. The tannin 
content usually ranges from 40 to 4-5 per cent of t he drv 
weight of the bark (A..\t.S., 19H) . Paessler (191 2), refer
ring to the African spectes. states that the age of the tree 
has considerable influence on tannin content which alc;o 
nries in bark taken from ,·arious positions in the t ree. The 
a\·erage tannin content is 36 per cent of the \\eight of the 
bark. Hoo.per ( 1902) remarks that the bark of Bmguiera 
gymnorrbzza, known as "kankra" in the Sunderbans, has a 
tannin content of 1~ . 5 per cent. D as (1922) , however, re
ports as much as 36 per cent ranmns in bark obtained from 
the Sundcrbans. Pilgrim ( 1924-) aivcs a tannin conrcnr of 
42.3 per cent of the weight of rh~ inner bark of Bmrsuiera 
species from ~urma. C:oombs and A.lcock (19 13). rdcrring 
ro the Rrugwcrn spec1cs of Australta. mention the average 
percc~rage of t~nn~n Ill the bark as 29.1. T he results of 
analysiS of tannm m the Ausrralian bark as obtained by 
Coombs and Alcock are given below: · 
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Average 
Maximum 
~linimum 
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BAH ov Bruguiera Snaa 
TANNIN 

PDCSNT 

29.1 
36.4 
23.6 

NON-TANNIN 

PDCUIT 

9 
11.8 
7JJ 

According to Brandes ( 195 2), the total area of mangrove 
forest in Indonesia is approximately 2,500,000 acres. Up to 
-+0 per cent tannin is found in .these ba rks, but ~hey are n~t 
much favored as tanning matenals. H~wever, bemg ph.enolic 
in nature, they do offer an alternative to ph~nols m the 
phenol-formaldehyde ty pe of resin, and thus ~tght become 
the source of a profitabfe industry. The tanmn contents of 
Indonesian barks (Brandts, 195 2) are as follows: 

T ANNUl CoNTENT OF BARKS AND EXTRACTS 

sPECIES 
TANNIN IN BARK 

PERCENT 

Rhizophora conjugata 3 3 
Rbizophora stylostl 21 
Rbizophora mucr01Jilta 37 
Bruguiera gymnorrbiZll_ 30 
Bruauiera caryopbylloides 2S 

6 - ) ~ 

TANNIN IN SOUDEXT&ACf 

PEilaNT 

75 
61 
74 
69 
62 
42 

Bruguierll parvifl01't1 
Tannin-formaldehyde resins have been suggested for p~r 

wood and bonding of wood by Dalton . ( 1950, 1953). n 
account of rhe high percentage of rannu~ reported m the 
bark of Bruguiera species, N~rayan~mum and. Das ( 1951, 
1958 under publication) in therr st?d'es on .tanrun-formalde
hyde adhesives mentioned Brugulera spec•es as a probable 
source of tannin for adhesive work. !hey also re~orte: a 
few tentative results. Narayanamurtl, Ramachan ra . ao 
and Rulia Ram ( 1957' 1958) developed plywood adheslVes 

the tannins of tamarind s~ed testa~ a!'d tea waste. 
~01f · this work of invcstigatmg tannm-r1ch raw mate

.0 Is ow~td extract rich in tannins, has now. been ~rc~ 
rf•a ' ~he bark of B~guiera species, and used m the orm -
rom dh . 

tion of plywood a e51ves. 
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£xPERIME~TAL 

Prep.1ration of tamzin.-The bark of Bruguiera gymnor
rbi:a ( 4 kg.) is cut into small chips and exuacted w ith boiling 
water in a steam jacketed stainless steel extractor for about 
two hours. The extract is remoYed from the bark. The 
residual bark is further extracted a second and a third t ime 
with fresh quantities of water under the same conditions as 
in the first extraction. The combined extracts are evapo
rat~d to dryness. The dry solid extract is scraped and 
wetghed after drymg in an air-oven at 100°C. The yield is 
about 1 kg. An alkaline extract is also prepared in a similar 
way by extracting. the bark with water to which a quantity 
of sodmm hydroxtde equal to 0.5 per cent of the weight of 
the bark has been added. Solid Bmguiera bark extracts are 
powdered and kept for preparation of the adhesive as and 
when required, since the pot life of the final adhesive is 
only a few hours. 
. P:eparati~n of adhesive.-The powdered extract (" 5 g.) 
lS dtssolved m 100 cc. of water while being heated m a steam 
bath. The r.hick syrupy liquor 15 cool~d and 3 ... 5 g. of para
formaldehyde (~ per ~ent of d.ry wetght of the extract) is 
added and the m1xt:ure IS then mturated. The adhesive is no\\' 
ready for use. 

Preparation of plyu:ood test panels.-:\ir-drv veneers 11. 
. h h' k f • til) me t 1c , o Cedrela toona, having a moisture content of 
10-12 .per cent, were employed to make 3-ply panels. Onlv 
two s1des .of the core veneer were painted, bv brush, with 
th~ adhe.St\'e. ~he fa.CC and core veneers were assembled 
wtth thetr grams at nght angles, and pressed in a hydraulic 
h~t press at 200 pounds per square inch at 140°C. for 15 
mmutes. The plywood panels were stacked in the labora
tory for about ten days before being cut into specim d 
tested. ens an 

Test~ng of plywood panels.-Plywood paneb were te~rcu 
accordmg ro the !.tandard procedure mentioned 1. 1 Gl h h . . ue ow. uc 
~ eahr strengt spehctmens. With ~ shear area of one snuare 
m~ we~e cut, eac test p1ece bemg 3 inches Ion and 1·

1
• 

w1de wtth notches I inch apart Half th h g mch · e s ear strength 
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specimens from each panel were tested in the dry condition 
and the other half were tested after three hours boiling in 
water. The tests were carried out in a "Globe Glue Line 
T ester" (Gl?be Machine Manufactu.~ng Company, Ta
coma, Washington, U. S. A.) . The fa1hng load, that is, the 
maximum load applied to the specimen before failure, and 
the percentage wood failure in the shear area were record
ed (table 1 ) . 

T he results given in table 1 indicate the possibility of 
Bruguiera bark tannins as being useful in the deYelopment 
of plywood adhesives. Of the three glue fom1ulae tested, 
glue 3 consisting of 100 parts Bruguiera bark ext racr, 5 parts 
of para-formaldehyde, 0.5 parts of alkali and 4 parts of 
wood flour gave the best adhesion. Since formulae 2 and 3 
give higher values of glue adhesion than formula I, it is to 
be concluded that the addition of alkali to the adhesive 
improves its strength. 

During the preparation of plywood panels of commercial 
sizes at a temperature of l40°C., the fonnat.JOn of steam 
pockets within the panels is generally expenenced unless 
the veneers are preconditioned to a suitable moisture c.on
tent. This difficulty is overcome by the use o~ ad.h.esn·es 
setting at lower temperatures. Ther~fore, the su!rab1hty. of 
Bruguiera bark extracts for preparanon of adhest\'CS settmg 
at a temperature below l40°C. was invesrigat~d. The fol
lowing three glue formulae were used for makmg plywood 
panels at I20°C., the other conditions of pressing being the 
same as before. 

GLUE I GLUE II CLUE IR 

Powdered alkaline tllnnin extract 100 g. 100 g. 100 g. 
Water 120 g. 120 I · 120 g. 
Para-fonnaldebyde S g. S g. S B· 
Wood ftour S I· s 8· S B· 
Phenol . 

5 
I · s 

Water soluble phenol-fonnaldehyde rcsm g. 

The adhesives and plywood panels from .6 different com
mercial timbers of India were made accordmg to the proce
dure already described. Plywood panels were tested accord-
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ifn~1. to 
1
stadndardd methods described earlier. The values of 

:u mg oa an wood failure are tabulated in table 2. 

Table 2. TEST RESULTS FOR Pl.ywoou PANELS PJU:PAJW) FROM WATD 
ExTRACTED TANNIN AND Plu:ssm AT l20°C. 

GLUE ADHESION (Shear area: 
GLUE STRENGTH 1 square inch) 

SP£Cl'ES FORMULAE Dry Hot wet 
Fa~ling ~Voo~ Fai.ling Wood 

load m kg. failure m load 111 kg. failure in 
(pounds) percent <pounds) per cent 

Adina cordifolia 83.9 (ISS) 25 43.1 ( 95 ) o 
II 98.0 (216) 20 65.8 (145) 0 
Ill 108.0 (238) 38 59.0 ( 130) 0 

Bombax111alabaricmn 103.4 (228) 0 32.7 ( 72) o 
II 83.9 (185) 15 42.6 ( 94) 0 
Ill 103.4 (228) 72 39.0 ( 86) 18 

Cedrela tOOTlll 109.8 (242) 28 52.6 ( 116) 0 
II 113.4 (250) 13 69.0 (152) 0 

Ill 122.9 (271) 28 88.9 (196) 20 
Dysoxylummalabaricum 1 109.8 (242) 0 70.8 (156) 0 

II 114.3 (252) 0 54.4 ( 120) 0 
Ill 103.4 (228) 72 57.2 (126) 18 

Hardwickia pimuzta 105.2 (232) 20 13.5 (162) 0 
II 113.4 (250) J3 69.0 (152) 0 
Ill 120.7 (266) 82 71.7 (158) 0 

Holoptelea integrifolia 1 109.8 (242) 28 59.0 (130) 0 
II 108.9 (240) 50 63.5 (140) 0 
Ill 97.1 (214) 80 64.4 (142) 0 

SuMMARY 
Bruguiera species are quite abundant in southeast Asia and 

their bark is rich in tannins. Since these tannins impart a red 
color to leathers they do not find favor in the learner indus
try. Alkaline extracts prepared from Bmguiera bark ha\'e 
been found to be useful in the preparation of plywood ad
hesives. Adhesives prepared accordmg to different formulae 
have given satisfactory results, and plywood panels made 
with the Bruguiera bark adhesives pass the standards laid 
down in India for commercial plywood. 
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A COLLECTION OF WOODY PLANTS FROM 
PANAMA 

GEORGE K. BRIZICKY, WJU.IAM L. STERS AND 

KENTON L. CHA.'\tBERS 

Stl1mtel ]ames Record Memorial Collection, School of 
Forestry, tmd Department of Botany, Yale University, 

New Haven, Connecticut 

ln May and June of 1957, \Villi am L. Stem and Kenton 
L. Chambers traveled to Panama. under the sponsorship of 
the Office of Naval Research,1 to assist in a program of 
wood testing being ~rfonned by the Canal Zone Corro
sion Laboratory, U. S. Naval Research Laboratory. Their 
particular task was to locate, in the forest, various species 
of trees whose wood had been reported to be more or less 
resistant to attack by marine borers (teredos or shipwonns). 
Timber from these and other species of tropical trees was 
to be exposed to a series of long-term tests, the goal of 
which was to measure properties of resistance not only to 
marine borers but also to decay and deterioration under 
both aquatic and terrestrial condttions in Panama. To verify 
scientifically the identity of the woods used in these tests. 
voucher material and wood specimens were collected for 
each species. At the same ti':Tle it was possible to ma~e col
lections of a number of spec1es of woody plants not dtrecdy 
concerned with the testing program. 

The following list is an enumeration of t~e specimens 
obtained during the course of these field studtes. Although 
many of the plants collected are of fairly common ~cu~
rence some are more rare and others represent new distri
butio~ records for Panama. It has been thought desirable 

-'These studies were carried out under Grant NR 160-424. The 
authors wish to express special appreci~tion t~ the Biology ~ranch of 
the Office of Naval Research for theJ.r uJ_UtJnted cooperanon. Also, 
the personnel of the Canal Zone Corroston Laboratory are to be 
thanked for their generous assistance in Panama and for th~ use of 
laboratory facilities. The authors are gratef~ to the ~onomiltS who 
assisted in me identifications and to the Uruted Fnut Compeoy and 

others for help in the field. 
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to record nomenclatural notes, common names. local uses 
and other supplementary information of interest .. ~o new 
species are described here. bur some o~ t he collec ttons have 
forn1ed the basis fo r a recently descnbed nC\\ taxon, and 
others, noted below, appear to· represent e~ti ties as yet .un
described. All listed specimens are housed m the herbanum 
of the Samuel James Record \lemorial Collection of the 
Yale School of Forestry. ~umbers are those of the collec
tions of Stern and Chambers. 

The majority of the specimens was identified by Gco:ge 
K. Brizicky; however, certain groups were sent ro :,peclal
tsts for determination: Quercus, Corneliw; H. \luller; Laura
ccae, Caroline K. Allen; Melastomaceae, John J. \Vurdack; 
Leguminosae, Richard S. Cowan; Cttrapa, G . K. Noamesi; 
Porcelia and Cymbopetalum (Annonaceae), Robert E. Fries; 
Sloanea, C. Farle Smith, J r.; Coccoloba, Richard A . Iloward; 
l JThmneria, C. L Lundell; Verbenaceae. H . ~ .. \1oldenke; 
and Clibadium, S. F. Blake. 

In general. the localities at which collections \\ere made 
are as follows (fig. 1) Canal Zone; Yoldn Regton, Chiriqui 
Province; vicinity of Almirante, Bocas del Toro ProYincc; 
Puerto Armuelles. Comarca del Bant; and Bahia de Piiias, 
Darien Province. 

Acmm>IACEA£ 

84. SAURAUIA sp. Tree, 8~ in. diamerer: fntirs with clear mucilafte~ 
wood rather soft. Alritude 6000 feer. slopes of \•otdn Barit, near 
town of Cerro Punta. 7 june. 

This probablv represents a species new for Panama. l.ca\'e\ arc 
cllipric-o,·:ate, obtuse at apex. cordate at ba~e. up to 35 em. Jon~ and 
18 em. broad. 

Al'ACAllDlACEAE 

107. CAMPNO'>Pt:R.\IA PA!'iAMENSJs St~ndl. "ore\. onn aurce'' rrec 
~ in. diameter; leave~ brow!'i~h h~·ne~th, cxudin~ a clear ~ar when cut: 
mfloresccnce ycllnwJSh, sptt·arc. Ahnudc 150 ft .• c;hort~ u l .al!lllla de 
Chiriqui, Bocas del Taro. II june. 

. 129. ASTRONill."f I.RA\1 OLr..~s Jacq. "sorillo, mn run" T ree, 15 in. 
d1amcrer, leaves from suckcr-hkc shoots at broken apex of tree· wood 
\ery hard, sapwood red, riddled by large yellow larvae. Attitude 
100ft., area west of Puerto Annuellc~. 1~ June. 
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ANNONACEAE 

127. CYMBOPETALt:M COSTAJU<ZNSE (Donn. Sm.) R. E. Fries. Small 
rree, 2 ~ in. diameter; ~tals creamy yellow, fragile, fleshy. somewhat 
thicker rhan the greeniSh sepals. Altitude 100 ft ., area west of Pueno 
Annuelles. 15 June. 

43. PoRCELlA MAGNJFRUCTV.M (Scherv) R. E. Fries. Tree, 30 ft. 
hi$h; flowers aromatic, with greenish y'ellow corolla which becomes 
bnght yelJow at maturity; carpels separate, cylindrical, about 3 mm. 
long. Altitude 270 ft., Road K9, Canal Zone. 31 .\1ay. 

5. XYLOPJA AROMATICA (Lam.) Mart. Small tree; outer surfaces of 
outer perianth lobes brown, inner lobes and inner surfaces of outer 
lobes white. Cerra Luisa, Canal Zone. 26 ~1ay. 

16. XYLOPIA FRUTESC.ENS Aubl. Small tree; flowers white, aromatic; 
leaves glaucous beneath,. m~rgins slightly .revolute; young stems 
hirsute. Gamboa, Navy Ptpeline Road. 10 m1. northeast of Gamboa 
Bridge, Canal Zone. 29 May. 

A.PocYNACEA£ 

33. STEMMADENJA GRANDIFLORA (Jacq.) Miers. Small ~ee; bark with 
milky sap; flowers yellow; lea\'es dark green abo\'e, hghter beneath. 
~aval Ammunition Depot, Group 300 Road, Canal Zone. 31 Mar. 

9. TREVETIA NtllD.o\ (H. B. K.) A. DC. "~u.evos de gato." Shrub; 
frujt didymous, scarlet when ripe, with milky JWCe. Cerra Lwsa, Canal 
Zone. 26 May. 

BIGNONlACE.tt 

130. T ABEBUlA cf. CHRYSANnfA (jacq.) ~ichols .. "guayacan" Small 
tree, 6 in. diameter; petioles rusty pubescent. Alt1rude 100 ft., are2 

west of Puerto Armuelles. 15 June. 

BoMBACACI!.M. 

42 ()untoMA P'<'JIAMJDAL£ CC:a\·. ex Lam.) Urb. var .. bicolor 
B · : 1cy omb nov 0 bicolor Rowlee Jour. Wash. Acad. Set. 9: 16S. 
~~~cO. fago~ s~~ var. bicolor CRowlee) ~andl;, and Sterr:· 
Field Mus. Nat. Hist. Bot. ~r. 2J : 62. 1943· balsa !r~f lowe; 
diameter' 7 5 fr. high;, leaves With brown d ton;:ntudmbrl~l;et~ritude 270 
surface; peduncles thick and fleshy; woo so an . 
f ad K9 Canal Zone. 31 May. 
r., ro . ' Woods 69: J- Z. 1942) showed t~at Bontbff;Y 

J . H. P1erce (~rop. k E 1 2. 552 l788) on wh1ch Urbans 
pyramidale Cav. (m Lamarc • tl nc~c. ;iori. ove; Ocbrtm14 U.go17US 
combination is based, ap~n §8 ~8r) ... ~e name PY'"''tidllle then 
Swartz (Prodr. Veg. l!'ld.. c.. A ril ~nd June 1788, while U.gotnJS 
appeared in two pubhcanons 10 P Se '--- ·• Although an exact · · 1788 before ptemug. 
appeared somenme m • Prodrtmms is not known at ~t 
publication date for Swartzbc most probable), there is no basis foe 
(September, 1788, seems to 
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the supposi~on that it a~tedat~ L~arck's Encyclopedie. 2 ( 2 ~ : SS2, 
which cenamly was pubhshed m April. 1788. Therefore Pterce s pro
posal to reduce 0.-1Jr011b1. pyramidJle (Cav.) u .rb. ~0 sy nonymy un.der 
Ocbroma /ago pus Swartz is hardly acceptable m n ew . of the publica
tion dates known. or at least assumed, at the present n mc. 

8 t;RSERAC£A£ 

164. TETilAcAmus PASA.,t£Nsrs (Engl.) 0 . Kunue "animc" Tree, 
20 in. diameter; flower buds present. Steep h~ ncar .~he shore, Punta 
Guayabo Oliquita, 1-4 miles nonh of Colombia, Danen. B June. 

CARYOCARACEA£ 

161. CAJt\'OCAR cosTARICENSl': D onn. Sm. "jcnenf' T ree, 4-6 ft. 
diameter, with scaly bark; leaves trifoliolate, with 2 glands (s~ipe.is) 
at base of leaflets. Steep hills near the shore, Punta G uayabo Ch1qu1ta, 
14 miles north of Colombia, Darien. 23 j une. 

CELAslllAC&A£ 

57. \\'r~~WUA sp. "raton rojo" Tree, l6 in. diameter. A ltitude 
4SOO ft., foothills of \'olean Baru, northwest of El Hato. 6 june. 

According to C L. Lundell, this appears to represent a new 
spectes 

CoMBRETACE.U: 

ISO. CoNOCAR.Pus ER£CTUs L . "urragosa" Tree, II in. diameter. 
,\1ud flats along coast near Farfan, Canal Zone. 20 j une. 

lSl. CosOCARPvS ERECT\Js L. "z.arragosa" T ree. ,\ l ud fiat~ along 
coast near Farfan, Canal Zone. 20 June. 

liS. T ERMISAUA OiiRIQt.'ENSJS Pinier. "guayabo de monte" T ree 
with multiple trunks, each 16-20 in. diameter; bark consptcuously 
mottl~ reddish brown (may resemble Psidium spp. which are com
monl)· kno,~•n as "guayabo"); leaves pale green. \'1cinity of Guabito, 
Bocas dell oro. 12 June. 

CoM.POSITAP. 

80. Cu~ADIUM U:!O<iYNUM Steetz. Small tree, 2 ., m. diameter , 
Rorets whne; Reshy mvolucral bracts green, becoming blue. Alurude 
6000 ft., slopes of V olc:in Bani, near town of Cerro Punta. 7 j une. 

CoRNACr..AE 

48. CoRN\.'!> ~ISCrf'l;ORA Moe. & . Sesse ex DC. "mata hombro'' Tree, 
SO ft. tall, 24 m. diameter. Alurudt 5100 ft., foothills of Voldn 
Baril, north of I•J Haro. S June. 

87. CoRNus Dl!><.IFLORA .\loc & ~t: ex DC Tree 24 l1l d' 
frui ts corky at apex; leaves p;uc beneath so~ewhat' stiff . dJamet~r; 

AI · d f _, • an cona-
ceous. u ru c 6000 r., :.~opes of Voldn Bani near to w f Ce 
Punta. 7 1 one. ' n o rro 
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CYATHEACEAE 

11. ALsoPmLA TRICHJATA Maxon. Tree fern up to 25 ft. tall; fronds 
up to 24 dm. long, thorny on rachis near base; in dense woods on 
slopes and along streams. Gamboa, Navy Pipeline Road, 10 mi. nonh
east of Gamboa Bridge, Canal Zone. 29 May. 

188. HEMITUJA sect. CNEMJDARIA. Arborescent fern about 2S ft. 
tall; base of leaf rachis spiny. Shores of Bahia de Piiias, Darien. 26 
june. 

This is "a species related to H. petiolata Hook. and to H. Woro
novii Maxon and Morton. l am not able to place it more accurately. 
Sect. C11emidaria contains the species of Hemitelia with broad seg
ments and most of them are not much more than twice pinnate. In 
addition, most species have a rhizome and do not form a trunk, but a 
few, as yours, do become trees. Your material is especially distinct 
from related species in that the terminal segment of the pinnae is 
stalked, that is, the pinna are irnparipinnate." (Abstract from letter of 
Rolla Tryon, 19 August 1958.) 

ELA£OCARPACLU 

65. SLOANEA MEDUSULA Schum. & Pittier. Tree, 13 in. diameter; fruits 
with 3-5 carpels, spiny, woody. Altitude 4500 ft., foothills of Volc:in 
Bani, northwest of E1 Hato. 6 June. 

EVPHORBIACEAE 

31. ACALYPHA MACROSTACHYA jacq. var. MACROPtn'~ (H. B. K .) 
Muell. Arg. SnWI tree; leaves dull on both surfaces. AJnrude 1000 ft.. 
Cerro Galero Road K6, Canal Zone. 30 May. 

85. SAPIU~ cf. AUCUPARIUM Jacq. (Syn. S. jllmllicnue S~). 
Tree 19 in. diameter, with milky juice in bark and leaves; leaves stiff, 
with yellow-green veins, beui~g 2 glands at base of blade; ~~ 
with bright orange pollen. Alutude 6000 ft., slopes of Volcan Buu, 
near rown of Cerro Punta. 7 June. • 

97. SAPIUM cf. BIGLANDULOSUM (L.) MueU. tuB· :t:ree,, 77 ft. hiJh. 
14 in. diameter, with thick short b~nches; .m1lky JWCC m bark= 
leaves· leaves clustered at ends of rwtgs, bearmg 2 small glands at • 
of blade· fruit a 3-seeded tricarpellate capsule, the ~~~s covered WI= 
a white 'aril. Altitude 6300 ft., slopes of Volcan a ... .., near town 

Cerro Punta. 8 June. 

F.AGACL\S 
C H Mull Trop Woods 108: 7+--76. 19S8. 

ss. QuER~snoi: t~ j0 in. diamet~r. Altitude noo ft.. foot-

~~:~b~fcin ;~, nordt of El Hato. S Jun~ ft diameter la uea 
76. QvucUS BARUEN5?S C. H: Mull~~· alo , of VoWa Ju6. 

partly cut over for grazang. Alatude t., pea 
near town of Cerro "Punta. 7 June. 
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4i. Q UERcus couuGATA Hook. "mamecillo" Tree 7~0 ft. high, 24 
in. diameter. Altitude 5100 ft., foothills of Voldn Baru. north of El 
Hato. 5 June. 

52. Qtr£&cus CULIE.L~u-TIW.EAS£1 C. H Mull. "roble rojas'' Tree, 
90-100 ft. high, 30 in. diameter. Altitude 5100 ft., foothills of Volcan 
Bani, nonh of El Hato. 5 June. 

FLACOURTIACEAE 

~9. CAsuatA JAVITF.NSIS H. B. K. Small tree, 6 in. diameter; ovaries 
bnght red; leaves shiny on both surfaces. Altitude 1000 ft., Cerro 
Galero, Road K6, Canal Zone. 30 May. 

35. PROCKIA CRUCIS L. Shrub; stamens numerous, yellow. Naval 
Ammunition Depot, Group 300 Road, Canal Zone. 31 May. 

. H. T£TRATHYLACJUM JOHANSEN II Standi. Small tree; flowers with 
disagreeable odor! ovary with fleshy white disk; leaves just appearing, 
lax and very shmy on upper surface. Naval Ammunition Depot, 
Group 300 Road, Canal Zone. 31 May. 
~· .ZUELA.>nA c~NlA (Swartz) Britt. & Millsp. Tree 4{}-50 ft. tall, 

s. m. diameter; f~t green, globose,1leshy, splitting into 3 valves when 
npe, odor of. frult apple-lJke, placenta of unripe fruit white when 
fusr cut, turnmg orange o~ exposure to air; bark produces a clear 

J
amber gum when cut. Alotude 260 ft., road K901 Canal Zone. 2 
une. 

G't.1Tl't:F'ER.A 
60. ~P~UM BRASILlENSE Camb. var. REKOI Standi "Marla" 

~re~o~~· oftm~t~r; Bbar~ with sticky yellow sap. Alti~de 4500 
·• o can aru, northwest of EJ Hato. 6 J une. 
2S. ~PHYLLUM cf. LONGIFOLIUM Willd. "Maria" Small tree· 

;~';: cona~eous,lc/ green, shiny. Gamboa, Navy Pipeline Road' 
. non east o amboa Bridge, Canal Zone. 29 May. • 

105. SYMPHONJA CLOBULIFERA L f " b cerro'' Lar e · · · · sam ogum, bogum, cerillo 
roots whic~ e~::~JOt::~:~~r;'~te;t• su~portehd on a mass of heavy stil~ 
gummy 11 1 1 . a ove t e ground; sap from bark 

fruits 2:sr:d:d:'~u~~~n~ 0;%/:~~n~ ~o~0r buds br~ht red, velyery; 
150ft., shores of Laguna de Chiriqu1 By owd lsaTp w en cut. Alotude 

3 
• ocas e oro 11 June 

6. VtsMtA eutANENsts (Aubl.) Choisy. Small ~ee· . 
beneath; petals and sepals persistent at b f f . ' leaves rusty 
skunk-like aroma, green conical bearing b o runs, the latter with 
on axial placenta. Naval' Amrnu~tion De ro'Gn seeds 1-2 mm. long 
Zone. 31 May. pot, roup 300 Road, Canal 

LAUJtAC2AE 

95. LtCARJA £XCELSA Kostenn Tree 24 . . 
green above, pale green beneath· .fruits • 'th md drameter; leaves dark 

' W1 re woody cup; cut twigs 
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aromatic. Altitude 6300 ft., slopes of Voldn Bani, near town of 
Cerro Punta. 8 June. 

169. LtcARTA PTTTIUI (Mez) Allen. "iim1a ne!J'To" Tree 30 · 
diam~ter; wo?d with cedar-like odor. Slope~ of hills borderi~~ Ba~l~ 
de Pifias, Danen. 24 June. · 

Known onlv from Costa Rica heretofore. 
186. NECTANDRA FUSCOBARBATA (Me7.) Allen. Tree. 8 in. diameter 

growin~ on rocky shore at edge of salt water; flowers white. Bahi~ 
de Pifias. Darien. 26 June. • 

99. N£CTANDRA LATIFOLTA (H. B. K.) Me1.. Tree 21 1.'z in. diameter: 
leaves pale l!reen. Altitude 6300 ft., slopes of Voldn Bani. near town 
of Cerro Punta. 8 June. 

111. NECTANDRA RETirui.ATA (Ruiz & Pavon) Me?.. ":uro:u.·atillo" 
Tree, 18 in. diameter. VicinitY of Guabiro. Bocas del Toro. 12 June. 

lltA. NECTANDRA RETICULATA (Ruiz & Pa,•on) Mez. "~acatillo" 
Young stems and backs of leaves densely brown pubescent. Vicinity 
of Guabito, Bocas del Toro. 12 June. 

113. NECTANDRA STANT>LE.Yl Allen. "atroacate" Tree, 15 in. diameter: 
flowers greenish white. Vicinity of Guabito, Bocas del Toro. 12 
June. 

50. NECTANDRA WHITF.I (\Voods.) Allen (?). "sigua" Tree, 90-100 
ft. tall, ~0 in. diameter. Ah:irude 5000 ft., foothills of Voldn Ba.rU. 
nonh of El Hato. 5 June. 

51. NECTANT>RA WBITEI (Woods.) Allen. "bambito" Tree, 90-100 fr. 
hi~h, 15 in. diameter; peduncle and cupule of fruit red. Altirade 
5000 h., foothills of Voldn Bani, north of E1 Hato. 5 June. 

53. OcoTEA cf. VERAGUENSIS (Meissn.) Mez. "sigua canela" Tree, 
70 ft. hiflh, 30 in. diameter; cupules of fruit red; wood aromatic. 
Altitude 5100 ft., foothills of Voldn 'Bani. north of EJ Hato. 5 June. 

170. Oc::o'rEA sp. "encibe" Large tree with buttressed base; fruit 
with blue-purple terminal porti.on and a~om-Iik~ cup; .fruit. le~ves 
and wood aromatic. Slopes of hills bordenng Bahta de Pdlas, Dari~n. 
24 June. 

56. PERSEA RIGENS Allen. "pizarni" Tree, 60-70 ft. tall, 30 in. 
diameter; cupules and peduncles of fruit red. Alritude 5000 ft., foot
hills of Voldn Bani, north of E1 Hato. S June. 

62. Puo£B£ sRENESn Standi. Small tree, 14 .in. diameter; fruits 
green with red cupules. Alrimde 4500 ft., foothills of Voldn Bar&. 
northwest of El Hato. 6 June. 

156. PHoEBE JOHNSTONlt Allen. "aguaca~llo" T~ee, 18 in. ~iameter. 
leaves aromatic. Road p~ng Navy Radio Station, Sunmut, Canal 
Zone. 20 June. . . f f~:..t... 

32 PHoEBE MEXJCANA Meissn. Tree 12-14 m. diameter, o u.n;r 
com~n ()CCUJ'I'ence; flowers white, attraCting a great ~ber of 
bees; l~ves glossy dark green above, pale green beneath; itlllMtare 
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fruits green. N aval Ammunition D epot, Group 300 Road, Canal Zone. 

31 May. 
173. '\•acarita" T ree; wood reddish ; leaves w ith bloom on under

.,jde. Slopes of hills bordering Bahia de Pina-.. Darien. 24 J une. 
1/4. "quiribi o r giribi'' Tree. 15-18 in. diameter, with mlall but

tresses; leaves somewhat aromatic. Shores of a small r iver, Ensenada 
Guayabo between Punta Guayabo Grande and Punta Guayaho 
Chiquita. Darien. 25 June. 

LEC'\-rHTDACEAE 

176. EsCHW'EIURA ~· "huasca. tuaYe" Tree, 17 in. diameter; Rowers 
cream\' vello\\'. Shores of a small river. Ensenada Guayabo between 
Punta· Guayabo Grande and Punta Guayabo C hiquita, D arien. 25 
June. 

141. GRIAS Fr.NDURt Seem. Tree; h~a,·es up to 10 dm. long, 2 dm. 
wide, clustered at ends of stout branches; Rowers and f ruits borne on 
short lateral twigs. Area near Puerto Armuelles, berween Caiiazo 
and Cocos. 17 June. 

189. GusTA\'IA RooA~'lliA Standi. "membrillo" Small tree, about 2 
in. diameter; petals pink Shores of Bahia de Pinas, D arien. 26 June. 

\Voodson (Ann. Missouri Bot. Gard. 45: 120. 1958) cites petals as 
2.S-3.5 em. long. Howe\'er. irt rhe original description of Gurtavia 
rodantba (conspccific with G. n.:ma Pinier), Standley writes (Field 
;\1us. Nat. Hist. Bot. Ser. 4: 23~240. 1929), "petala . ·. . c. 6.) em. 
longa ~t 2 C'71~. lata." Petals in our ~ecimens are up to i .0 em. long 
and 3.S em. w1de. Standley als<? menuons that the petiole!\ in his species 
are l.~.S em. long: but the tsotype of G. rodantha (Y) has petiole<> 
up to 12 em. long. The maximum petiole length in our specimen is 
17.0 em. 

G. 'M1f.J has been cited by \J,Toodson as "apparentlv endemic tn 

Panm1a." H_?wev.er. a. specimen from Colombia (L.iwranc~ 63J} , 
presum~bly 1denucal wtth G. mma, has heen oho;cr.·ed in the Grav 
HerbariUm. • 
• 1SS: GuST.A\1A SUP •. RBA {Kunth) Berg. "membrillo" Small tree, 5 
1
1
n. dijmeterf; l;a\'es c\ub~1rered ar ~nds of branches, the largest about 

m. on~: rut.~ resem e a smokmg pipe in shape and arc borne on 
short twillS ammg from the large~ branches; bark (wood?) smell ~ 
strongly of rotten fish. Road passmg Navv Radio Station s · 
<Anal Zone. 20 June. · umrmt, 

.162. I .:cYnus ~MPLA Miers. "coco, salero" Large tree 30 
d1ametcr. Steep h11lc; ncar the shore· Punra Guayabo Ch' ' . in. 
miles nonh of Colombia, Darien. 23 june. ' tqUlta, 

1
4 

163. l..E.<.-vnus AMPLA Miers. "coco, salero" T · · 
the shore, Punta Guavabo Chiquita 14 miles ree. hSreep hills nc~r 
Dari~n. 23 jane. • ' · nort nf f'..olomh1a, 
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165. LECYnus cf. AMPLA Miers. "coco, salero" Fruits only, col
lected from ground. Steep hills near the shore, Punta Gnayabo 
Chiquita, 14 miles nonh of Colombia, Darien. 23 June • 

148. l.ECYTIIIS n;YRANA Pinier. Tree, 24 in. diameter· flowen 
yellow. Planted across from railroad station near Panama ~ Com
pany administration building, Balboa, Canal Zone. 19 Jane. 

lEGUMlNOSAE 

19. A~OJRA IN£RMIS (Swartz) H. B. K. "peronil" Tree, 12 in. 
diameter, 75 ft. tall; leaves shiny; Rowers dark purple, young fruits 
obovoid. thick and hard. Gamboa, Navy Pipeline Road, 10 mi. 
northeast of Gamboa Bridge. Canal Zone. 29 May. 
~5 . BAUHINIA ECCOSMA Blake. \Voodv vine about 1 in. diameter, 

clambering in Zuelania guido11ia, No. ·44; flowers white, aromatic, 
lip of corolla shon, greenish white. Altitude 260 ft., Road K9D, Canal 
Zone. 2 June. 

167. BROWNF.A MACROPHYLI.A Linden. "cacique ne~" Small tree; 
bark with red sap; fruits with peculiar truncate-cylindric .see~; 
heam vood black. Steep hills ncar the shore, Punta Guayabo Chtqwta, 
14 miles north of Colombia, Darien. 23 June. 

134. D1PID'SA aosrNIOIDES Benth. "macano'' Tree, 12 in. diameter; 
rrunk much twisted. Altitude 100 ft .• area west of Puerto Annuelles. 
15 June. 

108. DIPTERYX PANAML"'Sts (Pittier) Record. "almendro" Tree, S 
ft. diameter· flowers purple; wood extremely hard (rums edge of 
axe) . Finca 'u. Bocas Division of Chiriqui Land Company, west of 

Almirante. 12 June. 
81. ER\'THIUNA BERTEROANA Urb. Tree, 19 in. diame.ter; tfU!lk ~th 

broad conical spines; pith in twigs chambe~ed, white; frwtS wtth 
seeds covered bv a bright red aril (testa). Alotude 6000 ft., slopes of 
Voldn Baru near town of Cerro Punta. 7 June. 

157. Gua;omA sEPIUM (jacq.) Standi. ''mata ~ton" Tree, 10 in. 
diameter with greatly conroned trunk; leaves wtth odor of nc:w
mown grass. rc~-puti>le m.ottling on lower surface. Road passmg 
Navy Radio Staoon, Summtt, Canal Zone. 20 June. . . 

152. HYMESAEA coURBARIL L. " algarrobo" Large ~ree wtth 3 nwn 
h 1

., 16 •1n diameter· flower buds and (runs present. Mud 
stems cac -- · • 
flats along coast near Farfan, Canal Zone. 20 J~nc. . 

4. ]NGA HAYESII Benth. Shrubby; stamens wh1te. Cerra LUISa, Canal 
Zone. 26 May. • f 1 af 'th rtmds 

138 
INGA MARGINATA Willd. Tree; rachts o c wa ~ f'ow« 

• . de where opposite leaflets are attached; wni~ ,.f!~ 
on upper ws'ood moderatelv hard. Rim of deep gorge of Rto UUULUt 
racemose; ' J 
area west of Puerto Armuelles. 16 une. • .... nowish IJlands GD 

137 INGA MULT1JUGA Benth. Tree; l~vesl--~tb 1- --";;:..a, woocJ 
. his here the opnoate IDUICU an •tQK;IKU• 

upper side of rae VI r - -
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hard. Rim of deep gorge of Rio Coroni, uea west of Pueno 
Armuellcs. 16 June. 

160. Lo:sa mcARPUS cf. AlliOPt:RPt:REUS Benth. "higuanillo" Tree, 
18 in. diameter. Azote de Caballo Road near M:adden D:~m, before 
first saddle dam, C:lnal Zone. 20 June. 

110. PE:O."TACU"Tlflt\ .\tM.ROt..OBA ~\Villd. J 0. Kunr-Le. "g:a,·ilan" Tree 
with hard wood. V icinity of Guabiro, Bocas del Toro. 12 June. 

40. Pmu:au.ontl'\t HY.\t£-..:.mrouu.\1 (Humb. & Bonpl.) Benth. 
Shrub, 6 ft. high. ~ in. diameter, the stem unbranched, thorny at 
nodes; flowers white, very conspicuous. Altitude 2i 0 ft., road K9, 
Canal Zone. 31 ,\1ay. 

. 158. Pmtf.CF.t t.ontu.~r .\1ANG£:SSF. (jacq.) .\lacbr. Tree, about 9 in. 
dtamercr, the 10 ft. htgh trunk supporung 2 low, greatly spreading 
cro,~·n; branchlct.~ thorn>·; bark ~tth a sticky, reddish sap. Road 
passmg "'\avy Radto Stauon, Summtt, C anal Zone. 20 June. 

27. PtTHf.Cl'Lt..OllJU\.1 onLONGUM (Roxb.) Bench. Small tree with 
sevc~al main stems; ~piny branches spreading and drooping; fruits 
rcddtsh brown . . \tud flats along coast near Farfan, Canal Zone. 30 
,\lay. 

125. PLA_n·poo_n.:\t .';tAXO:SJ.\SU\1 Pinier. "tigre" Tree with base of 
rrunk beano~ smuat~ com·olure ridges; leafters readily deciduous 
from rhe rachiS; seedlmgs very abundant beneath parent rree. Altitude 
100 ft., area west of Puerto A.rmuelles. 15 J une. 

1 H. PatoRJA COPAtFUA Griseb. "cath·o" Large rrec, H in. diameter; 
wood oozes a green, sticky, water-soluble sap . Vicinity of Guabito, 
Bocas del Toro. 12 June. 

168. PruocAJU>t;s OFTICJSALts jacq. "chuella" Small tree growing 
clo~e to beach; flowers yellow-orange \\.oith red stripe on banner· 
'\r'ooCd 

1
vcl)'. soft a~~ white. Punra Guayabo C hiquita 14 miles nortf; 

o o omo1a, Darten. 23 june. ' 
109. Pn:ROCAJlPt:s ~p "sangr '' T · · red sap which h d ·. e ree, S 1 m. d1amerer; bark ooLes 

both SUrf F
,'fr ens tn several hours; lenes ulossy dark~en on 

aces tnca 11 Bo o· · · q • 
west of Almi;ame. 12 J~ne. cas t\'ISJon of Chi.rtqui Land mpanv, 

Our ~pecimcn, which has near! . . . 
all the species known f C Y

1 
mature frum, 1S dtfferent from 

. rom enrra America I 1 bl some specuncns of l'terocar . . . · t strong y resem es 
no records regarding rh . pu~ m4lcus \Vtlld. H owever, there arc 
area. e mrro ucnon of the l:atter species into this 

17') SWAKTJ:IA PASA\H'SSI~ B h .. 
Shores of a ~mall : · L: em · cutarro" Tree 7 in diameter 
G d nvcr, ~;.nsenada Guayab b 'p . 

r:m e and Puma Guayabo Ch' . D ~ erween unta Guay;ibO 
132. SWART.fiA s (;) ' .'qUtta, anen. 25 June. • 

red. sap; only frag!:;en~s ofarrdlo n;g~o" T aJJ tree; bark with blood 
Alutude 100 ft., area wes f apes o tamable, the leaflets pale green. 

t o uerto Annuelles. lS June. 
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Th_i~ sterile s_pecimen, _with its 7-11 leaflets arranged alternately (a 
cond1~~on rare m Swmzza), resemb~cs some specimens of Ptnoc•pus 
bayem He_msl. more than any spectes of Swartzia known from Cen
tral Amenca. Howe\•er, the corresponding wood sample has been 
identified by B. F. Kukachka (U. S. Forest Products Labontory) as 
probably S~artzia sp. !here is another specimen of "sangrillo negro," 
1denttcal wtth Stern et Chambers 1 p, in the Yale collections (Y 
.J5022) . This was collected in Chiriqui, Panama, in 1948, and sent to 
Yale b) V. C. Dunlap. A. C. Smith (correspondence, 1948) stated 
rhe following regarding Dunlap's sterile specimen: "It is possible that 
y our specimen represents Pterocarprts officina/is Jacq. At least it 
agrees with some of our South American material (note: in the U.S. 
'\ational Herbarium) fairly wc:ll. J provisionally referred it to P. 
bayesii Benth. following numerous identifications by Dr. Standley in 
our herbarium. Actually I am not entirely convinced that it even 
belongs in the genus." The corresponding wood sample had sub
sequently been identified by R. W. Hess as Swartzia sp.! The fact 
that these two different wood samples, representing apparendy the 
same species, had been determined as Swartzia independently by two 
w ood anatomises, makes it probable that a species of SwartzUI, un
known from Central America, and possessing lea\·es with 7-1 1 alter
nate leaflets, occurs in Panama. Possibly sterile specimens of thls 
species have already been collecred SC\'Cral times bur have been 
referred to Pterocarpus. However, unril fruits or flowers of the 
species are available, its generic position will remain uncertain. 

172. VAJAtREA sp. (?) "amargo an12rgo" Large rree, 4~ ft. dWneter; 
buttresses 1(}-.12 ft. high; wood bitter. Slopes of hills bordering 
Bahia de Pinas, Darien. 24 June. 

LoRANTHACF.A£ 

76A. Pst ITACA!'I rnt:s sc.:Htm•:Asus (Schlechtd. lk Otam.) G. Don. 
\VooJy parasitic vine, growing high ~n. and seemingly throughout. 
the crown of ~o. 76, Quercus baruenns; lea\'es succulent. blue-green; 
tlowers with orange-red pedicels, yellow-orange cofolla and o~ 
filaments. Altitude 6000 ft., slopes of Volcan Baru, near town of 

Cerro Punta. 7 June. 
Flowers in our specimen are abuur 10 em. long, i.e., somewhat 

Junger than those usually cited for this species (6.S-8.S em.). 
H2. SnUTHANTHUS cf .. \tARutNATUS (Dcsv.) Blume ex Schult. "mats 

palo" \Voody parasite; leaves_ glossy <!n both surfaces; flowers yellow· 
green; fruits yellow when r1pe. Alnrude 6000 ft., slopes of Volcat 
Baru, ncar town of Cerro Punta. 7 June. 

MALPIGIDACLU 

191. BnsoNIMA CORJACEA (Swartz) Kunth: "~nero" T~ ~: 
in. diameter; flowers yellow. Shores of Bahaa de Pilla. DariU. 
june. 
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6. BYllSOsl~tA CRAssrFOLIA (L ). H. B. K. "nance" Tree; fiowen 
yellow-orange. Cerra Luisa, Canal Zone. 26 ~lay. 

106. Bu.sosr.\tA CRAsstrOLIA (L.) H. B. K. Tree, 7~ in. diameter; 
leaves dcnselr red-brown pubescent beneath, dark green and glab
rous above; young twigs red-brown tomentose; flowers yellow, fading 
to orange. Alcirudc 150 ft., shores of Laguna de Chiriqui, Bocas del 
Toro. 11 June. 

,\1ALVACEAE 

28. HIBISCt:S TILIAC£tJs L. "wild mahoe'' Small tree with several, 
often somewhat decumbent, main stems; young stems pubescent; 
leaves pale gray-green below; petals bright yellow, fading to reddish. 
.\lud flats along coast near Farfan, Canal Zone. 30 \1ay. 

i7A. \\'1:RCK1.~:.\ t.tJTE.\ Rolfe. Tree, hairs on fruits stiff, bristle-like. 
Altirudc 6000 ft., slopes of Voldn Baru. ncar town of Cerro Punta. 
7 June. 

The anthers arc somewhat uncquilaterally horseshoe- or " U"-shapcd 
rather than "oblong" as ~rared by Rolfe. This corresponds more 
nearly to the "rcnifonn anther'' considered typical for \lal\'accac. 

M£LASTOMAC2AE 

182. CLIDE.\IIA PUIPUR£o-\10L\Cf.A Cogn. Small shrub: flowers yel
low-green. Shores of a small rh·er, Ensenada Guavabo between Punta 
Guayabo Grande and Punta Guayabo Chiquita. baricn. 25 June. 

First record for Panama. 

64. <;o~osn~IA CHIRtQt;F..,sts Gl. Tree. 10 in. diamcrer; iruits blul' 
'~·hen npc. Alutude ·HOO ft., foothills of \'olean Baru, northwest of 
I~l Hato. 6 June. 

118 . . Co:-:oSTEcJA st:rosA Triana. Small shrub, ~i in. diameter; flow
ers whtte. Shores of a small ri\'er, l::nscnada Gua\'abo, between Punt.l 
Gu~yabo Grande and Puma Guayabo Chiquita. Darien. :!5 june. 

F1rst report for Panama. 

30. ,\li<:O)'o;JA AR<.tSrt'.A (Swanz) DC. Sntall tree; lea\'cs white be
neath, dark green abo,·c., mJture frutts bluish purple. Altitude 1000 
ft., Cerro G2lero, Road K6, Canal Zone. 30 ,\1a}. 

37. .\1JOO~IA tMPt:noLARJc; (Swart7J Don Shrub 8 ft h' J 1 
dark gl SS b d . ' ' tgt, Ca\'C~ 0 uG )' green a ovc, rc pu!>cscenr beneath. '\ani AmmunitiOn 

cpor, roup 300 Road, Canal Zunc. 31 \la} . 

_187 . . \tu;os~~ RODINS?NJA:-:A Cogn. Small tree; flower~ r· k Sl • 
ol Bahta de Pnus, D:mcn. 26 June. IU · lore\ 

"Stern & CIJ.rmbt:rr 1117 and 193 both from Pith · B I) · 
rccenrl)' lJeen referred by \ \'urda~k m Micon,·a osb. :t)' ~ ancC·n, haY~. ' 

h · 1 · r msomana mrn a 
~c•es .ot ~·tsc cnl c•~t•c to rhc Galapago~ Islands The affi ·,~" ., .f 

• rolnnsom:ma arc wnh species 40.-45 of Co · · , f .. 01 •c~ 0 

graph, as well as with M. cu,..,:ipetiolata Co gma~x atmhal mono
bla}wzcfolia Gl .. and M. tr.:rnr.:ersa G! \V h gn.h GJ. ex Gl., M . 

· It sue an obnous super-
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fluity of epithets, no phytogeographic speculations concerning the 
apparent distributional disJunction of M. robinstmi111111 would be valid 
at present." (E:<tract from letter of J. J. Wurdack, 24 July t9S8.) 

193. .\1JCONLA ROBINSONIASA Cogn. Small tree; flowers pink; fruits 
purple, succulent. Shores of Bahia de Pinas, Darien. 26 June. 

175. ToPOBEA M.EMBRANACE.A \Vurdack. \Voody vine; flowers pink. 
Shores of a small river, Ensenada Guayabo between Punta Guayabo 
Grande and Punta Guayabo Chiquita, Darien. 25 June. 

First record for Panama. 

MEUA<ZAE 

116. CA.RAPA sLATER! Standi. "bateo, cedro mancho" Small tree, 4~ 
in. diameter; leaves 6-9 dm. long, e\'en-pinnare, bearing about 14 
leaflets per leaf. Vicinity of Guabiro, Bocas del Toro. 12 June. 

139. CAMPA SLATEJU Standi. "cedro macho" Tree; leaves 4.S-6.0 
dm. long with 5-6 pairs of leaflets. Area near Puerto Annuelles, be
tween Caiiazo and Cocos. 17 June. 

166. CAMPA sLATERJ Standi. "tangare" Tree; leaves wirh 9-11 leaf
lets. Steep hills near the shore, Punta Guayabo Chiquita, 14 miles 
north of Colombia, Darien. 23 June. 

103. CEDRELA FJSSIUS Vell. Tree about 15 in. diameter, bark not 
aromatic but bitter. Pasture along road between David and E1 Hato, 
Chiriqui Province. 9 June. ,. . . 

59. CmRELA TONDUZll C. DC. "cedro ~eboll~ T~ee, 22. 1n. diameter; 
twigs with conspicuous lenticels and sohd . wh1te p1th: leaf scars. 12-IS 
mm. across; bark with sweet odor. Alnrude 4500 ft .. foothills of 
Voldn Bani, northwest of El Hato. 6 June. 

131 GuAREA LONGIPETIOLA C. DC. "chuchupate" Cut end of stump 
!,. in: diameter; 2 lea\'es taken _from sucker f:hoot, one IS dm. long 
:and still not fully mature bur wtth o\•er 25 piW'S of _leaflets. the other 
10 5 dm long and with 28 pairs of leaflets, rachiS of lea\·es very 
,,~0dy. Attitude 100ft., area west of Puerto Annuelles. lS June. 

143. TRICHILIA 1VB£RCULATA <Triana & Planch.) C. DC. Tree. Area 
near Puerto Annuelles, between Canazo and Cocos. 17 June. 

146 TRICHILIA TVBERCVLATA (Triana & Planch.) C. DC. Tree. Area 
ncar Puerto Annuelles, between Canazo and Cocos. 17 June. 

Mn~mCACLU 

112 OIALYANllfEAA OTOBA (Humb. & Bonpl.) Warb. "miguelario, 
wine 'wood" Small uee, s in. diameter; leaves dark green above, blue-

reen beneath. Vicinity of Guabito, Bocras del Toro. 12 June. 
g "bo ani fruta dorada" Wood sample from~ 
bu~~~~''::, w~bJu: m~= from .JS~n~ }~:n:;:t = 
nearby; lea\'es wnh brown pu ence. 
Puerto Annuelles. IS June. 
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t ::SA. \ ' tROL.\ KOSCliNYI \Varb. "bogamani" Fruits only, collected 
from ground in forest ; pericarp orange, aril bright red with spicy 
odor. Area near Puerto Armuelles, betw een Canazo and Cocos. 17 
June. 

194. VlltOLA SI:.BIFERA Aubl. "mancha" Tree, growing very near sea; 
inflor~ence orange; flowers and lean!S aromatic; bark with red sap. 
Shores of Bahia de Pinas, Darien. 26 June. 

MYRSINACEAE 

96. AllDtSIA cf. PAt.;\.tANA Donn. Sm. Tree, 811z in. dtameter ; leaves 
thickish but not sciff, glandular ar base; fruit with 1 bony seed, suc
culent, black at base, blending. ~o red .abo,·e and yellow-green at 
apex, borne on a thickened whiosh pedicel 2-3 man. long. Altitude 
6300 fr., slopes of Volc:in Baru, ncar r:own of Cerro Pum a. 8 June. 

O';ll' specimen see.ms to belong to thts or a very closely related 
spec1es. Heretofore 1t has been known only from Costa Rica. 

MoRACEAE 

.136. CHLOROPHORA 11NCTORIA {L.) Gaud. "mora" Tree; bark with 
~ky s_ap;. heartwood du~l ye~ow, extremely hard and difficult to 
split, With mterlocked gram. Rim of deep gorge of Rio CorotU, area 
west of Puerto Annuelies. 16 June. 

180. SoROCEA ~INIS H emsl. SmalL tree, 2l!z in. diameter ; flowers 
small. creamy white. Shores of a small river, Ensenada Guayabo be
tween Punta Guayabo Grande and Punra G uayabo Chiquita Darien 
25 June. ' · 

Ol.ACA.C£A£ 

. 126. HElS'IUlA cf. LATIPOUA Standi. Small, scraggly rree 3 in 
di~eter; stems green; flowers greerush yellow; heartwood red. Alri~ 
tu e 100 ft.. area wesr of Puerto Armudlcs. 15 June. 

ON A eRA <::EM; 

flo~· Ft:CHSIA ARBORESCENs Sims. Shrub or small tree, S-10 f t tall· 
with el magellca, . mature frUJ~ blue-glaucous, manv-seeded b~rri~ 

c ear ye owlSh pulp. Alnrude 6000 ft., slopes of Voldn B • 
near cown of Cerro Punra. 7 June. ' aru, 

PAPA\'£RA<.EAE. 

79. Bocco:';aA FRUT£l>CE.>.;S L. Semashruu wood b . 
~terns orange; leaves light bluish beneath' f . y at ~se, the young 
sc:e~s with red fleshy aril at base; wood ;ra•~u~r\ s~~c em,, glaucous ~ 
Alotude 6000 ft., slopes of Voldn Barli nca~ vir promment rays. 
7 June. ' town of Cerro Punra. 
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~ 

32A. PIPER TABOGANl:~l C. DC. Shrub ~ ft tall ' ' 1'n '1n d' · · h 11 d fl . • · • n · 1ameter, 
Wit swo en no es; owers wlutc. Naval Ammunition Depot Grou 
300 Road, C:mal Zone. 31 ~tay. ' p 

PoLYGONA.C£AE 

1~1. Coccot.OBA LEHMAN~u Lindau. Tree, 8 in. diameter; flowers 
wllltC. Shores of a small nver, Enscnada Guarabo between Punta 
Guayabo Grande and Punta Guayabo Chiquita, Darien. 25 June. 

. 41. TRIPLARJS ~URIN~NSIS Cham. "palo santo" Small tree, 4 in. 
d•ametcr, 40 ft. h•gh. Altitude 270 ft., road K9, Canal Zone. 31 1\lay. 

PRoTEACEAE 

49. PANOPSIS SUAVEOL£NS (Kl. & Karst.) Pittier. "roblecito" Tree, 
12-15 ft. tall, 4 in. diameter (said to reach height of 50 ft.). Altitude 
5000 ft., foothills of Voldn Bani, north of El Hato. 5 June. 

In his monograph of the American Proteaceae (Bot. Jahrb. 76: 139-
211. 1954) Sleumer reduced Pt11Wpsis costaricemis Standi. and P. 
murcr01lllta Cuatr. to synonomy under PanQpsis nur.:eolens (Kl. & 
Karst.) Pittier. The species occurs in Costa Rica, Panama, Ecuador 

and Colombia. 
RmzoPHOllAC£AE 

149. RHJWPHORA SA."dOENSIS (Hochr.) Sal\'oza. Small tree, 6 in. 
diameter; cOrolla of 4 white, hairy petals. Mud flats along coast 
near Farfan, Canal Zone. 20 June. 

RC)SACLU 
1 33. H tRTELLA TRIA.NDRA Swartz. "conejo" Small tree, 12 in. diameter: 

leaves scabrous; fruits pubescent, reddish when mature; hearrwood 
red, fine-textured. Altitude 100 ft., area west of Puerto AmJUelles. 

15 june. 
135. LICANIA ARBOREA Seem. "rasca" Tree, 30 in. diameter; lea\'es 

:;tiff, coriaceous, dark green and smooth abo\·e, pale green and finely 
scabrous beneath. Standing in front of Chiriqui Land Company hos-
pital, Puerto Armuelles. 15 june. . 

54 PJtuNUs ANNut.ARIS Koehne. "mamey oloroso" Tree, _.5 ft. high. 
~0 it~. diameter; fresh wood or bark wit!~ strong uiu~r almond odor. 
Altitude 5100 ft., foothills of Voldn Baru, north of 11 Hnto. S June. 

S4A. PaUNus ,ANNULUIS Koehne. "mamey oloroso" Tree growing 
!'llo 54 fruit present in loose botryfoml clusters, ~rhaps yel

~:~: ,~h~n r~e. Alutude s'too ft., foothills of Voldn Baru, north of 

E1 Hato. s June. 
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Rt."BIACE.U. 

153. A uutRTIA llll Lb (L.Rich. l A . R ich. Shrub, 6 ft. high; flowers 
white. Mud fiats along coast near Farbn, Canal Zone. 20 June. 

\Vood s:tid to be employed as rhc ,·enical members in wattle and 

daub construction. 
39. A t!'Hs tii.At:KIA'" llcmsl. Tree. 13 in. diameter. i S ft. high; 

tlowcn. white, aromatic; fruits brown and somewhat hard when dry. 
Altitude 270 ft., road K9, Canal Zone 31 \1ay 

192. A~tAIOU.\ COIIYMilO"' H . B. K . l ree, 6 m. dtamcter. with fluted 
rrunk; bark , crv thin; Rowers whttc. Shore!> of Bahia de Pin as, 
Darien. :!6 J une.· 

18. Cl:PHAitts lOl\lf':"."rosA (Aubl.) Vahl. Shrub, brilliant rcJ bracts 
beneath the inflorescence; flowers 2 mm. across, tubular, yellow; all 
parts of plant hispid. Gamboa, ~:n} Pipc.:hne Road, 10 mi. northeast 
of Gamboa Bridge, Canal Zone. 29 \1ay. 

8. GENtl'A AMI:JUCANA L. Small tree, fruits brown, erect. Cerra 
Luisa, Canal Zone. 26 \ 1ay. 

144. l!A:o.tr.tt.\ AXIl L\JUs Swartz Sn .• all tree; fruit clusters resemble 
Viburnum: lea\'es tend to be clustered ar ends of branches. Area near 
Puerto Annuellcs, between Canazo and Cocos. 17 June. 

177. H .•.M.:t.tA ROWLUJ SranJI. Small tree, 1 in. dtamcter ; flowers 
vellow. Shores of a small ri\'er, 1 nsenada Guavabo between Puma 
Guayabo Grande and Punta Gua\ abo Chiquita; Darien. 25 june. 

2 • . lsDnA li.U:!'OK.E.A~ ... DC. Spar:.cly branched shrub; inflorescence 
rernunal; flowers rc~ at base and yellow at apex. Growing in cur 
over land, Cerra Lutsa, Canal Zone. :?.6 \ by. 

6~ . PAUCOUJU:A c.u .. rontA~.\ ;'\larte1s Sh~b: flower:. yello, .. ·, on red 
pedtcels; fru1rs green with yellow wr .pe~. -\lrirudc 4500 it .. foothill~ 
of Voldn Baril, northwest of El Ham. 6 June. 

61. P;M.ILOCIU-' s~. Small tree, 10 ft. high, 2 in. diameter; flower~ 
and pedtccls of the mflorescencc magenta. Altitude 4500 ft .. foothill~ 
of Voldn Baril, northwest of Ill llaro. 6 june. 

3~. Pn:ro-.:mn:. TRICJlA!'intA_ Gnscb. Tree.:, 1; in. diameter: flower.. 
whne, famtly aromauc. fruus green. "a,·al A mmunirion Depot 
Group 300 Road, Canal Zone. ~~ ~.\1av. ' 

• 17_1. \\' AK~.wtcLJA <.occt!>.f_\ ( \ : :ll;l) Kloti'-~ch. "guna '' Small tree.: , 
lc~n!ng on trn:s along rocky shorclmc, nnkmg appeara nc~.; due 10 the 
bnlltant red cx~andcd calvx lobes, corolla yellow-orange <;;I , . f 
h' ll b ·' · • h' d p'- D · • opes 0 

t s orucrmg J3 ta c mas, ancn. H J une. 
Roots !>-aid ro act as an aphrodisiac. 

I' 
Still 

RUTACEAE 

I ~ ruoxnuM I!U.tzt:.."s• I undell. Small tree· trunk bearin 
•1 1.8 em. k•ng,lea\'CS 6.0-7.5 Jm.long, rachi~ ~pin~·· Gambo~ 
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Navy Pipeline Road, 10 mi. northeast of Gamboa Bridge, Canal 
Zone. 29 May. 

The specimen is sterile but it apparently belongs to this species, 
which heretofore has been known only from Mexico (Oaxaca, Vera
cruz), British Honduras, Guatemala and Nicaragua. 

SABIACE.A£ 

145. MEUOSMA ALU.NU Standi. & L. Wms. Tree; ftowen in axillary 
racemes, petals (?) yellow-orange; fruit a drupe. Area near Pueno 
Annuelles, between Caiiazo and Cocos. 17 June. 

The type of the species has not been seen. Howe\·er, it can hardly 
be doubted that our specimen belongs to this species which has been 
known before only from Costa Rica. 

SoLANACEAE 

IB SoLANUM OCHRACEO-Jo'ERRUGJNEUM (DunaJ) Fernald. Small tree 
with. spiny twigs and trunk; youngest leav~ with. reddish brown 
tomentum. Altitude 6000 ft., slopes of Volcan Baru, near town of 

Cerro Punta. 7 June. 

SrAPHYUACEAE 

190. T uRPJ:SIA OCCID£NTAL!s (Sw~z) G. J?.on. ~I rc:c:, 16 in· diameter; 
flowers white. Shores of Bahra de Pmas, Danen . • 6 June. 

STDCVUAC&U 

140 THEOBROMA A.'IIGUSTLI'Ol.IUM DC. Tree; leaves somewhat ~tate. 
pale bluish green beneath, petioles nnt attached at lower m~ of 
blades; fruit resembling a cacao pod. Area near Puerto Annu es. 
between Cana7.o and Cocos. 17 June. 

THzAa.u: 
46 LAPLACEA SEI\U!ii'.RRATA CMa.rt. & Zucc.) Cambe~. "mansJe de 

moo~" Lar e tree, 70 ft. tall, 27 in. diameter, felled for timber. 
Alritnd 5~ ft. foothills of Volc:in Bani. north of El Hato. S June. 

26 ~l.,~ aH17.0PHOIL\E Planch. & Triana. "palo de sal:' Smal~ 
tree,' 6 in. diameter above the 18 in. high buttresses: leavFarlnac:ec:!i 
fruits with rufous wartS. Mud flats along coast near an, 

7..one. 30 May. T · "palo de sal" Tree. 
154 PuLJCIERA IUllZOPHORAE Planch. & nana. • , dil 

to in: diameter; fruits orange·brown to brown. =-~.:UZcm~ 
on mud beneath uee. Mud Bats along coast near 

20 June. 
TJIIoPHIAITMSA& 

Small s~ ft. ~ 2 iD. .._. 
142. Q..\VIJA UI:IIMAJOfU :a. dQICCJid ue:t tip of ............. 

ter; leaves 10 elm. or more Ill• 
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stem; fruits bright orange. also clustered at apex of stem. Area near 
Puerto Annuelles between Canazo and Cocos. P June. 

Although thi..; !'pecies W2S fim de~ribcd from a ~1alc specimen 
onlv the above fruiting material seem$ reft·r:thle tn 1t. T he cah~ 
pe~i'stent on the fruits, indicates the flowers arc 4-merous. The 
dried fruits are somewhat depressed globose, 3.G--l5 em. high and 
4.~.S em. broad. The sterile specimen. Cooper ~ SI.Ttrr 191 (Y 
10544) from Chiriqui. is identical wirh our collection. 

Tn.IAC£AE 

7. APEtBA neouRBOU Aubl. Tree; flowers yellow; fruit resembling 
a sea urchin. Cerra Luisa, Canal Zone. :!6 May. 

7i. HFLIOCARPUS POPAYANENSIS HJ3 K. Tree, 11 in. diameter ; wood 
white, very soft and light. Altitude 6000 ft., slopes of Volc:\n Bani, 
near town of Cerro Punta. 7 June. 

ULMACE.AE 

S8. CHAF.TOPTEL£A MEXICANA Liebm. "cenizo" T ree, 48 in. d iameter; 
buttresses head high. exrending out for several feet from the base of 
rhe tree; leaves stiff. Altitude 4500 ft., foothills of Voldn Bar\J, north-
west of £1 H~to. 6 june. 

The authors ha,·~ f~llowed Standley and Srcyermark in Flora of 
Guatemala IV. (fteldtana 24: 5-6. 1946) in choosing the generic 
n~e Chaetoprelea. H~wever, the:e appear to be few significant 
differences .between. this monot}·ptc genus and U17mu; therefore, 
Ulnms mencaM (Ltebm.) Planch. might be preferred. 

VDBE.NACEA.£ 

.98. Crm.ur.x:'L\IM LAl'>-nsTEIU ;\1oldenke. Small tree. 8Vz in. 
dt~ete.r, of fauly common occurrence; fruits in pendent racemtli, 
bn~ht Y.ellow •. succulent, 2-seeded (?). the calvx persistent on old 
frutt ax1~. Alutude 6300 ft .. slopes. of Volc:ln ·Bani. ncar town of 
Cerro Punta. 8 june. 
f~ record. from Panama; previously known onh from the 

ongmal .collectl(ln of Lankesur 24;, Paso Ancho, Voldn de Jra7u in 
Costa R1ca. 
~· L_IPPI~ c-.o:. TAJtl<:f~~slb Molden ke. T rcc, 14'1· m. diamt'tcr leaves 

Wlth mmt-.hke aroma, rugose, slightly scabrous; smaller b~anches 
!oqUare. Alutudc 6000 ft., slopes of Volc:in Baru ncar to f ,.._ 
Punta. 7 june. · wn ° vc:rro 

First record from Panama. 
78. l.lPPIA TORRI-'ill Standi. Tree, H in. diameter· 1 · · 

l1kc aroma, rugo~e and scabrous on u r • c~vt~; Wlth nunt-
sqaare; wood very hard, the sapwood lig~rh surfac~, young ~terns 
.dn.J ft., slopes of Volcan Baru, near tow~ :rc 00 

pdark. Altttude erro unta. 7 june. 
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I 59. Vrn:x COOPEIU Sundl. Tree, 12 in. diameter with fluted base. 
Azote de Caballo Road near Madden Dam, before first saddle dam, 
Canal Zone. 20 June. 

VaOLACZA!. 

. 183. Rn~o~ SQUAMATA. Blake. Small tree, 20 ft. high, 2% ia. 
diameter ; frutts green (unnpe ? ) . Shores of a small rh·er, EnsetwJa 
Guayabo between Punta Guayabo Grande and Punta Guayabo 
Chiquita, Darien. 2S June. 

VOCHYSI.ACZA& 

104. VOCHYSJA FERRUGINEA Mart. "yemeri mayo" Tree, 18% ia. 
diameter, abundant and producing great masses of orange-yellow 
Rowers; leaves glossy F." above, dull beneath. Altitude ISO ft., 
shores of Laguna de Chiriqu(, Bocas del Toro. II June. 
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XYLEM STRUCTURE AND ANNUAL RHYTHM OF 
DEVELOPMENT IN TREES AND SHRUBS OF 

THE DESERT. 

1. TAMARJX APHYLLA, T. }ORDANIS VAR 
NEGEVENSIS, T. GALLICA VAR. MARIS-. 

MORTUI 
ABRAHA.M FAHN1 

Department of Botany, The Hebrew University, 
Jerusalem, Israel 

INTRODUCTION 

~he fact that pl~~ts in desert are~s ~urvive long summer 
per~ods, after rece1~•mg only very ltm1ted amounts of rain 
durmg the short wmter seasons, has been a puzzle to scien
tists for a long time. Many efforts have been made, and are 
still being made, to understand the survival mechanism of 
such plants. A considerable amount of work on this problem 
has been done in Israel by various scientists (Evenari, 1938; 
Evenari and Richter, 1937; Shmueli, 1948; Zohary and 
Orshansky, 1954, 1956, and others). Their views will be 
discussed in a later article. 

Considering the fact that the intensity of cambial activity 
in the production of new cells and their subsequent differ
entiation is correlated with many physiological processes 
taking place in the plant, an investigation of the rhythm of 
that activity throughout the year may throw some addi
tional light on the ecological behavior of desert plants. For 
this purpose the anatomical structure of the xylem, and the 
course of cell differentiation through the year, was studied 
in seventeen spc:cies of trees and shrubs growing in the 
Negev, the southern part of Israel. Most o! these species 
are representatives of ihe local desert vegetation, but among 

~e of the material djscussed in this article wu ex~~ in 19S6 
during the author's sn.y: as a Research Fellow at t~e B1ol~ Lal!
oratories of Harvard University. The a'?th~r ~es dto ~& tt:!' • express his thanks to that inSOtutlOP lll to .r'"'"• A• 

~.~~~ret~d prof. I. ~· Bailey in panicalar, for hospiWlty IQCI 
advice in this and other proJectS• 



82 TROPICAL WOODS 1958 

them are also some trees that have been introduced. The 
species examined were: Acacia cyanophylla .Lind_l., A. 
raddiana Savi A. tortilis (Forsk.) H ayne, A nabasis arttculata 
(Forsk.) \1~q., Artemisia monospenna !Jel., Calligon_um 
comosum L'Her., Eucalyptus camaldulenszs Dehn., Lyctum 
europaeum L., Nitraria. retusa (Forsk.) Asch., Reaumuria 
palaestina Boiss., Retama raettrm (F orsk. ) Webb, Sa/sola 
rosmarinus (Ehr.) Solms-Laub .. Tamarix apbylla (L.) Karst., 
T. gallica L. var. maris-mortui ( G utm.) Zoh., T. jordanis 
Boiss. var. 7legevensis Zoh., Thymelaea hirsuta (L. ) Endl., 
and Zygophyllum dztmosu:m Boiss. Comparison with data 
obtained in an earlier, similar investigation on trees and 
shrubs of the Mediterranean area (Fahn. 1953. 1955). wjj] 
now be possible. 

Studies on some of the species \\ere carried our in col
lab?ration with .Miss Carmela Shenkar. The present investi
gaoon was begun in November, 1954. As cambial activitv 
m trees and shrubs growing in the desert had not been 
investigated hitheno, the author's aim was to obtain a gen
eral knowle?ge of a large number of species rather t han to 
collect d~tailed data from numerous specimens of one or 
two .speci~ only. From the small number of specimens 
exanu.ned m. ~ch case, a good general idea of the course of 
cambial aCtiVIty throughout the year was thus obtained. 
The present paper, the first of the series, deals w ith the 
three above-mentioned species of Tamarix. Nomenclature 
has been adopted from Zohary (1956). 

MATERIAL AND l\lETHODS 

Four specimens of Tamarix aphylla were examined. Of 
th~e, numbers 1. and. 2 were trees growing on heavy all uvial 
sotls near Masnuya, m the :\lediterranean territory· of Israel 
where the a\•erage annual rainfall amountS to 440 . 
trunks of t~e trees were about 60 em. in diameter. Then~~~; 
other sp:cu~lens, n~mbered 8 and 9, were located in the 
Saharo-Smdian termo.ry, some 14 km. south of Beersheba 
on mland sand dunes. where rainfall amounts ro 100 mm 
per ~nnu~. The trunks of these trees were roughly 1 0-1 5 
e-m. m diameter. Furthermore. tv. o specunens of T amnrix 
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jordanis var. negevensis, growing on the same sand dunes 
south of Beersheba were examined. The trunks of these 
trees, numbers 10 and II, were about 10 em. in diameter. 
Specimens of Tamarix gallictt var. maris-mortui, numbers 
39 and 40, with trunk diameters of approximately 10 em., 
grew on a salt marsh near Sdom, where annual rainfall is 
50mm. 

Chips of the outermost wood of the trunk were removed 
with a chisel each month during a period from November 
2, 1954, to October 26, 1955, and on several occasions later 
on. Samples were taken in an alternate fashion, so that the 
wounds would not affect the interlying areas from which 
future samples would be taken. Subsequent samples did not, 
in fact, seem to have been influenced by such wounds. 
Samples of the two larger trees -of T. aphylla were taken at 
chest height, and samples of the other trees were taken at 
about half a meter above ground. Sections of twigs were 
also examined. The chips and twigs were both fixed .and 
preserved in formalin-aceto-alcohol. Transverse sec~ons 
were then cut with a sliding microtome. One set of sectto~ 
was stained partly in safranin and fast green, and partly 10 
safranin only, and mounted in Canada balsam: 1~ these 
the number of outermost layers of wood fibres wtth mcom
pletely thickened or altogether unthickened cell walls, was 
then determined under the microscope. The ?ther set . of 
sections was treated with I:.!Kl and mounte~ 10 glycenne 
for starch examination. Radial and tangential secoons, .as 
well as macerations, were also prepared !rom e.ach spe~tes 
for anatomical studies. Other sections stamed wtth ca~t~e 
acetate were used to det~rmine the. existence of nuclet ~~ 
the wood fibres. The thmnest secttons, of whtch photo 

h 
taken came from samples embedded m cel-

grap s were ' . f · s· ilar 
1 . eli As observations made on p•eces o twtgs ~ere Jm 
ot ~· gh less prominent than those made on chtps of outehr

to, t ou k d we shall confine our account to t e 
most trun woo ' 
latter. 

TAMARlX APHYLLA (L.) l{.u.sT. 
fi 1 and 2).-The wood was f.ound to 

Wood llf'l/lt0111Y ( g. . . g-porous. Growth rmgs are 
be diffuse-porous to seml-nn 
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difficult to distinguish here, especiall~ w~en examined 
microscopically. The maximum rangent.Jal diameter ~f the 
vessels at the beginning of the growth nng was 240~ m the 
trees growing near l\1asmiya (no. 1, 2) an? 160p. m th~se 
growing south of Beersheba (no. 8, 9). Max1mum ta?genoal 
diameter of the vessels at the end of the growth rmg was 
160p. and lOOp. respectively in the two localities. Vessels arc 
either solitary or diagonally placed in ~ultiples. of mostly 
2 to 3, and sometimes in small dusters. Ftve co th1rty vessels 
were co. unted in a square millimeter. (In specimens l and 2 
the number was smaller than in 8 and 9.) Perforations are 
simple and mainly transverse. Intervascular pitting is alter
nate and pits are small, with slit-like openings. Vessel mem
ber length was recorded from 90-170p.. ~o tyloses were 
found. A transluscent gummose mass appears here and there 
in a vessel throughout its lumen, or onJy on its walls. Atten
tion has already been drawn to the occurrence of this sub
stance and its ·weak tannin reaction by Brunner ( 1909). 
Wood rarenchyrna in the species examined is storied, para
trachea and vasicentric, and is arranged around solitary 
vessels or vessel groups in single or many-layered sheaths. 
At the ~nd of the growth ring parenchyma cells are flattened 
tangenoally. All parenchyma cells store starch. Tannin 
masses were seen in some of the cells. 

The heterogeneous rays widen prominently at the borders 
of the growth rings. Procumbent cells are surrounded by a 
sheath of square cells in whjch rhomboid crystals are com
mon. The large rays are sometimes interwoven with narrow 
strands of fibres, v~els or parenchyma. The majority of 
rays are .s-~o cells w1de, but narrower rays and sometimes 
even urusenate rays are also to be seen. Height of rays 
reaches 1.5 mrn. (heights up to 2 mm. have been recorded 
!(; Metcalfe and Chalk, 1950, and by Chudnoff, 1956). 

here are 2-4 rays in a millimeter. The ray cells store starch 
and scattered cells containing tannins '\\ere also observed. 

Fib~es are .of ~arious shapes; sometimes spindle shaped. 
~?meumes Wit~ rrregular \.\ails and <JUite often with tail
Ike ends .. Therr . el.ongated, steep-diagonal simple pits are 
;~]most enorely hm1ted to the radial walls. Fibre walls are 
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moderately thin. Lengths from 0.37-0.94 mm. were record
ed. Fibres contain living protoplasts with nuclei and store 
starch (fig. 5). Yellowish-brov.rn tannins are also present in 
some of them. 

Rbytbm of cambial activity .-From the examination of 
slides during successive months, it appears that the cambium 
of T . aphylla remains active throughout rhe year. Judging 
the intensity of cambial activity from the number of fibre 
layers with incompletely thickened walls. it was difficult to 
detennine a common course of activity for all species exam-
ined (table 1). 

Although it is fairly easy to distinguish growth ~gs 
macroscopically, difficulties arise on mi~roscopic exam~a
tion. It was, therefore, difficult to determme the exact pomt 
of time at which a new ring began to differentiate. How
ever in the course of our investigation we came to the con
clusi'on that differentiation of the growth ring began at the 
end of August in tree 1, and in tree 2 at the end of Septem
ber In the sample taken from tree 1 on September 2~, 1955, 
the· growth ring had already reached a width of approxi
mately 100 fibres. In a sampfe taken from tree 2 on the same 
date the new growth ring had only just started to develop. 
Exa:Wnations of samples taken from trees 8 and 9 on Mar~h 
16, 1955 and March 7, 1956, r~pec?~e.ly: sh?wed qutte 
clearly that the time of growth nng trutlanon m the treeS 
is the end of Februarr There was, however, good reas~n 
to conclude that a second growth ring started to d~v~lop ~ 
tree 8 at the end of October and in ~ at the be~mrun~ .o 
September. In all four s~cimens exammed. cambtal a~OVlty 

found to be particularly low about a month pnor to 
was wth nn· g 1·nitiation This is evident from table 1. 
Mwgro · d 

Seasonal changes in starch cont~nt of t~e dxy~h"!' dine~; 
. . -0 a · ng secnons statne w1t 10 

bial actJVJt!. nhcomJ r~arch content of the xylem under
became evident t at t e s h manifest themselves 

1 hanges These c anges . 
goes seasona c f · chless zone in the wood bordenng 
in the apP.earanfi 0 /) s;: es for the width of that Z?ne, 
the cambtum ( g. · ~ counts of the fibres, are pral 
as determined from :t~t ·t can be seen that the starChless 
in table 1. From ta e 1 
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zone reached its minimum width on july 18, 1955 in uees 
1 and 9, _on August 2, 1955 in tree 2 and on September 
23, 1955 m tree 8. It is interesting to note from that table 
~at th~ starchless zone is narrowest at the time when cam
bial activity is at its lowest. 

Pbenofogy and cambial activity .-Fio\\ er buds begin w 
emerge _m the first half of July; sprouting of new shoots 
occurs m September. In trees 8 and 9, growing south of 
Beersheba, there seems to be a second wave of shoot devel
opment in late February or early .\1arch. These periods of 
emergence of new shoots were found to coincide with the 
onset of new growth ring development. 

TAMARIX JORDANIS Borss. VAR. NEGEVENSIS ZoH. 

Wood a1uttomy (fig. 3) .- In this species, wood was found 
to be semi-ring-porous. Here it was much easier to dis
tinguish the growth rings microscopically than in the case 
of T . aphylla. The ma:Umum tangential diameter of vessels 
at the beginning of the growth ring was I60J.t, and of those 
at its end 75p.. On the whole, vessel arrangement resembles 
that of T. aphylla but vessels at the end of the growth ring 
are embedded in a narrow zone of tangentially Battened 
fibres and wood parenchyma cells, and . are conspicuously 
smaller in diameter than the neighbounng vessels. Vessel 
member length was recorded from 60-_120p.. Pi~. per
forations and the presence of starch gra1ns and tanmns are 
as in T. aphylla. The paratrachea~ vasicentric wood paren
chyma was found to be storied. However, in this species 
rhere are fewer parenchyma cells than in T. apbyl/4. 

Rays are heterogeneous as in T . apbylla, but ~ also 
occur in the procumbent cells. Rays are 8-16 cells wide 
and up to 1.6 mm. in height, but lower. a~d narro~er rays 
also occur. There are 3 or 4 rays in a m1lhmerer. F1bres are 
as in T. apbylla; lengths from 0.28-0.9 mm. were measured. 

Rhythm of ctmzbial a.ctivity.-In !· jorda;n~ vsu:. negewn
sis outlines of growth rings can easlly be dJs~gwshed, even 

· · lly This is due to the consp1cuous zone of 
m1croscop1ca · ch th 
tangentially flattened fibres a~d wo~d paren yma ~~ .; 
end of each growth ring in thiS spec•es m contraSt W1 • 
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JPhJik In one of the specimens ofT. jordanis var. negeven
sis, the cambium appeared to have one perio? of very low 
acth·irv; in the other specimen two such penods occurred. 
These· periods were obsen·ed in sa~pl_es taken from tree ~ 0 
in January and February and agam m September, and m 
tree 11 in.December (see table 2). The zone of the flattened 
fibres \\15 produced in tree 10 during the period between 
the end of December and the end of February. The ne,,
growth ring began to develop in _tre~ 10 at the begi?ning 
of April. and in tree 11 at the begmnmg of \ larch.3 l•.xam
inarion of a sample from tree 11 on August 21, 1955, ga,·e 
the 1mpress10n of the appearance of a false ring. 

Seasonal changes in starcb content a11d cambial activity.-
As seen from table 2, the starchlcss zone disappeared or very 
nearly disappeared m rree 10 during the periods of j :muary-
1\larch and September. In tree 1 I disappearance of the 
srarchlcss zone was obsen·ed only in the sample taken in 
December. A correlation between increase in "idth of the 
starch less zone and cambial activity is also C\ idem from 
table 2 (fig. 6). • 

Phenology and cambial acth·ity .-\' egetati\e shoots de
vel~p from .the beginning of ~larc~. at about the same period 
durmg which the ne'' grO\\ th nng beg-ms to form. The 
dc,·elopmenr of ,-egerati,-e shoots con~tinues throughout 
~ummer until fall. Inflorescences appear t\\ Ice yearly. one 
flowering p~riod sra:ring at the beginning of \larch and 
rhe second m the middle of October. this larter being rhc 
main one. 

TA!I.tARJX G\1 uc' L. \ ' AR. MARIS-\IORTUJ (Gt nt.) Zo11 . 

Wood a~l((fOm>: (fig. 4).-This was found ro he ~imilar ro 
1 hat of T. JOrdams \'ar. negevensis, the only difference bcmg 
t~a~ the_ procumbent ray cells are shorter and less clea rlv 
dL'ittnguishable from the square cells of rhc wood r · 

av~. 

Rhythm of cambial acti'i..'ity.-Here as in T 1·ordan· ,·5 . . h • · 'ar. 
negevenszs, growt nngs are easily distinguishable. ·\s 

0 'l~r~\11, ring initiation in 1956 was larer rhan it had ucl'n in 19H 
n • arc 7, 1956, th~re was srill no sign of 3 new ring. · · • 



Fig. 4-6.-Fig. 4. "/'. g,1/lic.1 \:lr: lllolris~morttti hpl"l"int~:n '"· W!• l'ro~'·sc~·tion of ,, ou.l. 
)( f)f,, Fig. i. ram.rri:r: .rpiJyll.r hpcc~Jl~l:ll '"· ~). r.mgcntJ:ll -'''l'tl<'ll.l~l \\II(Jd ~[;li•lcd \d"h I h.l. 
showing fihrc" and r:1y cells. ccmrammg sr.1rch. )( II.!.- I• <g. (1. I . Jor·damJ , :1r. ll<'gc:, 

1150 (specimen :-.=u . .' 1 J, l'r<>~s-w~:non of :1 s.1111plc of rhc ourcnnc•'l .xylcau I;Jkcn on \l ttrdl 1<>. I<JH, 
~tainl~d with 111' I, :tn<l show a ng a o;rarchkss totw. X H. 
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already mentioned, the samp les ~f T. gallica. \'ar .. maris
mortui were taken from specun ens growmg m salt 
ma~hcs ncar Sdom. H ere the cambium appears to be more 
or I~ actin throughout the year. I ~ specimen 39 there was 
a considerable drop in acrh·ity dunng the month~ of Sep
tember-February (table 3). In specimen .W lowactl\'tty \\'as 
found :u about ·the same period, but not continuothly. As 
seen from table 3, low cambial actiYity 111 that specunen 
was evident in the sample of August, September. ~m ~.:mhcr 
and February. The zone of tangentially flattened fib res 
developed during that penod. Gro\\ th rings starred to 
develop in the first half of :\l arch. 

Changes in starch co11tem and cambial activity .- In T. 
gallica var. 1Jurris-mortui and in t he previously mentioned 
species, xylem tissues are filled with starch up to the cam
bial margins during periods of ,·ery low cambial activity, 
i.e., dunng the months September-February in tree 39, and 
during September, ~ovember. February in tree 40 ( table 
3). 

Pheno/og_y.-'\.ew shoots starr to develop at the beginning 
of 1\larch, i.e., at the time ne" growth rings begin to d iffer
entiate. The vegetatJve shoots continue de,·eloping until fa ll. 
Flower buds appear at the begmning or middle of ,\larch. 

Disct:ssto::o-: 
There is a close resemblance in the wood structu re of t he 

various species of Tam.rri:r, a point already mentioned hv 
B;'"Unne.r (19?9). This si.milariry is parricu'larly striking in 
11111/~rJ:T. galllca \'3~. mans-mortui and T. jordanis ,·ar. ncge
t•ensz.s. I he only difference bet,\·een these two species is in 
the s1z~ of the procumbent ra~· cells. In 7. gnllica \'ar. maris
mortw the procumbent ray cells are considcrahlv shorter 
r~a~ rh?sc of T. jordanis \·ar. negett•ensis and less casilv 
distmguls~ablc from rhe S<JUare cells. T he wood of ·t . 
aphy/1~ d1ffers from that of the other two species, espc
Cia,'lr,m t.he end zone ?f the gro\\.th ring. In T . jordnnis \'ar. 
nege-z;.enszs and T. ga/lzca var. mans-mortui that zone is made 
pronunent hy several layers of tlarrened fiures in \\ hich 
narrow \'Cssels arc embedded. Tht."Se small \·esscls arc easilv 
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distinguishable, not only irom those at the beginning of 
the next ring. but also from the neighbouring vessels of the 
~.1mc ring. In 'f. apbyll.1, on the other hand, the fib res at the 
ends of the ring!>, arc not as prominently flattened, nor do 
rhev produce a manv-la\cred and continuous zone. The 
\'C!-scls of thi~ region" arc not so strikingly dift"crcnr f rom 
neighbouring ones (fig. I, 3 and -+). T he occurrence of 
crystals only in !-.<]Uarc cells of the wood r:tys is another 
feature which distinguishes the \\ ood of T. apbylla from 
th:tt of the other t\\ o species exammed. 

The cambium ofT. apbylla \\as found w be iairh actJ\e 
throughout the year. The mtensiry of that activ ity "was un
even, and it ''as difficult to find a common t rend ·for all the 
specuncns examined. l'hc gro\\ th rings, too, were fo und to 
start thc1r development at different periods of the year. In 
rhe specimens\\ hich gro\\ ncar .\ lasmiya, growth rings starr 
to develop ar the end of the summ~r, "hereas 111 the speci
mens s~urh of Beersheba rhc 111:110 gro\\ th ring heg ins 
dev·elopmg ~t the end of Fel!ruary. ~urrhermore, ir appears 
that an addmonal growth nng bcgms Jc,·elopmcnt at the 
end of the summer or in the autumn. 

In 1'. jordanis nr. nege·<:t ss the cambium was found to 

be ~carccly a~ti\'c, or almo-.r donnanr for a short period 
Junng the Winter and ar the end of the summer. In '/'. 
gall~ca \"ar. maris-mortui the drop in cambial acri,·irv occurs 
dunng t~c mon~hs of Scptcmher-Februarv. [n l;oth, the 
growth nng begms to develop in spring. · 

Generally. ir mar he concluded that almost nu real dor
man~ period of th~ cambium appears ru exist in anv of rhe 
spccu~s of Tmn.mx examined_ This phenomenon· can he 
cxplatncd only by the fact rhar their root svsrems arc well 
de\~elopec! and pc;ncrrarc deeply inro rhe soi l. ·" here suffic ient 
111~11:ture IS :watlablc even in rhe !arc summer months. 

• 1. he chan~cs in. starch c:nmcnr "hich arc 111Auenccd h\' 
~ :l~HntS phptoJogJC;a} prOCCSSC.) in lhC plant, show a corrc
.:.~~>n With t~e c~ursc o~ C;llnhial a~riviry through the vcar. 

IS correlatiOn. IS especially conspicuous during f)CrioZls of 
ven• In\\' camlw·l · · · 0 · · . · ·• acti\"Ity. unng .such periods all :xy lem 
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tissues up ~o the .cambium, or nearly so, are filled with 
search. Dunng penods of greater cambial activity a star b
less. zo~e de~elops in the peripheral pan of the xylem. ~ 
\'aiJes m. WJdth,. but .no parallel can be drawn between 
~hang~ m the ~ensto~ of that zone and changes in the 
mtenstty. of cambial activity. Esau ( 1948) found starch 
content m grape xylem lowest at the time new xylem was 
f~Jly formed. A~ter that pe~od st~ch content began to 
n se. ~n .co;"lpanng he~ findmgs With our recordings in 
Tamanx 1t JS seen that m both cases the starch content is 
highest during the restin~ period of the cambium, or during 
periods of subdued activtty. The point at which starch con
tent is lowest, however, was not found to occur at any 
specific time in growth ring fom1ation in the Tamarix species 
examined, but occurred at varying times in the course of 
development. 

SUMMARY 

The anatomy of the xylem and annual rhyrhm of devel
opment, as well as the seasonal changes of starch content in 
TamllTix apbylla (L.) Karst., T. jord,mis Boiss. var. negeven
sis Zoh. and T . ga/lica L. var. maris-mortui (Gutrn.) Zoh. 
were examined and described. It was found that wood of the 
tim mentioned species is ditfuse~po~o~ to s~~i-ring-por
ous, while in the two other spec•es. 1r JS scnu-~ng-poro~. 
Vessel arrangement is solitary, in d1agonal multiples, or m 
small clusters. Perforations are simple. Wood parenchyma 
is storied and vasicentric. Rays are hererogeneous and flare 
at the borders of each growth ring. Ray cells, '' ood paren
chyma and fibres store starch. ~uclei were o~erved in the 
fibres. The xylem of T. jordams var. n_egevenm and T. gal
lica var. 111J1ris-mortui was found to d1ffer from that of T. 
npbylla by having the end of each B'rowth nng marked by a 
more prominent zone of tangentially flattened fib~ and 
parencbyma cells, and in the occurrence of crystals m both 

rocumbent and square ray cells. InT. aphyUa, on the other 
p d c:r:ta1s were found in the square ray cells only. T~e 
han , · OTtUi may perhaps be dis
wood o T. gallica var. f~~Jlt'!S-m . · by the 
tinguished from that of T. tordtmis var. negewnsrs 
less elongated procumbent CeUs of the wood rays. 
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In these species of T amarix, t he cambium is more o r less 
actiYe throughout the year. In T . gallica \•ar. maris-mortui 
and in T. jordanis var. neget·e11sis growth ring development 
start.c; in spring. In T. aphylla grO\\·th rings in t \ \ o of t he 
trees examined were found to begin de,·elopment at t he end 
of summer. In the other two specimens examined. growth 
rings appear to be formed twice yearly. the de,·elopment of 
the first ring starting in early spring. that of the second at 
the end of summer or in fall. 

Changes in starch content of the peripheral :xylem were 
revealed in sections treated with I2KI. T hese changes appear 
to be correlated to a certain extent with sensonal changes in 
cambial activity. 
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~~ubrina elliptica (Swartz) comb. nov.-Rha11mus 
ellzpncus Swartz, Prodr. Veg. Ind. Occ. 50. 1788. Cc1111othus 
recl~natus L 'Herit., Sert. Angl. 6. 1788 ( 1789? ). Colubrina 
reclmata Brongn., Ann. Sci. Nat. Ser. 1. 10: 369. 1827. 

Recent in~·es~igations on the woody flora of the Florida 
Keys have md1cated the need for certain nomenclatural 
changes: In Rhamnaceae, Colubrina recli11ata (L'Heritier) 
Brongruan appears to be invalid as outlined below. This 
combination, based on Ceanothus reclinatus L'Herit. has 
been in common use, while Swartz' binomial has been 
neglected. This is apparently the result of Kuntze's incorrect 
statement CCXLIV. 1891) thar Swartz' Prodro11ms "hat Trach 
Swartz se/bst keine Prioritiit vor Jacquin. Collect. II 1788 
und tt•or L'Hhitier, sernmr a11gl. 1788." However, there 
is hardly any doubt at present that Swartz' Prodr01m1S ante
dates L'Hentier's Serttnn anglicum (Part 1, i. e., the text) . 

1. Swartz' Prodromus appeared "sometime before Sep
tember 1788" according to Pierce ( 2. 1942). Although 
Pierce does nor mention the source of his information, this 
date of publication seems probable, since a review of the 
Prodromus appeared in the Gottingische A1r..eigen von 
gelehrten Sacben (3: 182 Sriick. 1820-1823 ) on 15 Novem
ber 1788. Apparently Swartz' work was received. by the 
reviewer by die end of October at r~e latest,. an~ this month 
should be considered rhe latest poss1ble pubhcar1on dare for 
the Prodromus. 

2. Mez (952. 1896) relates that R. Buser investigated th.e 
problem of the p~ority of Swartz' Prodromus over L'~en~ 
tier's Sermm 1111glzcum and found that the forme~ defimtely 
was published in 1788 while the latter appeared m Jan~ 
1789. Britten and Woodward ( 1905~ accepted "late 178~' 
as a publication date for Sertum 1111glzcunr (cf. Van SteenlS
Kruseman and Stearn. CXCVII. 1954). 
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3. The priority of Swartz' Prodrom~ over L'Heriti~r's 
Sertum .:mglictmr has already been :,ancttoned by a botamcal 
congress in consen·ing ''Pitcairm.r I:~er. Sert. Ang. 5. 
1i89" over "Hepetis S\\aftz. Prodr. \ eg. tnd. Occ. 56. 
li88." (cf. Lanjouw, et al. 225. 19'6). 

Thus the probable publication date of S" arr/ Prodronms 
appears to be September, or October at the latC!)t, 1788, 
while L'Hcriticr's Sertwn tmglicum "as published in " late 
l'"'SS," but not before December, or in January 1789. 
Therefore, Swartz' binomial, Rhanmus ellipticus. on which 
the nC\\ combination is based, certainly has priority over 
L'Heriticr's Ceanothus reclinatus. 
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