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Introduction

There is at present no up-to-date sum-
mary of the anatomy of the monocotyle-
dons comparable to Metcalfe and
Chalk's Anatomy ol tlrc Dicotyledons
which was published in 1950. At the
moment the only existing publication
is Solereder and Meyer's Systernatische
Anatomie d,er Monolt,otyled,onen which,
besides being practically unobtainable,
is incomplete .because the proposed vol-
umes on many of the larger groups, in-
cluding the Clumiilorae and, the LiIi-

llorae, never appeared. However, since
the completion of the Anatomy ol the
Dicotyleilons, Dr. C. R. Metcalfe of the
Jodrell Laboratory, Royal Botanic Gar-
dens, Kew has been working on a com-
parable survey of the monocotyledons
which wil l include all available infor-
mation on the anatomy of all families
within the group together with taxono-
mic notes and notes on economic uses.
At the moment a slrrvey of the anatomy
of grasses is almost complete and the
anatomy of a number of small families
has been described.

'lhe work which the present paper
sets out to describe is part of this larger
project and has been in progress for
two years. Although this work is by
no means complete it is possible at the
moment to derive some tentative con-
clusions from the observations which
have been made so far. These are pre-
sented here for the first time. The study
was started at the University of Leeds
on material collected from the slass-
houses of the Royal Botanic Cardens,
Kew. Subsequently a visit for one year
to Singapore was of tremendous bene-
fit in that some firsthand knowledee of
the native palms of Southeast Asia in
their natural habitats was eained and

at the sqme time access to the large liv-
ing collection in the Singapore Botanic
Gardens was granted through the kind-
ness of the Djrector. Mr. J. W. Purse-
glove. As a result a large collection of
preserved material of Asian palms was
assembled. At the moment W'est Africa
is providing abundant material of its
few local palms. Very little work has
been done on American palms because
of lack of material, but Dr. H. E. Moore,
Jr. of the L. H. Bailey Hortorium is
co-operating in making good this de-
ficiency.

Scope and Purpose of the Work

lfhe object of the study is to provide
a survey of the anatomy of the vegeta-
tive organs of palms which will include
all existine information on the subiect.
The resulti wil l be presented in such a
way that the relation between the an-
atomical findings and the taxonomy of
palms wil l receive special emphasis.
The scope of this anatomical approach
to traditional systematics has already
been outlined very adequately by Met-
calfe in Science Progress 161 r 42, 1953.
It is therefore only necessary to re-
emphasize here that the object of syste-
matic anatomy is not to derive a classi-
fication of plants (in this instance
palms) from their anatomical structure
but to indicate in what wav existins
classification, based on traditional exo-
morphic vegetative and floral features,
is supported bv internal microscopic
structures. Where evidence from both
disciplines is in agreement, the con-
clusions arrived at have a more prob-
able validitv" but where results do not
agree, the anatomist can only suggest
that a re-investigation. of the problern
by the taxonomist may produce modifi-
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cations which will lead to mutual satis-
faction. Also it must be remembered
that external morphology and internal
anatomy are only two sources of infor-
mation from which our ideas on the
natural affinities of plants may be de-
rived and that cytology, pollen morph-
ology, and even biochernistry can sup-
ply further useful information.

It must also be remembered that tax-
onomy is concerned in the first place
with the identification of plants. as well
as determining their probable phylo-
genetic relations. In this respect the
anatomist is much less useful than the
taxonomist. although it cannot be de-
nied that anatomical information ma1,
be very useful in identifying sterile ma-
terial and in particular in identifying
plant fragments.

UltimateJy the structure of all vegeta-
tive orsans of palms will be described.
but at the present moment attention has
been largely concentrated on the lamina
(leaf-bla.de) and verv l itt le work has
been done on the u.ruiotny of stem and
root. Even so it appears that the lamina
will offer far rnore useful information,
because of its greater variability, than
either stem o.r root which are rather uni-
form in structure. In addition the
lamina is always more easily accessible
than other orsans.

Collecting and Preseruing lllaterial

for SyStematic Anatomical Work

When a survey of the anatomy of
such a large family as the Palmae
(about 2,600 species) is to be attempted,
only a small sample, which must in-
clude as many groups as possible, can
be studied. In addition" for plants as
large as palms it is not possible to de-
scribe in detail the anatomv of all parts.
For this reason eerLain iestrictei bLrt
standard resions have been selected for
study. These regions are:

i) the lamina, either as a pinna
at the median level in the
feather palms, or a portion of
a leaf sesment at a median
level in the fan palms.
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i i )  the rachis, just below the in-
sertion of the lamina or low-
est pinnae.

iii ) the lcal sheath, at a less precise
level, ,but usually just above
its insertion on the stem.

iv) the mature stem, including a
. port ion of the inner and outer

regrons.

\ I  mature rc,c,fs..

Obviously some parts of a palm are
more accessible than others. The lamina
is most easi ly obtained. This is import-
ant because the most useful information
is obtained from the lamina. The stem
is least accessible since i t  is rtecessary
lo  cu t  down and des t roy  a  shoot  in
order to obtain i t .  This cannot be done
with single-stemmed palms in cultiva-
t ion. Roots requi le a l i t t le effort in
excavating near the base of the stem,
but they can be taken without harming
the l iving plant.

After the material has been obtained
from the living plant, usually with con-
siderable effort using large knives and
saws, it is carefully cut into small
enough pieces to go into screwtop pre-
serving jars and is fixed in formalin-
acetic-alcohol in which it will maintain
its condition more or less permanently
without deterioration. In this way a
vely large collection of dead, preserved
material has been obtained from living
plants. In order to transport these
rather bulky objects it has been found
very convenient and affords much sav-
ing of space if the material is taken out
of its iars bf preservative and sealed
airtight, together with a small wad of
cottonwool soaked in formalin-acetic-
alcohol, in polythene bags.

In addition to material derived from
living plants much valuable information
has been obtained from dried leaf ma-
terial taken from herbarium or museum
specimens. This is often the only source
of information a,bout rare and little-
known plants. Through the kindness of
Dr. C. X. Furtado I have had material
from several of the type specimens in
the Singapore Herbarium. Ry simple
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techniques it is usually possible to re-
vive dried material adequately so that
its internal structure can be examined.
In one instance material in one of the
Kew museums collected by Alfred Rus-
sel Wallace in the Celebes nearly one
hundred years a$o has proved amen-
able to anatomical study.

Preparation of Palm Leaaes lor
Anatomical Study

Serious technical difficulties were en-
countered when atternpts w€re made to
prepare thln sections of all organs of
palms f or microscopic study. At the
moment only those relating to the lam'
ina have been overcome and can be de-
scribed.

Preparations in which the surface
layers can be studied in surface view
are made by laying a piece of the lamina
flat r-rpon a glass slide and scraping
away as much unwanted tissue as Po?-
sible. These preparations can be cleared,
stained, and mounted in the same waY
as sections. Difficulties invblved in sec-
tioning the leaves of palms are largely
due to their hish sil ica content but soak'
ins material in hydrofluoric acid over-
comes this. In order to save as much
time as possible, lengthy embedding
procedures rvere avoided. It was found
that sections corrld Ite cut as thin as l0
micra without embedding the lamina,
using a Reichert sliding microtome'
This made possible a much more rapid
advance than might have been other-
wise. Althoueh all sections have been
examined unstained and untreated, a
number of permanent stained prepara-
tions have been mounted. For this a
special technique was developed for
rapid handling of the very delicate free-
hand sections produced on the sliding
microtome. These Dermanent slides
will ultimately be housed at Kew, where
they will form part of the reference col-
lection in the Jodrell Labora[ory. .

The An,atomy of the Pahn Larn'iha

In order that the subsequent discus-
sion may be fully understood a brief

description of the structure of the lam-
ina of palms may prove useful. The pin-
nae of feather-leaved palms and the
segments of fan-leaved palms contain a
system of alternating large and small
veins which run parallel with each other
and more or less loneitudinally in the
pinna or leaf segmeni. This system of
veins is'.iusuallv visible to the naked eye.
In addition there is a system of short
transrrerse veins connecting the longi-
tudinal veins. These mav or mav not be
visible to the naked eye. From trans-
verse sections of the lamina the conduct-
ing tissue o{ these veins is seen to be
sheathed by one or more.lavers of cells.
The smaller veins are usually sheathed
only bv thin-walled parenchyma cells
while the large veins may be sheathed
either by parenchyma cells and fibres
or even by fibres alone. The transverse
veins contain only a few conducting
elements and are sheathed either by
thin-walled or by thick-walled cells. ln
addition to the fibres which form part
of the vascular bundle sheath, the
leaves of palms usually possess scat-
tered fibres or longitudinal fibre
strands which are not associated with
vascular tissues.

The fibre and vascular strands are
embedded in thin-walled assimilating
tissue which contains most of the chloro-
phyll found in the lamina. This chlo-
renchyma may be differentiated into
columnar palisade cells towards the
adaxial (upper) surface and rounded,
loose spongy tissue cells towards the
ab,axial (lower) surface, as in most
dorsiventral leaves, but very often the
mesophyll is uniform and is made up
of cells which are all alike.

The surface layers which form the
rest of the leaf tissue are often verv
complicated. In addition to the epider-
mal cells, which may or may not have
thick outer walls and a well developed
cuticle. there is usually one or more
layers of so called o'water-storage" cells
below each epidermis. These hypoder-
mal cells are usually large, colourless
and thin-walled. Narrow longitudinal
bands of these cells in certain precise
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regions of the lamina become consider-
ably enlarged and anticlinally extended.
Since these are believed to bring about
the expansion of the folded lamina they
have been called "expansion cells." The
epidermis itself frequently bears scales,
warts or hairs of various kinds which
may be visible to the naked eye as small
flecks on the surface of the lamina.

Anatomical Features ol the Leal

Wltich Are of Diagnostic Value

Before any morphological feature,
whether external or internal, can be used
for purposes of classification it must
first be established that the structure
does not alter as the environment of the
whole plant is changed. It is because
the floral and reproductive organs of
flowering plants are very constant in
their appearance within a single species
that they are most useful in taxonomic
work. In the same way those anatomical
features selected to aid the taxonomist
must not be plastic structures which are
easily altered by changes in the habitat
of the plant. For instance. it is well
known that the mesophyll of a single
species has quite a different appearance
in a leaf qrown in full sunlight than one
allowed to develop in shadi. whilst on
the other hand, the structure of hairs
would not be altered by a similar en-
vironmental chanse. Under these cir-
cumstances, therefore, the mesophyll is
much less useful as a diaenostic feature
than is  the tvpe of  hai r . -

With this-proviso in mind, the fol"
lowing paragraphs give a very brief
summary of the more important struc-
tures in the leaves of palms which are
believed to be constantlv present within
a given species and to provide useful
criteria for the identification of taxo-
nomic groups of palms.

i. Symmetry ol the lamina
.Most palms have dorsiventral sym-

metry in which upper and lower halves
of the lamina are different. Stomata,
for instance, are usually restricted to the
lower surface. The upper mesophyll
layers are sometimes differentiated into
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columnar palisade layers, while the cells
of the lower mesophyll remain rounded
and rather loose. However, there are a
number of palms, such as Phoenix,
Borassus, Sabal in which the leaves have
an isobilateral symmetry with identical
upper and lower surfaces and in which
the structure of the mesophyll cells be-
low each surface is the same. In other
plants in which this symmetry is de-
veloped e.g,. Iris, the. leaves usually
stand erect so that both surfaces are
equally illuminated. Similar ecological
conditions may be expected to have in-
duced this structure in those palms with
isobilateral leaves. Certainly in Phoenix
the pinnae remain rather ciosely folded
and might be expected to receive equal
amounts of sunlight on upper and lou.er
surfaces. However, the condition must
be determined gerretically in the first
instance since the differentiation of
tissues is complete in the folded lamina
long before it becomes exposed to light.
Also it is rather difficult to accept this
explanation for Sabal leaves which nor-
mally have the lamina extended horizon-
tally.

i;. The shape ol the epid,erm.al
cells in surlace xieu

The shaoe mav be rectaneular. if the
cells are extended longituiinaliy; or
rhombohedral, if the cells are extended
obliquely; or hexagonal, if the cells are
extended transversely, although this
last condition is rare. In any one group
of palms the shape of the epidermal
cells is constant. Thus in the ,Sabal tri,be
the cells are alrvays rectangular (Fig.7)
whilst in the arecoid palms they are
probably always rhombohedral (Fig.
5). Also the anticlinal walls of the ep'i-
dermal eells in surface view may be
either l inear. or undulate (Fig. 6). Pres-
ence or absence of undulate walls seems
to be fairly constant for any one species,
so that a useful diaenostic feature is
available. Thus, for" example, in the
Sabaleae it is remarkable that all Amer-
ican representatives have linear epider-
mal walls while most Asian eenera have
undulate walls. a fact f irsi noted br-
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Pfister in l i l92 (cf.  Figs. 6 and 7). The
epidermal cells of most members of the
Lepid,ocuryoideae have anticlinal walls
rvhich are undulate.

iii. Stomata

Althoueh the structure of the stomata
is very uniform in the palms as a whole
and corresponds in general to the alis-
matoid type ( l- ig. 8), certain genera or
groups of genera have peculiarities in
the construction of their stomatal appa-
ratus by which they can be identi f ied.
For instance, all members of the small
tribe Caryoteae have peculiar striations
in the walls of the guard cells which are
very conspicuous in surface view (F' ig.
l0). Sabal (Fig. 12) and, Chamaerops
are among those genera which can be
recognised from the appearance of their
stomata in transverse view. In this re-
spect ,&ypa is a well  known example be-
cause the stomatal pores are occluded by
numerous horizontal thickenines of the
rval l  of the guard cel ls.

rr ' .  Trichomes

Although there are a few palms in
which excrescences are limited to the
rnidrib region le.g. Phoeni,x,\  rnany
bear pecul iar apperrdages on the surface
of the lamina the structure of which is
very constant and may be diagnostic for
the genus or tribe to which the palm
belongs. ifhe peculiarity of these stmc-
tures is that in the still folded leaf they
produce a filamentous or scalelike ex-
panse of thin-walled cel ls which is
sloughed off when the leaf expands.
Consequently, all that remains in mature
leaves are the shrivelled remains of the
thin-walled cel ls borne upon basal thick-
wa l led  ce l l s .  

' fhe  
la t te r .  horvever .  may

have a characterist ic arrangement which
is  eas i l l  recogn ised r  F ig .  1 l  t .  Tn  a  few
palms - e.g. Arenga, Diplothemiurn,
Ceroxylon., Latania - the thin-rvalled
cells persist and become {illed with air,
so producing a glaucous or feltlike
bloom on the undersurface o{ the lea{.
In the bactrid and calamoid palms small
multicellular spines are common rvhich
show a gradual transition in size to the

large spines with which these plants are
so {iercely armed.

u. Hypodermis
Although the number of layers of en-

larged hypodermal cells varies in dif-
ferent parts of a single leaf, at any
standard level it is always constant for
each species. Usually there is one hypo-
dermal layer beneath each surface (Figs.
I and 3), but there may be more or
there mav be unequal numbers on op-
posite surfaces. As examples, at the
standard levels studied, the arecoid
palms nearly always have one hypo.
dermal layer beneath each epidermis;
tubaea' 1Fig. 4) has 2-4 adaxial layers,
one abaxial layer; Hyphaene (Fig.2)
has 3 layers beneath each surface. In
addition the shape of the hypodermal
cells as seen through the epidermis
r,aries from group to group because the
cells may be either transversely or
longitudinally extended. Further, the
hypodermal cells situated around the
substomatal chambers usually have a
very definite anangement which in such
genera as Plrcenix 1Fig. 9) , Borassus,
Lodoicea, and. Pritchardia is very dis-
tinctive.

t:i. Expansion cells
The bands of enlarged hypodermal

cells which are assumed to cause the
unfolding of the expanding lamina have
a fairly restricted position which is con-
stant for each species. For instance, the
fan-leaved palms have a band of expan-
sion cells within the anele of each fold
of  the lamina.  In  the feather- leaved
palms the expansion cells appear to be
distributed in two main wavs: either
lhere is a band of cells on each side of
the midri,b, or the cells are not present
in the midrib region but are distributed
at irregular intervals throughout the
lamina.

uii. Fibre strunils
The position of the strands of fibres

which are independent of the sheathing
fibres of the vascular bundles is very
varied and many groups of palms have
their own distinct type of arrangement.
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Figs. 1-4. DIAGRAMMATIC TRANSVERSE SECTION OF THE LA-
MINA. 1, Phoenix rec'linata; 2, Hyphaene thebaica; 3, Did,ymosperma
Hookerianum; 4, Jubaea chilensis.--sclerotic tissue-solid black; xylem-

vertical lines; phloem-stippled; ep.-epidermis; f. Iibres; hyp.-hypo-
dermis; phl.-phloem; p.s.-parenchyma sheath of vascular bundle; xy.-

xyrem.
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Figs. 5 -7. ADAXIAL EPIDERIIIS, SURFACE VIEW. 5' Ptvchosperma

Macarthuri; 6, Cyrtoslachys Lakka; 7, Coccothrinax argente(l; 8, Phoenix

canariensis, t.s. stoma; 9, Phoett'ix canariensis, hypodermis, surface view,

with substomatal cells; 10, Caryota nlitis, stoma, surface view; 71, Caryota

rnilis, base of epidermal hair, surface view; 12, Sabal mexicand, t.s. stoma.
- -a. sp,--intercellular air-space; tk. c.-thick-walled cells ; tn' c.-thin-

walled ceils.
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Often the fibre strands are limited to a
position in contact with the surface lay-
ers {Fig. I l while on the other hand
they may be limited to the mesophyll
(Fig. 3). Yet again, as in lubaea _(Fig.
 ),-the fibres may ,be found only as
large vertical extensions of the sheath
tissue of the vascular bundles. Many
combinations of these types exist, e.g.
Hyphaene (Fig.  2) .
uiii. Vascular bundles

The distribution of vascular bundles
in relation to the other tissues of the
leaf is very variable and imParts a
characteristic appearance to the trans'
verse section of the lamina. Often all
vascular bundles are connected by fi-
brous extensions of their sheathing
tissues to the surface layers (Figs. 2
and 4). They may be connected mostly
either to the upper or lower surface' On
the other hand the vascular bundles may
be largely independent of the surface
layers (F igs.  I  and 3)  '  Then they may
be situated either at the centre of the
lamina or approach closely to one or
other of the surfaces.

]'he structure of the individual vascu-
lar bundles may provide useful features
for diagnosis. This depends on the
amount of fibrous supporting tissue, the
distribution of sheathing parenchyma
cells. the amount of xylem, and number
of phloem groups, any of which features
may vary considerably and so alter the
appearance of the vascular bundle in
transverse section.

In addition to the loneitudinal bundles
the size and distribution of the trans-
verse vascular bundles orovide useful
taxonomic charaeters. For instance. ip
the tribe Attaleeae, at the points where
the two vascular systems cross, the
transverse bundles alrvays run above the
longitudinal. Large transverse bundles
sheathed by fibres are very common in
the tribes Sabaleae and Bora,sseae, while
in the arecoid nalms small transverse
bundles sheathed by parenehyma are
the rule. 

'lhe genus Borassus can be
recognized easilv bv the massive fibre
buttresses which connect the transverse
bundles to both surfaces.
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ix. Steg,mata
Situated adjacent to the fibre of palm

leaves are small cells, each containing
a single silica body, the cells being ar-
ranged in long fi les or, less commonly,
in small groups. The individual cells
have been termed stegmata. They have
been observed in all palms, although
their nnmber varies considerably from
species to species. The shape of the
silica body and the extent to which the
walls.of the cells are thickened is very
distinctive for each group of palms. For
example, in lhe Caryota tribe, the silica
bodies are shaped like small bowler hats
and the silica cell is thin'walled. In the
arecoid group the sil ica cell is also thin-
walled but the silica body is spherical,
while in rhe Borassus tribe the silica
bodies are spherical but the wall of the
silica cell adiacent to the fibre is alwavs
thickened and more or less envelops
the silica body. Consequently, in this
last group, when the sil ica body is dis-
solved away by means of hydrofluoric
acid an impression of its shape is left
in the wall of the sil ica cell.

x, Miscellan eous
In addition to the structures described

above there are many others which have
not been mentioned but which may be
confined to a limited number of palms
and provide very reliahle means of iden-
tification. Sometimes similar structures
may be found in totallv unrelated gen-
era. For instance, there are a number
of genera which contain fibrelike scle-
reids, of fihich Bactris, Daemonorops
and Licuala are examples although these
are members of very different tribes.
However. because they contain srle.eids
while closely related memhe's of the
same tribe do not, a means of recognis-
ing them within their srnall group is
available. In the same wav there are
several members of the Sabaleae anrl
Lepidocaryoideae which have a sclereid-
like extension of the individual fibres of
the sheath of the transverse vascular
bundles. Here the fibres run parallel
with the vascular tissues for some dis-
tance and then their ends are turned
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away to ramify among the adjacent
mesophyll cells. Stone cells have been
found only in Lod,oicea. The wax palm,
Ceroxylon and,icola can be recognized
by the deep longitudinal grooves in the
lower surface of the lamina to which
the stomata are confined. As more ma-
terial becomes available and is exam-
ined, more structures distinctive of in-
dividual palms may be brought to. light.

Discussion and, Conclusions

Before outlining a few of the taxo-
nomic conglusions suggested by those
observations on the anatomy of palms
that have so far been made, it is well
to remember that these conclusions are
never derived from the consideration
of single characters alone, but frorn the
sum total of similarities and differences
between different €{roups. Were this not
so it would be possible to classify palms
according to some quite artificial
scheme, such as placing together all
those palms which have sunken stomata
or spherical silica bodies or thickened
epidermal cells. This would give quite
a different result to the modern system
which takes into account as many fea-
tures as possible. As a matter of fact,
palms from o.bviously unrelated groups
often possess common structure. As ex-
amplei it has already been mentioned
that isobilateral leaves are found in
many tribes; that sclereids are devel-
oped in several unrelated eenera, and
that the arrangement of cells below the
stomata which is so characteristic of
Plnen.ix is also found in members of
the tribe Borasseae.

Vith this point in mind the follow-
ing are some of the more obvious con-
clusions which have been deduced so
far :
i. Soecilic d,ifferences

It is at once obvious that species from
the same genus are not normally dis-
tineuishable from each other anatomic-
allv. This is because the anatomical
differences between closely related spe-
cies are largely ouantitative and in any
case the range of variation in structure

shown by a single species grown under
varied conditions may be greater than
the differences between this species and
another one. This is not an unexpected
result since similar conclusions have
been arrived at in anatomical surveys
of other families. It merely means that
anatomy is of most help to the taxono-
mist in 'delimitine taxa at or above the
rank,.of, genus.

ii. Ceneric d,ift'erences

There are a number of palm genera
which are sufficiently isolated for them
to be recoenized from their leaf anat-
omy alone. Borassus, Ceroxylon, Cryo-
sophila, Lodoicea, Nypa, and Sabal are
a few of the most obviously distinct
genera.

At the other extreme very many gen-
era are almost identical anatomically.
For instance members of the tribe lre-
ceae :.rsually cannot be separated with
anv desree of confidence from ear:h
other on anatomical grounds and the
picture will probably become even more
uniform rvhen more members of this
group are examined, Similarly, recent
revisions of the very large rotang genus
Calamtrs have created several new gen-

era which are morphologically very
distinct. Hou'ever. when I came to ex.
amine manv of these in Sineapore,
largelv through the kindness of D". C.X.
Furtado, I ."as unable to find definite
anatomical l imits het,"een them and the
"parent" genus, ruhlsh is not an ltn-
expected result. \Yihat is a surprisinq
result. on the other hand, is that the
genera Calamzts and Dnem onorops" both
of whir"Jr a16 "lir.hine rotangs of the
Eastern Tropics ."ith verv similar hahits
and which are so "loselv related thnt
thev were freguentlv confused in earlv
taxonomie work, are very easi ly dis-
tinguished bv means of certain an:r-
tomical structures in the ]eaf.

iii. Dilferences between genera
u'ithin the same tribe

Within the major groups it is often
possible to oi"k out certain groups of
senera which have elose aff ini t ies' For
instance, in the Sabaleae" the genera
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Licuala, T ey smannia and, P holidocarpus
show a combination of anatomical char-
acters not found elsewhere. This sort
of thing is to be expected and will prob'
ably be found to occur frequently as
the ranse of observations is extended
because'within a single tribe all genera
have not an equal affinity with each
other.

iu. Tribal ilillerences
Even after a brief examination of the

anatomy of palm leaves it was fairly
obvious that each of the major groups
of palms has a combination of ana-
tomical leaf characters 'by which it
could be recosnized. Thus, in iust the
same way as one could talk about the
arecoid inflorescence, or the lepido-
caryoid fruit, it is possible to conceive a
sabaloid or phoenicoid or arecoid type
of leaf section. As an example the fol'
lowing description would apply to all
members of the tribe CarYoteae:

Leaf dorsiventral. Epidermal cells rhombo'
hedral  or  spindle 'shaped, nal ls  l inear.  Stomala
suoerf ic ia l . '  guard cel ls  wi th t ransverse str ia-
t ions on th i  ledges conspicuorts in surface
view (Fig. 10). Hairs usually abundant on
the abaxiil surface and producing a glaucous
bloom of thin-walled, air-filled cells, each
group of superficial cells arising from two or
i -ht""  basal- th in-wal led cel ls  wir ich are sur-
rounded by a cylinder of thick'walled, scle-
rotic cells (Fig. 1l). Hypodermis usually
one-layered below each surface. Nonvascular
{ibres situated in the mesophyll and rarely
making contact with the surface layers (Fig.
3). Individual fibres with large, septate
lumina, Longitudinal vascular bundles mostly
independent of the surface layers and situ-
ated at a median depth in the lamina, or to-
wards the abaxial surface. Phloem often
sclerotic. Transverse vascular bundles small,
sheathed by parenchyma only. Stegmata with
a hat-shaped silica body, silica cell thin-wal1ed.

1). Euidence in support ot' recent
taxonom.ic reuision

One very interesting aspect of this
present study is that some recent modi-
fications in the classification of palms
arrived at from a study of exomorphic
features have been confirmed indepen-
dently by anatomical observations. This
is very stimulating and is rather like a
detective novel in which the reader is
able to identify the criminal from a
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different set of clues to those provided
by the author. For instance, the genus
Orania was included in the small trfie
Caryoteae by Drude (1889). An exant-
ination of its structure showed that there
were many differences between its leaf
anatomy and that of the rest of the
Caryoteae and in addition the genus did
not show any obvious affinities with
any other tribe of palms. It was there-
fore very gratifying to discover subse-
quently that both Beccari and Buruet
had each included Orania in a distinct
tribe in their subdivisions of thePalmae.
Another example is equallv clear-cut.
When Ridley described ihe eenus P/rolr-
docarpus for the Flora ot' Malaya, it was
included in the tribe Borasseae only to
be moved subsetluerrtly into the Sabal'
eae. Anatomical cvidence supports this
change and also suggests that Pholid'o-
carpus may be related to the genera
T eysmannia and, Licuala.

ui. Concluding remarks

Larselv due to lack of material, little
anatomical work has been done on a
number of small groups of palms which
have undersone recent taxonomic re-
vision (see Appendix). It is hoped that
when more anatomical evidence be-
comes available it will be allowed to
contribute its weight in arguments about
the affinit ies of the larger groups of
palms. Most interesting results from
this type of work are produced when
the anatomist is able to work in close
co-operation with his taxonomic col-
league. Dr. H. E. Moore, Jr. has prom-
ised to eive advice on taxonomic matters
which will prdbably save me much
muddled thinkins.

Some practical value should also be
obtained from the results because iden-
tif ication of steri le and fragmentary
material may be made possible. This
can be of assistance to the ecologist, the
archaeologist, ttrre economic botanist, or
even the horticulturist.

One further point of general useful-
ness may also be a result 'of this survev
in that the development of the leaf and
other organs of the palms which has
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long been enigmatic to botanists, will
be made more amenaible to study when
our knowledge of the anatomy of the
mature organs is more cornplete. The
main obiect at the moment is to assem-
ble all the details in one volume.

Append,ix. PaIm Material Required

for Anatomical Study

The following is a list of the pa.lm
genera (classification of Drude) of
which material is required to make the
anatomical survey as complete and use-
ful as possible. Since most of the palms
required are American it is thought that
members of the Palm Society may be in
a position to supply me with material,
particularly o{ the less well known gen-
era. Of course it may be difiicult to ob-
tain all parts of each species, tha;t is
stem. leaf and root. and it is understood
that members may jib at the idea of tack-
ling a 60-foot palm to gratify the wishes
of a foreign scientist. However, as is em-
phasized earlier, it is the lamina of the
palm which is of most value for sys-
tematic anatomy and it may be a simple
matter to snip off a leaflet or two. The
material should be fixed in spirit or
preferably. in formalin-acetie-alcohol. It
can be mailed in a sealed polythen bag,
enclosing a wad of damp cotton wool.
If these facilities are not available the
leaf in a well dried state will be ex-
tremely useful. If any member of the

Society is willing to help I will be
only too glad to supply further details.

TRIBE SABALEAE
Rhapidophyllum Brahea
Nannorhops Cryosophila
Serenoa

TRIBE MAURITIEAE
Lepidocaryum Mauritia

TRTBE GEONOMEAE
Manicaria Asterogyne
Leopolrlinia Culyptrogyne
Calyptronom.a lVellia
Ceonoma

TRIBE IRIARTEAE
Catoblastus W ettenia
Iriartea luania

TRIBE MORENIEAE
Pseudophoenix
Reinhardtia

TRIBE ATTALEEAE

TRIBE ELAEIDEAE
Barcella Corozo

TRIRE ARECEAE
Prestoea Roscheria
Gigliolia Oenocarpus
Linospadix Cypholtentia
I guanura Hyd,riastele
Somm,ieria Loxococcu,s
Clinostigrna Cyphopkoenix
Iessenia

SUBFAMII.Y PIIYTELEPHANTOIDEAE
Phytel,epkas

Morenia
Kunthia
Gaussia

Orbignya

i
1

Pelogodoxo Henryo no
Pelagodoxa Henryana is one of the

most fascinating rarities among the cul-
tivaled palms. The species is rare even
in its native habitat-valleys on Nuku
Hiva (Nukahiva), Hiva Oa, and Ta-
huata. all volcanic islands in the Mar-
quesas Islands lying some 700 miles
northeast of Tahiti.

Our first published record of this
unusual palm appears in a French hor-
ticultural iournal, Reutt,e Ilorticole (ser.
2, 15: 302. fql7). ' fhere, D. Bois in-
corporated a formal description, pro-

vided by Odoardo Beccari, with photo-
graphs of a small plant, seedlings, a
drawing of fruits, and notes from
Charles Henry, who discovered the palm
on Nuku Hiva. According to Henry, the
plants, of which he saw only twelve,
grew at a low altitude in the shade of
Hibiscus tiliaceus where they never saw
the sun. In describins them, he wrote
(translated) "I have rarely seen a more
beautiful palm. Some individuals four
to five years of age, straight of stem,
have the appearance of adult specimens
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