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ABSTRACT

The utility of placentation in the circumscription ofngea of New World Lecythidaceae
(Brazil nut family). The placentation of the 16 known ctaddé New World Lecythidaceae and
several species of Old WorBharringtonia are illustrated and described. The authors conclude that
the family possesses axile placentation but an SEM stliflpweer development may modify that
conclusion. They also restrict the term placenta ttissle derived from the same carpel to which
the ovules are attached. The more basal genera aredeftead by placental features as well as by
morphological apomorphies and sometimes by molecular datzontrastEschweileraandLecythis
based on molecular data, are made up of three and fiveediffelades, respectively. Of the three
Eschweileraclades, th&schweilera tetrapetalalade can be separated from the two other clades of
the genus by having more than one row of ovules per loduleeontrast, the other two clades of
EschweileratheE. integrifoliaandE. parvifoliaclades) posses a single row of ovules in each locule.
We conclude that placental data support the segregation Bf teapetaleclade as a separate genus
while the segregation of the latter two clades is not supgpdoy placental data, even though
morphological data support their separation at some taxonom&. le Within the currently
circumscribed_ecythis theLecythispisonis andL. corrugataclades are supported by weak placental
data; nevertheless, morphological and molecular data suppogniemg them as distinct genera.
The Lecythisollaria clade, which includes the type species, is supported bphuolagical and
molecular (100% bootstrap support) data and,eifythiswere restricted to this clade, the genus
would be reduced from 26 to three species. In contiiasti,. poiteauiandL. chartaceaclades
recovered in this study are not supported by placental agcoar data and morphological support
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for these clades is weak. TBertholletia excelsalade is supported by placental, morphological, and
molecular data but retaining it as a monotypic genus, recogritzéig ollaria clade as a genus with
three species, and segregating thepoiteauiand L. chartaceaclades into separate genera await
further phylogenetic study because there is poor réesoluti@m@mme clades of these groups of
Lecythis Although there may be additional placental featuresielp define genera, we conclude
that they will only be accurately defined if serialtemts and SEM developmental sequences are used
in future studies. Finally, the relationship between Néarld and Old World Lecythidaceae through
Grias is supported by placentation features that do not ocoother New World Lecythidaceae but
that are present in speciesB#rringtonia

Thompson (1921, 1927) was the first to use medial sections of #dewethow the structure
and development of the androecium of New World Lecythidaeed illustrated the placentation of
selected actinomorphic- and zygomorphic-flowered species. cddigfully prepared drawings
illustrate placentation of species of the following gendsarringtonia Grias, Cariniana(as species
of Couratari), Couratari (as species dfecythopsiy Couroupita, andBertholletig which represent
genera as circumscribed by Prance and Mori (1979) and &toriPrance (1990). In addition, he
studied Lecythis zabucajcAubl., which belongs to thé. pisonis Cambess. clade dfecythisas
suggested by Huang et al. (in press), Asteranthos brasiliensiBesf., which is now placed in the
Scytopetalaceae (Tsou 1994; Appel 1996, 2004).

The meticulous studies of fruit developmentGifuroupita guianensigwubl. published by
Schoenberg (1983a, 1983b, 1983c) provide considerable information abxertption of one of the
best known species of New World Lecythidaceae.

An important step forward in the knowledge of the placentaifdrecythidaceae was made
by Tsou (1994) in her worldwide review of its embryology and theioeksttip of embryological
features with reproductive morphology and systematics. Ty ®so provided outstanding images
of the placentation that show similarities of some ®lorld species with some New World species.
For example, species of Old Workbdulmajida(placed inBarringtonia by Prance 2010, 2012),
Planchonia andBarringtoniapossess placentae that are similar to those of theiaad Grias, and
the placentation oCareya arboreaRoxb. is similarto some species of New Wortaustavia(Tsou
1994). The pendulous ovules at the apex of the locules @frshehileAbdulmajidiaare consistent
with the transfer of its species infarringtonia In addition, Tsou and Mori (2007) studied
androecial development, provided SEM images and images obrseatf pickled flowers, and
discussed the development of the ovaries of New World heladeae.

In contrast, Tsou’s (1994) images of the placentation ofCtlleWorld Foetidia oblique
Blume, Petersianthus quadrialatuMerr., andNapoleonaea imperiali®. Beauv. do not appear to
have similarities with taxa of New World Lecythidaceak.more detailed comparison between the
placentation of Old World and New World Lecythidaceae mpybvide data that could shed light on
the relationships between New and Old World genera of thiégy/fam

In spite of previous studies, placentation characters lhese infrequently used for defining
genera and preparing phylogenetic analyses of Lecythidaddssr main use has been in keys, but
this has been limited to locule number and the typpladentae irCouroupita guianensis On the
hand cotyledon development is useful for distinguishing some teea;in some genera the
cotyledons are leaf-likeQariniana Couroupitg and Couratari), in another they are fleshy and
irregular Gustavig, and in the remaining genera there are no apparent cotylé8ertbolletig
CorythophoraEschweileraGrias, andLecythig (Prance & Mori 1979, 1983; Mori & Prance 1990).
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The purpose of the present study has been to determine tbeirigl for New World
Lecythidaceae (1) type of placentation (axile or pdjie{@) nature of the placenta, (3) use of
placentation features in the generic classification of N&lerld Lecythidaceae, (4) use of
placentation features in the clades recognized by Huang(et press) and Mori et al. (in press), and
(5) recommendations of the clades that we judge to be stablehase that might have to be
recognized as separate taxa in the future. An example abk gfenus with distinct placentation
features isGrias and of the latter idecythis (as defined by Prance & Mori 1979; Mori &

Prancel990).

Ollaria clade

Poiteaui clade

Pisonis clade

Eschweilera s.|. +
Lecythis corrugata clade
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Es Parvifolia clade

D_:Eanmamns
E amazoniaformis Integrifolia clade

Figure 1A-1B. This cladogram represents a strict consarf$66 most parsimonious (MP) trees based on total
evidence. Bootstrap values (>50%) are given above theh®anThe cladogram consists of the outgroup, the
non-Bertholletia clades Gustavia Grias, Couroupitg Cariniana Allantoma Couratari) and theBertholletia
clades Lecythis pisonid_. ollaria, Bertholletia excelsd.. poiteauj Corythophora Eschweilerantegrifolia, E.
tetrapetala L. corrugatg andEschweilera parvifoliaclades). This figure was taken from Huang (2010).
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Figure 1 provides an overview of the nBartholletiaclade based on molecular data (Mori et
al. 2007) and for th@&ertholletia clade based on both molecular and morphological data (Huang
2010). Images of placental features are provided in Figures 2B2@ause of the difficulty in
understanding the morphological features used to distinguishatthesobf New World Lecythidaceae,
we recommend reading and studying the plates of the clatiegimg et al. (in press) and Mori et al.
(in press). The terminology used to describe Lecythidaceae also be consulted on the
Lecythidaceae Pages (Mori et al. 2010 onward).

METHODS

Buds from the pickled (usually in 50% or 70% ETOH) collectibecythidaceae at The
New York Botanical Garden (NY) and from fresh flowersrevdhand sectioned in cross- and
longitudinal sections (Figs. 3, 4). |If pickled materighsvnot available, buds from herbarium
specimens were sectioned after being boiled in water avigw drops of detergent until they were
soft. In many cases, buds are so damaged in the auljguticess that they do not yield informative
sections, especially if they are dried with too much quness and heat. In contrast, buds that have
been slowly dried in paper bags outside of the press ussalyre their original form after boiling in
water with several drops of dishwashing detergent. Eadkeafdllections sectioned is vouchered by
a herbarium collection listed in the figure legends. Traskections with specimens at The New
York Botanical Garden are not indicated with the NY acromymie those archived in other herbaria
are indicated by the acronyms of where they are storedrél'2014 onward).

The best results from cross-sections (Fig. 3) wereir@utgust below the apex or of the
placentae—a section made at the very apex of the locule mashowt the manner in which the
ovules are inserted on the placenta and might not even tigogepta joining at their inner apices.
Likewise, a section at the base of the ovary might cutitiir@a space in which there are no ovules. It
is, however, useful to know if the ovules are attached aliefvay along the placenta to the base of
the locule. A longitudinal section that removes the outel efa locule was made to determine the
number of columns and rows and the position of ovules oplteenta (Figs. 6-7). In addition a
medial longitudinal section, cut down the middle of the ovary @bdion should cut at least part of
the style), was made to show the relationship of the plaeatiiahe septum as well as the way the
upper septum articulates with the lower septum (Fig. 2).

It is extremely difficult to section buds that are comafde with one another because it is
hard to select buds that are at the same developmemgel ahd to make hand sections at the same
location of the ovary. For these reasons, we only usedaiess that we evaluated as not changing
significantly in spite of different bud sizes and différpositions of the sections. Thus, we do not
report absolute lengths and shapes but relate the size tofichuse as a percentage of a larger
structure (e.g., the length of the lower septum as a gageef the overall length of the lower/upper
septum. For example, Fig. 41 shows an upper septum longethbdower septum, Figure 4G shows
a lower septum longer than the upper septum, and Fig. 2K sloawes &nd upper septa equal in
length. Other clades seem to lack upper septa (Fige4A) but these may have arms that extend
upward from the lower septum along the stylar canal (Figs. 2J

We sectioned a small number of flowers compared to thebars of flowers found on an
individual tree, on different individuals in a population, awdindividuals from other populations
Unfortunately, almost all characters vary to somergxtaus, a species with a 4-locular ovary almost
always produces some flowers with 3- and 5-locular ovariesthais varies within and between
individuals. The greatest difficulty in circumscribing mlataxa is determining how much
morphological (including placental) and molecular datsaiation is allowed before populations of
individuals are assigned to a different taxon. All studigier, at least to some extent, because of
small sample size.
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The Huang et al. (in press) and the Mori et al. (irspreapers provide descriptions and
plates of the morphological features of the 15 clades of Méwld Lecythidaceae currently
recovered. The cladograms upon which this paper is basedwaré fi®o Huang et al. (in press).
Reading these papers in conjunction with this paper fteitunderstanding of how placentation
features relate to the generic classification of New Whbdcythidaceae. A major problem with the
most recent morphological and molecular analyses of Leagbak is that many of the clades within
the Bertholleita and non-Bertholletia clade are not resoMedirig 2010; Huang et al., in press; Mori
et al. 2007, in review) and it is likely that the resolutidntiee clades included in the currently
circumscribedEschweileraand Lecythis (Mori & Prance 1990) may change in such a way that
splitting these two taxa into additional genera may not b#i@ast Therefore, we only recommend
segregating the clades recovered in the most recent naletutlies (Huang et al., in press; Mori et
al. 2007) into genera if the clades are strongly supported hyntaecular and morphological data.

Lower septum armed

Cross-section

Medial longitudinal section

septal unit A

|
I\|I
ower septum truncate
|

septal unit
basal extension

\ = N,
lower septum invaginate
Figure 2. General placentation terms. A. Crossaedf an ovary with the septal units spear-shaped. B. On
of seven carpels of the ovary illustrated in the precedmagiing. C. One of the six locules of the ovary as
indicated by the arrow. D. One of the seven septas ahithe ovary illustrated in the preceding drawingteN
that a septal unit consists of tissue from adjacemetar E. Cross-section of an ovary with long septa u
head basal extensions. F. One of the seven septalillustrated in the A. G. Medial longitudinal section.
Note that this type of section goes through the middle e@fotfary and, thus, usually cuts at least part of the
style (not visible here). H. The same as G but thitghovules removed. Note the upper and lower septa and th
articulation between them. I. Longitudinal sectibattdoes not go through the middle of the ovary and only
cuts off the outside of the ovary wall. This type of mecis good for determining the number of rows and
columns of ovules per locule. J. An armed lower septlmspecies with this type of septum the upper septum
is poorly developed or absent. K. A truncate lower sepbossessing a flat apex. L. An invaginate lower
septum in which the upper septum appears to push into thedepeim.

Vd‘g‘ septal unit stalk locule
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Figure 3. Septal unit heads as seen in cross-sectioSpear-shaped septal unit head—A®. Cross-sections

of ovaries showing examples of spear-shaped septal unit h@dstrowhead-shaped septal unit head. B
Cross-section of an ovary showing arrowhead-shaped sefithleads with poorly developed septal unit basal
extensions. C. Arrowhead-shaped septal unit head witidesxeeloped septal unit basal extensions. @oss-
section of an ovary with very long septal head basa&nsikins. D. Arrowhead-shaped septal unit head with
thick basal extensions. DA Cross-section of an ovary showing thick septal umsabextensions. E. Anchor-
shaped septal unit head " I". Cross-section of an ovary showing anchor-shaped| septdeads. F. Anvil-
shaped septal unit head.". Eross-section of an ovary showing anvil-shaped septeheads.

RESULTS
In this section, we describe the placentation of the sladd ecythidaceae as defined in
Huang et al. (in press) and Mori et al. (in review) andhmarize support for the clades based on
molecular (Fig. 1) and morphological (Figs. 2-25) data. Clddes are presented in alphabetic order.
If a cited figure is found in another publication the rafieeeto it is preceded by “see.” For example
“(see Fig. 21 in Huang 1990).”

Allantoma clade (Fig. 7)

Ovary (3)4-locular. Septal units as seen in crossesethrough placentae: spear-shaped (B—
C). Locule orientation and width as seen in longitudinal sectiertical (E), width intermediate (E).
Lower septum: truncate at apex (E), occupying ca. 50% ofrlipwer septum length (E). Placentae
as seen in longitudinal sectionarrow columnar (E). Ovules as seen in cross- and longitudinal
sections: not pendulous, not flattened, ca. 10-18 per locl®ezatlumns (B, C) and 5-8 rows, (D-E),
inserted along most of length of lower septum, with stxaute-free area below ovule insertion (E).
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Figure 4. Locule orientation seen in medial longitudinatisa. A. Vertically oriented locules. B. Vertically
oriented locules. C. Horizontally oriented locules. Dliquely oriented locules. E. Obliquely oriented locules.
F. Locules widest at base. G. Locules widest at midéHe.Locules with intermediate width (between the
middle and apex of the locule). I. Locules widest at apex.

Incipient

Plateau columnar Columnar

Figure 5. Placentation types as seen in medial longaudiection. A. Laminar cup-shaped (e.g., in the
Couroupitaclade). B-C. Cup-shaped (in th@ustaviaclade). D. Incipient (in th&rias clade). E. Arched
spreading (e.g., in th€ouratari clade). F. Spreading (e.g., in ti@orythophora, Eschweilera, Lecythis
chartacea and Lecythis corrugatdades). G. Plateau columnar (e.g., in Betholletia excelsalade). H.
Columnar (e.g., in thallantoma, Cariniana, Lecythis pison&snd Lecythis poiteaulades).
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Figure 6. Ovule attachment and orientation as seenoss and longitudinal sections. A. Cross-section
showing ovules in 2 columns. B. Longitudinal section shgwvules in 1-2 columns and 5 rows. The ovules
are alternately arranged. C. Medial longitudinal secttoowing the upper ovules oriented obliquely upward,
some of the middle ovules oriented horizontally, and ldveer ovules oriented obliquely downward. D.
Longitudinal section showing vertically and obliquely upgvariented ovules. E. Medial longitudinal section
showing pendulous ovules (a feature restricted to speciBarahgtoniaandGrias). F. Longitudinal section
showing numerous, alternately arranged ovules. G. Latigil section showing an ovule-free area in the
middle (found in some species ®tistavia H. Longitudinal section showing ovules in 6 columnd drrows.

I. Cross-section showing the ovules in ca. 10 columnsaasidgle row (a feature restricted to thechweilera
integrifolia andEschweilera parvifloraclades). J. Longitudinal section showing the ovinle8 columns and a
single row per locule.

Barringtonia clade (Fig. 8)

Ovary 4-locular. Septal units as seen in crossagecthrough placentae: arrowhead-shaped
(B) or spear-shaped (G), the basal extensions thick (Bpsent (G). Locule orientation and width as
seen in longitudinal section: vertical (D, 1-J), width imtediate (D, I). Lower septum: truncate? or
slightly arched? at apex, occupying 100% of lower/upper septumhlébgE, |-J). Placentae as
seen in cross- and longitudinal sections: incipient (D-E,. I-@Qvules as seen in cross- and
longitudinal sections: mostly pendulous (D-E, 1-J), sometiimaszontal (D, apical row), not
flattened, ca. 2-5 per locule, in 2 columns (B—C and 1 rowE(D-J); inserted at apex of lower
septum, with long ovule-free area below ovule insertiogg(AD-E, I-J).
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. upper
+ septum

Figure 7. Allantomaclade. A.Allantoma integrifolia(Ducke) S.A. Mori, Y.-Y. Huang & PranceB—F.
Allantoma lineata.A. Flower. B. Cross-section of an ovary showing 2 columns ofesvoier locule. C.
Cross-section of an ovary showing spear-shaped septal udi.h& Longitudinal section of an ovary
showing ca.16 ovules in 2 columns. E. Medial longitudinal section sigothie columnar placenta and
articulation between the lower and upper septa. F. Longitudeeion of an ovary showing ovule
orientation. A. Photo by M. Hopkins based BA 89 at INPA. B, D-E. Photos by C.M. C. M. de
Potascheff and C. Carollo Matos basedrogitas 521 F. Photos by C. Carollo Matos basedRsance
17549
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Barringtonia asia ngtoni

o
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Figure 8. Barringtonia clade. A—EBarringtonia asiatica(L.) Kurz. F-J.Barringtonia racemosdL.)
Sprengel. A. Part of an inflorescence showing buds angan fiower. B. Cross-section of an ovary
(apical view) showing arrowhead-shaped septal uniidiead thin septal head stalks. C. Cross-section of
an ovary (basal view) showing 4 locules. D. Medial longitablsection of an ovary showing 2 locules
with pendulous ovules. E. Longitudinal section of an ovary showing a ladihle! ovules attached to the
incipient placentae. F. Part of an inflorescence shobiras, an open flower, and 2 flowers that have lost
their petals. G. Cross-section of an ovary (apical view) above gloivule attachment. H. Cross-section
of an ovary (basal view) showing pendulous ovules and aramivbleaped septal unit heads. |
Longitudinal section of an ovary showing the pendulous ovutasted at the apex of the lower septum
and the incipient placentae. J. Longitudinal section of an ovaryisth@tocule with 2 pendulous ovules.
A. Photo by Mori based adori et al. 25013 collection is a photograph only). B—E. Photo by C. Carollo
Matos based on an unvouchered collection by an unknown colfectorindonesia. F. Photo by C.A.
Gracie based an unvouchered tree cultivated at the RoyahiBdsardens, Kew. G-J. Photos by C.
Carollo Matos based on an unvouchered collection by C.-H. Tsou imSkal
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Figure 9. Ertholletia excelsalade. A—HBertholletia excelsa A. Flowers and buds. B. Cross-section
of an ovary (apical view) showing the arrowhead-shappthbunit heads. C. Cross-section of an ovary
(basal view) showing the 4 locules of this species. D. Lorigaiidection of an ovary showing the ovule
attachments. E. Medial longitudinal section showing tHanwear plateau placentae and the truncate
apex of lower septum. F. Longitudinal section of an ovaopving a locule and some of the ovules. G.
Ovules removed from locule to show funicular scars. Ht &faan inflorescence. A. Photo by A.J.
Henderson based ahF. Ramos P20205B-D, F. Photos by C. Carollo Matos basedFoeitas 511
(assumed to be at INPA). E. Photo by N.P. Smith baséd®nSmith 397at INPA). H. Photo by Mori
based oMori et al. 17503
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Figure 10. Carinianaclade. A—ECariniana domesticgMart.) Miers. F—JCariniana micranthaDucke.

A. Flowers and buds. B. Cross-section of an ovary (apical)\é@owing the spear-shaped septal unit
heads. C. Cross-section of an ovary (basal view) sho®ihgcules and 2 columns of ovules. D.
Longitudinal section of an ovary Gfariniana domesticahowing lower septum and ovule orientations. E.
Longitudinal section of an ovary showing a locule andétiely arranged ovules. F. Flowers. G. Cross-
section of an ovary (basal view) showing the spear-shapgadl amit heads, 3-locular ovary, and 2
columns of ovules. H. Cross-section of an ovary (basal)vawwing 4-locular ovary from same
collection as in G. with a 3-locurlar ovary. |. Medial langinal section of an ovary showing the
columnar placentae and ovules extending nearly along the full lengthlofwiieseptum. J. Longitudinal
section of an ovary showing alternately arranged ovules. A. Photo bgd&/bésed oNee 58876 B, D—

E. Photos by C. Carollo Matos basedRmance et al. 7967 C. Photo by N.P. Smith based Brance et

al. 8834 F. Photo by Mori based dori 20191 G-J. Photos by C. Carollo Matos basedviami 20191
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Figure 11. Corythophoraclade. A—E.Corythophora rimosaW. Rodriguessubsp.rimosa F-J.
Corythophora amapaensBires ex S.A. Mori & PranceA. Flower and buds. B. Cross-section of an
ovary (apical view) showing 3 locules. C. Cross-sectioanobvary (basal view) showing anchor-shaped
septal unit heads. D. Medial longitudinal section of an yowowing the spreading placentae. E.
Longitudinal section of an ovary showing the attachmerthefovules and the spreading placenta. F.
Flower and buds. G. Cross-section of an ovary (apical \8bayving 3 locules and numerous ovules. H.
Cross-section of an ovary (apical view) showing the anshaped septal unit heads. 1. Medial
longitudinal section of an ovary showing the spreading plaeent]. Longitudinal section of an ovary
showing the attachment of the ovules. A. Photo by M.J.G. HopkirsllmsSmith & Hopkins 367at
INPA). B-C, E. Photos by C. Carollo Matos based on Prahad. €e0417. D. Photo by C.M.de
Potascheff based dviori & Pereira 20525 F. Photos by C. Gracie basedMuori et al. 22640 G-J.
Photos by C. Carollo Matos basedMari et al. 18550
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Couratari _
scottmorii

Figure 12. Couratari clade. A—C.Couratari stellataA.C. Sm. D—FCouratari scottmoriiPrance. G-I.
Couratari tenuicarpaA.C. Sm. J. Couratari oliganthaA.C. Sm. A. Flower. B. Cross-section of an ovary
(basal view) showing the arrowhead-shaped septal unishdethick septal unit head basal extensions,
and the 3-locular ovaryC. Longitudinal section of an ovary showing the placentae arspexading.D.
Flower. E. Cross-section of an ovary (apical view) shouliegarrowhead-shaped septal unit heads, the
thick septal unit head basal extensions, and the 3-locular ovary. RalNedjitudinal section of an ovary
showing the placentae arched spreading and invaginated lower septiiower H. Cross-section of an
ovary (basal view) showing the arrowhead-shaped septalheads, the thick septal unit head basal
extensions, and the 3-locular ovary. |. Longitudinal sectioanobvary showing the placentae arched
spreading and invaginated lower septum. J. Medial longalidattion of an ovary showing the flattened
ovules. A. Photo by C. Gracie basedMari et al. 22750 B-C. Photos by C.M. C. M. de Potascheff
based orPrance et al. 229Q0D. Photo by R. Aguilar based éguilar 10259 E—F. Photo by N.P. Smith
based on pickled flowers @ornejo 8043(from same tree aAguilar 11108at CR). G. Photo by C.
Gracie based on an unvouchered tree. H-I. Photos by N.f [sasid oMori et al. 20331 J. Photo by

C. Carollo Matos based ¢dHowman 12546
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Couroupita subsessilis

Figure 13. Couroupitaclade. A—ECouroupita guianensisF—I. Couroupita subsessilisA. Tree bearing
fruits and flower on the trunk. B. Flower. C. Longitudinaltegcof an ovary showing the locule and
numerous ovules with many rows. D. Cross-section of an oegigal view) showing the arrowhead-
shaped septal heads and the long septal head basal exterisidviedial longitudinal section of an ovary
showing the placentae laminar cup-shaped. F. Flowers.oi@itudinal section of an ovary showing the
locule and numerous alternately arranged ovules. H. Gextign of an ovary (apical view) showing the
arrowhead-shaped septal unit heads and the long septhlblasal extensions. |. Medial longitudinal
section of an ovary showing the laminar placentae langmp-shaped. A. Photo by S. Zona based on an
unvouchered tree. B. Photo by R. Aguilar base® oAguilar 13743at CR). C-E. Photos by C. Carollo
Matos based on an unvouchered pickled collection made-dy. Osou from the Fairchild Tropical
Garden, Florida, USA. F. Photo by M. Geschneider baseanoanvouchered plant cultivated in the
conservatory of the University of Ulm, Germany. G-Il. Photos b@atollo Matos based dreras 16883
from Amazonas, Brazil.
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Eschweilera integrifolia

Figure 14. Eschweilera integrifoliaclade. Plate 1: AG. Eschweilera integrifolia A. Flower. B. Cross-
section of an ovary (apical view) showing the 2-locular ovary eathangingle row of ovules. C. Cross-
section of an ovary (apical view) showing the anvil-shaped sepiiaheads. D. Cross-section of an ovary
(basal view) with the ovules removed and showing the upper septumve thlegplacentae) and the septal
articulations. E. Cross-section of an ovary (basal view) sholatptver septum and the anvil-shaped
septal unit. F. Medial longitudinal section showing the spreadingmiae. G. Medial longitudinal

section showing the invaginate lower septum. A. Photo by X. Cornegd loa€ornejo & Bonifaz 8018.
B—G. Photos by C. Carollo Matos baseddmnejo & Bonifaz 8018.
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Eschweilera
b andina

Figure 15. Eschweilera intregrifoliaclade. Plate 2: AC. Eschweilera andingRusby) J.F. Macbr. A.
Buds, flowers, and very young fruit. B. Cross-section ob\ary (apical view) showing the anvil-shaped
septal unit heads. C. Longitudinal section of an ovary slipthe spreading placentae and invaginated
lower septum. A. Photo by C. Davidson basedAcaujo-Murakami 1110rom La Paz, Bolivia. B-C.
Photo by C. Carollo Matos basedBitman 589%rom Napo, Ecuador.
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Figure 16. Eschweilera integrifoliaclade. Plate 3: AE. Eschweilera ovalifolia(DC.) Nied. FJ.
Eschweilera collinsii A. Flowers and buds. B. Cross-section of an ovary (apieal) showing lower
part of the upper septum. C. Cross-section of an ovaryafap&v) showing the anvil-shaped septal unit
heads. D. Medial longitudinal section showing the obliquabyvard oriented ovules E. Medial
longitudinal section of an ovary showing the invaginate logsemtum and the spreading placentae. F.
Flower and buds. G. Cross-section of an ovary (apical)vierough upper septum showing 2-locular
ovary. H. Cross-section of an ovary (apical view) showimeganvil-shaped septal unit heads. 1. Medial
longitudinal section of an ovary showing columnar placentaketlae space between the base of the lower
septum and the attachment of the ovules. J. A few ovules renfimra locule to show funicular scars.
A. Photo by T.L.P. Couvreur based Gouvreur 240from La Paz, Bolivia. B-E. Photos by C. Carollo
Matos based orPrance et al. 24390 F. Photo by R. Aguilar based & Aguilar 8857(at CR). G-J.
Photos by C. Carollo Matos basedMari & Kallunki 3172
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schwei!era

a = upper septum
b = lower septum

Figure 17. Eschweilera parvifoliaclade. A-E.Eschweilera pedicellatgRich.) S.A. Mori. F-J.
Eschweilera coriacedDC.) S.A. Mori. A. Flower and immature fruits. B. Crosst®on of an ovary
(apical view) showing anvil-shaped septal unit heads. d@gitudinal section of an ovary showing the
single rows of ovules. D. Medial longitudinal section of an ovary sigspreading placentae. E. Medial
longitudinal section showing obliquely upward oriented locael ovules. F. Flowers and buds. G.
Cross-section of an ovary (apical view) showing remnaptusn indicating that 2-locular ovaries may
have evolved from an ancestor with 4-locular ovaries. ds&section of an ovary (basal view) showing
anvil-shaped septal unit heads. |. Medial longitudinal sectiamafvary showing the spreading placentae
and the slightly invaginate lower septum. J. Longitudsedtion of an ovary showing the spreading
placentae. A. Photo by Mori basedMori et al. 25648 B-E. Photos by C. Carollo Matos based\bn
Cunha 389 F. Photo by C.A. Gracie basedMuori et al. 22651 G, I. Photos by C. Carollo Matos based
onCunha 452 H, J. Photos by C.M. de Potascheff baseBrance et al. 22837
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Figure 18. Eschweilera tetrapetal@lade. A—E.Eschweilera tetrapetala F—J.Eschweilera nangO.
Berg) Miers. A. Lateral view of flower. B. Cross-sectmfran ovary (apical view) showing more than a
single row of ovules in each locule. C. Cross-secticanabvary (apical view) showing the placenta with
the ovules removed. D. Apical view of flower and buds. EdiMeongitudinal section of an ovary
showing the spreading placentae. F. Flower being visiteal fign-pollinating hymenoptera (left) and a
large Centris scopipebee pollinator visiting a flower (right). G. Cross-sectdf an ovary (apical view)
showing 4-5 columns of ovules. H. Cross-section of an ovary (apiegl stewing more than on row of
ovules. |. Longitudinal section of an ovary showing spreadingepitae and -23 rows of ovules. J.
Longitudinal section of an ovary showing locule wideshathiase. A, D. Photos by N.P. Smith based on
N.P. Smith et al. 118-C, E. Photos by C.M. de Potascheff basedatschbach & Kummrow 480686,

G, I. Photos by C.M. de Potascheff basedCom. de Potascheff 00H. Photo by C. Carollo Matos
based orAnderson 36667J. Photo by C.M. de Potascheff based//aguire et al. 56555
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Figure 19. Grias clade. A-DGrias caulifloraL. E—H.Grias peruvianaMiers. A. Flowers and buds. B.
Cross-section of an ovary (apical view) showing the speaped septal unit heads. C. Medial
longitudinal section of an ovary showing the pendulous ovules thadincipient placentae. D.
Longitudinal section of an ovary showing the pendulous ovuldstize long ovule-free area between the
base and apex of the lower septum. E. Flower and bud. Bs-6eotion of an ovary (apical view)
showing the spear-shaped septal unit heads, 4 locukksharhin septal stalks. G. Longitudinal section
of an ovary showing the pendulous ovules and the long ovule-teaebatween the base and apex of the
lower septum H. Medial longitudinal section of an ovary showing the ingipiplacentae and the faint
outline of the armed lower septum. A. Photo by L. Raz baséd Raz 400at FTG). B-D. Photos by
C.M. de Potascheff based biee & Mori 3574 E. Photo by X. Cornejo based Gornejo & C. Medina
8220 F. Photo by C. Carollo Matos based @nPeters 84-55 H. Photo by X. Cornejo based @h
Peters 84-55



Mori et al.: Lecythidaceae placentation in circumscription of genera 23

'
Gustavia dubia Gustavia gi'}r\di@meteeta

Figure 20. Gustaviaclade. A-EGustavia dubigKunth) O. Berg. F-JGustavia grandibracteat&roat

& S.A. Mori. A. Flower and immature fruit. B. Cross-gentof an ovary (apical view) showing the
arrowhead-shaped septal unit heads. C. Longitudinal sextitime ovule attachments in three locules. D.
Medial longitudinal section of an ovary showing the laminap-shaped placenta. E. Close-up of the
preceding showing the outward and downward orientation abihkes. F. Flowers. G. Cross-section of
an ovary (apical view) showing the spear-shaped septahesds not fused at the apex of the ovary. H.
Cross-section of an ovary (basal view) showing the fusagbels at the base of the placenta. |.
Longitudinal section of an ovary showing the cup-shaped plaeent. Longitudinal section of an ovary
showing the high number of ovule rows per locule. A. Photo by PN¥ads based olMlaas et al. 2801
B—E. Photos by C. Carollo Matos basedMaori 7704 F. Photo by C. Galdames basedGaidames et
al. 9541 G-J. Photos by C. Carollo Matos basedviami & Kallunki 5612
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Lecythis
mesophylla

Figure 21. Lecythis chartacea@lade. A—Clecythis mesophyll&.A. Mori. D—F Lecythis brancoensis
G—K. Lecythis chartaceaA. Flower. B. Cross-section of an ovary (apical vielgveing the arrowhead-
shaped septal unit heads and 4 locules. C. Medial longitusticion of an ovary showing invaginate
lower septum and spreading placentae. D. Medial longitudieetion of a mature bud (with petals
removed). E. Cross-section of an ovary (apical view) ghgthe arrowhead-shaped septal unit heads. F.
Longitudinal section of an ovary showing the columnar plee G. Buds and a flower. H. Cross-
section of an ovary (apical view) showing 3 to 4 columhevules. I. Longitudinal section of an ovary
showing 3 columns and 3 rows of ovules. J. Longitudinal sestiowing one obliquely upward and
outward ovule and one vertically oriented ovule. K. Meltiagjitudinal section of an ovary showing the
spreading placenta and the invaginate lower septum. Ao BldR. Aguilar based ofiguilar 13712 B—

C. Photos by C. Carollo Matos basedAguilar 1177 D. Photo by N.P. Smith based NrP. Smith 380

E. Photo by N.P. Smith based NrP. Smith 381 F. Photo by N.P. Smith based NrP. Smith 379 G.
Photo by C. Bhikhi based dd.B. Bhikhi 100 H, K. Photos by C.M. de Potascheff. basedBerg et al.
BG706 I, J. Photos by C. Carollo Matos based. lamas et al. P19664
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Figure 22. Lecythis corrugatalade. A—CLecythis idatimorAubl. D—F.Lecythis persistenSagot G—I.
Lecythis corrugata A. Buds and flower. B. Cross-section of an ovaryc@pview) showing the 4
locules common to this clade. C. Medial longitudinal section of any@showing the spreading placentae
and locules wider at apices. D. Flower and bud. E. Crosswsedftan ovary (basal view) showing the
arrowhead-shaped septal unit heads. F. Medial longitus@wiion of an ovary showing the spreading
placentae, the locules wider at apices, and the obliquelyrdmwmal outward oriented ovule§. Flower.

H. Cross-section of an ovary showing 4 locules and 2—-3 columns of loduMsedial longitudinal section
of an ovary showing the spreading placentae and the iratadiower septum. A. Photo by Mori based
on Mori et al. 1773%at IAN). B. Photo by C.M. de Potascheff basedPoivost & Sabatier 4776 C.
Photo by C. Carollo Matos based Brévost & Sabatier 4776 D. Photo by Mori based ddori 25523
E—F. Photos by C. Carollo Matos basedMori & J.J. de Granville 8810 G. Photo by Mori based on
Mori et al. 25730 H. Photo by C.M. de Potascheff basedlorde van Andel et al. 2638. Photo by C.
Carollo Matos based drinde van Andel et al. 2636
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ollaria 4 tuyrana

Figure 23. Lecythis ollariaclade. A-D.Lecythis minorJacq. E—GLecythis ollaria H—J. Lecythis
tuyranaPittier. A. Flowers and buds. B. Cross-section of an ovary (apieal)\showing the arrowhead-
shaped septal unit heads. C. Longitudinal section of ary @bewing the spreading placentae and the
locules widest at apex. D. Medial longitudinal sectionrobaary (microscope slide) showing spreading
placentae and invaginate lower septum. E. Flowerf(oinger has an abnormal split in the androecial
hood). F. Cross-section of an ovary (apical view) showingtr@vhead-shaped septal unit head and thin
septal unit stalks. G. Medial longitudinal section obaary showing the spreading placentae and locules
widest at the apex. H. Flower. |. Cross-section ofvaryo(apical view) showing the arrowhead-shaped
septal unit heads. J. Medial longitudinal section of arygshowing the spreading placentae. A. Photo
by A. de Sedas based Ande Sedas 219B-C. Photos by C. Carollo Matos basedPoance et al. 23155

D. Photo by C. Carollo Matos basedee 7226 E. Photo by G. Aymard based Apmard et al. 12786
F—G. Photos by C. Carollo Matos baseddymard & Ferrera 13088 H. Photo by Mori based oMori

& Kallunki 5772 |-J. Photos by C. Carollo Matos basedzaidames 5766.
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Figure 24. Lecythis pisoni€lade. A-DLecythis zabucajo E—Il. Lecythis pisonis A. Flower. B. Cross-
section of an ovary (apical view) showing the arrowheageshaseptal unit heads. C. Longitudinal
section of an ovary showing the obliquely upward orientedesvaind the columnar placentae. D.
Longitudinal section of an ovary showing the truncate lowptuse and the ovule orientations. E. Flower
and buds. F. Cross-section of an ovary (apical view) shpthim arrowhead-shaped septal unit heads and
4-locular ovary. G. Cross-section of an unusual 8-locularyovét. Longitudinal section of an ovary
showing the columnar placentae. |. Longitudinal section sigpttie ovules attached in 2—3 columns and
4 rows. Note that there is an ovule-free space abovéeod the ovules. A. Photo by Mori based on
Mori et al. 25034 B—C. Photos by C.M. de Potascheff baseMori et al. 8106 D. Photo by C. Carollo
Matos based oMori & Bolten 8381. E. Photos by Mori (left) basedMari et al. 16527and C.M. de
Potascheff (right) based an unvouchered cultivated tree. F—bdwC. Carollo Matos based Brance
etal. 14730



Mori et al.: Lecythidaceae placentation in circumscription of genera 28

Figure 25. Lecythis poiteauclade. A—E Lecythis lurida F—K. Lecythis barnebyi A. Flowers and bud.
B. Cross-section of an ovary (apical view) showing theveltead-shaped septal unit heads. C. Cross-
section of an ovary (basal view) showing the arrowheagezhaeptal unit heads. D. Medial longitudinal
section of an ovary showing locules widest in the middle tardcolumnar placenta. E. Longitudinal
section of an ovary showing 4 rows of ovules in locule. |&wé&r. G. Androecium of flower. H. Cross-
section of an ovary (apical view) showing mucilage ductthé hypanthium. |. Cross-section of an ovary
(apical view) showing arrowhead-shaped septal unit hedddedial longitudinal section of an ovary
showing columnar placentae. K. Longitudinal section with the owa#rof ovary removed showing up to
4 columns and 5 rows of ovules per locule. A, C. Photos by Mpraigd N.P. Smith (C) based dfori

& Mendes 13270 B, D—E. Photos by C. Carollo Matos basedPaance & Silva 24237 F—G. Photos by
C. Gracie based oNlori et al. 20629 H-K. Photos by C. Carollo Matos based Mn Freitas 598
(specimen at INPA).
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Bertholletia excelsa Bonpl. clade (Fig. 9)

Ovary 4-locular. Septal units as seen in cross-setir@ugh placentae: arrowhead-shaped,
the basal extensions short and thin (B). Locule oriemtatnd width as seen in longitudinal section:
vertical, widest at middle (E) or width intermediate .()ower septum: truncate at apex, occupying
ca. 50-60% of lower/upper septum length (D, E). Placestaeen in longitudinal section: plateau
columnar (E). Ovules as seen in cross- and longitudictibas: not pendulous, not flattened, ca. 7
per locule, in ca. 2 columns (B) and 2 rows (E), insextexpex of lower septum, with distinct ovule-
free area below ovule insertion (D, E).

Cariniana clade (Fig. 10)

Ovary 3(4)-locular. Septal units as seen in crossesettirough placentae: spear-shaped (G—
H). Locule orientation and width as seen in longitudinefise vertical (D, 1), widest at middle (1).
Lower septum truncate at apex (D, I), occupying ca. 60% ofrlapjer septum length (I). Placentae
as seen in longitudinal section: narrow columnar @Qyules as seen in cross- and longitudinal
sections: not pendulous, not flattened, ca. 8 per locucolumns (C, H) and 5 rows (E, J), inserted
along most of lower septum, with very short ovule-fresadyelow ovule insertion (E, I, J).

Corythophora clade (Fig. 11)

Ovary (2)3(4)-locular. Septal units as seen in cresten through placentae: anchor-
shaped, the head rounded, the basal extensions thick (CoEl)le orientation and width as seen in
longitudinal section: oblique (D), widest at middle (Il.ower septum: invaginate at apex, (l),
occupying ca. 30-40% of lower/upper septum length (D, I). Riaeers seen in longitudinal section:
spreading (D, I). Ovules as seen in cross- and longélsigetions: not pendulous, not flattened, ca.
3-24 per locule, in 26 columns (C-G), and 2—-4 rows (D, 1-J), withpparent ovule-free area at
base of lower septum (D, I).

Couratari clade (Fig. 12)

Ovary 3—locular. Septal units as seen in crosseseittrough placentae: arrowhead-shaped,
the basal extensions thick (B, E, H). Locule orientatiod width as seen in longitudinal section:
oblique (C—F), widest at apex (C, F, J). Lower septunmagmate at apex (F, J), occupying ca. 50—
70% of lower/upper septum length (C, KJ). Placentae as seen in longitudinal section: arched
columnar (C, F,+J). Owvules as seen in cross- and longitudinal sectimtgpendulous, distinctly
flattened, ca. 10-50 per locule, in 4-8 columns (B, E, H) ar@lbws (C, F, 1-J), without apparent
ovule-free area at base of lower septum (C, F, I-J).

Couroupita clade (Fig. 13)

Ovary 6-locular. Septal units as seen in cross-setr@ugh placentae: arrowhead-shaped,
the basal extensions long and thin (D, Hycule orientation and width as seen in longitudinal
section: vertical (C, E, 1), width intermediate (E, Dower septum: armed at apex (E), occupying ca.
90% of upper/lower septum length (E, I). Placentae as seeross- and longitudinal sections:
laminar cup-shaped (E,.I)Ovules as seen in cross- and longitudinal sectionspaatiulous, not
flattened, ca. 40-90 per locule, in 4-6 columns (C, G) and@&5 rows (C, G, 1), inserted along
most of lower septum, with short ovule-free area beloweoinsertion (E, G, I).

Eschweileraintegrifolia clade (Figs. 14—16)

Ovary 2(3)-locular. Septal units as seen in crossesetitrough placenta: anvil-shaped, the
head truncate, the basal extensions thick (14C—E, 15B, 16Qulelarientation and width as seen in
longitudinal section: oblique (Fig. 14F-G, 15C, 16D-E), widiiermediate (Fig. 14G), widest at
apex (Fig. 15C), or at middle (Fig. 161). Lower septumagimate (Figs 14G, 15C, 16D-E) to nearly
truncate at apex (Fig. 161), occupying 25-60% (Fig. 16J) of loywpsr septum length. Placenta as
seen in cross- and longitudinal sections: spreading (Figs. 13, 16E) or plateau columnar (Figs.
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16J). Ovules as seen in cross- and longitudinal sectiongendulous, not flattened, ca. 5-12 per
locule, in 5-10 columns (14B—C, 15B, 16B) and 1 row (Figs. 14F-G, 50 E), without apparent
ovule-free area at base of lower septum (Figs 14F, 15C, J)6@-Rfrequently with distinct ovule-
free area below ovule insertion (e..,collinsii, Figs. 161-J).

Eschweilera parvifolia Mart. ex DC. clade (Fig. 17)

Ovary 2-locular. Septal units as seen in cross-seticugh placenta: anvil-shaped, the
head truncate, basal extensions scarcely developed (1@Bulelorientation as seen in longitudinal
section: oblique (D-E, 1-J), width intermediate (I-J) cdest at apex (D). Lower septum: invaginate
(D, 1), occupying ca. 10-30% of lower/upper septum length (E, IRJcenta as seen in longitudinal
section: spreading (D, 1-J). Ovules as seen in crossioagitudinal sections: not pendulous, not
flattened, 4-11 per locule, in 4-10 columns ( B, G) and 1 row \Bwithout apparent ovule-free
area at base of lower septum (Figs.-&])l

Eschweilera tetrapetala S.A. Mori clade (Fig. 18)

Ovary 2-locular. Septal units as seen in cross-seduimugh placentae: anvil-shaped, the
head truncate, the basal extensions not well-developedfficultito see). Locule orientation and
width as seen in longitudinal section: oblique (E, J), widitest at apex (E—J). Lower septum:
truncate at apex, occupying ca. 20-30% of lower/upper septunh |@Ept Placentae as seen in
longitudinal section: spreading? Ovules as seen in baths- and longitudinal sections: not
pendulous, not flattened, ca. 6—15 per locule, in 2—6 coluBid)(and 2—3 rows (B, HI), without
apparent ovule-free area at base of lower septum~E, |

Griasclade (Fig. 19)

Ovary (3)4-locular. Septal units as seen in crossesetiirough placentae: spear-shaped (B,
F). Locule orientation and width as seen in longitudiredtiens vertical (C-D, G-H), width
intermediate (B-G). Lower septum: armed at apex (H), occupying nearly 100% aérlipwer
septum length not including lower septum arms (BHR Placentae as seen in longitudinal section:
incipient (D, G-H). Ovules as seen in cross- and longitudinal sections: pendi@si®, G—H), not
flattened, 2—3 per locule, in 2 columns (B) and 1-2 rows B;1\;inserted at apex of lower septum,
with long ovule-free area below ovule insertion (B515.

Gustavia clade (Fig. 20)

Ovary 4-8 locular. Septal units as seen in cross-sedtioough placentae: spear-shaped (G)
or arrowhead-shaped (B, only (Bustaviasect. Hexapetal3, the basal extensions short. Locule
orientation and width as seen in longitudinal secti@ntical (J) oroblique (D-E), width intermediate
(D, J). Lower septum: armed at apex (no image), occupysl of upper/lower septum length (C—
D, 1-J). Placentae as seen in longitudinal section: hapesl (I) or laminar cup-shaped—B).
Ovules as seen in cross- and longitudinal sectiongperaiulous, ca. 25-50 per locule, in 4 columns
(B—C) and ca. 6-8 (iustaviasect.Hexapetald and ca. 20 rows-J), inserted from near middle or
less to apex of lower septum, with distinct ovule-fremadrelow ovule insertion (D).

Lecythis chartacea O. Berg clade (Fig. 21)

Ovary (3)4(5)-locular. Septal units as seen in cressens through placentae: arrowhead-
shaped, the basal extensions thick (E). Locule orientatnd width as seen in longitudinal section:
vertical (C, F) or obliqgue €K), widest at middle (C, F,—K). Lower septum: truncate (F) or
invaginate (C, K), occupying ca. 50-60% (&KJ of upper/lower septum length. Placentae as seen
in longitudinal section: spreading (G-K), or plateau columnar (F, only ibh. brancoensis(R.
Knuth) S.A. Mori). Ovules as seen in cross- and longialdiactions: not pendulous, not flattened,
ca. 4-28 per locule, in 2—4 columns—Hl and 4-7 rows (C, F, 1=K), without apparent ovule-free
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area at base of lower septum (GK) or infrequently with short ovule-free area below @vul
insertion (F, e.gl.. brancoensis

Lecythis corrugata Poit. clade (Fig. 22)

Ovary 4(5)-locular. Septal units as seen in crossesectiarrowhead-shaped, the basal
extensions thick (E). Locule orientation as seen in tadmal section: horizontal (I) or oblique (C,
F), widest at apex (C, F) or at middle (I). Lower septinvaginate at apex (C, F, 1), occupying 10—
50% (C, F, 1) of upper/lower septum length. Placentae exs iselongitudinal section: spreading (C,
F, 1). Ovwvules as seen in cross and longitudinal sectimotspendulous, not flattened, ca. 4-8 per
locule, in 2—4 columns (B, H) and 1-2 rows (C, F, I), withqupaaent ovule-free area at base of
lower septum (C, F, I).

Lecythisollaria L. clade (Fig. 23)

Ovary (3)4(5)-locular. Septal units as seen in cressiens through placentae: arrowhead-
shaped, the basal extensions thick (B). Locule orientaind width as seen in longitudinal section:
horizontal (C) or obliqgue (D, G, J), widest at apex [@;,G) or at middle (J). Lower septum:
invaginate at apex (D, G), occupying ca. 30—40% of lower/upparradpngth (C-D, G). Placentae
as seen in longitudinal section: spreading (C-D, G, JuléS as seen in cross and longitudinal
sections: not pendulous, not flattened, ca. 3-11 per locBedicolumns (B, F, I) and 2—4 rows (B—
D), without apparent ovule-free area at base of loweusef€-D, G).

Lecythis pisonis clade (Fig. 24)

Ovary 4-locular. Septal units as seen in cross-sectiam®whead-shaped, the basal
extensions thick (B, F). Locule orientation and widshsaen in longitudinal section: oblique (D) or
vertical (H), widest at middle (C, D, H). Lower septununcate at apex (D, H), occupying ca. 40—
80% of upper/lower septum length (C-D, H). Placentaeasisdongitudinal section: Laminar cup-
shaped (C, H). Ovules as seen in cross and longitusBotbns: not pendulous, not flattened, ca. 8—
24 per locule, in ca. 3 columns (F, 1) and 3—4 rows (C, Hidserted along most of lower septum,
with short ovule-free area above and below ovule insefDoi—I).

Lecythis poiteaui O. Berg clade (Fig. 25)

Ovary (3)4(6)-locular. Septal units as seen in cresfiems through placenta: arrowhead-
shaped, the basal extensions short, thick (C, ). Lamigatation and width as seen in longitudinal
section: vertical (J) or oblique (D), widest at middlg (@ width intermediate (J). Lower septum:
truncate at apex, occupying ca. 50% of lower/upper septum lengtl).(DPlacentae as seen in
longitudinal section: arched spreading (D, J). Ovakeseen in cross and longitudinal sections: not
pendulous, not flattened, ca. 6-20 per locule, in 2—4 columns (B-&hd 3-5 rows (D, J-K),
inserted from apex of lower septum to near base, with short ovule-free area below ovule
insertion.

THE OVARY

The placentae of New World Lecythidaceae appear asileeen in a cross-sections through
the area of the placenta to which the ovules are attaaltigoligh the carpels are sometimes not
entirely fused (Fig. 2). A cross-section at this leisb shows the number of locules in an ovary, the
relationship of the placentae to the septa, and the manmdrich the ovules arise from the placenta.
If a section is made above the ovule attachment, the septaghég fused at their apices and, as a
result, the placentation appears parietal or intruded phri€his has been pointed out by Schoenberg
(1983a) and Monteiro-Scanavacca (1975) @wuroupita guianensis Because this decision is
arbitrary, we conclude that the placentation of this familould continue to be classified as axile.
We also base this conclusion on the fact that where thesoargeattached the apices of the septa are
usually fused together or are in very close approximatioeesis cross-sections. The evolution of
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placentation in New World Lecythidaceae has not beenuadely addressed and, thus, it is not
known if the ovary is derived from an ancestor with parietatguitation and the apical placentae
have not fused or if the ancestor had axile placentasich the septa in the upper part of the ovary
separated to form what looks like parietal placentatioratdihe apex of the ovary. It is not unusual
among flowering plants to have placentation that appeales taxvard the base and parietal toward
the apex, which is often interpreted as a stage in theitewolof axile from parietal placentation. In
addition, it has been observed that species with axile milstgen at anthesis often show parietal
placentation in early bud development stages (Gunderson 1939haindusion of the carpels
develops from the base to the apex of the ovary (Endress 1994).

The septa (the walls that divide the ovary into differgmimbers [locules]) are generally
considered to have evolved from proto-angiosperms in the ewadlution of angiosperms. The
origin of the ovary of angiosperms and whether it has evalneg or more than once is still under
debate. Whatever their origin, the structures that ftwerovary are called carpels and their number
is usually revealed by counting the number of locules, timebeu of stigmatic lines or lobes, or the
number of valves making up the outer walls of the ovary. bythedaceae, the number of carpels
forming an ovary based on the number of valves does nétlvemause the valves are surrounded by
a hypanthium, thus the sutures of the ovary walls are notegpdn New World Lecythidaceae, the
style is only divided in some species@fias and the number of stigmatic lines is only apparent in
species ofGustaviaand Couroupita Both Monteiro-Scanavacca (1974) and Schoenberg (1983a)
concluded that the hypanthium is appendicular, i.e., it @&igthfrom fused sepal, petal, and stamen
tissue. According to Schoenberg (1983a), the hypanthium dogsmtigipate in the development of
the fruit.

A medial longitudinal section of the ovary shows that tip¢aseare divided into a lower and
upper septum separated by a septal articulation (Fig. 2GTh€ placentae always arise from the
lower septum We hypothesize that there are no known seledtremtages for ovaries that produce
indehiscent fruits to develop an upper septum and therefore subgest is usually vestigial in
species with fruits that do not dehisce (e.g., speci€ustavia Grias, andCouroupitg. Species of
this group usually fall to the ground and are generally disddyg animals. In most dehiscent-fruited
species the upper septum develops into a woody projection thatida® from the inside of the
operculum and is called the columella. The most developlesinellae are associated with cylindrical
fruits (Allantoma Cariniana andCouratari) that possess winged seeds and are usually dispersed by
the wind. Less markedly developed columellae are found irdéhescent fruited_ecythispisonis
clade that is dispersed by bats seeking the well-develies a reward. The remaining clades lack
a columella but sometimes the septal walls tightly surroundbéisal part of the seed and the
operculum and the seeds fall to the ground together femglatively few species of tieschweilera
parvifolia clade).

We useCouroupita(Figs. 2A—F, Fig. 4}o illustrate the terms employed for describing the
placentation of New World Lecythidaceae because iteeptae possess most of the characters found
or modified from this genus. The three specie€otiroupitahave 6-locular ovaries, and unlike
species of other genera, the locules seldom vary in nunitier.septa of the ovary are made up of
what we hypothesize to be tissue derived from two adjazapels. We call the non-expanded part
of the septum the septal stalk, the enlarged apex the septatad, and extensions from the base of
the septal unit head, the septal unit extensions (Fig. 2E4FidSeptal unit heads differ in shape to a
greater or lesser extent among genera as seen insgwig®is — inCouroupitathe septal unit head
is arrowhead-shaped. In this genus the septal unit conkigts non-differentiated septal stalk, the
septal unit head, and relatively long septal unit extensiansoritrast, an individual locule is formed
by a single carpel that forms the inner wall of a locthas there are six curved inward walls and six
carpels in species @ouroupita The placental tissue that bears the ovules is foahé¢de apical
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ends of each carpel, and each is called a placentaltiurg there are two placental units within a
locule derived from a single carpel (Figs. 14D, H) and togetiey make up what we call the
placenta.

Nevertheless, there are three choices for what coutddered the placenta@ouroupita
and other New World Lecythidaceae: (1) all of the tigaue ovary to which ovules are attached, i.e.,
the combined placental tissue of all six locules; (2) falhe tissue associated with a single septal unit
head, i.e., the combined tissue from two adjacent caffpigjs. 2D); or (3) all of the tissue to which
ovules are attached within a given locule, i.e., thalmoed placental tissue of a single carpel which
in turn represents two placental units (Fig. 2B). \&eehelected to consider the latter as the placenta
in Lecythidaceae because this definition is based on pldesue derived from a single carpel.

USE OF PLACENTATION IN SEPARATING CLADES

In this section we discuss what placentation charactssibute to confirming or rejecting
genera as circumscribed in the last monographs of New Wedygthidaceae (Mori & Prance 1990;
Prance & Mori 1979). The clades presented are those reeddoy Huang et al. (in press) and Mori
et al. (in press), which are presented in alphabetdrckr in the following discussion.

Allantoma clade (Fig. 7)

This clade includes the eight speciesAténtoma(Huang et al. 2008; Mori et al., in press)
for which an infrageneric classification has not been praposehe description presented here is
based only oi. lineata(Mart. ex Miers) O. Berg, which is the largest-flowespecies of the genus.
Once smaller-flowered species are studied, parts ofdéseription in theRESULTS will change
because the flowers of other species are very small fdlanfoma decandrg@Ducke) S.A. Mori, Y .-

Y. Huang & Prance. This clade is characterized by ttewing combination of placentation
characters: spear-shaped septal units; vertical loouéntation; upper septum truncate; narrow
columnar placentae; and ovules arranged in 5-10 rows antbtwons. These placental features are
similar to those of th€ariniana clade. The clade is supported by morphology (Huang et al. 2008;
Mori et al., in press) but th&llantomaclade is not resolved forming a polytomy with Dariniana

and Couratari clades (Fig. 1). Nevertheless, we hypothesize Aintoma merits continued
recognition as a distinct genus because of morphologicaletites in the leaves and flowers (Mori
et al., in press).

The species oAllantomag as circumscribed by Huang et al. (2008), are found ynastl
western and central Amazonia RAitantomalineata grows along the Rio Orinoco, Rio Negro, and
the Amazon from its junction with the Rio Negro to the maaftthe Amazon (map not available).
Species ofAllantomaare absent from the Guianas, eastern Amazonia (excefpt flmeatg, and the
forests of eastern Brazil.

Barringtonia clade (Fig. 8)

This clade includes 69 species (Prance 2012). The cladharacterized by the following
combination of placentation characters: ovary 4-locwaules few and pendulous; and very long
lower septum in comparison with the upper septum. Thesadsadre also found in speciesGifas
in the New World and we hypothesize the ancestor of tiwesgenera to be the connection between
the Old World and New World Lecythidaceae.

Additional study of the placentation of the genera of Old Whdcythidaceae is needed to
determine if placentation features can contribute to an uadeisg of intergeneric relationships as
well as to the relationships between Old and New Woeld/thidaceae.
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The species oBarringtonia are found in eastern Africa (including Madacascar)ytiseast
Asia, and Australia.

Bertholletia excelsa clade (Fig. 9)

This species belongs to a monotypic clade that should nairifesed with the more widely
defined Bertholletia clade; the latter includes all of the zygomorphic-flowerdddes except
Cariniana, Couratari, and Couroupitaclades (Huang et al., in press; Mori et al., in presShe
following combined placentation features support the recognititimedertholletia excelsalade: 4-
locular ovaries; septal units arrowhead-shaped, the bamaisions short and thin; plateau columnar
placentae; ovules in two rows; the lower septum trundaég@ex; and an ovule-free area below the
ovule attachments. Morphological (Huang et. al, in revieatp dsupport the recognition of the
Bertholletiaexcelsaclade as a monotypic genus, but molecular data does not soppagate this
conclusion because the genus is monotypic (Huang 2010). Thisftytecentation is also found in
Lecythis brancoensiéR. Knuth) S.A. Mori that, based on molecular and photogical (Fig. 1)
evidence, is placed in thescythischartaceaclade.

Bertholletia excelsaccupies most of the Amazon Basin (see Fig. 21 in Md?r&nce 1990)
but this is probably because Amerindians planted the edietis sverywhere they travelled, an idea
supported by the discovery that there is little geneti@tran among individuals throughout its range
(Reis et al. 2009). Shepard and Ramirez (2011), linguistic slaggest that the Brazil nut originated
in the north-central Brazilian Amazon.

Cariniana clade (Fig. 10)

This clade includes the nine speciesGafriniana recognized by Huang et al. (2008) for
which an infrageneric classification has not been prop¢Beaince & Mori 1979). Huang et al.
(2008) placed a number of species formerly par€afiniana as defined by Prance in Prance and
Mori (1979) inAllantoma This clade is characterized by the following combinatibplacentation
characters: 3-locular ovaries; spear-shaped septal unit;heerdigal locule orientation; narrow
columnar placentae; ovules arranged in two columns anfdl ikavs; and ovules alternately arranged
as seen in longitudinal section when the locule wallnsored. These placental features are similar
to those of théllantomaclade. The clade is supported by morphological (Huang et al. RpBet
al., in press) and weak molecular data (58% bootstrap supgdddri et al. 2007). Nevertheless, we
conclude that it merits continued recognition as a genus aepsomAllantomaand other New
World Lecythidaceae because of morphological differenteékd leaves, flowers, and fruits (Huang
et al 2008), even though its relationships with that of atlaetes is not resolved.

The species of th€ariniana clade are found in the forests of ierrado of eastern Brazil
into southeastern Bolivia and throughout western and southmaronia. Cariniana pyriformis
Miers is the only species found both east and weigteoAndes around Lake Maracaibo of Venezuela
and northwestern Colombia (see Fig. 67 in Prance & Mori 19T®e genus is not represented in
eastern Venezuela, the Guianas, and extreme easternoAimgmap not available) and has only
recently been collected in Central America in eadfamama.

Corythophora clade (Fig. 11)

This clade includes the four speciesG@rythophoraas circumscribed by Mori and Prance
(1990). This genus has not been divided into subgenera whicklescwo clades — one witB.
amapaensiires ex S.A. Mori & Prance ard. labriculata (Eyma) S.A. Mori & Prance (many
ovules) and the other wit@. alta R. Knuth andC. rimosaW.A. Rodrigues (few ovules), the latter
with two subspecies (Huang et al. 2008, 2011). The anchor-shapeduségtare unique to this
clade which is also supported by (Huang et al., in paesd)molecular data (100% bootstrap support,
Huang 2010); thus this clade merits continued recognitiorsepaate genus.
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This clade is distributed in the Guianas and from cktttreastern Amazonia. All collections
come from north of the Amazon River (see Fig. 23 in Morir&riee 1990).

Couratari clade (Fig. 12)

This clade includes the 19 speciesCaiuratari (Huang 2010; Huang et al. 2011; Mori et al.,
in press). The following combined placentation features supperrecognition of th€ouratari
clade: 3-locular ovaries; septal units arrowhead-shapedyasa& extensions thick truncate at ends;
and flattened ovules. This clade is also supported by mamgibal (Huang et al. 2011, in press) and
molecular data (86% bootstrap support, Huang 2008) and roentsiued recognition as a separate
genus.

Prance in Mori & Prance (1990) recognized three seciior@Souratari. Morphological
(Huang et al. 2011, in press) and molecular data (Mori.eR@7) support the recognition of
Couratari sect.Echinata The differences betwedDouratari sect. Guianensisand Couratari sect.
Microcarpamay not be sufficient to merit their recognition.

The species ofCouratari are found throughout the Amazonian Basin, the Guianas into
Venezuela, in Central America from Panama to Costa,Ried in the forests and savannas of eastern
Brazil (see Fig. 24 in Mori & Prance 1990).

Couroupita clade (Fig. 13)

This clade includes the three speciesCaluroupita (Mori et al., in press) for which an
infrageneric classification has not been proposed. Tégecis characterized by the following
combination of placentation characters: 6-locular @garca. 40—-90 ovules per locule; arrowhead-
shaped septal units with long, thin basal extensions, Isegtum armed, and an ovule-free area
below the ovules. The clade is also supported by morpholoical €t al., in press) and molecular
data (100% bootstrap support, Mori et al. 2007) and meritshcea recognition as a genus.

CouroupitanicaraguarensiDC. is distributed west of the Andes from northwestern &wua
to Nicaragua,C. guianensisencircles the Amazon in what has been called a perianaawoni
distribution by Jean-Jacques de Granville (1992), @nsubsessili®ilg. is found along the Amazon
River and some of its major tributaries (see Fig. 23 anil& Prance 1990).

Eschweilera integrifolia (Ruiz & Pav. ex Miers) R. Knuth (Figs. 14-17)

The approximately 15 species of this group were first rezedras a clade by Huang (2010)
based on morphological and molecular data. This clade levbpsly been placed in the more
broadly definedeschweilerasect.Eschweileraby Mori and Prance (1990). The integrifolia (Ruiz
& Pav. ex Miers) R. Knuth clade can be recognized by thétwtion of the following placentation
features: 2-locular ovaries, anvil-shaped septal urutgel septum invaginate; spreading placentae;
and a single row of ovules. These features are alsedhdth theE. parvifolia clade. There is
strong morphological (Huang et al., in press) and moderatecutmtedata (76% bootstrap support,
Huang et al. 2010) supporting the recognition of this clade at someomic level.

Eschweilera collinsiPittier differs from other members of tke integrifoliaclade by having
a narrow columnar placenta, truncate at the apex dower septum, and a single row of ovules that
are not inserted in a single plane, i.e., they are glatelifferent levels along the placenta to form an
upward oriented arch of ovules. This is the only spegueth the exception of th8ertholletia
excelsaclade, Fig. 10E) that we have studied in the broadly defisetiweilerathat has a columnar
placenta and several rows of ovules (Fig. 17J).
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Species of this clade are distributed in Central Amaxgéar north as the Osa Peninsula, in
the Andean valleys and slopes of northwestern South Amend in western Amazonia.

Eschweilera parvifolia DC. ex Miers clade (Fig. 17).

The approximately 70 species of this clade belond=gohweilerasect. Eschweileraas
recognized by Mori and Prance (1990kschweilera parvifoliathe type of the genus, belongs in this
clade. This clade can be recognized by the combinatioheofollowing placentation features: 2-
locular ovaries, anvil-shaped septal units; spreadingeptae; and a single row of ovules. These
features are shared with most of the species dEslcweilera integrifoliaclade but that relationship
was not recognized by Mori and Prance (1990). There are stnorghological (Huang et al., in
press) and weak molecular data (Huang et al. 2010) supptrgngcognition of this clade, which
excludes thé. integrifoliaandE. tetrapetalaclades (which were included as parEsichweileraby
Mori and Prance 1990).

The approximately 70 known species of this clade are distribtedghout northern South
America and Central America, reaching Mexico in the natid the area around Rio de Janeiro in
the south (see Fig. 18 in Huang 2010).

Eschweilera tetrapetala clade (Fig. 18)

The five species of this clade were placedEsthweileraSect. Tetrapetalaby Mori and
Prance (1990). The clade is recognized by the combination Gilkving placentation features: 2-
locular ovaries, anvil-shaped septal units; invaginateetoseptum; spreading placentae; and more
than one row of ovules. The presence of anvil-shaped septslisi found only in this and tHe.
integrifolia andE. parvifoliaclades but these clades have multiple rows of ovules pdel¢~ig. 15)
instead of a single row of ovules found in the latter clgBes. 14-17). Morphological (Huang et al.
2011, in press) and molecular data (99% bootstrap support mgh4.0) support the recognition of
this clade as separate from the other cladéssoweilerabut it is not resolved with other members
or the largeBertholletiaclade.

The species of this clade are restricted to thetabBwests and adjacent savanoar{ado
vegetation of eastern Brazil (see Fig. 16 in Huang 2010).

Griasclade (Fig. 19)

This clade includes all 11 species of the genus (Cornejpla 2012) for which an
infrageneric classification has not been proposed (P&nderi 1979). This clade is characterized
by the following combination of placentation characters: uggptum reduced, lower septum long
and armed; incipient placentae; pendulous ovules; andgadvule-free area below the ovules. The
clade is supported by morphological (Cornejo & Mori 2010) and mole¢@®#6 bootstrap support,
Huang 2010) data and merits continued recognition as a genus.

Species of th&rias clade are the only New World Lecythidaceae with very peamndulous
ovules located at the summit of the ovary which are also faurighrringtonia and some of its
relatives in the Old World subfamily Barringtonioideae.uniérous drawings of the pendulous
ovaries ofBarringtoniaare illustrated in Payens (1967).

The species oGrias are mostly found in the Andean valleys and slopes dhweastern
South America, but two occur in western Amazonia, and anodimges from Central America into
northwestern South America (a disjunct distribution of tuws in Jamaica) (see Fig. 20 in Mori &
Prance 1990).
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Gustavia clade (Fig. 20)

This clade includes the 43 speciesGofstaviaas defined by Mori and Cornejo (2013). The
clade is characterized by the following combination ot@tation characters: upper septum reduced
or absent; cup-shaped or laminar cup-shaped placeotaer, septum armed or not armed at apex;
and well-defined ovule-free area below the insertion of ovulgsrphological (Mori & Cornejo
2013) and molecular data (100% bootstrap support, Mori et al. 2083)support its continued
recognition as a separate genus. However, Prance and Mori (E88ghized the following sections
of the genusG. sectHexapetalaG. sect.GrandibracteataandG. sect.Gustavia The first section is
supported by molecular data (Mori et al. (2007, Jackknife stupbpd00%) but most morphological
data does not support its segregation from the rest of thesg®lacental features (septal heads
arrowhead-shaped (instead of spear-shaped); lack dfrleeptal arms (instead of septal arms
present); and laminar cup-shaped placentae (insteaupedhmped) differ from other species of the
genus. There is no support for separating the other twosgdf the genus because only one species
of theG. sect.Grandibracteatavas used in the molecular based study (Mori et al. 2007).

Species ofGustaviaare found throughout Amazonia into Central America asnéath as
western Panama, the greatest diversity is associatedive Andes of northwestern South America
and the mountains and lowlands of Panama. The wides@eadgustal. is the only species that
reaches the coastal forest of eastern Brazil and thenrestricted to the northern part of that
phytogeographic area (see Fig. 26 in Mori & Prance 1990).

Lecythis chartacea clade (Fig. 21)

The approximately nine species belonging to this clade asesgned td.ecythis sect.
Lecythisby Mori & Prance (1990) which also includes the following clagesvered by Huang et al.
(2010, in press).. ollaria, L. pisonis andL. poiteaui There are no combined placentation features,
only weak morphological differences, and weak molecular (73%stvap support, Huang 2010) data
defining this clade; thus, there is insufficient supportrémognizing the clade as a separate genus.
Additional species, morphological characters, and genes dshmilincluded in a phylogenetic
analysis to determine the placement and validity of thidec

AlthoughL. brancoensigR. Knuth) S.A. Mori falls into th&. chartaceaclade, the following
placentation features do not support this placement: Vetticale orientation; plateau columnar
placenta, an ovule-free area below ovule insertion, antbitr septum occupying ca. 80% of the
lower/upper septum length. These are features shar@drtyolletiaexcelsa

The species of this clade are mostly distributed iteeag\mazonian Brazil and the Guianas
into Venezuela. There are, however, a few collectionshidnat been gathered in western Amazonia
(see Fig. 12 in Huang et al. 2010).

Lecythis corrugata clade (Fig. 22)

The five species of this clade were placed @cythissect.Lecythisby Mori in Mori and
Prance (1990). This clade is characterized by the folloaamgbination of placentation characters:
arrowhead-shaped septal head units; thick basal septaéktesmdions; lower septum invaginate; and
spreading placentae. It is also supported by morphologicang et al., in press) and molecular data
(99% bootstrap support, Huang 2010).

This clade is distributed in the Guianas and northeasteraizAnia in the states of Amapa,
eastern Pard, andecythis corrugatds disjunct in the state of Amazonas around Manaus atitkin
Maracaibo basin in Venezuela (see Fig. 17 in Huang 2010)e Epesies are only found south of the
Amazon River in eastern Para.
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Lecythis ollaria clade (Fig. 23)

The three species belonging to this clade (Huang 2010; Huaalg2911, in review) were
placed by Mori in Mori and Prance (1990) Lrecythis sect. Lecythis This clade is weakly
characterized by the following combination of placentaticaratters: arrowhead-shaped septal units;
thick basal extensions; and lower septum invaginat@ddiition, this clade possesses an apomorphic
morphological character (single-coiled androecial hoods witigial stamens only on the exterior of
the coil [Huang et al., in press]) and molecular supporthierclade [100% bootstrap support, Huang
2010]).

If Lecythis as defined by Mori and Prance (1990), were redefinedhdlude only the
Lecythisollaria clade the genus would be reduced to three instead opeétfies. This decision,
however, should be deferred until additional species, morpltalogharacters, and genes are
included in a phylogeny analysis.

The species of the clade are found only in easterarRannorthern Colombia, and north-
central Venezuela (see Fig. 10 in Huang 2010 akdbgthis s.sclade).

Lecythis pisonis Clade (Fig. 24)

The five species belonging to this clade (Huang 2010; Huamd @011, in press) were
recognized by Mori in Mori & Prance (1990) ascythisSect.Pisonis The following combined
placentation features support the recognition ofLtbeythis pisonislade: 4-locular ovaries; septal
units arrowhead-shaped; the septal head basal extensionsathitkaminar cup-shaped placentae.
This clade is also supported by morphological (Huang etrabress) and molecular data (100%
bootstrap support, Huang 2010), which suggests that, with fustiuely, the clade could be
recognized as a separate genus.

The species of this clade are found in lowland forelstee Atlantic coastal forest of eastern
Brazil, the Brazilian and Peruvian Amazon, the Guianasaaijgcent Venezuela, and the Andean
valleys of northwest Colombia into Central Americafarsnorth as Nicaragua (see Fig. 9 in Huang
2010 as th@achylecythislade).

Lecythis poiteaui clade (Fig. 25)

The following species are known or hypothesized to belonbisoctade:L. barnebyiS.A.
Mori, L. ibiriba (Miers) N.P. Smith et all.. lurida (Miers) S.A. Mori,L. pranceiS.A. Mori, L.
poiteaui, and_. schwacke{(R. Knuth) S.A. Mori. There are no combined placentaf@atures that
separate this clade from other clades and molecular dataak (73% bootstrap support, Huang
2010). Possible morphological features are dendritic andlglighpressed seed venation and absent
or vestigial versus well-developed basal arils (Huand.einaeview).

The species of this clade are found from central teega®\mazonia and in the Atlantic
coastal forest of eastern Brazil (see Fig. 13 in Huang, 2 theHolopyxidiumclade).

DISCUSSION

A significant obstacle to this study was the difficulfyobtaining buds of the same size for
study. We do not know how much placentation characterseasrssectioned buds change over the
course of development; thus, if changes in form and podgiliotake place comparing buds at one
stage with buds at another stage may lead to false cmmdusbout placentation differences among
clades. In addition, making sections consistently througlsdnge place in different buds, even if
they are at the same stage of development, makes it diticabmpare the sections; for example, a
medial longitudinal section (Fig. 5) of a bud may differaadle shape from another bud sectioned in
longitudinal section in a slightly different place. Howewde greatest problem in this study is the
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small sample size used. Even though NYBG has more didldevers of Lecythidaceae than has
ever been assembled, there are still not enough buddoavetd to determine how much variation
takes place within an individual, among individuals of a pomratand among individuals of
different populations, a problem with almost all studieglant systematics.

Because most collections of Lecythidaceae are dnelérutoo much pressure and heat, our
efforts to use buds and flowers from herbarium specimees gfelded sections too distorted and
carbonized to show placentation features. On the otimel, bads that are dried in paper bags on low
heat allow making acceptable sections after they have beded in water. Liquid preserved
collections and fresh flowers sectioned in the field, h@wegive the best results.

In spite of the difficulty in making sections, placergatifeatures of some genera of
Lecythidaceae are so different that genera can be recddrazed on placentation alone. In addition,
placentation data adds information for future testindhefvalidity of genera as proposed in the latest
monographs (Mori & Prance 1990; Prance & Mori 1979). For exarias (Cornejo & Mori
2010) encompasses the only New World species with a few jpeisdavules per locule and an
incipient placenta (Fig.19) and this type of placentatiols&® found in species of Old World
Barringtonia (Fig. 7). One can recognize speciesGofas from species oBarringtonia based on
geography and tricolpate vs. syntricolpate pollen but cooetlade that there may be a relationship
between species @rias andBarringtonia because of their striking similarity in placentation and
some morphological features. This hypothesis waits testyngreparing a more detailed species
level phylogeny of both New World and Old World Lecythiéae based on molecular data (Fig. 1).
Note that species @ustaviaalso have some floral features (e.g., a broad staruibalwith at least
most of the stamens arising from the rim of a staminbé) in common with some species of
Barringtonia but the placentation of the two genera is different (compaye 20 ofGustaviawith
Fig. 8 of Barringtonia) based on the few species we have examined or have bsenbee and
illustrated in the literature (Thomson 1921; Tsou 1994). Thdasities of Barringtonia with Grias
and Gustaviasuggest links between the Old World tropics and New Woddids among these
genera.

Most species oBustaviacan be recognized by their spear-shaped septal unit hsagen in
cross-section (Fig. 20G) and their cup-shaped placentaeeasin medial longitudinal section (Fig.
201-J). HoweverGustavia Sect. Hexapetalalacks these features — their septal unit heads are
arrowhead-shaped (Fig. 20B). The placentae of thisoge(ffig. 20 D), however, are similar to
species ofCouroupita (Figs. 13D-E, H-I). RecognizinGustaviasect. Hexapetalaas a separate
genus is not supported by floral morphology because bkotapetalapossesses actinomorphic
flowers with a broad staminal tube and poricidal anthiggtures not found in any other genus of
Lecythidaceae but occurring in all other speciessastavia The similar placentation d@. sect.
Hexapetalaand theCouroupita clade suggest that the evolution of zygomorphy (excluding the
obliquely zygomorphicCariniana clade), which was first manifested {Douroupitg may have
evolved from an actinomorphic-flowered ancestor similar toispeaf G. sect.Hexapetalaclade.
Supporting this idea is our field observations that someiesppet Gustaviaare often very slightly
zygomorphic even though they do not have a staminal ring éder@s in other species of
zygomorphic-flowered New World Lecythidaceae.

Recently some species @ariniana were transferred tcllantoma based on several
characters, the most significant being floral textayenmetry, and texture (androecium membranous
and zygomorphic and petals flat at apice€aminianaand androecium fleshy and actinomorphic and
petals hooked at apices Allantomg. In addition, and leaves are different (tertiary veisgally
reticulate inCariniana and percurrent irAllantomg. The presence of unilaterally winged seeds
(Mori et al., in press) is common to both genera. Téislso supported by the nearly identical
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placentae ofAllantoma (Fig. 7) andCariniana (Fig. 10). Those species with membranous,
zygomorphic flowers remained i@ariniana and those with fleshy, actinomorphic flowers were
transferred toAllantoma by Huang et al. (2008). Based on morphological d&@&jniana and
Allantomawere recovered as sister clades (Huang et al. 2008) but wileoutar data were added
their relationship was not resolved.

The monotypicBertholletia excelsaclade (Huang et al., in press) possesses morphological
features (2-lobed calyces [Fig. 9F], a unique type obrsdarily indehiscent fruit, and bony seed
coats) that allow this species to be easily separated dbther Lecythidaceae. However, these
characters may not be good indicators of relationshigs.efample, the 2-lobed calyces are clearly
evolved from ancestors with 6-lobed calyces (Tsou & Mori 2@@id)secondary fruit indehiscence is
found is several other species and seems to be a resfodgferent dispersal agents, in this case
rodents such as agoutis (Mori & Prance 1990). The bony sag¢deven though it is found only
excelsa also appears to be an adaptation to seed dispersaldepts. The plateau columnar
placentation (Fig. 4B, Fig. 9E) also supports maintaifdagholletiaas a genus; howevdrecythis
brancoensiof theL. chartaceaclade, possesses a similar type of placenta (Fig. [21tFwith more
rows of ovules than found B. excelsa With further studies, iBertholletiaexcelsaBonpland 1808)
were found to be embedded in a clade including only specieently placed inLecythisthe
Bertholletiaclade (Fig. 2) would have to be recognized esythisbecause that genus was published
before the publication of all other New World genera (Loeflii§8).

In addition to the unilaterally winged seedsAibntomaandCariniana, the only other genus
with winged seeds i€ouratari but the wings of species of this clade are circumferleméesus
unilateral and have a different origin (flattened arilhia former two genera and flattened seed in the
latter genus) (Tsou & Mori 2007). The placentation of Alantomaand Cariniana clades differ
from theCouratari clade by the columnar placenta of the first two genegs(HiC, 10D, I; ) versus
arched columnar placentae@buratari (Fig. 12C, F, J), and spear-shaped (Figs. 7B—C) verstls thi
septal head extensions (Figs. 12B, E, H).

The Corythophoraclade forms a monophyletic group supported by morphologicalngiet
al., in press) and molecular data (Fig. 1). However, thppmatogical features need to be applied in
combination using the following characters: squamose isib@rece rachises, non-coiled androecial
hoods, the presence of both fertile and sterile (= fodder)mpadlied thick-walled campanulate or
cylindric fruits. On the other hand, the anchor-shapetakenit heads (Fig. 3E) are not found in
any of the other clades of New World Lecythidaceae.

The three clades oEschweilera as circumscribed by Mori and Prance (1990), were
recovered by Huang (2010). These areBEhéetrapetala(= E. sect.Tetrapetalain Mori & Prance,
1990),E. integrifolia andE. parvifolia (includes the typ&. parvifolig) clades. Thé. tetrapetala
clade is similar in placentation to the other two cladess 2-locular ovaries and anvil-shaped septal
head unit but the ovules are arranged in several rows1#8y-H) instead of in a single row as they
are in thek. integrifolia (Fig. 14B—C, E) an&. parvifolia(Fig. B, G) clades (Huang et al., in press).
With the insight provided by a better understanding of platentawe discovered that thi.
tetrapetalaclade also differs in having a single-coiled instead of dsablled E. parvifolia clade),
or triple-coiled E. integrifolia clade) androecial hood (Huang et al., in press) and a $tasd] aril
instead of a lateral aril as found in the type of theugeand th&. parvifolia clade in general; thus,
based on these differences we hypothesize th&i. ttetrapetaleclade represents generic status.

The presence of triple-coiled androecial hoods and spreadilsg(a few species, e.cE.
antioquensidDugand & Daniel ané. jacquelynieaé&.A. Mori may have neither spreading or lateral
arils) characterize th&. integrifolia clade while double-coiled androecial hoods and lateral arils
separate the. parvifoliaclade. These two clades are the only ones with a singlefrowules (e.g.,
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Figs. 14C, 15B, 16(B), 17(B). An exception Eschweilera collinsji which has triple-coiled
androecial hoods and spreading arils and falls within Bhantegrifolia clade based on these
characters and molecular data (Huang, in review),tbyglacentation differs from tHe. integrifolia
E. parvifolia clades by having more than one row of ovules and by gsisgea distinct space
between the attachment of the ovules and the base of tagupywer septum (Fig. 16K).

Within Lecythisas defined by Mori and Prance (1990), Huang et al. (in oressvered the
following clades:L. chartaceal. corrugatg L. ollaria, L. pisonis andL. poiteauiclades (Fig. 1).
There is morphological (Huang et al., in press) and mtae¢biuang, 2010) support for recognizing
thel. corrugatg L. ollaria, andL. pisonisclades as separate genera but placentation characters do
little to support or negate these hypotheses.

Based on the studies of Mori et al. (2007) and Huang et girgss) it has become apparent
that the generic concepts BschweileraandLecythisare not monophyletic as intimated by Mori and
Prance (1990). The placentation data reported in this @ajgesupport to this suggestion and are
also useful in confirming the generic status of other gemerather genera of New World
Lecythidaceae.
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TABLE LEGENDS
Table I. Terms used to describe the placentation of Wésld Lecythidaceae. These terms are
illustrated in Figures 3 to 7 and in the remaining figures tweddustrate the placentation of the
currently recognized clades of Lecythidaceae.

TABLE |
TERMSUSED TO DESCRIBE THE PLACENTATION OF NEW WORLD LECYTHIDACEAE

The terms are arranged in groups of characters aradpiatbetically. Each group of terms is
defined under the section heading.

SECTIONS
Sections are made either at right angles to the magaixihe ovary (Fig. 2A), parallel
through the main axis of the ovary (Fig. 2G), or pardilgl not through the main axis of the ovary
(Fig. 2I). All of the data obtained for this study wenade with one or the other or a combination of
these three types of sections.

Cross (= transverse3ection. A section made at right angles to the long axis of anyq¥ag. 2A).
This type of section facilitates determining the numtfelocules, number of ovules per locule, the
number of columns of ovules on the placenta, the reldtipref the septa to the placentae, and the
attachment of the ovules to the placenta. The most ctenpl®rmation is obtained by making a
section through the middle of the placenta.

Medial longitudinal section. A section through the middle and parallel to the long axamvary
such that the stylar canal is visible (Fig. 2G). Thetof section facilitates determining the shape
and orientation of the locules, numbers of ovules peulé, the attachment of the ovules to the
placenta, the shape of the placentae, and the relapoothe lower to the upper septum (i.e., what
percent the lower septum of the lower/upper septum occupieswiévead in this section).

Longitudinal section. A section along the long axis of an ovary but not throughntioelle of the
ovary. This type is useful for removing the outer wélth@ ovary to reveal the number of columns
and rows of ovules (Figs. 2I).

SEPTUM (pl. = septa)
A wall-like partition that divides an ovary into chambesdled locules (Fig. 2A, C). The
septa are made up of the walls of adjacent carpels (Flg. 2D

Lower septum. A wall-like partition of a locule located basallydn articulation best seen in medial
longitudinal section of an ovary (Fig. 2G). The upper sepsusometimes not apparent.

Upper septum. A wall-like partition of a locule located apically &n articulation as seen in a medial
longitudinal section of an ovary (Fig. 2G). The upper sepsusometimes not apparent.
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L ower/upper septum. The combined lengths of the lower and the upper septa abestan medial
longitudinal section of an ovary; the two septa are diviolgd septal articulation (Fig. 2H). The
lower septum gives rise to the placenta and the upper septheam present, develops into the
columella of the fruit.

L ower/upper septum articulation. A joint located between the lower septum and the upgmum
as seen in a medial longitudinal section of an ovary. Tiektion can be represented by a thin line
or a narrow gap (Fig. 2H)

Apex of lower septum truncate. The apical end of the lower septum forms a horizonial dr gap
as seen in a medial longitudinal section (Fig. 2K). Te@ure is not obvious in species that have
armed lower septa, e.g., specie$sofas, Gustavia andCouroupita

Apex of lower septum invaginate. The apical end of the lower septum forms a slight depress
into which the upper septum is inserted as seen in iedgitudinal section (Fig. 2L).

Apex of lower septum armed. The apical end of the lower septum is separated into two
prolongations (the dashed lines in Fig. 2J) upward as seerdialdmngitudinal section. The arms of
the lower septum surround the stylar canal.

Septal unit. The shape of a septum is revealed in crosssectionl(B4gF). The septal unit consists
of tissue from adjacent carpels and includes the septadtafki the septal unit head, and sometimes
basal extensions from the septal unit head. There are 4 gejtgain a 4-locular ovary, 6 in a 6-
locular ovary, etc.

Septal unit stalk. The part of the septum that departs from its departome tihe wall of the ovary to
the point at which it expands into the septal unit head @y The septal unit stalk is derived from
the walls of adjacent carpels and, with the septal unit,imeakles up the septal unit. This character is
observed in cross-section.

Septal unit head. The expanded part located at the apex the septal unit (Fig.(xe-half of the
septal unit head is derived from one carpel and the othershdlrived from the adjacent carpel.
This character is seen in cross-sections.

Basal extensions. Referring to basal extensions from a septal unit heaghich the ovules are
attached (Fig. 2F). There are two basal extensionsapt&l unit, each of which is derived from an
adjacent carpel. This character is seen in croggeec Some species may not have basal
extensions.

SEPTAL UNIT SHAPES

This section refers to shape of the septal unit heddleeir basal extensions (when present)
as seen in cross-sections. In order to observe thisabarthe section must be made through the
middle of the placenta where the ovules are attached.

Septal unit anchor-shaped. A septal unit in which the sepal unit head expands at thetaferm a
broad and rounded head that appears anchor-like as se@easrsections of an ovary (Fig.-3E?).

Septal unit anvil-shaped. A septal unit in which the septal unit head is truncateeatpex as seen
in cross-sections (Fig. 3F). This type is only foundpecies with 2-locular ovaries.

Septal unit arrowhead-shaped. A septal unit head that possesses basal extensiags.3)F
Combined with the septal unit stalk the entire structurksldi@e an arrow.

Septal unit spear-shaped. A septal unit head that expands at the apex to formragke and tapers
at the base to the septal unit stalk (Fig. 3A— A3). Ssdtiat have equal sides, i.e., appearing like a
diamond, are also classified as spear-shaped.
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LOCULES

Locules are the chambers of an ovary (Fig. 2C). fiumber of locules is observed in a
cross-section of the ovary while all other charactereailes are observed in a medial longitudinal
section.

Locule number. The number of chambers as they appear in a cessisiss of an ovary (Figs. C, E).
In order to reveal the correct number of locules tleti@®should be made through the middle of the
placenta. The locules are shaded in Fig. 3A.

Locule orientation (Fig. 4A—E). The orientation of a locule as it appearrelation to the main axis
of the ovary. This feature is seen in a medial longitudieetion.

L ocule orientation horizontal (Fig. 4C). A locule oriented horizontally to the cahtaxis of the
ovary at an angle of more than 60 degrees as seen mdmlrfongitudinal section. A perfectly
horizontally oriented locule would have an angle of 90 elegr

L ocule orientation oblique (Figs. 4D). A locule oriented obliquely with the aahtaxis of the ovary
at an angle between 30 and 60 degrees as seen in a lowgitaldinal section.

Locule orientation vertical (Figs. 4A—B). A locule oriented vertically to the maixis of the ovary
or at an angle less than 30 degrees as seen in medialithngi section.

Locule width (Fig. 4F-I). The location of the greatest width of eule measured between the
outside and inside walls as seen in medial longitudinalogecti

L ocule width at apex (Fig. 4F) The greatest width of a locule occurdatdpex of the locule as seen
in medial longitudinal section.

L ocule width intermediate (Fig. 41). The greatest width of a locule occurs betwihe middle and
the apex of the locule as seen in medial longitudinal section.

L ocule width at middle (Fig. 4G). The greatest width of a locule occurs at tiuelie of the locule
as seen in medial longitudinal section.

Locule width at base (Fig. 4F). The greatest width of a locule occurshatbase of the locule as
seen in medial longitudinal section.

PLACENTATION

In the broadest sense the tissue to which ovules ashedtavithin an ovary. We consider
New World Lecythidaceae to possess axile placentditioited to the tissue derived from a single
carpel.

Placenta (pl. = placentae) (Fig. 5). Tissue derived from a simmglepel to which the ovules are
attached. Under our definition, the number of placentae iovary is the same as the number of
locules.

Placental unit (Fig. 2B). One of two parts of a placenta locatechenxdame locule and derived from
the same carpel. Do not confuse this with septal unit.

Placenta incipient (Fig. 4A, 5D). A placenta barely expanded from the septunath a very long
ovule-free area from the base of the lower septum to theofitdes as seen in medial longitudinal
section. This type of placentation is associated agibal, pendulous ovules.

Placenta laminar cup-shaped (Figs. 5A). A type of placenta in which the ovules attached to
long basal extensions of the septal unit heads as seevssiszctions (arrow-head shaped, Fig. 3C)
and with an ovule-free area from the base of the loweusefd the attachment of the first ovules as
seen in medial longitudinal section. The placentae in twacadi locules arch or curve from the
base to form long septal unit bases.
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Placenta cup-shaped (Fig. 5B, C). Same as the preceding except the septdlasat extensions are
absent making them spear-shaped in cross-sections3#)g. In medial longitudinal section the
combined septa appear cup-shaped. This type of placesitailsr to laminar cup-shaped placentae
but the basal extensions of the septal unit heads are @bspnBA-AY).

Placenta narrow columnar (Fig. 4G). A type of placenta that is narrow throughbetlength of the
lower septum and with a short ovule-free area on the loemus from the base of the locule to
attachment of the first ovules as seen in medial longitudieetion. In this type, the area where
ovules are attached along the lower septum is relatively(figg. 6C).

Placenta plateau columnar (Fig. 5G). A type of placenta that has parallel sided is truncate at
apex of the lower septum. In this type, the area whereuhles are attached at the summit of the
lower septum is relatively short (Figs. 9E).

Placenta spreading (Figs. 5F). A type of placenta derived from a horizdyptakpanded lower
septum as seen in medial longitudinal section. The ovdlepptar attached to the floor or near to
the floor of the locule.

Placenta arched spreading (Fig. E). A type of placenta derived from a horizotteslightly slightly
horizontally septum as seen in medial longitudinal section. Ypes differs from spreading aril but
has more ovules that appear to arch from the base of tlee $mptum to its apex (it curves from the
base to the apex of the lower septum).

OVULES

An ovule is the organ that contains the egg and, adtéitiZation, develops into the seed.
The ovules are included within locules of an ovary and nmiégrdn their orientation along the lower
septum. In Lecythidaceae the ovules always arise fnenotver septum.

Ovuleinsertion (Fig. 6). This feature describes the orientation ofothdes in relation to the main
axis of the ovary as seen in medial longitudinal sectiorulg@vmay have different orientations along
the same lower septum. They can be oriented verti¢ally, horizontally (Fig. 6D), obliquely
outward and upward (Fig. 6C at the apex), obliquely oxdwaad downward (Fig. 6C at the base).

Ovule columns. Vertically oriented lines of ovules as they appeaa ilocule of an ovary. This
feature is seen in a longitudinal section that removesutsde wall of the ovary (Figs. 6B, F—H) or
in a cross-sections (Fig. 61). Because there are usieallgr columns at the base and apex of the
count should be made in the middle of the placenta.

Ovulerows (Fig. 6B). Horizontally oriented lines of ovules heyt appear in a locule of an ovary. A
longitudinal section that removes the outside wall of a eaillbws this feature to be seen with the
most accuracy. It can also be observed in medial longitusictions.

Ovule orientation pendulous (Figs. 6E, 8l-J). Downward oriented ovules as seen idiaine
longitudinal sections of an ovary. OmarringtoniaandGrias have this type of ovule orientation.

Ovule orientation not pendulous. Ovules that are oriented in the following way: vetiobliquely
upward and outward, horizontally, and obliquely downward eutevard oriented. These types of
orientation are related to the type of placentation angabeion on the placenta where the ovules are
attached. All ovule orientation, except in specieBaifringtonia andGrias, are is included in this
category.



