
Observations
Vessels in

Absirqct
Diameiers o.f the wide vessels of metaxylem

were measured in axial bundles in the central
part of the stem of 166 species of palms. Rela-
tive to the diameter of the stem and the
diameter of the petiolar vessels, the vessels in
the stem tend to be widest in the lianoid
species, narrowest in the rhizomatous species,
and intermediate in the erect-stemmed species.
Among the erect-stemmed palms within the
various taxonomic groups, the most slender
species have the narrowest vessels. Diameter
of vessels is not generally related to form of
perforation plates except that the small,
slender species with erect stems tend to have
the narrowest vessels and the most primitive
perforation plates within their respective
major groups.

lntroduction
Vessels are tle principal conduits o{

water in palms.2 The physical dimen-

sions of vessels are significant regarding
the physiological characteristics of water
conduction (Zimmermann, 1978). This
paper presents observations on the diam-

eters of the wide3 vessels of metaxylem

tPresent addess: Harvard Forest, Peter-
sham, Massachusetts 01366. Partial support
for this and a previous study (.Principes 22:
64-69) came from Hatch Project #407 ar
Cornell University. The author is grate{ul to
Drs. M. V. Parthasarathv, H. E. Moore, Jr.,
N. W. Uhl, and M. H. Zimmermann {or re-
viewing the manuscript.

'One species (.Ammandra decasperma) pos-
sibly has only tracheids in its rhizomatous
stem but is nevertheless included in the
present tabulations.

3 In the vascular bundles of palm stems,
one or more vessels of the metaxylem are
markedly wider than the other tracheary ele-
ments (Fig. l). The former are here termed
"wide" and the latter, "narrow."

Lannv H. Krorz
Cornell Unioersity, Ithaca, New York'

in the st"ems of palms (Fig. 1). The
data originally composed part of a
larger study on the form of vessel ele-
ments in palms (Klotz,1977). Tomlin-
son ( 196I, unpublished data) and Maha-
bal6 (1959) have also produced data on
diameters of vessels in stems of palms,
but they did not sample as many species
or examine the data in the same way as
does the present study.

Mqteriqls qnd Mefhods

Diameters oI vessels were measured
in stems of 166 species o{ palms repre-
senting all but one of the major taxo-
nomic groups (Moore, 1973).1 A piece
from one stem constituted the sample
in most o{ the species. The measure-
ments were obtained from transverse
sections made with razor blades or a
sliding microtome. The sample was
taken within the central one-third of the
diameter of the stem except in a few
species in which only the peripheral

two-thirds of the stem were available
for study. These specimens were sam-
pled as near to the interior of the stem
as possible, for the diameter of the
vessels decreases toward the periphery

of the stem (P. B. Tomlinson, unpub-
lished data). The position of the sample
along the length of the stem was usually
not known, but the middle of the length

a A list of the species examined is available
with author citations and collection data
(Klotz, 1977). Stems of the borassoid major
group were not available at the time of the
study.
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1. Vascular bundle Irom central part of stem
ol Mauritiella pacit'ica. Two wide vessels in
metaxylem. Debris adhering to their walls
possib ly remnants of  their  protoplasts.  t  52.
Explanat ion of  detai ls :  / ,  f ibers;  g.  ground
parenchyma; n,  narrow trachear l  e lements of
hetaxylem; p,  l racheary element oI  protoxy-
Iem: pf i ,  phloem; s,  intercel lu lar  space;  r .
par"n"hy* i  o{  vascular  bundle;  l l ,  wide vessel

of metaxYlem.

was selected where possible.s The range
of the diameters of the vessels in each
species was based on f0 or more wide
vessels {rom the sample of the stem'
The choice o{ the vessels to be included
in these ranges was necessarily some-
what subjecrif,e. Only vascular bundles
of comparable form and size were con-
sidered-i.e., the large axial bundles

"The diameter of  vessels can vary a long

the length of the stem, but no consistent pat-

tern of variation has been observed (L. H.

Klotz, unpublished data; P. B. Tomlinson, un-
published data). However, in the larger palms

examined. the vessels tend to be wider toward

the middle of the stem than toward the basal

or apical ends.

(Zimmermann and Tomlinson, 1974).
The measurements include the thickness
of the cell wall and were made to the
nearest 0.01 mm across the maximum
diameter of the wide vessels, which
usually are approximately circular in
transverse section. The ranges of the
samples varied from 0.02 to 0.16 mm.
The mean o{ the ranges was 0.06 mm,
with a standard deviation of 0.03 mm.
The midpoints of the ranges constitute
the data in this paper and are intended
to indicate collectively the general trends
of diameters o{ vessels in palms rather
than to represent valid estimates of the
characteristic diameters of vessels for
individual species.6' 7

Results qnd Discussion

Diameters of the wide vessels o{

metaxylem in stems of palms show re'

lationships with the habit o{ the species.

Scatter diagrams of diameter of vessels
plotted against diameter of stems show

that most of the lianas have wider vessels

relative to the diameter of the stem than

are found in the other habit categories

o The midpoint differed from the mean on

the average of 0.005 mm in samples of wide

vessels from various organs where a mean of

10 or more measurements was obtained (Klotz,

1977).
"KIotz (1977) examined different collections

oi two of the same species investigated by

Mahabal6 (1959) and 10 of those investigated
by Tomlinson (1961, unpublished data). The

data of Klotz (1977) agree to the nearest 0.1

mm with those o{ the other authors.

->

2A-2H. Diameters of wide vessels of metaxylem: Midpoints of ranges (in millimeters) on

u.rti"ut axis plotted against respective diameters of stemi (in centimeters) on horizontal axis.

Circles - er'ect stemsl Triangl-es = scandent stems (lianas). Squares : rhizomatous stems.

Co""""tti" circles and triangleJ : two (in one case, four) coincident points on the chart. Solid

;;;["r; (and open -arker."whi"h are concentric with so]id markers) = specimens for which the

d.iarneter of theitem could be measured. Singie, open markers : specimens for which the diamerer

oJ the stem had to be estimated. Small arrows to right of circles = specimens taken within the
p"tiph"t"i two-thirds of the diameter of the stem (raiher than within the central one-third of the

diameter); the midpoints might have been slightly_higher if the central part o{ the stem had been
useo.
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Table l. Diameters ol wid,e uessels ol metaxylem in stems: Total ranges ol measure-
ments and means ol sample range midpoints lor the three categories ol habit

Habit
Number of

species
Total range of vessel

diameters (mm)
Mean of range

midpoints (mm)

Erect
Scandent
Rhizomatous

t27
o o
Z O

l 1

.16

.25

.09

.04-.45

.07-.46

.03-.18

(Fis. 2A-2D). The diameters of the
vessels in stems o{ the erect-stemmed
and lianoid species are similar in range,
but the lianas have a higher average
value (Table 1). Dicotyledonous l ianas
also have relatively wide vessels (Carl-
quist,  1975). The rhizomatous species
o{ palms have relatively narrow vessels
for the diameter of the stem, although
there is overlap with some of the erect-
stemmed species in this regard (Fig.
21.,8, E, G, H). Diameters of the ves-
sels in the stems of the rhizomatous
palms are lower in both range and aver-
age than in the other two categories
(Table 1). The above trends of diam-
eters o{ ,r"rr"l! in stems of palms relative
to habit of the species agree with Tom-

Table 2. Diameters ol wid,e aessels ot' ntetaxylem: Comparisons ol mid,points ol the
rdnges lor petiole (p) and central part ol stem (s). In the species consid,ered,, both
organs are lrom the same collection. All measurements dre in millimeters

linson's ( 1961) observations in palms

and Carlquist 's (1975) predict ions for
monccotyledons in general.

The trends in diameters of vessels
among the three habit categories are
also reflected in the comparison of diam-
eters of vessels between petiole and stem
(Table 2). Ln species with both organs
from the same collection, the petiolar

vessels are more uniform in average
diameter than are those of the stem
among the three habit categories. Ves-
sels {rom stems of the erect-sternmed
and lianoid species are generally wider
than the corresponding petiolar vessels,
but the converse relationship occurs in
the rhizomatous species. The average
dif{erence in diameter of vessels between

Habit
Number of

species Range of  p Range of s Mean of  p Meln of  s

Ereci
Scandent
Rhizomatous

Habit

81
l6

o()

Range of  (p-s)

.04-.34

.08-.22

.05-.rB

Mean o{
( p  s )

.05-.32
.r3-.42
.04-.I6

Species with
P ( s

.12
.15
.12

Species with
p : s

.16

.28

.09

Species with
p > s

Erect -.15-+.03
Scandent -.25-+.05o
Rhizomatous +.01 +.07

.04
-.t4
+.03

2  ( 3 % ) 7 (e%)
r "  (6%)
B(roo%)

72 lge%)
15 (e4%)

* This specimen ( Ancistrophyllutn secundiflorum) is unusual within this sample o{ lianas.
For the other 15 lianas, the high end point of the range o (p-s) is -.03 mm.
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stem and petiole is greater in lianas

than in the erect-stemmed palms.

Figures 28 to 2H suggest that for
the erect-stemmed species, the diameter

o{ the vessels may be positively cor-

related with the diameter of the stems
(up to a certain diameter of stem)
wi lh in  some o{  the  laxonomic  g roups

of palms. At least, the narrower vessels
in the groups tend to occur in the most

slender species. For example, most of
the chamaedoreoid palms are very
slender, and all of them have narrow

vessels in the stem; but the stout
Hyophorbe species (the two widest stems
in Fig. 2C) have some of the wider ves-
sels in this major group. When all of

the species are plotted together (Fig.

2A), the points appear more widely
scattered and this relationship is less

clear. This situation indicates that the

relationship between diameter o{ stems
and diameter of vessels is not simple, for
the sample of stems is heterogeneous in

various factors that were not considered
-for example, number o{ vascular
bundles per ugit  cross-sectional area oI
stem, number'of r,r ide vessels per vas-
cular bundle, {orm of the per{oration

plates, and perhaps other anatomical or
physiological aspects of the water-con-
ducting system of the plant.

The lepidocaryoid major group (Fig.

28) contains the widest vessels in the
stems among all the groups o{ palms.

Maximum diameters of over 0.4 mm

were observed in {our species of the
lianas. (In stems o{ the other major
groups o{ palms, maximum diameters
o{ over 0.4 mm were observed only in

Roystonea oleracea of the arecoid major
group. ) Vessels in the stems of the
lepidocaryoid lianas have a higher aver-
age and range o{ diameters than in the

other habit categories, but some o{ the

lepidocaryoid trees also contain remark-

ably wide vessels.

The diameter of vessels in stems o{
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palms does not show a consistent rela-
tionship to the form of the perforation

plates except that the small, slender
species with erect stems tend to have

the narrowest vessels and the most prim-

itive perforation plates within their re-

spective major groups (Klotz, 1977,

L978). This trend for palms compares

with Carlquist's (1975) observation in

the secondary xylem o{ dicotyledons that

the primitive vessel elements (i.e., those

with scalari{orm perforation plates)

tend to be narrower than vessel elements

in dicotyledons as a whole. In contrast,

the general lack of correspondence o{

diameter of vessels with form of per{ora-

tion plates in palms agrees with Cheadle's
(1943) conclusion that in monocotyle-

dons there is "no readily available evi-

dence . . . to indicate that the diameter

of vessels increases (or decreases), dur-

ing specialization as measured by other

characteristics." For example, the co-

cosoid lianas (Desnoncus spp.) and the

lepidocaryoid lianas (e.g., Calamu.s spp.)

tend to have wide vessels (Fig. 28, D),

but the two groups di{fer markedly in
the form o{ their perforation plates,

which are scalariform in Desmoncus

but simple in the lepidocaryoid lianas

1l( lotz, 1977, L97B).
Carlquist (.L975) noted in the second-

ary xylem o{ dicotyledons that "rela-

tively few vessels with scalariform per-

foration plates are exceptionally wide."
This generalizalion may also apply to

ihe primary xylem of palms. The fre-
quency distribution of diameters of ves-
sels in stems of palms is skewed toward
the narrower diameters (Klotz, 1977) ;
and, as mentioned above, the slender

species of erect-stemmed palms tend to

have the narrowest vessels and most
primitive perforation plates within their

respective major groups. However, the

converse of this generalization is not

true in palms, for many of the wider
vessels in the stems o{ palms have
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scalari{orm per{oration plates-for ex-
ample, in some of the arborescent spe-
cies of the lepidocaryoid and arecoid
major groups and in the scandent genus

Desmoncus of the cocosoid major group.
Further investigation of the signif-

icance of vessel diameters in palm stems
should consider the characteristic maxi-
mum height of the species. The height
to which water can be transported ade-
quately in a palm depends on the con-
ductive efficiency of the vessels, a prop-

erty that is determined largely by their
diameter-i.e., wide vessels are much
more ef{icient than narrow vessels (Zim-

mermann, I97B). Although data on
height o{ stems were not obtained for
this study, the author's impression is
that the very slender palms with erect
stems (mostly species o{ {orest under-
story) are generally shorter than the
species with wider stems. This study
has shown that the most slender species
have the narrowest vessels. Thus, the
narrowest vessels in stems o{ palms oc-
cur among the shorter species, On the
other hand. the widest vessels in stems
of palms o"".# in the group containing
the species with the longest stems-i.e.,
the lepidocaryoid lianas, of which some
species reach a length o{ over 100 meters
(Moore, L973, personal communica-
tion). Stems of many lianoid palms at-
tain much greater lengths and have
markedly wider vessels than stems of the
erect-stemmed species o{ comparable
diameter. The relatively narrow vessels

LYoL.22

of the stems o{ rhizomatous palms are

adequately e{ficient in conduction be-

cause the vertical distance of water

transport is slight and because the

horizontal (or axial) distance is reduced

by the presence o{ adventitious roots

near the leafy crown.
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