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southeastern Polynesia. Other Do &
in warmer and ydr,;igr Parts of North, G L
America, with a particular concentration of
Mexico.

An attempt to “monograph” the woods of"_as
is not basic to this study. However, ;the species d
several genera provided an interesting key to di
tion in wood structure., Foremost among these is .
(construed here as including Railliardia), in which many o:
the woody species were studied. Because a critical problen
exists in regard to the relationships of Dubautia, ce!
other genera were included. According to Keck (193
Dubautia bears a relationship to Argyroxiphium and Wi
kesia. These latter genera, in turn, have been traditionally
associated with the tarweeds (Heliantheae, subtribe Madii:
nae), although Keck is dubious of this relationship. Becaus
of similarities in vegetative and floral morphology and
anatomy, these three Hawaiian genera are provisionally
grouped with the tarweeds here. Dubautia has been regarded
previously as belonging to Senecioneae (Hillebrand, 1888)
or Heliantheae, subtribe Galinsoginae (Hoffmann, 1890).
Keck (1936) suggests a relationship of Dubautia to two
senecionean genera of the Juan Fernandez Islands, Robin-
sonia and Rbetinodendron. These latter genera, which will
be considered in later studies, seem well placed in Senecio-

neae, and the writer is skeptical of their Ytiondis
Dubautia. Steyermark (1937%’ heir relationship to

has suggeste
that Grindelia and Eastwoodia may n%)gt bel(intgh iopgistlglfy
in which they have traditionally” been placed, bur rath:;'
are helianthoid. Representatives of these genera have there
fore been included. In an earlier study (Caﬂquist 195?b5
the writer placed Fitchia in a new subtribe of 'Heﬁaﬁthea
and :nclu'ded Oparanthus in the subtribe Petrobiinae T}::-
monotypic genus Venegazia seems to the writer best }'ilaced-




ed. 3. ;

In table 1, the symbol
cated character, whereas
the character does not ot _
symbols are used to give SpecHic
of occurrence. The type of apotr
is indicated by b, for bands exter
of the stem, and pb, for partial
distance between two rays or |
structure is present, the elements
indicated by f, fibers, p, apotracheal
tracheids, and v, vessel elements (if
storied pattern of other elemen
storied rays observed. A figure
seriate rays was entered if an appreci

ie., more than about § per sq. em.
The character “rays thin-walled,
arbitrary, although it was appare

lignified ray cells, which were se

in paraffin on account of their deli

pare fig. 12 and 27 for these techniq
such rays is indicated by +. Where mo
of a genus yas studied, and little ‘
hr;twr.:en the two, one is included
mentioned only in the text. Furthe dis
used in the table is included under 1

S VESSELS

fa i a‘:::f sba!pe.-As indicated by B
ne thos illes sa et
ation o % ose families in whic
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mily in these ch
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NAME

Firchiinae:
Fitchia cuneata J. W. Moore
F. mangarevensis ¥. Brown
F. mutans Hook. f.
F. rapensis F. Brown
F. speciosa Cheeseman
Perrobiinae:

Oparanthus rapensis (F. Brown) Sherff Y—24310
Coreopsidinae:

Bidens hendersonensis Sherff

Coreopsis gigantea (Kell.) Hall

Narvalina domingensis Cass,

Venegazia carpesioides DC,
Verbesininae:

Borrichia arborescens (L.) DC.

B. frutescens (L..) DC.

Encelia californica Nurt.

E. farinosa Gray

f}'o?rm;‘m cernua DC, Y-26675

elianthus anmuus 1. Carlquist 419

Lipochaeta lavarum (Gand.) DC. -2(.‘:1575 i (RS&&

Montanoa bibiscifolia CKoch Skutch 1981 (GH)

Oyedaea boliviana Britton Merealf 30652 (UC)

};e?mgmmn m:gdlonm: R&G. H-1523

odachaemwm eminens (Lag.) Schultz

Scalesia pedunculata Hookg -gtl;wm::t 2:88? ({léig

Verbesina lanata Greenman Skutch 1778 (GH)

V. sublobata Benth. Skutch 1982 (GH)

V. wicina Blake H-1535

Vigudera laciniata Gray

Ball 8
Zexmeniq frutescens (a\‘hll) Blake Yo100 sl 833 (RSA)

St. John 1515




NAME
Madiinae:

Argyroxiphium Caliginii Forbes

A. Grayamen (Hillebr,) Degener

A. smdwichense DC,

Blepharizonia plumosa (Kell.) Greene

Dithatitia Knudsenii Hillebr.

D. laxa H.&A,

D. linearis (Gaud.) Keck

D. Menziesii (Gray) Keck

D. microcephala Skotsherg

D. paleata Gray

D- ﬁimﬂgiﬂeﬂ Gaud. Cgrlq“istH

D. railliardioides Hillebr. Carlquist H1i6

Hemizonia Minthornii Jepson Carlquist 407

Madia sativa Mol. Carlquist 403 (R

Wilkesia gymmoxiphium Gray Carlquist HI10 (
Galmsogl;nt '

Bebbia atriplicifolia (Gray) Greene ittle . :
Melamgod'mne: Bittler VI1-28-195

- Espeletia Hartwegiana Cuartr. Y

E. incana Cuatr. ~Ha 7

E. pleiochasia Cuatr. Langenheim 3511 (M

B, Dribei Cinate. [I“l:gtﬂ{mim 3500 (

Lecocarpus pi . “angenhej 7

Eee b roniidu Dec. Seware 630 (GHH) |
Millerinae:

997
adium oligandrum Blake
asceinat: _
Coulterella capitata Vasey & Rose
Hymenoclea salsola T &G.

Skutch 1127 (GH)
Bittler vy

-28-1957 (RSA))

T Munz 17405 1
. ¥ar, procumbens Balls 19476 (:l;)s‘:\])

Easswoodia dlegans Bge. Peirson 8405 (Rsa)
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vﬁfmy also be true in.

vessels (e.g., Perymemum S s,

represent a derived condition. W) 6

of desert and chaparral shrubs, inc luding sor

has noted a correlation of arid hi;bitia!

vessel diameter and increased vessel ele

correlation does not appear to hold for k

basis of the present study. .
No figure was given for the number of vcssed

because this figure is to some extent correlatec

width and the nature of vessel grouping, and did n

to provide as distinctive expressions of the variatic

as Eid these figures. The tendency of vessels in som

to appear angular in transection is not included in :hg:
This tendency, in Compositae, is probably an exp
specialization rather than primitiveness, a possibility”

by Bailey (1957). Such vessels are shown by several
studied, such as Dubautia Menziesii (fig. 6) and 4
phium Caligimi (fig. 12).

Vessel arrangement.—Tippo (1946) and others have
sidered that solitary vessels precede aggregations of v
ph_\-’lugcnctic:\!}y. Such a correlation appeared justifiable
Heliantheae, so that a figure, the average number of vess
per group (vessels actually in contact with each other) h
been calculated. Vascular tracheids were, as much as pos-
sible, excluded from this figure, although it is not possible

it possi
to distinguish a small vessel from a vascular tracheid
transection. This figure may

' be misleading if vascular
tracheids are abundant and vessels rare, therefore. In Hemi-

zonia Minthornii (fig. 15), for example, relati-.'rcly few vessel
elements occur in - groups, although numerous vascular
tracheids are associated with them; had vascular tracheids
been included .

¢ the figure for this species would be extremely
high, rather than low. In species

: es having few or no vascular
tracheids, however, the figure is a reliable indication of the
rendency toward vessel aggregatio

n. Notable differences jn

/
i
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i ressels / ids at the
(fig. 27) have smaller vessels and vascular tracheids at the

end of a growth ring. Decrease in diameter of fibers toward

the end of a growth ring is also seen 1n Hymenoclea. In

other taxa which lack vascular rrﬂF|1Ci(lS, the situation I.S'_
simpler. Perymienium serigillosum (fig. 20) has largc YCS?L‘.]S.
and numerous apotracheal parenchyma cells at the eginni
of a orowth ring, small vessels surrounded by |lhr!_fqrm
fibers at the end of a growth ring. Venegazia mrpes:o:des"
has no apotrracheal }:1!'511&3_\';1':,:. but shows marked ‘mcrease
in vessel and libriform fiber diameter at the beginning of'@
Slight tendency toward ring porosity in
Montanoa bhibiscifolia is indicated by bands of narrower
vessels. As with Mutisieae, ring porosity is best considered
an advanced character as compared with the diffuse porous
condition, in agreement with Tippo (1946) and others. This
interpretation is supported by the association with other

advanced features in the woods mentioned.

ular tracheids.—~Table 1 indicates the large number
among Heliantheae studied which possess vascular
A

icated above, such elements may oceur in

S8Ta s §
CHor

ortion of a growth ring. In other taxa, which lack
rng porosity, they are associated with groups of vessels,
Dubautia Menziesii (fig. 6-7), Encelia californica  (fig.

<2=23), Argyroxiphium Caliginii (fig. 12-13) and other

um show this condition, The presence
icheids in Heliantheae, as in Mutisieae, is best

Species of Areys oxiphi
of vascular tr

interpreted

as a specialized character. in agreement with
;,\- \I:i_‘ 1at 1 as ":n.!'wi'fu;{ Or ticgcncr'a?c vessel meme-
bers” by the Committee on Nomenclature of the Interna-
onal Association of Wood Anatomists (1933). Their occur-

rence in such a large _mn'.:lmf of Heliantheae is i!m'rcwring
' ) |_.1I view of :hw" presence in subtribes presumed
t0 be more advanced (Madiinae, Millerinae
Although two genera of Verbesininae possess

lacking in il
rl Petrobiinae. and
LG,

il.i rticu

'\]II[J]‘U.\HI1:IC).
them, they are

the Fitchinae, idi
( oreopsidinae

ion plates.~Although

are typical

) pertoration plates of vessel
imple in ( g

Ompositae, numerous thin

i
Ly
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Fig. 1-8: Wood sectuons of !_)-:}b;mu'a.—l"ig. 1-2. D. Knudsenis,

mal’ _Fig.

Tangential

rransverse, tangential sections—Fig. 3-5. D, laxa—Tig, 3. tranverse

seetion—Fig. 4. g ¥
&:

angential section through “a »orracheal parenchy-

scction through fibers—Fig,  6-8. .
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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 Helianthus by Smith (1935). Other
Heliantheae in which they may be scen include Fitchia
speciosa (Carlquist, 1957b), Venegazia carpesioides, Ver-
besina lanata, and Espeletia pleiochasia. Tt 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 wwall pitting.—Circular bordered pits with elliptical
apertures, alternately arranged, are characteristic of vessel
walls of Compositae. Such its may be fewer in number on
vessel walls in contact with parenchyma cells. Typical
intervascular pitting is figured here for Dubautia Knudsenit
(fig. 2). In some taxa, bordered pits may be very small and
numerous ( Verbesina lanata, Carﬁluist, [957b) 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 Jealariform-transitional pitting. Although
such pitting is not infrequently found on walls of vessels
facing parenchyma, certain species characteristically show
this type of pitting on all walls, and it is this latrer condition
which is indicated by + in table 1. Among the species
<tudied which show this are Coreopsis gigantea, Espeletia
incana, E. pleiochasia (fig. 19), E. Hartwegii, and Lecocar-
pus pinnatifidus, Some tendency toward this type of pitting
s shown by Perymenium strigillostum. Such pitting has been
reported for Chimuantaca mivabilis (Carlquist, 19572), a
“megaphytic” plant with habit similar to that of Espeletia
or Coreopsis gigantea. As in Mutisieae, this condition seems
best interpreted as a retention of metaxylem pitting types
throughout the life of the plant. Although Lecocarpus is not
a megaphyte, the occurrence of this type of pitting in
plants of the Espeletia habit may indicate that this is one
aspect of their growth form, in which a leaf-rosette com-




parable to that of herbs seems O be a protracte

The occurrence of helical striations in vessel
Heliantheae has been reported previously for
cernua (Metcalfe and Chalk, 1950; Carlquist, 1
Mutisieae, the writer suggested that these st:ri‘ar:; )
ated as @rooves, some of which connéct pit
(Carlquis‘f._ 1957a). A similar inrcrpretation appears
in Heliantheae, as the photographs of Wilkesia (hig
and Hymenoclea (fig. 30-31) may suggest. _
Podachaenium, Verbesina lanata and V. vicina, these
appear as numerous very fine lines on vessel walls Wi
few pits occur. In F lowrensia, Parthenium, Hymenoclea,
Eastwoodia (fig. 28), however, such striae are partic

characteristic of smaller vessels, where they cover the wi
and of vascular tracheids. Some of the larger vessels in th

taxa may lack them. In larger vessels, the number of heli

is t}’sc same or twice as many as the number of helices in

which pit apertures (which are connected by the grooves)

appear to be arranged. In smaller vessels and vascular:

tracheids, the number of helical grooves is much ceatertl

than the number of helices in which the pit apermfc%% ear'! |

to occur. On account of the fact that these gr_rigﬁn-n; F:,[: ail I basi es: th
instances appear to be a form of relief in the seconda ; i t)’dp gt
wall, rather than superimposed thickenings, the term “1‘ ?‘V phgiis

cal thickening” is not applied to them here. In e

Mutisieae, such as Flotovia (Carlquist, 1957a), s.;nch ttfii-?f{m

ings definitely are present, although they may have ( e

ated through exag eration of the type of striationg .]__ng”}'

Flourensia or Wilkesia, As in Mutisieae, the writer i-“ ol

that these types of vessel wall relief are best inrcwh.c\res

as specialimtions, in agreement with Frost (1931) 4y { Rlc""d

ley (1948). In the species in which they arc t'm.m{' '1‘""‘:‘

nently represcnted, helical striations occur in as Prom-

with vaseular tracheids, storied wood structure '-'.S“lc R

characters which appear to be advanced. i ather
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as long as the adjacent vessel element, although they may

be divided into strands of two or three cells ( ﬁg- 2, 19,2138

In Clibadium oligandrum (fig. 26), the parcnchym; cells
which occur in bands together with vascular tracheids are
present in strands of three to five cells.

The nature and interpretation of apotracheal p:l_rcnch_vm_a
constituted one of the most important problems in analysis
of helianthoid woods. As indicated by table 1, a number of
species have apotracheal parenchyma either in the form of
tangential bands of indefinite extent, or of short bands span-
n'm;r the space, or part of the space, between two rays, or
in both forms. Such parenchyma cells are distinguishable
from libriform fibers by their width, wall thickness. shorter
length, blunter ends, and (as indicated by !iquid—pl‘cwr\'cd
material of some specics, such as Encelia californica) living
contents. Such parenchyma cells may be the same hcight as
short vessels or vascular tracheids (fie. 16). Occurrence of
apotracheal parenchyma is clearly demonstrable in woods
lacking vascular tracheids, such as Fitchia, Perymeniitm
strigillosum, Dubautia microcephala, and Coulterella. In the
remaining instances, vascular tracheids are present in or
adjacent to these bands (Argyroxiphium Caliginii, fig, 13;
Hemnzonia Minthornii, iig. 16) so that in a sense. at IL-;M‘
some of these cells could be said to be paratrachea.
bands of parenchyma are basically the same in t

yoth 1
however, so that they can be considered together,

L

[ he
tances,

,\!rhuugh uncertain about the 'mtc,rpr-k-:

: : ) ion of these
bands of parenchyma in earlier studies (Carlquic 19574
1957b), the writer now believes that such cells are an - |'
cation of phylogenetic advancement. o

This inter
based on the fact that they are present in
several seemingly advanced features (vascular 1y
storied wood structure, numerous vessels
and on comparison of species in genera w
chyma bands only in certain species. Dubaytia
in which material permitted this comparison
most clearly. In Dubautia Knudseni (hg. 12
and D. railliardioides, which seem lesc «

I.!I"L'..',f[u;” i\,
00(]¢ ;':.l'-.il]{l'
e i
-\"..lL'i\{\_
PEr orn

.i. = 't \.t;:' li(_‘.)
nch have max

~ pdren-

Specialized e |

sections—Fig. 20, P

icifoli i jon—Lig.
21. Bebbia atriplicifolia, tangential scetl I3

4 - a T
fornica—Fig. 22, -lf%"f"cm'

2

T Z : gential
i i ‘speletia pleiochasia, ransverse, tangentl
Fig. 18-23.—Fig. 18-19. Espeletia A
& Y e e 22-23. Encelia e_;l§-

seetion, showing two bands of apo-

eed haliawe AROTEE)

Fig. 23, Tangential
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basis of gross mo hology and the lack of particular special-
izations in wood characters, as well as stem and leaf
anatomy, the fibers are relatively uniform in width and
length, and more obscurely storied than in the other species.
In D. laxa (fig. 3-5), there are bands of “fibers” (fig. 4)
which are shorter, wider, more frcquently seprate, and have
much more rounded ends than fibers in other portions of
the wood (fig. 5). These cells are tentatively termed “apo-
tracheal parcnchyma“ here. The greater number of vessels
yer group and the gross morphology of the involucre sug-
gest that D, Jaxa is more advanced than the above species.
[ike Dubautia laxa, a certain degree of differentiation may
be seen in Wilkesia gymmoxiphiwm, although the shorter
fibers are not considered as “apotracheal parcnchyma” in
that genus. Dubautia Mengiesii (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 libriform wood fibers
(fig. 8). The parenchyma cells are very short, wide, thin-
walled, and often subdivided by a definite wall rather than’
incnnspicuously septate. The fibers, on the contrary, are
long, narrow, thick-walled, and non-septate. Dubautia
Menziesii shows advanced wood structure in the very nar-
row vessels, which are numerous in each vessel group, the
presence of numerous vascular tracheids and a prominently
storied condirion. If the above comparisons are valid, it
would appear that bands of apor_racheal parcnchyma have
arisen in Heliantheae by differentiation of libriform wood

fibers.

VASCULAR RAYS

The Heliantheae studied show a remarkable paucity of
uniseriate rays. In only two species, Verbesina vicina and
Madia sativa, could uniseriate rays be designated as fre-
quent. In Madia sativa, they are almost as numerous as
multiseriate rays. As can be seen in table 1, they are absent
in many sFecics. Where present, they are often only one
or two cells high, and vertically elongate so that they re-
semble fibers in some instances, Absence of uniseriate rays,
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according to Barghoorn (1941), is phyl‘ogenctlcally ad- .
vanced. This process he envisions as_rv.i:s.u]t:qg from elonga~ |
tion of ray initials to form fusiform initials in t}_le cambium,

with the resultant products consisting of libriform ﬁbertsg'
instead of uniseriate rays. This interpretation seemed tenable
in the writer’s study of Mutisieae, and the present data do
not seem npn.“.k(‘d En this T'h(“\ih. It is {)f i]l[Cl’CSf. hO“!’CV’CL‘,

to contrast Heliantheae with Mutisieae, in which uniseriate
rays were found in all genera except Chuquiragua (Carls
quist, 19572). The helianthoid woods in which uniseriate
rays were found do not seem particularly specialized in
comparison with woods of other members of the tribe.
Multiseriate rays in Heliantheae vary greatly in width and
icht, and in the nature of cells which (f()ﬂ]p@f;f: them.
height could only be an estimate in
tances, because variation within a single tangential
as often extreme. Some species, such as Coreopsis
1, Narvalina dontingensis, Borrichia frutescens, Lipo-
VAT, ‘i.'r.- besina sublobata, and Dubautia linearis,
remely high multiseriate rays, almost indefinite in
these could be called truly woody species.
discrete multiseriate rays were observed in
 Scalesia pedunculata, Madia sativa, Partbe-
i, and Hymenoclea salsola.

i B

<3

! :
Measurements of ra

One of
IVEly short,

[-.':.'1'.}.‘:;,? T

are of such varied hal
and ray height
}:f;\\ (."\':L'E‘, )

In Mutisieae,
1:{'1\".'(“::1 ihild
metric and erect, and that ;
types of cells be found, T
bent and erect cells in 3 r
Heliantheae, as table 1| indi

ibit that no correlation between habit
- seems evident, Differences in ray height
may be useful as taxonomic characters, 3

These species

C, the writer observed that rav cells varied
iametric and procumbent or be

r between isodia-

n only a few species could both

he occurr

ay is more frec
cates, Where

s.prmd}ng to the definition of “Heter

(1935). the procumbent ce
the ray. Rays consisting of cells v
and procumbent oceur in En

metric

cernua, Vigyi ini '
» Viguiera laciniata, Partheniymy,

a

lls occupy a ce

Cce

ence of both procum-
Juent in species of
this occurs, corre-
ogeneous I1” by Kribs

1 central pm'itirm n
TYIng between isodia-
?lia farinosa, Flourensia
argentatum, Hymeno-
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clea salsola, and Grindelia stricta. Rays in these species
would, therefore, correspond most nearly to the definition
Homogencous 11 by Kribs (1935). The designation of this
condition as derived by Kribs seems acccptau_lc in view of
the specializations seen in most of the species listed. Most. of
the Heliantheae studied, however, have ray cells varying
between isodiametric and erect. In some speqies, such_ as
Wilkesia gymmoxiphium (fig. 10-11), Dubautia Menziesi
(fig. 8), D. paleata, and Espeletia pleiochasia (fig. 19), cer-
tain ray cells are nearly as high as the h_bnform_ I?bers to
which they are adjacent. In these species, in fact, it is some-
times difficult to define the precise limits of a ray. Figures
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 with marked vertical
clongation of cells, such as those just described, are probably
phenomena referable to Barghoorn's (1941) statement that,
“Extensive vertical elongation of ray initials to progluce
high-celled multiseriate or uniseriate rays is phylogenetic as
well as ontogenetic and is frequently cor;elatqd with in-
creasing structural specialization, reduction in cambial
activity, and a tendency toward the loss of rays.” Although
decrease in cambial activity does not seem characteristic of
many of the Heliantheae studied which l_1ave erect ray ce!ls,
and a near ray-less condition was seen in only one species
(Adenothammus walidus, isOtype, GH), the increasing
vertical elongation of ray cells may well be an indication of
a specialized condition, as Barghoorn suggests. -
Variation in cell wall thit}kness in rays of Heha:;;heai 11;
uite wide. Ray cells in Flowrensia cernua are extrem
t'.lhick-v.raued, as}’ noted by Metcalfe and Cl}a\lk (1950). In
contrast, very thin, unlignified walls occur in a num_bc:; of
Heliantheae, indicated in table 1, such as Argyroxiphium
Caliginii (fig. 12-14) and P{ymenoclea salsola (fig. .2?).
With the exception of Parthenium argentatum and Hymeno-
clea salsola, which are shrubs possibly of herbaceous origin,
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all of the species with such ray cel]s are pcrem}ia-l heg‘-bs‘;.':.
"he wood rays of Argyroxiphium (0g. 14) are distinguish~
able from the foliar rays in that species in that they are
much smaller and slightly more thick-walled. Very thin-'
walled ravs. then, seem to indicate an herbaceous habit ofs
orowth. In a similar manner, the rather thin-walled rays

cells. very wide rays, and c:'nITG&}mndingl\’ narrow fasci=

cular areas of Lipochaeta lavarum suggest a basically herba-
ceous habit for that plant. Unusually large ray cells were
observed in Dubautia microcephala and Coulterella capitatay)
whereas unusually small ray cells are characteristic of
Parthenium argentatum and Flourensia cernua.

I'he sclerification of the central portion of the ray in
Argyroxiphium Caliginii (fig. 13) applies only to foliar
r 1 which such wall-thickenings are devclépcd in the

vicinity of a leaf trace.

| Secretory -L'.-_.n'f;;r'.\‘.LSttrrrur}' canals have not pl'cviousl.v
.I-L;ct:.Iz‘(-}rf::-;‘:c:l in vascular rays of Compositae. Bebbia atriplic
a (fig. 21) does have such canals, however. These are
t continuous w ith pith secretory canals, and are originated
the cambium, Some could be traced the entire ]cﬁqth of
\ ::'ngz:‘rh-c}r point of initiation. As seen in a tancential
section of the wood, the canals are small, and lined h\‘:a oW
of IL-it::f_hclz-_‘-,‘.._c_-«;-?'.-_» which are surrounded by \':11'ir;-1.‘15 num-
small thick-walled procumbent cells. Several such
- may be present in a single ray, and relatively few
lo not possess at least one such canal. -
s et g
other w ":ill";* .\LLE;:;-II_;TJ\[L:\\L canals were not observed in
acteristic of

o e $ any
carbonized resin dcpnsits are char-

intercellular spaces el o
salsola, i Spaces ol rays i Hymenoclea

: STORIED STRUCTURE
I Ilu- Heliantheae examined are

number of species whi ibi

Eiohe r_lal S ectes which exhibit storied wood s

otoried wood was seen in all the subtr L

tion ATACOPITS Ao : 1 3

s .uf L&_[__'.]SLF!I‘I.K. In its simplest fory

ADCTS are storied, as in Verpe

1)| 35 -
Pl 35d) and Dubautis Kpug

distinguished by the large

i ) tructure,
ibes with the excep-
wede 1, :m_ly the libriform
sina lanata ((f-.u’lquisr, 1957b
b |

Iseni (fig. 2). Ag might be
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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. microcephala are storied. Clibadium
oligandrum and the species of Verbesina studied other than
V. lanata 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 wood. In Dubautia Menziesii
(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 Hymenoclea salsola and by Brown
(1922) for Dubautia plantaginea. In view of the association
of storied wood structure with other 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 occur in Fitchia speciosa (Carl-
quist, 1957b, pl. 31a) and Fitchia nutans. Moderately thick-
walled tyloses were observed in Espeletia incana. Thin-
walled tyloses occur in Oyedaea boliviana, Perymenium
strigillosum (fig. 20), Zexmenia frutescens, and Clibadium
oligandrum. Thus, tyloses are probably not rare in Heli-
antheae.

RESIN DEPOSITS®

In addition to the resin deposition in rays mentioned
above, numerous helianthoid woods show considerable
amounts of resin accumulation. Outstanding in this respect
are Flourensia cernua and Borrichia arborescens (fig. 25).

*Although the writer has not analyzed these substances chemically,
they probably represent the less volatile residue of an oleoresin such
as that described for Balsmmorrbiza sagittata, a member of Heliantheae,
by Faust (Bot. Gaz. 64: 441-479. 1917).
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'[n thcﬁ{' “'(_)||d\" JH [hc Cel]\ i]"l. some pOI’tiOHS Of.thc \VOO&
are completely occluded with resins. Alth.ough resin degosit’n;
in some woods are inconspicuous, no helianthoid wood was
observed in which such substances were totally absent.

definite conclusions, there are no marked differences from
Oparanthus, and the same storied condition of fibers
prcvails.

COREOPSIDINAE

Members of this tribe, in turn, show affinities to Petro-
biinae. Bidens hendersonensis, Narvalina, and Venegazia
show no important features not found in Petrobium 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 Bidens hendersonensis
and Venegazia. Venegazia differs from the others in having
bands which, in transection, appear to be apotracheal 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
Wilkesia. The presence of radial rows of pores is like
Coreopsis and Narvalina; the wide, thin-walled fibers are
reminiscent of Bidens and Coreopsis. The wood of Vene-

TaxoNnoMIC IMPLICATIONS

Although some subtribes are represented in this study
only by a scattering of genera, sufficient represcntative_s of
others have been studied so that evidence from wood
anatomy can be discussed in relation to the exigting taxon-

omic system.

FITCHIINAE
he wood characteristics of the only genus in this subs
e, #f’ have been discussed previously (Carlquist,
l_!':t.- material given here, however, demonstrates
in which speciec diffar 1. il .
which species differ. The larger cell size of
- Sppis .._I«_ﬂ}a:t--;:-u.:.m .‘:_rn'rc;hlud dimensions of vessels,
_ longer fibers, is evident. In contrast, F,

ind other species have relativelv
. L‘I‘.t:_._‘;}_"\l.._]LL.\LLI }:1L relatiy ely short fibers, rays, gazia suggests that it may well be a specialized member of
s, The figures for F. mangarevensis are coreopsidinae
not reliable on account of the small size of the i :
elopirs: L\\:m:!\q: 1\1‘:.:-“;..1Frlic;%’:‘-;f:‘f-i [“fﬂdtlitinn. F. \:ERBI-:SII.QINAE i i
12; these are at mnri—“ 1;1‘;'1"&{-11‘:3:1; 0 "{P(_atl"‘_‘(.']‘lcal Because it is the la'rgcst B e o H e
yther species. In F. speciosa, ‘.I}lt'ln:i‘flcilc-;lnr('.r-\ als than Sity of this gl‘(?llp mlgl}t 'be'ex il grcatcr. t}}m} o
s not storied, whereas it is in the other ‘: cci. : Ei‘_;e[fm:mn of other subtribes. This 15, 10 i St A v
of Frebie ars it 0k S s ey pecies. The species esting to note that Borrichia, Helianthus, Montanoa, Oye-
however, m in respects other than these. daea, Podachacnium, Scalesia, and Zexmenia lack any

obvious spccializations other than those characteristic of the
tribe at large. Other genera show only one or two features,
such as storied fibers (Verbesina). Considerable specializa-
tion is evident in Flourensia cernua and Encelia californica.
That such spccializations are local‘ nmn_ifcstarions in the
taxonomic System seems likely; Encelia farinosa, for example,
conforms to the pattern of the seven genera listed above.
Variation in the tendency of ray cells to be erect or pro-
cumbent is disregardcd in this connection. Such variation,
although perhaps significant, does not appear to be corre-

PETROBIINAE
Oparanthus s ¢ i
paranthus s clearly distinguishable from
s .mr_m:u'iu-.:l parenchyma. The -
storied, as illustrations in an earlier .
o o I _ arlier stu
Hcate, because of

e Fitchia in
wood is more clearly

or dy (Carlquist, 1957h)
characters, the relationship t]‘larlt_qntm 'S Ofper Woos
Fitchia and Oparanthoe _I i WIIter suggested betwee
bia an paranthbus seems justified. Alth, e
Ple of Petrobium available w ety th”“}_{h i

close

tifie wood
as too small to permit any
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lated with other modifications of xylem. The two types of
ray cells most frequent in Heliantheae, isodiametric to
erect, and both prncumhcm and erect, seem rather random-
lv distributed among the taxa. Borrichia frutescens, for
L:\',HH})!C. lacks prnuu]ni:rx1t cells in rays, —althuugh thcy are
present in B. arborescens. The Icmic:?c}' of rays to be \\‘holly
composed of procumbent cells (Flourensia) seems more

clearlv an advanced characrer.

MADIINAI

The apparent diversity of xylem in Madiinae seems
caused by the numerous \}]CL‘iCh in which certain specisliza-
tions are present. As a W hole, this subtribe seems more
idy in wood structure than Verbesininae. Certain
like Wilkesia and Madia, have wood similar to the
type considered basic in Verbesininae. In Verbesininae, only
two species, Flourensia cernua and Encelig californica, were
observed i'..:-'.IL an .:}\]n'c.:;..'-_l:iu number of wvascular
tracheids. Ir ever, these occur in Argyroxi-
: ,and Hemrizonia. There seems
) be no character of wood anatomy which clearly separates
dunae from \ erbesininae. Because the coverage of the

0, included in this subtribe is relatively com-

mic comments can be made:

I 1
1C, OV

m and Wilkesia have quirc different
onfirming the writer’s opinmion that these
e  ‘. remain separate (Carlquist, 1957¢). The
ot vascular tracheids, apotracheal parenchyma, and
o 1‘ xl}mm Argyroxiphium are features not
" 10, Wilkesia, Wilkesia, on the contrary, appears similar
- Hain speeies of Dubautia, such as D. railliardioides.

2) I'he species of Argyroxipbium show some diversic
Argyroxiphium Caliginii is dif-
/Ot by 1ts storied .\'yicin, whereas
s mm.. I;;;.‘::.:I'?I]I:Umj}\ er, x{lf)i‘?.t!' vessels, more
i Lot T se of A. Grayanum. No apo-
! A. sandwichense.

among themselves

| !"""ill :ill, ll'l'l\(.'l‘j-

L i].]'-

1YmMa was seen in
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(3) The species of Dubautia are highly diversified. In
consideration of the apotracheal parenchyma, discussed
above, a possible line of specialization was indicated:

(a) Vessels are few per group, fibers non-storied or
obscurely storied; little or no differentiation of
fibers; vascular tracheids absent: D. Knudsenii, D.
railliardioides, D. paleata. 1t seems of interest that
these three species are all endemic to Kauai
(Hawaiian Islands), and are placed next to each
other in the monograph of Sherff (1935). They
seem, then, to be closely related, although they
are separated by distinct characters of gross
morphology.

(b) Vessels more numerous per group; fibers differen-
tiated into short (apotracheal parenchyma) and
long, both storied; vascular tracheids absent or
infrequent: D. laxa, D, linearis, D, microcephala.
Dubautia linearis is transitional to (c) in its sharp
differentiation of fibers and apotracheal paren-
chyma.

(¢) Vessels narrow, numerous per group; conspicuous
differentiation into thick-walled, long, narrow
libriform fibers and short, wider, thin-walled apo-
tracheal parenchyma cells; nearly all vertical ele-
ments storied; vascular tracheids abundant: D.
plantaginea, D. platyphylla, D. Mengziesii, D, thyr-
siflora, D. struthioloides.

It is noteworthy that the species included in (a) and (b)
are, with the exception of D. linearis, included in the genus
Dubautia in the restricted sense (Sherff, 1935); the contents
of (¢) consist of both species of Dubautia (senm stricto)
and Railliardia. Because of the great similarity among the
woods of (c), the writer agrees with Keck (1936) that a
single genus is desirable; no clqar lines of demarcation hf:-
tween  Dubautia and Railliardia can be demonstrated in
respect to wood anatomy. \:

In regard to the Pacific Coast members of the Madiinae,
similar Lprncesses of xylem specialization appear to have
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taken place. Madia sativa is similar to Wilkesia; the species
of Hemizonia studied show as much, and the same k!nd- of,
difference from Madia as do the species of Argyroxiphitmm
from Wilkesia. Consequently, Hemrizonia Minthornii sn‘u:l—',i
Argyroxiphium Caliginii look remarkably similar (compare
o. 12-14 with fig. 15-17). Blepharizonia is specialized in its}
vascular !:'.’.L‘IHL"};:\. Whether or not the spcciaiimtions of
Pacific Coast Madiinae and the Hawaiian genera treated here
have been totally |r'.\{n-}w11.1tm. similar patterns have cer-
tainly been followed in both groups. The evidence from¥
wood anatomy is not opposed to the union of these two.
thin a \]il':jlj&‘ subtribe.

GALINSOGINAE

Because only a single species of this subtribe was studied;

concerning relationships can be made. The
ce of secretory canals in rays of Bebbia is of interest;

nd the distribution of this character within the subtribe
be studied, The storied xylem of Bebbia agrees with
re advanced position of Galinsoginae.

MELAMPODINAE

] Lecocarpus, although they are pl:ints of
bly different habit and gross morphology, show
in scalariform-transitional pitting, of vessels

o L]

€ of both o1 ‘unmbe 1 ¢ le 1
t both procumbent and erect cells in rays. and also

i’ the that wide bands of somewhat shorter, wider
ubers altern ited with broad bands of n-.n'rn\\'cr. longer
- L [.“ none of the species studied is the diITL'I‘f:nrc T,;
eferie oy \,”m..:L.[,RJ.}:\- 1:! .“PL“ very great, however,
E. incana and . pleioghasiy, the tans £opCrure occurs i
B o e basic k}]LIH structure of

not s NOE O § i
unlike one of the Verbesininae such as

;t. I'Cl:!i'l\'(.‘l'\' wide, thin- and
may be related to the “mega-
ki st a 3 1ber %
tted to such a habit in ('m'-'o;:\ "H'LILI'! “y o O
iea (Carlauis £ FEPA giganteq ; 'his
arlquist, 19570). Joe oreCPe :,: 4 Imd Chiman-
e ntry C above gene
atatt s th od o
atatum has thin-walled rays ::umptiud of

/'!_I..""”""""""- Ihe occurrence
oft-walled fibers in .,.-."_\‘{}__.IJ“I;,

tic” Rabit AE el .
namt or this genus, 1u

MTRICTIHIN O
;
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isodiametric to procumbent cells exclusively, vascular
tracheids, helically striate vessels, and thick-waﬁed narrow
libriform fibers.

MILLERINAE

The only genus studied, Clibadium, shows an interesting
specialization in its formation of bands containing vascular
tracheids and strand parenchyma. Otherwise, this wood is
similar to that of Verbesina, with which it agrees in having
a tendency toward storied structure.

LAGASCEINAE

In view of the strong difference between the two genera
of this subtribe in respect to floral anatomy (Carlquist,
1957h), the writer wished to compare xylem of Coulterella
and Lagascea. Although only a limited amount of wood was
available on twigs of Lagascea helianthifolia from herbarium
material, the wood structure of this species appears very
similar to that of Helianthus annuus, thus agreeing with
resemblances to the latter in floral anatomy. Coulterella, on
the contrary, has bands of aporracheal Farenchyma and
storied fibers. Although Lagascea may well be regarded as
a highly specialized genus related to Ff eh’mr:bm and its allies,
the systematic position of Coulterella is quite obscure. The
features shown by Coulterella can all be found in Helian-
theae; one would expect, however, a greater similarity with
Lagascea if these two genera are indeed relared.

AMBROSINAE

Wood of Parthenium argentatum is very close to that of
Hymenoclea. A number of botanists have noted the similar-
itv between advanced members of Melampodinae, such as
Parthenium and Partbenice, and members of Ambrosinae.
Certainly the wood of both Parthenium argentatum and
Hymenoclea is highly specialized, so that their advanced
position in the tribe and in the family is justified. Because
of such close similarity between these two genera, however,
treatment of Ambrosinae as a subtribe rather than as an
independent tribe seems referable. The nature of differ-
entiation of Ambrosinae from Melampodinae is an interest-
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the writer beh:eves that Compositae demonstrate difficulties
in phylogenetic use of wood characters much better than
they offer clear instances of their usefulness. Heliantheae
serve to illustrate the highly advanced nature of woods in
this family.

Because the gamut of characters in which significant
variation can be observed in Heliantheae is not large, the
value of wood anatomy for taxonomic use in this tribe
appears to be restricted mostly to a comparison of species
within a genus, or in some instances comparisons of related
genera. Delimitation of subtribes or tribes on the basis of
wood characters alone is not possible. Comparison of
Heliantheae with Mutisieae offers few discrete points of
difference. One rather striking feature is the relative absence
of uniseriate rays in Heliantheae, whereas wide multiseriate
ravs are common in this tribe. Uniseriate rays 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 utilize by the writer for Mutisieae, but these
hardly afford points of differentiation between the two
tribes. Study of other tribes with woody fn_emb_er!‘f will be
useful in giving perspective to the variation patterns de-
scribed thus far.

ing problem, as the results of Wodehouse (1935) indicatﬁ_q;g
which deserves further study.

Grindelia axp Eastwwoodia

Stevermark (1937) has suggested that these genera repress
sent outliers of Heliantheae transitional to Astereae. With=
our detailed evidence on the nature of wood in the latter
tribe. little can be said concerning this hypothesis. Both of
these genera show derived types of wood structure which,
althouch they do not match any other genus in the tribes
are not outside the range of variability found in Heliantheae.
Fhe wood of the Grindelia species studied does not appca_ﬁ,
particularly similar to that of Eastwoodia. '

GeneraL CONCLUSIONS AND SUNMMARY

From the material studied, the following characters would

ippear to be advanced: very narrow (60 microns or less)
5; aggregations of numerous vessels; presence of helical
ons in vessels and vascular tracheids; presence ofS
- tracheids; storied wood structure; rays Homogene-

1ys composed of thin-walled, ntlll:isglli{icd cells;

f ,!}l-,_e}z:-.w_g-}lu;-:a] parenchyma. This last character i8
fe list on account of the apparent derivation of

ma bands as seen in Dubautia.

.'.:' Llic:siléng with primitive versus advanced
ity of ?"'__““l'”l the woods are rather specialized—

by !';'_‘;i'i"\‘l\_“ifl"‘;.:‘l'_“}‘l”;!l:t:lir hl\:zré_]r.u.;-_is an acute one.
vs of - dicorcths 1Lm.~.csmh]|shed from
B .-r.\-‘-k‘\-l‘-- LA hui‘c cannot be expected to

+ood characters in a family of this nature. The

Parison
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THE UPPER STORY OF TROPICAL FORESTS!
Dantvis HENSDIJK
Superintendencia do Plano de Valorisagao Economica da

Amazonia U.N.F.A.O. Forest Mission for the Amazon
Valley, Belém do Pard, Brazil

ReLaTIoNsHIP oF UpPER STorY VOLUME T0 ToraL VoLumE
or Forest

With the data from table 8 at hand, it is possible to

transform the tree counts from the acrial 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)
‘< used for the calculations. The volume of standing timber
in the merchantable bole for the single tree is equal to:

DBHZ 2 ;—:{ X length of merchantable bole X 0.7.

Table 11 gives the results for the Amazon data with the
correspond'ing data from Surinam in parenthcses.

Table 11, VOLUME OF STANDING TIMBER FOR UPPER STORY TREES IN 1 D

CROWN DIAMETER

CLASS “LOW TREES" “11GH TREES"
| 1.1 (1.5) 2.6 (22)
11 1.7 (3.2) 44 (4.1)
111 2.5 (42) 7.2 (7.0)
1A% 43 (6.0) 12.0 (9.6)

The forests under consideration were surveyed for com-
mercial purposes. In the samples, all trees from 25 cm.
diameter at breast height, or just above the buttresses, and
upwards, were enumerated. If there is a demand fqr pole
or timber wood from certain species, it will be possible to
present, from the data obtained, the necessary information.
Because of recent progress in pulp and paper research, the
smaller trees below the 25 cm. 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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will have a spt‘(.‘iﬂ] inFcrcst in the
smaller trees. It should be clear that interest in th_eS(? for
is not limited to the upper story alone, but that it inclu
yractically all trees present. In contrast with aer!al pho _
graphs of most forests in the temperate Zone, aetial pho.t_._:
-:”1';1,!1‘[1.\ of tre nl)iL‘.ll forests {_-.\Pl}\.(‘_m:ll_\' a I?'.'IL‘IIOI‘\ of the tota [
number of trees. If cnmp!clc information about t_ropl_
forests is desired from aerial p'llil[ngj'n]‘)hﬁ, the relationship
between this upper story and !h(: mtn% forest must be est
lished. In Surinam such a relationship was indeed found.
I'he same also proved to be the case for the Amazon forests
under survey, I"ig_ 5 presents the Amazon data; ﬁg. 6 gives
the Surinam data (from Publication 13 of the Central Bureait
for Aerial Survey in Surinam) and also includes the
Amazon curve from fig. 5. The Surinam data are from 419
samples mostly of one hectare each; the Amazon data are:
m 417 samples of one hectare each.

and paper industry

Both curves show between 170 and 180 m.2 total (OI'J‘I
gross) volume per hectare, 2 typical bend for which at the™
moment a satisfactor cxpl.tmrinn cannot be given. The

ween the curves, which show a }:uighcr total
or Surinam than for the Amazon at the same upper
1L can be explained to a certain extent by the
tact that the total mn.n!m-a‘ of trees enumerated per hectare

samples was much greater than that for the
les. This l_.-u.:‘gur number of trees is mainly due
r number of trees in the diameter class of 25-34
ble 12 gives 2 clear picture of these differences.
t the end of table 1

Y vha TR -
2 the averages for the total range
: ta and for the corresponding Amazon data
1. If can be seen frne ¥
g 1'“.'“” from the curves thar the greatest
are 1n the 1 3 L P &
e i .ggypu story classes of 40-80 m3 It
; 1at the averages for this part are prac-

m da

o>dIT1E,

© 1OTEsts surveyed in Surin

in the Amazon V am were much denser than
ectare more 'H' '!\I’T'l ‘ '1”("\’ and had roughly 40 trees per
: - no . al of i 1ese were | 1\._-_ 4 e " .:
4 cm. The were in the diameter class of _

average m T of
fage number of upper story trees per

50 T LJ L) L L 1 L} . 14 L L) L4 ’ L] T T T I Ll L] T
slo 100 150 200

volume volume da cobertura pominante

Total

Fig. 5. The graph
volume of the upper

the curve for the rclatiqnship of the
sfgﬁ;’ s( Volume da cobertura dominante) to the

com anexll af the Amazon

forests as mentioned in
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++ curva da floresta da 6. Holande
R 5 " " Amozonio Table 12. A COMPARISON OF THE TOTAL NUMBER OF TREES PER HECTARE
AND THE NUMBER AND VOLUME OF THE TREES FROM DIAMETER CLASS
350, / : 25-34 CM. FOR THE SURINAM AND THE ANMAZON DATA

| UPPER STORY TOTAL NUMBER DIAMETER CLASS 25-34 CM.

1 L OF TREES Number of trees Volume in m,*
| / class  Surinam Amazon Surinam Amazon Surinam Amazon
| 40 130 72 3
{300 ;

‘| 0| 4] 126 56 29
45 152 82 43
| 5 94 45 24

| 7 50 159 86 46
\ : / 105 51 24
| 55 145 72 39
9 -+§,/ 109 54 T

4 '/ 60 141 71 38
‘ . S ,./ Ioﬁ 52 30
| ] ot 65 152 72 40

| ¥/ i i 3
oo £/ 70 148 68 36
| 7 10 e 26
| 4 1;‘ 75 150 71 41
e +y'/ . 113 49 i
| 1 / 80 147 65 o
i o4 111 50 30
.|SCJ 7 A 83 35 i i
| A7 107 2 2
] 90 151 69 38
| ] 107 46 27
| + / 95 152 70 38
| : 114 52 al
. 100 161 69 38
110 49 29
115 105 158 7l 3
1 7 111 50 31
'] 2 110 158 76 44
. 117 55 34
=l 115 149 65 36
50 -__ﬁ__'__T_"'—T——-;——-——l e . 120 159 70 40
ol 100 150 0 . i -
yolume VOiume dq ¢ b 200 125 164 65 36
Total obertura pominante 111 47 30
Total averages
T All 151 73 i
) ] . = .l . 109 sl 29
- gt4ph showsg : o ¢ A
i / ‘-_E‘}‘.'\-.- story ( i-‘_,lr:hg_( ‘1!'\ €5 for the l'L‘l-.ltiumhi]J of the AVEI‘BECS o} upper i O i g 39’“‘
"G ¢ 5 S Lie tme da cobertura dominams) ve vhe W i i 50 28




hectare for Surinam was ;1ppmxim:1rely 30; for thP: ?ma:on
20. There is a strong rcmpmliun to _;1ttcmpt an cxp{mz’l ion
of the differences between the Surinam and the (.i'mazon
data for the relationship of crown \\'Jdrll} to bole lan_letfr
and upper story olume to total volume of the forest entirely

Table 13. RELATIONSHIP BETWEEN THE VOLUME OF THE UPPER STORY AND
THE VOLUME OF THE TOTAL FOREST 1§ GIVEN FOR THE AMAZON FOREST
AND THE SURINAM FOREST, DATA FOR ESPECIALLY HIGH AMAZON
FORESTS, ARE INDICATED IN PARENTHESES,

TOTAL VOLUME
by this difference in density. For the smaller (younger) FOREST IN M.”
DY A L, G y for development in the VOLUME TOTAL VOLUME [VOLUME TOTAL VOLUME [VOLUME (SURINAM
upper story trees there 15 |‘J..:|]L Il.llf‘ . % Sirnce het CDOER FOREST IN M." UPPER FOREST IN M.” UPPER  DATA
open forests; they can gain rapidly in hught. Since there o s NEY TAGENG)
is also more space in the upper story. these trees can betteg IN M. AMAZON SURINAM| IN M. AMAZON SURINAM| IN M.' AMAZON
develop the width of their crowns, which, in turn \\'puld =50 ] 20 208 165
indicate a smaller bole diameter for the same crown widths 52 202 (238) 304 (347)
The larger (older) upper story trees have less root compe- 15 LY 05 214 170 i
tition in open forests. ['herefore, Ilw_\' can more easil 62 208 (245) o 175
develop into heavy trees, This would mean a greater bole 20 2 — 100 215 (253) £ 318 (361)
diameter for the same crown width in the more open for- o A, 105 26 180
. This last ¢ xplanation seems to be contrary to expecta- 8 222 (260) = 325 (368)
---- ey appear logical to have a smaller bole diameter 3 — 110 233 i
res with the <ame crown s cniye L 02 229 (267) 332 (376)
corresp with the same crown width, because the o 230 o0
cro ¢ trees can more easily develop horizontally. 35 o =3 236 (274) 339 (383)
Wh per story tree has a crown completely free from 0 138 120 246 | 195 46 (390)
the lower trees it no longer develops upward. These crowns 112 243 (281) o5 360 346 (
! : nce (more leaves) and some of them 45 146 125 phiLne 53,200
“ e periphery. Therefore, it seems that 50 s 153 130 - 205
) 1 |!..._._-il:- n i-J:-L' in width. The fact that 130 (151) 236 (295) 360 (404)
. IECL each T,IH]U'" could nnl_\' mean, then, 55 161 135 . ) =4 210 367
A the difference in volume, caused b 140 (163) o f40 Ha 1 = 215
ot e per heetare, is equalized by the ® o 270 (310) 374
' et Bt the large trees of the more 65 176 145 — 220 .
= : .:I VYV ( re }1r|-.._~(l] o d{':ﬂ “irh SO many tree 160 (18?) 277 (317) %
Fee WHOSE characteristics are so little known, that for 70 183 il i~ 389
the time being it is impossible to nre o 170 (199) #E4-373)
i R e |] ''© 10 present more than this 15 155 - 230
1] i Jr > *-. 1( by the plmrwmrerprcrcr, the 7 179 (211) 201 (332) 396
1at --4".I|<l i ‘_1: ..i..n the volume of the upper story and the 40 195 140 — 235 o
L VOQIUINE of the i“,-'._] ‘II.\ W, P J
bk - 1OTESt has been tabulated (table 13). 188 (223) 208 (339) L
'> Can bE seen from these data, the Surin: 85 201
veyed were more wunifor 4, the dSurinam forests sur- 231)
! ‘«.n:.:.zl,ﬁ \_;”r:\. 'TM in volume than those surveyed 19342

. Uhis is part
SUrmam

el S T : ly due to the fact, that
i .j.r.1 % ,I,,._1i.n_- of the _}'u,:gh and the low observa-
iy 7 s, In reality in the Amazon Valley
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there were more heavy forests surveyed than in Surinam.
The low forests in Surinam occupied cc_unparam-'e!_\_-' small
patches which could easily be mapped with the help of
excellent vertical aerial phnrugmphs. These p_;-trchcs usually
had an outstandingly different composition from those of
the surrounding higher forests. This was c>pccial]_\' true on
sandy soils where there was often an abrupt change from
highly mixed, to pure forest stands of Eperua falcata or
Dimorphandra conjugata. In the Amazon forests such
changes were not observed. There it ;1ppcurcd more to be a
slow degeneration from high to low forest. Some of the
tree species \11~..!E1Eu'.;1uf and the grow th of the rcmaining
species became very poor. Forest type mapping, especially
for the oblique parts of the trimetrogon phrrtugr.lphs. had
here to be based mainly on the available samples. Therefore,
It W also necessarv to enumerate the lower forests. With
d vertica graphs on hand, the enumeration of this

nd of forest can, as long as they do not occupy large areas
interest, mostly be avoided (and
JIESt type map). When during an explora-
Wl patches of forests are met which show
mposition from that of the surrounding
scription is sufficient. If they are of
terest because of their location and/or com-
uently they can be enumerated separately.,

s however. of whether it i |
| UVEL, O whether 1t 18 pm\‘::nﬁc o

commercial

1 reliable estimate of

| it the total volume of the Amazon
| "-i’;.,[. rray -l\\ w1 i F f i
photographs with the Iu:]p of the dar

vallable of a systematic forest

- of : SUrvey in an
y of \l]:.i}m (C in fig. !

yiof £ : _ I') made in 1956,
vere trees tfrom a diameter of 45 cm. at
It, or just above the burtrec | i

1 1¢ burtresses. and upwards

A : ' =il \
Cd Trom cach other wers 97 €ow
€L, were 77 forest samples

wch tals e, 2
4ch taken from all trees with a diameter at
i i L -

r just above the tr ;
ust above the buttresses. from 15 em. and
average volume per hectare of

extracting the
the diameter class of 15
C1ass of 15-24 cm., the average
5

per hectare of
ter class of

iIrca I the I.\".'.':Tf-."
Enumerated here w

e ¢

{ 1 " « £
all trees from the diame
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25-34 cm. and upwards was obtained. Fortunately this part
of the forest was covered by the verticals of a trimetrogon
flight srrifP. In this case, it was possible to make plot enum-
erations from these photogmfhs. 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.®, or an average
of 167 m.%, The average of the total volume from the actual
ficld enumeration was 165 m.® 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.® per hectare.
The average of the samples of the exploratory survey was
231 m.® (real average between 227 and 235 m.?;chance 2 in
3).

In a particular part in region D of fig. 1, 50 plots of one
hectare each were counted from the verticals of a trimetro-
gon flight strip which covered a comparatively small por-
tion of this area. By using the same data as before an aver-
age of 250 m.? per hectare was obrained. In the _ﬁ‘?ld, 38
samples of one hectare each were enumerated giving an
average total volume of 314 m.* per hectare (real average
between 304 and 324 m.2 per hectare :chance 2 in 3). qu
the parts of the Amazon forest surveyed up to now, this
area was extremely dense, with an average number of 142
trees per hectare. The most remarkable fact was, that this
density could be obtained from tree counts of the upper
story.'Thc average numbers of upper story trees f(.)r regions
C and B were both 22 per hcctaz:c, 'whcreas in region D ;hc
average was 32 per 11ect_arc. This is about the alvcmgf lc;r
the Surinam forests. It will be clear that the data in table 13,
caleulated from forests with an avcraFe of 109 trees per

AnN ed for forests of approximately the
hectare, cannot be us $ i
same compcsition but with ractically all upper story

: i total of 142 trees
in the “hlgh" class and-WI an average ok s 3
per hectare. In attempting to correct the deviating




40 TROPICAL WOODS 1958

obtained from the general data in table 13, all observations
with an average number of 130 or more trees per hectare,
were separated. As has been done for all observations to-
gether, these data were put into graphic form, and the total
volumes corresponding with the upper story volume cla}&scs
were abstracted from the curve. These volumes are given
in parentheses in table 13. By using these data, the average
of the total volume estimates from the aerial photographs
rises to 289 m.® per hectare, which is a fairly good result.
A5 only 39 of the 417 Amazon observations had more than
130 trees per hectare, the data in parentheses in table 13
should be regarded as preliminary for the time being.

In region E of fig. 1, a fairly large forest area was found
with a uniform low average ‘toral volume. Some valuable
tree species were present, so this area had to be included
in the sampling procedure. Only a part of it was covered
by the verticals of a trimetrogon flight srrip. In that place
10 samples were enumerated in the field. As close as possible
to the location of these samples, 10 plots of one hectare each
were enumerated from the vertical aerial phumgmphs. The
sampling data in the field were: 72. 110, 101, 110, 118, 117,
][fj- _7 :I'-". 63 and 107 m.® per hectare, or an averace of 105
m.%. The sampling data from the vertical aerial pthranPhg

M“'a i::,‘ 102, 102, 102, 112, 112, 82. 112. 121 and 140 m.®
pr}r piOt oI one hectare or an average of 110 m.2 per hectare.
I'he last two examples are from forest parts which are ex-

ceptional

SEpriona and occupy L‘nmp'.ll'ﬂl’i\'el_\' small areas, The data
]:: tlu;_“ parts _m-.unl_\' pfc»'cntcd to illustrate the possibil-

€5 of volume estimates from aerial pim['m_n';lpha_

A forester i 15 i

A forester who has enumerated numerous forest sam les
t_.m make excellent ocular volume estimates in the ﬁt'I'[i) (‘f:
I o e p it r ; o ;
_;}nm. parts with which he is acquainted. The forest

o e SVt ) s : ster-
F}"-‘“' mu}lpn_{u can do the same from stereoscopic aerjal
b | rr 1 L , 5 ;
photographs, ['f estimate the total volume of .ffﬂe’\‘]? il
torests from aerial photographs is much easier t X tl'i‘.lpl'(..ﬂl
similar estimates from forests in the 1(' L making
T B ! ‘mperate ; \ause
b ; : zone, ¢

‘¢ range of the total volume of thc‘;g tropic ]‘JQL'!L]:\'E
comparatively small. Wirh 4 little exrolt opical forests is

] : - EXperience »
I in the field,
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combined with proper ghoto study, the forests with a toral
volume less than 150 m.* and more than 250 m? per hectare,
can casily be identified on photographs; they are, respec-
tively, usually uniformly low with a smooth crown canopy,
or uniformly high and dense with a very coarse crown
canopy. To estimate the total volume of tronpical forests
having a total volume between 150 and 250 m.* 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 which 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
PHOTO-INTERPRETATION, and if the aerial photographs were
taken when one or some of the upper story trees were in
full lower (deduced from observations made in the field),
it is possible to obtain valuable additional information about
the forest composition through plot counts from the verti-
cal aerial photographs.

With a steadily growing amount of sampling data from
the Amazon forests available, 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 ound which grow broader
and taller in the heavier forests than in the low forests. Most
of the occasionally encountered trees are confined to either
the high or the low forests and disappear when these forests
change into low or high forests, or at least onl .occur‘there_
as an exception. A good example was found in region B
(fig. 1), where the forests on the slopes of a plateau were
surveyed. These slopes were mostly covered by oblique
photographs, so type mapping became very difficult, Itdwas
observed that on the higher parts of the slopes massaran uba
( Manilkara huberi) grew in reasonable quantities, _\\lrherus
on the lower parts of these slopes this tree was rarcly seen




cessary to divide the slope forests ir

a low type, (:oincidi.'ng with the T gh
parts and the lower and flatter sandy parts. A
massaranduba was used. The results were: aver
samples taken on the slopes 132 m® pel;hec“rei
(samples wwithout massaranduba) 111 m.? per
part (samples with massaranduba) 167 m.? per hec

Considering the results obtained of total volum:
from plots on aerial photographs and the fact
impossible or highly speculative to identify tree s
from aerial photographs in highly mixed tropical
the existing relationship between the total volume of th
forests and their composition will be put on a sound sta s
cal base. Withour the means to estimate directly the tot;
volume of the Amazon forests from aerial photographs,
would be highly interesting to have data regardi
relationship, but it would not make the survey work easier,
more efficient, or less expensive. It would still be impossible
to have beforchand (which means before the start of actual
field sampling) information which could be checked, instead
of all the information being retaken, The forest surveyor

will be eager to make plot counts from the vertical aerial

photographs to be used during his next survey, if he is

convinced that the data obtained will enable him to obtain

h]::r:%r, or at least the same results as before with less time in
the field, i

CoNcrusions
The timber and veneer wood extractors are interes

only in rhl-l)z;c tropical tree species that can be expl

economically. Usually they can extra anti
\ ct larger

and more useful hesct e

. timber from the hjg
wherein those desirable species

reverse may also be true, It ofe
sized trees, which oceur m
forest parts, are of better
the larger trees, Also, the

are  common, :
en happens that the med |
ore frequcntly in the |
ql]a].lt}'f '. . ] : : |
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Amazon Valley, but also in the western parts of Maranhao.
From east to west in Brazil, the Amazon forests occur over
a front of 3,000 km. The parts located close to the navigable

rivers are estimated to occupy an area of approximately
100,000,000 hectares, or 25 per cent of the total forest lands;
The expectation is, that the composition of the dry land
forests close to the Amazon River, will differ only slighﬂ)"
and will change gradually from east to west. Up to now,
samples covering “a front of approximately 600 km. justify
this expectation,

The Amazon River, and parts of its larger tributaries
flowing through Brazil, are navigable to seagoing ships.
l'i_'um the point of view of transportation, the importance
of the forests located close to these rivers, is the same for
foreign markets as it is for the more populated southern
parts of Brazil (Gachot et al., 1953: McGrath, 1955). For
this reason, an initial forest survey will have to cover the
whole area of 100,000,000 hectares. The least costly, quick-
est, and also the most desirable way of executing an initial
torest survey of this magnitude, w ould be of course, by pure

: retation. Whether it will ever become p'ussihlc
to obtain reliable information about the composition of the
highl .::_u_;_d tropical forests of the Amazon Valley in this

.1:-:_‘;1-{1‘.: to foresee. At the moment it is not practi-

||1L-_--‘!_[r:.c_\- Irnm_hud used at present, is forest type
:r.|_[apjun; \It. ith T:'lL' aid of aerial phnmgmphs based on xnmi)]cs
1-,;1:_ n in the ficld. !1)' meln_\'ing this means to prepare total
volume estimates from aerial pI‘mrngrnpht,'.
account the increasing skill of the
deducine I

['uhu?u-I'ETL?'iIr'L'E
II

CabicC,

and taking into
the phmr;~i|1tf:rpr(:t'5rs in
T]UH -\u.ll7f-| TI., l } r N .'-ﬂ.}ﬂllr Ihc T-[.IFCN{ U“IIIIIIH’SE_
. the help of the available sampling data, the
progress of the initial forest survey can be inﬂrmwc'l‘uh-
stantially. The aim is to replace” oradually pnr'r- :lf.t]i;le
phz;m-inrcrprémritm. thereby

._m:}ali!i:_r work in the field by
enabling larger forest areas to e rmcne. 3 s )
-.':::i:,';-u. £ areas to be covered in the same numbes

;n‘rl|mm;u"\' information
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THE ANATOMY OF SOME TIMBERS FORMERLY
INCLUDED IN PIPTADENIA

J. D. Brazier' .

Department of Scientific and Industrial Research, Forest
Products Research Laboratory, Princes Risborough, England
i

INTRODUCTION

As a result of recent work rarticular]y by Brenan (1955),
the numerous species formerly included in Piptadenia have
been reclassified and are now considered to contribute to
cight genera. These are Piptadenia Benth. (sensu stricto),
Anadenanthera Speg., Goldmuania Rose ex Micheli, Newtonia

Baill., Pityrocarpa (Benth.) Britton & Rose and threeis

genera described by Brenan for the first time, Indopipta-
denia, Monoschisma and Piptadeniastrum.

The fifteen African species of Piptadenia (sensu lato),
described by Baker (1930), are now referred to Newtonia
except for the important economic species, Piptadenia
africana Hook.f., which is now known as Piptadeniastrum
africamum (Hook.f.) Brenan. This species has a wide dis-
tribution through West, Central and Fast Africa and is
locally very common. Its timber has been exported to the
United Kingdom and other European countries under a
number of names according to the country of origin, among
F"f‘.lﬂ:l dahoma ( adopted as the British Standard name: Brit::
ish Standards Institution, 1955) from Ghana. aqbni’n and

“The author wishes to record his appreciation for the co-operation
foiieed feom 1-:,-.11-31_’::\ ‘T-I{.1'.ru.-,pnmlur:h_ \I\-hu kindly made speci-
: avatlable to him: Dr. Chowdhury, until recently of the Forest
I\.vsmn:]]_ Inm_tur.c, Dehra Dun, India: Monsieur .\'iarm-mi.(f l"
(‘_.'_'I'HII"{ I'echnique Forestier Tropical, Paris: Monsieur 1 (_'in(‘ )f tlm
Musée Royal du Congo Belge, Turvuren, l'iclgim-n- l‘lr“it‘*ul Of e
T\_ ale ;Sczma] of I‘!J"'('-ﬁ'l',\". Senhor David de .-\I:milm.i'l -::f iht’r;;rrﬁlz'rllﬁ
Yorest Service: Profscens = : ; S
;_-”“--.,—.,'__‘,L;:;!'l:[-'f..l.r‘”;Lnfk\lIr("\lhi;"}"if.ﬂ:ﬂ“f{mr Botanic Gardens, Rio de
J e J. AL Cs 1 of the Adminis 1 Iaet
[;»t. {_;r.lnt:fu_fu.\_ _-\rg'.'m_].ne !{t'lli]h].ic. who :1|s:' |1T11;1m‘:]\\;:11:}:;(?1 .:\ac'“ma;
_-[..‘<.-._-r.r Lortorelli's slide preparations of species ulf i’-'pr ILLftl:f'(:n 3
nis paper 15 published by permiss: ] I oo |
fic ;uhl_! }ll"!lii]\!;jiil R];lu:i‘.‘h.f’““‘--“-"““ o Department of Scics

received from rthe
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ekhimi from Nigeria, dabéma from the French West African
territories and mpwere from Uganda. The name mpwere
has also been used in Uganda for the timber of Newtoni
buchanani (Bak.) Gilbert & Boutique, thoﬁght to be
similar to that of Piptadeniastrum africanum, and for a lon

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 africana,” now Pipta-
deniastrum africanum, and seven of “P. buchanani,” now
Newtonia buchanani, were received from Uganda in June
1954, From an examination of this material it was clear that
the timbers of the two species differed appreciably in gen-
eral appearance, and it was found subsequently, in certain
technical properties. It was of considerable interest, there-
fore, to determine whether they could be distinguished with
certainty on the basis of their wood anatomy.

During the examination of these and other 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
listed 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 cight genera described by Brenan
were available for study but for two of these, Indopiptadenia
and Monoschisma, only a single specimen was available. In
the following descriptions a brief account of the physical
properties of the timbers is followed by an account of the
anatomical features of diagnostic value.

ANADENANTHERA
As now constituted, Anadenanthera comprises four
species, A. colubrina (Vell.) Brenan, A. falcata (.Benth.)
Speg., A. macrocarpa ( Benth.) Brenan and A. peregrina (L.)
Speg. Commercially, the most important of these is A.
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macrocarpa, the cebil colorado or curupay of the subtropi-
cal and dry forests of the Argentine and Paraguay. Tortorelli
(1948) has given a derailed account of the distribution and
importance ‘of this species in the A rgentine. ‘*'I::.r.-fc’nmzﬂ'acm
peregrina is described by Record and Hess (1943) as Niopa
peregrina. It is a medium-sized tree occurring from central
Brazil, through the Guianas and Venezuela to the West
Indies. A. colubrina and A. falcata are both Brazilian species,
the former known as angico and cambuhy ferro.
Descriptions of the wood anatomy of A. macrocarpa have
been given by Cozzo (1951), Kribs (1950) and Tortorelli
(1948). and Pereira (1933) has briefly described the struc-
ture of A. eolubrina, Wood spccimcﬁs of A. colubrina, A.
macrocarpa and A. peregrina were available for study.

The timbers.—The timbers of all three species studied are
verv hard and heavy. The heartwood is red-brown with

1

- stripes in A. macrocarpa, and dark brown with a

1

tnt in A. colubrina and A. peregrina. The texture

and the grain usually interlocked. The weight? of

rtwood is of the order of 60 1b. per cu. ft. in all three

_ nd up to 70 Ib. per cu. ft. in 4. macrocarpa.
Stricture.—Vessels

Ay el “r 3 anl
and occasion I.

r

solitary and in radial groups of 2-4
casionally more; moderately small, 100-160x mean
gential diameter and moderately numerous, 70-150 per
S¢. mm.; somewhar laroer rsS AUME 5 7 ; ;
5, 1) ;n newhat larger and less numerous in A. colubrina
than in A ?h.?]c rocarpa and A. peregrina. Vessel-vessel pit-
FITT nderate . W . ~ 2 >

g moceratcly coarse, 7-9y tangential diameter; ray-vessel
tting similar with mostly 2, occasionally 3 rows of pits
per ray-vessel field. i

_ me_h} ma mmlu::tu]y well developed, vasicentrie tend-
ing to ;}I:fnrn'r. Scattered strands (dif use) present, usually
containing chambered crystals. Chambered crystals -ﬂmlnd
int in the vasicentric parenchyma. ' L )
Ray tissue homogene nultiser;
; . geneous; multiseriate rays
£ E . d¥S Up
'.':r;-w:]_'\' 4 cells wide i 208 i

A1 .
Al weight data refer to snecim )
£ ’ . Specimens in t a1 =4 o
¢ stated. ! ! he air. lil’_\ condition unless

¥
’
L
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.
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Fig. 1-4—Fig. 1. Pipradenia rigida _mul Fig, 2. .4::0:1';:::1.1:11:;2
-mmi:r;r.:rpa Note difference in ray widths on these tangentia
* Pt X

B i marakwensis, rangential section
rions, Bath x 100—Fig. 3. Goldmania parag .—E-.I-‘ig. il

oy AP 1a. L ll)
to show confluent, I'!Cﬁ“,\'. h““d""_l P'"-.L“C‘h-“'m Xuniwriarc rays and
tonia suaveolens, tangential scetion illustraring : :
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Fibres thick-walled; septa not observed and not recorded
in literature (Cozzo, 1951; Kribs, 1950; Tortorelli, 1948).

Comparison with other species.—In color, texture and
weight the species of Anadenanthera are similar to Piptadenia
rigida. Anatomically the timbers of the two genera are
readily distinguishable on ray width, the rays in Piptadenia
rigida being mainly bi- or occasionally triseriate whereas
in Anadenanthera they are tvpically 4 and occasionally more
cells wide (fig. 1, 2). J

Material exannned.—Anadenantbera colubrina (Vell.)
Brenan, two specimens, Brazil; 4. muacrocarpa (Benth.)
Brenan, eight specimens, Argentine Republic, Paraguay,
Brazil and Florida (cultivated); 4. peregrina (L.) Speg.
two specimens, Brazil and Puerto Rico.

(GOLDAANIA

Brenan has listed two species of Goldmania, G. platycarpa
Rose ex Micheli and G. paraguensis (Benth.) Brenan. Wood
material of the former was not available and, so far as is
known, has not been described. The following description
refers only to G. paraguensis. This is a bush or small tree
of the northern Argentine and Paraguay and is known as
ibard-né, literally “stinking tree.” Tortorelli (1948), who
has given an account of the species, says that because of its
disagreeable odor the wood is 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
timber is not noticeable when the wood is dry.

Structure (fig. 3).—Vessels solitary and in short rad?al
groups; moderately small, about 100 mean tangential
diameter and moderately numerous, 60-70 per 10 sq. mm.?
Vessel-vessel pitting moderately coarse, the ray-vessel pit-

ik
|:
i
|
!

0

B

"Tortorelli (1948) describes the vessels 45 numErous to very numer-
ous, 12-30 per sq. mm. Examination of his illustrations shows that G.

paraguensis has the least numerous pores of the species he describes

g Fig. 5. Pir -
g iptadeniasire
Pradeniastrum africamem and Fig. 6

; Newro
Note few er, |-U'5.'f : e

AWISVETAC SCCTions
< 10 P : er pores in Piptadeni-
g, 7. Piptadeniastrion prarer

- . africantom and Fi ; ‘ 1
| ngenial seciom 1o 5 r||\l.!_', ;; and, accepting the magnification as given, the number for his illustra-
swwptate hbres in = b %
peate Bbres i, ek ot o 3 tio G wensis is about 7 per sq. mmn.
! h 100, PR
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ting similar and mostly with two rows of pits per ray-vessel
field.

Parenchyma well developed, vasicentric, aliform, often
confluent and locally forming short, tangential bands,
Chambered crystalliferous strands present.

Ray tssue homogeneous; rays not more than biseriate
and the majority uniseriate with only occasional biseriaté
l)l]{'liiln.‘-_

Fibres moderately thick-walled and apparently non-sep-
tate.

Comparison with other species—In its wood anatomy
Goldmania is distinguished from all the species studied b
the abundance of its parenchyma which, although of the
paratracheal type characreristic of the group as a whole,
extends laterally often forming an irregular banded arrange-
ment.

I“.1Lz.r¢’r:.7f (',1'.!;mm‘[{‘—(;‘(J.’:fm.r_uf.r paraguensis  (Benth.)
Brenan, two specimens, Argentine Republic.

INDOPIPTADENIA

; “l hlg genus Indopiptadenia has been established by Brenan

or the Indian species tormerly included in Piptadenia and
now known as Indopiptadenia oudhensis (Brandis) Brenan.
! Ittie information is available about the species but Gamble

03

.rm described it as a moderate-sized tree with a
Howish or reddish, close-grained timber. hard, durable
ind with 'l i - 3 : f ;

1.,. nout color contrast between sapwood and heart-

['he only material available Was a sm
ited with hebarium materi

ure clearly belonging to the
I I : p g

all specimen, not
: al _1>ur from its struc-
i i L .f’.fp.fmfcm;f complex. It has a
ood . .]m cu. fr., bur is largely tension

9 ( figure may be abnormally high.
.,_\I'.”f_t..'rfnlepj'_ Vessels mostly solitary ‘I;utuoccasinnall in
j - ]t :.._.m.{-r. radial gre »ups;. sp;n‘sc: 40-50 per 10 sq. );nm
i "T"'-‘ small, 100-160,, tangential diameter \Ifessel—.-
pitting coarse, mean tangcr;riul diameter ai)out s
: |

authentics

*
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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-
ferous 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 other species—The presence of narrow,
predominantly bi- and triseriate rays apd the. absence of
septate fibres serve to distinguish Indopiptadenia oudbensis
from all other species examined during this survey except
those of Piptadenia (sensu stricto).

Material exanrned.—Indopiptadenia oudhensis (Brandis)
Brenan, one specimen, India.

MOoNOSCHISMA

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

The only material available for study was a single speci-
men of M. leptostachyum. Tt had been cut from a small
tree and was sapwood throughout, pinkish \Vhl}'& in color
and with a moderately fine texture, a shallowly interlocked
grain and a density of about 46 Ib. per cu. fr.

Structure.—Pores solitary and in groups of 2-4, moderately
numerous, about 100 per 10 sq. mm. and moderately small,
90-150p tangential diameter, average about 115 'Vessel—
vessel pitting moderately fine, 7-8u tangential diameter,
vessel-ray pitting similar, with 3-4 rows of pits per ray—
- lif d locally confluent

Parenchyma vasicentric, aliform an ; _.
between agjaccm: ores. Chambered crystals present in thd:
vasicentric arcnc%yma and abundant as diffuse stran

among the fibres.
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Ray tissue homogeneous; rays exclusively uniseriate,

Fibres moderately thin-walled; septa not observed.

Comparison with other species.—Anatomically Mono-
sehisma is similar to the American species of Newtonia and
the species described as Pityrocarpa A, but pending an
examination of more material of Meonoschisma it 1s uncertain
whether it can be separated from these genera for certain.

NEWTONIA

Baillon’s genus Newtonia has been re-established and as
now constituted comprises fourteen species, eleven of them
African and the rest American. Most species are large trees,
many producing an attractive timber of potential commer-
cial interest, but so far as is known only N. buchanani has
been exploited and this on a small scale only. The African
species are \\u'!cly distributed throush the irnpicnl resions
from Sierra Leone in the west to Somaliland and Tangan-
yika in the east and Angola and Zululand in the .\t;uth,
although, with the exception of N. buchanani, none of the
.\pu-:"ic_a has a wide geographical range* The American
species are |11-pc:'fccrl_\' known: N. nitida (Benth.) Brenan
occurs in Brazil and N. psilostachya (DC.) Brenan has been
recorded from the Guianas. Spccimcns of N. suaveolens

Miq.) Brenan have been received from Brazil, British and
French Guiana and Surinam,

.I_'”‘ .,'\.""_“"”: species and their recorded distributions are: N
woreville; (Pellepr.) Ke 1y, olerra Leone, Ivory Coase: il

vt : N. buchanani
Gilberr & Boun e, ! ‘CRanany

outique, Belgian Congo, Angola, Uganda Kenya

hog c_-.:.kl_' I.mg:-::y\:r._,l, Nyasaland, \lm’_.}!hh;quu- N. iy
Il_... t "|. | l‘.-.’ o o '} . 'S

(_\ll‘_\‘ I\-.“'.,'I.\ msigms Baill.), Sierra Leone, Ivory Coast

nn in: ot ( I ; p s

1, ,;fu n; N. elliori Harms) Keay, Sierra Leone: N erlangeri

: .;r}!.:.m. .‘_\..,-r’_--_1|p;;nu1. N. griffoniana (Baill.) Bak. f South

2 ..ur_-:|\,f _l;l.a[mn, Portuguese Congo, Mayumbe; N Q!-mdu-h'.fcm

Pellegr.) Gi lJ\(I'i'I'_‘\' Imm:n!m. Cameroons, Gabon \!'ll'.umht“ N

‘eoranagty | atke ) Orr  of hilde 7l . . ‘-. vila,

i I ITe var, hildebrandiii, Kenya, Tanganyika,

Jrque, cululand, var, pubescens Brenan, Tanganyika, Mozam

ucocarpa (Harms) Cilkinrr . Thir el s s

il f: til}.:m.h, Gilberr & Boutique, Gabon, Mayumbe;

frige arms) Brenan, ($vn. licodiscy ; el

o ALl i, syn. Cylicodiscus battiscombei Bak.

: Y. zemkert Harms, Cameroons,

. duparquetiana
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Newtonia has attracted little interest so far as its timbers
are concerned and there are few published descriptions of
the species. Chalk et al. (1932) and Ferreirinha (1955) have
described in detail the structure of N. buchanani and Scott
(1950) has illustrated and given a brief description of this
species. Normand (1950) has illustrated and deseribed the
timber of N. duparquetiana. Wood specimens of ten of the
fourteen species listed by Brenan were available for study.

The timbers.—The heartwood of all species of Newtonia
examined is typically pink or red with sometimes a yellowish
tint. In most species it is pale pink with the yellow color
well marked in N. nitida, N. suaveolens and some specimens
of N. buchanani, but N. griffoniana is a medium red-brown
and N. hildebrandtii a dark red-brown. The texture is
mostly fine but moderately coarse in N. buchanani and N.
leucocarpa. The grain is typically interlocked, producing
an attractive stripe figure on quartered surfaces. The weight
varies from moderately light to heavy. Weight data for the
specimens available are as follows:

N. aubrevillei: 36-52 Ib. per cu. fr., average of 3 specimens, 41 Ib.
per cu, ft. 4

N. buchanani®: 26-44 1b. per cu. ft,, average of 12 specimens, 36.6
Ib, per cu. fr.

N. duparquetiana: (2 specimens), 51 and 57 Ib. per cu. ft.

N. glandulifera: (2 specimens), 37.5 and 49 Ib. per cu. fr.

N. grifioniana: (1 specimen), 49 Ib. per cu. fr,

N. hildebrandtii: (2 specimens), §3.5 and 62.5 Ib. per cu. ft.

N, nitida: (2 specimens), 45.5 and 49.5 Ib. per cu. ft. (horh pieces
mostly sapwood).

N. fezwomr}m: (1 specimen), 46.5 1h, per cu. fr. .

N. paucijuga: 43.5-54 Ib. per cu. ft, average of 3 specimens, 48
Ib. per cu. ft. !

N. suaveolens: 39-55 lb. per cu. ft,, ayerage of 5 specimens, 46
Ib. per cu, ft. §

Srructure (fig. 4, 6, 8, 10).—Vessels small to .I.arge;' small,
m:;;utanggniif diameter less than 100p in N. b::‘debrmdn_:,
N. nitida and N. paucijuga; large, often exceeding 200 in

each § ft. > 6 in. X 2 in., varied from 29 to 40

SFoarty-el 1e¢es. >
Forty-eight p ! per cu. ft, ot 12 per cent moisture

Ib. per cu. fr. and averaged 36 Ib.
content,
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diameter, in N. buchanani and N. leucocarpa, medium-sized
but mostly rather small in the remaining species; variable in
number, mostly sparse, 20-70 per 10 sq. mm. in N. aubre-
villei, N. buchanani, N. duparquetiana, N. hildebrandtii, N.
leucocarpa and N. suaveolens, exceeding 100 per 10 sq. mm.
in the remaining species and occasionally very numerous,
200-400 per 10 sq. mm. as in N. paucijuga. Vessel-vessel
pitting fine to moderately fine, 4-7p tangential diameter;
vessel-ray pitting similar, commonly with 3, occasionally
3 rows of pil'_\ per r‘.1}'—t'€.~h{1] field (ﬁg. 10).

Parenchyma mostly sparse, vasicentric with tendcncy to
abaxial development in some species, e.g., N. suaveloens, and
sometimes shortly aliform. Diffuse parenchyma present in
N. buchanani, N. hildebrandtii and N. paucijuga, mostly
sparse and containing chambered crystals. Chambered crys-
tals observed in the paratracheal parenchyma of all species
:—.x;u-pr_,‘\', nitida but sparse in N. glandulifera and N.
suaveaolens,

) oY . - . - .
I\,x} tissue homogeneous; rays mostly 2-3 cells wide, com-

nonlv 1- and 2 n e NT et T :

monly 1- and 2- ite in N, qubrevillei and N. Jfrpdf’qm’!i-
1 B e - - - ~

nd unis with only very occasional short biseriate

parts in N, nitida and N, suaveolens.

ana, and uniseriat

Scattered secretory cavities of indeterminate length and

. ; n, gum-like substance are a feature of
the rays in the specimens of N. nitida studied.

containing a pale brow

Fibres thin to moderately thick-walled. se
I Species except N, nitida and N. suaveolen
ley cloped and conspicuous but sparse and

N. bildebrandtii.

. pta observed in
5, normally well
difficult to see in
Growth rings abse e
rov g5 absent or only poorly devel i
. £ J | Clope S
.. I 3 ped in most
Comparison among species.—The
n be divided into two well defined
pecies (N. mitida and N, Suaveoley
frican species in ray width and at
! ::" I

species of Nevtonia
groups, the American
15) differing from the
sence of #(‘pt';we fibres.

an appreciable range of color,
anatomy show differences in

African species cover
cight, texture and in their

No. 108 TROPICAL WOODS 55

ray width, size of vessel-vessel pitting, abundance of cham-
bered crystalliferous strands, etc., which, taken together,
may enable a separation of individual species. However, the
material at present available is considered inadequate to
give a definite opinion on such a separation.

N. buchanani is the only species known to have been
exploited. Its timber has been marketed as mafamuti from
Mozambique and muchenche from Uganda. In the past it
has been sold as mpwere, a name used also for the timber of
Piptadeniastrum africanum in Uganda. These species can
be distinguished with a fair degree of certainty and the
salient points of difference are described under Piptadeni-
astrum africanten.

Material  examined.—Newtonia aubrevillei  (Pellegr.)
Keay, 3 specimens, Sierra Leone; N. buchanani (Bak.) Gil-
bert & Boutique, 13 specimens, Kenya, Uganda, Tanganyika,
Nvasaland; N. duparquetiana (Baill.) Keay, 2 specimens,
Gabon and Mayumbé; N. griffoniana (Baill) Bak.f, 1
specimen, Belgian Congo; N. g!mdw’ifera (Pclleg_r.) GllberE
& Boutique, 2 specimens, Mayumbé; N. bildebrandtii
(Vatke) Torre, 2 specimens, Tanganyika; N. leucocarpa
(Harms) Gilbert & Boutique, 1 specimen, Gabon; N. nitida
(Benth.) Brenan, 2 specimens, Brazil; N. paucijuga ( Harms)
Brenan, 3 specimens, Tanganyika; N. mm:ealem (1}1«1.)
Brenan, 5 specimens, Br. Guiana, Fr. Guiana, Surinam,
Brazil.

PIPTADENTA

Brenan lists only two species for Piptadenia Benth. (sensu
stricto), viz., P. rigida Benth. and P, pterosperma Benth. bur
it is clear from an examination of its wood anatomy that
Piptadenia excelsa (Gris.) Lillo is'corrccfl}.r placed here. All
three species are of South American origin and P. exaelsg
and P. rigida are important commercial timbers. :l'oz:torcl ;
(1948) has given a detaile_:i account of. the du_s.tnl-mnon 0
these species in the Argentine and describes their timbers.

ipti Isa and P.
Descriptions of the wood anatomy of P. excels
'n'qidj arg given by Cozzo (1951) and Tortorelli (1948).
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Specimens of P. pterosperma were not availat;le for stqdy
and the following account summarizes the salient physwal
and anatomical features of P. excelsa and P. rigida.

Wood hard and heavy, red-brown in color, nmdcrately
fine textured and resembling Cuban mahogany (Swietenia
snabagoni) in appearance but ;1pprcciab1_\' heavier, about 60
Ib. per cu. ft.

Struciure—Pores solitary and in groups of 2-4, moder-
ately small, 120-130x mean tangential diameter and moder=
ately numerous, 60-70 per 10 sq. mm. in P. rigida, slightly
smaller and much more numerous, 150-200 per 10 §q. mm.
in P. excelsa, Vessel-vessel pitting moderately fine, 6-7u
maximum diameter. and the ray-vessel pitting similar, usually
with 2-3 rows of pits per ray-vessel field.

Parenchyma vasicentric, sometimes with a tendency to
liform development particularly in P. excelsa. Scattered
ds (diffuse) common, usually containing chambered
hambered crystals abundant in the vasicentric

=

homogencous; multiseriate ravs 1-3, mostly 2

1

rately thick-walled and apparently non-sep-

os distincr.

with other species.~The timbers of P. excelsa
are ‘\lli.\t'{'!i(‘idn'\' similar to those of species of
denanthera, .\.rz,-.:nna';u;all_\ they are distinguished by their
ray width; in Piptadenia the rays are 1\';1iC5|1\' 2- or occa-

'.':"H-.‘. 3-seriate whereas in species of '.‘Iu.?.?’rﬁ?.'ﬂmf_!u".-r they
ire typically 4 and UL‘L'.!\.NIIL'[”'\' 5 cells wide (fig, 1 and 2)

Vaterial exapined.- Piptadeniq excelsa f(iri;_} Lillo. 4
pecimens, Argentine Republic; P, rigida Benth.. ﬂ‘\péci-

; Argentine Republic, Paraguay. Brazil
ultivared). g

and Florida

Pipi ADENTASTRU M
Piistordmritnetan .
Fiptadeniastrum has been established by Brenan for the

pecies formerly  kr s Piy i 7i
I s KNOWn as Piptadenia africana

a0 1=

e

Fig. 9-12—Fig. 9. Piptadeniasetum africanunt and Fig. 10, N;*L:emm.;
buchanani. Radial sections to illustrate size of pits and fl,!.lll‘ll'l r “.1
rows of pits per ray-vessel hcld.‘ Both .:ft‘lt_l.—‘l' i, ll‘. “r:l_:\crog;::f&
flava, tangential section with uniseriate rays and '.“m-‘:?:j,' S
X 100—Fig. 12, ."iryra‘_c'.rrpa gmfo.mmrba, tangential section I
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Hook.f. and now Piptadeniastrum africanum (Hook.f.)
Brenan. This species has a wide distribution, from Sierra
Leone in the west through Central Africa to Uganda. It has
been exploited on a considerable scale and has been exported
from Ghana as dahoma, from Nigeria as agboin and ekhimi,
from the French West African territories as dabéma and

in consignments of mpwere from Uganda,

A number of accounts have been given of the wood and
its anatomy (Kribs, 1950; Lebacq, 1954; Normand, 1950;
Schmidt, 1949) and the following summarizes only the
salient physical and anatomical features. ‘

Wood of medium weight, about 44 Ib, per cu. ft.® yel-
lowish brown in color and with a superficial resemblance
to iroko (Chlerophora excelsa). It has a very coarse, open
texture and a broadly interlocked grain. Freshly sawn the
timber has a very strong, unpleasant smell which disappears
when the wood is dry.

Structure (fig. 5, 7 and 9).—Pores solitary and in short,
radial groups, large, 240-280x mean rangential diameter,
clearly visible to the naked eye, and sparse, 15-30 per 10
sq.- mm. Vessel-vessel pitting coarse, 8-10x maximum
diameter, and the ray-vessel pitting similar, usually with
1-2 rows of pits per ray-vessel field (fig. 9).

Parenchyma well developed, vasicentric, often with a
tendency to aliform, and confluent towards end of growth
zone in some specimens. Scattered strands (diffuse) present,
sometimes common and often conraining chambered crys-
tals. Chambered crystals present in the vasicentric paren-
chyma, sparse to moderately abundant.

Ray tissue homogencous; multiseriate rays 3-7, mostly

4-5 cells wide.
Fibres mostly thin-walled. conspicuously seprate.

Growth rings pnorly developed.

"Weight range 35-53.5 Ib. per cu, ft., average weight 444 Ib, per
cu. fr., based on 24 hand specimens, Sixty-nine specimens, each § f.
% 6 in. % 2 in. from 4 trees averaged 45.8 1b. per cu. ft. and varied
from 38.8 to 49.7 Ib. per cu. ft. at 12 per cent moisture content.
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Comparison with other species.—In its anatomical strucs"
ture Piptadeniastrum africanum approaches most closely the™
species described below as Pf.fj*'.'"[)('s”'p("f B and although it
can be separated from the species examined, from P. gonogs
cantha and P. viridiflora by its larger pores and their smalleg
number per unit area, and from P. pteroclada by the more
ibundant parenchyma and conspicuous growth rings in the
Pityrocarpa, the necessity for such separation is llrllikt‘—]y to
rise in practice owing to the different geographic distribuss
genera, i
Commercially the timber of Piptadeniastrum: africanum

more likely to be confused with that of the African
species of Newtonia and reference has already been made
to the use of the name mpwere for both P. africanum and
Newtonia buchanani in Uganda. The outstanding differ-
ences between African species of Neawtonig and Piptadeni-
a7 are ray width and the number of rows of pits per
ray-vessel field; in Newtoniq the rays are pI'Cd()minantly bi-

tri-seriate and il'iu'e'g are three and sometimes four rows
 per ray- 'u.""IL’- field, whereas in Piptadeniastruzn the
e typically 4- and S-seriate and the ray-vessel field %

HC oSt two rows of Pith'.

rmned.—Piptadeniastrum africanum (Hook.f.)

brena 2 2y TR 5
¢ an, 2 nens, Sierra Leone, Ivory Coast, Ghana,
ri { Ongo, L.E_E':!Hli'.'l. ’
Prryrocarpa
l'.]l.'\'t_-r\ Specie ] s
~o peCIes: have been ineluded j
Nigigos been included in Pityrocarpa b

‘CEPT one South Americ ili
™ i i : ; 5 L: I
origin. The excer i and mostly Brazilian

)-:f . R . - .
Rose) Britron & !,{J J 4 "”{}"”‘J'f-’f" constricta (Micheli &
- 5 RO s a small tree found in Mexico.
nd there are fey _n'li"f."“;"f-’f i;-l\'c received scant attention
s =i ACW publishe OIS . s 10 3
Williams ( 1936) }l"‘rmlc-cl'i};: Ilr!““ll?l;:mh of their tenbele
i . J ha ; ‘A that ¢ brer '
Brenan  [as Piptadeniq Aavy o " preroclady (Benth’)
(1933) has given -t firva (Spreng.) Benth,], Pereigd
gonacantha ‘T\l\.ﬂ an[;m"r”””"“} account of the wood of P.
At Brenan (as Pipradenig commmunis Benth.)

|.|'n'l- Species of Pipa
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and Record and Hess (1943) have given a short description
of the wood of Pityrocarpa constricta,

Ten specimens representing five species were available for
study. Anatomically they fall into two distinet groups, viz.,
1) those timbers with predominantly uniseriate rays and
non-septate fibres, here called Pityrocarpa A and comprising
P. constricta and P, flava, and 2) those timbers with multic
seriate, commonly 3- and sometimes 4-seriate rays and con-
spicuously septate fibres, here called Pityrocarpa B and
comprising P. gonoacantha, P. pteroclada and P. viridifiora
(fig. 11 and 12).

Pityrocarpa A

P. constricta. The specimen studied is from the same tree
as that described by Record and Hess (1943). The wood is
hard and heavy, of the order of 60 Ib. per cu. ft., and has
a very fine texture. It is a uniform yellowish brown and
possibly sapwood throughout.

P. flava. A medium-weight wood, between 40-50 lb. per
cu. ft., with a moderately coarse texture and interlocked
grain. The heartwood is yellow- to red-brown.

Structure.~Pores solitary and in radial groups of up to
5-6 in P. constricta; moderately small, average tangential
diameter 140 and moderately numerous, 65-70 per 10 sq.
mm. in P. flava; small, tangential diameter 50-90u and very
numerous, exceeding 300 per 10 sq. mm. in P. constricta.
Vessel-vessel pitting moderately fine, 6-8u tang?nnal
diameter, vessel-ray pitting similar and commonly with 3
rows of pits per ray-vessel field. .

Parenchyma sparse, vasicentric wi::h well marked a_Iifar_m-'
development and locally c_ogﬂuent in P. flava. Chambered
crystalliferous strands conspicuous. fialan

Ray tissue homogeneous; rays exclusively uniseriate in P
flavg and pre,dommantly uniseriate h.ur with oceasional
biseriate parts in some rays of P. conftm'ra_. .

Fibres thick-walled in P. constricta, moderately thin-
walled in P. flava and apparently without sepra in both

species.
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Growth rings present but not well developed in both

species.

Pityrocarpa B

Woods ]';:-_!E\:_r (P. ;;:L-n_w.f'_mf.u to moderarcly heavy, be-
tween 40 and 50 1b. I)L-r' cu. I (P. g()??o;?(‘ﬁﬁf’.’ﬂ and Po "Uf?fdf-_-
lora), coarse-textured and with a srmig_ht or Slightiy inter-
locked grain. Specimens of P. _L;'U!.’U.‘?(‘.‘T?Hr{’d are straw colored

8 |

e or yellow and entirely sapwood; Williams (1936) hast

described the heartwood of P. preroclada as reddish-browns

s solitary and in radial groups of 2, 3 and
nore; large, in all species the largest exceeding 200p
1 ntial .‘:,;.inl]%:u.r and an average size from 130-230p4
5 \' ; U per LU sq. mo. in P, pteroclada and sparse

derately numerous, 30-80 per 10 sq. mm. in P. gonogs

d P, viridiflora, Vessel-vessel pitting coarse, 9-12p

k but irr]i} 7-8p in P. viridiflora; vessel=
l-'l ] with 1.---_ rows of pifh per ray—vessel ﬁeld-
e - -. _--I_a:-l;u‘i u-n..{mc_\' to a scrﬁi-ring—porous
e, the size of the early wood pores contrasting with
¢ late wood i»uf not forming a distinct pore ring,
' .» acheal, vasicentric and with well devels
| x It in P. {f}:"-_ roclada and P. ‘?.'Jlffd:;ﬁ()rﬂ-

. Crous strands present.
L lomogencous; multiseriate rays commonly
' TOUT and rarely five cells wide. * )

0 moderately thick walls and conspicu-

Growth rine 1

g ponns Poorly developed, marked by a tendendl

.,I_”L_J!'I'\_:E'I o ll”...’.l‘t |i.Hk; n J‘ 4 IL{I’JH(J;?C(UH!};]‘ -‘1”“.] by rern]inaI

J 0 W preroclada and P, viridiflorg,

parison with othes + i

et !J’If.‘ ‘}f’.ff. UJ;.L: ”I”bl"l'j'.—[!‘l their ﬂn'\tnlnv the.
| HYTOCcar 5 AT = € .

ida, N. ._I,‘,I,.'.._.”; ?.“J A are similar to those of Nerbtonid

veolens and .1.1!‘).!'?()_\'(‘[’_1]"‘\';”.; h’f)“)ffﬁt‘b}'a as all
presence of uniseriate -mv;q and

Com

4 .'I.lt_'.L:'i'-L'_'\l: h\' the
of 1 -

rey with a marked pinkish tint and pOSSib[\' SaPWOOd-V
it. Specimens of P. pteroclada and P. viridiflora ares

prate fibres PSRy
' 5. They vary in such features as size

No. 108 TROPICAL WOODS 61

and 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 are of diagnostic
value for 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 closely in structure the African timber, gipta-
deniastrum africanum, and their separation from this timber
is discussed under Piptadeniastrum.

Material exannned.—Pityrocarpa constricta (Micheli &
Rose) Britton & Rose, 1 specimen, Mexico; P. flava (Spreng.
ex DC.) Brenan, 2 specimens, Brazil; P. gonoacantha (Mart.)
Brenan, 4 specimens, Brazil; P. pteroclada (Benth.) Brenan,
2 specimens, Peru; P. wiridiflora (Kunth) Brenan, 1 speci-

men, Bolivia.

Discussion axp CONCLUSIONS

On the basis of their wood anatomy the species examined
can be subdivided into a number of distinct groups, based
principally on ray width and the presence or absence of
septate fibres as indicated in the following key:

1. Species with septare fibres
1. Species with non-septate fibres
2. Species with narrow rays, predominantly 2- and 3-seriate, some-
times commonly 1-seriate; vessel-vessel pitting fine to moderately
fine, 4-7u diameter, vessel-ray pitting similar with commonly 3
and sometimes 4 rows of pits per ray-vessel field ............Group 1.
Snecies examined: Newtonia aubrevillei, Newtonia buchanani,
Newtonia duparquetiana, Newtonia glandulifera, Newtonia grif-
foniana, Newtonia bildebrandtii, Newtonia leucocarpa, New-

tonia paucijuga.

2. Species with wide rays,
times $-seriate; vessel-vessel p

2

3.

commonly 3- and 4-seriate and some-
itting moderately fine to coarse,
7-124 diameter, vessel-ray pitting similar with mostly 1-2 rows
of pits per ray-vessel field, .o GROUR 11 African species.

Species examined: Piptadeniastriom africanmi, . _
3 Grour 111, American species.

Species examined: Pityrocarpa gonoacantha, Pityrocarpa prero-
clada, Pityrocarpa viridiflora.




5 Speces withsarow s, ypial
3. Species with wide rays, typically 4-

macracarpa, Anadenantbera me il
4. Parenchyma abundant, commonly confluent and

L L T LT
ok T P T PP T
wrenerenieresirrrnan

Species examined: Gofa'mmfa pdflgm”’m:
4. Parenchyma mostly sparse, vasicentric or aliform

fluent except towards end of growth ring........

5. Rays uniseriate or practically so s
Spccics examined:  Monoschisma Iepw”“b_-- ity
nitida, Newtonia suaveolens, Pityrocarpa constricta, P

flava. ™
}za\-s commonly 2- or 3-seriate .......Group VII, American

$pt'.cic-.~ examined: Piptadenia excelsa, Piptadenia
Groue VII
Species examined: Indopiptadenia oudbensis.

It will be seen that the grouping based on
features brings together, for the most part, s
Brenan recognizes as forming distinct genera.
to this is Group VI, with representatives of thi
Monoschisma, Newtonia and Pityrocarpa, charactes
uniseriate rays and non-septate fibres. The spec
tonia represented are those of American ori
clearly separated from those of African origin whic]
prise Group 1. The uniseriate condition possibly repr
an advanced degree of specialisation and it is temp
link the American Species with the more usual
triseriate condition through those Afrijcan-'sp'c" '
aubrevillei and N duparquetiana, in which uni
re common but usually oceur wi
the absence of septate fibres in
marked contrast to their
species, except the thick-wa

The tWo species of Pityrocarpa includi in G
2. constricta and P, flava, represent the
EonUS, section Pityrocarpg and section

hese species differ greatly in the size anq
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SOME ASPECTS OF VARIATION IN WOOD

WirrLiam Louts STerRN AND SHELDON GREENE!

School of Forestry, Yale University, New Haven,
Connecticut and Timber Engineering Company,
Washington, D, C,

Anatomists studying the wood of obscure taxa are fre-
quently confronted with a dearth of material both in
numbers of samples and suﬁiciently mature specimens. At
times recourse must be made even to the sparse secondary
xylem from twigs of herbarium specimens. Results of
studies on such limited material are, to be sure. unsatisfac-
tory and inconclusive, and must be qualified 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 enable him ro
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 disposal. Certainly a single sample,
derived from an unknown portion of a plant will not truly
represent the variation of anatomical structure in the plant
under study. Furthermore, there is undoubtedly variation
among different plants in the same taxon (Bailey and Faull,
1934). Rendle and Clarke (1934a) point our the types of
variation that may occur in, for instance, vessel diameter:
1) Local variation in a small sample, 2) variations from the
pith to periphery, 3) variations from the base of Ehc stem
upwards, and 4) variations resulting from changes in exter-
nal conditions. The latter may be superimposed on the
first three types, further complicating the situation. These
workers explain that it is possible to eliminate variations of

‘For his perusal of the statistical methods, the authors wish to
acknowledge with thanks the assistance of Dr. George M. Furniyal
of the Yale School of Forestry. Appreciation is also tendered Dr.
D. S. Bullock of Angol, Chile for supplying research material, and
information regarding ages of trees.




?’é most worrisome problems of the anatomis
by limited material. Rendle amt'l__(_;l_'gi hnj;s |
“At any given height in a tree the
annual rings are ‘Pr_ogrgsswely hu'ger mt;ng
called the youthful period, after which the

elements becomes relatively constant, - h s
tions due to variations in the external 'c‘ diti
wood is said to be adulz.” These facts were

strated many years ago in Pinus sylvestris b

and more recently in Sequoia sempervirens A
ugg

Faull (1934). Lately, Youngs (1955) has sug
study of Orthopterygium, that increase in th 8
elements with age does not proceed at the same |
elements.,

The age at which tree species reach maturit
varies with the taxon in question (genetic v; ‘
given his selection of trees, the anatomist, withol
mendous amount of study, can do little more th;
the peripheral portions of the wood for his studies :
that he has chosen marure material. It would be
practicable for him first to study radial strip
woody plants to be considered and to €
case whether mature wood is present. The anator
ing with limited materja] is, therefore, doubly
tor often he has no idea of where, radially _
were derived; and if he has peripheral material,
of the tree is still Open to question. His best
"I;”}"_’." his rcxlulr.‘.; making known to readers the I
Of his material and o E)llow the Hons
Rendle and Clarke (1934a.b) for a:gfog;lslu__

An example of ical R S
.y ] al study perf
vonited material s ghay presented b; 'gzrfoéf'
(Stern, 1955), this work. o o LI
able fo ! Y

* analysis and deseringior,
may be eXpected, PUoD, Ahe

were subjected to the




“Table 2. LENGTH OF VESSEL ELE
STANDARD i
MEAN DEVIATION RANGE
884 168 483-1360
741 110 450-975
762 108 510-990
913 125 6001230
883 138 600-1230
971 163 615-1395

Table 3. DIAMETER OF VESSELS (TANGENTIAL) IN i

STANDARD
MEAN DEVIATION RANGE

39 7.0 20-64
36 6.1 22-54
38 8.7 18-61
36 5.9 18-54
42 0.2 22-65
58 13.6 25-79

Table 4. LENGTH OF TRACHEIDS IN u

STANDARD
REFERENCE MEAN DEVIATION RANGE

1140 198 629-1615
991 165 540-1425
1078 163 675-1425
1028 183 630-1440
1239 199 750-1725
1199 190 735-1770

Comparison of the mo

rphology of elemen
undertaken. Among the fcamres?g)ynsidered

of the perforation plates, intervascular P
parenchyma distribution, pore arrangement,

0" imperforate tracheary elements, angle ¢

ment end wall, and pitting between vertical parenc

vessels. In only one case was there an pronounc
logical dlﬁegencc among the elements of the
mens. The single exception was the almost com




ANALYZED DIFFERENCE IN #¢ THE DIFFERENCE
i 0.928
i_?; 1.118
A-D 0.915
AR 3 1.158
A-F 1 1.530

Table 7. SIGNIFICANCE OF THE DIFFERENCE BETWEEN TW
TRACHEID LENGTH
STANDARD THREE TIMES
GROUPS ERROR OF STANDARD ERROR
ANALYZED DIFFERENCE IN & THE DIFFERENCE OF DIFFERENCE

A-B 149 25.77 7731
A-C 62 25.65 76.95
A-D 112 2696 80,88
A-E 9 28.07 84.21

A-F 59 27.44 §2.32

It seems evident that what the wood anatomist ni

are some generalizations based on extensive and
surveys of anatomical variation which will enable
intcr]Srr:t more completely and accurately data o
from restricted material. For instance: Can w
as to the age when woody plants reach maturity
much does this vary among and within species a
taxa?> How do site and other environmental fact
ence the size and form of anatomical elements?
the variations that occur due to proximity to cro
tion on the upper or lower sides of branches?
we have at least partial answers to some of these g
but for the most part, general rules have nor
coming.

Analyses should be designed through
anatomists and statisticians which will
other answers upon which generaliza ¥
Srudies should be made within species us
series to determine the structural variation in
plant. Analyses on different speci
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NOTES FROM THE S. J. RECORD MEMORIAL
COLLECTION. L
George K. BrIZICKY

Recent examination of material in the S. J. Record
Memorial Collection of the Yale School of Forestry, has
revealed a number of specimens which seem to be worthy
of note. IJt:i'.i:c.atu of these .xpccimcn.\ may occur elsewhere
and it will be the purpose of this series to record emenda-
. n the idenufication of these specimens and/or to
I.'l.' 5"\‘_' Out '..':fL.\"!if‘-'L_' featurcs cul'li.‘t’!'ﬂillQ fhein.

Amphitecna macrophylla (Seem.) Miers (Bignonia=
ceae). MEXICO: Usero, Oaxaca, Ll Williams 9943 (X
34861). This specimen was pl'C\'inusF_\,‘ identified as Grias
fendleri Seem. On the herbarium sheet, however, Protessor
Record noted: *Wood ijii.t']'('l'lf—i,t,‘g.‘? The leaf of ‘Vilﬁams’
specimen is 85 cm. long. The corresponding wood sample is

hat of Enallagma, and is superficially legu=
IIINous In appearance, :1‘.»'3,-“,"1;.‘:".%'{'?!.1 m.rcrup}.w!la is a shrub

r - ricted occurrence in the montane forests of

ern Mexico and Guatemala (Record and Hess, Timbers

the New World, 77. 1943).

Christiana africana DC. (Tiliaceae). E. NICARAGUA:
H19 (X 36904). Lhe herbarium voucher was previous=

as Homalium hondurense ]. D. Smith (Fla-

A i;".u vernacular name was reported by the

s “palo i\':t.irn." Leaves of this sterile collection

y large, the biggest being 28 cm. long and 23.5 cm.

i 1_ he basal sinus of the deeply cordate leaves is closed,

mieh manner Shank’s specimen differs from all other

rbatium specimens of the species seen by the author.
\pparently the collection was taken from a sucker shoot.

Jaentiication of the corresponding wood sample was
wependent from, and preceded, the determination of the
< ,.._..-.'Il;}l-_”m”m‘ Dr. A. Koehler examined the wood of
i and stated: “Does not compare with other

Hon anum sor . r - :
nativn spp. from W, ch'usphcrc. Name 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
Wood 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
Memorial 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 Christiana africana, made in 1949,
seems to be the first known from Nicaragua. Before that, in
the Western Hemisphere, the species was reported onI{
from British Honduras in Central America, and Britis
Guiana and northern Brazil in South America. Interestingly
enough, in 1926 Standley, reporting on the occurrence of
Cbristiana africana in British Honduras, asserted: “This tree
is likely to be found along the coast between British Hon-
duras and the Guianas.” (Trop. Woods 8: 5).

Qualea cymulosa Schery (Vochysiaceae). COLOMBIA:
DEPARTMENT OF Bo:.n'ax,r{ands of Loba, Norosi-Tiquisio
trail, Curran 167 (fr., Y); vicinity of Estrella, Caiio Papayal,
Curran 333 (sterile; Y 1539). In his monograph of Qualea
(Acta Bot, Néerl. 2 (2): 1953) Stafleu cited (p. 202) Curran
169 as Qualea cymmlosa. His quotation most likely refers to
Curran 167, because Curran 169 from Lands of Loba repre-
sents the type collection of Pithecollobium spinulosum
Pittier (Contrib. U. S. Natl. Herb. 20: 459.1922). The
vernacular name of Curran 167 was reported by the collector
as “sabanero.”

Swartzia sumorum A. Molina in Ceiba 3: 04, 1952
(Caesalpiniaceae). E. NICARAGUA: Shank 83 (Y 46873)
The coﬁ’lection 1S represenr'ed by several leaves and young
inflorescences with flowers in bud. Although Sbm_}_e]_ 83
differs from the original description in having ?-Eolaolatc
leaves rather than 5-foliolate leaves with mostly more bzlr ess
obovate leaflets, there is hardly any doubr that it belongs




haps useful to add a brief d .
bud.—~Flower buds globose, about 2 M
pedicels 0.5—1.0 mm. long; calyx entire,
(Molina seems to have been somew.ha;‘: unce
etals for he wrote: “petala ut wde_mf
about 30 in 2 series; ovary appromEna_
(possibly also subsgsgiic), strongly incurve
brown, sparsely whitish pubescent at base
ovules 9 (in the 2 ovaries seef\).-—'ljhe'_ ve
reported by Shank for his specimen 1S 1931;
cited by Molina for Swartzia sumorum— uvill

SIGNIFICANT RECENT COLLECTION
QUERCUS FROM PANAMA
Corxerius H. MULLER

University of California, Santa Barbara College, C
California

In a small collection of Quercus collected by Drs.
I.. Stern and Kenton L. Chambers from Prov:
Panama, every one proved worthy of note. A full set
specimens is deposited in the Herbarium of Yal
School of Forestry (Y) while duplicates are reta
Muller Collection of the Herbarium of the Univ
California, Santa Barbara College (SBC). I hav
cral specimens bearing upon the same species
Dr. Robert E. Woodson, Jr., of the Missouri
den (MO) where the originals of these are de
duplicates in my own collection (SBC :

Drs. Stern and Woodson for making the spe
for study. '

Quercus corrugata Hook. This s
from Chiapas to Costa Rica, has not
ported from Panama. The material now a
condition, accompanied by fruit, and r
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surface; petioles 8 to 18 mm. long, W ingc.d by thri liic‘t‘l]rli?ll:[
blade, the upper surface flattened, ]_)uluc_sw.nr or glabrate like
Flowers not seen, Fruit ;\.nnu:tl. solitary (from

hort muld-flowered catkins) on short, thick peduncles 3 to

It m 1 1 to § mm. thick; cups 13 to 17 mm. broad,

the TWIgS,

e 10 jeep, cup-sha sed. the bases rounded, th_c mar-
" the scales tightly appressed, prominently
over: acorns about 10 mm. long and 13
broad. denst puberulent, about % included.
S cxamined: PANAMA, Prov., CHiriQui, north
Fl Haro. Volcan Baru, at 1570 m. elev., June 5 1955
( 0. 35 (type in Y ): Cerro Punta, at 1800
057 Stern and Chamrbers no. 76 at 2000
. Viay 24. 1946. P. H. Allen nos. 3496 and 3523; Llano
| Volcan. at 1500-1600 m. elev., May 27, 1946, P. H: ‘Alien
1 hild nos. 3464 and 3467.
readily distinguished from Q.
E‘.i.iilt'--\.'\'.lii.'t' of ifs t\\'il:’_'.», the exten-
scence, and the uniformity of the
-ales. The same characters and the
tinguish it from Q. esesmrlensis Tucker
Q. vulielmi-treleaser C. H. Mulll 16538
ther large fruit, elongate petioles, and
| he addition of Q. baruensis to the alrc:ldy
of enure-leaved black oaks 15 not to
high degree of confidence, for this
of the most difficult problems in the
t material of some species, the intricaté
ition _.i'.n'l isolation of populations, and the
lack of prominent differences among
to complicate the problem. Fortunatelys
S0 EI'.:H'L;.('H_\' from the P|'c\"|.nu-_..1\r known
of this assemblage that it §s not difficult to :"ccugni'zc.

Fig. 1-1. Quercus barue
Stern and Chambers no.
Stern aitd Chantbers no.

asis C. 1. ,'_\-'lullu
55 (Y)—¥ig, 2.
76 (SBC),

sp- nov.—Fig. 1. The type,
A representative specimen,
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CURRENT LITERATURE

What flowering tree is that? A handbook for the
tropics. Edwin A. Menninger, Southeastern Printing
Co., Stuart, Florida. 1-176 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-?re-
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 trees,” “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. Essentially, 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 Latin 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 reparation of fpturg .edit:ions. Latin
generic names are abbreviated by their initial letter when
the author employs the generic name as a common name,




Nomenclature, 1956, Recommendatior
name ends in a consonant, the letters
from Ramond), except when the n:
is added (thus kerneri from Kerner).”
scholessi” must be :}pdled Ruttya
lamarcki” should be Alangium lamarcki
The author (p. 13) spells “Rauvolfia”
is the correct transcription because “there
nevertheless he writes Swartzia and B
the International Code of Botanical No
follows: “The consonants w and y, fo
Latin, and &, rare in that language, are p
pl:;nt names.” Some degree of consistency
able.
According to the author “‘dendro
(p. 72), although in fact, it is Greek for
mon name of the family Caesalpiniacea
Family.” This is likely to be mis
bean, Phaseolus, belongs to ano
(Fabaceae). Tabebuia avellane,
Tabebuia ipe are listed as diff
monographer Dugand (Mu
specific, and the former bin
to the author’s “Colombia trump
(the correct spelling mus
@na), appears to be open
not be located in
monograph of (










the grou treated by S
Although it is the most easily defined
members of Cichorieae possess no charac
oceur also in the other tribes.

TriBe EvraTORIEAE
Evpatorium rrustrRaTUM B. L. Raobinson, Pro

Acad. 47: 193. 1911, Osmria frustrata (B. L. Robinson)
Fl. Florida Keys 147, 1913. -

Eupatorium frustratum is a shrubby perennial, with s
der grooved stems 5-10 dm. tall. The leaves are ovate-}
olate to deltoid-ovate, opposite, up to 6 cm. long and 3
wide. Leaves have thr d pri

ce palmately arrang rimary
dentate margins, and

cads are oblong-campanulate, 5-8 mm. long. In-

volucral bracts are elliptic to lanceolate, greenish to green-
ish-white and bear 5-8 of the linear marking: characteristic
of involucral bracts in the genus. The heads are discoid and
the recepracle convex. Corollas have a bluish or purplish-
blue color and are about 4 mm. long, The pa2ppus is com-
posed of numerous capilla bristles about 4 mm. in length.
Achenes are black, 4-5 angled, about 4 mm. long. A marked
aroma is characteristic of this plant. '

General distribution—Eupatorium frustratum is ‘endemic
to the South Florida region (Ledin, 1951).

U. 8. distribution.—]edin
occurs on Cape Sable, Key |
Islands. According to Davis | )
Keys. Therefore, it is more n rly enc
than any other Compositae considered

a usually obtuse he hc'-i‘hagc- SN
]_ﬁ}lxtly covered with inconspicuous uniseriate trichomes.
e h

clements, librif
clusively.
Pores are

of 1.8 il
diameter
the avera
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pits.
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No resinous deposits nor crystals were observed in any. 'I\J study was

cells. . | distribution
Discussion of the wood anatomy o

the dmcnpnon of Echatonum odo,

Erect
wered grow-
ern & G E:

Leaves are epposnte :
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and fade into the }Iié&g;ajl{gmpm ‘which connect pit 2

tures on the inner surface of the vessel wall. This is |
like the condition illustrated in the present paper for P
odorata (fig. 7). On vessel walls facing parenchyma, pits
are sparser, and portions of the wall not bearing pits may

show very fine helical striae. The range in vessel element

length is 70-420p; there is a tendency for vessel elements
to become shorter and wider in the early wood of each
F‘owth ring. The most frequent range in vessel element
ength is 266-378x, and the average length is 278p. _

Libriform fibers are non-storied and approximately 700
in length. They are relatively thin-walled, although thicker-
walled fibers occur in xylem laid down near the end of a
season. Pitting of libriform fibers consists of simple pits
with narrow, oblique apertures.

Rays, as seen in tangential section, are fairly abundant,
and may occupy a third of the area of such a section. Rays
may be considered as homocellular because they consist of
cells square to upright in shape, as seen in radial section.
Uniseriate rays are absent or nearly so. Multiscriate rays
vary greatly in vertical height; some are extremely high,
and narrowed at places along the height, giving the appear-
ance of vertically superposcd ray he average ray is 1.9
mm. in height, and about 30 cells high. Most rays have a
maximum width of from 4 to 7 cells. Upright cells are
present along the lateral faces of the rays, and may be pres-
ent at the upper and lower tips. Because these upright cells.
are libriform, the precise limits of rays may be difficult to
define, as seen in tangential section. Walls ‘of ray cells arc
lignified, although thin, and bear numerous small simple pits.

Axial parenchyma consists exclusively of scanty vasicen-
tric parenchyma. Such cells form .ahgy a partial sheath,
never more than a single cell in width, around a vessel or
vessel group. Often, only one or two parenchyma cells are
adjacent to a vessel. As seen in a longitudinal section, verti-

cailsparenchyma cells are subdivided into strands of two
CElls,




occur near the base of tl
are typically trifoliate. Incon ,
are present on the lower surface of the leav g A
tioles, and within the joined bases of the pair of opposite
{:aves at each node. Leaflets have serrate or dentate mar-
gins, acuminate tips, and are ovate to lanceolate in shape,
up to 6 cm. long and 4 cm. wide. Heads are in groups of 1-3
at the ends of branches. The involucres are camp anulate,
with the bracts of the outer series green, oblanceolate,
united by their bases, and somewhat shorter than those of
the inner series. Recepracular bracts are lanceolate and
present throughout the head. Three to 6 ray flowers may
be present; corollas are whitish, drying yellow, and may be
entire or with 2-3 lobes. Disk flowers yellow, corollas 4-6

mm. long. The achenes are crowned by two awns with re-
curved barbs, and are 5-9 mm. long in fruit.

groupings

average pif_ﬁ_ 1‘9

General distribution.—Bidens pilosa var. radiata, original-
ly a native of tropical America, has spread as a weed over
warm, places in both hemispheres. According to Sherff
(1937), New World localities include Mexico, Central
America, South America to Chile and southernmost Brazil,
Cuba, Haiti, Puerto Rico, Jamaica, and many other West
Indian islands. In the Old World, he records it from both
North and South Africa, the Canary Islands, China, and
Thailand. According to Ledin (1951) it also occurs in the
East Indies, the Hawaiian Islands, and other Pacific islands.

U.S. distribution.—Bidens pilosa var. radiata is frost-sensi-
tive, but can grow during the warmer portion of the year
as far north as Massachusetts (Ledin, 1951). It has been
recorded in California, Arizona, and Louisiana (Sherff
1937) as well as in Georgia and Alabama (Ledin, 1951), but

the grcatcsr_conceqtration, according to these authors, ap-

’{?m to b; 120 Florida, Within the eys, it occurs on both
i ’ S, |

191:1,!;)_ an wer Keys, and on the Sand Keys (Small,




Axial parenchyma consists O S¢
chyma exclusively. This s present as @ pr
more than a single cell wide, around v
groups. As seen in longitudinal sections, mpﬂ-l'
are approximately the same length as the A ;
they accompany, and are typically not subdivided
strands. _

Resinous deposits occlude some vessels andﬁbezs,
present in the form of droplets in ray cells and v
parenchyma. No carbonization of these substances occ
No crystals were observed.

DiscussioN _

In an earlier paper (Carlquist, 195 8), the wood ana
of several members of Heliantheae, subtribe Coreops
was investigated. The resemblance in wood anatomy
tween Bidens pilosa var. radiata and one of tht_:se,' Bidm _
bendersonensis, is extremely close both in qualitative and
quantitative characters, and the two species could probably
not be distinguished with regard to wood anatomy. Appro-
priately, the other members of Coreopsidinae differ in vari-
ous respects of wood structure from these two species of
Bidens. Further investigation is needed to determine if the
genus Bidens is indeed quite uniform in respect to wood
anatomy.

Specimen exanined —PLANTATION KEY: Semi-shrub,
1 m. high, woody at base; more basal leaves simple, upper
ones compound; heads with white ray flowers and yellow
disk flowers; in hammock; 21 March 1958, W. L. Stern &
K. L. Chambers 256 (Y; Yale wood no. 51467; RSA),

SUBTRIBE VERBESININAE

BorricH1a arBORESCENS (L.) DC., Prod. 5: 489. 1836, By, h-
thalwmem arborescens L., Sp. P). 1273, 1753. Diomede -
rata HBK., Nov. Gen. Am. 4- “ g

213, 1820. Diomedeqg i =i
tata Cass., Dict. Sci. Nat. 13: 284, 1826, i

Boafn'cbia arborescens is a shrub 2-12 dm, in height. The
bark is smooth and light tan in color. The leaves are oppo-
site, oblanceolate, and succulent, so that the venation isp 11}1';1"-,' 1

! 1
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the vessels, although some parcnchynm cells are in contact

with vessels. The pnrcnchyma of these bands is therefore

best termed apntmcheal. These bands are discussed more
fully below for B. frutescens, in which rhc'y_‘ ;11'5: more fre-
quc'nt. They are illustrated for that species in hg. 3-4.
Pores are not ;1pprcci;1hi_\-'_;mgu‘r.lr in transection. (Group-
ing of pores is relatively infrequent, and the average num-
ber of pores per group is 1.49. lhe range in mngentm:-l
diameter of pores 1S 30-90u. The most frequent range 15
36474, and the average diameter is 45p. Tyloses are absent.
Perforation plates 'th'vhimpit and circular or nearly so. The
anele of the end wall of vessel elements varies between hori=
zontal and 50° with the horizontal. The average 15 about
30°. Intervascular pitting consists of alternate oval bordered
pits which measure about 3 by 5p. Some transitional pitting
is also present. Apertures are rather wide and lenticular in
shape. Vessel elements have a range in length of 70-238p.
The most frequent range is 154-196,, and the average length
is 164 A very few vascular tracheids were observed.

Libriform fibers have an average length of 275p. They
are often septate. Walls of fibers are relarively thick. Pit-
ting consists of small simple pits with slit-like f)hlique aper-
fures.

Rays are cmnpn_\ed of cells square to procumbent in
radial section. A few upright cells are present along the
upper and lower tips of rays, but not along lateral faces.
Uniseriate rays are absent or nearly so. Most multiseriate
rays are 4 cells wide at their widest point. Although the
variation in ray height is great, the average ray I1Jight IS
1.1 mm, Spch a ray is about 27 cells in height. Walls of ray
cells are lignified and bear numerous small simple pits, :

Scanty vasicentric parenchyma is present in the form of

partial sheath around vessels and vessel groups. Such
parenchyma cells are relatively thick-walled, and are some-
times su.bdl\-'idcd‘ into strands of two cells, as seen in a
longitudinal section. The apurmchcal parenchyma cells

mentioned above are subdivided into strands of two cells, as
seen in Jongitudinal section.

a
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The abundant secretion of resin-like compounds was illus-
crated photographically in an carlier paper (Carlquist, 1958).
Guch resins may oc ude vessels, fibers, and both vertical
and ray parenchyma cells, Even in cells where such large
deposits are not present, resin-like deposits often occlude
pits of A1l but the most recent cells of the wood. Some of
the resinous deposits are carbonized. Crystals were not ob-
cerved. A discussion of the wood of Borrichia arborescens
follows the description of B. frutescens below.

Specimens examined.—BIG PINE KEY: Succulent woody
shrub. 18-24 in. 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, 21, 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 Jm:e.
1956. W. L. Stern & G. K. Brizicky 288 (Y; Yale wood no.
51119; RSA).

Borriciia FrRuTESCENS (L.) DC. Prod. 5: 489 1836. Bupb.—
thalpom frutescens L:, Sp: Pl 1273. 1'7-%3. Bup};tlgqlmum
incanum Mill,, Gard. Dict,, ed. 8, 1768. Diomedea bidentata
Cass., Dict. Sci. Nat. 13: 283. 1826. Diomedea linearis Cass.,
Dict. Sci. Nat. 13: 283. 1826.

Borrichia frutescens is a shrub, 2-7 dm. in height, with

smooth, light tan bark. The leayes are opposite ﬁﬂbhﬂ“f
olate, up to 7 cm. long and 2 cm. wide, or spatulate, up 0
5 cm. long and 3 em. wide. Leaf tips ‘are acuminate or act;l_l_te"_
'nd n fevs teeth may be present along the ;ﬂﬂgd’m:; A lg
may be altogether lacking. In plants with f{_’a_ e’;}_ i qurs
succulent leaves, the jHajOrIVERARON i ‘_"51_13’--‘3' gn__ (;1 hort:
faces. Both stems and 1@"“”%’-‘:"1@501)’ 'qovm :im;}s smm?
uniseriate trichomes. 'I"hepws"f l_e?‘vﬁfﬁr“Pen' fvhi(‘-::h re
usually leave a pair of p ent bract-like pegs

2 = ] S : the ] ves. Iﬂ""
arranged at right angies to the midvein of the leaves

succulent; the outer bracts are MAIKEEY = an
e and sepepeacuae brscts are lncetuee ot
receptacular bracts are terminated by a StOUL. I




about 3 mm. long, and are g
by a cup-like calyx. R

General distribution.—Borrichia frutescens 15 mo
spread than B. arborescens. It has been re orted in 1
(Small, 1913) and Yucatan (Ledin, 1951) as well as i
U. S

U. S. distribution—Small (1903) reports thls“? 3
extending from Virginia to Florida and l'exas. Wathi

Keys, Small (1913) reports it on both the Up_pet" and L.
Keys, and on the Lower Sand Keys. As with B. arboresc
the number of available localities for this species within
range may be limited, because both species sc.eming'-iy-
quire littoral or salt-marsh habitats. '

ANaToMY

Growth rings are present toward the periphery of stems.
These growth rings are demarcated by bands which consist
of narrow vessels, a few vascular 'ti'ac{lf:ids, and apotracheal
parenchyma (fig. 3, 4). Such bands extend completely
around the stem. The parenchyma in them is termed apo-
tracheal parenchyma because it is not distributed primarily
with reference to the vessels, although some of the cells may
be in contact with vessels. Vertical elements in the earlier-
formed xylem of the stem, as well as the xylem between the
above-mentioned bands which occur in the later xylem,
consist of relatively wider vessels, thick-walled libriform
fibers, and vasicentric parenchyma. :

Pores are not noticeably angular in transection. The
average number of pores per group is 1.8, although group-
ing of pores increases in the bands mentioned above. Tan-
gential pore diameter ranges from 18 to 60y The most
fr::%ucnr; range is 30-48u, and the average diameter is 36,
Perforation plates are simple and cm:uEr No tyloses are
present. The end wall angi of vessel elements i

tween horizontal and an inclination of 60° with the

frequent

Scanty v:
sheath, etk

around

relatively
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DiscussIoN ‘
A relatively greater amount of material of Bamc?a;a-.;:
arborescens and B. frutescens has been studied he}'c than .
was studied in the writer’s earlier survey of Hel:aptheae_;;'
(1958). The difference between the species suggested in that
paper, in respect to ray cells {{;quarc to procumbent in B. W
arborescens; square to upright in B. frutescens) appears to,
be valid. Other differences between the species in wood
characters are relatively minor, and perhnps are not con-
stant.

The tangential bands which consist of storied narrow
vessels and parenchyma are of considerable interest both in
their mode of occurrence and in their significance. In all
specimens of both species of Borrichia, the earlier portion
of the xylem was devoid of such bands. In B. arborescens, a
single band was seen only in the stem of the collection Stern
& Brizicky 232. In B. frutescens, the stem of Stern & Brigicky
I77 had a single band, whereas three successive bands were
observed in the collection Stern & Chambers 208. The cause
for the production of these bands is not readily apparent.
They do not appear to 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-
esting to note that they are not without parallel in other
Heliantheae. Bands of this nature, although more frequent,
were observed in another member of the subtribe Verbesini-
nae, Encelia californica (Carlquist, 1958), although none
was found in E. farinosa. Similarly, Dubautia Menziesii
(Heliantheae, subtribe Madinae) shows very pronounced
bands; other species of Dubautia show less extreme stages in
di_ﬁcrcnri:mon of these bands, as compared to the remainder
of the xylem (Carlquist, 1958). In other tribes, such bands
occur in Hecastocleis and Proustia of Mutisieac; the bands
of Baccharis (Astereae), described below, are somewhat

different, but probably represent much the same sort of
phcnmncn(:n.

) - L o . o & Chambers - 208.
Iig. 1-7.—Fig. 1=4. Bors o f",m‘ﬂ-"ﬁ"i-'??"a-__‘-_s-mf’.; » e
s i 152, Transverse and cangental seetions of portion o
xylém where bands: dﬂn‘?tqwﬂr‘:—'ﬁgé;' nmuw \wf‘s, vascular
sections showing & bﬁﬂd WM mcill 3. Ambrosia hispida, Stern
tracheids, and vertical parenchyiii=== s =4 '
& Chambers 282, Tangential sectt

hich inoludes'n Seererorsrcanals X 185=Hig: 6 WHCCHITE.
\.‘,.;“.c ; ci.lltﬁn-.a. Librnrhers ?;mg.;ﬂerﬁqg of -tnngepﬂul seetion shgxfin_,g

_Although features of wood anatomy alone are not de-
cisive, data on wood structure would not be opposed to







General distribution.—Melanthera aspera has ¢
ed (as M. deltoidea) by Ledin (1951) to occur:
Rica, Yucatan, and other parts of Mexico, as we
Jamaica, Trinidad, Dominican Republic, Cub:
and Florida. )
U. S. distribution—Within the United States,
aspera, according to Ledin (1951) occurs in penins
southern Florida “from Fr. Lauderdale to the Sand
as well as on various of the larger Keys. It appears to
typical of drier disturbed areas, such as roadsides, or san
beach habitats,

AnNatomy i)
Growth rings are very indistinct. The vertical element
of the xylem consist of vessel elements, libriform fibers,
vertical parenchyma. Although some very narrow vess
were observed, no vascular tracheids are apparently present.
Pores are distinctly angular in transection. Pores are most-
ly in groups, and average 2.3 pores per group. The range in
tangential pore diameter is 15-48,. The most frequent range
is 27-36p, and the average diameter is 34x. Tyloses are abund-
ant and vg?r_ thin walled. Perforation plates are simple and
circular, Although the end walls of vessel elements range
between an angle of 30 and 80° with the horizontal, the
average angle is 40°. Intervascular pitting consists of alter-
nate circular bordered pits, about 5u in diameter, with slit-
like, nearl]y horizontal apertures. Pits on walls facin paren-
chyma cells are more sparse and tend to he elllpmggm out-
line. The length of vessel elements ranges berween 112 and
23%u. The most frequent range is 140195y, and the average
lcngth 15 184p. ' : TR
Libriform fibers average about 5004 in len gth, and
non-storied. They a_reeggd'emely _tbh:{fwa‘l-led and hs

e ) tely thin-walled and have t
'like!?flncplmg' consisting of simple pits with oblique
Pfiﬂlﬂ__l'y rays on smal}er stems occupy a i
the xylem, but these are rapidly broken &?so




raceme along the terminal portion HORERS
cence axes which terminate shoots and may bear car|
branches below. Peduncles of staminate heads are short
mm. long and not subtended by bracts. Bracts withir
ellate inflorescences and involucres of stamin:
are hispidulous. Carpellate heads consist of a tuberct
involucral envelope, about 4-4.5 mm. long at maturi
Staminate heads are about 2-4 mm. in diameter, a
a single series of involucral bracts which are round
their apices and more or less united by their bases.
inate flowers are about 2 mm. in length, with dull whi
corollas. The plant is aromatic, and small resinous drop!
may be seen on leaves and involucres.

General distribution.—Ambrosia bispida oceurs in tre
cal America as a strand plant. It has been reported in St )
America, Yucatan and other parts of Mexico, Cuba, Haiti,
Dominican Republic, Puerto Rico, and Florida.

U. S. distribution—Within the United States, the species
is restricted to southern Florida. It occurs on the Sand Keys
and on both the Upper and Lower Keys (Small, 1913). Tt
has been found less commonly in the Miami region. Char-

acteristically it grows on sandy dunes or rocky shores along
the coast, where it forms low mats.

ANATOMY

Growth _rings are present. The axial portion of the
xylem consists of vertical parenchyma, libriform fibers, and
vessel elements; vessel elements grade in diameter to quite

narrow, however, and a few such elements lack perfora-
tions and are therefore vascular tracheids.

Pores are only slightly angular, as seen in transecti
The average number of pores per group is 1.7, T:neg;?i:i
pore dramt_:tcr ranges from 12 to 90, (the largest re§ =
observed in the collection Stern Brizicky 350) Iw.el_f{i:.
collection Stern & Chambers 282, the most . In th_!?«__

€ $ frequ ange
1s 20-42p, and the average diameter is 35 (5 Spqi'rf lgterm i

are absent. Perforation lates
iptical in -sma]l_et--vmist P '

Brizicky 393). Tyloses
simple and tend to be ell




Scanty vasicentric parenchyma is p
sheath, never more than a single cell
sels or vessel groups. Cell walls are
longitudinal section, vasicentric par L ¢
seen to be septate into strands of two cells Af .
apotracheal parenchyma are present. These are ta
short, and do not extend the width of an interfascie
They are mostly continuous with vasicentric pare
Although some of these cells are transversely se
of them are not.

Resin deposits occur in vessels and between ray cel
Some of the latter accumulations are carbonized. No cn
are present.

Discussion _ v
The two specimens of this species differed markedly in
the dimension of vessel elements. The latgest elements

occurred in the collection Stern & Brizicky 393, which had
a smaller accumulation of xylem.

The presence of secretory canals in rays of Ambrosia
hispida 1s of interest, because they have been reported in
only one other genus of Compositae, Bebbia (Carlquist,
1958). In Bebbia, however, the secretory canals are smaller
and surrounded by lignified cells. Because Bebbia belongs
to a part of Heliantheae quite different from subtribe
Ambrosinae, and because the nature of canal structure is
different, secretory canals have probably arisen independ-
ently, The occurrence of secretory canals in Ambrosiy
hispida is perhaps not surprising in view of the abundant
internal secretory structures elsewhere in the plant.

The wood of only one other member of Ambrosinae,
H ymenoclea salsola, has been previously investigated ( Csr1: r
quist, 1958). Features of Hymenoclea salsolg different from
those of Ambrosia hispida i presence of exclusiver
ly non-lignified walls in ra absence of oy
canals, and marked s > Secretozyg

seasonal ‘periodicity in the prodyerie
. r . I‘ .
of certain elements. Bands containingr e




Growth rings are present, but i
portion of the xylem exclusive of
consists wholly of ‘vessel elements and librifo

Pores are somewhat angular as seen | nsec
average number of pores per group is 1.7. The rang
tangential pore diameter is 21-51,. The most frequent ra
is 30-39y, and the average diameter is 33p. Tyloses are
absent, Perforation plates are almost exclusively simple. A
few plates, which are best termed multiperforate, were ob-
served. These plates had between 10 and 15 scalariform
bars, most of which were forked. The end walls of vessel
elements range between horizontal and an angle of 60° with
the horizontal. The average angle is about 45°. Intervascu-
lar pitting consists of circular or slightly oval bordered pits
about S in diameter. Apertures are short, oblique, and slit-
like, Pits are scarce on walls facing fibers. Helical sculpture
is lacking. Veessel element length ranges between 70 and 300,
The most frequent range is 154196y, and the average length
is 180u, N
_ Libriform fibers average about 350 in length. They occur
in a storied s)artem which conforms ta the vessel elements.
Walls are re ativelr thin, although this varies with growth
rings. Pits are simple, with apertures oblique and slic-like,

Rays are al_:-undan-t and occupy perhaps a third of the area
of a tangential section '

3 althou h the areri A er
gCSICd active bi‘eakup g marerial studied sug:

of rays by fusif
homocellular, and consist nfy yFsRORS kell,

Rays are

3
§

: : ; cells square to upright 1
in radial section. Uniseriate ra 1 pright as seen

ys are absent or nearly so. Up: 48
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alternae, linar o somewhat linceolte, 18 cm. in ln
and up to § mm. in width. Leaf margins arc entire 0° b7
a few teeth. Herbage is glabrous but glutinous, partic
at the shoot tips. Heads are arranged in a bracteat® pa
at the ends of branches. Involucres are 45 mm. in le
and conical in shape. Involucral bracts are numerots,
cate, and greenish in color (drying tawny) Wltha d
marking near the center of each. Heads are dl'sc'e?l& :
ous, and with whitish flowers. Corolla lobes of carpella
flowers are filiform, those of staminate flowers lanceola
Fertile achenes are about 1 mm. in length, W itish
minutely hairy, and crowned by a co jous aggregation of
capillary pappus bristles. On fertile achenes the bristl
about & mm. in length; bristles of the staminate flowers
less numerous and about 2 mm. in length.
General distribution.—Baccharis angustifolia is a sp
characteristic of salt marshes, hammocks, alkaline roaskgid
and sand dunes in the southeastern U. S, It has, however, also
been recorded for the Bahamas (Small, 1913).
U. S. distribution.—Within the United States, the species
ranges west to Texas and north to N. Carolina (Ledin,
1951). It has most frequently been collected in Florida.
Within the Keys, Small (1913) records it from the Upper
Sand Keys. The specimen under study is from Key Largo.

ANaToMY

Growth rings are indistinct. Bands, which contain verti-
cal parenchyma, narrow vessels, and vascular tracheids are
present, but these are scattered equally through all portions
of a growth ring. These bands extend across all or part of
:)he (cihstancedbetween two rays, as scen in transection. Some
ands extend across i AL ,
several fascicular areas. The remainder

of the axial portion of the xylem consists of vessel ele-
ments, libriform fibers, and vasicentric parenchyma |
e




be similar to the condition W
apotracheal in other Compositae.
contain no tracheary elements at all.
apotracheal parenchyma seems ns1ble r¢
parenchyma, where it occurs, is contnuous wis
tric parenchyma, as scen in transection. As seen
tudinal section, vertical parenchyma cells may be non-se
tate or divided into strands of two or three cells; a
of two cells is the most common condition.

Large resinous deposits occlude some vessels. In rays
vertical parenchyma, droplets of such substances are p
ent. None of these deposits is carbonized. ' -

Discussion of wood anatomy of B. angustifolia follows the -
description of B. halimifolia below.

Specimen examined —KEY LARGO: All leaves on plant.
are narrow, broad leaved forms growing nearby; on high- '
way S 905, 6.4 mi, from U. S. 1, south side of road; 19
March 1958, W. L. Stern & K. L. Chambers (with G.
Stevenson) 250 (Y; Yale wood no. 51462; RSA).

Baccuarts HALIMIFOLIA L., Sp. Pl 860. 1753.

Baccharis halinifolia is a shrub, 15-25 dm. tall, with a
trunk up to about 3 in. in diameter. Stems are ridged. Leaves
are alternate, -ﬁetiolatc, with margins deeply incised into.
prominent teeth. Leaf shape varies considcr-ably within the '
species; the Keys specimens have leaves oblanceolate 0;- }
obovate in outline, up to 7 ¢ in length and 4 c¢m. in width g
Herbage is lglavbruus and often glutinous, especially near th :
shoot tips. Inflorescences consist of numerous hea}ds loos b
arranged in a bracteate panicle. Heads are discoid and I
sexual, with whitish corollas. Involucres me;;' et
in length and abour 5§ AR sure 5-§ T
in leng about 5 mm. in diamerer.

are numerous, imbricate, and greenish (d I_nvoiucral braets




The range in length of vesse !
most frequent range is 154-2104, and the average lenge
178y, Vascular tracheids average about 180 in length,
conform to the storied pattern of vessels and parench
in the bands in which they occur.

Libriform fibers average about 380 in length and are
storied. They are mostly rather thick-walled, and
simple pits with oblique slit-like apertures.

Rays contain cells square to procumbent, mostly pi
cumbent, as seen in radial section. Procumbent cells ex:
sively are present in the central portion of rays, and ur
seriate rays consist of both procumbent and square c

Multiseriate rays are more frequent than uniseriate rays.
Most multiseriate rays have a maximum width of 3 cells.
Uniseriate wings are not present. The average uniseriate
ray is 150 in height and consists of about 7 cells. The
average multiseriate ray is 440 in height and is about 17
cells high. Ray cells are lignified, and pitting consists of
numerous simple pits, circular in outline.

Axial parenchyma is present both as vasicentric cells,
which form a sheath 1-2 cells wide around vessels, and as
parenchyma in bands. The question as to whether the band-
ed parenchyma is truly paratracheal is discussed above in
the account of B. angustifolia. As seen in transection, band-
ed parenchyma is continuous with vasicentric parenclivma
As seen in longitudinal section, vertical parenchyma 'celh;
are usually subdivided into strands of two cells,

Resin deposits occlude a few vessels. Resi b
were observed in ray and vertical Parenchyn:‘am;l ]}::n;;f)litﬁ I

the collections studied. Such deposits - Sl
No cryseals were observed. =P are not carbonized.

Discussion

The wood anatomy of Baccharis balimifoli
( y alimifol be
described previously by Urling and Srn‘itl1f0(!;:‘}";.l B'a)s l?]?lﬁ
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shrub, t of the s.p;:c"ics_.sgen-, dl _
-scverall.:hrgn stems; sterile; along r:_oadi;.'_ uly
Stern & G. K. Brizicky 398 (Y; Yale woo
RSA).

Haprorappus pHYLLOcEPHALUS DC. var. MEGACEP
(Nash) Hall, The Genus Haplopappus (Carnegie
Publ. No. 389) 59. 1928, Eriocarpum megacephalum
y Bot. Club 23: 107. 1896. Erioc

danum Gandoger, Bull. Soc. Bot. France 65: 4
Eriocarpum glaucum Gandoger, Bull. Soc. Bot. Fran
41. 1918. Haplopappus wmegacephalus (Nash)
Trans. Kansas Acad. Sci. 16: 131. 1899. Sideranthus
cephalus (Nash) Small, F1. Southeastern U. . 1185. 1
Machaeranthera phyllocephala var. megacepbala (Nash)
Shinners, Field Lab. 18: 40. 1950. !

Haplopappus phyllocephalus var. megacepbalus is a low
shrubby herb with a woody base. The stems branch from
near the base, and are lightly striate. Leaves are alternate;
middle leaves are 8-12 mm. wide, 3—4 cm. long. Both stems
and leaves have both glandular-scabrid and villous or tomen-
tose indument. Leaf margins have prominent teeth, about

2 mm. long, which are terminated in a stout uniseriate

trichome. Heads are mostly solitary on the ends of stems or

branches; a group of such flowering branches at the end
?f one of the main stems, however, forms a loose corymb.
.l‘he ;nvolucr.es are 10-14 mm. high, and consist of numerous

imbricate bracts. The bracts are lanceolate, about 8-10 mm.
long, greenish with a darkened apex and scarious margins.

The receptacle is alveolate. Heads are radiate with vellow |
flowers. Ray ﬂpwers are about 25 to 40 in number, with thpf
gxpﬂanded portion of the corolla 5-7 mm. long, teIT 7
II}I\ two or three lobes. Disk flowers are about 7 mm. in leng
the corollas 5 mm. long. Pappus consists of num;

bristles, 5~7 mm. in length, A try
covered with minure e ! chenes are dark, but dens



average .7 mm. in heigh re. Shglss hig!

cells are lignified, and ave abundant small pits with ci
Scanty vasicentric parenchyma is present as a par

nearly complete sheath, never more than a single «

width, around vessels or vessel groups. (;cll W

erately thin. As seen in longituc inal section, vertical

chyma cells are in strands of two. Apotracheal paren

is absent. o
Resinous non-carbonized droplets are present in ray

vertical parenchyma cells. No crystals are present.

Discussion
Metcalfe and Chalk (1950) have studied only one gen
belonging to the Haplopappus complex. This is Ericamer
and the only features they report for it are the presence of
Is, abundant uniseriate rays, and the occurrence of
bordered pits in libriform fibers. None of these characters
oceurs in Haplopappus phyllocephalus var. megacephalus.
Except for the presence of a few vascular tracheids and the
high degree oF pore grouping, this species exhibits few
specialized characters, in contrast to the relatively special-
ized wood of Baccharis described above. This is certainly

in accord with the relatively specialized gross morphology
of Baccharis, which is diocciosui. gk

Shinners’ transfer of this taxon to Machaeranthera may
well prove to be the most acceptable treatment. Because
other areas of the Haplopappus com

ment before a clear knowledge of the limits
anthera and other genera is obtained, the

species i d
to Haplopappus here. Both Shinners and H.ra)e B

plex require reassess-
of Machaer-

1l ;
plnt should be regurded 15 an infraspecifc. aviy undeg
aplopappus (Machaerantherg) phyllocepbalys, - T
Specimen  examined ~LITTLE TO TR
shrub; leaves aromatic, viscid, fleshy RCH, KEY: Lo

; flowers yellow; 2 Ju
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cular to ov
Sp in diameter. Pit apertures are _g‘i
horizontal. Grooves connect the apertures of pi
in a helix (fig. 7, below). There is, in addition, |
tional pitting present. Vessel elements range in |
tween 154 and 4204 The most frequent range is
and the average length is 283u. ' _

Libriform fibers are non-storied and average about
in length. They are relatively thin-walled, and have
pits with oblique, slit-like apertures. : . of

Rays consist mostly of cells square as seen in radial sec
tion. Procumbent cells are present in the central portion
rays. Uniseriate rays are absent or nearly so. The width of
multiseriate rays varies widely; they may have a maximum
width of from two to many cells. 2E‘rhe average multiseriate
ray is about 1.3 mm. in height, and is about 35 cells high.
R:Iy cells are lignified, and bear small simple pits with cir-
cular apertures.

Axial parenchyma is present as relatively thin-walled
vasicentric cells. These form partial, rarely complete sheaths
around vessels or vessel groups; such sheaths are never more
than a single cell wide. As seen in longitudinal section, they
are subdivided into strands of 2-4 cells. mostly 2. i

Resinous deﬁosits are present in a few vessels and vasi-
centric parenchyma cells. Droplets of such materials oceur
in ray cells and some fibers. They are not carbonized, No
crystals were observed, :

Discussion

The only species of Pluchea for which any d i
able is P. indica, in which Coster (1927) reports. qra
rings. These are lacking in P. odorata, Data are .-;g_ 3
Metcalfe and Chalk (105 given b

0) for other Inuleae, such as fy



Swmuel James Record Memorial Collectio

Forestry, Yale University, New /

The Goodeniaceae are largely Conﬁm':d
10 of the 13 genera are restricted to this onti
Calogyne and Selliera also occur outside
(Krause, 1912). Scaevola is the most widesp
the approximately 300 species in Goodenia
Scaevola plumieri, occurs on the Florida Keys Sma
1933) treats this species under the Brunoniaceae (“Br
aceae. Goodenia gamiiy“). Most botantists toda
the Brunoniaceae to be represented only by Br in
tralis, an herbaceous perennial with regular flowers, cor
fined to Australia,

Scaevora prosiert (L.) Vahl, Symb. Bor. 2: 36. 1791.

Lobelia plumieri L. Sp. Pl. 929. 1753; Scaevola lobelia Murr.
Syst, ed. 13. 178. 1774.

Scaevola plumieri (fig. 3) is a shrub 3-18 dm. tall. Branch-
lets are terete, tough, glabrous, greenish or purplish and con-
spicuously marked with the scats of fallen leaves. The latter
are alternate, crowded at the ends of branchlets, 5-9 cm.
long and 2-5 em. wide, thick and fleshy, shining, entire,
obovate to spatulate with a rounded apex. Leaf bases are
narrowed into winged petioles. Flowers are bisexual, zygo-
morphic and borne in axillary, 3-flowered cymes. The cal
is small and shallowly lobed. The corolla is gamopetalous, 5-
lobed, split to the base on one side, white, 2-2.5 ¢m. long,
glabrous outside and woolly within. The nearly linear
corolla lobes are fringed with broad, crisped wings, Stamens
number 5, and are included in the corolla tube. The ovary 1.-,
inferior, bilocular, with 1 ovule in each locule. The st

; ; ! stout
style is terminated by a stigma subtended by a ciliate, pollen-
“The field work necessary for this series 1w -
from the National Science 'Fuunda‘:iso;fn“ Was supported by a grant
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Tangential pore diameters average 41z and e between
25 and 60p. The most frequent range is 35-30p. }’10535_"9'
absent. Both scalariform and simple perforation plates occur
in sections. Although scalariform plates are not of rare
occurrence, they are not as common as the simple type.
Bars in the scalariform pcrforations are few (1-6) and may
be branched. Simple perforations are notable in th_at they are
elliptical; the long axis of the ellipse may be at right angles
to the vertical axis of the vessel (fig. 2). The end walls of
the vessel elements are mostly oblique varying from 15-65°
from the horizontal. Most are aboutr 40-45°. Intervascular
pitting is alternate, but quite irregular, \\'irhl\\-'idcly sep-
arated pits. A tendency to transitional pitting is noted. Pits
are small (3-7u), with somewhat elliptical borders. Vessel
elements average 420p in length and range from 213-639pu,
The most frequent range lics between 300 and 500.
Ray tissue is irregular when viewed in tangential section

(fig. 2). It is quite abundant seemingly occupying half the
area of the section. No truly procumbent cells occur and all
are either upright or hLlU'J.i'C". Therefore, rays are considered
as homocellular. Both multseriate and uniseriate rays occur.
Multiseriate rays range from 2-7 cells in width and may
exhibit uniseriate “wings.” Uniseriate rays vary from 1-16
cells in height; multiseriate rays from 763 cells in height,
Ray cells are lignified and thick-walled exhibiting con-
spicuous pitting between congeneric elements. Pittﬁlg be-
tween rays cells and vessels is alternate; that between ray
cells and rtracheids, follows the tracheidal pattern. The
division of rays by the growth of imperforate tracheary
elements is a conspicuous feature in the wood of Scaevola
plumieri.

__-v\xi:al }I);!I‘{_.‘IlL‘h__\-'m;'u is very sparse, and ocecurs mainly in
diffuse distribution. However, some strands are adiacent t
vessels producing the scanty vasicentric patter Jieak e

: > A ic pattern. Cell walls
are thick.

Discussion
' (,omparqr:vc material, in the form of slides, was available
from the S. J. Record Memorial Collection of three other

Fig

-3, Scaeval

sho'wif‘ng groun ndmass
outli

:mgular 0

Tangenual
fum%fm pl
tissue. ¥
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species of Scaevola: S. floribunda, S. frutescens and S. gaudi-
chaudiana. Of the species in table 1, only one, S. floribunda,
possesses growth rings, and these are poorly defined. All
species examined exhibit irregularly arranged, homocellular
ray tissue except for S. floribunda. In the latter, rays are
regular and correspond well with Kribs (1935) heterogenc-
ous type 11A; that is, the multiseriate rays are providcd with
uniseriate “wings” cnmposcd solely of upright cells, the
multiseriate portions of the multiseriate rays are cmuposcd
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 almost entirely solitary, only a small number of
multiples being noted. In all species but S. plumieri, the
axial parenchyma is fairly abundant. However, only in S.
floribunda is it conspicuous. Notwithstanding reports to
the contrary (Solereder, 1908; Kanehira, 1921; Metcalfe and
Chalk. 1950) at least some species of Scaevola exhibit scalari-
form pcrforatiun plates. It might be remarked, that the four
species of Scaevola under discussion are included by Krause
(1912) under the section Sarcocarpaea G, Don. S, ,ﬁ‘brr‘b:mda.
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 perforation plates in all 14 species of Sarcocarpaea
might be of taXONOoMmicC interest.
Systematic botanists are in agreement that Goodeniaceae
are closely allied to Cam anulaceae. Goodeniaceae differ
from Campanulaceae chieﬂ};' in the lack of latex and in the
rlrcscnt:c of a cup subtending the stigma. The family is
ighly n;i\'fmgcd showing such features as zx'gnmm'i}hic
corollas, mtcrular ovaries and fused t.':lrp::]s. Because of this
plates, diffuse :3&111 p'u'cnch‘\'ln'i“:l :f‘i '-l.f'lt‘ﬂl‘m P(.rf“‘n-“i(m

! ; i . h A, ¢ Ll'l(ll.'l'l(.\' o t’]‘;“‘.\,”-]“n.‘i
:mcr}ﬂxcn!:lr pul_nng and a groundmass of tracheids 'I'I\‘i\
seeming contradictory evolutionary evidence ¢ - :
e o ..f”z:ri. e ul(_nL‘L‘um_ prnlmlll‘.\'
SR g e ;h‘ ‘.nn primitive features in

. f ¢ true primitiveness of the
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raxon. As Bailey (1957) has emphasized: “It is no longer
jusl:iﬁablc to assume . . . that one organ or part of a
plant is inherently more conservative and reliable than are
all others. . . . Furthermore, the rates of evolutionary
modification in different parts frequently are not closely
synchronized.” Carlquist (1957) has observed similar con-
cradictions 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 Scaevola spinescens according to Krause (1912),
we find that Krause asserts that vessels are “fast vollige
Feblen,” that is, almost totally lacking. Apparently the
vessels in this xerophi_le 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 ;?rlem description of Scaevola
koenigii (S. frutescens) by anehira (1921) and the descrip-
tion of Scaevola, Goodenia and Dampiera in Solereder’s
Holzstruktur? no detailed accounts are recorded in the
literature.

Specimens exantined.—S. plumieri—FLORIDA KEYS:
Grassy Key. Shrub, 18 in. high, woody base, succulent
upper parts; fowers whitish; in sand south side of key; 1
July 1956, W. L. Stern & G. K. Brizicky 336 (Y; Yale
wood no. 51156). Shrub, 2-3 ft. high; flowers pale {a’u?le;
54 March 1958, W. L. Stern & K. L. Chambers 289 (Y; Yale
wood no. §1487).

S. floribunda.—F1]1 ISLANDS: Vim Levu, 1927, J. W.
Gillespie 3188 (Yale wood no. 25584).

S. frutescens—WEST CAROLINE ISLANDS: Patav
ANGAUR. 29 July 1929, R. Kanchira 598 (Yale waood no.
20391). _

o gaudicbmdiaﬂn.-—PlAWAI.IAN ISLANDS: Board -pf
Agriculture and Forestry, Territory of Hawaii 5 (Yale
wood no. 21224).

“T'he writers could not verif Solereder's descriptions a5 no copy
of Hocfzrmzkmr was available, li:eresnnﬁ.‘)'- it is not cited in Mercalte
and Chalk (1950).
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than the sepals; corona filaments in 2 series, the outer
form, 0.2-0.3 cm. long, the inner setaceous, 0.1 cm.
or less; operculum membranous, slightly licate, less
0.1 cm. high, incurved; limen annular, closely encii
the ovary; stamens 5, about as long as the sepals, filim
connate at the base, anthers oblong, versatile; ovary globs
sessile, glabrous; styles 3, stigmas capitate; berry s_ubii’ob.
0.5-1.0 cm. in diameter, dark blue to Eurphsh-blac gl
rous; seeds arillate, broadly ovate, about 0.3 cm. o
marked with 6-8 transverse grooves having rugulose rid,

General distribution.—Passiflora nultifiora is West Indi;
in range. It has been recorded from the Greater Antilles anc
the Virgin Islands. Killip (1938) states that its presence ir
Costa Rica is probably due to introduction by man
glabrous form (f. glabra) is known from the Bahamas, Cuba
and Haiti.

U. S. distribution.—Southern peninsular Florida and the,
Florida Keys. !

ONTOGENY OF THE STEM l
Development of the tissues in the stem is at first quite
normal. The vascular bundles are discrete and embedded
in the fundamental tissue. A continuous vascular cambium
develops and formation of secondary xylem and phloem
proceeds in regular fashion (fig. 1). Primary xylem elements
are conspicuous around the periphery of the pith and are
con_upuscd of lignified conducting elements surrounded b
unlignified parenchyma which is distinguishable from the
parenchyma of the pith.

The }rascular cambium produces normal tissues in regular
uantities until several internodes have been produced. At
this time, in older stem portions, five areas in the xylem
cylinder become noticeable because of the localized produc-
tion of wide vessels (fig. 2). In the intcrvcning areas, no
wide vessels oceur. The appearance of the xylem ¢ ii;;de-l'tf
althopgh still quite regular in outline, is at this stag):; Char:
acterized by a sharp difference in pore size in local areas,

The appearance of the xylem cylinder h '
| | as alt ical-
ly in the oldest portions of the srgn at the end :t{ eadgr::; !
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torted cells and tissues. There seems to be little doubt that
all living cells in this stem remain totipotent after forma-
tion, and that they are capable of dedifferentiation and
division to produce other such cells. The wood is soft and
pliable and probably offers little resistance to readjustments
within the stem brought on through forces set up by the
multiplying parcnchyma cells.

The development of the stem in Passiflora multiflora
corresponds closely to Schenck’s (1893) Bignonieentypus. . 3 ST
Schenck describes the development of such a stem as L P

Ph
follows: ) o\ WS

. - AN o/ %o/ 8
The wood body maintains more or less regularly arranged / ol o\% Jo© %
furrows as growth in thickness continues. The stem struc- gl = 0y g ade %
rure then attains the condition where the cambium remains 05 ©IER. AR Fe S o &7 “\(
behind in certain longitudinal strips, therefore cutting off o L : px~
relatively more phloem elements than xylem elements in 7, \j

the furrows. The outside cambium becomes split up in this
way SO that it is narrow in the furrows, and broad at the
xylem pr(gections. The side walls of the furrow are lined
with broad rays.

In essence, this is the course of stem development in Passi-
flora multiflora. The subsequent irregular behavior of the
stem in this species also has parallels in Bignonia and in cer-
tain Malpighiaceae. This is described and illustrated by
Schenck. It is noteworthy, that this complex type of
growth has almost exact counterparts in widely different
taxa.

There is no evidence from the anatomical literature that
the anomalous stem development in Passiflora multiflora
occurs in any other members of Passifloraceae (Schenck,
1893; Solereder, 1908; Metcalfe and Chalk, 1950). Both
Solereder and Schenck state that growth in the stem of

Passifloraceae is normal. AIrhough several taxonomists have Fig. 1-5. Ontogeny of the stem as seen in transverse sections. Fig.
g s S : 1. Section thr an early internode illustratin > origing 2
also studied this species, none remarks on the peculiar stem kuthlﬁmcvlf;ﬁlﬁ'ﬁ-h ‘)’(‘ s : Y llfliLrL ) "Lx 1'1;0r i“irrl:‘:d:”ﬁ:l‘“‘\l,iI‘]‘;’”‘r;::_
structure (Harms, 1925; Masters, 1871; Killip, 1938). production of large pores in 5 areas. X 30.—Fig. 3. A section through
the oldest internode at close of growing period to show the marked

XYLEM STRUCTURE irregularity in the production of vascular tissues which culminates

in a s-raved structure. X 30.—Fig. 4. A stem at the end of 4 growing

‘ Although the fnrm of the mature xylem mass as a whole scasons to illustrate the maximum development of the 5-rayed struc-
1S decply lobed in transverse section (ﬁg 8), the elements ture before internal readjustments destroy the configuration; s

ph=secondary phloem, s y=sccondary xylem, p x=primary xylem.
x 12—Fig. 5. Section from a mature stem exhibiting distorted masses
of xylem (unstippled areas) embedded in a matrix of soft rtissue
(stippled). X 3.

B s ol L A L
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Fig. 6-8.—Fig. 6. Transverse section of 4 “year” stem at the base
of a phloem “ray.” The vascular cambium, ve, can be seen pro-
ducing much less secondary xylem, sv, internally, than secondary
phloem, s ph, externally. Note the primary rays, p ray, bordering the
phloem “ray” and the bit of secondary xylem completely surrounded
by secondary phloem. > 100.—Fig. 7. Tangential section of wood
showing the tendency toward storied structure and the uniseriate
vascular rays. X 100.—Fig. 8. Transverse section of the stem to show
the lobate, distorted xylem masses. Note that some of the xylem
wedges face the center of the axis. i
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which compose the wood are by and large of quite normal
form. As can be seen from the foregoing discussion of the
ontogeny, no growth rings are formed, even in the largest
stem available for study (== 4.0 cm. diameter).

Imperforate tracheary elements are tracheids (sensu
Bailey, 1936), the circular bordered pits being equivalent
in diameter to those of adjacent vessels (4-7u). Pits may
occur in one or in several rows in tracheid walls. Their
borders are rounded and the inner apertures of pit pairs
may be crossed. Pit apertures do not extend -beyondpat.‘he
borders. In transverse section walls range from thin to very
thick (Chattaway, 1932). In table 1, tracheid length meas-
urements are summarized.

Table 1. Lencras of TRACHEIDS IN

SPECIMEN RANGE MOST FREQUENT RANGE MEAN
Y51303 213-667 300-550 422
Y51318 298-653 350-550 462

Pores are generally circular in outline and are 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. TancenTiAL PoRE DIAMETERS IN &

SPECIMEN RANGE MOST FREQUENT RANGE MEAN
Y51303 26-185 75-150 9
Y51318 40-165 75-150 104

It is probably well to mention here that the fibriform
vessel members noted and described by Woodworth (1935)
for Passifloraceae, have also been observed in the wood of
Passifiora mdtiflora. The cells are tracheid-like in shape,
long and narrow with attenuated a?icas. The perforations,
which may be pit-like, apparently lack Lﬁit membranes. In
the vicinity of the ic-like perforation.s,_
as if to accommodate this unusual gm\.vth. Other times,

rforations are more normal, less pit-like, but are very
much smaller than those on ical vessel elements. Further-
rforations in fibriform vessel members are sub-

et whereas those on typical vessel elements are

te
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always terminal and occupy the horizontal end wall. Wood=
worth describes these cells as being of extreme length aver-
aging 1400 in Passiflora vitifolia. Such is not the case in Po

multifiora, where these cells approximate normal tracheids

n 1ength.

Intervascular pitting is alternate. The pits may be widely

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

Vessel element lcngrhs are prcscnted in table 3.

Table 3. Vesser ELEMENT LENGTHS IN
SPECIMEN RANGE MOST FREQUENT RANGE MEAN
Y51303 §7-483 200400 03
Y51318 185497 300-450 304

Vascular rays are in large part uniseriate; however, some
rays exhibit low, biseriate portions (fie. 7). Most rays are
homocellular; that is, they are cnmposea entirely of u'priqht
or square cells. Biseriate pumr.ns comprise pmc{)mhcnt CEHS.
h_ut the uniseriate “wings” of these rays contain only up-
right cells (rays heterocellular). Uniseriate rays range be-
tweeen 2 and 15 cells in height; rays with biseriate pnr}s may
be up to 22 or more cells high. Rays are very abundant on

the transverse section and are sinuous due to the lateral ex-
pansion of vessels,

Axial parenchyma is abundant and 1s conspicuous hecause
the cell walls do not stain as deeply with safranin as do the
cell walls of adjacent tracheids and vessels. The arrange-
ment of axial p;\rtnch_\'nm on the transverse section is q{,f‘m-
what irregular: 1) It may occur in isolated npmmfhéwl rjr
paratracheal strands, or 2) as irregular clusters <“1f .\- h
strands in apotracheal or }').‘!T:!T]'IIChL:aI position. ) g

A localized rendency to storied structure involvi
rracheids and vessel elements hl::I l?{‘;z‘”“rﬂ H“ﬂh-mg g
men, Y51318 (fig. 7 :
ments of the phlnfm.

B - has 1 noted in one speci—
). Storying is also evident in the ele-
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DiscussioNn

The characteristics of the xylem in Passiflora mudltiflora
correspond, in general, with those of other members of the
family (except Soyauxia). The wood is quite highly special-
ized in several respects: vessel elements have exclusively
simple ‘Perforations, intervascular pitting is alternate, end
walls of vessel elements are 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) has demonstrated that during ontogeny,
vessel elements elongate bur little over their fusiform cam-
bial precursors. It is interesting to note that the lengths of
the imperforate tracheary clements (average 442u) are not
much greater than those of the vessel elements (388y). 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 vascular rays). Short-
enine of cambial initials in dicotyledons is a mark of
specialization (Bailey, 1944). That vessel elements a{xd im-
perforate elements in P. mmultiflora are specialized in this
sense, is evident when we se¢ that the mean for vessel ele-
ment length in 600 species examined by Metcalfe and Chalk
(1950) is 649y, and for -imBF‘n;forate rfache.ary element length
in 534 species is 1317p. This modification however, may
merely be 2 reflection on the liana habit, and not a true
indication of phylogeneric advancement for the species. In
any event, “Secondary xylem containing the most highly
specialized vessels is formed by 2 cambium having shqr-:
initials with abruptly tapered ends and slight overlap’
(Bailey, 1957). Ju ging from the vessel elements in P. zzulti-
flora, this condition obtain:ml}el;:. : L

a1 (1938) placed P. paudtifiora in the mono rpic sub-
ge}n(;}sh?d;(mdogyge and noted that “on the basis of ,w}hﬂe'
ovary it might perhaps be segregated as a genus. BAC
occurrence of an anomalous stem and the p 'escr_xc_e_pf storied
structure noted above, seem to favor Killip's remark regard-
ing the possible segregation of this species as a genus. How-
ever, a sessile or almost sessile ovary is also known to oceur




in P. apoda Harms (subgenus Plecostenmn

according to Killip. Anomalous wood stru

similar to that in P. mudtiflora, has beer

writers in P. coccinea Aubl. (subgenus phana

recent letter from Dr. L. Chalk, he states, “I have

all my material of Passifioraceae and find that my

of Crossostenrma laurifolia has the stem broken

segments by what at first sight ap

rays, but which on re-examination

Ym of the xylem.” However, Dr. C. R. Metcalfe has |
ound any anomalous stem material in the Kew eollect:
of this family.

The observations of the writers and of Dr. Chalk on th
occurrence of anomalous stem growth, the presence |
storied structure, and the remarks of Killip regarding gen=
eric segregation of P. mmultiflora suggest that the classi ca-
tion of this taxon is not a settled matter. However, the
solution of this problem, must await further and more com-
grehensive studies in the comparative anatomy of the Passi-

oraceae. Judging from the somewhat meagre evidence pre-
sented above, a taxonomic re-evaluation of Passifloraceae
based on data from comparative anatomy and other botanical
disciplines is probably needed.

Specimens exanrined ~FLORIDA KEYS: UMBRELLA
Key. Coral soil; climbing trees; 4. H. Curtiss 975* (YU).
PraxtaTion KEy. Vine growing in trees; hammock, north
side U.S. 1; 19 July 1956, W. L. Stern & G. K. Brizicky 522
(Y; Yale wood no. 51303). Vine, 2 in. diameter, clambering
in tree tops; hammock; 21 March 1958, W. L. Stern & K. L.
Chambers 255 (Y, Yale wood no. 51466)., WinbLEY's Key,
s. w. end, Vine reaching into tree tops; 20 July 1956, W, L
Stern & G. K. Brizicky 542 (Y; Yale wood no. 51318),

CUBA: 5. I, C. Wright 2598 (YU).
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ADHESIVES FROM TANNINS IN THE BARK OF
BRUGUIERA SPECIES

D. NARAYANAMURTI, P, RAMACHANDRA RAO AND Ruria Ram
Forest Research Institute, Debra Dun, India

[NTRODUCTION

Bruguiera is one of the important and abundant man-
groves. Although mangrove barks are quite rich in tannin
content. the utilization of these barks for tannage has always
been a problem due to the red color and harsh nature im-
parted to leather by their tannins. This paper deals with
recent attempts to utilize the bark of Brugwiera spp. in the
preparation of adhesives for pi_\,-’\\‘t'u}d manufacture.

According to Pearson (1914), Bruguiera species are found
in the tidal forests of the Sunderbans, the Andamans, Burma,
Ceylon, tropical Africa, Indonesia and Australia and grow
into quite large trees. Bruguiera gy mmnorrhiza, in partiEular‘
is reported to attain heights of 60 to 80 feet, the yield of dry
bark per mature tree averaging about 50 pounds: The tannin
content usually ranges from 40 to 45 per cent of the dry
weight of the bark (A.M.S,, 1914). Paessler (1912), refer-
ring to the African xpccics. states that the age of the tree
has_cunw:dcrn‘n‘,s influence on tannin content which also
varies in bark taken from various pr;sit'itms in the tree. 1he
average tannin content is 36 per cent of the weight of the
bark. Hooper (1902) remarks that the bark nfhﬂmquier.r
gy }H.Jfr;!'?'i'r_‘;'-;';f‘ known as “kankra” in the Sundcrh:m.x;h.n a
tannin content of 17.5 per cent. Das (1922), however, re-
ports as much as 36 per cent tannins in bark obtained from
the Sunderbans. Pilgrim (1924) gives a tannin content of
42.3 per cent of the weight of the inner bark of Brugwiera
species from But'm:z, Coombs and Alcock (1913) 1'uf¥rri ‘r
to the Bmgw‘fr.r species of Australia, mention tl‘\c -“»{_‘,-.}zi:.
percentage of tannin in the bark as 29.1. The results of

analysis of rannin in the Australian bark as obrained by
Coombs and Alcock are given below: 1
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BaRrk oF Bruguiera SPECIES

TANNIN NON-TANNIN
PER CENT PER CENT
Average 29.1 9
Maximum 364 11.8
Minimum 23.6 7.0

According to Brandts (1952), the total area of mangrove
forest in Indonesia is approximately 2,500,000 acres. Up to
40 per cent tannin is found in these barks, but they are not
uch favored as tanning materials. However, being phenolic
in nature, they do offer an alternative to phenols in the
phcnol-formaldehyde type of resin, and thus might become
the source of a profitable industry. The tannin contents of
Indonesian barks (Brandts, 1952) are as follows:

Tannin CoNTENT OF BARKS AND EXTRACTS

SPECIES TANNIN IN BARK TANNIN IN SOLID EXTRACT
PER CENT PER CENT
Rhizophora conjugata 33 75
Rhizophora stylosa 21 61
Rhizophora mucronata 37 74
Bruguiera gymmorrhiza 30 69
Bruguiera caryophylloides 25 62
Bruguiera parvifiora 12 2

wood and bonding of wood by Daltonl(195_0. 1953).
account of the high percentage of tannin reported in th
bark of Bruguiera Species, Narayanamurti and Das (1951,
1958 under publication) in their st}ld!es on _mnmn-fo_rmaldg-
hyde adhesives, mentioned Bruguiera _Rcmes as a probgb__lc
source of tannin for adhesive work. They also re orted a
few tentative results. Narayanamurti, Ramachandra Rao
and Rulia Ram (1957, 1958) developed p_l_ywood _ac_ihes_lm
from the tannins of tamarinc} se_ed testac and tea waste.
Following this work of investigating tannin-rich raw matg&
rials, a solid extract, rich in tannins, has nqw_-be%n ]f:rcparc
from the bark of Bruguiera Species, and used in the form
tion of plywood adhesives.

Tannin-formaldehyde resins have been suggested for pg;
the
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EXPERIMENTAL

Preparation of tannin—The bark of Bruguiera gymmor-

rbiza (4 kg.) is cut into small chips and extracted with boiling
water in a steam jacketed stainless steel extractor for about
two hours. The extract is removed from the bark. The
residual bark is further extracted a second and a third time
with fresh quantities of water under the same conditions as
in the first extraction. The combined extracts are evapo-
rated to dryness. The dry solid extract is scraped and
weighed after drying 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 sodium hydroxide equal to 0.5 per cent of the weight of
the bark has been added. Solid Bruguiera 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.

Preparation of adbesive.—The powdered extract (75 g.)
is dissolved in 100 cc. of water while being heated in a steam
bath. The thick syrupy liquor is cooled and 3.75 g. of para-
formaldehyde (5 per cent of dry weight of the extract) is
added and the mixture is then triturated. The adhesive is now
ready for use.

Preparation of plyawood test panels.—Air-dry veneers, g
inch thick, of Cedrela toona, having a moisture content of
lli—lllg._){;r cent, were employed to make 3-ply panels. Only
two sides of the core veneer were painted, by brush, with
the adhesive. The face and core veneers were assembled
with their grains at right angles, and pressed in a hydraulic
hot press at 200 pounds per square inch at 140°C, for 15§
minutes. The plywood panels were stacked in the Vihorad
tory for about ten days before being cut into specimens and
rested.

'[‘r;sfal',rzg of plyweod panels.—Plywood panels were tested
;:‘ccnrdmg to the .arnf_ul;zrd procedure mentioned bhelow.,
shear strength specimens with a shear area of on
inch were cut, each rest picct l;cing 3
wide with notches 1

Glue
: ¢ square
. inches long and 1 inch
inch apart. Half the shear 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 Em
Tester” (Globe Machine Manufacturing Company, Ta-
coma, Washington, U. S. A.). The failing 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).

The results given in table 1 indicate the possibility of
Bruguiera bark tannins as being useful in the development
of plywood adhesives. Of the three glue formulae tested,
glue 3 consisting of 100 parts Bruguicra bark extract, 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 1, it is to
be concluded that the addition of alkali to rthe adhesive
improves its strength. .

During the preparation of plywood panels of commercial
sizes at a temperature of 140°C., the formation of steam
pockets within the panels is generally ex rienced unless
the veneers are prccondit’ioned to a suitable moisture con-
tent. This difficulty is overcome by the use mf ad.h‘cswes
setting at lower temperatures. Thergforc, the Sll'l_tﬁblhl;y' of
Bruguiera bark extracts for preparation of adhesives serting
at a temperature below 140°C. was mvaugat;d. The fol-
lowing three glue formulae were used for making plywood
panels at 120°C., the other conditions of pressing being the

ame as before. oy
i GLUEI  GLUEN  GLUEM

: i 100g. 100g 100g

!;{)r:vtg:red alkaline tannin extract X g 1_20_5_. 1-2;! _g.
Para-formaldehyde 5 g ; g 5 g
Wood flour , 5 .E : g &
1 1'% A 8 5
33::?: soluble phml-fonnnldehyde resin | — 5g

’ i d plywood panels 'from.ﬁ___diﬁ'_emnt com-
mell:gi;lag:&l:le‘r o?nlngiay::_ere made according _::;l&e proce:
dure already described. Plywood panels were test accord
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rroM WATER ExtracTen TANNIN AND PRESSED AT 140°C.

Table 1.
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ing to standard methods described earlier. The values of
failing load and wood failure are tabulared in table 2.

Table 2. Test ResvLts ror PLywoon PANELS Preparep From Wates

Extractep TANNIN anp Pressep at 120°C.

GLUE ADHESION (Shear area:
AP STRENGTH 1 square inch)
SPECIES FORMULAE Dry Hor wet
Failing Wood Failing Wood
Joad in kg. failurein load in kg. failurein
i (pounds) percent (pounds) per cent
Adina cordifolia 1 83.9 (185) 25 43.1 ( 95) ]
1 98.0 (216) 20 65.8 (145) 0
uwr 108.0 (238) 38 59.0 (130) 0
Bombax malabaricum 1 1034 (228) O AT (72 0
i 83.9 (185) 7§ 426 ( 94) 0
m 1034 (228) 72 39.0 ( 86) 18
Cedrela toona 1 1098 (242) 28 526 (116) 0
n 1134 (250) 13 69.0 (152) 0
m 1229 (271) 28 880 (196) 20
Dysoxylum malabaricum 1 1098 (242) O 708 (156) 0
u 1143 (252) 0 544 (120) 0
m 1034 (228) 72 57.2 (126) 18
Hardwickia pinnata ¢ 1052 (232) 20 735 (162) 0
n 1134 (2500 13 69.0 (152) 0
w o 120.7 (266) 82 71.7 (158) 0
Holoptelea integrifolia 1 1098 (24) 28 590 (130) 0O
n 1089 (240) 50 63.5 (140) 0
1t 97.1 (214) 80 644 (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 leather indus-
try. Alkaline extracts prepared from Bruguiera bark have
been found to be useful in the preparation of plywood ad-
hesives. Adhesives pre_pared according to different formulae
have given satisfactory results, and plywood panels made
with the Bruguiera bark ad‘hes_iv-es pass the standards laid
down in India for commercial plywood.
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A COLLECTION OF WOODY PLANTS FROM
PANAMA

Georce K. Brizicky, WiLLiam L. STERN AND
Kenton L. CHAMBERS

Sanmuel James Record Memorial Collection, School of
Forestry, and Department of Botany, Yale University,
New Haven, Connecticut

In May and June of 1957, William L. Stern and Kenton
L. Chambers traveled to Panama, under the sponsorship of
the Office of Naval Research,! to assist in a program of
wood testing -being performed 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 shipworms).
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 conditions 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 time it was possible to make col-
Jections of a number of species of woody plants not directly
concerned with the testing program. .

The following list is an enumeration of the specimens
obtained during the course of these field studies. Although
many of the plants collected are of fairly common occur=
rence, some are more rare and others represent new d:stn-
bution records for Panama. It has been thought desirable

*These studies were carried out under Grant NR ldﬂ-ﬂ&."l‘hg
wish to express special appreciation to the Biology Branch o
:::h g;icc of N?vgl R:ngmh for their m_munud cooperation. A)s:;
the nnel of the Canal Zone Corrosion Laboratory are to be
thanked for K1t B The author 4 :‘:JFS‘&"&:“’ onomists who
lsboraory faclies A, 3 o the United Fruic Company #nd

others for help in the field.
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to record nomenclatural notes, common names, local uses

and other supplcmcntan‘ information of interest. No new

species are described here. but some of the collections have
formed the basis for a recently described new taxon, and®
others, noted below, appear to represent entities as yet un=-

described. All listed spccimcns are housed in the herbarium
of the Samuel James Record Memorial Collection of the
Yale School of Forestry. Numbers are those of the collec=
tions of Stern and Chambers.

The majority of the specimens was identified by George
K. Brizicky; however, certain groups were sent to special-
ists for determination: Quercus, Cornelius H. Muller; Laura=
ceae, Caroline K. Allen; Melastomaceae, John J. Wurdack;
Leguminosae, Richard S. Cowan; Carapa, G. K. Noamesi;
Porcelia and Cymbopetalum (Annonaceae), Robert E. Fries;
Sloanea, C. Earle Smith, Jr.; Coccoloba, Richard A. Howard;
Winmmeria, C. L. Lundell; Verbenaceae, H. N. Moldenke;
and Clibadium, S. F. Blake.

In general, the localities at which collections were made
are as follows (fig. 1): Canal Zone; Volcan Region, (fhiriqui
Province; vicinity of Almirante, Bocas del Toro Province;
Puerto Armuelles, Comarca del Bart; and Bahia de Pifas,
Darién Province.

ACTINIDIACEAE

8%. Saurauia sp. Tree, 8% in. diameter; fruits with clear mucilage;
wood rather soft. Alttude 6000 feer, slopes of Volcin Bari, near
town of Cerro Punta. 7 June

[his probably represents a species new for Panama, Leaves are

elliptic-ovate, obtuse at apex, cordate ar base, up to 35 cm. long and
18 cm. broad.

ANACARDIACEAE

107. CAMPNOSPERMA PANAMENSIS Standl. “orev. orin

Y . _ aurce” Tree,
6 in. diamerer; leaves brownish

beneath, exuding a cle
_ _ _ ath, exuding a clear sap when cut:
Ir.]ﬂ.ﬂ.r{',\(:('l"i(‘(_' yellowish, spicate. Altitude 150 ft., shores ..F] druna d._:
Chiriqui, Bocas del Toro, 11 June. i

129. ASTRONIUM GRAVEOLENS Jacq. “sorill
diamerer; leaves from sucker-like shoots at broken apex of tree: wood

hard, sapwood red, riddled by large vell :
5 b ow larvae,
100 fr., area west of Puerro Armuelles. ”gjun‘c. ac. Altitade

Oy run run” Tree, 15 in.
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ANNONACEAE

127. CYMBOPETALUM cOSTARICENSE (Donn. Sm.) R. E, Fries, Small
tree, 2% in. diameter; petals creamy yellow, fragile, fleshy, somewhat
thicker than the greenish sepals. Alrtude 100 ft., area west of Puerto
Armuelles. 15 June.

43. PorceLia MacNiFRuctuM (Schery) R. E. Fries. Tree, 30 fr.
high; flowers aromatic, with greenish yellow corolla which becomes
bright yellow at maturity; carpels separate, cylindrical, about 3 mm.
long. Altitude 270 fr,, Road K9, Canal Zone, 31 May.

5. Xvyroria 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 May.

16. Xyropia FRUTESCENS Aubl. Small tree; flowers white, aromatic;
leaves glaucous beneath, margins slightly revolute; ycuné;“tem
hirsute. Gamboa, Navy Pipeline Road, 10 mi. northeast of boa
Bridge, Canal Zone. 29 May.

APOCYNACEAE

33, STEMMADENIA GRANDIFLORA (Jacq.) Miers. Small tree; bark with
milky sap; flowers yellow; leaves dark green above, lighter beneath.
Naval Ammunition Depot, Group 300 Road, Canal Zone, 31 May.

9. Tueveria nmoa (H. B. K) A, DC. “huevos de gato” Shrub;
fruit didymous, scarlet when ripe, with milky juice, Cerra Luisa, Canal
Zone. 26 May.

BIGNONIACEAE

130. Tasesuia cf. curysaNTHA (Jacq.) Nichols. “guayacan” Small
tree, 6 in. diameter; petioles rusty pubescent. Alritude 100 fr., area
west of Puerto Armuelles. 15 June.

BOMBACACEAE

42. Oamoma pyRammate (Cav. ex Lam.) Urb. var, bicolor
Brizicky comb. nov. O, bicolor Rowlee Jour. Wash. Acad. Sci. 9: 165,
1919. O. lagopus Swartz var. bicolor (Rowlee) Sundl'.' and Steyerm.
Field Mus, Nat. Hist. Bot. Ser. 23: 62. 1943. “balsa 'I::z.f i:w‘:.r
diameter, 75 ft. high; leaves with brown tomentum on veins of
mﬁ?::eﬁ,r pcdunclesgthick and fleshy; wood soft and brittle. Altitnde 270
fr., road K9, Canal Zone. 31 May. | |

J. H. Pierce (Trop. Woods 69: 1-2. 1942) showed that Bombmr,
py;ami;wé Cav. (in lfamarck. Encycl, 2: 552. 1788), on which Urban 5
Corbimn & b ety b B0, O e

L 'dl.'.v_. * { +f . .': X . et AT e RN
f:;rgeg’;‘o two publications in April and June 1788, while lagopus
ﬁimdon date for Swartz Prodromus is not known at present

ap) wa at_pres
¥Seprember, 1788, scems to be most prob le), there is no basis for
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the supposition that it antedates Lamarck’s Encyclopedi
which certainly was published mm’dgpnl, 1788. Therefore

posal to reduce Ochroma pyranidale (Cav.) Urb. to syno
Ochroma lagopus Swartz is hardly acceptable in view of 1
tion dates known, or at least assumed, at the present time.

BURSERACEAE

164. Temacastus panamensis (Engl) O. Kuntze “anime” -
20 in. diameter; flower buds present. Steep hills near the shore, t
Guayabo Chiquita, 14 miles north of Colombia, Darién. 23 June. -

CARYOCARACEAE

161, Caryocar costamicense Donn. Sm. “jenené” Tree, 46
diameter, with scaly bark; leaves trifoliolate, with 2 glands (

at base of leaflets. Steep hills near the shore, Punta Guayabo Chiqu
14 miles north of Colombia, Darién. 23 June.

(CELASTRACEAE

57. Wimwmeria sp. “raton rojo” Tree, 16 in. diameter. Altitude
4500 fr., foothills of Volcin Bard, northwest of El Hato. 6 June.

According to C. L. Lundell, this appears to represent a new
species.

COMBRETACEAE

150. Conocarrus emecrus L. “zarragosa™ Tree, 11 in. diameter.
Mud flats along coast near Farfan, Canal Zone. 20 June.

151. Conocareus erecrus L. “zarragosa” Tree. Mud flats along
coast near Farfan, Canal Zone. 20 June.

115. TermiNaua cariQuensis Pittier. “guayabo de monte” Tree
with multiple trunks, each 16-20 in. diameter; bark conspicuously
mottled reddish brown (may resemble Psidium spp. which are com-

monly known as “guayabo”); leaves pale green. Vicinity of Guabito,
Bocas del Toro, 12 June.

ComposiTAE

80. Cumapium LeioGyNUM Steetz. Small tree, 2% in.
florets white; fleshy involucral bracts green,

diameter;
6000 ft., slopes of Volcan Bari,

becoming blue. Altitude
near town of Cerro Punta, 7 June,

CoRNACEAE

48. CorNus piscirLora Moc. & Sessé ex DC. “mata hombro i
50 fr. rall, 24 in. diameter. Altitade 5100 fr., fnothiﬂ;“olt:uv::[i::?ﬁ'
Bart, north of El Hato, § June. i

87. Cornus pisciFLorA Moc, & Sessé ex DC. Tree, 24 in. diame
fruoits corky at apex; leaves pale beneath, somewha; m&n and €0
ceous. Altitude 6000 fr., slopes of Volein Bard, near town of Ce
Punta. 7 June,
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47. Quercus corrucaTa Hook. “mamecillo” Tree 70-80 ft. high, 2%
in. diameter. Altitnde 5100 fr., foothills of Volcin Bart, north of El =

Hato. § June.

52. Quercus cuuenmi-treceaset C. H Mull, “roble rojas”™ Tree, '

90-100 fr. high, 30 in. diameter, Aldrude 5100 fr., foothills of Volean
Bart, north of El Hato. 5 June.

FLACOURTIACEAE

29. Casearia javitensis H. B. K. Small tree, 6 in, diameter; ovaries
bright red; leaves shiny on both surfaces. Altirude 1000 fr., Cerro
Galero, Road K6, Canal Zone. 30 May.

35. Prockia crucis L. Shrub; stamens numerous, yellow. Naval
Ammunition Deport, Group 300 Road, Canal Zone. 31 May.

34. TETRATHYLACIUM JoHANsENH Standl. Small tree; flowers with
disagreeable odor; ovary with fleshy white disk; leaves just appearing,
lax and very shiny on upper surface. Naval Ammunition Deport,
Group 300 Road, Canal Zone. 31 May.

#4. ZueLANiA GUIDONIA (Swartz) Britt. & Millsp. Tree 40-50 ft. tall,
8 in. diameter; fruit green, globose, fleshy, splitting into 3 valves when
ripe, odor of‘fruit apple-like, placenta of unripe fruit white when
first cut, turning orange on exposure to air; bark produces a clear

amber gum when cut. Aldtude 260 fr., road K9D, Canal Zone, 2
June.

(GUTTIFERAE

60. CaroPHYLLUM BRASILIENsE Camb. var. Rekor Srandl. “Marfa”
Tree, 18 in. diameter; bark with sticky yellow sap. Altitude 4500
ft., foothills of Volcin Bard, northwest of El Hato. 6 June.

25. Cawoprvirum cf. ronarorrom Willd, “Marfa” Small tree;
l&avg corlaceous, dark green, shiny, Gamboa, Navy Pipeline Road,
10 mi. northeast of Gamboa Bridgé. Canal Zone. 29‘?\-13)-'.

105. SymPHONIA cLouLiFEra L. f, “sambogum, bogum i
cerro” Large tree, 40 in, diameter, supported ongli mass cg;f? héa:::r;ltli?;
roots which extend to about 8 fr. above the ground; sap from bark
?-urpm}’, yellow; leaves glossy green; flower buds bright red, velvety;
ruits 2-seeded, succulent, producing a yellow sap when cut. Alrit rr);‘
150 fr., shores of Laguna de Chiriqui, Bocas del Toro. 11 June e

: 36. Vismia cuiaNensis (Aubl.) Choisy. Small tree: eaves ions
ﬁnca-th'; petals and sepals persistent at base of fruits, rhe lam;r wﬁ
skunk-like aroma, green, conical, bearing brown seeds 1-2

on axial placenta, Naval A i 2 mm. lon
Zone. 31 May, mmunition Depot, Group 300 Road, Canal

LAURACEAR
95. LicAmia excrisa Ko E ]
3 3 sterm. Tree, 24 in, di es dar
e ; ree, . diameter; leav:
green above, pale green beneath; fruits with red woody cu:ft.ut tfv -
: igs
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aromatic. Altitude 6300 fr., slopes of Volcin Barfi, near town of
Cerro Punta. 8 June.

169. Licaria mitriert (Mez) Allen. “jigua neero” Tree, 30 in.
diameter; wood with cedar-like odor. Slopes of hills bordering Bahia
de Pifias, Darién. 24 June. A

Known only from Costa Rica heretofore.

186. NECTANDRA FUSCOBARBATA (Mez) Allen. Tree, 8 in. diamerer,
growing on rocky shore at edge of salt water; flowers white. Bahia
de Pifias, Dari¢én, 26 June,

99. Nectanpra LaTiroLia (H, B, K.) Mez. Tree 21Y% in. diameter:
leaves pale green. Altitude 6300 ft., slopes of Volcdn Barti, near town
of Cerro Punta. 8 June.

111, NEectAnpRA RETIcULATA (Ruiz & Pavon) Mez, “acnacarillo”
Tree, 18 in. diameter. Vicinity of Guabito, Bocas del Toro. 12 June.

111A. Necranora Remicurata (Ruiz & Pavon) Mez. “aguacafillo”
Young stems and backs of leaves densely brown pubescent. Vicinity
of Guabito, Bocas del Toro. 12 June.

113. Necranora stanprevi Allen. “aguacare” Tree, 15 in. diameter:
flowers greenish white. Vicinity of Guabito, Bocas del Toro. 12

une.
! 50. Necranora wHTE (Woods.) Allen (7). “sigua” Tree, 90-100
fr. rall, 30 in. diameter. Aldrude 5000 ft., foothills of Volcén Banmi,
north of El Hato. 5§ June.

51. Necranora waiter (Woods.) Allen, “bambim"_Tree, 90-100 ft.
high, 15 in. diameter; peduncle and cupule of fruit red. Aldrade
5000 ft., foothills of Volcin Bart, north of El Hato. 5§ June.

§3. OcoteA cf. VERAGUENsis (Meissn.) Mez. “sigua canela” Tree,
70 fr. high, 30 in. diameter; cupules of fruit red; wood aromatic.
Altitude 5100 ft., foothills of Volcin Bart, nort: of El I(-lla:.i 5 };me

. Ocotea sp. “‘encibe” Large tree with buttressed base; fruit
wilt;luo blue-purpl:P terminal pom?;i and acorn-like cup: fruit, lmé:‘s
and wood aromatic. Slopes of hills bordering Bahia de Pifias, Dariér
24 June. . . -

cens Allen, “pizarrd” Tree, 60-70 fr. tall, 30 in.
dimg:x%u?; ansd peduncleps of fruit red. Altitude 5000 ft., foot-
hills of Volcin Bard, north of El H:vl:lo. 5 ]nml::‘ e Jabg

A prenesn Standl. Small tree, 10 Glamerek;) o8
g,:i‘n .\E?&m;glcupules. ?lti;_ude- 4500 fr,, foothills of Volcin Bart,

hwest Hato. 6 June. J ] di
i Pﬂ::nz Joseystonn Allen, “aguacatillo” Tree, 18 in. SHriiely
Jeaves aromatic. Road passing Navy Radio Sration, |
Zone. 20 June. { § iR b ety

32, Prokse MEXICANA Meissn. Tree 12-14 in, ‘d‘wm;m
common occurrence; flowers white, attractng beneath; immature
bees; leaves glossy dark green above, pﬂle Freen UERERI,




173. “vacarita” Tree; wood reddish; leaves with bloom on under
side. Slopes of hills bordering Bahia de Pifias, Dari¢ 24 June.

174, “quiribi or giribi® Tree, 15-18 in. diameter, with small
tresses; leaves somewhat aromatic. Shores of a small river,
Guayabo between Punta Guayabo Grande and Punta Gua
Chiquita, Darién, 25 June.

LECYTHIDACEAE

176. Escweiiera sp. “huasca, rave” Tree, 17 in. diameter; f
creamy yellow. Shores of a small river, Ensenada Guayabo bet
Punta Guayabo Grande and Punta Guayabo Chiquita, D rién
June. B

141. Grias renpiemt Seem. Tree; leaves up to 10 dm. long, 2 d
wide, clustered at ends of stout branches; flowers and fruits borne
short lateral twigs. Area near Puerto Armuelles, between: Cafis
and Cocos. 17 June. _

189. Gustavia RopANTHA Standl, “membrillo” Small tree, abou!
in. diameter; petals pink. Shores of Bahia de Pifias, Darién, 26 Jun:

Woodson (Ann. Missouri Bot. Gard. 45: 120. 1958) cites petals as
235-35 cm. long. However, in the original deseription of Gustavia
rodantba (conspecific with G. nana Pirtier), Standley writes (Field -
Mus, Nar. Hist, Bot. Ser, 4: 230-240. 1929), “petala . c, 6.5 cm.
longa et 2 cm. lata” Petals in our specimens are up to 7.0 cm. long
and 3.5 cm. wide, Standley also mentions that the penoles in his species
are 1.0-6.5 cm. long; but the isotype of G. rodantha (Y) has petioles
up to 12 cm. long. The maximum petiole length in our specimen is
170 cm.

G. mana has been cited by Woodson as “apparently endemic to
Panama” However, a specimen from Colombia (Lewrance 633),
Eresum_ably identical with G. mana, has been observed in the Gray

erbarium. |
_ 155, GUSTAVIA SUPERBA (Kunth) Berg. “membrillo” Small tree, §
in. diameter; leaves clustered at ends of branches, the largest about

1 m. long; fruits resemble a smoking pipe in shape and are borne on
short ;:mg? arising ﬁﬁi-?m Pthedlarger branches; bark (wood?) smells
strongly of rotten fish. Road passing Navy Radi $ :

Canal Zone. 20 June. passing: Navy Radio Station, Summit,

162. Lecvrms ampra Miers. “coco, salero” Large tree, 30 in
diameter. Steep hills near the shore; Punta Guay: S 5
miles north of Colombia, Darién. 23 June. a Guayabo Chiquita, “"_..

163. Lecymris ampLa Miers. “coco, salero” Tree. St i Y
the shore, Punta C Falng A e. Steep hills near
e ot P Guyabo i 14 il o f Colam
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mmgjmwofmo@mﬁ. area west of Puert ks
Hr m § 4 .. . ag . Y -
160. Lonaiocareus cf. AtRopureurevs Benth. “higuanillo’
18 in. diameter, Azote de Caballo Road near Madden Dam,
first saddle dam, Canal Zone. 20 June.

110. Pextacierira Macrorosa (Willd,) O. Kuntze. “gavi \
with hard wood. Vicinity of Guabito, Bocas del Toro. 12 : 45022). This

40. Prpceriosium symesaerroriom (Humb. & Bonpl) Yale by V. C. .
Shrub, 6 ft. high, % in. diameter, the stem _unbranched, thomny the following re
nodes; flowers white, very conspicuous. Aldrude 270 ft., roa
Canal Zone. 31 May. :

158. Prraecetioprum MANGENSE (Jacq.) Macbr. 'I'ree, abou
diameter, the 10 ft. high trunk supporung a low, greatly sprea
crown; branchlets thorny; bark with a sticky, reddish sap.
passing Navy Radio Station, Summit, Canal Zone, 20 June.

27. Prmeceiiosium ostoNeum (Roxb.) Benth. Small tree
several main stems; spiny branches spreading and droop! 'go
reddish brown. Mud flats along coast near Farfan, Canal Zo
May.

)2’5. Praryeopium Maxonianum Pittier, “rigre” Tree with
trunk bearing sinuate convolute ridges; leaflets readily decid
from the rachis; seedlings very abundant beneath parent tree.

100 fr., area west of Puerto Armuelles. 15 June.
114. Prioria corarFera Griseb, “cativo”™ Large tree, 24 in,

wood oozes a green, sticky, water-soluble sap. Vicinity of Guabi
Bocas del Toro, 12 June.

belongs in th
b

168. PrERocARPUS oFFICINALIS Jacq. “chuella” Small tree

close to beach; flowers yellow-orange with red stripe
wood very soft and white. Punta Guayabo Chiquita, 14
of Colombia, Darién. 23 June. .

109, Premocareus sp. “sangre” Tree, 51 in. diameter;
red sap which hardens in several hours; Jeaves glossy dark

both surfaces. Finca 11, Bocas Division of Chiriqui Land
west of Almirante. 12 June, ¥

Our specimen, which has nearly marure fruits, is different
all the species known from Central America, It sc:ongiy
some specimens qf Pterocarpus indicus Willd. However, 1
rme records regarding the introduction of the latter species
arca. -

179 Swarrzia PANAMENSIS Benth, “cutarro” Tree, 7 in. diam
Shores of a small river, Ensenada Guayabo berween Punta Guay:
Grande 3nd Punta Guayabo Chiquira, Darién. 25 June, T

132, Swartzia sp. (7) “sangrillo negro™ Tall tree; bark with blood
red sap; only fragments of leaves obtainable, the leaflets pale
Altitude 100 fr., area west of Puerto Armuelles. 15 }m':e.'




6. Byasontua cuassiroua (L). H. B. K. “nancé
yellow-orange. Cerra Luisa, Canal Zone, 26 May.

106, Bymsonima crassiroria (L.) H. B. K. Tree, 7%
leaves densely red-brown pubescent beneath, dark g nd
rous above; young twigs red-brown tomentose; flowers yello

to orange. Altitude 150 ft., shores of Laguna de Chiriqui, Bocas
Toro. 11 June.

MALVACEAE

28. Hmiscus miuiacevs L. “wild mahoe” Small tree with
often somewhat decumbent, main stems; young stems pube
leaves pale gray-green below; petals bright yellow, fading to red
Mud flats along coast near Farfan, Canal Zone. 30 May.

77A. WerckLEa Lutea Rolfe. Tree; hairs on fruits stiff, bristle-

Altitude 6000 ft., slopes of Volcin Bard, near town of Cerro Pr
7 June. !

The anthers are somewhar unequilaterally horseshoe- or “U”-sha
rather than “oblong” as stated by Rolfe. This corresponds m
nearly to the “reniform anther” considered typical for Malvaceae,

MELASTOMACEAE

R
182. Cumemia purpUREo-vioLacEs Cogn. Small shrub; flowers yel-
low-green, Shores of a small river, Ensenada Guayabo berween Punra
Guayabo Grande and Punta Guayabo Chiquita, Darién. 25 June.

First record for Panama,

64. ConosteGia cuiriQuensis Gl. Tree, 10 in. diameter; fruits blue

when ripe. Altirude 4500 fr., foothills of Volean Bart, northwest of
El Haro. 6 June,

178. Conostecia setosa Triana. Small shrub, % in. diameter; flow-
ers white. Shores of a small river, Ensenada Guavabo, between Punta
Guayabo Grande and Punta Guayabo Chiquirta, Darién, 25 June.

First report for Panama.

30. MicoNia arGENTEA (Swartz) DC. Small tree; leaves white be-
neath, dark green above;

mature froits bluish purple. Altitude 1000
fr., Cerro Galero, Road K6, Canal Zone. 30 May,

37, MicoNia iMPETIOLARIS (Swartz) Don. Shrub, 8 ft. high; leaves
dark glossy green above, red pubescent beneath, Naval Ammunition
Depor, Group 300 Road, Canal Zone. 31 May.

187. MicoNIA rRoBiNSONIANA Cogn, Small tree: flowers pi
of Bahia de Pinas, Darién, 26 jungc. ' T Rilks, Shoses

“Stern & Chambers 187 and 193, both from Pifias Bay, Darién, have
recently been referred by Wurdack to Miconia robinsoniana Co n., a
species otherwise endemic to rhe Galapagos Islands, The afﬁnincs“df“
M. robinsoniana are with species 40-45 of Cogniaux' familial mono~
raph, as well as with M. curvipetiolatg Cogn. & Gl. ex Gl,
lakeaefolia Gl., and M. transversa GI. Wi b

th such an obvious super-



74 TROPICAL WOODS 1958

128A. Visora Koscuxyr Warb. “bogamani” Fruits only, collected

from ground in forest; pericarp orange, aril bright red with spicy

odor. Area near Puerto Armuelles, between Cafiazo and Cocos. 170

June.

194, ViroLa sesiFera Aubl. “mancha” Tree, growing very near seay
inflorescence orange; flowers and leaves aromatic; bark with red sap.
Shores of Bahia de Pifias, Darién. 26 June.

MYRSINACEAE

96. Aroisia of. pALMANA Donn. Sm. Tree, 8! in. diameter; leaves
thickish but not stff, glandular ar base; fruit with 1 bony seed, sue=
culent, black at base, blending to red above and yellow-green’ at
apex, borne on a thickened wﬁitish pedicel 2-3 mm. long. Aldtude
6300 ft., slopes of Volcin Bari, near town of Cerro Punta. 8 June.

Our specimen seems to belong to this or a very closely related
species. Heretofore it has been known only from Costa Rica.

MORACEAE

136. CurororHoRA TiNcTORIA (L.) Gaud, “mora” Tree; bark with
milky sap; heartwood dull yellow, extremely hard and difficult to
split, with interlocked grain. Rim of deep gorge of Rio Corotd, area
west of Puerto Armuelles. 16 June.

180. Sorocea arriNis Hemsl. Small tree, 2% in. diamerer; flowers
small, creamy white. Shores of a small river, Ensenada Guayabo be-
iwejen Punta Guayabo Grande and Punta Guayabo Chiquita, Darién.
25 June. ’

OLACACEAE

126. Hestewmia cf. Latwroia Standl. Small, scraggly tree, 3 in.
diameter; stems green; flowers greenish yellow; heartwood red. Alvi-
rude 100 fr., area west of Puerto Armuelles. 15 June.

ONAGRACEAE

86. FucHsia ArBORESCENS Sims. Shrub or small tree, 8-10 fr. tall;
flowers magenta; mature fruits blue-glaucous, manv-seeded berries

with clear yellowish Eulp_ Alttude 6000 fr., slopes of Volein Banmi
near town of Cerro Punrta, 7 June. )

PAPAVERACEAE

79. BoccoNia FruTEsceNs L. Semishrub, woody ar base- the yvoun
pe n - 1 H o 3 = A .
Stems orange; leaves light bluish beneath; fruits succulent g13{1c0usg<
u_-:l.u_is; with rcdfﬂcai;)’ aril ar base; wood orange with pmm‘incnt l‘a}’sl
Alorude 6000 fr., slopes of Volein Bani : 2
3 K & , DEar tow 3
i n of Cerro Punta.
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Pieeraceae

32A. Piper TABoGANUM C. DC. Shrub, 4 fr. tall, ¥ in. in diamerer,
with swollen nodes; flowers white. Naval Ammunition Depan_:Gfui:p
300 Road, Canal Zone. 31 May. :

PorycoNACEAE

181. CoccoroBa LEHMANNUI Lindau. Tree, B in. diameter; flowers
white. Shores of a small river, Ensenada Guayabo between Punta.
Guayabo Grande and Punta Guayabo Chiquita, Darién, 25 June.

41. TripLAris SURINAMENSIS Cham. “palo santo” Small tree, 4 in.
diameter, 40 fr. high. Altitude 270 ft., road K9, Canal Zone. 31 May.

PROTEACEAE

49. Panopsis suaveorens (Kl & Karst.) Pitder. “roblecito” Tree,
12-15 fr. wall, 4 in. diameter (said to reach height of 50 fr.). Alritude
5000 fr., foothills of Volcin Baru, north of El Hato. 5 June.

In his monograph of the American Proteaceae (Bot. Jahrb. 76: 139
211. 1954) Sleumer reduced Pamopsis costaricensis Standl, and P.
murcronata Cuatr, to synonomy under Panopsis suaveolens (Kl &
Karst.) Pittier. The species occurs in Costa Rica, Panama, Ecuador
and Colombia.

RHIZOPHORACEAE

149. Rurzoptora samoensis (Hochr.) Salvoza. Small tree, 6 in.
diameter; corolla of 4 white, hairy petals. Mud flats along coast
near Farfan, Canal Zone. 20 June.

ROSACEAE

133, HIRTELLA TRIANDRA SWartz. “conejo” Small tree, 12 in; diameter;
leaves scabrous; fruits pubescent, reddish when mature; heartwood
red, fine-textured. Altitude 100 fr, area west of Puerto Armuelles.
A Tree, 30 in. diameer; leayes

135. LicANIA ARBOREA Seem. “rasca” ‘Tree, 30 In. diameter, "Bave
stiff, coriaceous, dark green and smooth above, pale green and finely
<cabrous beneath. Standing in front of Chiriqui Land Company hos-

jtal, Puerto Armuelles. 15 June. ) o BV
5 54, Prunus annuLAris Koehne, “mamey oloroso” Tree, 45 ft. hlgh'
20 1;1 ‘diameter; fresh wood or bark with strong bitter almond odor.
e $25100 fi, foothills of Volodn Bard, north of Fl Hato. 5 June,

s4A. Prunus annuLams Koehne, “mamey oloroso” Tree growing
near No. 54; fruit present, in loose botryform cl;ﬁe“' ok g:ﬂ\ of
e e, Alotude 5100 ft. foothills of Volcn Bati, narthis

El Hato. 5 June.




RUBIACEAE :

153. Aumexra eovuss (LRich) A. Rich. Shrub, 6
white. Mud flats along coast near Farfan, Canal Zone. 2

Wood said to be employed as the vertical members
daub construction. : T 7R

39, Arseis sackiana Hemsl. Tree, 13 in. diameter, 73 L
flowers white, aromatic; fruits brown and somewhat hard when dry,
Alsitude 270 fr., road K9, Canal Zone. 31 May. vy

192. Amaoua corymsosa H. B. K. Tree, 6 in. diameter, wi
trunk; bark very thin, flowers white. Shores of Bahia de
Darién. 26 June, :

18. CepHaiLis TomenTosa (Aubl.) Vahl. Shrub; brilliant red
beneath the inflorescence; flowers 2 mm. across, tubular, yellow
parts of plant hispid. Gamboa, Navy Pipeline Road, 10 mi, nortt
of Gamboa Bridge, Canal Zone. 29 May.

8. GeniPA AMERICANA L. Small tree; fruits brown, erect. |
Luisa, Canal Zone, 26 May.

144. Hamena axiceams Swartz. Small tree; fruit clusters r
Viburnum; leaves tend to be clustered ar ends of branches.
Puerto Armuelles, berween Cafazo and Cocos. 17 June.

177. Hameua zowrees Standl. Small tree, 1 in. diameter; flowers
yellow. Shores of a small river, Fnsenada Guayabo between Punta
Guayabo Grande and Punta Guayabo Chiquita, Darién. 25 June.

2. [Isewmia HAENKEANA DC. Sparsely branched shrub; inflorescence
terminal; flowers red at base and yellow ar apex. Growing in cut
over land, Cerra Luisa, Canal Zone. 26 May.

63. PALICOUREA GALEOTTIANA Martens. Shrub; flowers yellow, on red
pedicels; fruits green with yellow srripes. Altitude 4500 fr., foothills
of Volein Bart, northwest of El Hato. 6 June.

61. PaLicourea sp, Small tree, 10 fr. high, 2 in. diameter; flowers
and pedicels of the inflorescence magenta. Alritude 4500 ft., foothills
of Volcin Bart, northwest of El Haro. 6 June.

38. Prrronions tricHaNTHA Griseb. Tree, 12 in, diameter; flowers

white, faintly aromatic; fruits green. Naval Ammunition D
Group 300 Road, Canal Zone. 31 May. i

e guna” Small tree,
striking appearance due to the

171.  Warscewiczia cocanea (Vahl) Klorzsch, *
lca;ﬁng on trees along rocky shoreline,
brilliant red expanded calyx lobes; corolla yellow-orange. <y
hills bordering Bahia de Pifias, Darién. 24 ju};;e_ ange- Slopet

Roots said ro act as an aphrodisiac.

Ruraceae

17. ?:asmoxn.um seLizense Lundell. Small tree; trunk a0
stout spines 1.8 em, long; leaves 6.0-7.5 dm. long, mchi; spmmem;



7. Avea msoursou Aubl. Tree; flowers yellow; fruit reser
a sea urchin. Cerra Luisa, Canal Zone, 26 May.

77 ocarpus popavanensis HBK. Tree, 11 in. diamer
white, very soft and light. Alttude 6000 fr., slopes of Vole
near town of Cerro Punta. 7 June.

ULMACEAE

§8. CHAETOPTELEA MEXICANA Liebm. “cenizo” Tree, 48 in.
buttresses head high, extending out for several feet from the
the tree; leaves su% Altitude 4500 ft., foothills of Volcin Bart,
west of El Hato. 6 June.

The authors have followed Standley and Steyermark in Flora

Guatemala 1V. (Fieldiana 24: 5-6. 1946) in choosing the generic
name Chaetoptelea. However, there appear to be few signi
differences between this monotypic genus and Ulnmus; therefore,
Ulmus mexicana (Liebm.) Planch. might be preferred.

VERBENACEAE

98. CraARExviuM LANKEsTERt Moldenke, Small tree, 8)% in.
diameter, of fairly common occurrence; fruits in pendent racemes,

ight yellow, succulent, 2-seeded (3), the calvx persistent on old
fruit axis. Altitude 6300 fr., slopes of Volcin Bari, near town of
Cerro Punta. 8 June.

First record from Panama; previously known only from the
original collection of Lankester 243, Paso Ancho, Volcdn de Irazd in
Costa Rica. i

88, Liwpia cosTaricensis Moldenke. Tree, 14%% in, diameter; hgv_,ﬁ:f

with mint-like aroma, rugose, slightly scabrous; small anches
square. Altitude 6000 fr., slopes of élZén Bart, ne:rm m\:; 2; Cerro
Punta, 7 June, 1

First record from Panama.

78. Lipva torresn Standl, Tree, 14 in. diameter; | i
like aroma, rugose and scabrous on upper surf'ac:v?p:l s

. wood very hard, the sapwood light, heartw g
w:.. slopes (:? Volecin B::l?wuear tgw:r': of Ceg:}d g::l:bi?]
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them are also some trees that have been introduc':ed. The
species examined were: Acacia cyanophylla Lindl, 4.
raddiana Savi, A. tortilis (Forsk.) Hayne, Anabasis ar_r:cuiata
(Forsk.) Moq., Artemtisia monospernia Del., Calligonum
comosum L'Hér., Eucalyptus camaldulensis Dehn., Lycium
europaeum L., Nitraria retusa (Forsk.) Asch., Reaumuria
palaestina Boiss., Retama raetam (Forsk.) Webb, Salsola
rosmarinus (Ehr.) Solms-Laub., Tamarix aphylla (L.) Karst,,
T. gallica L. var. maris-mortui (Gutm.) Zoh., T. jordanis
Boiss. var. negevensis Zoh., Thymelaea hirsuta (L.) Endl.,
and Zygophylium dumosum Boiss. Comparison with data
obtained in an earlier, similar investigation on trees and
shrubs of the Mediterranean area (Fahn, 1953, 1955), will
now be possible.
Studies on some of the species were carried out in col-
laboration with Miss Carmela Shenkar. The present investi~
ation was begun in November, 1954. As cambial activity
in trees and shrubs growing in the desert had not been
investigated hitherto, the author’s aim was to obtain a gen-
eral knowledge of a large number of species rather than to
collect detailed data from numerous specimens of one or
two species only. From the small number of specimens
examined in each case, a good general idea of the course of
cambial activity throughout the year was thus obtained.
I'he present paper, the first of the series, deals with the
three above-mentioned species of Tamuarix. Nomenclature
has been adopted from Zohary (1956).

MATERIAL AND MEeTHODS

Four specimens of Tamarix apbylla were exaniined. Of
rh;se, numbers 1 and 2 were trees growing on heavy alluvial
soils near Masmiya, in the ,-\hzdite;mnczufrtrrimrv'ncf Israel
where the average annual rainfall amounts to 440 |-nm'
trunks of the trees were about 60 cm. in diameter, The t r;’
r:thcr spccimcns, numbered 8 and 9. were 1c-€:1£cd in ;; (
Sahgrm."iindian territory, some 14 km. south of Becmhe};e
on inland sand dunes, where rainfall amounts to ]()U‘ m?|
per annum. The trunks of these trees were roughly ]()Hll‘?'
m. in diameter, Furthermore. two specimens :;gf Taw-m‘&
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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 11, were about 10 cm. in diameter.
Specimens of Tamarix gallica var. maris-mortui, numbers
39 and 40, with trunk diameters of approximately 10 cm.,
grew on a salt marsh near Sdom, where annual rainfall is
50 mm,

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. aphylia were taken at
chest height, and samples of the other trees were taken at
about -haFf a meter above ground. Sections of twigs were
also examined. The chips and twigs were both fixed and
preserved in formalin-aceto-alcohol. Transverse sections
were then cut with a sliding microtome. One set of sections
was stained partly in safranin and fast green, and partly in
safranin only, and mounted in Canada balsam. In these
the number of outermost layers of wood fibres with incom-

letely thickened or altogether unthickened cell walls, was
then determined under the miCroscope. The other set of
sections was treated with I.KI and mounte'd in gl_ycenne
for starch examination. Radial and tangential sections, as
well as macerations, were also Prf:pared from e_ach species
for anatomical studies. Other sections sgalned with carm ; nine
acetate were used to determine the existence of nuclel mn

the wood fibres. The thinnest sections, of which photo-

' from samples embedded 1n .?cl-
graphs were taken, came fr p g e

:din. As observations made on pieces 5 ) .
ltt:l)l -thoﬁ’g:shci&ﬁ pr_ominant than those made on chips of outer-

most trunk wood, we shall confine our account to the

Jatter. W
Wood anatomy (fig- 1 and 2).—The wood was found to

NI . : \ m
be diffuse-porous to semi-ring-porous. Growth rings
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difficult to distinguish here, especially when examine m'oderiatél}j? thin. Len "Il@hs-from 0.37-0.94 mm. were record-

microscopically. The maximum tangential diameter of the
vessels at the beginnii'llg of the growth ring was 240y In the |
trees growing near Masmiya (no. 1, 2) and 160p in thqsi_ .
growing south of Beersheba (no. 8, 9). Maximum tangentia
diameter of the vessels at the end of the %rc_)wth ring was
160 and 100p respectively in the two localities. Vessels arc
either solitary or diagonally placed in multlples'of mostl
2 to 3, and sometimes in small clusters. Five to thirty vesse
were counted in a square millimeter. (In specimens 1 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. No tyloses were
found. A transluscent gummose mass :]ppcars here and there
in a vessel throughout its lumen, or only 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 Farenchyma in the species examined is storied, para-
tracheal and vasicentric, and is arranged around solitary
vessels or vessel groups in single or many-layered sheaths.
At the end of the growth ring parenchyma cells are flattened
tangentially. 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 which rhomboid crystals are com-
mon. The large rays are sometimes interwoven with narrow
strands of fibres, vessels or parenchyma. The majority of
rays are 8-20 cells wide, but narrower rays and sometimes.
even uniseriate rays are also to be seen. Height of rays
reaches 1.5 mm. (heights up to 2 mm. have been recorded =
by Metcalfe and Chalk, 1950, and by Chudnoff, 1956).
There are 2-4 rays in a millimeter. The ray cells store starch
and scattered cells containing tannins were also observed.

Flb{cs are _of various shapes; sometimes spindle shapeda
sometimes with irregular walls and quite often with rail-
like ends. Their elongated, steep-diagonal simple pits are
almost entirely limited to the radial walls. Fibre walls; areI

ed. Fibres contain living gmmplasts with nuclei and store
starch (fig. 5). Yellowish-brown tannins are also present in

some of them. ' 1
Rbythm of cambial activity~From the examination of
slides during successive mdmhs,_'i.t--apgﬁars-that the cambium
rhout the year. Judging

of T. aphylla remains active throughou |
the intensity of cambial activity from the number pfj-- ibre
layers with incompletely thickened walls, it was difficult to

¢termine a common course of activity for all species exam-

ined

. on mICroscopic examina-
«ult to determine the exact point

¢ began to differentiate. How-
investigation we came to the con-
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aphylla. In one of the specimens of T jordur.zis var. negeven-
sis, the cambium appeared to have one period of very low
activity; in the other specimen two such periods occurred.
Thcsc'pcriods were observed in samples taken from tree !0
in January and February and again in September, and in
tree 11 in December (see table 2). The zone of the flattened
fibres was produced in tree 10 during the period between
the end of December and the end of February. The new
growth ring began to develop in tree 10 at the beginning
of April, and in tree 11 at the beginning of March? Exam-
ination of a sample from tree 11 on August 21, 1955, gave
the impression of the appearance of a false ring.

Seasonal changes in starch content and cambial activity.—
As seen from table 2, the starchless zone disappeared or very
nearly disappeared in tree 10 during the periods of January—
March and September. In tree 11 disappearance of the
starchless zone was observed only in the sample taken in
December. A correlation between increase in width of the
starchless zone and cambial activity is also evident from
table 2 (fig. 6). J

Phenology and cambial activity.—Vegerative shoots de-
velop from the beginning of March, at about the same period
during which the new growth ring begins to form. The
development of vegetative shoots continues throughout
summer until fall. Inflorescences appear twice vearly. one
flowering period starting at the beginning of March and
the second in the middle of October. this latter being the
main ongc.

TAMARIX GALLICA L. VAR. MARIS-MORTU] (Gurm.) Zomn.

Wood anatomy (fig. 4).—This was found to be similar to
that of T\ jordanis var. negevensis, the only difference hcing
that the chuml)cnt ray cells are shorter and Jess clearly
distinguishable from the square cells of the wood rays.

Rbythm of cambial activity.—Here as in T. jm‘dzr;zis var
negevensis, growth rings are easily distinguislmhlc. ‘\s

‘In tree 11, ring initiation in 1956 w ' i
' as later than it had been in 1955
On March 7, 1956, there was still no sign of a new ring. gt

0 of wood on the
« X 17—Fig, 3, T,
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Fig, 4-6—Fig. 4. T. gallica var. m.m'sjmarmi {specimen No. 39), ¢ross-section of wood.
% 96. ¥ig. 5. Tamarix aphylla (specimen No. 2), tangential section of wood stained wih LKL
showing fibres and ray celis‘ containing starch, % 112—Fig. 6. T. 1ordanis var, negevensis
(specimen No. 1), cross-section of a sample of the outermost xvlem raken on Mareh 16, 1953,
stained with LK1, and showing a starchless zone. x 74.
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crystals only in square cells of the wood rays is another
fgsture which .di:gngukhes the wood of T. aphylla from
that of the other two species examined.

The cambium of T. aphylla was found to be fairly active
throughout the year. The intensity of that act:i\_'-itjt was un-
even, and it was difficult to find a common trend for all the
specimens examined. The growth rings, too, were foun
start their development at different ( e Y
the specimens which grow near Masmiya, growth rings |
to develop at the end of the summer, whereas in the speci-
mens south of Beersheba the main growth ring begins
developing at the end of February. Furthermore, it appea
that an additional growth ring begins development at the
end of the summer or in the autumn.

In T. jordanis var. negevensis the cambium was foun,
be scarcely active, or almost dormant for a short per
during the winter and at the end of the summer. In
gallica var. maris-mortui the drop in cambial .-ac__tivity oceur
during the months of September-February. In bot :
growth ring begins to develop in spring.

Generally, it may be concluded that almost no real d
mant period of the cambium appears to exist in any of
species of Tamarix examined. This phenomenon
explained only by the fact that their root Stems -
developed and penetrate deeply into the soil, where
moisture is available even in tﬁe-larc--'sumnfer mot

The changes in starch content which are n!
various physir)logical processes in the plant, she
lation with the course of cambial acti ity throug

his correlation is especially conspicuous during perio
very low cambial ac‘tivi‘ty. Dl:l‘riq'g such periods all
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3. The priority of Swartz’ Prodrommus over L'Héritier’s -
Sertum mg?icm has already been sanctior}ed by a botanical -
congress in conserving “Pitcairnia L’Her. Sert. Ang. 5.
1789" over “Hepetis %wartz, Prodr. Veg. Ind. Occ. 56.
1788 (cf. Lanjouw, et al. 225. 1956).

Thus the probable publication date of Swartz’ Prodromus
appears to be September, or October at the latest, 1788,
while L'Héritier’s Sertum anglicum was published in “late
1788,” but not before December, or in January 1789.
Therefore, Swartz' binomial, Rbanmus ellipticus, on which
the new combination is based, certainly has priority over
1.'Héritier’s Ceanothbus reclinatus.
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