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PIECES of fossil palms have been known 
to palaeobotanists for quite a long 
time, the earliest of them dating as 

far back as 1784, when Burtin ( 1784) pro­
bably for the first time described some 
pieces of fossil palm wood discovered acci­
dentally in a village near Brugge and Gend in 
Belgium. This discovery was followed by 
aquisition of palm stems from different parts 
of the world by several workers such as De 
Reunie (1781\), Stenzel (1850), Unger 
( 1851, 1853), Ettingshausen (1854), Heer 
( 1855), Schenk (1882, 1891), Delvaux 
( 1885), Staub (1887), Knowlton (1889), 
Crie ( 1892), Rutot ( 1898 ), Sterzel ( 1900 ), 
Seward & Arber (1903), Lignier (1907) 
and others. These palm stems occurring in 
different parts of the world dated from 
Cretaceous to Pliocene periods, the only 
authentic record of palms belonging to earlier 
period being that of palm-like plants from 
Dolores formation (Triassic) in South Wes­
tern Colorado ( BROWN, 1956) and of a palm 
leaf described by Lignier ( 1907) under the 
name PropalmophyUum liasinum from the 
Liassic of )Iormandie in France. Some of 
the early fossil material consisting of pieces 
of stem, root and few leaves was described 
by Unger (1823-1851), Stenzel (1850), 
Massalongo (1854), Schimper (1872), 
Schenk ( 1882) and others and a compre­
hensive account of this varied material was 
given by Stenzel ( 1904) in his later monu­
mental work "Fossile Palmenhulzer" pub­
lished in 1904. This extraordinary piece of 
life's work of this great German savant, 
based on a rich variety of specimens, is so 
replete with observations, that it is rightly 
said to have laid the foundations of studies 
on fossil palms. Judging from the mere 
vastness of materials drawn from all over the 
world and the lack of modern equipment 
at the disposal of Stenzel (1850, 1904), one 
is simply struck by the tremendous industry 
of this untiring investigator of fossil palm 
stems, working for more than half a century. 
Naturally he developed a keen in. ight in 
palm anatomy. Many of his ideas regarding 

the anatomical features in palms were [uite 
sound, which enabled him to formulate his 
well-known system of classification of fossil 
palms, but a few of them were undoubtedly 
such as could not have stood the scrutiny of 
later work, particularly those concerning the 
mechanism of increase in the girth of a palm 
tree trunk. With the publication of his work 
"Fossile PalrnenhOlzer" in 1904, the first 
phase in the history of studies on fossil palms 
may be considered to have come to an end. 

Simultaneously with him in the same c n­
tury another eq"lIally distinguished German 
worker Hugo von 1:ohl ( 1845 ) was working 
on the living palms and their anatomy, and 
in the light of his studies, he devised a ready­
made classification of palms based mainly 
on the external characters of stem. Strangely 
enough, both these workers had realized the 
importance of ground tissue in the study of 
palm stems and had noticed it to be quite 
distinct in several species. J3u t the main 
interest of von Mohl was concentrated in 
the secondary increase in the tree trunk of 
palms, which, according to him, was due to 
stretching of some undifferentiated cells 
lying in between various fil ro-vascular 
bundles and in the axils of leaves, and not 
due to the presence of any definite tissue-like 
cambium characteristic of dicotvledons and 
arboresce~t lilies like Dracaena o~ Cordyz.i.ne. 

In the next phase of work on palms a large 
amount of fossil material consisting of fruits, 
seeds, leaves, etc., was brought to light in the 
Tertiary strata of various parts of the worlel 
such as the lignite beds and brown coal in 
Rhineland, fossil remains of stems and roots 
carbonized, silicified or calcified in the 
London Clay flora (H.EID & CHANDLER in 
1933 ), Tertiary beds of Paris Basin, strata 
around Brussels, in the Upper Pierre Creta­
ceous of South Dakota, Cretaceous of orthT 

America, Denver formations of Eocene 
period in the nited States, in Colorado and 
Washington beds, in Antigua in West Indies, 
in Italy and Sardinia, in Central Europe, in 
Libya in North Africa, in I~gypt, India, Korea, 
Japan, etc. At the same time De Candolle 
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( 1855 ), Mirbel (1839), Martius (1823­
1850), Griffith (1850), I-looker (1854, 
1854-55), Drude (1877, 1889), Baillon 
( 1895 ), Bobisut (1904) and others were 
actively busy wIth the morphology, floristic, 
taxonomy and geographical distribution of 
living palms, while Wendland ( 1875 ), Cor­
mack (1896), Gillain (1900), Drabble 
(1904), Schoute (1912), Stevens (1912) 
with their anatomy. A more extensive series 
of works on living palms appeared latcr by 
Bcccari ( 1911-1918), Gatin (1912), Bliltter 
( 1926 ) Solereder & Meycr ( 1928 ), Jenkins, 
Glaassen & Markley (1949), Mahabale 
( 1954), and others who worked on their 
morphology, ecology, economic uses or ana­
tomy. The total number of workers working 
on differen t aspects of palms, their morpho­
logy, systematics and economic uses has been 
more than 200, although only a few of them 
were attracted to the study of their anatomy 
eithcr as representativcs of monocotyledons 
or as an aid to our understanding of the rich 
fossil material of palms now known nearly 
from all over thc world. Work of the above­
mentioned anatomists, however, brought out 
two significant facts, namely, that the secon­
dary growth in the arborescent trunks of 
palms is not due to cambial activity, but to 
an entirely different mode of increase in the 
dimensions of cells located in betwccn the 
young fibro-vascular bundles and the dor­
mant parenchyma located in the axils of 
leaves and in the lower part of a tree trunk 
from where the roots arise; and that the shape 
and distribution of vascular bundles, in 
dermal, subdermal and central zones of stem, 
their kinds, arrangement, grouping in dif­
ferent organs in a palm tree, the nature of 
ground tissue and distribution of fibro­
vascular bundles arc highly characteristic in 
different palms. In this connection the work 
of Cormack ( 1896) and Drabble ( 1904 ) on 
anatomy of palm roots and that of Schoute 
( 1912) on the anatomy of stems, his applica­
tion of statistical methods to the study of 
ground parenchyma and variation in it, 
and the general summary of work on palm 
anatomy by 'olereder & Meycr ( 1928 ) de­
serve special mention. 

A third phase in the studies on fossil palm 
woods began when Chiarugi (1929) found 
them in North Africa, Salmi (1931) and 
Rode ( 1933 a, b) found them in India and 
Kaul ( 1935-38) started attempting to resolve 
them into natural genera on the basis of 
ground tissue. On the advice of Professor 

Sahni (1938), Kaul ( 1935,1\)38) was able to 
apply quite successfully the data on the 
anatomy of ground tissue in living palms to 
the analysis of fossil palms and showed that 
Palmoxy{on sundaram of Sahni was a species 
of coconut, j'alrno;r;ylon mathuri a spccies of 
Bactris, Palmoxylon CfJrimatu:m a species of 
Borassus ane! an undescribed palm from 
Antigua in the collection of British Museum 
a species of Phytelcphas. Theirwork naturally 
focussed the attention of workers on the 
importance of ground tissue in palms and 
on the aid it oHers to workers on fossil palms 
in resolving the artificial genus Palrnoxylon 
of Schenk. 

Simultaneously with these workers, a 
number of other workers in India and abroad 
brought out many more fos. il palm stems, 
particularly Kryshtofovich (1927), Rode 
(1933), Kirchheimer (1933), Gothan ( 1936, 
1942), Jongmans ( 1935), Dubois ( 1936), 
~hukl::t (1939), OgurZl. (1952), Lakhanpal 
( 1955 ) and others, and a new period of more 
intensive and critical studies based on com­
parative anatomy of living ;l.I1d fossil palms 
was ushered in. In this connection work 
on the anatomy of Cyclanthaceae by Surange 
( 1950), reinterpretation of Pa!moxylon sahnii 
Rode by Sahni 8.: Surange ( 1953 ) need to 
be specially mentioned. It clearly indicated, 
that all the members previously included 
under the fossil genns "Palmoxylon" may 
not all be palms! Some of them could as well 
be other monocots, such as members of the 
Cyclanthaceae, Sparganiaceae, Pandanaceae, 
Gramineae, Cyperaceae, etc., like the well­
known genus Rhizocaulon of de Saporta 
( 1881-1885) from Auvergne belonging to 
Gramineae. A very important monograph 
of this period, de"lling with anatomy of fossil 
palms of Belgium was brought out by two 
distinguished co-partners in life and work, 
Francois Stockmans and Yvonne Williere 
( 1943) who have described in detail the 
anatomy of nearly 12 fossil palms, several of 
which were quite new to science. They also 
made a critical estimate of the systems of 
classification of fossil genus Patmoxylon pro­
posed by Unger, Stenzel, Sahni, Schoute and 
Kaul. In their con luding remarks they said: 

" L'etude des Palmoxylons est encore dans 
l'enfance, dans la periode de simple descrip­
tion, clirons-nous. Des materiaux tels que 
ceux de Loppcm ct de Beal.lfaux font entre­
voir cependant la possibilitc (l'etablir a 
queUe partie de la plante on a affaire, base 
ou sommet du trone, noeud ou entre-noeud, 
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(1) VON MOHL'S CLASSIFICATION 
OF PALMS 

A ­ Geonoma-like 

B - Calamus-like 

C ­ Mauritia-like 

D ­ Cocos-like 

E ­ So-called stemless 

(2)	 STENZEL'S CLASSIFICATION 
OF PALMOXYLON 

A - Mauritia-like: 

(i) A ntiguensia 

B - Corypha-like: 

(ii) Curdata 

(iii) Sagittata 

(iv) Complanata 

C - Cocos-like: 

(v) Reniformia 

(vi) Lunaria 

(vii) Vaginata 

D - Radices: 

(viii) Roots 

TC::,>:T-FIGS. L 2 - Von Multt's and SIOL·C/'S Cla"ijicalion uf Falills. 

pcdoncule fructiferc, petiole foliaire. Peut­
etre ponrra-t-on etablir (hns qnel groupe 
its doivent se classer. Mais tant qu'on n'a 
pas it sa disposition une etude complete 
et recente des palmiers actuels faite en vue 
de recherches pah~obotaniques, ce point dc 
vue ne peut etre envisage. Aussi attcn­
lluns-nous avec impatiencc les travaux pleins 
d'interet que nous ont promis Ie Prof. Salmi 
et ses cleves." 

Professor Sahni (1938) also had made 
somewhat similar observations in 1938 re­
garding the resolution of the fossil genus 
Palmo,lylon in his presidcntial address to the 
Botany section of the 25th indian Sciellc~ 
Congress at Calcutta ami also in a later p,qwr 
h.v him 011 PalmoxyZ,!II scl,~rodermllm 

(SAHNI,1943). 

By about I <)42 at the suggestion of Prof­
essor Sahni 1 took up the work on palms and 
worked out in detail the structure in about 
30 palms embracing several aspects such as 
embryology, structure of seeds, cytology, 
anatomy of different parts such as roots, 
peduncles, etc. A number of my students 
collaborated with me in working out the 
details, but still much of this work is yet to 
he published. Very recently Eames ( 1<)53 ) 
has studied the morphology of palm leaf and 
has emphasized the importance of morpho­
logical studies on palm leaf. At present 
there is ,t great upsurge for studying the 
anatomy of monocotyledons such as grass­
es, pa Ims ;ll1cl rlls!li'S, :llld rd('r'_~lIces 

here ane! t here are foune! in the works of 
Frost (1930 a, b), Cheadle (1941, 1943), 
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Bailey ( 1944), d'Almeida and Ramaswamy 
(1948), d'Almeida & Correa ( 1949), Eames & 
Mac Danniels ( 1951), Metcalfe ( 1953), etc. 
Cheadle ( 1953 ) especially has marie a com­
prehensive study of the vessel members in 
the monocotyledons. 

Bailey (1944) had long ago emphasized 
the importance of the study of vessel specia­
lization in dicots and monocots. Metcalfe 
( 1950) and his school have also been doing 
quite a lot of work on the anatomy of angio­
sperms and Greguss ( 1955 ) on gymnosperms. 
Naturally all this work should have had its 
reflection on the anatomy of palms. I and 
my collaborators, therefore, after studying 
the detailed anatomy of several species 
wanted to see how far these modern trends 
in the anatomy of vascular plants would be 
useful in understanding the phylogeny of 
living palms and in resolving the fossil palm 
genus Palmoxylon. New techniques and 
methods were developed in the Department 
of Botany at the University of Poona and a 
large number of genera and species have been 
fully investigated tribewise, gelluswise and 
partwise; and some of them are still being 
investigated. The results obtained so far 
are quite interesting and. in the next few 
paragraphs it is proposed to show how some 
of these are helpful in having a new approach 
to the old problems of phylogeny, relation­
ships and anatomy of fossil and living 
palms. 

Text-fig. 1 shows von Mohl's classifica tion 
of palms, based as it is, mainly on the external 
morphology of stem. Now by citing work 
on a single genus like Phoeni;>.; investigated in 
very great detail by a student of this depart­
ment, Mr. M. V. Parthasarathy, it can easily 
be shown that von Mohl's classification 
breaks down in a number of cases. For ex­
ample, as per Mohl's classification the species, 
Phoenix acaulis would belong to stemless 
type (PL. t, FIG. 1), Phoenix paludosa 
to reedy GeOltoma-Calamus type (PLo I, 
FIG. 3), and Phoenix sylvestris to normal 
arborescent Cocos type (PL. 1, FIG. 2). 

An outline of the classification of fossil 
palms followed by Stenzel ( 19(4) is shown 
in Text-fig. 2 and its combination with 
Mold's system made by Salmi (1943) is 
shown in Text-fig. 3. It will be seen that 
whereas Stenzel's classilicatioll has a greater 
merit, it also breaks down in a number of 
cases. For example, in a single species of 
Phoenix like P. paludosa we get all kinds of 
fibrovascular bundles having lunate, sagittate 

TEXT-FIG. 3 - MOHL-STENZEL'S CLAS IFICATION 
OF PALMS AS COMBINED BY SAHNI (1943). 

A..Hallritia-lik· palms, with the ouler bundles 
crowded, their fibrous parts being many times 
greater than the vascular; and with tin: illncr 
bundles far apart, their fibrous parls being 
smaller than the vascular. 
(i)	 A lltiguellsia 

B.	 Cvrypha-like palm.;, with lhe outer hundles 
more or less densely crowded, the fihrous part 
being much larger lhan the vascu lar. The 
inner bundles sumewhat furl her apart lhan 
the outer, lheir f'ihrous part bein IT larger lhan 
lhe vascular. 
(ii)	 Cordata 

(iii) Sagittata 
(iv) Compla,lIata. 

C.	 Cocos-like palms, wilh the oute r and inner 
bundles uniformly distributed, near each otht:r 
of similar size and similar slructure. 

(v)	 Hcnifvl'llIia 
(vi) L1maria 

(vii) Vaginata 

cordate and complanate caps of sclcrcnchyma. 
(TEXT-FIG. 4), and, therefore, unless one 
investigates in detail, the changes that take 
place in the shape and distributinn of vas­
cular bundles, variability of the ground ti sue 
in different parts of the same palm, and ill 
different palms, it would be hazardous to 
rely on them while dealing with the speci­
mens of fossil palms; because very often one 
cannot recognize with certainty whether a 
given specimen of fossil palm wood represents 
a stem piece, or a piece of petiole, a peduncle 
or the midrib of a large leaf. In the absence 
of this knowledge one merely goes on creating 
a large number of artificial species of Pal­
moxylon for every piece of fossil palm wood 
he gets, perhaps inevitably, little realizing 
that they may as well be parts of the same 
palm or perhaps parts of the same organ. 
An improvement upon this arbitrary system 
of classification was made by Schou te ( 1912 ) 
and Kaul ( 1935), using the nature of the 
ground tissue for this purpose; but as stated 
above, unless one is familiar with, anel takes 
into account, the variability of ground tissue 
in different species of palms and in different 
parts of the same palm and tests it statis­
tically, the applicability of this method 
also to fossil palms has a limited scope. It 
has, however, the merit of bringin rr out 
sometimes striking cases of similarity belween 
living and fossil members already cited, pro­
virted one is sure that he is dealing with the 
corresponding parts of a non-variable species. 
And since this cannot always be granted, 
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its successful use in ;ill the cases is not 
possible. It was, therefore, emphasized by 
me (MAHAB.'\LE & UnwAoIA, 1950, 1951) 
while working on the anatomy of the pedun­
cles in living palms, that we should use the 
data from all sources available collectively 
for arriving at decision regarding the phylo­
geny of living species and for knowing their 
affinities with the fossil ones. 

It is well known that Frost (1930), 
Cheadle ( 1941 ), Bailey ( 1944-) and others 
have arrived at some striking results on the 
basis of vessel structures in dicotyledons 
and monocotyledons. Following this line of 
work, it was thought, that the structure of 
Vf~ssel members in palms would throw some 
additional light on the phylogeny of species 
of a genus or on their affinities with fossil 
members. The structure of vessel members 
in a number of palms such as Phoenix, Howea, 
Arenga, Areca, Borassus, CO'rypha, Cocas, 
Caryota, etc.. was investigated and some 
important points brought out arc shown in 
Plate 2, Figs. 16-30 and in Table 1. It will 
be seen from them, that there is a good deal of 
differentiation in the vessel members of palms 
belonging to different tribes, genera and 
species ( PI.. 2, FIGS. 23-30). And, therefore, 
this studv is likelv to be helpful in inter­
preting the relatio'nships of species hiler se 
and in resolving the fossil forms lumped 
together under the name Palrnoxylon. The 
work on a fossil palm from the Deccan Inter­
trappean series of Mohgaon Kalan (M.P.) 
by Mr. S. R. Deshpande of this department 
and on the living members of the genu 
Phoenix by Mr. M. V. Parthasarathy may be 
cited as examples to the point. 

After a detailed study of the ground tissue 
and fibrovascular bundles in different species 
of Phoenix it was noticed that fossil palm 
specimen '0. 61 in our collection showed a 
clear resemblance with the genus Phoenix in 
regu reI to the. tructure and kincls of vascular 
bundles, their rlistribntion, the ground tissue, 
and such other characters (Compare PI.. 1, 

FIGS. 4, 7, 8 with PI.. I, FIGS. 13, 14, 15, ancl 
PI.. I, FIGS. 7, X with PI... I, FIGS. 11,12). 
Particularly it compared very favourably 
with those in Phoenix robusla and Phoenix 
rupicola. These two living species are ana­
tomically and taxonomically closely related. 
The former is an endemic in a village, caUed 
Bhorkas, in Poona district. in Nandagaon 
Ghats in Xasik district, and in Parasnath 
Hills in Hihar. Phoen.ix Yupicola, on the 
oth I' hand, is an ornamental palm found 
wile! in A. sam and other places in the Eastern 
11imalaya_. The ground tissue in these two 
species ( PI.. 1, FIGS. 13, 14 ) and in the fossil 
specimen No. 61 in am collection (PI.. 1, 
FIG. 15 ) has similar appearance and dimen­
sions (see TABLE 1 ); and the two kin Is of 
fibrovascular bundles in them are similarly 
distributed. Comparing the structure of late 
metaxylem vessels in Jon itudinal section 

TABLE I SHOWING SPECIALIZATION IN THE
 
LATE METAXYLEM VESSEL MEMBERS IN THE
 

CENTRAL REGION OF THE STEM IN PALMS
 

VFS~r::T. Mf:~fnl~R J<I~D No. OF 

~ OF BARS LlAR:-' IN 
l.('ngth Breadth TilE I'FR­

111m. 

HQ,tea hdmorffliltl neff'. O·R2H 
Arol:':u saccharljaa I'~~' 

I.auil!. 
Areca cutalJlf. L. '-:")2.' 
8orassll." fiabclli/I" L. O·n:;:l 
CQy),pha IlmbriClllifcru 1.. I 'O:i8 
Cocos nucift:ra J.. 1·I:l2 
CllrYfJ/a "Tens L. 1·:!O.l 

Phoenix S\'!tlt'sJris Hoxh. 1·200 
Ph<Jcnix ::c.vlunicil Trilli. O·H(KI 
Phoc:nix rupicola Alld. 0':1:;0 
PllOr"ix Immilis noy!. f)'3HI) 
Plun.:",·x paludosa Roxh. i'7:iO 
Phoenix robus/a IIl'\ok. I'~OO 

Phoenix dac/yli/eTa. L. a'700 

P hot/lix reel/lIata J aCfI. :I'GOO 

Fos~il NQ. 01. a SIH'ci('~ J'700 
of P(l/mox~I/(l1l frolll 
\[ohgaoll l\::dan (Di,... l. 
Chhindwal'a). I lorizoll: 
Eocene 

TEXT-FIGS. 4-10 _. Phoeni:r paluilosa Roxb. T.S. of stem (Diagrammatic). 
the distrihution of fibrovascular bundles in the corlical, peripheral and 
X 9. 5, librovascular bundles and fibre buudles in th· cortieT! region. 
bundles in the peripheral vascular region: ~ote the reniform fibre-caps. x 

It l-OR.\.TION 
1'1.ATI~ 

12i Straight 4·:1 
1:IU :-H, 

ISH 30-3;; 
:l(i:l f)·0 
~O:l 0-2 
1nx [·3 
lili 0-1 

1;-10 :!.;j 
1'-11) 0-1 
1=-,2 t-.i 
l;·ltl O:! 
IlH ·1·6 
200 3·6 
i07 Bif'~;'cateil H· J() 

at places
12;) 12-20 

lx2 StLlight 2-0 

4. T.S. of stem showing 
central	 vascular regions. 

x 95_ 6, Jihrovascular 
95. 7. two tlbrovascular 

bundles and a fibre bunclle in the central vascular region: I'ote the lunate shape oi sclerenchyma and 
the pattern of the fundamental tissue. x 95. 8. a rd>rovas ular bundle ir III the mid-cortical region 
showi.ng engulfing sderenchyma and the radiating parenchyma aroond it. X 95. 9 a-m. ditTerent 
types of fibrovascular uundles in the peripheral vascnlar region and in the c 'ntral pith showing 
circular, Innate. cordate, sagiltate and reniform types of fihre-caps. X 95. 10 a-e, different typ's of 
iused bundles in the pcriphcr<.l! and cortical vascular region. ;< 95. 
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in all these three (PL. 1, FIGS. 5, 6, 9, 10), 
it was noticed that the end part of meta­
xylem vessels in the fibrovascular bundles 
in the central pith region of a stem, the 
perforation plate, possessed a similar pattern. 
The shape of vessel member and thickening 
on it were also similar; and the transverse 
bars were presen t in all the three ( cJ. PI.. 1, 
FIGS. 6, 10, 5, 9 ). Obviously the fossil palm 
specimen No. 61 in our collection is a species 
of Phoenix and perhaps a close ally of P. 
robusta anel P. rupicola. The real confirma­
tion of the identification of this fossil, 
however, came from the structure of the 
secondary metaxylem vessel members in 
fibrovascular bundles as studied in longi­
tudinal sections as seen in Pl. 1, Figs. 9, 
10, 5 and 6. 

Evidently study of vessel speicalization in 
palms does provide a new approach to the 
analysis of the fossil palms. We have 
reasons to believe that in due course this 
may enahle us to understand better, affinities 
of different palms whether living or fossil. 
At any rate, it may safely be said for the 
present, that it will give more certainty to 
our conclusions based on other characters 
such as shape of fibrovascular bundles and 
the ground tissue. It should, however, be 
remembered that since we are dealing with 
extremely fine structures such as vessel 
characters, our conclusions arrived at on 
their basis alone, have to be confirmed, 
wherever possible, with the help of other 

characters anatomical and or floristic. One 
has, therefore, to be cautious in applying 
this method to the resolution of Palmoxyla 
which are quite a heterogeneous group. 
Because, Cheadle (1943, 1953) and others 
have shown that in monocotyledons the 
vessel specialization starts in roots, then in 
stems and lastly in leaves. We have no in­
formation whatsoever regarding the pedun­
cles, and unless it is available, it will be rash 
to give an opinion merely on the similarity 
of vessel structure in two livin o' or fossil 
palms. One has also to remember that 
Bailey ( 1944 ) and others believe that vessel 
characters have arisen independently in 
monocotyledons and dicotyledons polyphy­
letically, <lnd, therefore, one need not be 
surprised if one finds a similar vessel or any 
other character in two different palms quite 
unrelated to each other. On the other 
hand, a group of similar characters in two 
or more palms is very likely to be indicative 
of their real affin itics. 
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EXPLANATION OF PLATES 

PLATE 1 

1-15. i'vforphology of the stem of some Phoenix 
species and anatomy of ~ome living and fossil species 
of Pfweni:t:. 

I. Phoenix {lcaulis Bueh. A stemless type. 
2. Phoenix syl1Jestris Roxu. Arborescent, Cocos­

type. 
3. Phoenix paludosa .rl.oxlJ. Reedy, Ceonoma­

Calamus type. 
4-8.	 Fossil 1\0. 61, Pa.lmoxyloll species fram 

Mohgaon Kalau (Dist. Chhindwara, M. P.): 
Horizon Eocene. 

4. T.S. of the above showing 3 va~eular bundles 
and the grou ud ti$sue. X 48. 

5. L.S. of the same showing' 2 large vessels at the 
two extremes. X 30. 

6. Perforation plate of a late metaxylem vessel 
showing transverse uars. X 300. 

7. A single vascular bundle from the same. 
X 75. 

8. T.S. of the Same showing two type$ of libra­
vascular bundles in the pith. X 48. 

9. Perforation plate of the late metaxylem ves$el 
in the stem of Phoenix robusta. X 300. 

10. The perforation plate in the same in P. 
rltp,:cola. X 300. Compare Fig. 6 with Figs. 9 and 
10. 

11. A single fibrovascular bundle in PllOe11i:t: 
robusta ~tem. X 75. 

12. The ~ame in P. rupicola stem. X 75. 
Compare Figs. 7 and 8b with Fig. 11 and Fig. 8a 
with Pig. 12. 

13. T.5. of stem of P. ,·"picala, central vascular 
region, showing tibrovascular bundles. X 48. 

14. The same in P. 1·olntsta. X 48. 
15. Fossil specimen No. 61. Palmoxylon sp. show­

ing the ground ti~sue. x 71. Compare the ground 
tissue her'-' with that in P. robusta ~hown in Fig. 14. 

PLATE 2 

16-30. Vessel ~pecialization in the hlte metaxylem 
in palm stem. (Photographed under polarized 
light. ) 

16. Cocos 'IIHcifera L. X 233. 
17. A rei/gil saccharljera Labil!. X 273.
 
HI. Corypha ·/.IlIlbraCHlifera L. X 265.
 
1 'J. llowea belmoreana Becc. X 265.
 
20. /11'eca catechu L. x 183. 
21. Caryota urens L. X 266. 
22. lJorass us flabell ifer.L. X 217.
 
23-30. Vessel specializati'Jn in species of PhOe1lix.
 
23. P. zeylanica Trim. X 265. 
24. P. fl'llmilis Royl. X 265. 
25. P. sylvestris Roxl.l. x 265. 
26. P. rupicola And. X 265. 
27. P. robllsta Hook. X 265. 
28. P. pal'lldosa Roxb. X 265. 
29. P. dactylifera L. X 265. 
30. P. reclinatct Jacq. X 183. 
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