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MORPHOLOGICAL STUDIES IN PANDANACEAE. IV,
STOMATE STRUCTURE
IN SOME MASCARENE AND MADAGASCAR
PANDANUS AND ITS MEANING
FOR INFRAGENERIC TAXONOMY'

by Y. K. Kam and B. .. SToNE

ischeol of Bloblogical Sclenees,
Undversily of Malava,
Kuala Lumpor, Malavsia)

Hisvas @ Les emibernses de 18 espioes de Pambanns (de Madagasear, Masrice,
Alrigue el Philippines), appartenant & 10 seellons du genre, sonl #Qudiis analomigue-
naenl.

Strmiclure des slomales, tonalion fpidermigue, présence ol dispositbon de corps
silgeux, arrangement des papilles épidermipues, permelient de grooper les slomples
cladlds en G olozes,

lLes résullads conlirmenl parfols la classificalion dans les seclions e Paadaads,
parfois «en flolgnent, ou Men n'éelalrent pas la gquestbon, [Yaulres recherches analo-
migpues wonl souhailnbles

ApsTRact @ Slamale slraclure, epidermal zonalion, silica-bady  presemce ansl
arrnngemwical, and ¢phlermal papllesily bave been examinod and compared in 18 Mada-
gazcar amd Mauritius specics of Pandanus, 6 1 Afriean species, and in 1 Philippine
apecies, representing 10 sections of the genus. Dala ore snalyzed from the taxomomile
stamipoinl wilh the intent of lesling Uhe cxiBling seclions, Leir dingmostic fealures,
aml species composilion.  These new analomical dala in many coses suppori or clis
rely he sectional elassifcalion. and somelinges dischose Uhal cerlain .-.pﬂ":':. shomabl be
reallocaled tooa dilferenl seelion (han the one in which they were ariginally ploced.
In olbier coses, 1his new Informatlon lirows fie light wpon Lhese ques] s, ,{ e
1.'-|:|r|||_|r-r||.r11:-.l1.':' survey of nnulemileal dala appears desirable and will ae doabl enable
the infrageneric clossifieation of Perdrnus o be improved,

INTRODUCTION

Az early as 1854, K. F. Sowia had demonstraled Lthe considerable
range of vanabion existing in Uhe stomolal apparatus and azzocialed
histalogienl and micromorphological fealures of Lhe leaves of Pandanacese.
In a recent survey, Tomuissox (1965 extended Lhis knowledge and revised

i. Farl I of this series s in Phylomorplology 18 @ 408500 (1068) (Sce Stoxu,
168, in Lhe refercnce ciled al the end of This papery: Pard 11T will appear in Boll. Tors
ey BRod, Clisls 87, in 1970: Parl 101 B in press.
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SoLia's scheme of © stomatal classes " inereazing Lhe number from
four Lo five. The possibility Lhal a study of stomatal Lypes in Pandangs
could yield dala of syslemalic significance provided the inilialive for
a comprehensive sludy of the Malayan species of Pandanis, which has
recently been completed by Lthe first author. This study (which forms
a M.3e. Lhesis submilled Lo Lhe Universily of Malava) is Lo be prepared
for publicalion abl an early date. The main ouleome of Lhe sludy was
Lo show Lhal datla from [oliar snatomy, and in particular the stomate
structure and some fealures of Lhe leal closely associated wilh stomala,
eauld be of some assislance in Lhe conslroclion of & nalural clazzalicslion
at an infrageneric level, Lhal is, Lhe delimitation and aflinily of Lhe sections
of the genus.  In Pandanws, which is a genus of perhaps G0 species,
Lhe meed for an infrageneric classification 15 greal and over Lhe pasl
century, several bolanisls have labored Lo establish groups of related
species which would afford greater ease in the delermination of species
and more precision in our understanding of Lhe phylogeny and present
evolubionary pancrama of Lhe genus, These Laxa, formally proposed
sl the rank of section, firsl appeared in Lhe scheme of Kunz (1867,
and were inereased in number (Lo ten) in Wannora's monograph [ 19500,
several more seclions were eslablished subsequently, and Lhe last review
(B, Jowux, 19640 lisled 24 sections, In Lhe past nine vears more sections
have been pru[.um:d by ST, Joux (1962, 1963, 1967, 1968) and by Stoxe
[* 1967 7 = 1969), so Lhal Lthe tolal number of seclions is aboul 30;
also some furlher sections are Lo be established. It has become apparent
thal & more elaborale scheme, preferably a hierarchy, would be beneficial
in practice, and could more readily reflecl the natural relationships,
of the various species and seclions of Pandanus. The proposal by St
Jonx (1990 that the genus could be divided into two subgenera, which
could accommodale all Lhe seclions, has proved Lo be unsalizfactory
[see STone, 1968; Kaw, unpublished). In allempling lo establish a
firmer and more natural infragenenic classification, the second aulhor
had undertaken a survey of hitherio neglected features of morphalogy,
such as mirmmiqihirhlgirnl characlers [(including foliar analomy and
chromosome number] and dala from all phases of Lhe life eyvele, as well as
supplementary informalion concerning habital. In Lhis efforl several
students and colleagues have eollaborated. The present reporl iz bazed
on an investigation of foliar characlers by us: Lthe preparalion of malerial
and anatomical deseription: by Y. k. Kaw, and Lhe inlegration of Lhis
dala with existing information, and formulalion of systematic hypol heses
by B. €. Svoxk, as well as collection and idenlificalion of speci-
MEns,

This reporl describes and inlerprels our flindings in material of
Pandanns oblained in Madagascar and Maoritius (as well as one Specimeen
from Kenva) by the second author (B.CS ) while on study leave in 1968,
Support for exploration in Lthese areas, more or less rich in Pandangs,
was provided by a Grant-in-Aid of Hesearch from the Sociely of Lhe
Sigma Xi of the 1. 2.A,., which s graleflully acknowledged,
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To avold repelilion Lhe reader i3 referred Lo a recent full review
of the Mazcarene—Madagascar seclions of Lhe genus [(Stoxe, 197(0)
which considers many macromorphogical characlers.

MATERIALS AND METHODS

For Lhe purpose of comparisons belween species, it is necessary Lo
use adull leaves from adull plants, and in addition Lo sample only Lhe
older part. e, the more diztal, of Lhe leal.  For our purposes, segments
of leal Blade were removed from approximalely the midregion of Lhe leal,
and care was Llaken Lhal leaves of juvenile planls, seedlings, and Lhe
newesl leaves of adult plants, were nol used,  This precaulion = Laken
becauze Lhe mozl claborate slomalal structures develop only on fully
adull leaves of fully adull planls [Tosmuixsox, 1K),

Bolh preserved and herbariumm specimens vield satisfaclory prepor-
alionz for our purposes, allhough Doguid-pre H"r'.'l'-l:l segments (eg. in
alecohol, formalin, or even F.AA) are to be preferred,  Herbarinm
mealerial was revived with boiling water to which a few drops of a commear-
cial Bleach (= Clorex ") had been added,  Epidermal specimens, oblained
by a scraping technique, were stained in Safranin O @ Delafield’s hema-
toxvlin (3: 1. Thin seclions were also made from segments carmied
I||n||l|.;'h (A 11_:r|a'|5|r1'|.' J:llt}'l 4:|1_:'||:.'|:|r.[||l.iua| series (Jonmaxnsex, 1940, cul
ol 10-290 perons (bolh transverse and longitudinal), and double-stained
in safranin and fast green.  In addition some frec-hand sechions were
used, stained in acidified phloroglucinsl or Safranin (0. Mounting was
made i “ piceolyle ™,

Drawings were made with the aid of 8 camera lueida,  Pholographs
were Laken on » Mierofile " 3 mm fillm.

The species used m Lhiz study, wilth source and colleclion dala, are
Labulaled (Table 1.  All such speciez are represented by voucher spe-
cimens in KLLE [The University of Malave Herbarmum), some of which
have also been distributed to olher herbaria as duplicates, mainly Lo
Kew, USNH, Florence, Pariz, and Bishop Museum,  Much of Lhe material
was collected by Stoxe, bul 2ome other malerialz have also been used,
parlicularly some specimens collected in Madagascar by J.-L. Guitiav-
upt of ORET.OM., in Tananarive, and one specimen collected by
Ihav in Lhe Bolanie Gardens in Singapore,
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TABLE 1

Malerials of Pendaows; source, identiflentbon, voucher specimen, herbarim,

CARMLLEGTON ANDF |

SPECINS COLLECTION %o, HEREARIC M LOCALETY
ardrocepholanifos | Guillavmel 2082 KLU Mmilagasear
Martelli |

SOUREE |

dirgipfinersds Marl, |[Slome TROT HISH, KLU, P. US Madagascar
ferkeri Warls, Slome THGG HI5H, KLU, P US Madagassar
Rarkiy! Balf. §. Slome 770 RISH, RKILC Mamisril fiis
dipeliinides Baker Stome TR L Maibagascar
embmensis 531, John Slone THI7 BISH, K, KIL1° Kemyn
torespedvafirs Mart. | Slome T8R4 ]TJ‘..‘H-_E;'L L RIAT, P, Madsgasear

wapsslnig Marl, Cindlkwieipel 2030 KL Almbagascar
:I:;i:uﬂrnsfs SMerrdll [ Kam 5.0 KL, SIx0 Hl||.,|.|.ﬁ|:H:;n- Bal, Gard,

(origin:  Philippines)
wecraphpifoxe Marl. [Slone 7EIR KL Madngnsear
mengokensie Marl. [Slone THR 'I'.'Iil:lie:i-lli_l:’]- K. KLU, Madngascar
Pereilleanns Solms  (Slone 7811-A kL Madagascar
plafyphelfias Marl,  Stlone TR04 l'.il1!.'i:lql. Fl. KLU, 1% Madagascar
pratcher Muarl. Slone THGA L KELS, 12, 1S Madagasear
P graTe s Thavears Guillaumel 2300 KL Madngasear
rrgddifedims Yaughan Slone 7755 BIsH, KLU Maurities
aml Wiehe
follonld Marl. [Slome THE1 HI:I!?"I.'EL R, K11, Madagascar
utilis Bory Stome 7771 BISH, KLU Mmarithes
Vindioendd Marl. Slome THRT BISH. KLU, P. US Madagnsear
Vinderirseerachis |
Heall, T-lﬁh'lll-r F17 ;H]H‘.’.lh KL Alaurilius
HESULTS

The species studied are here arranged under Lhe Stomatal Clazs

(following ToMuixsox's lerminology ) Lo which each belongs.

lirvel men-

Lion 15 m@de of any fealures observed of special inberest,

CLASS L UNSPFECIALIZED STOMATA (fig. 1-15)

I this clasz, papillae are abse
al Lhe same level as Lhe epidermi

=lomumla are silleer
II‘I“.

nl from all cells.
s, or are only slightly sunken.

guard-cellz are reniform in surface view, and in crosz-zection cach guard-

cell has bwo culinized ledges,

':"-[I-n!i."ll'.'f-! P, dyekioidez, P, laresprealus (lg. 15): P leplopodiz (Gig, 1-3);
P. Rollotei (g, 911); P, Pervilleanus (g 8); P, macraphyllus (fig. 12-14°;

P, Vandamii (fig. 4-7).

S | MR, Pares
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Fig. 1=6. — Stomnbn of Glass | and Class 11 in Pamfeoms 1-30 1) bpdopesfas (emiflaumed S85 55
&=6, 1*, Varmdemd] ( Sfane 75808, — 1 angd &, stlemale, almsinl sirfee, B suclnes visws
2 aml 8, sbantle, abasinl suflnees, B nsslian longilailing] seefieng 3 omil 8§, slanesle;
mhaninl surfeee, (B onossosech o,
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These species reprezenl O seclions, namely Acanfhoslila (1%, lnce-
apivalius), Mammillarisia (P, Peroilleanes, P, Vandamed), Rgkin (1
Roltelii), Bykielln (1. macrophyiins), and Sussex (1. dyckioides, PP, leplo-
poddus), as arranged by MarTecur and PreneSersonn (1951 All of
these species are endemics of Madagaszear,

r-'|% Fei, = Kboimaln of Class | aml Class 11 b Pamlasis: T, P Vaadameid ( Sons Fe@ry:
o P Prereilieanies {5k TEITARL — T oml 8, Abaxinl stomate i oserface view.

CLASS 1L PAPILLOSE LATERAL SUBSIDIARY CELLS (lg 16; pl. S-&)p

In this class, papillae are present only on lateral subsidiary cells
of stomala.  They always occur in a full row of 4 Lo 6, and are never
liillwinad,

sSpecies; P, larespiealus (Secl, Aeanlhostyla),

Im Lhis species bolh Class [ and Class 11 stomatal Ly pes were observed
on Lhe same leal laken from a lateral branch, However, Lhe majorily
of Lhe slomala were of Clazz 1, In Lhiz species (and il all species of
Secl. Aeanthoslple) Lhere 15 8 marked fohiar dimorphism, and |laternl
branches have much smaller leaves than Lhose produced by Lhe growing
apex of Lhe moin stem. Comparizens of leaves from lateral branches
and from Lhe main apex did nod diselose any differences in Lheir stomatal
apparalus.

CLASS 111 PAPILLOSE TERMINAL AND LATERAL SUBSIDIARY CELLS
(fg. 1839, pl 1, 2, 7)

In thiz class Lhere 15 a pronounced Lendency for papillae on Llerminal
subzidiary cellz Lo protrude over Lhe guard-cells,  There is alz=o a lendeney
for guard-cellz and subsidiary cells Lo be sunken below the epidermas,

Source : MM, Parts



Fig. 914, — Heoitaala of Class [ ol Class 1] i Pesdairais: B=11, . Haflsili (Xhone FAE0):
12=14&, . meerenhpliae (Sfoane TA4a) 8 anel 13, Abaxial stomals in surface view:
168 and Ilih. Absxial stonesla im loagitudinal section; 11 aml 14, Abaxial stoamata in median

& rorse-n L H L,

Source @ MR Parrs



Papillae from Lerminal subzidary cells may be forked or lobed: zuch
papillae are usually closely adpressed Lo Lthe zlomatal pore.

Apecies: P embuengiz (pl. 7), (Secl. Nelerosligmn ) P, pygmeaens (g, 21-
23 pl. 2), (mecl, Fowlltaya); P, plalyphylles (g, 182205 pl, 1), [Seel, Rk
subzecl, Lomchosliqma),

Fig. 1517, Abaxkal slomala of Posdamus dacespivaius, surfnoe view (Siees FTEide 16, {lass 1
slamale from o lateral branch beal; 16, Class 0] slomeile frean o Bsteral bemnch besd;
17, Clas= IV slemiale froda & Smown iseaphall

CLASS IV, FAPILLOSE SENGHBOURING AXD SUBSIDIARY CELLS
g H-44; pl. 3-0)

In this class the papillae are also developed on normal epidermal
cells.  Papillae on neighbouring epidermal cells may protrude slightly
over Lhe stomalal apparatuz, These papillae vary considerably bolh
in size and i frequency, so Lhat Clazs IV stomala may appear as quite
diverse. In the less elaborate Lypes, papillae are nol pronounced, as
iz shown in . Haberr andd P, sssensiz. I Lhe Tormer, Lwo or morme
papillae occur on each epudermal cell; in Lhe laller, one pagalla 13 present
on each cpudermal eell.  In Lhese bwo species Lhe papillae are very shorl,
s0 Lhat Lhe ouler stomalal chamber iz shallow.  In more elaborale Lypes,
papillae may be very Lall and form a distinel ‘zlockade” around a desp
outer stomatal chamber.

Species: P, androcephalanthos (g, 24-26); P, Vamndermeersehae (fig, 3941
pl. 4=8); P, dauphinensiz (lig. 279920, P, luzonensi= (lig, 30-32); P, Bakers
(ig. £3-35; pl. 3); P. larespicalus (Ag. 17); P, rigidifolinzg (fig. 36-05;
pl. d-a); P, wlifis (Gig. 42-44; pl. 5-6).

In both P, wlilis and P. Vardermeersehii, Lhe papillae of lateral

subzidiary cells are unusual i Lhal they are very long and overhong
Ehe guard-cells.
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AL least six seclions are represenbed here.  The species, as they are
presently allocated, pertain Lo Lhe following sections: Merlellidendran
(. androcephalanthos), Dauphinensia (P, dauphinensis), Sussea (I, rigidi-
foling), Helerasligma (P, Bakeri), Vinsonia (P, wlilis, P. Vandermeerschii),
and Acanthesiyla (P, lnrespicatus). 57, Joux (19640 assigned P, lusenensiz
to Secl. Mammillarisia; L 12 a Philippine species,

Flg. dias, Stomnin of Class 1% in Pamfosps feieseneis {Mome s
MShaxial sarface view; 31, Longitudinal seclion: 33, Croesseelini.

ClASSs V. OVERARCHIEG PAPILLAE LOBED OFR DESDENTIG
(Mg AheSl; pl. H-mp

Elaboralion of slomatal structure in Lthis class involves Lhe lendeney
for |r.|-|||ri]|m' '8 ||1':in':1h|||||"u|g cille Lo become lobed or desdrilic,  The
stomalal apparalus is markedly sunken within Lhe epidermis.  Stomala
of Lhis Lype were observed in Lhere species.

speciex; P, Barklye (pl. S-a), (Secl, Barklya), P, puleher (g, 45-00),
(Becl. Aeantheslpla): P. mangokensis (lig. 45-47), (Secl, Acanlhostyla),

In . Barklyi, papillac on the epidermal cells are 2o long Lhal Lhey
all seem to eonverge loward slomala. Exeepl for Uhe papillac of P,
Vandernmeerscher, Lhe Lallesl |.|;|'|'|i||:|t- b rvied an Lhe :-||H'!-|"iE-ﬂ aluwdied e
have been seen in P Barklyi,  They reach a height of 46 microns, while
in P. Vandermeerschii a height of G1.5 microns 15 reached.

DISCUSSION

From previsus obzervalions on Malavan species of Pandanuz il was
Lentatively concluded thal elaborale stomata aceur in leaves which have
prickles on the upper (venbral) sccondary pleats of Lhe leal apex, =uch
venlrally armed leaves are parlicularly characteristic of 2cel. Aeraztign,
although there are some exceplions Lo Lhis generalization (P, pareas
Ridl., lor example), and there are other seclions of Lhe genuz which
have pleals armed in this manner (e.g. Secl. Broanlia),

Source : MM, Parts
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In Lhe light of Lhe work here reporled. this generalization is weakened
il mob aimvalidated, although it seems useful still on a local basis.
Further commentz now are organised by seclion,

Zecl, Acanthostyla Marlelli

Species studied: Pandanns larespicatus Marlelli, P, mangokensis Mar-
telli, P. pudeher Marlelli.

In Lhis seelion, Lhe venlral leal pleats are armed, although in juvenile
pantz the denticulation: may be few or even absenl from some leaves
or for a perind of growlh. In the adult plants, the dimorphic leaves,
wilh the short more or less horizontal laberal branches bhearning leaves
very much smaller than Lhose of Lhe main stem apex, do nol appear
b differ in their stomale, both Lerminal and laleral leaves being appar-
ently identical in Lhis respect.

In both P, mangekensiz and PP, prleher, stomala are of Class V. with
the celullar papillas being very long, culinized, and lobed distally.

In P. larespicatus much greater stomalal diversily was encounlered,
with mosl stomala being simple (e, of Class 1) butl a few of Class 11,
Furt hermore, on a Lepminal leal (from Lhe main stem apex) Lhe slomala
were somewhal more elaborale in Lhal some neighbouring cells bore
prapillae,

=ect. Rykiella [Michi-2ermoll

Apecies ludied: Pondonas mecreplypiles Martelli,

Somala are simple, Clazz [ The epidermiz 2 differentiated inlo
zones.  The leaves are venlrally unarmed. Al epidermal cells are
eprapeillose,

Picri-SEnsoLis (1950 ) has suggested Lhal Lhis section may be related
b 2eel. Acamdhosigla,  The present analomical data iz nol yvel capable
of conlributing Lo this problem’s solulion.

Secl. Rykia (DeVr.) Kurz Subzecl, Lonchostigma I3, C, Slone

Species studied: Pandanas plalyphylius Martelli; ', Rollelic Martelli,
Anatomically Lhese two species could nob it well into the Eypical
aubseclion of Hykia, e, with I furealie: Roxb, and its immediate allies,

S | MR, Pares
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TABLE 11
Comparalive analombcal fealures of Sobseel, Rpbie and Subsecl, Lomcbosligimr

Subseel, Fykia CHARACTER Rulsect, Lonehosdigma

Abaxinl epidermis nol .|:-|:|.ﬂl| FamaTios Abaxial eplidermis clearly Bomel
| icosiml mmd intercosial re-

| giomsj.
Cells of sulermosl IL_I.'pMﬂmll Hyroprmsis | Hypodermal cells af oulermansi
layer much elongated |rans- laver clongaied Drmnsversely,
versely; 1 flle of such eells and dovelall al ransverse

corresponds o space oo

ied I:|I} 12 fibes ol longiluo-

dimally exiembed epidermal
orlls,

Abundant, arranged In single

emils; bul cells are coanpara-
tively bromd, 1 6k of ssch
cells  ooeupying  space  of
S-T- files of epidermal eells
Saca mopiEs  Very rare; when preseni, cosial

tramsverse rows of §-1% or | wndl solilary,
mare.
Simiple, Cliss L I STOMATA 1", Rollohii: Class 1.

. elut thrl.r Chass 101 amnal
rrrnlytl ; similar o Lhose

af 5 'H'-nnl‘f Salnws | Secl.
Saulmsia),
Umirmied. "nr:-:m:. rLaTs | L nsrmmesid
|

The above dala suggesl Lhal Subsect, Lenchosligea should be raised
Lo the rank of an independent seclion.

The two species studied are somewhal distinel from each olber
analomically.

=ecl. Heterostigma (Gawd.) Stone

Species studied: Pandanns Bakerr Warb,; P, embuensiz =1, John,

The species which are referred Lo Secl. Helerosligma had for Lhe mos)
parl previouzly besn assigned o Secl. Susseqa. PicHi-SersoLun (1951
recognized Lheir allinity bul did not separale them, On Lhe baziz of
slomatal structure il is clear Lhal Lheze species dilfer enough from members
of Secl. Sussea Lo warranl being classified Logelher in a distinel secbion.

In the two species studied, all stomata were of (dass TI1 (1% embu-
ensiz] or Class IV (P, Bakeri). The venlral leal pleals are anarmed.
The epidermiz 12 clearly divided into zones.

Secl. Sussea Warburg

Species sludied: Pandanues dyckioides Baker; P lepdopodns Martelli;
P. rgidifolins Vaoghan and Wiehe.

The twao former species are Madagascan, Lhe lalter is Trom Mawril s,
In ]'.'lluri.nﬂ: Lhwae in Seel, Suseea, we follow Lhe selhame of Pooin-=gnsioLi
(1951) and Vavowas and Wiene (193). 5t Jons includes Susses
in his broader concepl of Secl. Microsligma Kurz.

Slomala in both P, dyckioides and I*. leplopadus are simple (Class 17;
papillas are absenl.  Silies bodies are very few in Lhe former, but are

Sarce - PR, Pars
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present in large numbers in Lhe latler, which also has armed venlral
pleats.

P, rigidifolies dilfers markedly in having claborate slomata (Class
IV) and papillose epidermal cells; Lhere cells are heavily cutinized, and
in Lhe intercostal regions are provided with one papilla each., The
papillae are very lall. bul are nol lobed. The ventral leal pleats are
unarmed. These characters suggest Lhat P rigidifoline is inapproprialely
placed in Secl. Sussen.  Since il shows many lealures in common wilh
P. ulilis and P, Vandermeerschii, as discussed helow under Secl, Vinsonia,
it is most probably necessary Lo reassign P, rigidifelins Lo thal section,
despite Lhe facl Lhal it possesses simple drupes rather Lhan phalangiale
fruitz (which laller character iz parlially diagnostic for Secl, Vinsonia).

=ect. Foullioya Warburg

Species studied: Pandanus pygmaens Thouars (Lhe Lype zpecies),

Stomala are of Clazs [11 in the malterial studied. However, Tou-
Linsox recorded Class ¥V stomala in (presumably| Lhe same species,
From epidermal struclures il is nol easy Lo suggest whether or nol Lhiz
section 12 closely relaled Lo Secl. Susseq (as has been claimed). On Lhe
whole Lhere is & certain resemblance Lo PP embuensis (Secl. Helerosligma)
in foliar anatomy, although in olther characlers Lhere are pronounced
dilferencesz. The epidermiz 2 differentialed into zones,

=ecl,. Mammillarisia =t. John

Apecies studied: Pandanus Pervilleanus Solms; P, Vandamis Martelli.

Apparently bolth these species have Class | stomata. However,
ik is not fully certain Lhat completely adult leaves were avallable, In Lhe
cage of P, Vamdamii, Lhe colleclion was made from & juvenile plant,
but one long past a seedling stage.  In Lthe olher species an unbranched,
but apparently well-grown plant, was sampled.  In the fealures of foliar
analomy, Lhese species do nol seem very closely similar Lo Secl, Vinsona.
Furthermore, Lhere i no reazon Lo include P luzonensis Merr. in Lhis
section. This species, from the Philippines, was included in Lhis study
because of 5v, Joux's asserbion (1960) Lhal il, Logelher with a number
of olher Philippine species, e.g. P, acladus Merr., belonged in Sect. Mam-
miillarisia.  Presenl evidence, although meagre, suggests thal these allo-
calions may be incorrect, and & reassessment i in order,  There i3 resem-
bance to P, dauphinensis [Secl, Dauphinensia).

In P. Pervilleanus, epidermal zonation = clear, while in P, Vandamii
il is somewhal vague. In Lhe former species. juvenile plants had leaves
wilh armed ventral pleats, bul nol the adults.  In the latler, no armed
venlral pleals were seen.

serl. Dauphinensia =i, John

species studied: Pamdanus doauphinensis Martelli,
Here the epidermal cells are unusual in that they are nol extended

Souerce - P, Pares
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longiludinally, bul are ralher polvgonal. The epidermis = not dille-
rentiated into zones, Slomata are of Class IV, bul approach Lhe ela-
boraleness of Class ¥,  Leafl venlral pleats are unarmed,

=ecl. Vinsonia Warburg

Specwes tudived: Pamdanus alilis Bory [bypel; P Vandermeerschii
Ball. 1.

species Lo be added: Pandanues rigidifelive Vaughan and Wiehe,

Az staled above, under Secl, Sussea, P. rigidifolins seems ar more
closely relaled Lo P wliliz and P. Vamdermeersehic Lhan il does Lo P,
dyckiotdes or P. leplopodus.  In macromorphological fealures Loo Lhis
i# Lrue, All these species have red-pigmented margins and marginal
Leelh and grav-glavcous abaxial laminar surfaces,  The crucial characlers
of Lthe stigmalic struclure and position also agree in general.  The difle-
rence remaining 1= principally one Lhal invelves carpel connation. In
P, wlilis and P, Vandermeerschii, carpels are connale and a phalangiale
fruit is formed; in P, rigidifolins Lhiz does nol occur, each carpel npening
as a simple drupe.  However, in P. Vandermeerschis we have a slruclure
intermediale belween Lhe other Lwo species, and oceasionally in /2,
rigidifolins, two adjacent carpel fuse Lo produce a bilecular drope.
Sinee in other cases il has been demonstrated thal carpel fusion as & sole
distinguishing fealure is insuficient for Lhe delimilation of a seclion
(Broxe, 198, and since nearly all obher features, bolh macro- and micro-
morphological, support L, Pandanus rogidifelivs = hereby reallocaled
Lo Sect, Viesonio. It may be desirable Lo propose 8 special subzection
for il

In these species Lhe stomala are all of Class IV Lhe leaves are venlrally
unarmed ; and Lhe epidermis is elearly differentiated inlo eostal and inler-
costal zones. Papillae are present in Lhe intercostal regions, usually or
perhaps always one per cell, very Lall (Lo 615 microns high in P Vander-
meerachii) and simple or only slightly lobed ab the apex. In both P,
uliliz and P. Vandermeersehit Lhe papillae ab a high focus form a relicolate
pattern, The stomata somelimes approach the complexily of (lass V.
The papillae on lateral subsidiary cells are so long Lhal they uwrhing
Lthe guard-cells in surface view: this has nol been seen in other S
excepl P, Barkiyi.

The adaxial stomata (Pl Vi-¢) are unique in Uhal papillae are present
on lerminal and subsidiary cells, Papillae on laleral subsidiary cells
resemble Lhose of abaxial stomala,  Papillae on Lerminal 2ubsidiary cells
are very long, simple, and arch over the stomalal aperfure.  Papillose
adaxial stomala have nol been recorded in any Pandanuz species ao far
excepl in this section and in P, Barkiyd,

secl. Barklya Warburg
Species sludied: Pandanus Barklys Ball. 1. [Leclolype).
In all major analomical aspects this species resembles P. wlilis and

Source | MNP, Ports
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TABLE 111

Comparisons of some folinr-analomical characlers
In certain Moscarene amd MMadagascar MPoncaaris
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F'. Vandermeerschii. Ils slomala, however, are even more complex,
being of Class V. The papillae may reach a length of 46 microns, and
appear Lo converge Loward the slomata, they have dendrilic apices.
In macromorphological features however Lhis species appears, Lo warranl,
a separale section, or subsection, in view of the different struclure of
Lhe slaminal phalange and the absence of red pigmentation of the leal
marging and marginal teeth. L appears useful, for Lhe time being al
leazl, Lo retain Seel. Harkipa; bul is it clearly o very close relative of
secl., Viensonia,

=ect. Martellidendron Pichi-Sermolh

Species studied: Pandanus androcephalanthos Marielli (Lype species).

Although this species. and its two close relatives which form the
Beclion MWarlellidendron, has an unusual reproduclive structure (the
staminale phalanges being regularly furnished with large pistillodia),
it does nol have any special features of foliar anatomy. The stomala
are elaborale, of Class 1V.  Papillae (one per cell) are long and pointed,
The epidermis is zonally diferentisled. Ventral pleals of leaves are
unarmed.
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