Vegetative Anatomy ofthe New Caledonian Endemic
Amborella  tricbopoda: Relationships with the Illiciales
and Implications for Vessel Origin®

Sherwin Carlquist and Edward L. Schnefder

Abstract: Light microscopy was usedo study leaf hypodermis, vein scleren-
chyma, stomatal subsidiary cell types, and stem and root xylem in liquid-preserved
material of Amborella tricbopoda; oblique borderentracheid pits, scalariform
end wallsontracheids,and porositiesin end-wall pitmembranes were studied
with scanning electron microscopy. Amborella shares stomatal configurations,
nodal type (in part), ray types, and poroggsgEmembranedsn tracheary elements
with llliciales s.l., butdiffers from that orderin lacking oil cells, vesselsand
grouped axial parenchyma cells. These data are consistentati#isal position

in angiosperms for Amborella, and ferclose relationship with, but not inclusion

in, llliciales; inclusion in a monofamilial orderisconceivable. Both los®f pit
membranesorpit membrane portions on end walls and incredseell diameter

are requisitesfor origin of vessels. Sarcandraandllliciaceae show these early
stagesin origin of vessels; Amborella shows developmeaf porosities in pit
membranes. Vessel presenca absencemay not bestrictly bipolar, because
some primitive vessel elements exhilsitleast some tracheidlike characteristics
and arethus transitional,and because changein atleast two characters define
vessel origin.

THE SINGLE SPECIES OF Amborellaceae Group (1998), who placedsimilar rosterof
(Amborella tricbopoda Baill., New Caledoni& families in anunnamed grouping cited first
claimed to bethe sister grouptothe remain- (and thus basal)n their ordering of angio-
der ofangiosperms accordingorecent stud- sperms. The phylogenetic significanceof
ies (Mathews and Donoghue 1999, Parkinso@natomical featuresof Amborella potentially
et al. 1999, Qiuetal. 1999, Soltisetal. 1999). becomes very considerable.

These studies each analyzed more tlzasin- In terms of vegetative anatomy, Amborella
gle gene siteandthis expanded data bases had already attracted attention becawfehe
well as thesimilarity of the cladistic results vesselless natur®efits wood (Tieghem 1900,
yielded bythese studies have commandat- Bailey and Swamy 1948, Bailey 1957). Bailey
tention byphylogenists. Branching fromlie regarded vessellessness aprimitive feature
cladogram just above Amborelllare Nym-in woody dicotyledons, whereas rececla-
phaeales (excluding Nelumbonaceaend dists, beginning with Young (1981), regarded
then anexpanded llliciales (llliciaceae, Schi-vessellessness @sderived conditionin woody
sandraceae, Austrobaileyaceae, Trimeniglicotyledons (for a discussion,seeBaasand
ceae). This treatmentwasforeshadowedby Wheeler 1996). Themore recent cladistic

the results of the Angiosperm Phylogeny work, cited above,byplacing Amborellain a
basal positionin angiosperms, reopenthe

possibility that vessellessnesis a primitive
feature. If this possibility isvalid, thenature
of tracheidsin Amborella becomes worthgf
consideration.

By meansofscanning electron microscopy
(SEA'l), we areattempting to show whether
tracheidsof Amborella are transitionatoves-
selsin any respect, and, by inference, whether
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