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A PHYLOGENETIC ANALYSIS OF
T'HE CASCABELA-THEVETIA
SPECIES COMPLEX
(PLUMERIEAE, APOCYNACEAE)
BASED ON MORPHOLOGY'

Leonardo O. Alvarado-Ceardenas® aned
Helea Ochoterena”

ABSTRACT

A |i:|r'r~ErI1HH_‘-.' cladistie ;HIeJ]}.HiH Drrsed 01 0 IH{}J'phn!n;{ii'eli l'|'1.‘il';|1'[1*|'h Wils En-rl'nr‘rm*d [or |iH' Caseabela Ral.—~Thevetia 1.
species complex (Apocynaceae). including 22 terminals, sampline at least one species ol cach genus in Plumericae sensi
Endress and Bruyns. The consensus of the 12 most parsimonions (rees (length = 161, consisteney index = 0.50, retention
e (.75) can be correlated 1o three previous subtribal classiflications, The topology supports the monophyvly of the
Cascabela=Thevetia species complex, but it is not conclusive 1o whether Caseabela <hould be recogmized as a genus or as
a subgenus of Thervetia. Because there are two important and casv-to-diagnose characters supporting each clade (digitiform
suprastammal appendages and embryos not compressed in Cascabela: veniform {ruits and seemented endocarp in Thervetia).
the recognition of two genera is preferred here, Therefore, the new combination €. pintfoliv (Standl. & Steverm.) Alvarado-

Cardenas & Ochot-Booth is proposed. Keys and synoptic deseriptions for the two genera and their species are provided,

hewv words:

\pocynaceae, Cascabela. Cerbera. Cerbereac. morphology. Plumericae. Theretia. Theveliinae.,

The
H000  species  and 395 eenera classified in five
sublamilies (Endress & Bruvns, 2000: Endress. 20011).

of  which

\pocvnaceae <.l family have approximately

Rauvolfioideae 1s the most diverse  and
heterogeneous, with 10 tribes. \mong these tribes. the
circumsceription of Plumerieae has changed according 1o
several authors (Table 1), and Endress and Bruyns
(2000) proposed the most recent tribal classification.
hased on II]u|'|Jrll{:tlulg_{_‘-r and recent DN A |l|1}[u§_:l:'tu'[i{‘
hypotheses. According to this elassification, Plumericae
cenera (Endress & Bruvns., 2000:
Sennblad & Bremer. 2002) including Cascabela Raf..

Cerbera L., and Thevetia 1. These genera share a ¢lose

consisls I:J'II | |

morphological relationship. which is rellected in the
recognition by some authors (Lippold. 1980; Alvarado-
Cardenas. 2003) of a generie complex with an intricate
Laxonomic history. This begins with Tournelort (1700).
who first applied the name Ahouai Tourn. for T, ahouai
(1..) A. DC. Later, in the works Genera Plantarum and
Hortus Cliffortianus. and Opera Varia Linnaeus (173 7a.
1737h, 1758, respectively) changed Ahowai to Thervetia.

i honor of the French monk A. Thevel, However. in

subsequent editions of Species Plantarum (Linnacus.
1753) and Genera Plantarum (Linnaeus. 1751). Lin-
nacus included Thevetia within Cerbera. starting the
confusion regarding the generie circumseription and
creating  disagreements among  subsequent  authors.
Throughout the history of this generic complex, several
names are mvolved. including Ahouar Mill. (Miller,
| (O4) and Thevetia Adans. (Adanson. 1763). and later
f"f.’”ﬂf'f'ff:;i.h‘fﬁ Rusby & Woodson (Woodson. 1937) and
Viovai Pichon (Pichon, 1948a). but none of these names
were correctly applied. as discussed in the taxonomic
revision of Thevetia by Lippold (1960). After this work.
the complex was divided into three genera, based on
ruil characters and flower differences (Fig. 1), but
Lippold’s  position is stll in question. The  long
controversy includes two principal proposals: (1) 1o
recognize Thevetia as dilferent from Cerbera. hut nol
1969; Wilhhams. 1996a. b

\orge. 1998: Morales. 2005): and (2) to FCCOSTZE

[rom Cascabela (Gensel.

three generie entities: Cascabela, Cerbera, and Thervetio
(Ralmesque-Schmaltz, 1838: Lippold. 1980: Gentry.
1908: Polgieter & Albert. 2001: Alvarado-Cardenas.

"W express our sincere thanks to Mary Endress for all of her time, help. and patience throughout review. and for her adyviee
during the entire development of this research. We are stncerely aratelul for the comments of Vietoria Hollowell and an

anonyvmous reviewer, which greatly improved the text. We also thank the [ollowing persons and institutions for their valuable

e Geneve., Switzerland: Ma. del Rosario
Mexico (UNAM )

nrique Martinez, Instituto de Geologia, UNAM. We appreciate the courtesy ol the curators of the following herbaria in

assistance and adviee: Fred Staufller. Conservatoire e Jardin Botaniques de Ta Ville

Garcia Pena and Berenit. Mendoza-Garfias, Instituto de Biologia, Universidad Nacional Auténoma e

allowing us to consult the collections or in arranging the loan of material: G, MO, NY, SP, XAL. and Z. This research was

supported by the Consejo Nacional de Cieneia v Teenologia (CONACYT) and the Direceion General de Estudios de Poserado
(DGEP, UNAM).

'|h=|:;|i‘|;|rm'nln de Bolamiea, Instituto de Hju|u;,:|':t. L niversidad Nacional Auténoma de México. \pdo. Postal 70-3067.

Mexieo DE 04510, México. helga@ibiologia.unam.mx.
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Table 1. Different proposals of classification for the taxa that were classified within Rauvolfioideae, Plumerieae by Endress and Bruvns (2000). In all the proposals. Cascabela is considered

L . ¥ [
] +n LI S T T T .-..I f’-rriu.ll;r \.l — |p.|'.|| ppq.r|||1|l;|.]'|
L Ll Sy aavrpaynenm e [ L R AR B A L EELdi Bhdi FRdiaicovaas

\Vuthors

Genera Endhcher (1838)

de Candolle (1844

~chumann (1897)

Pichon (1948a. b.

| O5(0)a)

|.ecuwenberg (1963, 1994

Sennblad & Bremer (2002)

Allamanda 1. Subordao-1

[ arisseae

{nechites Griseh. N

Cameraria 1. N

Cascabela Ral. Subordo-2

Ophioxyleae
Cerbera .. Subordo-2

U|}|1in_\} leae

Cerberiopsis Vieill. ex N

Pancher & Sebert

Himatanthus Willd. ex N
Roem. & Schult.
Wortoniella Woodson N

Plumeria 1.. subordo-3
Fuapocvneae
Plumerieae

."":J'r.'_l'hn.lff.ru.w .‘i]l‘}'i‘ll NI

Subordo-2

“Frlli[i\.}ll'ilf‘

Thevetia |..

Willughbereae

Allamandeae

N

Plumerieae

Tabernacmontlanineae

Carnssacae

Thevelieae

Plumerieae

Tabernacmontanineae

N

NI

N

Plumerieae

Tabernaemontanineae

lLchiteae

Larissaeae

Thevetieae

Plumeriordeae

Arduieae

Landolphiineae

Plumerioideae
Plumerieae
Rauwolliineae
Plumeroideae
Plumerieae
\stoniimeae
Plumeriondeae
Plumerieae
Cerbernneae
Plumerioideae
Plumerieae
Cerbertineae
Plumerioideae
Plumerieae
Cerberiineae

NI

N

Plumeriondeae
Plumerieae
\[stonineae
Plumeriondeae
Plumerieae
Plumerieae
Alstonnneae
Plumerioideae
Plumerieae

([ erbernineae

Plumerioideae

\amandeae

Plumenoideae
Rauvollieae
Anechitinae
(erbereordeae
Thevelieae
Camerarinae

(erbereordear

Thevetieae

Thevelnnae

(erbereotdeae
Thevetieae
Cerberinae
Cerbereoideae
Thevetieae
Cerberinae
Plumerioideae
Plumeriinae
Plumerioideae
Plumeriinae
Plumerioideae

Plumeriinae

Cerbereoideae
Hk}'laljllhl'm'

Skvtantheae

Cerbereoideae
Thevetieae

Thevetiinae

Plumerioideac

Allamandeae

Plumertoideae
Rauvolfieae
Anechitinae
Plumerioideae

Cerbereae

Plumerimdeas

{:E‘r'l]lll'i'.',l,l'

Plumeriotdeane

[;UI‘] Tl i

Plumerioideae

(erbereae

Plumerioideae
Plumeriinae
Plumerioideae
Plumeriinae
Plumerioideae

Plumeriinae

Plumerioideae
(erbereae

Cerbereae

Plumerioideae

Cerbereae

Rauvolhioideae

Plumerieae

Rauvolliondeae

Plumerieae

HLHH {:l'”-[llil]t'éll'

Plumeneae

N

Rauvolfiotdeae

Plumerieae

N

N

N

Rauvollioideae

Plumerieae

NI

Rauvolfioideae

Plumerieae
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Figure |,
gaumert. —1. C, thevetia. —FE. V. Thevetia ahouai.
2003: Alvarado-Cardenas & Ochoterena. 2005). Nol
recogmzing Thevetia as a different genus from Casca-
hela, Williams (1996a) elevated T. peruviana K. Schum.
in Engl. & Prantl var. pinifolia Standl. & Steyerm. ex
Leavenw. (Leavenworth, 1946) 1o species rank. There-
lore, eight species are currently  recognized  within
Thevetia (including Cascabela). with six within Cerbera.

Despite the recent eladistic analyses 1o classify the

L‘llll”} and the tribe based on rm};'phnhmg}' and/or

molecular data (Endress et al.. 1996: Sennblad &
Bremer. 1996, 2002). these works have not included all
the species in the complex: they instead focused on
broader questions, leaving aside the problematic
circumseription of Cascabela and Thervetia.

The objective of this work is to provide evidence

based on a morphological phylogenetic study  for

a more natural classilication of the generic complex.
Also. the intention is to postulate hypotheses for the
relationships among the species within the species
complex and to test the position of the genera within
the tribe. At the same time, the results of this analysis
will allow for the postulation of hypotheses for the
evolution of flower and fruit characters related 10
pollination and  dispersal syndromes. A key and
synoptic descriptions of the taxa in the complex are

pl‘u\i:ln'{! lo facilitate Tuture taxonomice work.

Marteriar ann MeTnons

An intensive  bibliographic  compilation  (mono-

graphic and floristic treatments. phyvlogenetic studies,

l'xemplar species belonging 1o the Cascabela—Thevetia complex. —A, B.

Cascabela thevetioides. —C. (.

cle.) was assembled to define the species sampling. as
well as 1o compare the observations and coding of the
|||nrp||nh|;_=;ir';1| character sel: .-'\llnr;ﬂ* (1908): Alvar-
ado-Cardenas (2003, 2004): Boiteau & Allorge (1978):
Fondress (1996): Endress & Hi‘ll}'llh' (2000): Endress el
al. (1983, 1996): Ezcurra (1981): Fallen (1983, 1984.
1985, 19806): Gensel (1909): Gentry (1998): Leeuwen-
berg (1983, 1994, 1999): Nilsson (1986, 1990)):
Nowicke (1970): Pichon (1948a. b, 1949, 1950a. b):
Pire (1969): Plumel (1991): Potgieter & Albert (2001):
Rosath (1989): Roubik & Moreno (1991): Rzedowski
& Rzedowsk: (1998): Sennblad & Bremer (1990.
2002): Sennblad et al. (1998); Simoes & Kinoshita
(2002): Standley (1924): Standley & Williams (1958):
Veillon (1971); Williams (1996a, b, 2002): Woodson
(1935, 1938a. b): and Woodson & Moore (1938).

FAXON SAMPLING

Twelve genera and 22 species were included in the
cladistic analysis (Table 2). This sampling includes
lor the first time all species ol Cascabela (Tour species)
and  Thevetia  (four species), three representative
species of  Cerbera (oul of six). and at least one
spectes  of  each  genus  within Plumerieae  sensu
ndress and  Bruyns (2000).  Carissa MACTrocar|i
(kekl) AL DC was used as the functional outgroup
(1006).

sugeested that it 1s a member of the sister tribe

according (o Sennblad and  Bremer who

Carissae (Caressa 1. and Acokanthera G. Don ). This

outgroup was also selected  considering  potential
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Tabl= 2.

List of genera and species included in the analvsis,

(renera

pr‘f'i{'r-t total/included

Species

(Jarissa 30/1
Allameanda 14/1
Anechites 1/1
(amercria 3/1
Cascabela 44
(Cerberc O/ 3
Cerberinpsis A3
Himatanthus 1.3/1
Mortoniella 1/1
Plumeria 712
Skvtanihus 212
Thevetia 1/4

£

. macrocarpa A, DC.

. cathartica 1.

Lo -

. nerium (Aubl.) Urb.

L latifolia 1.

. gaumert (Hemsl.) Lippold

-~
[

. ovata (Cav.) Lippold
. thevetia (L..) Lippold

e,
l"d"\'dl"d

L

. thevetioides (Kunth) Lippold
. floribunda K. Schum.

Codollam Gaertn.

T 0

. manghas 1.

~ candelabra Vieill. ex Pancher & Seberl
H. obovatus (Miill. Arg.) Woodson

M. pittieri Woodson

/. obtusea 1.

o~

P. rubra L.

acutus Meyven

hancorniaefolius (A. DC.) Miers

" ahouai (L) A. DC.

- amazonica Ducke

. bicornuta Miill. Arg.

- pinifolia (Standl. & Steyverm.) J. K. Williams

e . R e T

inclusive synapomophies, as proposed by Nixon and

Carpeater (1994).

CHARACTER SAMPLING

The homology hypotheses represented by the
character and character state definitions follow the
conjunction and similarily (position. form, and
function) eriteria of Patterson (1982) and De Pinna
(1991)1. Floral and vegetative macromorphological
structures were studied from personal collections
and more than 900 sheets from herbarium material
listed in Appendices 1 and 2. The specimens are
deposited in the following herbaria: G, MEXU, MO,
NY. SP, XAL. and Z. Reproductive characters were
studied from the spirit material and flower anatomical

section slide collections of M. Endress at Z.

Pollen erains and floral structures observed under
|

a scanning electron microscope (SEM: Hitacht 5-
2460N) at the Institute of Biology. UNAM were
dehydrated and covered with gold-palladium inside an
ionized camera (Emitech K550). Pollen grains for
observation under optic microscopy were acetolyzed
following Erdtman (1960) and mounted on slides
using glyvcerin. At least 20 grains per species were
measured at polar and equatorial axis lengths. The
poller and floral structures were sampled with the
autho-ization of their respective herbaria (MEXU,
MO. NY). Sampled collections are indicated by

a dagzer (T) in Appendix 2.

The following continuous characters were analyzed
using descriptive statistics to defline the character
states: bract length (7). sepal length (9). and pollen
diameter (22). Species-level box graphs were con-
structed from all of the specimen measurements,
considering standard error and deviation, using the
program Slatistica V.06.0.3 (not shown. available from
the authors; Statsoft Corporation, Tulsa. Oklahoma).
The intervals, which correspond to the proposed
character states, were defined to reduce overlap of

standard deviation.

PHYLOGENETIC ANALYSIS

A morphological matrix (Table 3) was constructed
and edited in WinClada (Nixon, 2002), and analyzed
using NONA (Goloboff, 1999). To find the mosl
parsimonious trees (MPTs), heuristic searches using
tree bisection-reconnection (TBR) were conducted
with 2000 replications (in sets of 1000) using different
starting trees (Wagner trees built with random
addition sequences), holding 20 ftrees on each
replication. The searches were followed by a more
extensive TBR holding up to 50,000 trees (twice:
h50.000: h/20: mu*1000; max*: sv¥). Branches with
ambiguous support in the MPTs were collapsed.
identical trees were removed. and a consensus tree
was calculated using the option “Consensus (striet)”
in WinClada and saved as a metafile edited in Adobe
Photoshop 6.0. The option “apo[™ of NONA (Golobolf,
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Table 3. Maorphological matrix used in the analvsis. Characters and character states as in \ppendis 30 Ambiguity Key:

inappheable = - missing data

(cameraria. Ca (Cerrtssa. Ulas

Plumeria. S = Skyvtanthus. T = Thevetia.

2o polvimorphism A = 0, 1. B
Cascabela. Ce = Cerbera. Cerh = Cerberiopsis, T = Himeatanthus. M

Vllamanda. An = Anechites. C
Waortoniella. 1P

= |.i’.f}:-|;:-rir|~.t'j~: \

[} 3 [0} a ) ey Al 33 ) 15 )
1 1 1
| | | | |

(STITIT, FOerag
I ridira

. altisa

f. voraatins

V. puttien
r.'.".".'u.'.".'-'r.'

SR

2, .II.'u'.f.'r [f .'.'l'.ll"|'_|'|'.l||ll'.'.' 5

Lrr. neriom

(.. lanfolia
Coorl, candelabira
!r..l'. Il'|'||r‘|‘|lllll|']'|'|'.|'

(., florthiendn

111010-0010100-1100000000110-1000200-0000220200-0-0--30
20210110101000-1100000000010-0-21201020000110---0012020
20210110101000-1100000000010-0-21201020000110---0012020
20210112000000-1100000000010-0-21201020000110---0010030D
20100110000000-0100000000010-0-21201000000100---0011030
122100-00200210011010010001120-102110201021030--0010000
1O0A110A010C10-00-121000000110-202020201C1110===01D==10
10BA0100000001010-121000000110-20202110101110---0011030
011100-0001100-1101110100000-1020A12110100100~--=-010-030
11100100000001010-12101110010112011211011-10310-0113030
202101111100010011117111G100110-2010211011-1030100113030

2020011B1200111111111120100110-2010211010207321101127720
202001111100011111111180100110-201021101020132110110000
20200112120001011111

Coers marrighiess
I teornta
I wmiazoniea

I parfoli

Coas, greatenneri

1'.r|"n. I'.'I.'r".' i |'|.l|'.|'.'li W

E02 11 0=10T018 3011131 %)
1R 10=10101018113177

BOOLITOI0I01I21211111&
1wl BO211800010101011111112111011113001211110320111011101
(ets, ot 20210101010121211

120100110=-201021101022132110110030
10110111130012111103202110110-=-27
1101101 £1130012111163211110110--11
1112110121230012111182312260-0113132
21

EI111I1110012123001211110231220=0113132
20201101010323211311113111022223001211110230220-0113132
ZOOLOT01CI0121 23131 IR 211301212300l 21 1 162312 20=-01131 3>
(s, thervetin 2000110A01012121111111111

LOEZ123001211110231220-0113132

1999} was used 1o identify the character states thai
unambiguously support the branches of the consensus
- all MPTso With this option. the polential artifacts
that result from i]]ili}|lEIIE‘_'; characters onto the {-n||:1p:-:|*|i

hranches of a consensus (Nixon & Carpenter. 1990)

arc corrected. To evaluate the relative stability of

clades in the consensus. a character removal analysis
(Davis et al. 1993). as applied in Luna and
Ochoterena  (2000). was  conducted using  NONA
(Golobolf, 1999) enabled through the corresponding
option in WinClada (Nixon. 2002). using the same

pHnHHPHWHuﬁfhrHH'HHgHMHInnhierm'gnulnf”ﬁH

analvsis was also to evaluate the contribution of

individual characters 1o the topology of the consensus

iH|Wﬂvrtu|uhhﬂuh'hhﬂhjﬂwhihrthHP rescarch.

REsurrs annp Discussion

—

\ total of 55 potentially informative characters
were mncluded  in the matrix (Table 3): 22 are
multistate and six of them (1. 7. 9. 22. 33. 531) were
coded as additive (ef. Appendix 3). The matrix has
;Ihﬂﬂlnr|2]H|T4L&1h“hlﬂghlthq?lnrﬂuﬂntwnhﬂ
as missing (7) and 75 (0.1%) as inapplicable (-).

The heuristic search vielded 12 MPTs (length (1) =
1O, consisteney index for entive tree (Cl) = 0.50).
retention index (R = 0.75). the consensus of which
(Fig. 2; L. = 174, Cl = 0.47. Rl = 0.72) recovers Iwo
main clades. The main hierarchical groups correlate
o the three taxa ;ri‘n;umﬂ by Pichon (19480, 19504)

and  Leeuwenberg (1983, 1994): (1) Plumeriinae.

represented here by Himatanthus Willd, ex Roem. &
Schult.. Mortoniella Woodson., and Plumeria 1.: (2)
\lamandeae, represented by Allamanda 1... and (3)
Coerbereac. represented by the FCIAIING  generd,
Based on the proposal of Endress and Bruvns
(2000)). we sugeest adjusting these proposed groups

lo- the rank ol subtribes. which by nomenclatural

priority would be Plumeriinae. Allamandinae, and

Thevetiimae (Table 1: |*1i;£. 2).

AN

The position of Allamanda as sister to Thevetiinae
[anpnﬂvd h} ﬂu”n'fﬁ ”H’quuw exlension ol the
connective  [character 19/state 1. ¢, Appendix 3:
consisteney index for character (¢i) = 0.006]. presence
(.00]. and
receptivity: pattern type 1 [39/1. ¢i = 1.0]) conflicts

ol infrastaminal appendages [27/1. ¢

with the hivpotheses based on molecular data (Sennblad
& Bremer, 1996) and combined analyses (Endress el
al.. 1990 Potgieter & Albert, 2001). I those analyses,
species ol Allamanda form the most inclusive clade.
sharing a most recent common ancestor with Himea-
tanthus and Plumeria. These conflicting results reflect
the morphological complexity of Allamanda and its 11
species. and reinforce the need to continue investival-
ing ils phylogenetic position. Provisionally. our resulis
support the recognition of a separate subtribal categor
lor Mlamanda (Allamandinae) as previoushy suggested

(Pichon. 1918h: Lecuwenbere, 1983, 1091,
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n i 41
==
& ] {

43

1) 53

!
i
| 2

1 9 12 15 31 33

3 ;.

R R

12 15

2 4 S0 53
16 19 41 43 l" l '
H—] T
o0 21 1

Carissa
Mortoniella
Himananthus

Plumeria rubra
P obtusa

Allamanda

Skytanthus acutus
S. hancorniaefolius

PLUMERIINAE

] ALLAMANDINAE

7.2 5 010 27 50
HHH=— Anechites
o PR THEVETIINAE
3 16 19 40
= Cameraria
I8 200 26 35 00 2 0
s 1 ) Cerberiopsis
“ Iu Anechites
| . Cerbera odollam Cameraria
C. floribunda — Cerberiopsis
[ o C. manghas _ Cerbera
e———— e am 4 CTC
i =) - \Thevetia ahouai
LA ' ﬁﬂ'!T. bicornuta — Cerberiopsis
" M=) ||T. amazonica _f Cerbera
253133385254 e |" E—— ——AHEC:‘?HE‘S
B T. pinifolia i — Cameraria
I |Cascabela ovata | —d{cTC
ﬁ — |C. gaumer
- !iC. thevetioides ||
- |C. thevetia J
Ficure 2. Consensus of 12 most parsimonious trees (MPTs. L= 164 Cl = 0.50. Rl = 0.75) for the members of tribe

Plumerieae and the suggested subtribal classification. Solid ellipses represent synapomorphic states and hollow ones

homoplasies. Only nonambiguous character states present in all MPTs are mapped onto the consensus. Numbers above the

w”ipﬂu .-:n'rn-:-pmnl o the characters and the numbers below them to the states. Inside the 1l |'-:={'|;m;:|:- are the .-1rr'{*i:-.-
classiled by Gensel (1969) as Thevetia subg. Thevetia and Thevetia subg. Yecoth (Cascabela). Inside the white reclangles are
the species considered by Lippold (1980) as helonging to Thevetia and Cascabela. A, B. Topologies found among the MPTs

showing the two alternative hy potheses for the sister group ol the Cascabela—Thevetia ¢lade (CTC), —A. Topology that supports

the traditional view. —B. Topology that supports. in part. the molecular works,

RELATIONSHIPS WITHIN SUBTRIBE PLUMERIINAFE compressed fruits (4170, ¢i = 0.75). Our results also
corroborate  Potgieter  and  Albert  (2001). where

The consensus tree  supporls Lhe mnrm|:||}|} ol

Plumeriinae. which corroborates previous classilica-

tions by Pichon (1948h, 1950a). Leeuwenberg (1965.

1094). and Plumel (1991). who suggested a close

relationship among  Himatanthus. Mortoniella. and

Plumeria. Plumeriinae 1s ailm:{]l‘hwi 48 mnnn|:|i_\|q-|i{'

by these characters: life form (0/2, ¢c1 = 0.50): ovary

position (32/1. c¢i = 1.0): and shape ol non-

Plumerta and Himatanthus are also sister.

RELATIONSHIPS WITHIN SUBTRIBE THEVETHNAL

Thevetiinae is supported as monophyletic by having
1.0), a dark

| (). absence of

the anther dehiscence latrorse (18/1. i

;a|+ic';i| connective color (20/1. ¢

[Iih'“VPhriH]IiH HLV HH'FHVEdEﬂ1H!I[£{J{L Vi " I.IH.QH]”
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I ioure 3,

{:]IIH'EII'|l‘r'."~'~f'lll'||:'”'-'ll'|l‘r' slales |:r-{"i.‘ '1'|L|1|H'J|E“.‘x :}r] I!m[ .HH|]|}1H'I ”Il' rnuuu;ﬂlj.'“. tbfl{,.f.l'."if'fﬂl,l'f’ﬂ'li.‘ tumwr' IO ) ;IIItI J.-"'.F':r'.r'.-'fr'r:

(lower row). The underlined numbers indicate synapomorphic states that support the corresponding eenera.

conical H|E;.{IT1£11£1 (35/2. c1 = 1.0). These characlers

were Iu‘n*\'inllr—&f} used to circumseribe the elements of

the sublamily Cerberioideae (Pichon, 1948a: Fallen.
[983).

Skytanthus Meyen was resolved as monophyletic,
supported by the combination of sessile anthers (16/0.
c1 = 0.50). a filamentous upper extension of the
conneclive (19/2. ¢1 = 0.606). fusiform fruits (41/1. ¢
= (L.75), and lenticels on the exocarp (13/1. ¢i =
(0.20). The position of this venus as  the earliest
derived within the subtribe is somewhat in agreemenl
with Pichon (1918a). who suggested the genus as the

most primibive within his sublamily Cerberioideae.

Phylogenetic relationships of the Cascabela—Thevetia
x;w:'h'.u‘ .r'umpff*.r. Within subtribe Thevetiiae. three
clades correspond more or less 1o Cascabela. Cerbera.
Thevetia,  bul resolved  as
(Standl, &

K. Wilhiams 1s nested with four other

and Cascabela 1s

paraphvletic,  because T pinifolia
Steverm.) J.
species ol Cascabela. There is stll no consensus
recarding  the  question  of  whether  one  should
recognize one genus with two subgenera (Gensel,
1969) or two distinet genera (Lippold, 1980), given
that Cascabela and Thevetia are sister laxa (Fig. 2).
Nevertheless, based on the unique combination and
the clear contrast of character states (Fig. 3). we
support the recognition of two genera: Cascabela.
with two synapomorphies (digitiform suprastaminal
appendages [14/2. ¢i = 0.0]: embryos not compressed

[94/2, c1 = 1.O]). and

synapomorphies (reniform fruits [41/3, ¢i =

with two

0.75]:

Thevetia. also

segmented  endocarp [48/1. ¢i = 1.0]). Thus. we

propose a new  combination for 7. pinifolia  as
(Cascabela (see :‘-.|i{n*|1{fi‘~.‘ L)

The relationship of Cascabela and Thervetia as sister
laxa 1s in disagreement with the phylogeny presented
by Potgieter and Albert (2001). where T. ahouai shared
d mosl recent common  ancestor with  Pteralyvyia
kauaiensts Caum. while 7. peruviana (Pers.) K. Schum.
(= Cascabela thevetia (1..) Lippold) is sister to Amsonia
Walter. Nevertheless. in our analysis, the  sister
relationship of these genera is strongly supported by

live synapomorphies: partial syncarpy (3173, ¢i = 1.0).

two ovules per carpel (33/0. ¢i = 1.0). a secreton
region  cvhindrical 1o 1=||i|}1fr (38/1. 1 = 1.0
denticulate margins of the seed wing (52/1. ¢i = 1.0).

:Hn] tFIt' l'llllrl'_\.'n !'{]'I!Il[}l'l':'-u:*-il‘Ii aon one :-illl“ '31“- l*i =
1.0): in addition to one hnmnpiemi:' character state, the
presence ol endolissures in the nexine (25/1. ¢i =
0.50). The discrepancy in the results by Potgieter and
Albert (2001) could be explained by sampling artifacts
(with only two representatives  from  the  generic
{*t1111|l|£"~;}. f:mi\f-*l'm‘i}. f]m' [0 |='H'L'. ol IH;III‘I"reti, Our
study did not include species of Preralyyia K. Schum.
& Prantl and Amsonia. and therefore future analyses
should take into account these sampling issues.
Cerbera was resolved as monophvletic. supported
by the absence of indumentum on vegelative parts (3/
(. c1 = 0.10). lenticels on exocarp (4371, ¢c1 = 0.20).
and the  endocarp  forming a network  with  the
mesocarp (7/1. ci = 1.0). In the consensus (Fig. 2).
this Seris shares a most recent common ancestor with

l"fr*rf,rf*.rf'n;n.r'.u Vielll, ex Pancher & Sebert. supported |:}
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having obovate sepals (8/1, i = 0.50). The relation-
ship of Cerbera as sister to Cerberiopsis restricts the
generic complex to Cascabela and Thevetia. At the
same time. this sister relationship contrasts with
Pichon’s (1948a) proposal to group Cerberiopsis and
Cameraria .. within  Cameriinae based on [ruil
compression. However, in our analysis this character
appears in all MPTs twice independently (frut
strongly compressed in cross-section: 40/1, 1 =
0.50). Our analysis corroborates Polgieter and Albert
(20011, where Cerbera and Cerberiopsis are also sister
taxa. as well as the observations of Leeuwenberg
(1999) and Veillon (1971), who suggested a close
relation between these genera hased on rt';;i-‘tulix'v and
{loral appearances.

The sister group of the Cascabela—Thevetia clade

CTC) 1s

(herealter named uncertain  due to the
existence of two conflicting topologies among the
MPTs that result in a polytomy in the consensus.
Among the MPTs. one tupn]ng:«; suggests a  sister
relationship of the CTC with Cerbera—Cerberiopsis
(Fig. 2A). supported by the unique combination ol
obovate leal blades (2/2, e¢i = 0.33), floral bracts 4—
11.5 mm (7/1. ¢i = 040), and a connate apical
connective (21/1. ¢i = 1.0). This resolution supports
the traditional perception of Gensel (1969). Lippold

(1980). Alvarado-Cardenas (2003). A

topology resolves Cameraria and Anechites Griseb. as

and second
sister to the CTC (Fig. 2B) and is supported by
ornam entation on the infrastaminal trichomes (29/1, ¢
= ().53): nectary (34/1. ci = 0.33): and a sclenfied
endocarp (45/1. ¢i = 0.50). These characters have
never been employed to suggest relationship among
senera within the tribe. Although this topology 1s in
disagreement with tradition, it corroborates, in part,
the relationship supported by molecular data (Senn-
blad & Bremer. 2002). which also recovered a similar
clade including the four genera. According to Sennblad
and Bremer (2002). Anechites 1s resolved as sister lo
Thevetia. with Cerbera as sister to them and Cameraria
sharing their most recent common ancestor.

The resolution among species of Cascabela lacks
hierarchic structure in the consensus (Fig. 2). Among
the MPTs. there are three alternative topologies for
(Hemsl.)

ovata (Cav.) Lippold have the mosl

their relationships, where €. gaumer

Lippold and (.

variable position. placed either as the earliest or mosl

derived :-:]u*ril'.-a.

Charecter removal: Topological consensus  resolution.
Twenty-seven (5, 10-12, 13, 15, 17, 18, 20, 22, 23,
25. 26, 28. 31. 35-38, 42, 46, 47, 19, 51-54) out of the
55 characters can be removed without affecting the

topology of the consensus.

Removing characters 3 (presence of indumentum
on vegetative parts) or 4 (secondary veins) reduces
conflict within the Cascabela c¢lade. The topology
obtained without any of these characters is the same
as one of the alternative hypotheses among the
original MPTs. By removing character 14 (shape of
suprastaminal appendages), there is an increase
resolution within the Cerbera clade. When removing
characters 1 (phyllotaxis). 9 (sepal length). or 45
(endocarp texture), the topology of the consensus trees
supports the sister relationship of Cerbera—Cerberiop-
sis and the CTC. This topology coincides with one of
the alternative resolutions among the original MP1s
(Fig. 2A). In contrast, when characters 7 (length of
bracts), 21 (apical connective arrangement), 24 (exine
thickness). 30 (infrastaminal trichomes ornamentation
pattern). or 44 (mesocarp consistency) are removed,
the sister relationship of the clade Cameraria—
Anechites and the CTC is recovered (Fig. 2B). Re-
moving characters 41 (shape of non-compressed
(ruits) and 48 (endocarp presentation) results in lack
of support for the genus Thevetia as monophyletic.
Nevertheless, the reniform shape ol the fruits and the
seemented endocarp characteristic of all species ol
Thevetia present a strong homology hypothesis
supported by morphological and anatomical studies
1948a, 1950b; Alvarado-Cardenas, 200.3).

Therefore, we are convinced of the monophyletic

(Pichon.

nature of this genus. The removal ol characters 0
(presence of a dominant axis in the inflorescences that
branch) or 8 (sepal shape) results in a decrease in the
resolution of the consensus within the Thevetia clade.
and the clade Cerbera—Cerberiopsis is collapsed.

By removing characters O (life form). 27 (presence
of infrastaminal appendages). 32 (ovary position), 39
(receptivity pattern), or 40 (fruit shape n cross-
section). the relative position of Mortoniella and
Allamanda 1s lost, collapsing both genera to a hasal
polvtomy. The removal of characters 2 (leal blade
shape), 16 (presence of a structure supporting the
anther), 29
infrastaminal trichomes). 33 (number of ovules per

(presence  of ornamentation on  the
carpel), 34 (presence of nectary). 43 (presence ol
lenticels on the exocarp). or 50 (presence ol a wing on
the seed) results in a decrease of resolution within
subtribe Cerberineae. Some of these characters are
postulated as homologies with the support of careful
morphological studies (e.g.. character 16 (Fallen,
1986); characters 33 and 50 (Pichon. 1948a)): others
should be re-evaluated considering a bigger sample
size and/or alternative coding (characters 2, 29, 41,
43). The removal of character 19 (shape of the upper
extension of the connective) collapses the backbone ol
the consensus, but the clades corresponding to the

CTC, Cerbera—Cerberiopsis. and Plumeriinae are still
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HIIFII}I}I'H‘{I. This character has been used belore in
| DO(:

Williams. 2002). but here, as mentioned. we highlight

phyvlogenetic analvses (e.e. Endress et al..
is vilal iHl]HH'lHrlt'(' lo recover the lc}lmhz;ﬂ;i!‘rﬁ' ol the
ks
]:-n|},|;mr'}1|li.~a||: within taxa and i1s states are un-
that

H{'{‘.‘_lllr-l' 1|’le 1'|1[1I'£I{'|t'r' dm‘:—‘- 1ol ilH‘llH]t'

ambiguously  defined.  we  recommend future
analyses that consider morphology include it 1o test

it is corroborated EI:-. irnh'[n'lltlwlll evidence.
EVOLUTION OF CHARACTERS RELATED TO REPRODUCTIVE
BIOLOGY AND FLORAL MORPHOLOGY

For- Apocynaceae sublamily Asclepiadoideae. nu-

merous works related 1o pollination hiology have heen

published. These  works report mainly - species of

Hi|}|t't';1. ||_H||:*!|u|:1='r'5t. and |,i‘|=i1h:-|}!f‘l‘al mvolved in
the: complex systems of pollination. In contrast. this
ype ol information for carly derived groups within the
flaHTlill‘u 1S scarce I!l.n|n*.-a & Machado.
Plumerieae. there are only vecords for Himatanthus
and  Plumeria, which are pollinated by sphingids
displaying a process named “pollination by deceir™
(Haber, 1984 Plumel. 1991 Kknudsen &
1993: Oliveira et al.. 2004). The spectes ol Hima-

fernithies and Plismerio [k necltaries, but IJn*_ﬁ. decenve

Tollsten.

pollinators by displaying many white flowers witl
strong and attractive fragrances produced at the same
time that other species with nectar are in {lower.
Wortoniella pittieri Woodson probably has the same

|Jt:-||it|al[inrl ."1_"|.."-|f'IT1. |n'{*;lll.-t' il ﬁI];!t‘t':-% IIH' maos=l recenl

common ancestor (Fig. 2) and the <ame  character

states (Table 3) with both genera. Several species from
e t’.'f*rhf*rr;—f.':*f‘."wrf};;:.w:f'.w clade (hereafter referred s
thee CCCH

f-!‘[l:}.,fl'illl!'l‘:-i. ;I]Hl

.:||.-m II;IH* u|li1:' l-!{m:'l‘:-;_ Jletn- :-;imrlln_r

ack nectaries (Lecuwenbere, 1999,
Given this pollination syndrome. it is possible that
they are also pollinated by sphingids. but the only
evidence 1o suggest that they also exhibit deceil
pollination 1s the lack of nectaries. In contrast to the
Hower morphology of Plumerieac. the flowers of the
CCC have saprastaminal and infrastaminal appendi-
ces. which may restriet the pollinators from reaching
the pollen. The presence of these appendages (13/1. ¢
= ()..33) 15 a MPTs.

although the relative time of appearance is ambiguous.

1J=’I‘ixl‘:| 1'1!11{““{1“ ir| ;l” Iill'

\lso with white Tlowers, Anechites and Cameraria
differ from the previous genera in that they have
nectaries, These structures allow s [0) |:r‘i‘i“{'i that in
the pollination system of both eenera. there is no
decerl }m||i|l:11in|]. It could be that all members of the
tribe are pollinated by Lepidoptera. even those witl)
vellow flowers (Weberling, 1989: Proctor et al.. 1990)
such as Allamanda. Cascabela. Skvtanihus. or Therve-

tra: nevertheless, labels of herbarium material in-

[O00),  |or

dicate that some species are visited by humminghirds
(Cascabela ovata: Perez A. 8601, MEXU) and bees (€.
ovata: Lott 430, MEXU). Of all the genera with vellow
lowers. only Skyvtanthus lacks nectaries. The in-
tl‘l'|1t'1'|;llili|1 ol the evolution of nectaries (34) 1s
ambiguous among the MPTs: in all cases. their
presence 15 oa derived  condition. but  in some
hypotheses, their absence is plesiomorphic. whereas
i others there is a secondary loss (¢i = 0.5-0.33). It
would be interesting o solve this ambiguity, hecause
I may imply a relative inerease in the complexity of
the Howers, from flowers withoul nectaries or staminal
appendages 1o flowers without nectaries hut with
stamimal appendages to flowers with both structures.

\n merease of structural complexity was suggested
by Fallen (1980). She considered Thevetia (ineluding
Cascabela) to be one of the most derived genera within
Plumericac. due o the presence of a lobulate
secretory region lo which the mfrastaminal appen-
dages adhere, forming the gvnostegium. Here we can
corroborate this hypothesis. Not only is the presence
ol stammal appendages (13/1) derived. but so is the
presence ol a lobulate secretory region (38/1). which
appears a posteriort as a svnapomorphy of one of the
o=l lh*t'ﬁi“i] ['I:’il]{‘?‘w. f.'rf.w'r:fu’fr.f—#ﬂh‘f'.-‘ff'u,

Indress (1906) sugeested that  the presence ol
appendages in the apical connective region of the
anthers could be related 1o the pollination svstems in
z-altlif';imil} "".r-&i']l‘lli[l{Ijlilrlii‘[il‘. Within Plumerieae, all
the genera present these structures, hut their shape i
vartable among genera. In our analvsis, the obtuse
shape of the anther apical connective (19/0) repre-
sents the plesiomorphice condition, which derived into
the deltord connective (19/1) that. in tum. transformed
into lilamentous connectives (19/2) twice indepen-
dentlv (in Cameraria and Steytanthus). This trans-
lormation series could be interpreted as a progressive
mcerease i the length of the connective tissue. bul
there is no information about the possible funcetion of
this structure.  which  could be involved in the
|1[}||iriilli1a]l Process,

Interms of floral complexity, there are different
degrees of fusion of the carpels within the 1ribe.
\ceording to the MPTs. the ancestral condition for the
1),

uniquely dervived into secondary syncarpous (31/1)

carpel arrangement s APOCArpoLs which
i Allamanda and independently also derived into
partially syncarpous (31/3) in the CTC. This pattern is
also present among other genera in the family, where
”Ii‘ ;ill{‘{':éll‘;l| {'Hiit“[il}ll 1S ![H' dPOCcarpon s [[Ieil nh-r'ium
nto svncarpous (Endress et al.. 1996). One could then
il!l{'r'pl'{'! il 1I*HIJ!'IH‘_"-. toward fTusion ol the i*;ir'Fu'|.~
within the family. In our analysis, carpel fusion (31/3)
the same internode) with

15 :'I}I']'t'EiH!'II LOCCUTES i!l

lowest number of ovules per 1';||‘|w| (33700, Neverthe-
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less. there 1s a previous step in the reduction ol ovule

number (33/1) that is not correlated to any degree of

carpel fusion.

EVOLUTION OF THE CHARACTERS RELATED TO DISPERSAI

Fallen (1985, 1986) proposed that within Plumer-
ieae. the basic fruit type is water dispersed. The
texture of the fruit (in this case of the mesocarp) and
color of the exocarp, as well as the presence/absence
of wings in the seed, are features that can be divectly
associated to dispersal. In the tribe, the mesocarp (14)
fleshy. The

inlerpretation ol the evolution ol this character n

can be hrmii}- leathery. spongy. or

the consensus tree is  ambiguous regarding  the
ancestral condition (woody or spongy). but in all
cases [Teshy and leathery fruits are always interpreted
as independently derived conditions. The  spongy
associated  with  waler

1976; Ridley. 1990).

could be the ancestral condition in the tribe. but it

texture.  which has  been

dispersal (Gunn & Dennis,
could also  have El[llll‘il[’t'[l one  to  three  Limes
depending on the MPT and the optimization. At the
same lime. in all the MPTs, the winged seeds must be
i|]|f~|‘|J eted as the |}||*.~ai-::-|l|n|'[}hit' condition, with three
lost independently in Anechites. Skytanthus acutus
i'\"]l’:ﬁ.'{'l A

Miill. Aro. Furthermore, the compression ol the seeds

(> 4/0).

and Thevetia amazoniea Ducke=T. bicornutea

on both laces which can facilitate wind

{ii:—a}wi‘ﬁll. s the ancestral state. The l'HII]|H'l‘.‘-1:-%i{][I ol

the emibryo was lost in one side (54/1) in Thevetia and
was completely lost (54/2) in Cascabela. suggesting
that mechanisms other than anemochory are derived.
In summary. our results support the hyvpothesis thal
anemochory is the ancestral mechanism of dispersion.

while zoochory and h}'{lnwimr}' are derived within the

tribe.

There are reports that  Thevetia, with  leathen
mesocup (44/1). is dispersed by animals (e.g.. Fallen.
1080, reported that 7. ahouai is consumed by

monkevs), which corroborates zoochory as one ol the
most derived dispersal mechanisms in Plumerieae.
Fleshy-colored  fruits have been associated  with
animal dispersal (Fahn, 1982; Ridley, 1990). Al-
thougeh there are no reports ol dispersal mechanism for
species of Cascabela. the presence of fleshy mesocarp

(44/2) (42/3)

relationship with Thervetia suggest zoochory.

with  black exocarp and

Colored fruits in the tribe are not restricted to
leathery or [leshy mesocarps: within Cerbera. with
mesocarp  (44/3), €.
exocarp (42/2). whereas C. floribunda K. Schum. and

(. odollam Gaertn. have blue exocarp (42/0). The

Spongy manghas 1.. has red

origin of a red exocarp is homoplastic (derived also in

the Thevetia |'|1|{[|*]. which leads to the qm--ralinn ol the

the  sister

chemical nature of the color. Although this genus has
colored exocarp. there are reports of water dispersal
(Gunn & Dennis, 1976: Leeuwenberg, 1999), which
can be correlated to the spongy  texture ol the

this

interpreted as a result of an independent origin or

mesocarp.  In Camerana. condition can  be
as a common origin with respect 1o CCC. Cameraria
and Cerberiopsis also share compressed [ruits (40/1).
but this condition 1s unambiguously optimized as
having two illil[-’|li'tl(]l*lll origins. 11 has been sugeested

that the combination of spongy and flattened fruits

allows them to be dispersed by wind or water (Veillon.
1071: Fallen. 1985). The sister relationship of Cerbera
and Cerberiopsis would support the idea of hydrochory
in Cerberiopsis.

The interpretation of seed dispersal mechanisms for
Alamanda, which also has spongy  mesocarp. 1s
complicated given the wide diversity of morphologies
of fruits and seeds among its species. In A. cathartica
... the spongy mesocarp is very thin, whereas in the
CCC it is well developed. Nevertheless, Fallen (1980)
sugeested hydrochory for this genus based on the
spheroid shape of the fruit. The possible independent
origin of the spongy mesocarp in combination with

(S0 1) Lhat

mechanism for the genus is anemochory. Although

winged seeds suggests the  dispersal
the wings in the seeds ol A, cathartica are heavy and
contradict this idea, some :-;|H':*it'.-- of Allamanda have
PAPYTACeOUs WINgs, which supports the }l_\'|mtl|f-*.-'i.~: of
wind dispersal. However, other species in the genus
(e.o.. A martii Miill. Are.. A. oenotheraefolia Pohl., A.
puberula A, DC.) have an exocarp with thorny
projections, which could suggest r.nm-h::-r} (Mauseth.

1966).

(CLONCLLSIONS

The phylogenetic hypothesis for the tribe can be
correlated to previous subtribal classifications. and
the monophyly of subtribes Plumeriinae and Theve-
Linae is  supported by several  synapomorphies.
\llamandinae is accepted as a subtribe based on
the sister position ol Allamanda  with respect to
Thevetimae. Nevertheless, this subtribe is taken as
provisional due to conflict with molecular dalta.

Both Cascabela and Thevelia are Hll]l“”l'lt‘{l as
monophvletic so long as T. pinifolia 1s translerred to
Cascabela. The combination and contrast of character
states thal support both clades (Thevetia and Casca-
bela) allow us to prefer the recognition of two generie
entities instead of only Thevetia with two subgenera.
Cascabela has five species. all of them present in
Mexico and Central America excepl lor two species

endemie 1o Mexico. Thevetia has two :-:|u'n'il=.-'. native to
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South America and one growing from Mexico to South
America. The sister Sroup of the Cascabela=Thevetia
clade remains uncertain. with two l‘{!liill]_\' Imr.-ainmlii—

ous possibilities: t'.',-=rhf=m—ffwa’wr:'r;r;;_w.r'_w or Anechites—

Cameraria. Similarlv, the phvlogenetic hypothesis of

Cascabela at species level does not have hierarchical
structure in the consensus. Therefore. the incorpora-
tion of a greater amount and tyvpe ol information
(morphological and molecular data and more species)
1s suggested. There is a need for continued research
regarding  macromorphology  and  micromorphology.
which will allow us to propose new characters and

re-evaluate the primary homology hypotheses. In the

same way, 1l 1s necessary to invest in elforts to gather

Leld observations and in experiments 1o improve our

knowledge of reproductive and dispersal biology.

This cladistic analvsis corroborates the relevance of

the use of the morphology in phylogenetic reconstruc-
tion, recovering  groups postulated by traditional

taxonomy. as well as by molecular or combined

phylogenies.
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(MEXU) (5d): Castaneda 41 (MEXU) (5¢). 479 (MEXU) (5d):
Caslillo. G. s.n. (MEXU) (3d). 241 (XAL) (2). 406 (MEXUT)
(12a). 25395 (MEXL) (5d), 3745 (MEXU) (12a), 5338 (XAL)
(10h). 3864 (XAL) (10b). 6444 (XAL) (10b). 9311 (MEXU)
(3h): [;;L}l'r‘n:- 226 (MEXL) (5¢); Cedillo 21 (XAL) (2). 449
(MEXU, NY) l_"‘n|l 100 (NY) (5h), _':'H MEXL) (5h). 1006
(MEXU1 (12a). 35 (MEXU) (12a), 2872 (MEXU) (12a);
Cedillo & Torres. H. 1445 (MEXU) (Se); [.h:m. C. 289 (XAL)
(4). 536 (XAL) (2). 989 (MEXU) (5a). 1134 (XAL) (2). 1381
(MEXLU (5a). 3652 (MEXU) (12a). 3712 (MEXU) (12a);
Chanek 33 (MEXUT) (5d): Charlotte 539 (NY) (5d):; Chavelas
ES4274 (MEXU) (12a), ES4216 (MEXU) (12a); Chazaro 1269
(MEXU (5d). 3066 (XAL) (2). 3350 (XAL) (10b). 4836 (XAL)
(10b): Chiang. F. 90 (MEXU) (5d). 530 I:"H.H':.\'il ) (Hh). 1021
(MEXU: (5b). 1021 (MEXL) (5b): {'|1i1r1” al. IF-1855
(MEXU (5e): Chow 78136 (NY) (5d). ]Ji]h (NY) (5d):
Chrisophesen 630 (NY) (6b): Cibemiga 151 (NY) (5d):
Clemens. J. 3381 (NY) (6b): Clemens. J. & M. Clemens s.n.
(NY ) (Oc): College of Tdaho san, (MEXLU) (5h). M-935 (NY) (He):
Columb a College 1168 (NY) (11a): Conrad 2774 (MEXU)
(12a): Comservator of Forest s.n. (NY) (10a): Constantino 7415
(NY) (6h): Contreras s.n. (MEXU) (5b); Contreras, K. 853
(MEXU® (5d), 8397 (MEXUT) (5a), 8397 (NY) (5a), 8483 (NY)
(4): Conzatti 3951 (MEXU) (12a). 4631 (MEXU) (5e), 5278
(NY) (5¢): Cooray 69073112R (NY) (5d): Correa, EL 10
(MEXU! (5a), 120 (MEXU) (5a)., 260 (MEXU) (5a): Cortés 412
(MEXU) (5a). 473 (MEXU) (5a); Cortés, L. 310 (MEXU) (12a).
310 (MEXU) (12a), 392 (MEXU): Cowell 349 (NY) (12a);
Crawlord 5366 (NY) (12a): Crawshaw. D. 284 (NY ) (12b): Croat,
T. s.n. (MEXU) (5d). 5032 (NY) (12a). 22561 (NY) (12a).
23527 (NY) (12a). 23561 (NY) (12a). 24907 (NY) (12a), 41864
(MEXU) (12a), 63241 (MEXLU) (12a): Croal, T. & P. Duncan
16234 (MO) (3. 163061 l.\-]“lI:.'“i:l;'[.'t'll;f.—|‘-|}llln-1::U’UH” L)
(10h): Coartel 192 (MEXU) (12a): Curran 3786 (NY) (6b): Curso
(e I".I'IJ]H:E_EIEEI \1';&'[1[' [l._{} {‘\““..\‘\.l | |I|L=.}£|_I.

Diiniker 332 (Z) (7); D'Arcy, W. lﬁHH} (MEXU) (12a):
Darwin. S. 2347 (MEXL) (5a): Davidse, G. 9424 (NY) (12a);
Degener 2451 (NY ) (6b). 13718 (NY) Il’ul:] 13768 (NY) (Gb).

13078 (NY) (6b). 32077 (NY) (6b): Devia 845 (NY) (5d);
Diaz. J. 5 (MEXU) (5d); Diaz, R. 132 (MEXU) (12a); Diego

7233 (MEXU) (5¢). 7300 (MEXLU) (5¢); Dillon, M. & J.
Teiller 3033 (MOT) (11a): Dobbeler 571 (MEXU) (5d):
Dodson 3591-14261 (MO) (3): Dodson & A, Gentry 9792 (MO)
(3): Donnell-Smith 2772 (NY) (5d): Dorado & Salinas F-2937
(MEXU) (5¢): Dorantes s.n. (MEXU) (5d). 1001 (MEXU) (5d).
1264 (MEXU) (5d); Dressler 4292 (MEXU) (12a); Dreyer 337
(MEEXU) (5a): Duery 61 (MEXLU) (5b): Duke 9989(1) (NY) (3).
11398 (MO) (12h), 11398 (NY) (12h), 12209(2) (MO, NY)
). 15445 (MO) (3): Duna 107 (NY) (12a); Duna, D. 23285
(NY) (5d): Duran R. 637 (MEXL) (10a), 948 (MEXU) (10a),
1548 (MEXU) (5a). 2833 (NY) (5a). 2853 (NY) (5a), 3502
(MEXLU) (5a): Duran. A. 136 (MEXLU) (12a): Duran. C. 285
(MEXLU) (5d): Dwyer san. (MEXU) (5h).

(NY) (6b): Elmer, M. s.n. (NY) (6b). 1051 (NY) (6b); Elorsa
s.n. (MEXU) (5h), 255 (MEXU, NY) (56b). 304 (MEXU) (5b),
3064 (MEXU) (53b). 3064 (NY) (53h). 4718 (MEXU) (5b). 5035
(MEXU) (5b); Enriquez, E. 44 (MEXU) (5h). 57 (MEXU)
(5h). 924 (MEXU) (5h): Erlanson 5081 (NY) (6h): Escalante.
S. 1 (MEXU) (5a). 885 (MEXU) (5a). 893 (MEXU) (12a):
1L-: obar s.n. (MO) (3): Espejel. 1. 604 (MEXU) (5a): Espinosa

1187 (M) (3); Ewan 23023 (NY) (5d).

Fernandez 3428 (NY) (5d): Fernandez, A, 1333 (NY)
(10): Fernandez., C. 10776 (NY) (53d): Ferrera 166 (NY)
(10a): Figueroa 1 (MEXU) (5b): Figueroa. R. 53 (MEXU)

(3h): Fisher =.n. (NY) (5d): Florence. J. 3931 (NY) (6b):
Flores. A, 704 (MEXU) (12a); Flores, A. J. 1586 (XAL) (10h):
Flores. J. 8313 (XAL) (4). 9711 (MEXU) (12a): Flores-Franco
1077 (MEXU) (5h). 2801 (MEXU) (5b), 3542 (MEXU) (5b).
3672 (MEXU) (5b). 5243 (MEXLU) (5h): Fonnegra. R. 2808
(NY) (12a): Forero. k. |H| (MO) (3], 50D (MO (3). 1590 (NY)
(12a); Fosberg, R. 9375 (NY) (5d). 25397 (NY) (5d). 50992
(NY) (6¢). 565396 (NY) (6c): Foxworthy 42135 (NY) (6h):
Fragoso. R. s.n. (MEXU) (5h). s.n. (MEXLU) (5b): Frane. L.
545 (NY) (7): Franco 52 (MEXU) (5b); Freeland. J. 139
(MEXLY (5d): Freir FREIOTO (MEXU) (5d): Frodin, D, 26615
(NY) (6b):; Froes 30535 (MEXU) (12h): Frve 2586 (NY) (5e):
Frvxell 3543 (NY) (5d): Fuchs 1697 (MEXU) (5d): Fuentes
s.n. (MEXLU) (ba). s.n. (XAL) (10b).

Gallardo. C. 609 (MEXLU) (5b). 2226 (MEXU) (5a): Garber
039 (NY) (5d): Garcia-Mendoza 646 (MEXLU) (5b). 3221
(MEXU) (5d). 4007 (MEXU) (5bh): Garcia-Mendoza et al. 297
(MEXU) (5¢); Gaumer 546 (NY) (5d), 22110 (MEXU) (12a);
Genelle 899 (NY) (5e): Gentle 330 (NY ) (5a). AT51T(NY ) (Ha):
Gentry, A, 8071 (NY) (12a). 8198 (NY) (12a). 8484 (NY)
(12a), 22757 (NY) (5d), 26296 (MO) (3); Gentry, A. «
Dodson. C. 353722 (MO) (3). 41299 (MO) (3): Genlry et al.

13913 (MEXUTY) (9); Gentry, H. 5028 (MEXU, NY) (5b).
5157 (MEXU. NY) (5b). 10929 (MEXU) (5b); Gereau R. E.
2204 (MEXU) (12a); German 479 (MEXLU) (5h): Gillv T (NY)

(5e). 51 (NY) (3d): Glassman 1819 (NY) (5b):
(MEXU) (5¢); Gomez s, (MEXU) (5h): Gomez-Pompa 68
(MEXU) (12a). 107 (MEXU) (12a): Gongora 650 (MEXLU)
(12a); Gonzales. A. 200 (NY) (5d): Gonzalez. E. 692 (MEXU)
(5d): Gonzalez., R. 282 (MEXU) (5¢): Gonzalez, s, 2403
(MEXU)  (5h): Gonzalez-Medrano 5068  (MEXLU)  (5h):
Gonzalez-Medrano et al. F-613 (MEXU) (5¢): Goreti 633
(MEXU) (5¢): Granville 9604 (NY) (2). 10285 (NY) (2):
Greenwood R1913 (NY) (12a): Gregory s.n. (MEXU) (5b).
324 (NY) (3h): Grether 1727 (MEXU) (5h); Guadarrama 885
(NY) (12a). 6563 (MEXLU) (12a): Guaghanone et al. 468 (NY)
(12¢): Guerrero. B. 305 (XAL) (2), 1782 (XAL) (10b):
Guerrero. S, 328 (XAL) (10h): Guillaumin., A. et al. 13181
(NY) (7): Guillen & Coria 1584 (MOT. NY) (12b); Guille Hpiu
I. 2071 (NY) (6b), 2267 (NY) (6b), 3643 (NY) (6b), 3731
(NY) (6b): {Luimt L. 80 (MEXU) (5h). 2869 (MEXU) [Jh}.
Gutiérrez. C. 1838 (MEXLU) (5d). 4635 (XAL) (4). 5691 (NY)
(4); Gutiérrez, I.. 174 (MEXU7Y) Hj.ll. suticrrez, R, 240
(MEXU) (5a): Guzman 477 (XAL) (10b), 901 (XAL) (10b):
Guzman, M. 344 (MEXU) (5d). 411 (MEXU) (5h).

Hagen 1374 (NY) (12a): Halsted s.n. (NY) (5d): Hammel.
B. & W, D'Arey 5028 (MO) (3): Hansen. B. 1518 (MEXU)
(5h), 7518 (NY) (3d), 7557 (NY) (5d); Harley et al. 26444
(NYT) (11b); Hatschbach 29551 (NY) (12¢), 47443 (NY)
(11h), 52491 (NY) (12¢), 52730 (MEXU) (8);: Hasskahl s.n.
(NY) (6¢): Hassler 7453 (MO, NY) (12¢); Hayes, 5. 277 (NY)
(5d); Henry, A. 12747 (NY) (5d); Henty, E. 27211 (NY) (6b);
Herb., Mus., Nat., Vindobon 5159 (NY) (5d): Heringer et al.

(odimez
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845 (NY) (12¢); Hernandez. A. C. 70 (NY) (5d). 3922
(MEXL) (5d). 9420 (MEXU) (5b): Hernandez, A. D. s.n.
(NAL) (10b): Hernandez R, 19 (XAL) ['3"1" Herndandes del
Olmo 618 (MEXU) (12a): Herrera. A. g (MEXL) (5d):
Hesse, A, 1072 (NY) (6h): Hevden 3995 1.\": ) (Hd): Hinton.
G. s.n. (MEXU) (Sb), 3792 (NY) (5¢), 5716 (NY) (5¢), 5732
(NY) (5¢), 7579 (MEXUT) (5¢). 7579 (NY) (5¢), 7961 (NY)
(pe), 9178 (NY) (5¢), 10532 (NY) (5¢), 11153 (NY) (5e).

12018 (MEXLU) (5¢). 120018 (NY) (5¢): Hiteheock. A, 16864
(NY) (2): Hohenacker. R. 45 (NY) (Oc): HH]{h'iil;_{(' 1002 (NY)

(Dd): Hosokawa, T. 9670 (Z) (6a): Howard, R. 1179 (NY) (5d).
9301 (NY) (>d). 19088 (NY) (5d); Huft, M. et al. 1963 (MO)
(3): Hughes 1940 (MEXU) (3b). 1940 (MEXL ) (5h): Humbert
H. 26511 (NY) (5d); Hunt 5450 (NY) (5d): Hunter, A. 437
(NY) (12a): Hurlimann H. 13 (NY} (6b). 24 (NY) (6h). 342
(NYT) (7), 624 (NY) (6b): Hulehison, C. 3123 (NY) (5d).

Ibarra 320 (MEXLU) (5h).

Jack 8366 (NY) (12a): Jeffrey 688 (NY) (0b): Jenman 48-2
(NY ) (5d): Jimenez, 1962 1\"1 ) (3): Jiménez, (). 1 H}}l (NY)
(5h): Jones 3101 IH'HH ) (12a), 3425 (MEXU) (12a), 3425 (NY)
(12a): Jorgenow 2065 (MO) []fri,

Kanehira 424 (NY) (6b), 168
1956 (NY) (6a), 2279 (NY) (ba):
Kiesling 9702 (MEXLU) (12¢): Killeen 6997 (MEXUT) (12h):
Killip s.n. (NY) (5d): King 1652 (NY) (5b): Klug 4006 (NY)
(2d): Knapp 1906 (NY) (12a): Knapp & Mallet 3905 (MO)
(.3): Hi:{'}un Q01017 (MEXLT) (6e): I\r‘iilllnit‘k.‘ir-l & Cnistobal
FELOO (NY) (12¢): Krug 7179 (SP) (5d); Krukofl 6297 (NY)
(NY) (De) 16 (NY) (5d): Kuswata 6 (NY)

(NY) (6b), 470 (NY) (6a),
Kennedy 2834 (MO) (3):

(5d): Kuntze s.n.
(Oh).

Ladd 264 (MEXU) (5¢); Lammers et al. 7621 (MO, NY)
(I1a); Langlassé 269 (MEXLU) (5h): 1. angman 3325 (MEXLU)

(2c): Lansing 2025 (NY) (5d); Lau 313 (NY) (Oh): launghlin

2067 (MEXU) (5b): Laugman 3325 (MEXU) (5d). 3325
(MEXL) (5d); Leavenworth 207 (NY) (5d): Lee 2107 (NY)

(6b): Leeuwenberg son. (NY) (6¢): Let 787 (NY) (5d): Leonard
3640 (NY) (5d): Lewis 539 (MEXU) (12a): Lienser 3864 (NY)
(5d): Limon s.n. (MEXU) (3b); Linares 3315 (MEXLU) (5d).
2343 (MEEXU) (5b): |Jjn;,:i=*r' 20800 (NY) (3), 36134 (NY) (4):
Lira 800 (MEXU) (10a). 916 (MEXU) (5a). 1045 (MEXLU)
(Hha)., 1051 (MEXLU) (5a): 9042 (NY) (10b):
Lomeli, J. A. 3367 (MEXU) (5¢); Lopez H. E. 266 (MEXU)
(12a): I”l” M. 19 (NY) (5d): I.[’r}ll’;r‘f. M. G. 109 (MEXLU)
(12¢); in}u.n' W. 1128 (MEXU) (5¢). 1193 (MEXLU) (5d):
Lorea ST00 (MEXLU) (5d): Lorence 3513 (MEXU) (12a). 5034
(MEXU) (1): Lorence et al. 3777 (MEXLU) (5¢); Lou 430
(MEXU) (5h), 1223 (MEXU) (5h), 2089 (MEXU) (5b): Lozada
{4 (MEXU) (5b): Lundell 984 (NY) (5a). 1011 (NY) (12a).
1047 (MEXLU) (12a): Lyonnet 350400017 (MEXU) (5h).
MacDougal 643s (NY) (124): Machuca 639 (XAL) (10b):
Madnd 105 (MEXU) (12a), 878 (MEXU) (3a). 10539 (MEXU)
(pa); Magallanes 715 (MEXU) (5h). |lfﬁ| (NAL) (10b):
Magana 200 (MEXLU) (12a). 478 (XAL) (2): Manzanero 1015
(MEXU) (5b). 1111 {‘-.Ii*?.\lr (5b): '\Luu 189 (SP) (5d);
Marquez 871 (MEXLU) (3d); Marshall 6669 (NY) (5d):
Martinez C. 21 (XAL) (2), 2120 (MEXU) (5b). 771 (MEXU)
(5b). 2129 (MEXU) (5b): Martinez, E. 295 (NY) (5¢). 1336
(MEXU) (5¢), 1336 (NY) (5¢), 2008 (MEXU) (12a). 3639
(MEXUT) (5¢). 4588 (MEXU) (5b). 6324 (MEXU) (5d), 7162
(MEXLU) (12a), 13599 (MEXU) (12a). 20343 (MEXU) (5h).
20928 (MEXU) (12a), 27042 (NY) (4), 27067 (MEXU) (5a),
27107 (MEXU) (5a), 27540 (MEXU) (5a), 30371 (MEXU)
(Da). 35944 (MEXU) (5a): Martinez. E. et al. 2001 (MEXU)
(De), 35058 (MEXU) (12a); Mata 87-103 (MEXLU) (5d):
Matsuo 44 (NY) (6b): Matuda 3078 (MEXL) (12a). 1659
(MEXU) (5b). 31264 (MEXLU) (5h): May 917 (MEXU) (12a),
004 (MEXU) (12a): Maya 1704 (NY) (10h): McPherson 3367

Littmann 15,

(MOT. Z) (7). 3t
(MEXUT) (3): Medina
(MEXUT) (1); Mejia, 5. M. T.
(O (MEXLU) (5a); Mendez, F.

323 (MO) (7). 3823 (MO) (7): Meagher 939
427 (MEXU) (5d): Medina, R. s.n.
LOGIS (MEEXLU) (5d): Méndez, D,
200 (XAL) (4): Méndez, M., 943
(MEXU) (5a), 694 (MEXU) (5a); Méndez. T. 5894 (XAL)
(10h): Mereles 3550 (MO)Y (12¢): Merrill 3804 (NY) (5d):
Meven 4394 (MO) (1 a): Mille 60 (NY) (5d); Miller 101 (NY)
(5dd): Miranda. A. 950 (MEXLU) (53b): Miranda. F. 39 (MEXLU)
(e}, 424 (MEXLU) (5b). 1500 (MEXL) (5h). 4229 (MEXU)

(12a), BO7S> (MEXU) (5a); Molina 224 (MEXLU) (3b). 11008
(NY) (5b), 15633 (NY) (12a). 22437 (NY) (5b). 34933
(MEXLU) (5h): Monroy de la Rosa 313 (MEXL) (5b): Montalvo

0370 (NY) (5b): Moraes et al. 1465 (NY) (12b): Morales 2929
(MEEXU) (3b). 5028 (NY) (3b), 5726 (NY) (5h): Morales. M.
51 (XAL) (2): Moreno 776 (MEXU) (5h). 1237 (MEXU) (3h).
3029 (MEXLU) (5b). 5476 (MEXU) (5h). 6845 (MEXU) (5d).
ool (MEXU) (5d). 22181 (MO) (3). 24196 (MEXUT) (9).
24025 (MEXU) (12a). 24886 (MEXU) (9): Moreno . 670
(MEXU) (10a), 2450 (MEXU) (5bh). 6502 (MEXU) (5h). 8223
(MEXLU) (5h), 139 (MEXU. NY) (5a); Mori 22132 (NY) (2):
Moritz 1158 (NY) (12a); Morong 381 (MO) (12¢). 612 (NY)
(ad), 1168 (MO} (11a); Mostacedo, B. et al. 2041 (MEXLUT)
(8): Miiller 1853 (NY} (5d): Mutioz el al. 2790 (MO) (11a):
Murea |-*J" I\I{J'I (12b); Murillo 329 (NY) (10h).

Narvaez 225 (MEXU) (5a); Nash 601 (NY) (3): Nee 18464
(MEXU) (5d). .El’}[:nl” (AAL) (10b). 27085 (XAL) (2). 28273
(NY) (5b), 28477 H]I XU) (5d), 28477 (NY) (5d). 29341 (NY)
(2), 29341 (XAL) (2), 35194 (NY) (5d), 37194 (NY) (12b),
L1121 (NY) (5d): .""-f 1|! 2572 (MEXLU) (12a): Nervers 8303
(MEXLU) (12a): Nevling 468 (MEXU) (5d): Nivomdham 1619
(NY) (Oc): Nore oa 22 (MEXU) (5¢).

Ocana 160 (MEXU) (12a); Ochoterena 271 (MEXLUT) (5e):
Oliveira 52 (SP) (5d): Orellana 289 (MEXLU) (12a): Orte wig L.
117 (XALY) (2). 431 (XAL) (2); Ortiz, G. 327 (MEXLU) (5b):
Ortiz, J. 331 (MEXU) (5a).

Palacios s.n. (MEXU) (5e); Palma s.n. (MEXLU) (12a):
Palmer, E. 27 (MEXU, NY) (5¢). 339 (NY) (5d). 1069 (NY)
(5b). 1533 (NY) (5h): Pancher s.n. (MO, NY) (7): Paniagua
610 (MEXLU) (12a): Pascual 491 (MEXU)} (5d): Peck 807
(NY) (12a); Pennell 4234 (NY) (12a). 9211 (NY) (5b): Pena-
Chocarro 571 (MEXU) (5a); Peralta 378 (MEXU) (3¢): Pere
2601 (NY) (5cd): Perez. A, il“i (MEXU) (5h). 861 (MEXLU.
NY) (5b): Pelerson 2 (NY) (60): Pleiler 1677 (MEXLU) (5b):
Pipoly 4875 (MO) (3): Pittier 12099 (NY) (12a). 13071 (NY)
(3): Plowman 13763 (NY) (10h): Poilane 1351 (NY) (5d):
Pringle 4107 (NY) (5d), 6332 (MEXU, NY) (53b). 6739 (NY)
(5b): Prinzie 157 (MEXU) (5b): Puch 373 (MEXU) (5a); Puga
17003 (MEXU) (5b); Puig 4646 (MEXLU) (5d):
(MEXUT) (5a); Purpus 3235 (NY) (5e).

Quero 2424 (MEXU) (5a). 2758 (MEXU) (12a); Quezada
1699 (MEXLU) (5b): Quipuscoa 797 (NY) (5d).

Ramamoorthy 2692 (MEXU) (12a). 2067 (MEXLU) (5a).
2448 (MEXU) (12a), 4307 (MEXUT) (5¢); Ramirez s.n.
(MEXL) (5¢). s.n. (MEXU) (5¢): Ramos 363 (MEXLU) (12a):
Ratter et al. 5941 (NY) (12¢): Renson 232 (NY) (3d): Re Y e
Garcra 48 (MEXLU) (5h). 761 (MEXLU) (5h). 802 (MEXL) (5h).
118 (MEXU) (5h). 1955 (MEXU) (53b). 2022 (MEXLU) (12a).
2370 (MEXU) (12a), 2866 (MEXU) (5b). 5362 (MEXUY)
(5h): Ribera 717 (MEXU) (5b): Rico-Gray 472 (XAL) (4):
Rimachi 5784 (NY) (5d): Rimeahi 10217 (NY) (5d): Rincdn
1011 (MEXU) (12a), 1613 (MEXLU) (12a). 1672 (MEXU)
(12a): Rinehart A. LR23351 (NYT) (6a): Ritter 4592 (MO)
(12¢); Rivera 2 (NY) (5d): Rivera. J. 717 (NY) (5h). 780 (NY)
(5h): Robles 681 (XAL) (10h). 893 (MIEXU) (12a): Robleto
(7o (MO) (3). 986 (MO) (3). 1007 (MEXU) (5a). 1202 (MO)
(3), 1329 (MO) (3): Rodriguez, D. 6 (NY) (5h): Rodriguez, G.
s.n. (NY) (2): Romero 497 (XNAL) (10h):

Pulido =.n.

Romero-Castaned:a
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6324 (MOT) (3). 9743 (NY) (5d), 6324 (NY) (3); Rosas 618
(MEXL) (5d): Rubio 2403 (MEXU) (5d); Ruenes, R. 73
(MEXLU) (1): Rusby 361 (NY) (5d); Rzedowski 12233
(MEXL) (5e). 22307 (MEXU) (5¢), 34203 (MEXU) (5h).
35724 ‘MEXU) (5¢), 39849 (MEXU) (5e).

S.e.oson (NYT) (Ha): Salas 2102 (MEXU) (5b): Saldias
570 (MO. NY) (12b): Saldivar 28 (MEXU) (5b); Salinas, F.
3850 (XAL) (10b). 4266 (XAL) (10b); Salinas & Solis-
Sanchers F-3497 (MEXU) (5e); Salsedo 157 (NY) (6b);
Sandino 655 (MEXU) (5d); Santana 2956 (MEXU) (5b);
Santiago 617 (MEXU) (5b): Sauders 1032 (NY) (2). 1042
(NY) (2): Saynes 2674 (MEXU) (5b); Schmitz 748 (NY) (He):
Schubert 1688 (MEXU) (5a): Scolnik & Luti 671 (NY) (12h):
Seibert 385 (NY) (12a); Seigler 13583 (NY) (5¢): Shunsuke,
B. 1241 (NY) (2): Silva 6237 (SP) (5d); Sima 1249 (MEXU)
(5a). 1668 (MEXLU) (5a); Sinaca, M. 2040 (MEXLU) (12a):
Sintenis 1650 (NY) (5d): Small 638 (NY) (bd). 8855 (NY)
(5d): Smith 68 (NY) (6b), 1581 (NY) (6b), 1661 (MO, NY) (3).
1839 (NY) (6h), 4708 (NY) (6b), 3276 (NY) (6b), 5801 (NY)
(6b). 7913 (NY) (6b), 8524 (NY) (6b), 8897 (NY) (6b). 9201
(NY) (€b): Soejarto 5997 (NY) (6b); Sohmer 9381 (MEXLU)
(5d): Sol 812 (MEXU) (12a): Solheim 1763 (MEXU. NY) (5d):
Solis-Magallanes 3033 (MEXU) (5b); Sorensen 7074 (XAL)
(4): Soto. J. 660 (MEXU) (5¢), 1151 (MEXU)} (5¢), 2038
(MEXU) (5¢), 3339 (MEXU) (5b), 4274 (MEXU) (5e), 4277
(MEXU) (5¢); Sousa 8544 (MEXU) (1), 10961 (MEXU) (5a);
Standley, P. 21615 (NY) (5b), 20839 (NY) (5b). 22012 (NY)
(5d): Stevens 3663 (MEXU) (9), 22296 (MEXUT) (9), 24126
(MEXU) (12a); Steyvermark 50708 (NY) (5b): Struwe 1216
(NY) (6h).

Tahir 699 (NY) (6¢); Tapia s.n. (MEXU) (5a): Tapia &
Carnevali 1386 (MEXU) (10a); Taylor 4403 (NY) (5b):
Taylor, C. 10795 (MO) (11a): Teiller 878 (MO) (11a); Téllez
5610 (XAL) (4). 5621 (XAL) (4), 9959 (MEXU) (5b), 10472
(MEXU) (5h). 2175 (MEXU) (12a); Tenorio 14579 (MEXU)
(12a). 19507 (MEXLU) (5d): Tenorio & Alvarado-Cardenas
20038 MEXU) (5¢); Tenorio & Kelly 21685 (MEXU) (5e);
Tenorio et al. 21617 (MEXU) (5¢); Tessmann, G. 3237 (NY)
(5d): Thomas. W. et al. 4559 (MO, NY) (12b); Tiwan 349
(NY) (2): Toledo 291 (NY) (5¢): Toro 451 (NY) (5¢); Torres,
[.. 154 (MEXU) (5b); Torres. R. 6462 (XAL) (2), 11849
(XAL) (10h): Torres. R. & Tenorio 12797 (MEXU) (5e); Tovar
R. C. 133b (XAL) (2). 216 (XAL) (2); Trott 5. s.n. (NY) {5e);
Tsui 212 (NY) (6b); Tin 1076 (NY) (10b).

Ucan 992 (XAL) (4), 3606 (MEXLU) (5a).

Valle s.n. (MEXU) (5d); Vanpel 399 (NY) (6b); Vazquez
864 (XAL) (10b); Vega, A. 2802 (MEXU) (1): Ventura, F.
1239 (MEXU) (5¢). 17876 (MEXU) (12a): Ventura, E.-Lopez,
. 281 (XAL) (2), 1555 (XAL) (2). 1003 (XAL) (10b), 3611
(XAL) (10b), 21241 (NY) (12a): Villanueva 805 (XALT) (4);
Villarea] 6755 (MEXU) (5h): Vink 12190 (Z) (6a).

Walther 340 (NY) (5d); Wane. Y. 3190 (NY) (6b); Wang,
C. 34989 (NY) (6b): Waterhouse 226 (NY) (6b): Weber 1133
(NY) (6bh): Wedel 2570 (MO) (3); Werdermann 136 (MO)
(11a), 2597 (MO) (12¢); White, D. 224 (MEXU, NY) (5a);
Whitford 700 (NY) (6b); William, R. 2853 (NY) (6b):
Williamrs 22455 (NY) (5b): Wilson 317 (NY) (5d), 1072 (NY)
(11h). 2221 (NY) (11b); Woodson 1524 bis (NY) (12a):
Worth, C. & J. Morrison 16162 (MO) (I1a); Worthington
12398 (NY) (6¢); Wright 1663 (MO) (3); Wurdak 300 (NY)
(2).

Yuncker 4967 (NY) (10b). 6091 (NY) (2), 86284 (NY)
(12a). G134 (NY) (6h). 15106 (NY) (6b). 15730 (NY) (6b),
15867 (NY) (6h), 18325 (NY) (5d).

Zarucchi 3260 (NY) (5d). 4923 (NY) (5e): Zizumbo 151
(XAL) (10b). 1152 (XAL) (10b), 1153 (XAL) (10b): Zéllner
11373 (MO) (11a).

Areenpix 3. Morphological characters and character states.

(0) Life form: 0 = vine; 1 = shrub; 2 = tree. This
character was used by Endress et al. (1996), coding as the
same character slale trees and shrubs. considering the fac

that both, in contrast to perennial herbs, have secondary
arowth and do not die in the winter. Here, we consider that
trees and shrubs can be recognized as two distinet states: in
natural conditions, trees are woody plants with a main axis
that branches above ground, whereas in shrubs, it 1s not
possible to distinguish a main axis because the plant
branches from the base (Lawrence, 1958: Radford. 19806:
Sousa & Zarate. 1988; Alvarado-Cardenas & Ochoterena.
pers. obs.). Given that some authors consider the difference
between these two life forms merely by measuring the height
of the plants, this feature was coded only from personal
observations or from descriptions that allowed us to clearly
define both states by means of the ramification pattern. The
vines were used by Endress et al. (19906) as a different stale,
a coding with which we agree because vines generally have
different physiological and biomechanical adaptations.

(1) Phyllotaxis: 0 = alternate; 1 = opposite; 2 =
verticillate (additive). Phyllotaxis has been an important
character in taxonomic and phylogenetic Apocynaceae
works. Sennblad et al. (1998) regarded the verticillate
condition as a variation of opposite leaves, because in the
plants with verticillate leaves there are also opposite ones.
Furthermore, they did not consider verticillate phyllotaxis as
a character state because in their sampling, it would have
represented an autopomorphic condition of Nerium oleander
L. In contrast. Endress et al. (1996) considered verticillate
leaves as a distinet character state, even though they pointed
out that in the taxa with this phyllotaxis it is also possible to
find opposite or alternate leaves, but they only grow jusl
below the inflorescences, We take the position of Endress el
al. (1996), coding the character slates from leaves that are
not subtending inflorescences, not only because we consider
that the three states represent valid homology hypotheses.
but also because the verticillate condition distinguishes
Allamanda from the remaining genera, representing a poten-
tial synapomorphy for the genus. This character was here
considered as additive because it represents a logical
transitional series of decrease in internodal distances.

(2) Leaf blade shape: 0 = lanceolate; 1 = ovate; 2 =
obovate. Liede (1994) coded for some subtribes within
Asclepiadoideae two states for this character: "0 = non-
linear, 1 = linear.” She considered that the variation n
shape within the sampled taxa was restricted to linear vs.
ovate-obovate (coded as nonlinear). Nevertheless,  the
recognition of just lwo character states could hide potential
homologies among ovate and obovate leaves. Bruyns and
Linder (1991) proposed the states “0 = lorate, 1 = deltoid”
for some genera of Asclepiadoideae. Here we recogmze
a more comprehensive range of variation that applies 1o
Plumerieae. coding the states according to the patlerns
suggested by Radford (1986).

(3) Presence of indumentum on vegetative parts: 0 =

no; 1 = yes. This character and its states follow the
proposal of Williams (2002).
(4) Secondary veins: 0 = exposed: 1 = immersed.

The character and i1s states follow the proposal of Wilhiams
(2002).
(5) Presence of branching in the inflorescence: 0 =

yes.,

incorporated into phylogenetic analyses. Among the sampled

—

no; 1 = This character has never before been

taxa., some H;H-*r.-iv.-a have inflorescences that never branch.
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|‘.ililll'l' 1 ?";1‘|1'1‘|1'1| |'||;|J':IL'|I'I'.‘- ;m:l :'ll;lr';ll'll'l' o 1 R H.‘-I'll i]l I||!' |]||}|1|_uq-[|4'|i1' ;II];I|_'-.:-i-«. 1'n. “_ Il'l.|l.‘HI'fH'l‘-"rFJ!'i‘.Hl'III'I' uf.
ornamentation of the suprastaminal trichomes (character 15). — A Not ormamented (Allamanda cathartica | Mvarado-Ceardenas
Wil bis|). B. Omamented (Plumeria rabra | Alvarado-Cardenas 19)). C. DL Stractures related 1o the anthers suppor
(character 17). —Co Filament (Himatanthus obovatus | Mostacedo. B. et al. 20171 —D. Rib {arrow) (Cerberiopsis candelabire
| MePherson 3367)). E-H. Absence/presence and pattern of ornamentation of the infrastaminal trichomes (characters 29 and
3], .. Absence (Allameanda cathariica | Vrarado-Coardernas 90 f his|). —F. N evrucose (Anechites nerinm | Romero-Castaneda
O520H). —Go Discontinuous stiations (Theretia amazonica |Guillen & Coria 1581)). H. Conlinuous striations (Caseabela
gaumert | Pulido s, nc ) 1) Presence of neclary on the ovary (character 31, state 1), . General aspect ol the nectary

(Cameraria latifolia | Meagher 939]). —J). Longitudinal section of the flower. Ca = Calvs, Co = Corolli. N = Neclary, and On
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whereas others produce more than one reproductive axis
subtended by a single leal.

(6) Presence of a dominant axis in inflorescences
that branch: 0 = no: 1 = ves. Among the inflorescences
that branch. two patterns can be distinguished. In some
cases. the mfllorescences di-u-h:p a main axis I:H_"n'lltlliilrljill
orowth). whereas in others. the branching axes reach the
same or more or less the same size and. hence. it 15 nol
possible 1o recognize a main axis. Species without branching
inflorescences were coded as imapphceable (-).

(7) lLength of the bracts subtending the flowers
(mum): () 0.5-4.0: 1 = 4.0-11.5; 2 = 11.5=-20.0
(additive). This character has been used i taxonomice
works. but not in phvlogenetic analyses. Here we delined and
coded he character states .al{-t-m'tlin;;_r to the results ol
t|i~.~'{-|'iptiu= slatisticos (see “Material and Methods™). Further-
more, the states were coded as additive because HH'_\ il
imply a logic transitional series ol increase or decrease.

(8) Sepal form: 0 =

character states are delined according to Radford (1986). Our

ovate: 1 = obovate. The
observalions showed that sepal form 1= constant at species
level and that both character states are ltnalm||igllnu.-|_‘n
assienable.

(9) Sepal length (mm): 0 = 0.5-10: 1 = 1.0=-11.0:
2 = 11.0=-20.0 (additive). Williams (2002) coded this

character for species in tribe Echiteae, recognizing the

states: 00 = minute (0=3 mm). 1 = loliaceous (5=15 mm).”
Within Plumericae, we sugeest an adjustment of  those
intervals according 1o deseriptive statisties. At the same
Lime. the measurements were modified starting from 0.5 mm
instead ol zero because 1o suggest a sepal length of 0 mm
could he inln-!'|}1':“1w] as absence of the structure, which s
never the case. This character was coded as additive hecanse
there is 1 potential transitional series ol increase or decrease.

(10) Presence of glands at the tip of the sepals: 0 =
no; 1 = ves. In Apocvnaceae. the existence of glands at the
lip of the sepals is a rare condition, occurring in only a few
CENerd,  among (Fallen., 1983) and
Plumerta (Woodson. 1938a). This character has not heen

which are Anechites
used before in cladistic analvses, but its presence in the
same position and in species of the same tribe allows us 1o
im:-lllhlll‘ Ioas a |H]I!‘I|1i.‘1] hmllt}llllunllr- condition.

(11) Presence of colleters on calyx: 0 = no; 1 = yes,
Colleters are important structures generally  employved in
taxonomic treatments and phyvlogenetic studies. Endress et
al. (1990) considered the variation in sepal colleter number
to recognize three conditions within this character: =0 =
| = 20-50, 2 = H.)” Willhams (2002)

considered their position and  number, recognizing  the

ahsent. Instead.

following states: =0 = absent, | numerous and alternate
o the sepals. 2 = solitary and opposite to the sepals.” Both
proposals cannot  be applied to species in Plumericae
hecause the number of colleters 15 very variable among
individuals from the same species (e.g.. from absenl 1o 05).

On the cther hand. when colleters are present in members ol

this tribe. they are alwavs opposite 1o the sepals. Therelore.
in this study we only consider absence or presence.

(12) Corolla shape: 0 = hypoerateriform (Fig. k) |
= funnelform-tubular; 2 = funnelform-campanular
(Fig. 1C, D). The different shapes of the corolla follow the
proposals of Font Quer (1982). Radlord (1986). and Sousa
and Zarate (1988). The corolla of Thevetia amazonica Ducke
has been considered as funnelform (Gensel. 1969). but here
it 15 coded as hypocrateriform. because the throal l‘\fuirni.-«
onlv at the staminal region. but it recovers its diameter
oul=ide this r'['f_finlt_ as 1t oceurs in other flowers considered as
hyvpocrateriform (e.g.. Catharanthus roseus (1) G, Don or 1.
ahouwat (L) A, DCL).

(13) Presence of suprastaminal appendages: 0 = no:
1 ves. The term “suprastaminal appendages™ was coined
by Pichon (1948a) and used by Gensel (1969). referring to
the structure that sometimes develops above the anthers. The
(1996).

corresponds to this same condition. These structures have

term “corolline corolla.,”™ used by Endress et al.
laxonomic and phylogenetic importance. Williams (2002)
.-||j_-;;.;c-.-lm| three states: “0 = absent. | = reduced to a callous
ridec. 2 = extended into a staminode.” but only the hirst and
third apply to our sampling. Therefore, we are coding absent/
present as Fndress el al, (1996).

(1'1) Suprastaminal appendages shape (Fig. 3): 0 =
deltoid: T = oblanceolate; 2 = digitiform. The shape of
these structures was somehow considered by Williams (2002:
see previous character). but he combined in his states
a mixture of qualities: shape. size, and texture. Here, we
adjust the shapes according to personal observations and
following Radford (1980).

(153) Presence of ornamentation on the suprastam-
ves (Fig. 1B). The

ornamentation on the suprastaminal trichomes has been

inal trichomes: 0 = no (Fig. 1A); 1

reported within the tribe for species of Himatanthus and
Plumeria (Pichon. 1948b). but was never before emploved in
cladistic analyses. Our personal observations show that these
ornamentations are present 1 other taxa nol previously
reported (Table 3) and that their absence or presence is
constant within .~|1{'1'|'{*:-'~‘

(106) Presence of a structure supporting the anther:
0 = no; 1 = ves. The anthers in Plumerieae can be sessile
or supported by a filament or a projection ol the corolla
called rib (Fallen. 1986: Williams., 2002). Williams coded
two characters related to the structures ol support. One was
the presence of a flilament. considered to be one of three
states: 0 = minute (0=1 mm). 1 = medium (3-0 mm), 2 =
|m|;ﬁF (10 mm or more):” the other was the presence ol ribs.
rmlirl:-_lr them  as nhm-t]h"}n‘vﬁt'nl. However., both structures
(filaments and ribs) occupy the same position and apparently
have the same function. and. therefore. we considered
filaments and ribs as alternative homologous conditions
(next character). On the other hand. a length of O mm could

be interpreted as sessile anthers. and at the same time in our

= Ovule. K=M. Relative position of the stigmata (characters 35, 30, 38). —N. L.

Nol convergent (K. Mortoniella pittieri

| Moreno 24196]: 1.. Skvtanthus acutus [s. coll.. s.n.]). —M. Convergent (Cascabela gaumert |Pulido s.n.|). N=P. Shape of the
stigmata cells (character 37). —N. Filiform (Carissa macrocarpa |Medina s.n.]). —O. Conic (Cerbera manghas |Alvarado-
Cirdenas s.n.|). —P. lrregularly flattened (Plumeria rubra [Alvarado-Cidardenas 19)). Q-S. Fruit layers of Cerbera (characters

A3, 4572, 4611, AT/1). —Q. General aspect of the [ruit after removing the exocarp (Cerbera odollam |Rinehart A. LR23.3511).
—R. Loagitudinal section of the fruit alter removing the exocarp showing the endocarp with the fibers extending toward the

spongy mesocarp (Cerbera odollam |Rinehart A, LR23351]). —S. Schematic section of the fruit showing all layers. Enc =

Fndocarp, Enel” = Endocarp fibers. Me = Mesocarp, kxe =

F.xocarp.
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sampling ribs measure more than 1 mm. so the rank for the
slates is here adjusted.

(17) Shape of the structure supporting the anther:
0 = hlamentous (Fig. 10); | rib (Fig. AD). In the
absence ol ontogenetic or anatomical studies, we consider
that the filaments and the ribs have an equivalent function
and position. Thus, we postulate that both states. evlindrical
and not rnigid vs. lattened and rigid restricting the movement
of the anthers, represent alternative homologous conditions.

(18) Anther dehiscence position: 0 = introrse
(Fig. 4C); 1 = latrorse (Fig. 4D). The character and its
states are laken from Endress et al. (1996) and Williams
(2002).

(19) Shape of the upper extension of the connective:
(0 = obtuse; 1
(2002) coded the iLl}:-‘-f'tll'w'r|1|'t*.-:1‘nt't' ol an 11|:-i{‘;1] connective

deltoid: 2 = Olamentous. Williams

without recognizing differences among them. Our personal
observations show that in all the studied species of the tribe.
Lhe upper extension of the conneclive s ;l|w11_\.- present, hul
it differs in form among the species. Shapes are coded
according to Radtord (19806).

(20) Apical connective color tone: 0 = clear; 1 =
dark. This character has been used only m a laxonomic
lreatment (Fallen, 1983). Personal observations indicate that
the presence of a dark tone in the apical connective could be
the result of the oxidation of some chemical t'{}|n|mum|[:~'] and
115 a constant condition shared |:+jn' several .-~|w{'if=.-.

(21) Apical connective arrangement: 0 = free; 1 =
connale. The lusion ol the apical connective of the anthers
has been mentioned lor some species of Cerbera (Pichon.
| 918a; Leeuwenberg, 1999) and Thevetia (Gensel, 1969;
Fallen, 1986), but it has not been used in cladistic analyses.
COur observations  corroborate  the |H't-\inll.-‘~ works, and.
therefore, we imclude this character for the first time in
a phylogenetic context.

(22) Pollen grain diameter (um): 0 = 20-50: 1
20-80; 2 = 80-120 (additive). Several authors (Pire.
1989: Roubik & Moreno. 1991: Williams. 1998, 2002) have
regarded the pollen diameter as a useful character to identify

and suggest relationships among genera. Van der Ham et al.
(2001) considered two states in their eladistic analysis: “0 =
small (3 um), 1 = big (6 um).” while Williams (2002)
recognized three states: =0 = 20-35 wm, | = 40-75 um. 2
= 70100 um.” Here we assigned the imtervals for the
1 results ol the

Methods™), The

character was coded as additive because 1l is EIHHH”JI{‘ Loy

character states in agreement  with  the

statistical analysis  (see “Material  and

hypothesize a transitional series of increase or decrease.
(23) Tectum continuity: 0 = eutectate (perforate): |

=  subtectate

Endress et al. (1996) coded this character with six states.

(heterofoveolate 1o microreticulate).
Nevertheless, the states [|1-:=j~ |':|'n;m.-uw] considered a wider
sampling that included more hierarchical levels. In addition,
we believe that, in their f'l]ll]lll;_{.. I|u*_1.. included as the same
attributes conditions that could be considered as dilferent

characters, For instance, Iin'} I'{‘;Lill'{ll‘{i as Imrl ol tin- leclum

u-nt]’[illllit} attributes  that we believe 1o be related to

ornamentation (scabrate. undulate. verrucate. ele.). Here.
we decided to I'f'{‘i:;,{lli}ft' H[]I_"-. the condition related to the
conlinuily of the tectum, which in our sampling can be
cutectale [i[H[H'['IIH]‘EIlI‘ or [wr'llm'allrl or subtectate (foveolate or
r'i-tji'ul.'lll-}. In our :aunl}}Einfn the ornamentalion 18 more or
less constant within the species.

(24) Exine thickness (Lm): 0 = 1.0=-2.0: 1 = 3.0~
L.0. This character is used widely in palvno-taxonomie
works, but it has not been included in eladistic analyses ol

the family. Even though it is varable within species, our

observations  show  that within - Plumerieae.  the  exine
thickness has constant intervals at a specifie level with
a clear gap between the intervals, so it 1s not necessary to do
a slatistical analysis to recognize the two character states.
(25) Presence of endofissures in the nexine: 0 = no;
| = (1996) used this characler to

describe palterns of the inner exine, considering four states:

ves, Endress el al,

“0) = smooth. | = finely granulate 1o verrucate, 2 = coarsely
granular to verrucate, 3 = with fissures.” We consider only
Lthe absence/presence ol lissures  (endocracks)  because,
although theyv are easily appreciable under optical and
scanning electronic microscopy (displaving the same irreg-
ular pattern in Cascabela and Thevetia), at this moment we do
not have observations for the inner ultrastructure that allow
us to define variants in texture.

(26) Presence of a depression in the mesocolpium:
0 = no; 1 = vyes. The coding of this character was taken
from Endress et al. (1996).

(27) Presence ol infrastaminal appendages: 0 = nog

| = ves. The coding ol this character was taken from
Fndress et al. (1996) and Williams (2002).
(28) Shape of infrastaminal appendages: O = eylin-

drical; 1 quadrangular: 2 = semicircular. The

character 1= included for the first time in a cladistic analysis,
based on pu*rr—-un;l| observations that show that the hhupv ol
the infrastaminal appendages is constant within species and
variable amongst them. revealing its potential phyvlogenetic
information. The definition of states follows the terminology
of Radlord (1986).

(29) Presence of ornamentation on the infrastaminal
trichomes: 0 = no (Fig. 4E); 1 = ves (Fig. 1F=H), The
internal trichomes of the flower have not been widely studied
in detail within Apocynaceae. Bruvns (2000) reported the
microscopic charactenistic ol trichomes on the corolla of
species from tribe Ceropegieae. coding the absence/presence
elr]li I}II‘ nl'llill]trlll.';lli{}tl nll Tl]{}{!iﬁi*:i Ii‘i{'h:r“]t'h. III']‘I' we :HUII.H[
these attributes according to our ohservations, The presence/
absence of ornamentation is constant within species,

(30) Infrastaminal trichome ornamentation patlern:
0 =
(Fig. 46): 2 = comtinuous striations (Fig., 4H), Within the

verrucose (Figo dF): 1 = discontinuous striations
species that display ornamentations on the infrastaminal
trichomes {|H'Minl|.- character). the patlern ol the ornamen-
tation is also constant within species and it varies amongs
them. The species that lack ornamentation on the infra-
staminal trichomes were coded as inapplicable (-).

(3 1) Carpel grouping: 0 = congenilally synearpous:

| = postgenitally synearpous: 2 = apocarpous: 3 =
partially syncarpous. The character and ils states were
modilied according 10 our sampling from Endress et al,
(1996).

(32) Ovary position: 0
inferior. This character

~.-tu|wriur: 1 SeIi-

s a greal laxonomie mmportance,
and 11 has not been used in eladistic :Hluh-al‘h. Himatanthus.
Mortoniella, and Plumeria are the only genera in the tribe
that share a semi-inferior ovary, Pichon (1948a, 1950a) and
Lecuwenberg (1994) suggested that this character could
point Lo a possible relationship among those genera,

§ Y

2 = 20-H) (additive). The number of ovules per carpel 15

(33) Number of ovules per carpel: 0 = 2: 1

a character that has not been used in previous phyvlogenetic
works. It has constant intervals within species and gaps
amongst them, which allow us to propose the states even
wilhoul hei'i.irl?l.{ o do :I!'Hi'r'jlllt\t* statistics, This character 1=
considered as additive, suggesting a hypothesis ol logie

lransition to inerease or reduchion of ovale number.
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(34) Presence of nectary: 0 = noz 1 = yes (Fig. 41, ]).
The coding of this character and its slales is taken from
Endress et al. (1996) and Sennblad et al. (1998). Several
authors (Woodson, 1938a: Hl:ln{”l'}' & Williams, 1958) did
nol reporl a nectary in Cameraria latifolia, but  our
observations revealed that an external portion of the ovary
wall has differences in coloration and cellular tvpe. This
tissue i< here interpreted as nectary because its character-
istics resemble the ones for other H;H’{'il-'r& where a nectary E

senerally reported.

(35) Stigmata shape: 0 = semispherical; 1 =
evlindrical to fusiform (Fig. 4Kk): 2 = conie (Fig. 1L

M). The term “stigmata™ was used by Boiteau and Allorge
(1978) referring to the sterile apical part of the stigmatic
head. This structure has cellular differences with respect 1o
the rest of the stigma and fulfills a particular function
(Fallen., 1986). It 1s the first time that this character 1s
emploved in a cladistic analysis, and we recognize three
characters that represent different attributes and [}{}Il*lilii!l
homologies within the structure: shape (35). position (30).
and cell shape (37). The shape of the stigmata is constant in
all the species checked. The eylindrieal or fusiform shapes
occupy only about one third of the stigma, while the conical
shape is a massive structure that constitutes hall or more
than ha!l of stigma.

(36) Relative position of the stigmata: 0 = nol
converzent (kg 4k, L); 1 = convergenl l,l“ig. 4M).
Among the species in the tribe, at least two constant patlerns
of stigmata arrangement can be distinguished. In not-
convergenl stigmatas, the lobes are parallel and independent.
nol louching each other. In contrast, in convergent stigmalas.
the lobes are in full contact with each other, sometimes even
fused at the base.

(37) Stigmata cells shape: 0 = filiform (Fig. AN); 1 =
conic (Iig. 40); 2 = irregularly flattened (Fig. 4P). The
shape of the stigmata cells presents different patlerns
amongst different species. which can unambiguously  be
defined as different states of the character.

(38) Secretory region shape: 0 = eylindrical 1o
elliptic (Fie. 4K, L); 1 = lobulate (Fig. 4M). This character
was used by Boiteau and Allorge (1978) 1o differentiate
subfami v Plumerioideae from Tabernaemontanoideae, but 1t
has not been used in phylogenetic analyses. Here, we adopt
the prnium:ﬂ of those authors because, within the tribe. there
are clear and constant differences in the shape of the
secrelory reglon,

(39) Receptivity pattern: 0 = level 1: 1 = level 2.
“H- {‘|IH'&I:'11*I' iinlllm:- 1[!1* |}r‘uEm:-'Li| H[' |'1EI“1'I1 [|{.]Hﬁ] :uul
Endress et al. (1996),

(40) Fruit shape in eross-section: (0 = elliptic to
circular; 1 = strongly compressed. This character was

used in cladistic analvses tor other families within the order

Gentianales (Bremer. 1992: Ochoterena. 20000). The charac-

emented here hm-;nlm' the slales are £Casy L0

ler 1s ump

recognize and not ambiguous. The compressed fruits differ

from the circular or elliptical ones by a clear compression on
hoth ]lhlr!l"h.

(41) shape of non-compressed fruits: 0 = fusiform:
1 = linear; 2 = subspheroid (Fig. 1B); 3 = reniform
(Fig. 1F1. Klackenberg (1998), when considering the fruil
margin. recognized two character states: "0 = follicles with
straight margin™ and =1 = follicles with sinuate margin.”
Liede (1904) instead used the entire form of the fruit, also
recognizing lwo slales: “00 = obelavate™ and 1 = [usiform.”

Here we adjust these proposals according 1o the shapes

observed within Plumerieae. The linear fruits have a more or

less constant diameler along them. nni}' thinned in the el}li{'zl|

parl: the fusiform fruits are thinner at both ends. The
reniform and subspheroid shapes do not have a uniform
diameter along the length of the fruit: the reniform shape is
wider than long and clearly displays two lobes.

(42) Exocarp color: O = blue; 1 = brown; 2 = red;
3 =

emploved by Williams (2002), coded as: 0 = brown,” =1 =

black. The charactenstic color ol the fruils was

red,” and *2 = black.” We adjust the character stales
according to our sampling, We consider that the colors ol the
fruit represent valid homology hypotheses because they
appear 1o be due to the presence of specific compounds.

(43) Presence of lenticels on the exocarp: 0 = no
(Fig. 1F): 1 = ves (Fig. 1B). We believe that this character
has ;}:}Ivrlti;il ]1|1}'|n;.{1'|u'lir information because its presenee
or absence seems to be constant within species and variable
among them. The lenticels on the exocarp can be seen even
when the fruits are nol mature.

(41) Mesocarp consistency: 0 = woody; 1 =
corinceous; 2 = fleshy; 3 = spongy (Fig. 1R, 5). Endress
el al. (1996) considered that the variation of fruit consistency
is due to the mesocarp. an idea that we support. These
authors coded the texture as: "0 = I.li‘.‘-ill}.“ or ]l = {|I‘_'u‘ 0or
woody.”™ Although 1t i1s possible that some properties of the
lexture can be modified when the fruits dry, the character-
istics that remain suggest differences in the cellular tvpe of
the mesocarp among species. We consider that it is possible
to distinguish more than two characters states, from Endress
el al.’s “dry or woody™ condition. Potgieter and Albert (2001)
considered that the fruits of Cerbera manghas, C. odollam.
Cerberiopsis candelabra, and Thevetia peruviana (= Casca-
hela thevetia) have a sclerified mesocarp: our observations
from Cascabela and Cerbera indicale that the sclerihed
consislency -:'m'r{':-';:-unth to the f‘ll:lm'zlr'[i (see character 47),
and the middle layers have a fleshy and spongy texture.
respectively. On the other hand. C. candelabra does not have
sclerified layers.

(45) Endocarp texture: 0 = non-selerified; 1 —
sclerified thing 2 sclerified thick (stonv) (Fig. AR).
Fndress et al. (1996) coded this character with two states: ~0
= non-sclerified” and “1 = sclerfied.” We consider that
among the genera that have (leshy mesocarp (those coded as
sclerified by Fndress et al.), 1t 1s ]]Hh!‘-.-”l'l’ lo recognize Two
states: the fruits of Cerbera and Cascabela have a thicker and
more rigid endocarp than those of Thevetia. Strictly speaking.
the definition for “stony™ implies the presence of stone cells
(Font Quer, 1982). but given the lack of anatomical studies, we
provisionally assess this state by the rigidity and the thickness
of the structure. because we believe that the differences in
texture among those genera could be due 1o a different cellular
nature. The species with woody mesocarp were coded as
inapplicable to avoid weighting of characters, because in that
case, both layers (mesocarp and {'mim*zlr}j} have the same
texture, a condition that we believe that could be correlated.

(46) Endocarp external surface: 0 = smooth; 1 =
ornamented (Fig. 10-S). In tribe Plumerieae, most of the
species have a smooth endocarp, but in the species ol
Cerbera and Thevetia. this laver is ornamented.

(47) Endocarp forming a network with the meso-
carp: 0 = no:; 1 = vyes (Fig. 4Q-5). The presence ol
endocarp forming a network with the mesocarp 15 nol
common among the species of Apocynaceae. Polgieter and
Albert (2001) [ibers of the

mesocarp  were t‘wapnnmihh' for the r'igid l'tirlﬁi:‘ilf'll{':'l. ol

considered  that  sclerified
Cerbera’s fruits, but our results show that these libers arise
from the endocarp and surround the spongy mesocarp,
forming a network. The species with woody mesocarp were

coded as inapplicable (see character 45).
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(18) Endocarp presentation (Fig, 3): O = single; 1
segmented. This character has a great taxonomic impor-
Lance, bul - had never been used e cladistie analyvses,
Within Plumericae. only the species ol Thevetia have
il nz*;]tlc‘llln*ﬂ 1*I|1[m‘;1|'|1.

(19) Relative time of frait dehiseence: O = dehiscent
tardily dehiscent, Williams (2002)

used this character. coding the lruits as  dehiscent or

when mature: |1

mdehiscent. Here we
dehiscence, because <ome Truits considered as indelisceent
open alter maturity. a process relerred 1o as “delaved
dehiscence™ (Roth, 1977 This is the case of the drupaceons
[ruits of Cascabela. Cerbera. and Theretia and the samaroid
ruits of Cameraria and Cerberiopsis.

(20) Presence of a wing on the seed: 0 = no: |1
yes. Fndress et al. (1996) considered three states Tor this
() = naked, |

Here we mmceluded the conditions present withimm Plumerieac.

character: winged, 2 = with ¢ilia or hairs.”

(o 1) Seed wing position: 0 = concentrie; 1 = at both
ends: 2 = lateral opposite to the micropyle: 3 = lateral
surrounding the micropyle. The position of the wing was
usced |r_'u |’:|I;:i1't+'|' and Albert (2001). who !'1*1‘1:}Jt1im‘t| Lhree

naked.”

Our observations let us recognize two variations within the

stales: 0 = nol circaumulate, | = circumulate, 2
nol circumulate (concentric) wings, which can be established
A= :“:«IiIH'I h} [l:h['H'H:'h ol Fhl'im;lr_\ |1n!1tn|1:;j}. [n some taxa. the
nirllu il {It"l.t'lir]r [r]n|mr~i|:‘ i) !|]:‘ Itiii:'r'llF::'uh~ | f"f.‘.’”H‘I‘H!I.
while in others, l!]l‘_‘u i|u'1.u*|n|: m the FCeTon ol the |1|i[-rn|1j.|::
covering 1l (Cascabela, Cerberiopsis. and Theretia). Taxa
without seed wings were coded as i|m|1|1|iu';||n|1- {-).

(22) Continuity of the margin of the seed wing: 0
entire: | denticulate. The charactensties ol the seed
wing margin were used by Pichon (1919) 10 diagnose the
different tribes and subtribes within the familv. Here we
cmploy two of his proposals according to the states present in
our sampling, Taxa without seed wines were coded  as
mapplicable (<)

(233) Testa texture: 0

3 = erustaccouns. Pichon (1919) also

sclerons: 1 = coriaceous: 2

[PRAPYFACeons;
{'lill"‘-illi'l't‘ll I'HI' Ilir; :'télr--«'irii':l.linrl i']l:lr';iq'li‘l'ihljl'a :tlll l||+* lexlure
ol the testa. Here we modily his proposal o melude the
conditions resent within the tribe. The character stales can
be casily distinguished. and their properties scem 1o he
maintained alter deving ol the specimens.

(2 1) Degree of embryo compression: 0 = on bhoth

sides: 1 = on one side (Fig 3): 2 apparently

uncompressed (Fig. 3) (additive). The compression of

the embryvo s implemented for the fivst time ina phylogenetic
;lll.‘lj_\.ﬁllré. It refers 1o the *‘-l]éifll' I cross-scction. which s
constant within species and varnable among them. The
cmbryos with compression in hoth sides have a more or less
Linear ."'“[l]H'; the {-|r||u'j.u.~4 with ':'”””frl"."“"-i[”] have a I]]LHIt'
face on one side and a convex Taee on the other: those withoul
compression have both faces convex, looking like an ellipse,

The +*|n|:1'}|r compression is nol doectly related 1o the fron

shape or the texture of the mesocarp (oo subspheroidal or

'-ll’?-ll_‘l. [rutls can have :'um|rr'1-,=-.-w{ or uncompressed embry -

IR

Leees s 4. ']':I*xnlmllijl' .-«_'..||n|1_-'|.-.

Familyv Apocynaceae Juss.. Gen. PL11E3. 1789,
Sublamily  Rauvolfioideae \lle,
-Pharm. FIL. 3: 1054, 1831,

Tribe Plumericae 15, Meyer. Comm. Pl Alr.

Austr, 2: 188. 1838.

Ve,

|‘1H:-~1!'|,.

prefer to contrast relative times ol

Subtribe Plomeriimae Benth, & Hook. [0 Gen.
Pl. 2: 685. 1876.

Subtribe Allamandimae AL DC.. Prodr. 8: 3186,
| 541,

Subtribe Thevetimae A,

[6 1

DC.. Prodr. 8: 342,

Ky rorne usoanetav—Tue e Coveres

La. Flowers with digitiform suprastaminal appendages:
1|1'1I}H'-~ 1II';|I'-:-]I;1|H'1| i) "'\Hh.‘*]fll:{'lll'li[i. l”\[ll'.l_l'll ||[;11'L_
mesocarp Heshy, 4'||1|nr;|r'|1 whole. thick (=lony )

.............. Cascabela

1'rI1|h!'.‘|.n ll“[‘i]IHIJl'l'H!‘d‘lJ
Ih. Flowers with deltoid  suprastaminal appendages:
drupes reniform. exocarp red. mesocarp leathery,
:‘I][Imull'[t .*-t";_',lllil'flti'l|_ thin: :'Irliu'_‘-.u 1'1:!!]{”'1%.-1*[] (hl
one swde Lo Thevetia

RN
|l’}rll ¥,

| 763, non

Raf.. Sylva Tellur. 162,
Adans.; Fam. Pl. 2; 171.
Thevetia
Schume. in Engler & Prantl, Nat. Pllanzenfam.
1(2): 139. 1895. Theretia Yecotli

huntze, 1in Post & Kuntze. Lex.

la. Cascabela
Thevetia
Thervetia 1. section Futhervetia N,

seclion

Gen. Phan.
200 1903 1Y Pl Caseabela peruviana (Pers.)
Ral.. Sylva Tellur. 162, 1838 | = Cuscabela
thevetia (1)) |.i}r||{:|{||,

Trees or shrubs with milky latex. Leaves alter-
nale. sessile or petiolate: laminae membranaceous
It _-L||1|:=altfaf'r'}.. with  or without :'nt:afui{'lmlla SO -
ondary venation. Inflorescences terminal. corvmbs
t'{lrn}murui, Hf'[}ilj.‘* njlll t'[]”!'i!‘r'hl 1'um!|:i _H'“tm or
orange. hyvpogvnous. funnelform. lobes  sinistrorse-
suprastaminal — appendages

contorted. :“*-.[I'IH|I'I!Z

digitiform.  villous: anthers  supported by ribs.
latrorse. included. agelutinated on the stigma. apical
connective deltord. dark. fused: imfrastaminal dppen-
dages semiciveular, hirsutulous: ovary partially syn-
carpie.  glabrous. ovules 2 per carpel. marginal
placentation. stigma conical. base 10-lobed: nectary
annular., Fruil as pear-shaped to subspheroid drapes.
EXOCar) black. with or without lenticels. I sOCAr
|'|.~;-;||}, endocarp whole. thiek (stonv). =smooth: seeds
winged. fimbrillate. testa crustaceous. embrvo un-

['{}!IIFH'{‘H:'iI‘Ii,

Il 1O SPECHES OF (asoaneia

la. Leal lamima obovate 1o oblanceolate,

Za. Leaves membranaceous 1o subleathery. kil -

hrous. imeonspieuous  sccondary venation:
bracts glabrous: drupes not lenticellate

......................... .,

2h. leaves ||';1|IH'I'_‘L. hirsute 1o lomenlose, ¢con-

samert

SPreion s secondan veerabion: bracts tomen-
TR IJI'II|H*.~= leiticallate o oo s wa 200 orata

b, Leal lamina linear 1o lanceolate,
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Cascabela—Thevetia Species Complex

3a Lamina ol the leaves with inconspicuous
secondary venation; corolla tube 1.0-1.8 cm.
la. Leaves sessile. lamina linear: inflores-
cence peduncles 0.8-3.0 em: bracts per-

sistent;  corolla  tube hlh-an} ula-

BEOHIEE  con s woe s e @ 2B & 3. . pintfolia
lh. Leaves |J-r‘|iule|1tz lamina lanceolate 1o
l*[li]r1i1': inflorescence |n-lJHI11‘|+*.~'~ ().3—
(.9 cm:

inlf*r'rmH}' Flllhi'H{‘f’iH

hracls deciduous: corolla tube

111111111111

CONSPICLONS
il |

5. C. thevetiordes

3b. Lamina of the leaves with

.‘-'~l"I'HI]I]a'_1I'_". 'H'H-'.I“HI]: I'IIHJHEE !llhl'

A0 em

111111111111111111

. Cascabela gaumeri (Hemsl.) Lippold. Feddes
Repert. 91: 53. 1980. Thevetia

gaumert Hemsl., Teon. PL1517. 1886, TYPL:

Basionym:

Mexico. Quintana Roo: Cozumel Island. 1885,

(. I, Gaumer 7 (holotype. F not seen, I photo
MEXU!). Figure 1C.

Thevetia spathulata Millsp.., Publ. Field Columbian Mus..
Bot. ser. 1: 383, 1898, TYPE: Mexico. Yucatan: Yucalan,
comron al the port of Silam. Apr. 1895, G. F. Gaumer 678
(lectotype. designated by Morales (2005, 43: 175). MO not
seen. MO photo MO!L: isotvpe, F).

Thevetia steerei Woodson, Amer. ). Bot. 22: 685, 1935.'TY Pl:
Mexico., Yucatan: in low forest, Progreso. 11-15 Aug.
1932, W, Steere 3056 (holotype. MO not seen. MO photo
MO!: 1sotype. NY not seen. NY photo NY!).

Trees 2.0-13.0 m. Leaves petiolate: laminae oblan-
ceolate. 10.0=12.0 X 1.9=3.0 ¢m. membranaceous to
subleathery. ¢labrous. inconspicuous secondary vena-

ton. Inflorescences with 10 or more flowers: |H-‘[lll!|-

cles 2.0-5.0 cm. elabrous: bracts ovale. 4.0-5.7 X
3.0—1.0 mm. persistent. glabrous. Flowers with ped-
icels 1.6-3.5(—4.2) em.

1.3 X 0.3-0.4 em. glabrous; corolla greenish vellow,

olabrous: sepals ovate. 0.5—

tube 1.5-1.7 em. 3.0 mm diam.. ternally glabrous.

throat 1.1-1.3 em. 1.5 em diam., lobes oblong, 2.6-
3.0 X 2.0 em: anthers 2.0 X 1.5 mm: ovary 1.6-1.9
X 1.7-1.9 mm. glabrous, style 1.0-1.5 em. stigma
2.0-25 X 2.5 mm. Drupes 2.0-2.6 X 2.5-3.0 em,
not lenticellate: seeds 1.3-2.0 X 1.0=1.5 ¢m.

Distribution. Mexico (Campeche. Guerrero, Quintana
Roo. Veracruz. and Yucatan) and Central America

(Belize, Guatemala, and Nicaragua).

Discussion. Cascabela gaumert and C. thevetia arve
morphclogically very similar, but they can be easily
distinguished by the shape of the laminae (oblanceo-
late in (.

theretia). the hairs in the corolla tube (absent 1in C.

gaumert vs. lanceolate to elliptic n C.

gaumeri vs. present in G, thevetia). and the color of the
[lowers (greenish vellow in €. gaumert vs. yellow or

orange in C. thevetia).
BIELIZE. Corozal: Basil
san Pedro. 5. Torre 308

Selected spectmens examined.

15 km N de

Jones ambergris,

(MEXU)., GUATEMALA. Petén: Dos Lagunas, km 7 on
Ixcanrio road, K. Contreras 8397 (MEXLU., NY). MIEXICO.
Campeche: Km 6 rumbo a Nuevo Becal. Bacab 103
(MEXU). Guerrero: Cerro Alquitran. ca. del pueblo de
Mazatlan, Schiwave s.n. (MEXU). Quintana Roo: 0.7 km N
del poblado Sabana de San Franeisco, 1), Vvarez 9426
(MEXL). Veracruz: Cerro de Carbon. M. Cortes 412
(MEXLU). Yuecatan: Orilla del camino Senor-San Antonio.
W. Correa 260 (MEXLU).

2. Caseabela ovata (Cav.) Lippold. Feddes Repert.
91: 53. 1980. Basionym: Cerbera ovata Cav.
lcon. 3: 35. pl. 270. 1796. Thevetia ovata
(Cav.) A. DC., Prodr. 8: 344. 1844. TYPE:
Mexico. Nueva I‘:H[ulﬁel ”In|nt}']u'_ MA nol
seen, VA }1|1n’[t1 MA!).

Cerbera alliodora Roem. & Schult.. Svst. Veg. 4 819.
Ssvn. nov. Cascabela alliodora (Roem. & Scehult.) Lippold.
Feddes Repert. 91: 53. 1980, Thevetia alliodora (Roem. &
Schult.) 1098, TYPE:
Mexico. Guerrero: “inert Zumpango et Mescalam. in
convalli Zopilote.” [Apr. 1803]. F. W, H. AL Humboldt &
A. J. A. Bonpland s.n. (holotype. PP not seen. P photo NY!).

Cerbera cuneifolia Kunth, Nov, Gen. Sp. 3: 224, 1818 [1819].
Thevetia cuneifolia (Kunth) A. DC.. Prodr. 8: 344. 1844.
TYPE: Mexico. Guerrero: “inerl th]tl]ulll;-_';n et Mescalam.
in convalli Zopilote,” [Apr. 1803, £ W. H. A, Humboldt &
A . AL Bonpland s.n. (holotvpe, P
MEXU!).

Thevetia cuneifolia (Kkunth) A. DC. var. andrieuxic A. DC..
Prodr. 8: 344, 1844, TYPE: Mexico. [México-Morelos|: 1n

\ndrieux 254 (holotype. G-

=it)
i LI

\lorge. Succulentes 21: 27,

not seen, P photo

Mexico ad Gonacatepec. G.
D) i.“it}i:ﬁ.'Fll'. P nol seen).
Thevetia plumeriifolia Benth., Bot. Vov. Sulphur 124, 1. 43,

1845, Cascabela plumeriifolia (Benth.) Lippold. Feddes

Repert. 91: 53. 1980, TY PE: Honduras. Gulf of Fonseca.

S. Sinelair s.n. (lectotype. designated by Nelson (1996, 44:

60). K not seen. K ]rh[rhl K.

Trees 2.0-10.0 m. Leaves petiolate: laminae ob-
X 2.0-8.0 cem.

leathery, hirsute 1o lomentose, with conspleuous

ovate 1o oblanceolate. 5.5-17.5

Hm*mnhn'} venation.  Inflorescences with 5 1o 15
(lowers: peduncles 0.5-1.3 em, hirsute to glabrate:
bhracts ovale. (3.0=)5.0=7.0 X 2.0-6.0 mm. |Il'I'HiH|1‘II|-

lomentose. Flowers with |‘H-'I|if'{-'|:-'u 2.4-7.0 ecm. hirsute

to glabrate: sepals ovate, 0.5-1.2 X 0.3-0.5 cm.
elabrous:  corolla  vellow,  tube  0.8-2.5 em.

4.0 mm diam.. internally glabrous. throat (0.9-)1.3—
2.5 ecm, 2.0-2.3 em diam., lobes oblong, (1.2-)2.4—
4.5 X (1.0-)2.2-2.5 em; anthers 2.0 X 1.0 mm: ovary
2.0 X 4.0-5.0 mm. glabrous, style 1.5 em. stigma
1.5-2.0 X 2.5 mm. Drupes 2.0-3.7 X 2.8-5.5 cm.
lenticellate: seeds 1.8-2.0 X 1.8 em.

Distribution. Mexico (Chiapas. Colima, Durango.

Guerrero, Jalisco. México.  Michoacan,  Morelos.
Nayarit, Oaxaca, Sinaloa. and Zacalecas), Costa Rica,

Il Salvador, Guatemala. Honduras, and Nicaragua.

Discussion. Cascabela ovata is easy to recognize by

the obovate to oblanceolate leaves., with |1-=u||1f>|'j.'
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consistency., lomentose indumentum, and CONSPIEHOUS
secondary venation.

COSTA RICA. Guana-
caste: Peninsula de Nicova, bejuco la Islita, Q. Jiméne:
To5f (NY), EL SALVADOR. La Libertad: Puente Sthua-
lepeque, carr. Litoral de occoidente, Montalve 6376 (NY).
GUATEMALAL El Quiché: Rio Blanco, near village ol Rio
Blanco, L. Williams 22155 (NY). HONDURAS. Morazan:
Drainage of the Rio Yeguare., Casa Blanea, Glassman 1819
(NY ). MEXTCO. Chiapas: 8 km W de Tuxtla Gutiérrez, al W
de la coloma Juan Crisping Reyes-Gareta 1955 (MEXU).
Colima: Manzanillo. I, Palmer 1069 (NY). Durango: 6 km
S de Huazamota, S, Gonzdlez 2405 (MEXU). Guerrero:
Sochopala, Bruff 1107 (MEXU). Jalisco: Chimalistin, R,
Hernandez 9120 (MEXU). México: Dolores, Matuda 31261
(MEXU). Michoacian: 5-6 km NE de la  desviacion
a Tuzantla, 14 km NE de Tiquicheo, F. Chiang 536 (MEXLU).
Morelos: Brecha Nicatlin a Xicatlacotla, Quezada 1699
(MEXU). Nayarit: Colorado de la Mora. Benitez 3107
(MEXLU). Oaxaca: 50 mi. S ol Oaxaca on hwy.. Dheyver 11360
(MEXU). Sinaloa: 30 km NE de Culiacan. rambo a la presa
Ortiz 320 (MEXU). Lacateecas: W de
Pueblo Viejo, Cerro de Pinones ladera E. casa de J. Avala.
Balleza 8182 (MEXU). NICARAGUA. Boaco: km 101 carr.
Woreno 5620 (MEXLU).

Selected Spectmens examined.

Fl Comedero, (.

Juigalpa, el Papaval. P.

3. Cascabela pinifolia (Standl. & Steverm.) Alvarado-
Cardenas & Ochot.-Booth, comb. nov. Basionym:
Thevetia peruviana (Pers.) K. Schum. var. pinifolia
Standl. & Steyerm., Amer. Midl. Naturalist 36:
185. 1946. Thevetia pinifolia (Standl. & Steyerm.)
J. K. Wilhams, Sida 17: 187. 1996. TYPE:
Mexico. Michoacan: trail from Apatzingan to
Tacntaro, 7 Aug. 1910, W. C. Leavenworth 5005
(holotype, I not seen, I photo MEXU!: isotypes.
GH not seen. NY not seen. NY photo NY!).

Trees or shrubs 1.8-5.0 m. Leaves sessile: laminae
8.0-20.0 X 0.1-0.3 em.

glabrous to hirsute, inconspicuous secondary vena-

linear. membranaceous.,
Lion. Inflorescences with 6 to 114 (Towers: }11={f1||1{*|1*.~a
0.86-3.0 em. hirsute to glabrate: bracts ovate, 3.1-
L.9(-6.0) X 3.0-4.5 mm.
Flowers with pedicels 1.0-2.
OD.o-1.1 X

vellow, tube 1.0-1.8 em. 3,010 mm diam..

persistent, hirsululous,

{em, glabrous: sepals

ovate, 3.0—1.0 mm. glabrous:  corolla

;.',:IEllH'Hi.EH

inside, throat 0.9-1.1 em. 1.5=2.0 em diam.. lobes

oblong, 2.4-3.7 X 2.0 cm:; anthers 1.3-2.0 X
1.2 mm: ovary 2.5-3.2 X 3.0 mm. glabrous. style
|.2—1.5 em, stigma 2.0-2.4 X 3.0 mm. Drupes 2.5-
3.0 X 4.0-5.0 ¢cm, lenticellate: seeds 1.0-1.8 X
1.0 ¢m.

Distribution. Endemic of Mexico in the states of

Guerrero. Mexico, Michoacan., and Puebla.

Discusston.  Occasionally  Cascabela  pinifolia  is
imcorrectly determined as C. thevetia, but they can
be easily distinguished by the shape of the laminae
(linear in C. pintfolia vs. lanceolate o elliptic in C.

Hru'r'r'ffrr]. the imdumentum on the bracts [}Iil':-%llllllntl:-l

vlabrous in C. thevetia). and the

in C. pinifolia vs,
hairs in the corolla tube (absent in C. pinifolia vs.
present m (.. thevetia).

Selected specitmens  exanmuned.  MEXICO.  Guerrero:
20 km SW de Zirandaro. cam. Guavameo. F.
1336 [NY). H",i'“""“'- (.. Hinton 5792 (NY).
Michoacan: En lLas Colonmias. E. Martinez et al. 3639
(MEXU). Puebla: Paraje Cerro Gordo, 1 km NE de la
cabecers mlmi:'ipmf. Castaneda 41 (MEXU).

Wartinez

México:

1. Cascabela thevetia (1..) Lippold. Feddes Repert.

OL(1=-2): 52, 1980, Basionym: Cerbera thevetia
l.. Sp. Pl 1: 209, 1753. Cerbera peruviana
Pers.. Syn. PL1: 267, 1805, Thevetia neriifolia
Juss. ex Steud.. Nomencl. Bot. (ed. 2). 180.
1821, Cascabela peruviana (Pers.) Raf. Svlva
Tellur. 162, 1838. Thevetia linearis Ral.. Sylva
Tellur. 91. 1838, Thevetia peruviana (Pers.) K.
Schum.. in Engler & Prantl, Nat. Pflanzenfam.
2 159, 1895, Thevetia thervetia (1..) Millsp..
Field Mus. Nat. Hist. Bot. Ser. 2: 83. 1900).
TY PE: America. s. loc. et coll. Hmh}[}. e, Herb.
Linn. 298.1. BM not seen). Fieure 1.
Thevetia yecotli var, glabra A. DC.. Prodr. 8: 343, 1844, Syn.
nov. TYPE: Mexico. Tamaulipas: Tampico. 1827, J. L.
Berlandier 189 (holotvpe. G-DC!: isotvpe, P not seen. P
image MEXUT).
shrubs

"J.--

-,

2.0-8.0 m.

laminae lanceolate 1o -:-Hiiﬂi:-alL =163 2 5=

Trees  or | .caves }n‘liuhllt':

.4 cm, membranaceous, glabrous, with inconspicu-
ous secondary venation. Inflorescences with 6 1o 8
{flowers: peduncles 0.3-0.9 ¢m. elabrous: bracts ovate.
[.8—1.0 X 1.0-2.0 mm. deciduous. glabrous. Flowers
with pedicels 2.5-3.0 em, glabrous: sepals ovate 1o

lanceolate, 0.5-1.3 X 0.2-0.1 ¢m.

Coem. 3.0=-5.0 mm diam..

olabrous: corolla
vellow or orange. tube 1.2—-1.
internally pubescent, throat 0.8-1.4 em. 1.2=1.4 ¢m
diam., lobes oblong, 2.5-3.5 X 1.7-2.5 ¢m: anthers
2.0-2.5 X 1.5 mm; ovary 4.0 X 3.0 mm, g

style 1.0-1.2 em, stigma 2.0-3.0 X 2.5-3.0 mm.

Drupes 2.5-3.5 X 2.1-1.5 em, sometimes lenticel-
late: seeds 1.0-1.2 X< 1.0 ¢m.

IH}]II'HIIH.

Distribution. Mexico (Campeche. Chiapas, Guer-
rero, Hidalgo, Michoacan. Navarit, Oaxaca, Puebla.
Querctaro, Quintana Roo. San Luis Potosi. Tabasco.
Tamaulipas, Veracruz. and Yucatan). Central America
(Belize. Costa Rica. El Salvador. Guatemala. Hon-
South

(Bolivia, Brazil. British Guiana. Colombia. Ecuador.

duras,  Nicaragua, and Panama). America

\ntilles (Bahamas.
Flaiti,

Puerto Rico). Tmi:i_‘u cultivated in the ’[I‘n|1ir.~'~ ol the

Pera. and Venezuela), and the

Cuba. Dominican Republic, Jamaica, and

'k"l.'('lT'l!I.

Discussion. This spectes is requently confused with

(Cascabela thevetioides because both have lanceolate
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leaves. However, they can be distinguished by the 5. Cascabela thevetioides  (Kunth)  Lippold.
secondary veins (inconspicuous in C. thevetia vs. Feddes Repert. 91: 53. 1980. Basionym:

exposed in C. thevetioides), the leal mdumentum
(elabrous in C. thevetia vs. tomentose in C. there-
tioides). and the corolla tube size (1.2-1.7 em in C.
ve; 2.0-3.0cm 1n C.
Linnaean herbaria there are other specimens that can
he associated with C. thevetia: Linn 296.4 (LLINN nol
seen, LINN photo MEXU!) and S-Linn. IDC 105.5 (5
not seen. S photo S!). Morales (2005) considers thal
the holotype of this species is Herb. Linn. 295.1 (BM).

but there is no discussion supporting this decision.

thevetic thevetioides). In the

We are provisionally accepling his choice. mainly
because we did not have access to thal H[}f‘{‘illlt‘ll. but
we conzider that it should be reviewed having all the
malerial at hand.

Selected specimens examined.  BAHAMAS: s, loc., 13 Apr
1978, Braee 243 (516) (NY). BELIZE. Cavo: El Cavo and
vicinity, Chanek 33 (MEXU). BOLIVIA. Santa Cruz: region
de Lomerio, comunidad de San Antonio, cerca de la iglesia,
M. Toledo 291 (NY). BRAZIL. Villa Maria, . Kuntze s.n.
(NY). BRITISH GUIANA. s. 48-2 (NY).
COLOMBIA. Antioquia: I Bagre. along road near airport.
Zaruccht 3260 (NY). COSTA RICA. San José: San Pedro.
Ciudad Universitania. Dobbeler 571 (MEXU). CUBA. kn-
senada de Mora, river vallev. N. Britton 12951 (NY).
DOMINICAN REPUBLIC. Vicinity Rio Arriba del Norte. N
of San Jaan. R. Howard 9301 (NY). ECUADOR. In collibus
prope Guavaquil, Mille 60 (NY). ELL SALVADOR. Sonso-
nete: vicinity of Nahulingo. P. Standley 22012 (NY).
GUATEMALA. Santa Rosa: Cenaguilla, Hevden 3995
(NY). HAITL. Morne I'Hospital, Fortan Prince, Holdridge
102 (NY). HONDURAS. Puerto Sierra. PP. Wilson 317 (NY).
JAMAICA. Saint Andrew: above Mahogany Vale tool
bridge, Vuncker 18325 (NY). MEXICO. Campeche: 2 km
W de Calakmul, camino a la Laguna, E. Martinez et al.
27644 (MEXU). Fscuintla, Matuda 16715
(MEXL).  Guerrero: Verde, Laugman 3325
(MEXLU). Hidalgo: Limites de Hidalgo-San Luis Potosi.
hacia Temazuchale, R, Herndndez 3922 (MEXU), Michoa-
can: en lLas Colonias. J. Seto 4966 (MEXU). Nayarit:
La Quits La Concordia. en el campamento Balleto. (). Téllez
4139 (MEXU). Oaxaca: San Juan Atepec. 8 kim de la
lerraceria al poblado, hacia Abejones, en el Puente de
Rio Grande. Alvarado-Cdrdenas et al. 38 (MEXU). Puebla:
near Coxcatlan on Cerro Ajuereado and in the adjacent
Smith. €. 3640 (NY). Querétaro: Orilla del
Rio Santa Maria. 4 km de las mesas de Agua Fria, A
Herrera 128 (MEXU). Quintana Roo: en San Miguel
Cozumel, lote baldio. Cabrera 13622 (MEXU). San Luis
Potosi: Rascon. Pringle 4107 (NY). Tabasco: Carr. W-0 en
el Aserradero quemado. Calzada 2375 (NY). Tamaulipas:
Sierra Guatemala. | air mile N of the square at Gomez Farias
on road to Rancho del Cielo. Sullivan 683 (NY). Veracruz:
2 km NE of Emiliano Zapata (Carrizal), 1 km S of hwy. Mex
140, Hansen 7518 (NY). Yucatan: 1 km al SE de Tecax,
sobre la carr. a Chetumal. Cabrera 11328 (MEXU).
NICARAGUA. Chontales: 2-3 km NE de Cuapa. Nee
28477 (NY). PANAMA. Diablo, Blum 3987 (NY). PERU.
Cajamareca: ca. 35 km E of Pucara, beside Rio Huanca-
bamba, A. Gentry 22757 (NY). PUERTO RICO. Fajardo,
Sintenis 1650 (NY). VENEZUELA. Caracas: Los Chaguar-
amos., :".h:rffr*nll' 3 (NY).

loc.. Jenman

Chiapas:

{.osta

valley,

Cerbera thevetioides Kunth, Nov. Gen. Sp. 3:
223. 1818 [1819]. Thevetia thevetioides
(Kunth) K. Schum.. Nat. Pflanzenfam. 4(2):
159. 1895. TYPE: Mexico. Guerrero: Taxco.
|Apr. 1803], F. W. H. A. Humboldt & A. J. A.

)

Bonpland s.n. (holotype, P nol seen, P photo

MEXU!). Figure 1A, B.

Thevetia vecotli var. yecotli A. DC. Prodr. 6: 343. 1844,
TYPE: Mexico. ["f'h.:xic*{}?_f: In Mexico ad Gonacatepee, 6.
Andrieux 253 (holotyvpe, G-DC!: isotvpe. P not seen).
Trees 2.5-10.0 m. Leaves petiolate: laminae lance-

6.0-14.0 X 0.5-1.3 em,

slabrous 1o tomentose, with conspicuous secondary

with 10 to 18

peduncles 0.6-2.1 em, glabrous: bracts lanceolate to

ovate, 0.4-=1.1 X 3.0-4.0 mm. deciduous, glabrous.

Flowers with pedicels 1.2-2.5 em. glabrous: sepals

HIL’I““. HH'I?II}I'EIHEH'E'UHH.

venation. Inflorescences [lowers:

ovate to lanceolate, 0.6=1.3 X ca. 0.5 em. glabrous to
hirsutulous: corolla vellow. tube 2.0-3.0 cm, 3.0-
5.5 mm diam.. internally glabrous, throat 1.2-1.9 cm.
1.0-1.8 ¢m diam.; lobes oblong-obovate. 4.0-5.3 X
3.0-3.5 em: anthers 2.0-2.8 X
2.5-4.0 X 2.0-2.5 mm, glabrous, style 1.8-2.0 cm,
stigma 2.3-2.5 X 2.6-3.0 mm. Drupes 2.3—4.5 X
3.0-06.5 em, o—-1.8 X
2.0 em.

1.O=1.5 mm: ovary

lenticellate: seeds [ 5=

Distribution. Endemic of Mexico in the Distrito
Federal and the states of Guanajuato. Guerrero,
México. Michoacian. Morelos. Oaxaca. Puebla. and

(Jueretaro.

Discussion. This species is frequently confused with
Cascabela thevetia. because both species have lance-
olate leaves. However, they can be distinguished by the
presentation of the secondary veins (exposed in C.
thevetioides vs. inconspicuous in C. thevetia). the leaf
|mhi—*ﬁ{-r~m't' (tomentose), to some extenl }1}' the flower
size (corolla tube 2.0=3.0 em in C. thevetioides vs. 1.2—-

T emoin C. thevetia), and to some degree by the frul
size (drupes 2.3-4.5 X 3.0-6.5 cm in C. thevetioides vs.
2.5-3.5 X 2.1-4.5 ¢cm in C. thevetia).

Selected specimens examined.  MEXICO. Distrito Fed-
eral: Covoacdn, Jardin Botanico, Garcia-Mendoza 7194
(MEXL ). Guerrero: Ajuatetlan, reserva campesina, Godinez
[ (MEXL). Guanajuato: Delgado, cerca de Neutra.
Rzedowski 39849 (MEXU). México: Tepetitlan, F. Ventura
1239 (MEXU). Michoaecan: Huetamo. en las colonias. J[.
Soto 4274 (MEXU). Morelos: lava beds near Cuernavaca,
Pringle 6332 (MEXU. NY). Oaxaca: Tlacolula. Tlacocha-
huavo, Conzatti 4631 (MEXU). Puebla: Loma al NE del

Calvario de [_:illtt’-“pt-‘{'. Tenorio & Alvarado-Cardenas 20638

(MEXU). Querétaro: El Batan, Argiielles 1055 (MEXU).

Thevetia L., Opera Var. 212. 1758, nom. cons.
Ahouai Mill.. Gard. Dict. Abr. (ed. 4). 1754, Ahouai
Boehmer. Del. Gen. Pl. 36. 1760. Ahouar Adans.
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Fam. Pl 2: 171, 1763, Thevetia section Ahouai K. 1.5 X 2.0 mm persistent. ¢labrous. Flowers  with

. Nat. Ptlanzenlam. 4(2):
159, 1895, Plumeriopsis Rushy & Woodson., Ann.
Missourt Bot. Gard. 24: 11. 1937, Ahovaid Pichon.
A\nn. Mus, Natl. Hist. Nat. 13: 227. 1948. TYPE:
Thevetia ahouar (1) A. DC. Prodr. 8: 345, 1841,
Sp. PL.208. 1753).

Shrubs or lrees uit|1 n1i||«;j. latex. Leaves allernate,

Schum. Engler & Prant

lyp. cons. [Cerbera ahouwai ...

petiolate: laminae subleathery. with  inconspicuous
secondary venation. Inflorescences terminal. corvmbs
simple,  rarely  compound.  Sepals  with  colleters:
corolla vellow 1o vellowish sometimes tinted  with
purple. hyvpogyvnous. hippocrateriform or funnelform.
lobes  sinistrorse-contorted,  reflexed  or  extended:
suprastaminal appendages  deltowd. villous: anthers
supported by ribs. latrorse. including agelutinated on
the stigma. apical connective deltoid. dark. fused:
frastaminal appendages quadrangular, hirsutulous.

oviles 2

Ovary  partially  synearpic. per carpel.
marginal placentation. stigma conical. base 10-lohed:
nectary annular. Fruits as rentform drupes. exocarp
red. with or without lenticels, mesocarp leathery.
endocarp  segmented,  thin. rough: seeds with or
without wing, when wineged fimbriate. testa crusta-

Ceouts or |{*.'|I|u=|'}_ u'|||||r'_a'n {'IHHF}I'{‘.H'HI‘II m one side.

Y 1O SPECHES OF THEVET

o 1

L. Leal Tamina obovate 1o r-|];l|ll|illl'.

2a. Plants 1.5=13.0 m 1all: leaves hirsutulous or

la. Leal lannna lanceolate Az e

|ti|r[uu'r‘aih-l'ii'nrm; seed]

2b. Plants 1.0=-2.0 m tall; leaves tomentose: coro

;l_'ilel}ll'nllﬁl corolla

'.uIJIIL';f'rL lersta crusliceous T r:.l’l.rr:a'rrra"

i
funnellorm: seeds wingless, testa leather

A f J'rn'-r'u.l"f.lt.rIH

DC.. Prodr. 8: 344.

|61, Basionym: Cerbera ahouai 1. Sp. PL ed.

I. Thevetia ahouat (1) \.

2. 303, 1762, Plumeriopsis alouai (1..) Rushy
& Woodson, Ann. Missouri Bot. Gard. 24: 11,
1O37. Y PLE: Brazil. (lectotvpe. designated hy
(1993, 127: 94), Hb. Clifford:
(0. Plumeria No. 1. BM not seen. BM photo

BM!). Figure 1E, F.
Cerbera nitida Kunth, Nov. Gen. Sp. 3: 325, 1819, Thevetia
nitida (Kunth) A, DC.. Prodr. 8: 344 1811 Ahorai nitida
(kunth) Pichon, Ann. Mus. Natl. Hist. Nat. 13: 227, 1948,

TYPE: Amernca :*:|l|;|lnr'iui |[:u|n|||i1i;L|: “Crescil ad oshin

Lecuwenherg

Huminis el juxta Turbaco Novo-Granatensium.”™ #F. W, 11

. Humboldi & A. .
seci. P ophoto MEXUT).
T.‘IH’.?':'H'H :'Hful,n'u'lr_'u"'."'u Miers, "iluu'_'l.lt, 5 ] \JIL i I 5 O T |'|‘::
Venezuela, Valle la Cura, Mortiz 1158 tholotvpe. BN,
Shrubs. rarely trees 1.5-13.0 m. Laminae obovale
lo elliptical. 8.0-30.0 X 3.8-8.0 ¢m. hivsutulous or
with 10 10 18

peduncles 5.0-15.0 em. elabrous: bracts ovate.

. Hrm].u."'rmd" L l|l:rlnl_&;n: I’ 1ol

olabrous.  Inflorescences Mowers:
L
et o

pedicels 0.8-3.0 em, ¢labrous: sepals ovate, 4.0-7.3
X A0=-5.0 mm. glabrous: corolla vellow 1o vellowish
or white. hippocrateriform. tube 2.0-3.5 cm. 3.0-
LO mm diam..

obovate. 0.7=1.8 X 0.6—0.8 cm. reflexed.

mternally — elabrous.  lobes  oblong-
;{I&ll!]'[}llh:
anthers 2.0 X 1.0 mm: ovary 2.0 X 2.0 mm, glabrous.
style 1.8 em. stigma 2.2 X 4,0-5.0 mm. Drupes 2.9-
4.0 X

1.8 cme winged, lesta crustaceous.

2.0-3.8 em. not lenticellate: seeds 2.5 X

Distribition. Mexico H'..alm|n-r||n:-. {:lliéliulr-l. Guer-

rero.  Oaxaca.  Puebla.  Quintana Roo.  Tabasco.

Veracruz, and Yucatan), Central Amenca (Belize.

Costa Rica. Guatemala. Honduras. Nicaragua. and
Panama). South America (Colombia and Venezuela).

and the Antilles (Cuba). Todav cultivated in the

|T'{:|-|:li{'h ol the world.

Discussion. Thevetia ahouar s easily recognized by
Lthe hirsutulous 1o glabrous lamiae. the corolla Tobes
reflexed, and the seeds with fimbriate wing and
crustaceous lesla,

Selected specimens examined.  BELIZE. Cavo: vieinity of
Cuevas S of Milhionario. T, Croat 23561 (NY). COLOMBIA.
Antioquia: Cordoba 12 ki E ol Arholetes, along road 10
Monteria, Zaruceehi 3923 (NY)., COSTA RICA. Limon:
Barranca del Colorado, N side hetw. town and ocean beach.
[ Stevens et ol 23126 (MEXL). CUBA. Samta Clara:
Soledad. Cien Fuegos, 25 . Jack 8366 (NY ). GUATEMALA.
lzabal: Fl Fstor. La Mina de Exmibal, al E de El Estor.
fenorio 11579 (MEXU) HONDURAS. Atlantida: vieinity of
La Cetba, Yuneker 8281 (NY), MEXICO. Campeche:
Calakmul. 0.9 ken NW de Pioneros del Rio. Calonico 23775

(MEXU). Chiapas: Catzaja. Laguna de Catazaja near the hwy.

hetw. \ i“;l Hermosa and Mérda and F ool H;ljmhlh Crrandes.
Breedlore 28762 (MEXL ). Guerrero: San Avostin Oapan.
Solar | H wedente de |j_';ltei|51. Hernandez del Olmo 618 (MEXL ).
Oaxaca: Cuicatlan, Caletal El Faro, Conzattd 3951 (MENL.
Puebla: Hueviamaleo, El Cerro. £ Ventura 17870 (MEXL.
Quintana Roo: | kin NW del entronque Mérida via corta. ).
I.IFIF’-HI': L I:\”‘:.\[ I 'lﬁulmm*u: "-.r'!'nl'-.n |}H|Ih il ]:I !]l‘]'l'['|‘|.;] [Il'|
puente Ll Coco. Guadarrama 6508 (MEXL). Veracruz:
20 km F de Catemaco-Acavucan. Gomez-Pompa 107 (MEXL).
Yu ':Ilﬁll: (e |H:-w EIEI'I‘IJI'{IHI'P‘-H'{' H FARIRH | ill‘l“Hu:h];:iril lll' :'":'H_". i|,
30 km SW de Oskutzeah, Cabrera 90431 (MENUL NICAR-
\GUAL Zelaya: Bluchelds. T ki W del pobladao. 2. Woreno
20625 (MEXUL PANAMA, Baru: along ridae above Brazo
near Costa Rica border, T Croat 22561 (NY).
VENEZUELA. Trajillo: Carr, Maracaibo-Azua Viva 16 ki
I de Agua Viva, Bunting 5033 (NY ).

M)

2. Thevelia amazoniea Duke. Arveh. Jard. Bot. Rio
3: 247 |n|. 16, 1922, TYPE: Braxl.
Duke 3058 [II'I‘EH|_‘-.|H'.

desienated here. MG not seen).

de Janeiro

ara: Almeimrin, A

[0.0—135.0

X, |.H—l.” C111. |'Iil'.'-ll||t' lo lomenlose, IHI‘IHI'i.‘*-%l'{‘]ll'I“H

Shrubs 2.5=3.0 m. Laminae lanceolate.

with 9to 16 flowers: |JE'{|I,IIH'|!‘.'- 0.6—-1.8 cnm. lomentose
o glabrescent: bracts ovate, 41.9=-7.0 > 3.0—1.3 mm.

persistent. hirsutulous. Flowers with pedicels 2.3
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2.8 em. glabrous: sepals ovate. 4.5-8.5 X 3.0-

5.0 mm. hirsutulous; corolla  vellow  tinged  with
purple. hippocrateriform. tube 1.9-2.0 em.  3.0-

1.0 mm diam.. internally ¢labrous, lobes oblong.
1.3-2.5 X 1.3-2.3 em, extended; anthers 1.9-2.0 X
1.3 mm: ovary 1.3-1.7 X 1.5-1.7 mm, glabrous. style
0.7-1.0 em, stigma 2.3 X 2.1 mm. Drupes 3.7-4.5 X
3.3-3.5 em. lenticellate: seeds 2.4 X 1.2 em. wing-

less. testa li'altht'l‘}'.
Distribution. 'rom Brazil to the north of Bolivia.

Discussion. Thevetia amazonica shares with T
bicornata the tomentose indumentum and the wingless
seeds with leathery testa. but T. amazonica is casily
distinguished because it is the only species in the
senus with lanceolate leaves and yellow corolla tinged
with purple. In the original description. Duke listed
four specimens. three of them from his own collections
(3058, 3550, 4918

12455, Although we could not examine any of these

and the other from Snethlage

specimens, we selected Duke 3058 as the lectolyvpe
follow ng Gensel’s (1969: 49) unpublished thesis. who
mentioned that it is “the most representative and
complete.”

Selected  specimens examined.  BOLIVIA. Departamento
de Beni: San Ralacl. Beck 2661 (MO). BRAZIL. Mato Grosso:
Malo Grosso. transpantanneire hwy., Crawshaw 2684 (NY).

3. Thevetia bicornuta Miill. Arg.. Linnaca 30:
392. 1859-1860. TYPE: s. loc.. H. A. Weddell

3112 (holotype. P not seen).

Thevetia paraguayensis Britt. Ann. New York Acad. Sei 7
158. 1893. TYPE: [Paraguay.| Central Paraguay. T. Morog
381 (holotype. NY!: isotypes. GH not seen. MO!).
Shrubs 1.0-2.0 m. Laminae oblanceolate to spat-

ulate, 5.0-12.0 X

cences with 10 to 15 flowers: peduncles 2.0-3.0 ¢m,

1.86-9.0 X

p(*r:-al:-:trlll. hirsutulous. Flowers with |H'l|it'f'l,~: l.o—

|+.'r?'-—--1-.“ . lomenlose, ||1f'|{1|'l:-r1-

lomentose:  bracts  ovale. 3.1-5.0 mm,
3.0 em. lomentose; sepals ovate. 5.0-8.5 X 4.0-
5.0 mm, tomentose: corolla yvellow. funnelform. tube
3.0-6.0 mm, 2.0-4.0 mm diam.. internally glabrous,
throat 1.5-2.0 cm. 1.0-1.5 em diam.. lobes oblong.
2.0-3.5 X 1.5-1.7 ¢m; anthers 2.0 X 1.5 mm: ovary
1.5 X 1.5 mm. glabrous, style 3.0-1.0 cm. stigma 2.3
X 2.0 mm. Drupes 2.0-3.0 X 2.0-2.5 c¢m, nol
lenticellate: seeds 1.5-2.0 X 1.0 em. wingless, testa

leathery.

Distribution. From eastern Brazil to Argentina. mainly

in the Chaco region.

Discussion. Thevetia bicornuta is easily recognized
by the oblanceolate to spatulate leal laminae and the

(unnelform corolla.

ARGENTINA. Formosa:
168 (NY).
Ared

Selected specimens examined.
l'stan. Bouvier, Riconada. Guaglianone et al.
BOLIVIA.
<ot back from the channel of a stream or small river
about 1 km W of the Rio Sicuri, Ritter 1592 (MO). BRAZIL.
Mato Grosso do Sul: Rio Paraguai. porto Manga,
Hatschbach 29551 (NY). PARAGUAY. Alto Paraguay:
Valle M. Niesling 9702

Santa Cruz: lLaguna Caceres. swampy

Irente a Riacho _"'n]n:-ﬂql]iln_

(MIEEX LY.
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(llieui1t 1,.

Cerbera I.

Ceieriopsius ieuill. ex
P tiiieitic Si-ct

jiituniiuni/tu.i XX itit. ex
IZnrim. ci Schullt.

Piii I.



Tlihei ti |

Tabhle . l)iffeTreu proposal.s if i assification for | hl laathtlia llii \r classil'fid wvitlhin Rlaui ollfoideae. . lluiii
riaii l* I'ndr<-'s and Iryns (2000). In all | ihe pro)iposals. C(asc be<i.Irl is consid reed

ciJd 1...cooeiiiiinnnn. "Tf.,,. ..;, Rrl - no,,, ....I,,,sl01
Ge(;nra Enllither (18;38) de Candolle (181.1)  Schiiimaii (1897) Piclihn (198a. b. 1950)
Lewenberg (983. 199) Sennllad & lircirer (2002)
Allaiin 1'l.. S1u uthrdo-i \f illunghHiea. luirioideai e Plume rioideae Pluimerioideae
Ra nvllioidei a
Carisseae Allaimandae Alrdultineae Allumandeae Allamanduae
Plumericae
NI
NI
Su oldio-2
Ophioxyieae
Sulon lo-2

Ophioxvletae

NI

NI

N1
Suiordlo-:i

Plunmlriae
NI

Suborldo-2
()hiilo\\e a



NI

Plullri ai-
Pui i -i-iicr
Ta 'er'nallno' | ani neae

Thel\lirar

Plurin ricau
Taberin'iiintanineac

NI

NI
NI

Plumn riest
Tlat iiierniarii tani

| chite i

Carie.uiae
[Thirti, .tl,

Pllumeriioideae
Plulmerieae
au\()oll'iiiieae
Pllinriiillnidii ea
I'Plumerieae
1lstiii- -iliti eitt
\Itimiiii ae
IPlunuerihidean
Plunericae

I(lei riirlneae
(Pliniiirioideae

I' umerieae
(Cerl riineae
Plumeiirioideae
Plumenri‘ae
Cerb eriineae
NI

NI



lunwritiae
\Istoniineae
'lumerinidei e

Plumerieae

C e(rl.iii(ieae

llunl Iriioideae
liauvolfieae
Al'liehilinae

| cril reloidealt
Itiv etliecae

C( rierariinae

e'l'lvrl e ii dtte
Thelctieai

(:irth riinac
(C eerinae

lluinerioicdae
Sluer'ieinae

Plii uericideae
Plu>ineriinae
Plumnierioideae

Plumiriinae
Plulwrioidetae
Plumeriinaet

tiCerbereoidear
Skvlautheae
Skvlantheae
Cerilreoideae
Ti levetliinae
Rauvollfiea

Anechitinae
IPlull eric()i(lae



lliumnerhinihin
Cerbereai

Plumerioiduca
Cerbereae-

Plumerioidieaii
Cerbereae

Plumerioideae
Plunieriinae
Plumerioideae
Plumeriitiae
Plunerioideae
Pluileriinua
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"
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Rauvollioidera
PlUnieriae
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t gnui t. ixiluli Ir spic- e-s iu-niug le ies - (eu e/n/e liieZir'i m eil f<..\I Cee iiW< 1/arrrlui <'eeijidue. (.C
ieiuie. t1). (C. :i/xc-uia. -.. F. i/ix'i eu(i a/iueul.

2003: Alvarado-Cairdenas & Ochoterena. 2005). Nol
ri-ccogizine Tl'ricrtil as a <lifi-rient genus frion Cesca-
Ibela, WAilliams (199)(6) e<le.vacld T. perulii'mn K. Schuim.
in Enigl. & Pralll var. tiniifi/lic Sandll. & Steverm. <ex
lavenw. (I eaveinworlh, 196) to sp)ecies rank. There-
lore(, eighil s,,p ci(es ari clluriiieilly recognized wilhin
T/heeti'ii (iiicltlingi Cascahbela). witi six withiii Cerberu.
Dl)spile llc recrut elialislic analyses lo claessif' lie
faimily amni lite irib bas(d oin i morpologyi n and/or
molecuilar dala (Enreess et al.. 1996: Sennbulad &
Briier. 1996, 2002). th2002 e wourks have not included ail
tlihe spec<ies in lle ct mpitnrx: tlhei insteadl foese(d on
Iroader cluesiions. leaving aside the problenalie

The ol)jelif e if' tiis work is lo provide evidelnce,
lased on a miorphuilogical phlivi(genetie studv 1for
a more mntl ral classiflicalimi o(f the( ge eri'c (coll >lex.
Also. the intention is lo postulale hvpotheses for the
relatiniishlii)s amonig llli s[pecies wvilhiin the species
comp)lex and to tiest ihe position of thlie genera within
Ihe | eilbe . At tihe silamn ime tlhe resilts of this analysis
will allow for Llie postulalion of hypotheses for the
evoilution of flower and fruii chairacters related io
plollinaiioii amni dlislersal syndromeis. A key and
synoptic dtescriptli-ios of the laxa in the complex are
p iro idid lo (fi a ilitati fiutur taxonoimic work.

M VI:all\l \ANI) METnull( S

An intensive bibliographic conmpilation (mono-



graphie andl floristic Iraltirients. I)hyilog netie studies,.

ect'.) w as asscmiled to dlfin( llhe species samplinga, as
w-Il as lo compare ilic observations ami coding of, lih
rmrplhological character sel: Allorge (1998): Alvar-
ado-Cair( nas (2003, 2004); Boitean & Allorge (1978):
Eme,iress (1996(); Iniidress & l4ruyns (2000); E2idress et
al. (1983, 1996); IEzerra (1981): Fallen (1983. 1984,
1985, 1986); (Gensel (1969); G(enlry (1998): L.eeuwen-
lerg (1983. 1991.. 1999): Niisson (1986. 1990):

Nowicke (1970); Plichon (1948a. . 191.9, 1950a., b);
IPire (1989); Plumiel (1991); Poigieter & Allert (2001):
R(osatli (1989): {ouniik & Moreno (1991): {zedowsxki
& Izedo(wski (1998); Senbl)lad & Bremer (1(996.
2002): Senniilad et al. (1998): Simioes & Kinoshiila
(2002); Sia llev< (192.1.): Stani lley & \illiams (1958):
Veillon (1971): \\illiams (199(6a, I. 2002);: W oodson
(1935,. 1938a. b>): and \\ oodson & Moore (1938).

I x\o x sx 1 u.'\(;

Ixiwelve gei-era and 22 species were iincluded in liii
cladislic analysis (Talble 2). This samp)ling includess

for lihe first lime all species of (JuCasca<el (lour specifes)
anil Theiechiu (fouir species), ihree representative
sp|cie(s of (e'rberi (oui of six). and at leasl one

species of eac.h genis within Plumerieae sensu

Eedress and i riyns (20(00). Cari.ssu murac'e-rpa
(Eckl.) A. 1)(C. as us(ed as tlhe functional outlgrouii
accoruling to Sennhlad and Brenr (1996). who

suggecsid t(ai il is a minmlbr of the sister tril)e

Carissa f ((urtri.ssu I.. aiull Alco/h nt/her (,. l)on f.). This
oulgroup it as also selecled considering potcnlial
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Table 2. List of genera and species included in ihe analvsis.



Genera Spc(ies total/inchnild Species
Carissa 30/1 C. macrocarpa A. 1)C.
Allamanda 14/1 A. cathartica L.
Anechites 1/1 A. nerium (Aubl.) Urb.
Cameraria 3/1 C. la<ifoliia L.
Cascabela 4/4 C. gaumeri (Hemsl.) Lippold
C. ovata (Cav.) Lippold
C. thevetia (L.) Lippold
C. thevetioides (Kunth) Lippold
Cerberc 6/3 C. floribunda K. Schun.
C. odollam Gaertn.
C. manghas L.
Cerberiplsis 3/1 C. candelabra Vieill. ex Pancher & Scberl
Hinmati nthus 13/1 H. obovatus (Miill. Arg.) Woodson
Mortoniella 1/1 M. pittier/ i Woodson
Plume ria 712 1'. obt/us L.
P.rabra L.
Skytanihus 2/2 S. acutus Meyen
S. hancornia/eolius (A. DC.) Micrs
Thevetia 4/4 7. ahouai (LI.) A. DC.

. arnazonica Ducke
. bicornlta Miill. Arg.
. pinifolia (Standl. & Steverm.) J. K. Williams

~N ~

inclusive synapomophies, as proposed by Nixon andt
Carpe nter (1994).

CHA RA:TER SAVMPIING;

The homology hypotheses represented by the
character and character state definitions follow the
conjunction and similarity (position, form, and
function) criteria of Patterson (1982) and De Pinna
(1991). Floral and vegetative macromorphological
structures were studied from personal collections
and more than 900 sheets from herbarium material
listed in Appendices 1 and 2. The specimens are
deposited in the following herbaria: G, MEXU, MO,
NY, SP, XAL, and Z. Reproductive characters were
studied from the spirit material and flower anatomical
section slide collections of M. Endress at Z.

Pollen grains and floral structures observed under
a scanning electron microscope (SEM; Hitachi S-
2460N) at the Institute of Biology, UNAM were
dehydrated and covered with gold-palladium inside an
ionized camera (Emitech K550). Pollen grains for
observation under optic microscopy were acetolyzed
following Erdtman (1960) and mounted on slides
using glycerin. At least 20 grains per species were
measured at polar and equatorial axis lengths. The
pollen and floral structures were sampled with the
autho-ization of their respective herbaria (MEXU,
MO, NY). Sampled collections are indicated by
a dagger (t) in Appendix 2.



The following continuous characters were analyzed
using descriptive statistics to define the character
states: bract length (7), sepal length (9), and pollen
diaieter (22). Species-level box graphs were con-
structed from all of the specimen measurements,
considering standard error and deviation, using the
program Slatistica V.6.0.3 (not shown, available fromi
the authors; Statsoft Corporation, Tulsa, Oklahoma).
The intervals, which correspondi to the proposed
character states, were defined to reduce overlap of
standard deviation.

PHYLO;ENETIC ANAIYSIS

A morphological matrix (Table 3) was constructed
and edited in WinClada (Nixon, 2002), and analyzed
using NONA (Goloboff, 1999). To find the most
parsimonious trees (MPTSs), heuristic searches using
tree bisection-reconnection (TBR) were conducted
with 2000 replications (in sels of 1000) using different
starting trees (Wagner trees built with random
addition sequences), holding 20 trees on each
replication. The searches were followed by a more
extensive TBR holding up to 50,000 trees (twice:
h50,000; h/20; mu*1000; max*; sv*). Branches with
ambiguous support in the MPTs were collapsed,
identical trees were removed, and a consensus tree
was calculated using the option "Consensus (strict)"
in WinClada and saved as a metafile edited in Adobe
Photoshop 6.0. The option "apo[" of NONA (Goloboff,
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111010-001 0100-11000001)(
2202101010000 -110000000
20210110101000 -11 00000(

10B 1> 1-c
2021 012000000-110000)00(

2010011000 0000-010000000 1
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100A110A100 10- 00- 12100)

1 0BA010000000 ] 010- 2 1 0000
011100-0001 100-11011 ]1010
11100100000001010-12101 11
202101 11 11000100111]11 1 101
2020011 }1 00111111111 1i01
202001111 1i000111 11 1BO1
20200 1121200010211 11201
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100110- 01010101111 1101
R001110101012121111011]]1
B0O2 1A0001 0101011111 11]1i
20()21010101012121 1111 1 1i]

in or 2i32011010121211111111 1
B AR 20010101 10i12 11111 A1 2
a,,. i, 2000001 0A00112111112111 1

i01))\,ais s('l'lo ido ili'iv1l liclf (<i' raicr sals hll atll
utiinl Digii ol)slli slilp or lihi* ranchi h(i s i of ite vc silt nsii u
nliall 11'siii. \ iih tils )loti. hilici potiil | artifaii s

tlat result 2rolm) m ppl llp I ( arct'10ter.s (onto( th' co'lliaps.d
hrahiieics of a consensus (Nixon i& Carpcinlcr, 199()

ar'e corre letil. T'o evalualt lie relative statililty off
(I(csinh 111" (ll'lsusii. a charactli rlil1)Val anall sisi
(D)avis et al.. 1) 3). as a|)])licd in L.ua and

(Oc'hi otrenii  (2)0(1). i;ias ((i)iiii icel iisiiin \ N()OW

((;ololii If,. 11>)) Ollnai fll( liDiii ,ig tlire (~o0- rr- sponii lin> i
Hi||KI'in \\ iini(«i la (Nixtii. 2(002). usinl Ilhe , s;nii

Im|a naileterlss ats or Ifie original alri, . Thie oal of t his5
anaiii si \\ii s .iils to I\ales L ate the ontil.. rib)utii 0 of

ii riti-rlo postulaO siratllgi(s for futui r'olll (" .I'stl.

[@islili'rs \ni)Is: sl(511

\ tol al of cii)ol-iiliall\ iInforalivi I< hiri ( 1ii
\irt i(nultdtd inlicl matrix (f Ta)lle 3): 22 Oare
niultistatanm siiof 1 -lh ni (1. 7. O. . 22., 33, : ) tert(



0,t'( as add1lilive (cl. A\p|)ceindix 3). T''h inalrix 1lias
alo)ulai 'o 121(0 ie s. \ilfi eighl (t).()% ) oif titilii t( d d1(1
asiissing (.Y ali( 7.5 (().'% ) as inllipplicall (-).

'lih h <ufiili.c s arch ic<(1l1 12 11i''s ("ilI" lIf (1) _

10! . consislti-\iiidl * for 0 ilir, Irte (Cl) = 1.50.-

ri(e itilini illex (RI) I i.7.1). 3 Iliic. 1i(n ii sus of wvi ici)
("ig. 2: 1= 171. (;7.C = .17. 1= 0).72) rcciovir lo 11
nlain i lu )d)s. Tli* mainii Il c'arcl'hi‘cal grol [|).s corrl"atl
to icihe tth e la\xa [Jr(lot,-s 1) lichion (I11l0 I-io. 1 30.) 1)
iald ILc u\\enl),I'<g (10 33. 1)0 1): (I) Plunw'iiii na .

110- 10002()-0)000220200-0-
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-3U
2020
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00.30
103)0

rclir.,'siint'l lTer 1.(i Ih/ \ttl-Ntli.l1atl. \\ ZLilld. (\ (.0iin.i
Sciull.. I'i>flo M'll/l< WWood.son. andm | /I n,1', . I.: (2)
\llallinuilldi(ea . i(llrtpres .(i )\ h i//110en,1(I/ I... 1an1 (:3)
(erseeree’ . ) re')lsntl' 1) Ihf I<(li "lesiillin [ ig gilnerla.
Rased on thle proposall of nmlress and 15roi\ns
(2000)(). \' s.ggsies t 1 tji-nisig tliese rol osled e grouips
to Il rlanllk of siillriic s. \lihic(i li niioni tlal | ral

priorith Ooul( |)' I'unm ‘riinae. ianllianliin e. iand

Tli/ \ e liiiilu (TIhe I; i.. ).



Th li Iiii silion olf tfll, iii,,,,i as sistlr in T 1he eliiiafe
(suiilllport’ | [) shia> (s th(, plle >r xtels.,iioi n (of Ifih
connectli.\ |liaracllr 10)/slalte 1. Of. \ppfl ndlix 3:

o' Isieslenii i Index iiir ce elira ter (Ci) - .0()0 . iipr'see i(ce
of ifiirasi aninal siappenf ig s 127/1.-i - 0O..50]. anii(
ircfifitpya tern18)e1 1 10I'. ci I- LI]) onflicts
\illlI 1] h\ floltheses laOcd on iolecnu'lar dala (Senbii lad t
[ ffiiler . 10() and co'(liiil)in(ld analyseseee, ( nli(ress cl
al., 100 1;.. Polgieleri A1 )(Irt. 200f1 ). lii lis'e analfse.s,
spe(ies of /Il,n, it,, 1florlil th'e 1i3ost incl'lusive cla0 0.
shliring a iiost Il isreceil i i)l i n(liestor \\ill iii,-,, -

Ifithli. and I PILilnlri. TICi “)(onliltii i'ng rstl r 'efleet
[li tiiori)l ol)gie al oim il\xit\ o(' t /ii<// niifno/ and(i ils 11
species| . aid reiilort e | hl e neefi d i 0 contiinue inveslig |-
illg ils plilhylogeneli f)5l1osition.) l.visioe alll . Our 01 resi lls
s3i!(ort | Iblh rcognitionl of a sep larale sultt'itrilal a 'teg(or\
for iloi<nti(u (- l.niaiiin uienac) as pr\ iousl\ sugg0 hled
(iclh', n. 1 O 18li: I,' Nenhlierg. 1 ;3. 100 1).
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Carissa
15
Mortoniella
il 3241
Himananthus
43
15 Plumeria rubra
W P. obtusa
Allamanda

Skytanthus acutus
S. hancorniaefolius

Anechites
Cameraria
Cerberiopsis

Cerbera odollam
C. floribunda
C. manghas

Thevetia ahouai
T bicornuta
T. amazonica

T inifolia
Cascabela ovata
C. gaumeri

C. thevetioides
C. thevetia

PLUMERIINAE

ALLAMANDINAE

THEVETIINAE

Cerberiopsis
Cerbera
Anechites
Cameraria



CTC

Figure 2. Consenseus of 12 most puarsinounions trocs (\111>'. I. = 164. Cl - 1.350. Ill = 0.75) for tlih mcmhcrs ,f Iril)e
INlun ric(" an(I Ith suggesled sultrit al classificationii . uSlil ellilpses rcipresiint sviul)]"oior|l)iic Slhtes aiiitl
h(ollw (n>ies

ulmopilasies. Onul nonamihiguous caracter statcs present in all MPTITs arc inlgaedl onio lIh . consensus. Nubiel'rs
alov, ihe

cllilsce- (,orri spon(l to Ihie cliaraicl rs and the nuiiiicrs li'low lienh lou I h states. lhsidhc |h' gray reelanglh arc
h, I sp cies

classif, d lhv Gensel (1)0) as Th reltin suhg. Therlti and T/l.cnti. suhg. )Y .olli ((<.sc,.irl-i ). Insidch Il hiil(r
jaiiugle's arc

Ith spccics con sidclred Iv liipohl (1980) as lelonging to Tlhei in aund Cau.eucl.A. A,. Toplologies ion'nd aamong thi'
M ITs

sholiing thc 1'wo alternative hpo I)Il'esS for Ithe sistcr gr(,ulp .1 II' (,aa'scabela-Tlh'e)lia ladle (CT(C). -A. Topoloigy
liai suppoiirts

lihe Iraditional view. -- |. Topoloesy thla supports. in part. |, tlec tu)lccular works.

conpressed fruitls (141/0. ci = 0.75). Our resullts also
co>-rrorate l'olgiiiter and Allbert (200((). lwherei
I'literiac amul Hinit(iin lli"t are also :siste r.

H11:2. \ ST nle"S WILT1IIN Slu:i{lil: IEVIET IN A

Tihevetiinrae is supl>ort(l as monloplh lilic )by lau ing
th(- aunthllier (hleiscnc( latr)rse (1 8/1. ci = 1.0). a dark
al)i al (co)]neecti\e c)li)r (20/1.ci = 1 .()). al)se'nce of
a (delf)r-ession in Ilh' t cs(‘c(Ip)iuimi (2)/0. ci = 1 .0). amiu

i1, 10n\S 1's Wm]T, 11\ St Inil 11 FL 125000 t\F

Thel consensus tree su|)lorls lle monoplhyly (of
Plumriiiinue, which corroborales previous classifica-
lions 1>y Pichon (19481). 195(0). Leeuweniiier (1983.
1994), and< Pluiel (1991), who suiggestcl a close
rcliornshilp aiiong Hlinalllaiiths. Milortoniill.. uan
I'lumi'ria. Plutmeriinau is suppolilrted! as mionoi)hyletic
hlv tihese characte'r: lifi* orim (0/2. c'i 0.50): oai<x
l)position) (32/1. ci = 1.0): and seihp oif non-i
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lig rte 3. (h I rau ht'rs/uhara; ct<r sl;a s (s-c< \Ippe(ndix 3) llal suppl| rl Ihe mono( iltphyl. of C.". la/ii'/* (-uppp r -ni,)
;, nlwTh<-r-li<
(li\r row . Th, uniKhrlin rd nm bl.rs indh'alt s mepanuorphic stales tlinl su|p)ort Ih r',rrsp|n ditli 'n ,'ni ra.

econical sligmala (35/2. ci = 1.0). Thens chlaraclirs
were prtnvioisly usied o ( irciumsrii e ilin iiieients of,
the suilliianily C( rberioidle (Pichon. 11 ;ia: Fallen.
1983).

Sk/ylan//thus .itylevn \was resolvr<| as nionophivletic,
suppoill rle ii tih c"iii ni tiion ofi sessile aitlli, rs (16/0,
ci=0. ). afilaineiiouus iiu'r exeiusion of tii
coln, clivc e (19/2, ci = 0).6(). f'siforni fruits (11/1. ‘ci
=0.75), uld lentiels on Ihte exocurp) (13/1. ci =
0.20). Thie )posilion of tiis genus ais lih e-arliesl
decrivc | wilthin lite stlt)trihe is sominlhat in agr~ enic nt
wilh i ichl n (1119U 8 ),i ho siii ug stced lit g(i en s as the
mnosl pritnilive witi, in h is subifa iily Cerberitiideae.

Pllit I .'tclic rela/iiithip of i/ ' (i aseaubl)la-"Thle' etii
spccii ie i mplle.x. \"ilhin suiliiribli Th ievelii iln , thnre
ladtes correspondi | oint ori Iss tl Cas'x. hlel. Ce'rbera.
andl T'hereli,. but C(scab'l/a is iresolved as
paraplithclic. Ibcanusc T. 7 in"olid (Slandl. +X
Stevernn.) J. K. \\illianms is nesid \ithi lot 1r othe'r
spcis 'of Cu.asa’, e/ai',. Therst is still no consensus
regardling the question of i w letheer onee should
rfcognize one getns \\ili tw\o nsunl)*fera (Gensel.

1909) or llo distinct gtenera (li) plol, 1980), gireen

thal (,i.stii 'lelai andl /Th'el/in are sister taxa (Fig. 2).
llIh<' clear contrasl ofl charaecr states (IFi. 3). ,ve
suplport lhle ricognition of l. gllenra: C(, ca'ic ,ela,
wxiih tiwo synapoUiorphlies (dligiliforni sluprlsltiminal
al)peintlages | 1 /2. ci = 0.61: eiimbros not ucmpress.ed
151/2. ci = 1.0|), and 77Tereli<e. also ,iiih |wo
syniaponurphics (reniforni i Ifruils 111/3;. i = 0.75;:

segmtnileld e<'Inulocarp 18/1, ci = 1.01j). Thuts. «e
p)ropose a inel eo'lhination iolr 7li. tpiri/ilia as
(".Casciilbe'l (sie \Appen lix 4).

Tlue relaliitonship of (.a'D<iela andl Thereli7 as sister
laxa is i disaglreenic il witli thel pihlogenv p'reseinte
li, Potgietcr aiil Albert (200)(). wh\iirh T. abonni<ii sliared
amuost rlci eni co'initi ancei'slor \\itli //ral/v.tria
ka<<nsien.L Caiuml .\ ihile' T. pcruriuana (Pers.) k. Ichulli.
(= Cutsci el/a It/iei(ei (1L.) lippoil) is sister i"o i'ii.niiiia



WA\ aller. Nevertlih-less. iii ,nir aialvsis. tli sister
relationshilp of tihase genera is stroiingly su)lporld! I)v
figc synapotnorphlies: p)arlial synucarpi (31/3. ci = 1.0).
tlwo oilles per esca i. rl (33/0(. i = 1.0), a secrietllr

Ire ion erlilndlicu al to ellipltic (:i38/l. ci = 1.0).
denilculath iiiarins of llie seed ing (52/1. ii= 1.0).
andti' iiembro comipressed o one sidc (5l/l, ci s

].0): in aldilion to onc liomoplasic characliter lale. thlie
Ipre'seinc of cntloulfisseiures in thi ilcxini (25/1. ci =

(\with oil tiwo retreseinlaives froli the getnierlic
compiilex). (:conersiel. dlie to lack of lu i lriial. riii
study lid int iiuliule sl)peciee < | Pir riaid K. Sc.i'um.

c& llraiil and Ailler.,ni a, ailln thercfir'.)l futlur anal ses
shounld iak' iloh aoul llint Ihest sampling issues.
(erbera ,'as resol\ed as monophvllic. suii)p)ortld

ly tihe albsence of inlulint(lllii on \'Pelali\e parts (3/

0. ci = 0.16), lenli.els on exocalrp (13/1, ci = 0.20),.
andlll the edioarp furnning a inetw\ork wvitlh Ih'
rlesics(arpi (17/1. ci= 1.0). Intili consensus (I 'ig. 2).
tiis lenus shares a miost recent ' innon aiicestor | ithl
C(,e'rerio>p.sj \ieill. ex Pancl'hei. Sceltil. siUpp)orh.l b)\
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having obovate sepals (8/1. ci = 0.50). The relation-
ship cf Cerbera as sister to Cerberiopsis restricts the
generic complex to Cascabela and Theretia. At the
same time, tlis sister relalionship contrasts wilh
Pichon's (1948a) proposal to group Cerberiopsis and
Cameraria IL. within Cameriinae based on fruit
compression. Hlowever, in our analysis this character
appears in ail MPTs twice independently (fruit
strongly compiressed in cross-section; 40/1, ci =
0.50). Our analysis corroborates Polgieler and Albelrt
(2001), where Cerbera and Cerberiopsis are also sister
taxa, as well as the observations of Leeuwenlbrg



(21999' and Veillon (1971), who suggested a close
relation between these genera based on vegetative and
floral appearances.

The sister group of the Cascabela-Thevetia clade
(hereafter naimed CTC) is uncertain due to thli
existeince of two conflicting topologies among llit
MPTs tlat result in a polytomy in the conseinsus.
Amiong the MVPs, one topology suggests a sister
relationship of the CTC with Cerbera-Cerberiopsis.
(Fig. 2A), supported by the uniique combination ofl
obovate leaf blades (2/2, ci = 0.33), floral bracts 4-
11.5 mm (7/1, ci = 0.40), and a connate apical
connective (21/1, ci = 1.0). This resolution supp]orts
the traditional perception of Gensel (1969). lippold
(1980), and Alvarado-Cardenas (2003). A secolnd
topology resolves Cameraria and Anechites Griseb. as
sister to the CTC (Fig. 2B) and is supported tby
ornarrentalion on the infrastaminial trichomes (29/1. (i
= 0.33): nectary (34/1. ci = 0.33); and a sclerifi'ed
endlocarp (45/1. ci = 0.50). These characters have
never been enmiloyed to suggesl relationship among
genera within the Iribe. Although this topology is iii
disagreement with tradition, il corroborates, in part,
the relationship supported b miolecular data (Senrn-
ilad & Bremier. 2002). whi'ch also recovered a similar
clade including the four genera. According to Sennibladt
and Eiremer (2002), Anechites is resolved as sisler to
Thevelia, witl Cerbera as sister to ihemi and Cameraria
sharing their nmost recent common ancestor.

The resolution armong species of Cascabela lacks
hierarchic structure in the consensus (Fig. 2). Among
the MPTs. there are three alternative topologies for
Iheir relationships, where C. gaumeri (Hemsl.)

Lippold and C. ovata (Cav.) jippold have the most
variable position, placed eilher as the earliest or most
derived species.

Charccter renural: Topological conseinss resolution.
Twenty-seven (5, 10-12, 13, 15, 17, 18, 20, 22, 23,
25, 26, 28, 31, 35-38, 42, 46, 47, 49, 51-54) out of the
55 characters cai bie removed without affecling the
lopology of i he consensus.

Removing characters 3 (presence of indurnentum
oin vegetative parts) or 4 (secmonary veins) reduces
conflicl within the Cascabela clade. The topology
obtainetd without any of these characters is the saine
as one of the alternative hypotheses among the
original M PTs. By removing character 14 (shape of
suprastaminal appendages), there is an increase in
resolution within the Cerbera clade. \When removing
characters 1 (phyllotaxis), 9 (sep)al length). or 45
(endocarp texture), the topology of the consensus trees
supports the sister relationship of Cerbera-Cerberiop-
sis and the CTC. This topology coincides with one of



the alternative resolutions anuong lhe original MPTs
(Fig. 2A). In contrast, when characters 7 (length of
bracts). 21 (apical connective arrangement). 24 (exine
thickness), 30 (inifrastaminal tricihoimes ornamentation
pattern), or 44 (mesocarp conlsistency) are removed,
the sister relationship of the clade Camernria-
Anechites and the CTC is recovered (Fig. 2B). Re-
imoving characters 41 (shape of non-eomplressed
fruits) and 48 (endocarp presentation) results ii lack
of support for Ihe genus Tlhertcia as monophylelie.
Nevertheless, the reniform shiape of the fruits and lith
segrnented endocarp characterisiic of ail species of
Theretia present a strong liomology hipolhesis
supported biy iirphological and anatomical studies
(Pichon, 1948a, 1950b; Alvarado-(iardenas. 2003).
Therefore, we e are convinced of tthe monophyletic
nature of Ihis genus. The reioval of characters 6
(presence of a dominant axis in tlie inflorescences that
branch) or 8 (sepal shape) results ii a decrease ii the
resolution of tle consensus within the Theretia clade,
and the clade Cerbera-Cerberiopsis is collapsed.

Bv removing characters 0 (life fornm) 27 (preseince
of infrastaminal appendages), 32 (ovary position), 39
(receptivily patlern), or 40 (ruiit shape ii cross-
section). the relative position of Mortoniella and
Allamanda is lost. collapsing l)olh genera to a )asal
polytomy. 'Th renmoval of characters 2 (leaf blade
shape), 16 (piresence of a structure supporting thl
anther), 29 (presence of ornainentation on the
infrastaminal trichomes), 33 (nuimber of ovules pier
carpel), 34 (presence of nectary), 43 (presence of
lenticels on the exocarp). or 50 (presence of a wing on
the seed) results in a decrease of resolution within
subtribe Cerberineae. Sonie of these characters are
postulated as homologies witl the support of careful
morphological studies (e.g., character 16 (Fallen.
1986); eharacters 33 and 50 (Pichon. 1948a)); otiers
should be re-evaluated considering a bigger saiiille
size and/or alternative coding (characters 2. 29, 4l,
43). The removal of character 19 (shape of tlie upper
extension of the connective) collapses the backlbone of
the consensus, but the clades corresponding to t li
CTC, Cerbera-Cerberiopsis. ami Plumeriinae are siill
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less. tlihie is a previouis stip in tle reluclion of iovule
numii'r (33/1) tliat is not correlated lo anv degree of
carpel fusion.

E\1)L.u nlil,01' TEo 1 :Il-i\. AC alK ES KH Vrl)t') ")im I'l:lti \,

lallen (1985, 1986) proposed thlat within P'lumer-
ieae. the b>asic fruit Itpe is water disperseld. 'The
textur - of the fruit (in lhis case of the mesoearp) andi
color of the exiocarp, as twell as the preisence/aibsence
of wingsi in tih seed, are feateures lliat ican hie iir'ctly
associated to dlispersai. lii ihe tri)e. lie mesoearpl (4)
can lie wioodi, leathery, spongy, or fleshv. Thie
inlerpretation of the evolution of this eharaelter in
thie eoniseinss tree is amiliguous regardingi tlie
aneestral conlition (woody or spongy). but in ail
cases fleshl and leathery fruits are always inilerpreted
as ii Indeendenlly derived conditions. The sponiFg
textriii , \vhichi lias heei associalte \\ithi \aterl
dispersal (;unnii & De)nnis. 1976: Ridlie, 1990).
ouild | e thtie atncestral condition ini lie trifie, but it
conli also Ihave apperared one to three tlines
lepen:ling on thie MPT andt the op=>iinization. A\t Ithi
saine liime, in ail ihe MViTs, the winged seeds nimust lie
iliter)p "eted as the plesioimorphic condition. wilih Ihrec
lost iniidepeenteii lly iin :nechites. S./i'k /anlhu .s Iculusi
Meyven, and Tet'rliae (amzonica l)rucke-T. bhiornulta
Miill. \rg. urlihermnioie, lire comitlpressioi of tihe seeds
on ftlih faces (54/0). \viich can facilitatle wind
dlispersal, is thie aniestral slate. Thl comprlessiton of
lle emIHbryo was lost in one side (54/1) in Tlere'teli. andt
was conipllelely lost (54/2) in Carsctr<el, sugge-i sting,
that itecihanismis other ithan anemochtory are Idrived.
In sinii uiiarv, our resulls supiiport tllie ih pollth sis Ihat
anerntt horir is the ancestral iellhlanlism of dispersiont,
\while oochrli\ and hvdrochorv are derived \vilhin the

T tihre are rieporls tiat Thertl i ai, writh leathery
mesoc irfp (44/1). is dispersedl i b aniimals (e.g.. lallen.
1986, reporteid tlat T. alouai is constined i b |
rionkyc's), which corrotiorates zoochory as one of thie
imst derived diispersal mechanisms ii Plunierieae.
Fleslh-colored fruits liave been associated \vith
aniimal r lislierisal (‘Faihni 1982: llidley, 1990). Al-
tlhiugi lihere ar' ino reportis o'f lispiersal mieclianism for
species of C(se(il'tla. Il pii resence oil fleshv minsoeair']



(41/2) witlh black exocarp' (42/3) and tiie sister
relationship) witli Thellii suggest zoochory.

C(olored fruits in ihe trite are not restriel'd to
leathierv or flesliv meso'arps:; wihin t Cerbera, with
sp)ong}) mesoriarp (44/3), C. mnanghas L. has red
exocarp (42/2). whereas C. floriblund K. Scerlinr. and
C. odoll<am Gaern. have Blue exroarp' (42/0). The
origin ol a red exocarpi' is liboroplastic (derived also in
Ithe Th"'rtita cla<e), which leads lo tlie g[uestion o(f the

chemiical nature of teli color. Allhough tiis genus hias
colored exocarp. tlihere arreports of water dispersal
(Giunn & i)IDeis, 1976; Leetu\wenerg, 1999), whicli

rau ble torrelated ithe spongyt tiexure of itie

iliisocarp. In Caterarriaz. this condition can lie
iiinrpreted as a resull of an independeni origin or

as a com'iion oirigin wilh reslectl to CCC. Camneraria
and Cerberi'otpsis also share comiiiressed| fruils (40/1).
libu thiisconditico i unambiiguously oplimized as

hiavinig two iild leipndent origins. Il lias ieen siggested
tlai thet combination of sponfg and f'lattened fruits
allows thelm It bie disfpersed bv wind or water (Veillon.
1971; F'e allen, 1985). Tlie sister relationshii p o Cierera
and Cerberimpsit s wouldl support lihe idea of hyldrohorv
in Cerbetriopsis.

The inlterpretation lo seed dispersail miechanismis for
Al//llunnda,. which also lias spongv mesoearp, is
cormplic'alled given Ithe wide diversity of morphologies
of frniis and seeds a oit nllg ils sprcies. In A. 'Ictha(tli<ca
l,., the slpoiig’ inesoar) is very lhin, whlereas in tie
CC(; itis wiell developed. Neverltheless, Falleu (1986)
sitggestcd i Tvrochory for thiis genus based on i let
sphlieroid shliape of the fruit. The possible iinepenldeni
origin of ithe spongy mieso<arpl in combiniation with
winged seeies (50/1) stggests lliat tii e dispersal
imeiharism for tie genuls is arremohoryV. Although

tlie wing's in lile sel «Is of A.. <cathartica are heavy and

papvraleous wings. whliihi supp)ort,'ts the Ihyipothesis ot
windl disp;ersali. llowevei r ollher sprteies ii Ithe genus
(e.g., i4. mnartii Miill. Arg., A. o lerrot/erae/flia Pl'ohl.. A.
iintherula A. D)C.) hiave an exocarp witlh thornv
rojeclionis, vwhich 4oulid suggest zooclhory (Mauseih.
1980i).

IThe phlviogenetic hyplothesis for the tribe can )be
colrrelated to previous suhtribal classifications, and
Ithe moniiopliyly of subtril)es Plunieriinae andl Theve-
tiinae is sii u orlied bv several synaloniorphies.
Allamandninie is acceptedi as a subtrile lased on
Ibe sister posilion of Allmnanda with respect lo
'iThevetiilln. . Nevertheless, this subtribe is taken as
prot isional due to cronflict with inolecular data.



Both C(iascabela and Thevetia are supe[orted as
nionophyle'li' so long as T. pjiifioli is Iransferred to
Ca(scacshela<. The combination and contrastl of haracler
stales that support boih clades (T/etcieti and Casca-
blila) allow us to p)refer the recognition of lvwo generic
entities instead of onlyi Thereti wilh two sulbgenera.
Cascabela lias five speeies. ail ofi thiem prisent in
Mexico and Central America except for two species
erndemic io Mexico. Ther'tia has Iwo species native to
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South America andl one grioing from Mexico tl South
Amenric'a. The sislir group of he Cascube'la-Thieretli
clade remains uncertain. with ilvo equally parsimoni-
ous p ussibililies: (Crberia-Cerberhiopsis or Anici; ites-
Camir;.aria. Similarly, the plihlogenetli hyplothesis of
(Casc.abela at spcits ilevl r idoes no li hve lierairhicall
structure iii tlie consensus. Tli'hefore, hlle incorpora-

tion of a grealter amolint atl  lype of infoirmatlio
(morlrhologic al a in molecular datla and more slsecies)
is suggestcdi. Thr'lire is a need for continucl research
regardlinig iiiacriiiorlpholog aml micriii ornorolo

which vill allow us Ito Iropose new characters amnd
re-evaluate lit- pirimiarv hlomology Ivl'plheses. In tlhe
samie way. il is inecssary to invesi in e(fforts lo galter
field ob,.Iservations andt o n experiment | lo improlv our
kinowle;lge of rejprioductive andl ispersal liiology.

This cla<listic anialsis coriroblrates thei relevance nf
the use of the morphology in phylvogenetic reconstruc-
lion., recovering groulps postulated Iv Iraditional
laxioni my, as ,iwell as livimolcular or combinaltl
ph>logenies.
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(MIEX ) (5a). 2 1705 (31EXL) (12a): Calzada.J. 2375 (MKXNU)
(5d). 2(66 (MIX\1) (12a). 3861 (XAK) (10h). 4522 (MNIEX

(5d). 5312 (X\IO) (I). 56114 (MIEXU) (5(1). 6326 (M:XL)t

(Id). 6):35 (MEKXI (5d). 6122 (MEXU) (12a), 6586 (MNEXU)
(5), 7.19 (MI XUI') (12a). 8429 (XA\) (10). | 9830 (MIEXL)
(12a). 100196 (X \I. (10h). 1 160 (XAL) (2). 11516 (MEXLC)
(5<). 15016 (MIXL) (12a). 154130 (MNI U) (12a). 16071
(MEXIF ) (511), 16713 (MIXU) (12a). 17691) (MEXU) (12a),
2375 (N'Y) (5(): (;Cainios 13, (M'1XU) (5d1). 133 (M EXU1) (51),
2868 I(MXL ) (5a). 2869 (MKXL ) (5a): Camp.s-V illa>nneva
3722 (MEXL) (12a). 5162 (ME\XU) (51): Canvino 9 (MXXLU)
(Se): Cano 420 (MNIXL;) (5h): Carnevali. G. 5515 (MIEXU)
(12); C(arr 2217 (NY) (6hl), s.n. (NY) (61)):; Carranza 585
(MEXU) (5d(): Carrasquilla 196 (MEXU) (12a): Carter 316:3
(M\\X1) (5d): Casianeda 11 (MEXL) (5e). 179 (MNEXL) (5d):
Castillo, (;. s.n. (MKEXU) (51). 241 (XAL) (2). 406 (MI'XUt)
(12a). 2595 (MXIIU) (151), 3715 (MKXNI) (12a). 5338 (XAL.)
(101). :861 (X\AL) (10h). 61t1 (XAL.,) (101). 9311 (MEXU)

(51): C(;everos 226 (MCXL ) (Se): Cedillo 21 (XAL) (2). 449
(MN E X NY) (51). 190 (NY) (51). 728 (MEXU) (51), 1006



(MIXI i (12a). 1385 (MEX I) (12a). 2872 (MEXLU) (12a):
Cedillo & Torres. I. 1 145 (MIX) (5e): (:han. C. 289 (XAl.)

(1) . 536 (XAL) (2). 989 (N1EXL) (5a). 1131 (XAl) (2). 1381
(MIEXI (5a). 3652 (MKXNU) (12)., 3712 (MIEXt) (12a):
Chanek 33 (MVIXUt ) (5d):; Charlotte 539 (NY) (5d): Chavelas
ES 1271 (MIXL) (12a). ES 1216 (MAEX) (12a): Chizaro 1269
(MIEXI (5d). 30166 (XAL) (2). 3350 (X.1.) (101). 1836 (XAL)
(2100): Chian>. 90 (M<X)[) (5d). 536 (MIXL) (51). 1021
(MEKX (51). 1021 (MENXI) (51): Chiang. F. et al. I-1855
(MKX1:. (5:e): C(how 78136 (NYN) (5d). 80206 (NY) (5d):
Chriso)l ,sen 6(56 (NY) (61): Cil)emiga 151 (NY) (5d):
Clemeni.. J. 3381 (NY) (61): Cl('mens. .1. &N MN. Clelmnw s s.n.
(NY) (6(): College of Idaho s.n. (MEXI) (51), M-935 (NY) (5e):
Columba College 1168 (NY) (lla): Conrad 2774 (MEXU)

(12a): : C)eree-nrvator of F'oresl s.n. (NY) (1 0 ): Coenstanlino 7415
(NY) (6);: Contrera s..n. (M1EXL) (5): (Contreras. E. 853
(MNKX1 (5d). 8397 (MEXIt) (5a). 8397 (NY) (5a). ,8483 (NY)
(4): Conzatti 3951 (MEXN) (12a). 4631 (MIEXU) (5(). 5278
(NY) (5e): Co(ra\ 690731 121 (\N) (31d): Correa. M. 10

(M1EX (Sa). 120 (M11EX) (5a). 260 (MIX1) (,5a): Coris 1.12
(MEXUI (5a). 473 (MEXU) (5a): Cortks. |. 310 (MEXU) (12a).
310 (MI XLI') (12)., 392 (MEXU): Cowell 349 (NY) (12a):
Crahfonl 566 (NY ) (12a): Crawshaw. D). 281 (NY) (121); Croat.
T.s.n. MIEX ) (5d). 5032 (N ) (12a). 22561 (NY ) (12a).

23527 (NY) (12a) 23561 (NY) (12a). 24907 (NY) 112>), 41864
(MEX]I) (12a). 632411 (MKXII) (12a): Croat. T. & I'. l)uncan
1623 1 (MO) (3). 16361 (MO) (3): Cruz-E.-slini(sa 899 (MIEXUt)
(101): (Crie) 192 (MNIEX) (12a): Curra> :3786 (N") (6b): Curso
de I'cologia V:getal i)79 (MEXI ) (12a).

Diniker 3.32 (Z) (7): 1\ Arcv, . 160180 (MEXNU) (12a):

Darwin. S. 2317 (IXL) (5); : Davidse. (;. 9424 (NY) (12a):
1)Peneti 2451 (i Y) (61). 13718 (NY) (61). 13768 (NY) (61).
13978 (NY) (61). 32077 (NY) (61): D)evia 815 (NY) (5d):

Dia, J. 5 (MNXII) (5d): Di a. R. 132 (MIEXL) (12a); Diego

7233 (MXLU) (5e). 7306 (MEXU') (5);: Dillon, M. & J.

T'iller 5033 (}10+) ( ix): Dalhbeler 371 (MEXU) (5d):

Dodson 5591-1261 (MO) (3); IDodson i & A. (;nlry 9792 (MO)
(3): Donnell-Smilhli 2772 (N'iY) (5d): Dorado Salinas F-2937
(MEKX) (5e); Joraunls s.n. (MIE:XL (5d). 1001 (MEXU) (5d).
1261 (MIXL) ((5d): Dressler 1292 (MIEXL) ( 12a):; l)reer 337
(MEKX) (5a): llerx 61 (MnEX ) (51)): Duke 9989(1) (NY) (3),
11398 (MO) (121). 1 1398 (NY) (121), 12209(2) (NMO, NY)
(3).11.1 (MO) (3): Dunna 107 (NY) (12a): Dl)na. I). 23285
(NN') (5d): Durain . 657 (MEKXL) (10)a. 918 (MEXU)I (I0a).
1518 (' EXLI) (5a). 2833 (IN") (Sa). 2853 (NY) (5a). 3502
(MEXI) (5a): D)uriu, A. 136 (MEXI) (12);: Dur5n. C. 285
(MNIEXI) (5d): lwver s.n. (MKXUt) (51).

taines 4 (N') (61h): EKdaio 503 (NY) (6h): I'gler. \N. & 11.

Irvin> 159146 (NY) (12h): Ekm>an 15329 (N'Y) (3): EInmer
$1)997 (NY) (61). 12173 (NY) (6h). 12896 (NY) (61)). 16773
(NY) (61b): El>n<er, M. s.n. (N)Y) (61). 1051 (NY) (61l): iElorsa
s.n. (MEXU) (5h), 255 (MEXU. NY) (51i). 304 (MKX:U) (51).
3061 (MEXt | (5b). 3001 (NY) (51). 1718 (MNX\t I) (5h). 5035
(MEXU) (51)): Inrfi(uez. E. 141 (MILEX) (51h). 57 (MEXI)

(51). 924 (MNEXU) (51); Erlanson 5081 (NY) ()61>; Escalal)le.



S. | (MEKXU) (5a). 885 (MEXU) (5a). 893 (MEIXU) (12a):
Escobar s.n. (MO) (3): Elsejel. 1. 601 (MIEXN) (5a): I'spinos:a
1187 (MO) (3): Ewal n 23023 (N'Y) (51).

I'ernatinde 3128 (NY) (5d): Fen;inde,. N. 1333 (N Y)

(101)); Fernailnez. . 10776 (NY) (51);: Ferrera 106 (NY)
(I0a): Figueroa 1 (MXUi) (51): Fligueroa. H. 53 (MEX1)

(51): Fisher s.n. (NY) (5d): Florente. ,J. 3931 (NY) (6)):
Flores. A. 7041 (MNEXU) (12a); Flores. A. .1. 1586 (XAl. ) (10)):
flores. J. 8313 (XAL) (1). 9711 (M(EXU) (12a): I"ores-Fran>co
1077 (MIEX ) (51h). 2801 (MEXU) (51)). 3512 (M\XUI) (51).
3672 (MEXU) (51)<. 5213 (MEXU) (51): Fonnlegai. R. 2808
(NY) (12a); lorero. E. 181 (MO) (3). 565 (MO) (3). 1590 (N)Y)
(12a): Foshlerg. 11. . 9375 (NY) (5d). 25:397 (NY) (5d). 50992
(NY) (6e). 56596 (NY) (6¢): Foxworllly 12135 (NN ) (611):
Fragoso. R. s.n. (MEXU) (51h). s.n. (MIEX1) (51): Franc. 1.
545 (NY) (7); Franco 52 (MEKX) (51): Freeland,. J. 139
(MEXU) (5d): 'rei FIEI1019 (MEXU) (5d): Frodlin. 1). 26615
(NNY) (6bh); Frmcs 30535 (MIXU) (121): ; Fre 2586 (N'Y) (5e):
IFrxell 351:3 (NY) (51d): IFuhs 1697 (MNEXL3 (5d): IFuenles
s.i. (MEXU) (5a),. s.n. (XAl.) (10h).

Callardo, C. 609 (MEXU) (51)). 2226 (MEX\.) (5a): Garler
959 (N'Y) (5d): (areia-Mendoza 61,6 (MEXU) (51>). 3221
(MEXUL) (51). 4)97 (MEXU) (51)): (;arcia-Mendolza et al. 297
(MEXU) (5e): ;aumner 516 (NY) (5d). 22110 (\tXU) (12:);
;Genille 899 (NY) (5e): Cuenle 336 (NY) (5a). 1,751 (NY) (5a);
(;entry A. A. 8071 (NY) (12a), 8198 (N1 ) (12a). 81484 (NY)l
(12a). 22757 (NY) (51d). 26296 (IN) (:3): leei-ryi. A. &
Dodson. C. 35722 (MO) (3). 41299 (110) (3): G;ci)lr et al.
13913 (MEXUL) (9); e(;nllry. HI1. 5028 (MEXU. NY) (51i).
5157 (MEXU. NY) (51)). 10929 (MEXU) (51): Gereau tR. K.
2204 (MEX 1) (12a): G(;eran "479 (,11XL) (N51): (il 1 (AN 1
(Se). 51 (N'Y) (5()I: Classmian 1819 (XY) (5lh): (Goin<nez 4
(MNIXU) (51): (Gémez s.n. (MEXI) (5): (;(1 ))Giez-I)()l a 88
(MKXU) (12a). 107 (MXU)i (12a): (ingoraes 6(50 (MI XU)
(12a): Gonzales. A. 209 (NY) (5d): (,nzihlez. K. 692 (MEX.)
(5d): Gonz/lez. R. 282 (MEX,) (5c¢): (Gonz:ilez. S. 2103
(MEXU) (h51): ConzSlez-Medrano 5068 (MEXU) (5)):
(;6izalez-Medrano etl al. -613 (MXU) (5e): ;Gorelti 633
(MEXU) (5<(): Granville 9604 (NY) (2). 10285 (NY) (2):
;Grenwood 111913 (NN') (12a): Gregory s.n. (MNEXI) (51)).
324 (NY) (51>): (;rether 1727 (MEXU) (51)): (i adrrama 885
(NY) (12a). 6568 (M IXU) (12):; (uaglianone et al. 468 (NY)
(12e): Cuerrero. 1. 305 (XAL) (2), 1782 (XAL) (101);
G'etrrcro. S. 328 (XAIl) (10h): Guillaumin. A. et al. 13181

(NY) (7): Cuillen & Coria 1584 (M11t. NY) (121);: uillespie.

J. 2071 (NY) (61)). 2267 (NY) (61)), 364<3 (NY) (61). 37:31
(NY) (61)1: uizar, E. 80) (MEXU) (51). 2869 (MEXU) (51b):
Glierrez. C. 11838 (MNIXI) (5d). 1635 (XAL) (4). 5691 (NY)
(4);: utirrez. L. 171 (MKXUt) (12a); Gutierrez. R. 2410
(MEXU) (5a); :(izman 177 (XAl.) (101)), 901 (XAl,) (101));
:Guzman. M. 311 (MNXi() (5d). 411 (MEXU) (51).

Hlagen 1371 (NY) (12a): Halsted s.n. (NY) (Id): lamnnmel.

B. & W\. D'Aree 5028 (M() (3); Hanscn. B. 1518 (NIMEX)
(S51). 7518 (NY) (5d). 7557 (NY )(5d);: llarley et al. 26444
(NY+) (1112); | laetschelach 29551 (N'Y) (12€), 474.43 (NY)
(111). 52491 (NY) (12e). 52730 (MIKXU) (8): Hasskahl s.ni.
(NY) (6e): Hassler 7153 (MO. NY) (12<): Haves. S. 277 (N)Y)



(5d); Henry. N. 12717 (NY) (5d)1; Inly. K. 27211 (NY) (61));
lerl). Mus. Nal. NViiid()l)on 5159 (NY) 1(5(1: Hlerin>ger | al.
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8.15 (NY) (12(: llerandle. \.\ . 1-. 7 (N) (5d). 39)22

(MKX 1) (5).9120 (MIfX N C (3)): llernandez. A. 1). s.n.
(XAIL) (10b)b: llern Inh.z {. 10 (X\AL,) (2): lirmninhlhz dol
OImUi 018 («lIX t) (12a): llerrera. A. 128 (N11E\X) (I5d):
lesse. A. 1072 (*N) (Oli): 1liclen 3005 (NY) (5(1): llinton.

;. S.. (MEX 1(5h). 3792 (NY) (Se). 5710 (NY) (5¢), 5732

(NY) (5e). 7570 (MXNII EC) ( 3). 757) (N)1 (5¢). 79)1 (NY)
(Se), 9178 (NY) (5.c. 10(532 (NY) (NS). 115:3 (NY) (5e).
12018 (NIV.) (e). 12018 (NY) (Bc): llitchi 0.k. A. 10861

(NY) (2): lloh rnaeker. R. 153 I(N ) (Oc): IHohlriildg 102 (\N )
(5.d): I hloskauva,. T. }070 (Z) (ia); IHlowaird, .11 70 (NY") (5d).
9301 (NY) (11) 3.129088i (NY) (I, 1);: Hlul. . .1 al. 1963 (MO)
(3): Hifughcs 19 0 (LEKXL ) (1i). 19.40 (N.E\l (51b): tiimbnl rt
11. 2051 I (N) (5.d): lliun 3513)50 (N ) (bd): llunler. A. 137
(NN) (22a): Il rlin tn 1IH. 13 (' YN) (WI). 21 (NY) (>I). 342
(N\'t) (7). 021 IN\) (O1l): Hultchison. . 3123 (N >) (5di .

Ihbrra 32(0 ( M KEXI (5h).

Jack ,3066) (\) (12a): .1lifftre 6088 (N1> (Oh): J.e'nmanu 18-2
(IN) (5d): Ji;metnr>. 1002 (N\ (.3):.imnntz.fz. 11651 (Ni)
(513): Jones 3101 (NY) (12a). 3.125 (1MKXU) (12a). 3125 (NY)
[12u): .Jorgerno’ 20653 (M\O) (12>).

Kkaun hira 1.2 1 (NI') (h), 168 (N1) (N6)). 170 IN) (6*)).
1930 (NI) (60a). 2270 (.N ) (>a): Krnn(ldv 283 (MO) (3):>
Kiesling 9702 (MEX\) (12>): killeen 0007 (MX\L t) (121):
Killil) s.n. (NY) (5d): King 1052 (NY) (Sh): Klug 4000 (NY)>
(5d)!: knapij 1906 (NY) (12a): knapp & Maillrl 3905 (MO)
(3): K .,vani 0 1017 (» E \L+t) ('),: krap)ovickas & (:ristobal
1.190 (NY) (12c): Kru- 7170 (SP) (5d): Krukoff 6027 (NY)
(5d): Kunlzc s.n. (N'N) (5e). 16 (N)"l 1 (5): Kusv;,atla 6 (N)i
(01b).

Lhdd 204 (MEXI ) (35¢): .Lminn.rs ri al. 7621 (MO, NY)
I la): .anglass 2<9 (MENXI ) (51b): l.tngman 3325 (MIEXI
(5): L.anising 2025 (NY) (5d): lau 313 (N) ) (0Oh): Laughlin
2607 (MENXI) (351): l.augiHnan 3325 (MEKXI) (51). 3325
(MIEX) (5.1): leav',nuN rlh 207 (NY) (5d); L..r, 2107 (NYN)
(01h): LeeL'uvenlerg s.n. (NY) (er): L.i 787 (NY (5d);: lonnard
3640 (NY) (5d1): Le.'is 50 (NE.\I (112): Lirns.i'r 3861 (NY)



(5d): Lini< s.n. (MI XI) (S1): L.inarrs 3315 (IEXL) (3d).

53.13 (M XII ) (51); Ligier 208.50( (N") (3). :36134 (N'Y) (14);
Lira 800 (MEX :) (1,0a). 01 (MEXt) (Sa),e. 101 (MENX )

(Sa). 1051 (MeKXI) (5a): lillinanin E. 9012 (NY) (10b):
Lorneltl. 3. A. 3367 (MEX]) (3c): p/lz H. I;. 26600 (MEXU)
(12a): Ipiz.z . 10 (N)) (5d): Lopzl M. G. 109 (MIEKX +t)
(12c): 1.6(pez, \\. 1128 (MI XI) (Sc). 1193 (MIKX iU) (5W):
Lora 5.100 (MEX 1.) (5d): l.ornc 3513 (M E*KX) (12a). 5034
IKXIE (2) I): .or'ence lal. T3777 (LEXNL) (5); l.oli 130
(MNKXI) ( SI). 1223 (MKXi) (5h), 2089 )(MKXIt (5h): Izada
71 (MIXL) (51h): L.udhll 841 (NY) (Sau). 1011 (NY) (12a.
1147 (MEXt) (12a);: l.onle 3 550400017 (MEI'X) (53h).
Macl>ougal 613s (NY) (12a): Maclhuea 30 (NXAI.) (10b);:
Madrid 105 (MNIKXI (12a). 787 (MNEXil (5a). 1059 (MN1IX )
(5.a): Magallane.s 715 (N1I1X) (5S). 1401 (XAL) (10b):
Magariu 299 (ME<NtX) (12a). 178 (XAl,) (2): Manzner>a 1>015
(MNEXI (51). 1111 (MEX )I (3): Mariz 189 (SI>) (5d):
Mealirluez 871 (MEKX) (3Id): Marshall 6000 (NY) (5dl):
Marlin>e C. 21 (XAL) (2). 2120 (MENXIl (51). 771 (MENXi)
(Sh). 2129 (IME'X (11);: Marlinez. E. 293 (NY) (e3). 1336
(MEX\I) (Sc). 1336 (NY) (5c¢), 2008 (MENXI) (12a). 3630
(MXI1111) (5.c). 1588 (MEXI ) (35)>. 6321 (MIXrN) (5d), 7102
(MIEXI) (12a), 13500 (MKXNIE (12a), 2034.3 (1EKXt) (531).
20928 (MEXIU) (12a), 270412 (NY) (1). 27067 (MXEI) (Sa),.
27107 (MEXNt (5a). 27510 (MEXLI' (,a). 30371 (MENXC)
(5a). 35941 (MEKX]I) (5a): Marlinez. E. et al. 2001 (MIX/

(Se). .35058 (MEXIU) (12a);: Mata 87-103 (MIEXLt (5d):
Matsun 14 (NY) (16b): \Maela )30:78 (MEXI ) (12a). 1050.
(MEXI) (51). 31201 (MEXL) (51h): Ma\ 917 (MEXL ) (12a),.
901. (MXI) (12a): Mava 1704 (NY) (101): Mclherson 3367

(MON. /) (7). 3182:3 (MO) (7). 3823 (MO) (7): NMeagher (3390
(Me XI't) ( 3); Medina 127 (M\N EXI) (5d): Mh'ina. . I. s.n.
(M ;KX t) (1): »sM jiua, S. M. T. 1615 (M KX I) (5d): MOndez. I).
76 (NIEKX]) (5a): Mndez. . 20)6 (X \.) (I): Mndez. M1. 943
(MEXI) (Sa). ,691 (MEKXIt) (5): Mdtindez. T. 5801 (XAl.)
(101)): Mer L.rs 3550 (MO) (12c)>: Merril > 3801 (NY)' (.d):
M\hven 1391 (MO) (I u): Mille 601 (N ) ((5d): i)Miler 101 I(N")
(5): Miranda. A. 050 (MEN KX (53);: Miranda. I. 301 (MIXLt)
(5e). 424 (M\It) (51. 150(1 (MNIXIi (51h). 1229 (Ne XLU)
(12a). 8075 (A KX ) (Sa): Mllina 221 (M1EXI (S(1). 11008
(NN) (Bb)1 . 15633 (N:: ) (12a). 22137 (NY) (5,1). 34933
(M\EXIt) (5b): 1eonr, de la l)osa 313 (MEKX I) (Sh): Mondalso
6370 (NY ) (1S): Moraes et al. 1 105 (N.) (121): Mora'les 2920
(MNIKXI) (5). 35028 (NY) (5.1). 5720 (NY) (531): Morales, M.
51 (XAL) (2): Moreno 776 (MN XI) (51)> . 1237 I(IEXI 1) (5).
3629 (INX )t (5.). 5176 (MIX ) (5>h). 6815 ( KXI) (5(1).
83551 (MEXU) (Sd). 22181 (MO) (3). 2.1.10 (MIXt) (>),.
24625 (MEX L) (12a). 218801 (M11X; ) (9): Moreno I'. 670
(MIKX)N (1>a>}. 21.50 (ME;NIX (11),. 502 (MIKXIt) (Sh), 8223
(MXI) (b31). 139 (MXINt . NY) (5a): Mori 221:32 (NY) (2):
Moritz 1158 (NNY) (12a): Morontg 381 N(10) (12e). 012 (NY)
(5d), 1168 (MO) (1 la): Mostacedo, I1. .et al. 2041 (MIKXL it)
(8): Miiller 1853 (NY) (5.d): Mufiooz e al. 2790 (NMO) ( all):
Miurea 1797 (MON ) (12 );: Murillo 3290 (NY (|OI()).

Nar,.'ez 225 (N1EX ) (5a): Naslh 601 (NY) (13); Ne' 18101l



(M.KXI) (3d). 260019 (XA.1) 1()0). 27085 (X I.) (2). 28273
(NY) (5). 284177 (MeEXLI (5d). 284177 (N (Nd). 293)11 (NY )
(2). 29341 (XAN) (2). 35191 (NY) (d1). 371)1 (NY) (121),.
41121 (NY) (3d): Neill 2572 (MNtEXt (12a): Nrrers 13303
(MIXUL) (12a): Nevling 468 (MEXI) (51d): Nmiiudulnin 1(19
(NY) ('e): Noriega; 22 (MEX ) (.e).

Oelana 160( (MEXIt) ( 12a): (Oh>tere>na 271 (MIENXI) (Se):
Olive'ira 52 (.SI) ( 1d);: Ore'llana 289 (M EXt) (12a): Ortegl . ..
1117 (XAlt) (2). 431 (XAl (2);: 10rti. (;. 327 (MIXII)(5h):
Ortiz. J. 331 (MEKX) (5a).

Palacios s.n. (MKXIU) (5e): Pulaima s.n. (MEXt) (12a):
Pal'nr. E. 27 (NIEXt. NN ) (5e). 339 (N>") (5d ). 1060 (NYN)
(5h). 1533 (NY) (53): Panche r s-.n. ( (). NY) (7): IPanianua
010 (MIEXU) (12a): I'sual 101 (MEX i) (51d): Peck 807
(N 1 12a): lennell 1231 (N1) (12a). 9211 (NY ) (5h);: Penia-
Chocarro .71 (MeEI M (aa): l'eralla 378 (MEXII S(): lere
2611 (NY) (5d);: Plre. A. 218 (MEXIt (5,1). 861 (MEXU.

NY) (5h): Peierson 2 (NY) (Oe): Pleiler 1677 (,MEXL ) (5b):
Pipol> 41,87 (MO) (3); Pillier 12000 (NY) (12a). 13)071 (N )
(3): Plowman 13703 (NY) (101): Poilane' 1351 (N\) (5d):
Pringle 1117 (NY) (5d). 0332 (MEXt. N'1 (5h). (739 (NN)
(5b); Prinrzie 157 (MiKX) (5 ): Pueh 373 (MEX U (5a)l: Puga
17003 (MNIEX) (I 1): P>nig 166 (ME XL D ()3 : Pulido s.ni.
(IEX1 1) (5a): Purpus 3235 (NY) (5e).

Ouero 24,24, (MXU) (5a). 2758 (M EXL) (12a): iNtnelada
1699 (M1EXI) (51): ,)uipus-oa 797 (NY)' (3d).

2lnarnoorlith 2602 (MIEXI) (12a). 2067 (MEX ) (5a).

244-8 (M, Xi ((12u). 1307 (MEXIt>) (e'7): N amiiirez s.n.
(*1K\XI (5e). s.n. (MEXL) (1Sc); Ramos 303 (2IXI), (12a):
Ratter | al. 54(11 (') (12 ): uenson 232 (N )" 1 (3d): l{eves-
(ari'a 18 (MEX )3 (5b) 761 (MEXI) (51). 801 2 (M X )1 (51>).
1118 (MI EX ) (50)3 . 1)55 (IME\ ) (51 ). 2022 (11EXII (12a).
2370 (MrEXI) (12a), 2866( (MEXt (51), 5302 (MEXUIt)

(51): Hibera 717 (MEXL) (5b): Rio-(G;ray 172 (X \I,) (I):
limachi ;5781 (NY") (51): tini'nhi 10217 (N\) (5d): Hinetn
1011 (MEXI) (12a). 1613 (MEXL[ (12a). 16 72 (M1 XI)
(12a): Rinulharl \. IR23351 (NYt) (6a): Hitter 1502 (MO)
(12e);: ivera 2 (NY) (3d): Rivera. .7 T7 (NY) (5h). 780 (N\'t)
(5h);: libles 081 (X\Al,) (101). 893 (MIEXU) (12a): loletoi

775 (MO) (3). 086 (M10) (3). 1007 (MEIKX) (5a). 1202 (MO0)
(3). 1329 (MO) (3): {odlriguez. I). 6 (NY+) (51): tiodrigeuez. G;.
s.n. (NY) (2);: onmero 407 (XAlJ.) (101): liomerro-Casniedla
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6324 (MOX) (3), 9743 (NY) (5d), 6324 (NY) (3); Rosas 618
(MEXL) (5d); Rubio 2403 (MEXU) (5d); Ruenes IR. 73
(MEXL) (1); Rusiy 361 (NY) (Sd); Rzedowski 12233
(MEXL) (5e), 22307 (MEXU) (5¢), 34203 (MEXU) (51),.
35724 MEXU) (5¢), 39849 (MEXU) (5e).

S.c. s.n. (NY?) (lia): Salas 2102 (MEXU) (51); Saldias
570 (MO. NY) (12b): Saldivar 28 (MEXU) (5b): Salinas. E.
3856 (XAl,) (1t0), 4266 (XAl,) (10b); Salinas & Solis-
Sanched F-3497 (MEXU) (5e); Salsedo 157 (NY) (6h);
Sandino 655 (MEXU) (5d); Sanlana 2956 (MEXU) (5b)):
Santiago 617 (MEXU) (5b): Sauders 1032 (NY) (2), 10142
(NY) (2): Saynes 2674 (MEXU) (5b): Schnitz 7 18 (NY) (5ce):
Schuberl 1688 (MEXU) (5a); Scolnik & Luti 671 (NY) (121>):
Seiberl 385 (NY) (12a); Seigler 13583 (NY) (Se); Shunsuke,
B. 1241 (NY) (2); Silva 6237 (SI) (5d); Sinia 1249 (MEXU)
(5a). 1668 (MEXU) (5a); Sinaca. M. 2040 (MEXU) (12a);
Sinteni'c 1650 (NY) (5d); Small 638 (NY) (5d), 8855 (NY)
(5d): Smith 68 (NY) (6b), 1581 (NY) (6b), 1661 (MO, NY) (3),
1839 (NY) (6h), 4708 (NY) (61>), 5276 (NY) (6b), 5801 (NY)
(6b), 7913 (NY) (61). 8524 (NY) (6b), 8897 (NY) (6b). 92011
(NY) (Cb): Soejarto 5997 (NY) (61); Sohiiier 9381 (MEX)
(5d); Sol 812 (MEXU) (12a): Solheim 1763 (MEXU, NY) (5(d):
Solis-Magallanes 3033 (MEXU) (5h); Sorensen 7074 (XAl.)
(4); Stolo J. 660 (MEXU) (5e), 1151 (MEXU) (5c), 2038
(MEXU) (5¢). 339 (MEXU) (5h), 4274 (MEXU) (5e), 4277
(MEXU) (5¢); Sousa 8544 (MEXU) (1), 10961 (MEXU) (5a);
Standley, P. 21615 (NY) (5b), 20839 (NY) (5b), 22012 (NY)
(5d): Stevens 3663 (MEXU) (9), 22296 (MEXULtI) (9), 24126
(MEXU) (12a); Stevermark 50708 (NY) (5b); Struwe 1216
(NY) (61)).

Tahir 699 (NY) (6¢); Tapia s.n. (MEXU) (Sa); Tapia &
Carnevali 1386 (MEXU) (10a); Taylor 4403 (NY) (5b);
Taylor, C. 10795 (MO) (lia); Teiller 878 (MO) (lia); Tllez
5610 (X:\L) (4). 5621 (XAL) (4), 9959 (MEXU) (5b). 10472
(MEXU) (5b). 2175 (MEXU) (12a); Tenorio 14579 (MEXU)
(12a), 19507 (MEXU) (5d); Tenorio & Alvaralo-Crdenas
20638 MEXU) (5e); Tenorio & Kelly 21685 (MEXU) (5e);
Tenorio et al. 21617 (MEXU) (5e): Tessmann, G. 3237 (NY)
(5d): Thomas. W. et al. 4559 (MO, NY) (12f1); Tiwari 349
(NY) (2); Toledo 29) (NY) (5¢); Toro 451 (NY) (5¢); Torres,
. 154 (MEXU) (51f); 'lorres. R. 6462 (XAl,) (2), 11849
(XAL) (10b): Torres, R. & Tenorio 12797 (MEXU) (5e); Tovar
R. C. 1331b (XAl) (2), 216 (XAL) (2); Trou S. s.n. (NY) (5e):
Tsui 212 (NY) (6h): Tiin 1076 (NY) (10b).

Ucni 992 (XAl) (4), 3606 (MEXU) (Sa).

Valle s.n. (MEXU) (5d); Vanpel 399 (NY) (6b); Vzquez
864 (XAL)\,) (10b): Vega, A. 2802 (MEXU) (1): Ventura, F.
1239 (MEXU) (5e). 17876 (MEXU) (12a); Ventura, E.-iopez,
E. 281 (XAL) (2), 1555 (XAL) (2), 1003 (XAl) (10b). 3611
(XAL) (101)), 21241 (NY) (12a); Villanueva 805 (XALL) (4);
Villareal 6755 (MEXU) (5h); Vink 12190 (2) (6a).



Walther 340 (NY) (5d): Wang. Y. 3190 (NY) (6b); Wang,
C. 34919 (NY) (61): \ aterhouse 226 (NY) (61i); Weber 1133
(NY) (6f1); Wedel 2570 (MO) (3); Werdermann 136 (MO)
(lia), 2597 (MO) (12e); White, 1). 224 (MEXU, NY) (5a);
Whitford 700 (NY) (61); William, R. 2853 (NY) (6b);
Willian s 22455 (NY) (5b): ilson 317 (NY) (5d). 1072 (NY)
(Ilb). 2221 (NY) (11b); W'oodson 1524 bis (NY) (12a);
Worth, C. & J. Morrison 16162 (MO) (lia); Worthington
12398 INY) (6¢): Wright 1663 (MO) (3): Wurdak 300 (NY)
(2).

Yuncker 4967 (NY) (101)). 6091 (NY) (2), 8284 (NY)
(12a). 134 (NY) (6h), 15106 (NY) (6b). 15730 (NY) (61b),
15867 (NY) (61), 18325 (NY) (5d).

Zarucchi 3260 (NY) (5d), 4923 (NY) (5e); Zizumbo 151
(XAL) (101), 1152 (XAL) (101). 1153 (XAL) (10b); Zoliner
11373 (MO) (lia).

AI>PL:NI IX 3. Morphological characlers and character stales.

(0) Life forin: O = vine; | = shrub; 2 = tree. This

character was used Iby Endress et al. (1996), coding as lhe
same character slale Irees and slirubs, considering the fact
that bolth in contrast to perennial herbs, have secondary
growth and do not die in the winter. IHere, we consider lhat
trees and slirubs can be recognized as two distinct states; in
nauiral conditions. Irees are woody plants wilh a main axis
that branches above ground, whereas in shrubs, it is not
possible to distinguish a main axis because the plant
branches froin tlie base (Lawrence. 1958: Radford, 1986:
Sousa & Z.rate. 1988: Alvarado-Cirdrenas & Ochoterena.
pers. obs.). Given that some aiithors consider the difference
between these two life fiorms merely by measuring the heighl
of the plants, this feature was coded only from personal
observations or froin descriplions bhat allowed us to clearly
define both states by means of the ramification pattern. The
vines werc used by Elndress et al. (1996) as a different slate.
a coding with which we agree because vines generally have
differenl phvsiological and biomechanical adaptations.

(1) Phyllotaxis: O = alternate; 1 = opposite; 2 =

verticillate (additive). Phyllotaxis has been an important
character in taxonomic and p iylogenetic Apocynaeeae
works. Sennilad et al. (1998) regarded the verticillate
condition as a variation of opposile leaves, l)ecause in the
plants with verticillate leaves ihere are also opposite onis.
Furthermore, they did nol consider verticillate phyllotaxis as
a character state Ibeause in their sampling. il would have
represenlted an ailtopomorphic condilion of iNerium oleander
L. In contrast, Endress et al. (1996) considered vertieillate
leaves as a distinct character state, even though tlhey pointed
out that in hle taxa wilh this phyllotaxis it is also possible o
find opposite or alternate leaves, but thev only grow just
below the inflorescences. We take lhe position of Endress et
al. (1996), coding the character slates froml leaves that are
not sublending inflorescences, noi only because we consider
that the lhree states represent valid homology hypotheses,
but also because lie verticillate condition distinguishes



Allamianda from llie Irmaiinig genera, representing a pot n-
tial synapomorphy foi tle geis. Th'lis characler xwas liere
considered as addilive because il represents a logical
transitional series of decrease in internodal distances.

(2) Leaf blade shape: O = lanceolate; 1 = ovale; 2 =
obovate. Liede (1994) coded for some suibtribes within
Asclepiadoideae Iwo states for this character: "0 = non-
linear, 1 = linear." Sie considered that the variation in
shape wilhin the sampled taxa was restricted to linear vs.
ovate-obovate (coded as nonlinear). Nevertheless, the
recognition of just Iwo character slates could hide potential
homologies among ovale and obovate leaves. Bruyns and
Linder (1991) proposed the stales "0 = lorale. 1 = deltoid"
for some genera of Asclepiadoideae. Here we recognize
a more comprehensive range of variation that applies lo
Plumerieae, coding lie states according to the patterns
suggested by Radford (1986).

(3) Presence of indiumenlum on vegetative parts: O =
no; 1 = yes. This character and ils states follow the
proposal of Williams (2002).

(4) Secondary veins: 0 = exposed; 1 = imnnersed.

The character and ils states follow the proposal of Williams
(2002).

(5) Presence of branching in the inflorescence: 0 =
no; 1 = yes. Tlis character has never before been
incorporated into phlilogenetic analyses. Among the sampled
taxa, some species iave inflorescences that never branch.
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whert'eas olhers produ'e lore than onlt' reproductive axis
subtended li v a siingle leal.

(6) Presenice of' a d<loiinant axis in inflorescences

that Iranilh: 0 = no; | = yes. Anl lon the inflirscen'es ,

tliat iirancli. two Ipatt'erns ran le dislinguished. li sonim
cases, llthe inflorescences develop a maini axis (sympodial
growtth). wim'reas in others, the brancthing axes ralch ithe
samne nr more or less tlihe saine size andm, hence. it is not
possible lo ricognizet a maini axis. Species ititliout branchini
inflorescences wvere coded as iiiapl)lia.lhle (-).

(7) .iiengh of Ithe raets snblendling the flowers

(mnm): 0 =0.5-1.0; 1 =4.0-11.5; 2 =11.5-20.0

(additive). This charl'ad'r hlas ] i('n usedt 11 in tax\ noii ic'
vworks. blul tnl in phvlogen'tlic analyses. IHire ive dfiniicd and
codled lie ciaratci r states accordig t th(i e iresulls (io
descripti\e statistics (se. "Material and m ,Ihlhods"). l'urlhcr-
more. li(' stales w'tere coded as addlilive hei'cause thic\ (,an
imiply a logig Iransitional st ries of in 'turas'e or decr'-as('.

(8) Sepal form: (0 = ovate; 1 = o)bovat. Thtl

(haracler slates are defined according lo adiford (198 0). O(tir
ol)set-vations sliuwed halit sepal formt is consiant al sp'ci.cs
level und Ihat bolth characcer saeles arc uinalmiguou.sly
assignable'.

(9) Selpan lengthl (n1): 4) =0.5-1.0; 1 - 4.0-1 1.0;

2= 1.0-20.0 (additive). \Williams (2002) ‘oderid hiis
rharadeFr lor spccic's in Irihe Irehilese. recognizing the
states: "0 = minute (0-3 miiii), 1 = foliaceous (5-. iniii)."

Wilhin I'lunmeerieae, we suggest an adljlstient ofl' Ihosce
intervals according | o descriplive stalislics. Al thi< sain e
lime. thli riin asuremwnits \v rer modifieid starting froiii 0..3 ui
instead of( ziero heca'use to snggesi a sep.lal length of (0 nii
mhnid I)" inlerretecd as absence of hlle slructure. whi'h is
never llih case. This charactcer was codleld as addilive bhc'iuse

N



there is * potential transilional series of increase or der'eas’,
(10) IPresiete of glands at the lite o' tlie stpals: 0

no; 1 = y'es. In Ap)(isyare'. the existcne-t of glands at thli

lip of the i spals is a rare conmlition, on'urring in onl\ a fewl
gcnera, amnong | hiuh are Altn'chlilies (I'allen, 1983) and
I/lueri,'i (\)ods(on. IC,19 la). Th'lis c'harac'ter lias (not I)'een
tsed heforce in cladistic analyses. uitl ils presence in the
samie position and in sp'cies of Ithe saine tribe allo\ws us lo
ipostuilal' il as a potential honiologcons oni ition.

(11) Pr'esnce of colleters on calyx: 0 = no; 1 = yes.

Colleters are iniorltaiit stirctures generally enim loye'd in
taxonomiiic trealinenls and phllogenetic studies. I'ndrcss et
al. (1996) (considered the \ariation in sepal colleter nunil(er
to recogiF izet thtree conditions t\ithiii thlis eharacter: i"O
alsentl. | 20-50, 2 = .3" Instead, Williams (2002)

considered iheir position and nmitinhr. recognizing the
follo\ingi: states: ™0 = ahsent. 1 = mimeronus and allcrnate

to tihe s( eals. 2 = solitlarv and opp)osite h thie sepals." IRoth
proposals (anno)t he applied to species in Pluniiirieae
hecatse llhe niuniher of colleters is V'lry varial)he alinonig
indlividluals froim the suane sp)eeies (e.., fronim ahsent to 65).
On the Iher I1and. Whleln eolleters are present in melhc'rs ol"

this tribe. they art alivavs opposite lo the sepals. Tlherefore.

in this stldy we only consider ahsence or pr'sencet’

(12) Corolla shape': 0 = hypocrateriforin (I'ig. E); 1

= flnnielforim-tuii lar; 2 = funnelforim-aniipaiiular

(Fig. I(:. D). Thie different shiapes ofl the coroll follow the
ptrotiosals of F'on Oiuir (11982). . d (198), and Sousa

andi Zaiurate (1988). Thlie eorolla of '[The'etrlia ar<izoica< Dl)cke
lias ll(een consi'dered as funnelftoin ((lensel. 1969). Ibt her(

itis dledl as hypo'raleriform. leeause the thiroal e'xpands

oiily atl tie Istaminal region. bhui il recovers its diameter
oulsidc tilis rgion, as il occurs in othellir flowvers (considetred as
hyipocerale'riflorni (e.g., Catharanlhus ro.ses (L.) (. Don or T.
Jh-ni (L) ACD).

( 13) Presim'e of suprastaniinal appendlages: 0 = no;

1 = ves. The terni "'suprastaminal sappendages" \\as oined

I\h l'ichion (11918a) ia used ly G;nsel (1969). relerrin'g lo

the structure tlhat soiietimires Idevelolps ailove the antihers. Thi
terni "'e rolline corolla." used hv li'ndres ie t al. (1996).
citrresiip nds to this saieul coindiition. uThe.i e sitr.iiuri. ha've
tavuonomic and phylilogenelic iinpuirlance. \\ illiants (2002)
suinggcstd liiree slales: "0 = ahsent. | = redlced lo a callons
ridge. 2 = exteni ed inio a stai iiinode," but onll litie first and
thinl' apptiiy to onr saimpling. Thereforet. t'e are co'ing ahscnt/
[(ilesent as IEndress et al. (1996).

(1412) Supr astaininal appendages shape (Fig. 3): 0 =

deltoid; | = ollanceolate; 2 = digitiforni. Thli sliape of

tlih e striiclures \vas sonellow considered | )v \\ illiams (2002:
se. pr'viols character), iit lie oinlined in his slales

a riixtlure of ualiies: ape shape, size. and texntre, liere. we
adjnsi thel shapes aicording lo |,ficsmnal oi>ser\alion.s and
follouing R{adford (1986).

(1) Prtesencee of onliiaentatiion on Illi Suiprustain-

inal triclioines: 0 -= no (Fig. I11A); 1 = yes (F:ig. 115). The



ornainentation on llie suprasiaminal trichonlio e aslas ieen
relportel within the irihe for species ofl Hlinumbinl.s amnl
l'ian'ria (Pichon. 19 181), but was n\evr belore eniployed in
cladistic analyses. Out personal ol)servations shotl Ihat these
oniaiM'ntations are prcsent in other taxa not previously
reporte<d (Table 3) and liat thieir absetnce' or prsence is
constant ,ithin sl)eies.

(16) Presenee of a strueture snupporting thie antiher:

O =no; | = yes. The anthiers in PInmerieae ,un lie sessile

or sUpported bv a filament or a projection o(f the corolla
called rib (Fallen. 1986; Williams. 2002). Williams chded

t\o c(hiaracters relalt'ed to( the structure's of support. One was
Ihe prsence of a filamewnt, considered to lie one of three
states: "0 = miniute (0-1 mnim). 1 = nidliumn (3-6 linii). 2 =
long (10 )nn or more);" the other was the presence of ribs.
coding lihein as absent/present. Hoever. hoth structures
(filaments and ribls) occ'upy the saine position and apparentlyi
have thle saine function. and, tlherelfore, ve considered
filaments and rilbs as allernalive hiomologous emondlitions
(nex! eharaeter). On lhlle othllier hiand, a length of 0 titn could
)c intler)reled as sessile anth lers. and at the Saille lillme iln oir

=0wvul. -.-11 ela e rliv position of Ihe stigmata (hairacters 35. 36. 38). -K. I,. Nlo conivergenl (K. Mlormnielli /pilieri
I loreno 211 961.: I.. Skaiinthlia- aciirus [. ciu//.. an.]). -VI. Convergent (Cascabel/u rumneri I'u llido .L.]),. . N-PL.
Shiape of the

sligmaintea lls (character 37). -N. I-ililorm (Cr"iss mtacrocurpa IM1dina s.n.\). -0. Conic (C'rbiera mniighas [i(
[t+iraido-

Crird'nu s.n. ). -P.. IrruTglarly Ittlened (Plumneri rubnr [. Aliarado-Crdenas 191)-. -. . Flruil layers of Cerbera
(eharacters

4 1/3, 15/2. (10/1. 47/1). - (- . enreral aspeti oif he fruit alfter removing the exocarp (Cerr/'rla odMllon/ [Rinehurt A.
LIR2'351).

-H. la igiludtial seclioin of thie fruit all'er rmnoving hllc exocarp shovwing tlie e(uloirp wilh itll fihers extendingt lolard
hlle

sp(ongy ns/cuar ' (Cerb-ra/ odo/llun iine irt 1. LR234.1 /]). S. Schel'matic section of lite fuit shotring ail lahers.
Enr -

tindoearip. El+nl: - I=<Ind]arp filters. Me = Mcsouarpl. :x = Exocarp.
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samiilinig rits imeasure imore tlhan | utn, so Ihe rank for fic'
slates is lhre adjusted.



(17) Shape of the stiruc'tlire supporliing thli anther:
0 = filaientis (Fig. 4C); | = rib (Fig. '41)). In Ith
absence o' olnttcgtncli ' or anaiilomical sitdies. vLw consideri
that the filamnits and thi ribs have an e'luivalcitl functio
lul( position. | ITlus, e piositlate thal bolit states, cvlindri‘al
and nol rigil vs. ilallent'd aind rigid restrictling the movemnenti
of the antl}hers. represenil alternailiv honmolous corinditions.
(18i) Antlhir Idehliscience positionii: 0 = inlrorse
(Fig. '1C(); | = lairorse (Fig. 11)). Thti charactler and ils
slatels are laken from le(hress et al. (1996) and \\illiaums

(2002).
(19) Slape oif' ihe upplr extenrsiion of tle nconnetliv e:
0 = obtuse; = delloid: 2 = filamiintoiis. \\illianis

(20)02) (xded lic absence/pl't'sence ofa an |pical ctl(nectiv"
wilhouit rcrognizing difflrences amiiiog Ihm. Our fx'rsonal
ii)se'r:vatiins shiii tiatin all thce studic d litpcies if thi trib-c.
ihe upper extensio n of llit conncclivc is alvwas Irrr'Sril. bl

il dif[.rs n Iformii amontg the spec'ies. Shapes arr coded
arcordiing to lludford (1)8(6).

(20) Apical conneictive color tone: 0 = elear; 1 =
dark. This ‘characicr lias i icn uisel only in a laxonoinuc
Ircalmn iit (Flallhn. 1983). IPersoniial bservalions indicate thal
Ihe pre's-nce of'a dark loni in thi* apical coninectivc cinitl blh
tlic resull of thli oxidation of soiiin chrimical coi iiiind(s) and
il is a (ctnstant coinditinii i slared li siev ral t spe'cies.

(21) Apical c(oiiinective< arrarngemlen: 0 = free; | =
connaite. Thi lusion of th( apiral tcolnnectiv otif illii antheirs
las Ic(, lin'iitinid lor soint spt"itics Cerb iri (ilichoni
lli8a: | eutt-i' erii g. 1999) and It /inu ((,criil.ui. 1960:
Faull( 1, 1t986). bul il ias noi bel cn used in elalistic analyvses.
Our observations corro]boraith Ihe previots vworks. and.
tlicrtiore, w ,i in luldc this chiaractl'r for the firtl time in
a pihylote itic co ntcxt.

(22) Pollen grain ilanmeter (prn): 0 = 20-50; 1 =
50-80; 2 = 80-120 (additive). Seve'ral authirs (Pire.

1989; loinbik & Moreno. 191]; Williams. 1998, 2(102) have
regarded tlhe pollen dliamctcr as a useft'il c'haracter to idiinlifv
and suggest rlattilonships amnigni grnera. an der lain et al.
(2001) considierd two states in th'hir cladistic anavlsis: "0 =
-small (3 pit). | = blig ((6 pont)" whilue \\illianis (2002)
rec'ognizetd thre-l s'ats: ") = 20--35 gnin. = 40-75 pin. 2
=75-100 pim." llere e assigned the intirvals for the
.charachr slaies in agreement twill lihe resulls of tihe
satislical anal sis (set "Malrial and M 'ethods") Thl'c
charactcr was ,'oded as additive Ircause il is possible lo
hvpolhsize a transilional scries of increasc or d<crvas"e.

(23) T'eettinin iontinuity: 0 = entecilate (perforate); |
= subltel'tal (heterofoveolate to niicroreticulalc).

Etndress et al. (19906) rid1d this charactcr wilh six statcs.
N"tvertlu'less. the stat's thic prop.[osed considcrcl a wider
saimpling t lal int | ted d mtore hicruarhical livels. In addiliotn,
tt' beli'ev' Ihat. in thcir coding. theiv itnclud d as lhc saine
attributs, contlitiuns that coiuld bit cunsiderid as dilffcrent
characters. For instance, they rt'garldd as part of Ic Itltn

c ni tinuity attribtl.ts that we believe to l)e retilale to
orlnaientatioin (scablrat<, undulatlc. vcrro cael . 'l.). | lier'.
wt' deciided loi rttcognizc nly tlhe condition related to tlti



coinititilyV of the Iccllun, which in our sampling can le
techtale (imleerforalc or pcrforalc) or subticelate (fo\ c late or
retlicnulate). In our samnpling, theli ornamenilalin is inmre or
Ihss constant wilthin Ithie spccics.

(21) Exine thlickness (pim): 0 = 1.0-2.0; 1 - 3.0-

ti.O. I'his chiararier is used wtidely r n palyno-laxono.mic
works. blt it has not h-cn inciluded in cladislic analyses of
Ithc lamil'. E',cn thoulgh il is variaM le \iltiin species, ourf

observations sliow litat wilhin Pllumnri‘ae, the exilne
thickness has Iconslitan interials at a spec'ific' I'vel w\ith
a ctler api beitween thti intervals. so il is oit n 'cessarv to dio
a sltlistical anailysis ti rc'ogniztet lithie 'to ‘iaratteri states.

(25) Prsceni e o dolufissures in hlle nexine: 0 = no;
| = yes. Endrt'ss et' al. (1996) use( this charact'hr to
describe pallcrns of tlih iinner exiiie. eonsidering (onr slales:
"0 = srnoothi. | = fi nel granu late t vetrruiate. 2 = eiarsely
granulalr o verrtunate, 3 = ilhli fissures." W e conside'r onl\
thie abisenceliip/resienc of lissures (enldo'racks) because.
althiough the'y are easily appreciable linder optical and
seanniii eleclronic iniciiroscol (isplaying tihe sarte irreg-
ular pattern in (Cascuabe/l and I7'liclin). at this ioimt'eni we tdo
oit have o>ibserations tilfo e ierthe inn r ultrastiri ture tihal alloi
us to definel \a niantsl in lexiure.

(26) Presencee of a dlepression iii llie iinesoeolpiii:
0 =no; | = yes. Thli e'ding of' lhis character was taken
fronm FiIndress et al. (10(6).

(27) Prsence of iifrastaniinial appeondages: 0 = no;
1 =yes. Th'e coding of thits characi'r was laken Ironr
Ftiiress et al. ( 1996) and \W illianit s (2002).

(28) Shape of inifrasiannininal appenilages: 0 = cyliii-
drical; 1 = quadriiingilar; 2 = isenieircuiilar. 'Tht'
charai ter is iiinluded for thie' fist titme in a cladistic antal\sis.
basel on personal observations thal sihow thal llhe sliape of
tlhe infrasanlinial appendages is consl anil\ilhin sipecies aind
uariai' le amonigst them. revealing ils polential iph logenelie
illforinaltion. 'I'ne definition ol slales followi s tlie tierimi ini log
of Hadllord (0198).

(29) P rsence ofn i oraentation i n thli e infrastanninal

internal Irichinmes of lhe flower liave nol Icn tl dely siulied

in delail within A\)oc'i nac'ae . IBrtnri  (2000) r'ported ihe

ic roistopic e'liractt rislic of Iricii onit s .on lil ¢ ~rolla ofi
species troti bi Cero)egiae. eoding Itll a)se'iie/pl'l)'resetlii'e
and thie ornanitniitation of modified Irichomes. | 1re \\c aljinst
these atlriblies aceording to (iir observalions. Thl'e [resenCee/

0 =ver'rucse (Fig. 1F); 1 | dicontililnuos strialtiln

(Fig. 4(i); 2 = continuons striations (Filg. 111). \illiin [l
sp[ecies ihat disl aay' ornaiimetalions oni the inirasla inial
trichornes (prcvious charaeter), ihe palilern of the ornanmcn-
tation is also coiislant .ithin spccies and it varies amiongsl
thli n. 'I'The ispecis liha lack oruaii ii enlation on Ihi inlra-
staminal Iricihonues mvere coded as inapplicable (-).

(3 1) Carpel groupling: 0 = (ongenitailly syneai< -pons;



1 = postpgnilally syniarpous-; 2 = apocarpo'i: 3 =

partially s'yneairpous. 'l'ie character and ils slales \ r.c'
modifieel accordling io our sampli[ng fromn Emniress et al.
(299().

(32) Ovairy posilion: 0 = suiperior; | =  seiii-

inferior. This cihar'actr ihas a great taxionomic importance.
and it has not | en tisedi in ladislic analyses. llimiiiuantl.us,.
l'orltmridll. aiind /'liurriti ariii e onl gencra in tlic trilib
Ihat siare a serni-inferior ivar'v. Pichon (19'48a. 1)50au and
L.ecnuwenlrg (1994) suggesied Ihat ihbis charaeter cutild
point lo a Ipossibil<e rclationshilp anog thul gen ( "a.

(33) Numiiler of ovules per carpel: O =2; 1 = 1-6;

2 = 20-40 (additive). IThe nuitbr of ovules per carpel is

a eharacter Ithat hias not becn ustled in prvitus ph logenetuic
works. Il bias constani intervals wviliini slpecies andil gaps
iiiamoti t th ,ii. iii allovi us to prolpoe tlie stlat.es t\ien
withoul haying in d ' d scripl ilt statisli's. Phis c'hara ter is
consi'derd as a- tdilive, sugg-ieliitg a hl p ioltsiis of loic
transiti on to incre-as or redutlion u of ovi ile uiiii ei( ".
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(34) Presence ofnectary: 0 = no; 1 = yes (Fig. 41, J).

The co ding of this character atnd ils slales is laken froin
Endiresi et al. (1996) amn Sennblad et al. (1998). Several
authors (W\"oodson, 1938a: Standley & W illiams, 1958) lid
not report a nectary in Canmeraria laiifolia, lbut ilri
observations revealed that an external portion of the ovarv
wall lias differences in coloralion and ellular type. This
tissue i; liere intirplrted as nectary because ils charanclr-
istics resemnble the ones for other species whlere a nectary is
generally reported.

(35) Stigmiata shape: 0 = semispherical; 1

cylinulrieal to fusiformn (Fig. 4K); 2 = conic (Fig. Il.

M). Tli terni "sltigmala” was iius-d Il Boitceau and Allorge
(1978) reierring to thl sterile apical part of tle stigialtic

head. 'lhis structure ias cellular differences with resp)icl It
the r<s of the stigma and fulfills a particular function
(Fallhn. 1986). Il is the first lime that tlis chiaracter is



employdl in a cladislic analysis, and wc recognize lhree
characters liat iepreseiit diffeTren attribules and potenlial
homoloies within llhe structure: shape (35), position (36).
and cell Ishape (37). 'lhe shape of tli stigmnata is constani in
ail Ihe .sipecies checked. The cylindrical or fusilorim shapes
occlupy neil about one lhird of lhe stigma, whiile llie conical
shape is a massive structure Ihat constitutls hall or more
than half lof stigma.

(36) Relative posilion of the stigmata: 0 = not
convergenti (Fig. 4K. L); 1 = convergent (Fig. 1 N).
Among the species in the tribe, al least lwo constant patterns
of stigi ila arrang'emeint tan bli distinguished. In nut-
‘onerg ,nlt stigmatas. Ithe lobies are parallel and independlent.
not louching eachl olihr. In contrast, in convergenl stigmalas.
the lobes are in full contact wilh cach other, sointimes ieven
fused al tli hase.

(37) Stigmata cells shape: 0 = filifori (Fig. IN); I -
conie (lig. 10); 2 = irregularly flattened (Fig. 4P). IThi
shape o the sligiiata cells ipres<-nts differnc't Ipatltrns
amongst different species, which can uinai migiuously Ire
definedi as different states of thl character.

(38) Sec-retory region shape: 0 = cylindrical to
elliptic (Fig. IK. 1); 1 = lobulale (Fig. 4M). This character
was usadl by Bioilaii and Allorge (1978) to differentiat-
sulfaimi v Plumerioideae from Tahernaemontanoideae, but it
lias noi bien usle in hliylogenetic analyses, llere, we adopt
the proposal of hose autlhors Ibecause. wilhin the trile, thcrc
are clear and constani diferences in ihc shape of Ihe>
secretory region.

(39) {Receptivity pattern: 0 = level 1; 1 = level 2.
This chitracter follo)s the piro)posal of Fallen (1986) and
Endress et al. (1996).

(40) Fruit shape in cross-section: 0 = elliptic to
circula’; | = stroingly eoimpressed. This ciaracter was
used in 'ladistic analyses foir othlr families within the order
Gentianal-es (Bremer. 1992: Oc()hiol-tena. 2000). The charac-
ter is ipillenmented Ihre liecause the stalcs arc easy lo
recognize and not amnliguous. T'li ciomiprc'ssed fruits differ
from tlih circulalr or elliptical ores bv a cicar comnpression on
both planes.

(41) Shape of non-comipressed fruits: 0 = fusifornm;
1 = linear; 2 = suhspheroid (Fig. 1B); 3 = reniformi
(Fig. IF . KlackenbTrg (1998), wihcn considering the fruil
margin. rtcognized ito chiaracter stales: "0 = follicles withl
straightl margin™ anii "l = follicls with simnale margin."
Liedc (199I) instcad used the cnlire formi of the fruit, also
recognizing lwo slates: "0 = olxblavatc" and "I = fusilorm.
I1er-e wc adjust thicse prop.osals according hl lihe sha)pes
ob>scrv e' ithin Plumerieae. l'ihe linear fruits hlia a more or
less coamlant dianetecr along thim. only thinned in the apical

parl; the fusifortm fruits are thinner al Ibotl ends. Tlic
reniformnt and subspheroid shapes do not have a unilort'
diameter along the length of the fruit: th reuniform shape is
wider ihan long and clearly displays tiwo lobes.

(42) Exocarp color: 0 = blue; 1 = brown; 2 = red;



3 = black. Thi cliharacteristic color of( i | fruits wuas
employcd hb Williams (2002). coded as: " = brown." "I' -
red." and "2 = black." We adjust the chairater stales
accmoding to oui- samiling. We consider tliha tlh colors of i
fruit represent valid homology hypotheses because ihey
appear i be due to the preserne of specifice iompomts.
(13) Presence of lenticels on ihe exocarp: 0 = no
(Fig. iF); 1 = yes (Fig. 1B). \We l)elieve tial this charactter
has >poential phylogenetli informiation hiecuse ils presence
or al)sence seems lo e le constant within species and variable
among the(i. The lentieels on tli exocarp can be seen even
when the fruits are no> mature.
(44) Mesocarp eoinisisteney: 0 = wood; 1 =
coriaieous; 2 = fleshy; 3 = spongy (Fig. 1 I. S). Enidrelss
et al. (1996) considered Ihat the varialion of fruil consistlenc
is due to the mesocarp, an idea that we supp)[orl. 'I'These
authors ended t ttexture as: "0 = fleshv,." or "1 = drv or
woody." Altli tgh il is p)ossible lial some ipr-operlies (ofi tli
texlure aun ie tnmodified when Il th' fruits dry. hlle characler-
istics that remain suggesl diftference> s in the ce'llular ty[> oft
lihe mesocarp amnong species. \\e consider that it is possible
lo di-stinguishl more lian two chiaraeters states, frotm Fndress
et al.'s "dry or woody" condition, I'ogieter and Albert (2001)
considered that ihie I'uils of C(erberiia nllaghil. . Codolliai.
C(rbe/rioi< si. ctandiel/ara,i and Theretirc perrcniuna (= (Casc>-
be/l theretia) liave a sclerified mesoarpi-: our lobservations
fronm Casclbela and Cerbera indicate lial tlie slerilfied
consisten<v correspotnls to the endoiarp (see chlaracter 47).
and thl e middle layers have a fleshv and spongy texture.
reslpecti ly. On the other hand, C. c<ndelabra does not have
sclerified layers.
(415) Endocarp texture: O = non-scl<rielc<f; 1
sclerified thin; 2 = sclerified thick (stony) (Fig. 14R).
Endress 'e al. (1996) coded this character with t\e stales: ")
= non-selerified™ and "1 = selerified." ' We consider lihat
among ihe genera liat have fleshy imesocarp (tliose codted as
sclerified biy Endress et al.). il is possible lu recognize Iwo
states: the fruits of Cerbera and Casc(,e(la ha(e a Ihicker ami
more rigid endocarl) than those of Tteretlin. Slirictly speaking.
the dfinition for "stony" implies lie prsence of stone cells
(Font Q(uer, 1982), ibut given tihe iaek of anatomical studies. we
provisionally assess ltis state ly tihe rigidily aril Ihie ilickness
of the siruclure. lecausi we belie\ve that thle differences ii
texture among those gtnera could lie due lo a difflrent cellular
nature. Thm species wilh wtoodly mesocairp wlere toded as
inapplicable> to avoid weighting of lharacters. Ibecause in tiat
case. both lavers (miisocarp and eni>loarpl) lave ihe sanie
texture, a condition tiat w believe that couild be correlated.
(46) Endoearp external surface: 0 = smooth; | =
ornamented (Fig. 4Q-S). In trile Pllumerieae. most of the
species have a snmooth endocarp, but in tihe species of
Cerbera and IThertia. this- layer is ornamented.
(47) Endocarp forming a network wili the meso-
carp: 0 = no; | - yes (Fig. 4Q-S). Thie ipresenc>e of
endocarp forming a network wilh lihe meso>arp is nol
commnoin amonig thle sp]ecies of Apocylinacieae. Potgieter aist
Albert (2001) considered tiha sclerified fiiers of ihe



mesocarp were responsihle foir the rigid ctonsistency of
Cerbera’s fruils, Ibutl our results show tha Ihcse l'ibers arise
from the endocarpl and surrounii thli spongy mesoearp,
forming a nelwork. Tlih species withi woody meiisoearp wcere
coded as inapplicalble (-se clhracter 15).
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Il 8) t-. er tise li (i. Aili) =iii ge (ttj/u
5i).i. ISV, <ty 1) g A1Lreltit Clii (iliill n

(arr 1u >0 il lilg( llot-miol (Ir eo-eu'tris-;It ai 1)4)111
\\idll- bltalu ipo. mil lu 11wi' in (ilu le; tlaiehait

(19) iiigliiiu CiO ol litruit t-.iiiiiiiclc: i) il dehitil tii -
ttnii Ii lativie;I- 1 = it\l- t2ttetl t. | i-ia, (20(2i---

lit' ;iit. i t-idit (CtLidithi . tt it dit." i it-iitlii h ot~ ~i-. . />/titit i ti t.
usr(l i (I, u(zl(lararlr . tutl llle ((Ibis aii)/lli.Z o

(32) (4) 1rilte iiti Ltmite ' tel 4)11i r'aite toitsim: Of



tili~n (t-iothil)7) titii, t't. ili lul

(fr 3i> h-fa tdiiiii: O 4idl) 1 i 44)Iie)Li((t2 : ntl

t'nuits il Cuii iii- iii-.--nil I'ttiiat . t

(Bl) Pn )lnursellINgon44eillle-ii): O4111 1)
yeti.iuInlri a1l ()11 () t-H ,ie t rlttot fr ~2 ah)r ihi,
i.rarai.cr: O nalc'(L 1 = winr-'li c.i;i..2 = ii.iil(i (in ut' hait".."

N 44lall DI4T ;i1 1.idle \\illill taii tile (I oradli.

iii > i titil< -u it @ -iiiteetittili i Q- it
i-il)i | citt hiitiiititi--.--ti iriiti tititi---- i- tiiii



Ailtludiiig iii-Il1-.t il>ccle-hl -iitin of -l mii i

\ii-u 1) 2:nulior'cilulr, | 'irssol =cil2. i83.

a, tlistin'l Itixll ('s)tl of . liii i ill h1nl 5i ont.- I nsomr laya.l.(l. th'~~
unirnit'ill ol;1 (: t th L th\ilt e lli.e(<,* ri. .. 1 uriili<

aaiihulltmou tir,, ((ir ("i asin1( 111,11 t' f(52)( oninuit of he r r*hn or he sed wug:

entie; 1 = ieutiulai. "lu har'tarli' ofih' r'(

tal.i2: ilifih li, tieili i, li7ti -

Sulilile Allan.inii . I)-..lar.t).: 31tlt.
11l

t11. Flo) 'rsitintiilli I sull nitiel [, al alt nlt i ilt-:

Lltretllli) (I..11r) 2« d1.P.2 1 71 ()3,. 111
S7itnti i |/ tiltlisli-tiit -l liitii¢ it.
S-12ilii.iniiin liri Gdiill. Ni21. Ih, i .iliii.

1(2): 1.i. ]8itii. Tee"IT.-.iilti ii)iiti it

fiiiyntiz. in.lost &I' ntz". Int. G(n.iil'ihn.

53.1. 1903". T'i' I\';: (ii,.v'nl'ii/ p!Tru'ian ' (P'rs.)

I;f.. S'I'v Til'Inlr. 102. 1]i3 |= CI .'stui)lt

e (i) liit 1.

Trs.>irs-hruiisi itl iilk\ I'x. I.'m's a;l'itt, r-
) sul)l'c Ith'r v, ith tl )r Witll(iul (co .spii'nou. s (-
onliinf\ .\ n] lion. I'Inl:isscll'c's . I<i'l.i(or ilbs



nl otei.;ul. S' ull, with millohtr: our.hriil iwilot ors

oraii i',( I\ \ nuitlli fv.iui llt ortn, I(oli's ,s nissil ri rse-
cDile t't'i. (I'xtl inhlc, sull 'asllanitinal apllt) 'nltt ig'.s

li, itiform, . villous: t nh. rs suii[)Irti | )\ ri'Is.

lutr rs . inclu Id. ;m hl linitel ol th' sligin<.. ;pi[ (!l

onn <'ild(!"l lot!. liark, fuis'd: iinf rasitliinial ;>||'n-

iloi.s sen, iirt'cular. hlirsul, lous: ot an\ |)iariall\ s n-

<ar(ii. I,lirous. (i> lls 2 puxr c;iri'l. mar-ginal
)lac n tlaliin. sliignl; 'onic'll bla cs 11 0-I" I'l: n"lan\
annular. ..i...s...a...llosbs'hr.il<'u's.

Da'.l).tik. h ith oir il,thut II'ntic'is. tn'so( ai
tlish\. ( Intloc ut' \(holrt. lllick (stn\). s. noolh: ., s
uin fd. fl I; Ifin it llut. * sta (rui.l u us. ri'lhr\l un-

*ni) li[r'ss'dl.

\LuS: > lHlualltril Sl.oi: Vti:/. \

......................... C.gamllri
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3a ILainla oil IIh leaves wilth inconspicuous

(seconularv v(cnation: ((lirolla Itu e 01.() 1.8 c<i.

la. Lcavc s sessil. lamina Jinear: infilors-
cence ped'uncles 0.8-3.() (m: blracts pe'r-
sistnil: corolla litul intcrnally glu-
bro)s............... . :3.". p7initf lial

hi. L.'aves p ltiolat, lanmina lanr'eolac Ito
elliptic: inflo<rescence( peidunmles 0.3-
0.9 em: Ibracts hcidliuous; corolla lube
inicrnallv pubesc ntl . ...........



........................ .C. . tiierti
31. laumina ol tiw leaves w ilh i (iinsp)ieiiiuus
scondilarv ‘'nation;: <corolla Iul) 2.0-)
3.0 (Mii v e e .5.. C. . uretioilde.d

1. Cascahela gamnieri (llemsl.) Lilpp)ltd, Fedtles
Hliprt. 91: 53. 1980. l.asionvmi: Ther/eia
ga.uneri | llesl., Icon. PI. 1517. 1886. TYPE:
Mexico. Quinilana Roo: (Cozumel Islaiid, 1885,
G(. F'. Guimer 7 (holhot) pc. F not seen. F photo
MEXU!). Figu'rc IC.

T7 eelic a spa'thulaht Millsp.. Pull. Fild (:(>lumbl)ian Mus.,
liiB. e-r. 1: 383. 1898. TYPE: iMexico. Yurcliii: Yuiialaii.
'Ori)ii at ihc pl(lrl ) Silain. \ipr. 1895. (. . I. (;,Id tner )7<8
(Icu.ict\yl -. dhlsi liautcl 1) Morali's (2005. 13: 1 75). MO not
enii. MO) Iphoto MO!: isotyp. I).

Ther'/ei s icteeri WoNodsoii. Am.ler . J1. . 22: 685. 19:35. 'TY P1:
Mirxi,,. ealatin: in low ftor'si. l)roigrso. 1 1-15 Ang.

1932. II1. .Stecr- '()0 6 t (llol I|>' . MO nol<t sein. Mi) phioto
MO!: isotpe. N' not seen. NYI photo NY!).

ceolate, 10.0-12.0 X 1.9-3.0 imi. meml)raniaceous lo

subl)](‘alli('r\. glab>ros,ii itcoiisicuouls secodlair venla-

lion. Inflorescences \vith 10 or more floeers;: pedun-

eles 2.0-5.)0 ciim, glalrous; b)racls ovale, 4.0)-5.7 X

3.0-4(.0 mm. persistent, glahro()us. Flowers with pedl-

icels 1 .)-3.5(-1.2) cim. glalrousi: sepals ovate. 0.5-

1.3 X 0.3-0.4 im. glahrous: corolla greenis' i xellow,

tube 1.5-1.7 clm, 3.0 mm diarn., internally glal)rous.

tliroat 1.1-1.3 mii. 1.5 cnm dliaii., Job)es ollong. 2.6-

3.0 X 2.0 iii: aitlihers 2.0 X 1.5 mmiii: (ovar\ 1.6-1.9

X 1.7--.9 iimm, glai)rois, style 1.0-1.5 c'im, stignma

2.0-2.3 X 2.5 mmiii. Drupes 2.0-2.8 X 2.5-3.0 ciii,

Inot leiitiicellate; s-leds 1.3-2.0 x 1.0-1.5 e<m.

Di.sr"hntion. Mexico (Campni)heli. (;uerrero, Quintana
Roo, N Iracreuz. aniid Yucalan) aiid Central America
(Belize. ;uatemala,al ail Nicairagua).

li.si "ssion. (Casab'ti dela guinu' ti and C. litcel(ia aie
moriph:o gically veriy siiiilar,. buil iley caii bel easily
distingiiislhed v li eii sihape of tliei laminiiae (I>lanceo-

late ini C(. geuneri vs. lian'ceolate to ellillic in C.

theelii). Ihe hairs in lihe corolla tube (al)sent in C.

gaiiimeri vs. presinl ii C. thetlia}). and Ithe color of Ihe
flowers (giren-iiisli y ellow iii C. geau<meri vs. yellow or
orange in C. therelia).

Sih<letl.d speci.rren< ,.ra mined. I'i. | IZIE. Corozal: Basil
Jones umil>rgris, 15 km N de Sain IPe'rro. ,S. aTrrc 308,

(MEXU). ;GUATEMALA . Peiin: )Do(s l.aunas. iii 7 on
Ixcanrio moad, E. (.Contrer. 8397 (MINXI . NY). MEXICO.
Camiipeclhu: Km 6 ruiio a Nu ieo Becal. Hi<alb 103
(ILEXL). Giierrero: C(:rr Alquilrei. ca. liel puiielo dr
Mazallan. ch/iiuwae s.n. (MII'EXU). Quintana Roo: 0.7 km N
dh pobllarlo Sabana lle San Friancisco, D. Al'ru/'c: 9126



(MEXUI). Veracriz: (;crro de Cuarhini. 1l. Corl'. 112
(MIEXU). Yucatlta : )rilla del cainiii*o Sinor-Sain n iiniio.
1M. Correa 260 (MXI t).

2. Cascahela ovata ((Cai.) l.il))old. Fetlidds lepertl.
)1: 53. 1980. Basionvm: Cerbera o'tala Cav.
luon. 3: 35. Ip. 270. 1796. Ther<'lti i oaula
(Cai.) A. I)C. Pridr. 8: 31;. 1811. TY"1E:
Mexico. Niitva lispaia (liutilylv)'. MA\ not
s Nn. MA phioto MA!).

Cerberua /ll/iouora Rocii. & Scirult.. S-.st. \'e. 1:)798. 18 19.
Syn. nov. Cascabe la illiodora (Hom-i. Sclultl.) Li)ppold.
Feildd s li)erl. 91: 53. 198(). ThereY in a/lluio oru (limiii. <&
Schull.) Allorge. Sucu'lentes 21: 27. 199 . T P'fE:
lexico.. (;c, rrei r: -ineri Zuriiptilan et M's-.le lanri. in
convalli Z.opilol'." A\pr. 1803]. F. \. tl. . H nmlodl &

A. J.. . nplan)id s.n. (hol)otvype. P tit seeni. P pholo NY!).

C-erera cunifidoliai Kuniith, Nov. (;en. SI). 3:224.1 i 181 8191.
Th/eretita iuuififoli (Kunth) A. I)(.. IProdr. 8: 311. 1811.

iii ‘'onvalli /iopiilot.™ 1 A i. 18031. I'. Il . H. A. Ht uniblht &
A. .. A. linplhn/U s.n. (hololypi.. P niot seenii. P photo
MEXU!).

Therti ('n1'i/i/ (kuilh) A.tC. ar. a.undrieu.iii \. I)C..
Prodr. 8: 311. 1811l. ' P" I1".: Mexii'. Mi-xi'uco-MNor<lou ]: in
Mexico al (;onacatcpr. . (. Andrier, 2~il (hiolotl p. (;-

i)C!; isolype, P nii seei).

The(retii pilinurr itlia [i Hihiini.. Bot. \Vo . iiulpiir 12 1. i. 43.
1845. C se, b ela/ plu ifiirifolia (T I'nthl.) .ipipolul. IFedile
Repe'rt. 91: 53. 1980. T' 11P: IHonduras. Gulf of I"unseca.
S. Silir .n. Sii/ . (icttipt, di 'sigtiahi' ly N(I elson (1996, O 1l:
60), K noil seen. K pihot K!).

Trees 2.0-10.0 m. | 'caves pel'iolate: laiiniime I)-

ovate to o()lanccn'lahl. 5.5-17.5 X 2.5-8.5 mni.

leathery, lirsule lo tomentoiuse, witxh coi()niisi(ious

secondary venalion. iiflorescenciie with51 15

llowers: 'pedunles 0.5- 1.3 cmi. hirsute to glalrate:

lracts ovale. (3.0-)5.()-7.() X 2.0-).() mm. persistent.

lomentose. I'lowiiers vilth ledicels 2.4-7.0 (iii. lirsute

to glahrate: sep)als ovale. 0.5-1.2 X 0.3-0.5 uni.

glabrous: corolla hellow, tube 0.8-2.5cm.

4.0 mm diain., internally glalrouis. throat (0.9-)1.3-

2.5 cm, 2.0-2.3 mi diiim.. lobeis ollong, (1.2-)2.4-

4.5 X (1.0-)2.2-2.5 cmi: anthers 2.0 X 1.0 mm; ovary

2.0 X 4.0)-.0 min. glairous. sille 1.5 m,. sligma

1.5-2.0 X 2.5 nlun. Drupes 2.0-3.7 X 2.8-5.5 cm.

lenticellate; sceds 1.8-2.0 X 1.8 rni.

Distribut)ioi. Mexico, (Chiapas. Colima. D)iralngo.
(uerreroi. Jaliscoi. Mexicoii. Miclihoa(in,. Moirelos.
Nayarit, Oaxaca, Sinaloa. and Zaaiclcas), Costa hica,
El Salvaldor, (Guaemiiala, Honiiuras. and Nicaragua.

Disculssion. Cascal/la or'atla is casy to riecolgnize lby
the obovaltc o ob)lani'eolate (caves, with allahery
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seconldarv \ (,nation.

Src'leterd srf'ecieiis )nun SA ddA.COS (;.uaiila-
caste: 'Peinsuila i, Ni(rivai. hrjul O la Islia. (Q.jinun:
161 (N'V). I,2 SANA i)OIi. L LLibrtadl: I'unit Sihuia-
ticIW luii, crr. Lloiral (1 <i<'iileiinl. lelrinlr i 637( (N1).
(;tAT\ MAI\A. El Quiich: lio Bllanco. nriar illage 1r R1Lir
Blanco, L. \1\illim, 22/i5 (N). 110 )NDIINAS. Mlorazimn:
Nraiiinag of t ih liro Y'ti;are, (Cas antillia. CI(;lr."irrii 181
(N). MKEXICO( . (hiiapas: Il kim \X\ ie TIxtia (;utirrear. la \\
(le la cirlonii Juanii risi'n., iiYrrs-(urcrrti 19/i.s (MI'. k).
(o(liiai: Manizaniill . il'ihIn'r 10fi9 (NY*"). IDurauglo: t kml
S [le Huaiastaiilr. . . (;in(ail: 210." (MEXti). (Guiile o:
Siichopi la. Irui/ 1107 (MI1;X ). Jalisco: (Chiiialisli, AR.
Hcrninuilz ) 9/20 (M i';XL ). iMxico: l)lores. Inmiudu .31264>
(M1EW). . licihouacin: .S-- k In Ni de(l lai (lestitiar
a 'Truzaitia. . 11 km N *; ( Ti(nlihec) , . Chi/rriir .5 (M KXU).
IMorelos: lIrc'li Xiciitlai a Xicallaritla, Qruerdii 16(99
(iM X'i). Nayarit: (iilora(liiiid 11 ira. I<rtiil = .3107
(MEXUI). (Oxaca: 50 mi. S ol() xac( oln hi ., D)'al" /.43ri(6)
(MKXIE). Sinahl: (3 km NEK:i (li Cilia<'l1 n. iruiir a la pr-sae
El :(inreetr., . (i'hiz 327 i(MKXI . Zacatenca: \V de
Pullj>o0 Vicijo. (Crri dI Pliirmiir lailrra IEl. casa de J. Avala.
Bdlla iir 8182 ( X11 1). NICAIA<(;I \A . lo>aco: kim 101 carr.
llilpla.il 1)ala,al 1r. Ilrena iii362 (MIEXI ).

3. (iascul('ila pinifolia (Staindl. & Stev ruiii.) Alarado-
(:irdiis e (Or)hi-ol.-lixh th, c.oriin. iin( . u-asioniyi:
Slanill. & Ste cer-m., Ailier. Midi. iNaturalist 36:
185. 1() 6. T'ihrelia inifJlit (Stanll. «& Sltever.)

1. K. \illianls. Sida 17:187. 1996. ITYPE:
Mexico. Miiiioaic-i: Irail fnir Apimtziwiian to
Tacilarr. 7 \Aug. 91.). I, C. Le aeunwortlh 505
(hiolrityllr. i* n t sl ei,. I" phooii Mti XLI ; isotvilpes,
(I not seeni. N)' nol scei. N: plihot NY!).

Tres or Llirubs | .8 i-.0 it. ica\)es ss.,sile: laminan

linear. 8.0-20.0) X 0.1 -().3 ci, i niililiranaieuius.

glalirouis lo hirsite,. iniiic)sl)icui®) scconilar vcina-
lion. Infloresceinces with ) tlo Il I'lower: [iediincles

0.8-3.) ('ii, hi.irsule to glalbrale: bralcts ovale. 3.1-

1.9(-6.0)) X ,3.(..:- miin . )ersisteint, hlirsulnlou( s.



Fli owcrs wiilli Icdicel s 1.()-2.7 .ii. glalirons: sepalsl
ovate, ().5-1.1 X 3.()- .()ii iin . glairoins: coroila
ycllow, lulc 1.0-1.8 cii. 3.0-1..() iin d(liai., glatironus
insiii, thirot 0.9-1.1 cii.i1.-2.() niliam., lo)es
oblong, 2.1-3.7 X 2.0 cii: iuilhers 1.3-2.0 X

1.2 ilin: i\ ary 2.5-3.2 X 3.0 inl. gilairous. sl\ic
1.2-1.5 ciru, stligua 2.0-2.1 X :3.()0 iim. i)rupes 2.5-
3.0 X 1.0-5.)0 c, leniticellate: seedrs 1.0-1. X

1.0 i

Dislrihu/lin. iL'iilirc ni 11Mexico in liie statc. of
(i lierrero. M+Ixico, MiichoacaXii. (iin r 1 uci)l.

Disclu.ii.in. )Occsioniallu  C,'(r'ii/cla pin(i/lia is/
iincorrcllyv (Ixtermiitll+(l as C. Ihe'relici. iiil tihc can

bie casily distinglislieid i) lill haille oi f Ilii la minae
(lin‘ar i C. piti/r /irl vts. launcc lalic ti> llip)tic in C.
tlret'cri). lii inediuniicr tli 1 1iii iihe liracts (hirs inllnUii s

in C'. pinidilliu vs. glabrous iin C. ltereti), aind the
lairs iin thi orolla | lu e (abisent in (C. tiiif.>li vs.
prsentei ii (C'. I// iclia).

Sir,,.ii" si'irrimenr, r.rxuna in. 11 EXICO). Glu rrero:
2) ki S\ i/, nirrn ... r'ai. (iilaacl mi, . I'. llriiezmz
136 (NV). Mxico: liej.iu .s. G. lliiilont 792 (N").
MNichoaiein: En Iras (iColo ias. E.. Irtarinw: et il. 3."9
(MEXI). Pueibla: l'araie Cerrr (;Conri. 1 km NHI (I la
ca 'rcria inum ici)ial. (Ctilaret, 11 (I X I'XI).

1. (asea ilw 'cathveti (I-.) [,ilt)ldl, hI' ehlcs iclpcrt.
S1(1-2): 52. 108 . lL.alsionviir : Cererxn' tr hcertlia
... Sp. I'. I: 200. 1753. C( rbr i " jrer riiinra
Pers., Srn. PI. |: 267. 1805. Tlher/eltiur nerii/flia
Juss. ex Steind.. NM ilriin I. 11 t. (idi. 2). 180.
1821. C('asicl'/)i iperrian (Pers.) lafi. Svl\va
I'lur. 162. 18<38. 77hereT i lineari. | ‘af.. Sxlva
‘clltir. 91. 1838. Theret'ia pi erlr i<n (Pers.) K.
Sclluit.. iin Engler >l & Praentl. Nat. IPflaiizenilar n.
i: 159. 1895. Tlie-r'li tnt'rnti (1,.) Mills .,
Field Mus. Nat. llist. Blol. Ser. 2: 83. 1<)00.
T'r'fli.. A ii'irica. s. Ii". et coll. (holotie), I. li r11.
Linni. 208.1 . IM nol sean). lsigiu 11).
i/Thir tin r'cotui\ Ir.gr \. )., IPir.r. i:3;131.1 il.Sxn.
Inmi . TI'K : Mixici. al'inxaiislii : Talmpiico, 18 27., ./. .
IB'rlai ndier 118/ (htii louilr. (;-I)C!: is, iltpi . 1' not s iei. P
ilinia M\ 1 11.
Trces or slruibs 2.0-8.0 ii. |,laves perliliale:
laurminua- lanrcclatc lo elliptical. 8.0-16.3 X 0.5-
1.4 i. niiri, | eranasiia ,ii. lal)irons, witll iiionsplicui-
(os s.cou(larv 'vnalito. Infloresicences with 6 to 8
lNowers; i)e(liincles 0.3- 0). ni. glal)i'brous: Ibracts \val,.
1.8-1.0 X 1.0-2.0 unl, (d(ciiruous, glairouns. Ihoeers
wilh 11|(die-Is 2.5-3.0 cm, glabrtlus: sepals i ovat to
lanciu-late, (0.5-1.3 X 0.2-0. i(rmr. glaironis; ,orolla
\ ellow or orangei. tul)c 1.2-1.7 c'i,. 3.0-5.0 niliamii..
internally )Ulibesc(‘enl., throait 0.8-1.1 cmi. 1.2-1.1 <iiir



(ianm.. lo)bes oblong. 2.5-3.5 X 1.7-2.5 cm: ailnlirs
2.0-2..5 X 1.5 Irmmi: ovarx 1.0 X 3.0 1niri, glahrous.
siylc 1.0-1.2 ('i. stlima 2.0-3.0 X 2.5- 3.0 mii.
[)Drupis 2.5-3.5 X 2.1-1.5 im. smnetirmes Itlentiel-
lale: seed(s 1.0-1.2 X 1.0 cri.

DDisri/iuntm. Mexico ((;aiiie.)ehe, (Chiaas, (;,er-

rero. lli(alao. \Miclimiacii. Navaril. ()axata. iPuebla.

() ter"tiiro, (intana lloo. San Lilri. ixiosf. T'aliasco.
Taimnalipas. Veracrilz. an 'iiucatain). (snural Aniirica
(llelizc . Costai {iai. K,i Salvador. (juatetiala. Itii-
inasii, Nicaraguat aiii Painama), Soilli Anirica

(loliia. . ) az Ihilish (iuiana, Colombia. E'naiul. r.

Pcrui andi Venezuiiila), and Ithe iililles (laliaimas.
Cub(iila. honini‘caln iiuhli,, llaili. .lau aica. and
Puerto Ixno). Toda cuiltivated in Ihe troi)iis (o ihe
worhl.

liscausi,.= i. Thisl. slici.es , i re(iiruiili conufiseld wnilhi
Cu(.s.rr/l' tihereti(idslj bccause Ibuoth hale lani'erxlate

320

[Begin Page: Page 321]

Volure 94, Number 2
2007

Alvarado-Crdenas & Ochoterena
Cascabela-Thevetia Species Complex

leaves. However, thev can be distinguished lyv the
secondary veins (inconspicuous in C. theretia vs.
exposed in C. thevetioides), the leaf indumlentun
(glabrouis in C. thevetia vs. tomentose in C. there-
tioide.s), and ihe corolla tube size (1.2-1.7 cii in C.
thevetic vs. 2.0-3.0 cm in C. thevetioides). In the
Linnae.an herbaria there are other specimens lhat can
be associated with C. theretia: Linn 296.4 (IINN not
seen, | INN photo MEXU!) and S-Linn. IDC 105.5 (S
not seen, S photo S!). Morales (2005) consilers thai
the holotype of this species is Herb. Linn. 298.1 (BM).
but Ithre is no discussion supporling this decision.

We are provisionally accepting his choice, mainly
becausiu we Idid not have access to that specimen, but
we consider that it should le reviewed having ail thli
material at lanld.



Selerctld specimens examinrd. BAHAMAS: s. lo,.. 13 Apr
1978. Braee 213 (516) (NY). BELIZE. Cayo: El (Cavo and
vicinity. Clhank .33. (MEXU). BOLIVIA. Sauta Cruz: region
de Lomer,o0, cornmnidlad de San Antonior, cerca de la iglesia.
M. Toledlo 291 (NY). BRAZII,. Villa Maria. 0. . Kinize s.n.
(NY). BRITISH GUIANA. s. loc.. Jenmain 48-2 (NY).
COI,()MBIA. Anlioquia: El Bagre. along road near airport.
Zarucchr i 3260 (NY). COSTA RICA. San Jos: San Pedro.
Ciudad Universitaria. Ddihbeler 571 (MEXU). CUIBA. En-
senada de Mora. river valley. N. Britton 12954 (NY").
DOMINICAN RE>PBLIC. Vicinity Rio Arriba del Norte. N

of San Jlan, R. Hifoward 9301 (NY). ECUADOR. In collibusn
propc ;Guayaquil. Mille 60 (NY). EI. SALVADOR. Sonso-
nete: vicinity of Nahuilingi. P. StairleY 22012 (NY).

GUATE MALA. Santa Rosa: Cenaguilla. Heyden 3995
(NY). IHAITI. Morne I'Hospital, Fortan Prince, loldridge

102 (NY). lION )URAS. Puerto Sierra, P. Wilson 317 (NY).
JAMAICA. Saint Andrew: above Mahogarn  V'ale foot
blridge, Yuncker 18325 (NY). MEXICO. Campeche: 2 km
W de Calakmul, carnino a la Laguna, E. Martrinz et al.
27644 (MEXU). Cliiapas: Eseuintla, Matudal 16715
(MEXL). Guerrero: Costa  Verde. Luugman .3325
(MEXL). Hidalgo: Lriiilcs (le Hidalgo-San Luis Piitosi.

hacia T' i.azucliale, R. Herndnidez 3922 (MEXU). Michoa-
can: en Las Colonias. J. Soto 4966 (MEXU). Nayarit:

La Quita la Concordia. en e camnpaniento Balleto. 0. T/elle
4139 (MEXU). Oaxaca: San Juan Atcpec. 8 km de la
Lerracerii al plollado, hacia Abejones, en el Peinte die

Rio (Grande. Alvtarido-Cdrdenas et al. 38 (MEXU). Puebla:
near Coicatldn on Cerro Ajuereado acnd in the adjacent
valley, Smith. C. .3640 (NY). Quertaro: Orilla del

Rio Sanla Maria, 4 km de las mesas de Agua Iria. A.
Herrera 128 (MEXU). Quintana Roo: en San Miguel
Cozmiiiel. lote baldlio. Cabrera 13622 (MEXU). San Luis
Potosi: l{ascon. Pringle 4107 (NY). Tahasco: Carr. \V-0 en
el Aserridero (iluemado. Culzada 2375 (NY). Tamnaulipas:
Sierra Guatemala. | air mile N of the square at Go(mez Farias
on road loi Rancho del Cielo. Sullicani 683 (NY). Veracruz:
2 km NE. of Emiliano Zapala (Carrizal). 1 km S of hwv. Mex
14)0, Hasen 7518 (NY). Yucatan: | km al SE de Tecax,
sobre la carr. a Chelumal. Cabrerai 11328 (MEXU).

NICAR GU A. Chontales: 2-3 krm NE de Cuapa. Nee
28177 (NY). PANAMA. D)iah)o. Blum 3987 (N'Y). PERU.
Cajaniareca: ca. 35 km iE of Pucara, llesidle Rlo luanca-
bamt>a. |. Genl-tr 22757 (NY). PIUEI'() RICO. Eajardo,
Sintenis 1650 (NY). VENEZ IE.A. Caracas: los (Chaguar-
amos. isalen a3 (N Y).

5. Cascabela  thevetioides (Kunth) Lippold.
Feddes Repert. 91: 53. 1980. Basiirom:
Cerbera thevetioides Kunth, Nov. (en. Sp. 3:
223.1818 [18191. Thevetia thevetioides
(Kunth) K. Schum.. Nat. Pflanzenfam. 4(2):
159. 1895. TYPE: Mexico. Guerrero: Taxco.
[Apr. 1803], F. W. H. A. Humboldt & A. J. A.
Bonpland s.n. (holotype. P not seen. P photo



MEXU!). Figure 1A. B.

Thevetiia cotli var. yccotli A. D)C. Prodlr. 8: 343. 1814.
TYPE: Mexico. [Mexico?]: In Mexico ail Gonacatepc C. G.
Indrieux 253 (hololvpe, G-DC!: isotype. P not seen).
Trees 2.5-10.0 m. Leaves petiolate: larinae lance-

olate, 6.0-14.0 X 0.5-1.3 cm, mcmbranaceous,

glabrous to tomentose, with conspiiuious seconulary
venation. Inflorescences w\ith 10 to 18 flowers:
ipeduncles 0.6-2.1 cm, glabrous; bracls lanceolale to
ovate. 0.4-1.1 X 3.0-4.0 nun. (leciduous. glaliros.

Flowers w ith pedicels 1.2-2.5 cm. glalrous: sepals

ovate to lanceolate. 0.6-1.3 X ca. 0.5 cm, glabrous lo

llirsutilouis: corolla vellow, tube 2.0-3.0 cm, 3.0-

5.5 mm diam., internally glalbrous. throat 1.2-1.9 cm.

1.0-1.8 cmr diam.: lobes oilong-obovate. 4.0-5.3 X

3.0-3.5 e;jii anthers 2.0-2.8 X 1.0-1.5 mm; ovary

2.5-4.0 X 2.0-2.5 mm, glabrous. style 1.8-2.0 cm,

stigma 2.3-2.5 X 2.6-3.0 mm. Drupies 2.3-4.5 X

3.0-6.5 cm, lenticellate; seeds 1.5-1.8 X 1.5-

2.0cm.

Distribution. Endemic of Mexico in thie Distrilo
Fledral and the states of Guanajualo. Guerrero,
Mxico. Michoacdn, Morelos. Oaxaca. Puebla. and
Queretaro.

Discussion. This species is frecquenlly confuse(d with
Cascahe/a thevetia. because hoth species have lance-
olate leaves. However, thev can he dislinguished by the
presentalion of the secondarv veins (exl)osed in C.
Iheretioides vs. inconspicuous in C. Iteretia). tie leaf
ipuiles(‘ence (tomentose), to some extenl I)v the flower
size (corolla tube 2.0-3.0 cm in C. theretioides vs. 1.2-

1.7 cm in C. thevetia), and to some degree by the fruit
size (drupes 2.3-4.5 X 3.0-6.5 cm in C. theretioides vs.
2.5--3.5 X 2.1-4.5 cm in C. ihevetia).

Selected specimens examined. MEXICO. Distrito Fed-
eral: Covo.cani. Jardin Botnico. Garcia-Mendoza 7194
(MEXL ). Guerrero: Ajuatetlan. reserva campesina. Godinez
| (MEXL). Guanajuato: Delgado, cerca de Neutra,
Rzedowski 39849 (MEXLI). Mxico: Tepetitlin. F. Venlura
1239 (MEXU). Milioacan: Hulelamo, en las colonias, ./.
Soto 4274 (MEXI). Morelos: lava beds near Cuernavaca,
Pringle 6332 (MEXU, NY). Oaxaca: Tlacolula, Tlacocha-
huayo, Conzattlli 46.31 (MEXLI). Puebla: Loma al NIE: dtel
Calvario de Caltepec, Tenorio & Alrnrado-Cirdenas 20638
(MEXU). Quertaro: El Batain. Irgiielles 1055 (MEXL).

Thevetia L., Opera Var. 212. 1758, nom. cons.
Ahouai Mill., Gard. Dict. Abr. (ed. 4). 1754. Ahouai
Boehmrer, Def. (;en. PIl. 36. 1760. .Ahouai Adans.
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lain. PI. 2: 171. 1763. Tl rt'U i< s'clinil Allouai K.

Sclhtnm. in EKnglr & t>"ranil. Nat. I'll[iizeniilini. 4(2):

104. 1805. tl/ieriolsis iHuslv & \Vootlson,. Ann.

Missourli Hot. (;lar. 2: 11. (2: 192. l/iorai Pichonl.

\Ani. Mus. Natl. llisl. Nal. 13: 227. 1948. TY'I'IK:

T/n'r'li, allouai (1,.) A. I)(:. I'or.<>:315. 1811.

lyp. c<.ns. (C"int'r(i iiiiaiL.. Sp'. 'l. 20(8. 1753|.

Shruhs or- Irei s \[itih iilkt [I3L x. Leaves ;all' rnal('.
p'floliale: iiilulY iie suh lilhTi.er, wilh in.cons)ici'iol) s
s(coiaii rv \ v natin. Iflor'sc'iienc ttcr. mini al. (‘o 'iii)s
sinl l,. rarl'l\ (mll1lpol lll. S(.ials oitl (‘coll)r's:
corolla, <lh . I<'(lo 'l viowiis sil itis linie(t withl
Intrh)le. hyl\ )og\nous, hi)pl'pocralrilorni i)r funn llforn.l,
loies sinlisirorsee-contloril'l, r'lllexed or cxlcn<;h I
su i)raslaminiati | li) iindagl 's illnil. \illons: anthe rs
sul)ior|1d . Iv rits., latrirsc. inelu(lin * agghl liinate(ld ni
lle sli;ng . apical (on(i '('ti(. 1 eltoii ( daark. fuse(d:
ilfraistaniitnal altiiiii lags. (aii (I iiirtlar. hirsntulou s.
()Ovar partially s\nuar)pic. ,vules 2 p:r 0rllp'l.
arginiil i. la .ntatioL . slig' n <l oni (al. iasi 10 -loi(t d:(
nh(lariV aiiiinular. Fruiiiit. sire ifirm (drtii Ls. e(x .ar
re(d. with or wilhout I(Imticels. inmes(o arl) lealtl(r\,.
emidocarp segmenitil. hiiin. r<iuglh; seuds itih ork
‘ithoiul ‘'wing. whou win|,'d le( imlriale. lesla crusl-
((c';ons )r lIhallerv. emir,)o,) ((omi[ress<dl in one sile.(

K'inHI (Il .(t,201 i, 7111 :ai |

.1 \alaminalhnhol.......Msoi2.(.21a(.onit,
Ib). | rf lamina O O(1' Ital ci s)l.ulale.
21. Planis 1.3i13.0 <) lall: h.al, . hir-i m ulonus o
hlabrous, ‘crolla hipl,,'ruhrilrns; swe"1
7((C h'sla( 'toin'ls ....... . 1. 7| h)oio

fnlili firni: s\(Is wi . Iss. testa | lwri ..
3. 7' bi(orous

1. iT hl'evi 'ia ahouai (1..) \. DC..rll, (r. I, . Hil
118l 1. Atsi.l Ms.: ("rl lera ais . al. 1.., S2I. Il. 'i..
2.303. 17:2. I''lum'rio)is /a uil (1,.) IRush’
e& \ ool(Ison,. Ann. Missouri i.(<t. ;7a(l. 21: 1 1.
1S :37. T'T") : Brazil. (I"t)I.O (.. (lesignaole(l |
Il ruwveller)i' (10.3 127: 9) 1. lli. (lil'flo rl:
7(i. tlume'ria Nu. I. 1li1 lut s 1en,, IIM i)ollo
1i,'1"). Figilr. 11't. I
(:CrbrD 1(i a( Kunth, 'Nov. (;n. S1. 3: 32.3. 18P). Theortia
chidal (kunlh) -\. DC:.. 't (Ir. u: 314. 1 11. .lluri (li(da
(Kunt th) !"i'hlon. Anu. M uA s. «atl. ll|st. \al. I13: 227. I;11 .



', I'KI: -\ 1'ri3a '(,ualhorial I:Clonihin I: "C(ir" s it a1l mslini
llulmiri. 't juxin 'ITurha. Nto.. (‘'rao ah'nsium.". 1. 11. II.

1. lhunthold " & 1../.1 1. ll*) palnd ,.1. (h1(hlt11'. P no,

.. Ilhloh MI"xl!).

Tiwrr'fia 'lIW,,th/l/l Mliees. )o":,n. S. ini. 20. (I Nt,. T'2'1"1:
\,')'/zt'(qa. \Valh' la Cura. Alhori II1.H (luhlu’,i.1,\'1l).
Shrubs, rarel' tres 1.5 1:3.0 m. alnit u *" lovl'ale

th Jlihi'al, ,,0-:30.0 X 3.13-f.0 u|n. hirs lut lous or

lal)rous. Inflor|'s'en"es ((1' 10 to,1 flowers:l

1)e(lin'les 5.0-15.0 1) n. ghabrus: b)ral.s o aile. I. -

1.5 X 2.0 mm persisten't. glatirous. 1"otrs wi( iih

p'li iels.)-3.0 (une. glabtrous: se")alls ovate'. 1.0-7.3
X 1.0-5.0 miii. glalrosii: Uorolla vello\t tto v'lliowish

. \hile, hil)ppocralterifornm. luie 2.0-3.5 cni. 3.0-

1.0 nmm (liami.. internally glahro.us. lol s. olhlong-
o(l(vate. 0.7-1.8 X O.-(0.8, cm. rI'h'xedl, glalh'ous:
.inliitrs 2.0 X 11.0 niii: ovarv 2.0 X 2.0 nmm. gtlaiibrs.

st, 11.,;8til. slitimaL 2.2 X 1.0-5.0 ninll 1. Hllirupe 2.)-
4.10 X 2.(0-3.8 icmi, mlt II'liiic'llati": st'etds 2.5 X
1.I1In.vinigd. Itla 'rustl('('acco s.

D t)ilri) ulion. M 'xico ((: m| . (¢: Ihall>he.. ii(",U r-
r'ro. (Jaxaca. I'eblha. (Juintlana lio . 'I'a asco.
V(rai-rlz. and 1 Yuatha), (Centrai AlinriL'a (Be'lize.
(osta llira,. (liiatei' ala. IHondur'as. Ni( ¢,Iraigu ,. an
l'ainama). Sonuthl A\nmri ((Coliomnlia ad \','nezuella).
and llei\ttillhs (Cuba). 'rTodav nlsti. atee( in Ilhl
Itirop s of lite t oiild.

i)iscu."s<-in."It/iI"etiiital oua i is easily rti',cogiiiz. | 1ii

Ih /t hit'sulloul)s lo glahlro s'l,,,in,,e. thl't o"ro la lo- u es
rllexel. and( Ih' see (Is wilih fimbriatt * vi(ig 1|xI
cliiiita(ccot testa.

thcti(t. spei i "tmi'rnl x min'd. II.t/IZ .. (:ta o:itlit il , of
ciiuctus . fr Milli.tnari,. 7. CroL I'i\.'’x. 1 (ui ). COLO() I\
Antlio<ia: (Conilhi 12 1km 1: i \,-rlolc tcs'. ,aioii rOi(l tu
LilNtfrrut. /rutirHiiL2i (til). (:()ST\ 11(:\. Lino uin:

Ifai, ,- « I[folhlLul.LidI I,i. toi tnffj,unfi"t,h.t
1).,Slirls 't al. 21121) ( I X, HN.C 11 S\ ailla Cla:

Iziail:i'1tOlr,'. la Minted I1inil'l, ri1 ;' 1118l

linu>ril 11:5i7 (i I0XIt. f(ONDtI( S. At lantidat : | i'(init (.

la. (Aia. }tunl,<r 8281 (\\i. MIEXICO. Camnp,, Il.e:

(:aliakrNIl. (1) km N\ (Ir lioinrl'sili'. 11 (;,,f-Cui<<u 2:77.5)
(I I'. h:lialas: (:atizaji. l.aguiii. N < (..tf Iti ja Lt nreei O lIhi hi\.
It . Vilha lh.rn ,sa and \h(,rill ,land I' o, Injurillhs (;ramId -.
li-t [t > 2872 (11' Xli. (jurrtro:. Sitn \gi stins 03()tli .

So.l;r Dnd, ",d'h'l 1I' llguala. Heiitrind :id /11 </,;n (/81 (\MI\.l .
(<)ax att: Ct litallhih . (Cafl lil KI tr. . (o tttti Lt (M 1"\ ).

'u Thialliliiunl. IC'r.(Im.\iu,i'tm"178'(N N1:E\I.
(Jintanl loo: 1 kUi N h\\ | 'untral (qui "\Ai(rifla \ It . c<rlt.i.
7'1,,0: 21 17 (MKXM ). Tualasco: A, ), II'(lh>. al.a I'r'ceha dil
Inlr' 11 Cio:. . (Gufdnrrinr ).i< IM\\AL. . er'arulxz:

20km 1 h, (I r hCa 'niu-Ain'adin, I'(/w:-;1,"om 1)" (; \ 1+:\1).

Yulll' 11i": ('n lus al Ir'(I(hr'es (le la zoni;. <rr(Isin h]L ina 01 a. il.



35 km S\\f dO' >t\ktiiz'ah, Calibntri II \I': M\t . NI \IH-

\(; A. Zelaya: Iflun'fi hiis. 1 kin \\ <Ll 1,.tlu, I,. <" i/ | rvni

2 12t7i (M . N1 M. lariiz al)ng. ri. I(* Lalt)tres,' 12 .az
Ao diyar (Cos. | Lisa litr('<t. 7 :(r,,,i 22. (\i " ).

\ NI'Z/II 1A, ITr'ujillo: Carr. Mh;+ra<ail, Ag.ua \ia Il) kin
1(.An:i\isa. IHilin 3th"3 (N".

2. Theveti lia aia onica Dl)uke. \Arc"li. .a'(. lot. lliio
de ,.an'iro 3: 2 17. pil. 10(). 1022. T' I'K: l|razil.
I'ar(: A\lineiriii, ,I. /Duke .'<05x™ (I, t(iN)I".
d'signatahl h r,. I( noit se'li).

Slirtl.s 2.5-3.0 in. Lamina' la, 'colale. 10.0-13.0

X 1.0-1L.!'tin. li'rsul' lo lini'ltos.. Inllor .sclinc' s

vil19to 1flo() \'rs: )cllin'es I).! ('1 11m . liiineli se

to galbrr'scen: blracts ot\at1, 1.0-7.0 X 3.0-1.3 lun.

plu-rsistcll. Ihirsiilulois. Flowe'l rs vwillh pi'ldicls 2.3-
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2.8 im, glabrouis: sepals ovate, 4.5-8.3 X 3.5-
5.()0 mi. hirsutllous: corolla yellow\ tinged with
purple, hippoerateriform, tube 1.9-2.0 cii, 3.0-

4.0 milrn diam.. internally glabrouis, lobes <oblong.
1.3-2.5 X 1.3-2.3 cm, extended; anthers 1.9-2.0 X
0.7-1.0 em, stigma 2.3 X 2.1 mm. Drupes 3.7-1.5 X
3.3-3.5 mci. lenticellate; seeds 2.4 X 1.2 miii. w ing-
less. testa leathlerv.

Distribution. From Brazil lo lihe north of lolivia.

l)is ,ussion. Theretia atuazonica sliares \\ithl T.
bicorniUta the tomentose iiilumentiii and thle w iigless
seeds with leathiery testa, but T. <(Inazon<ica is easily
getlus wvith lanieolate leaves and yellow corollla linged
withi purple. lii tie origiiial description, Duke listed
four specimens, Ihree of tlieim fromi his own collections
(3058H. 3550. 4918) and tlie otiier froim Stlhlagei



12455. Altlhoigh we could not examine any of ilihse
speciiiiens, we selected Duke 3058 as the leclotype
fiollw g (ensel's (1969: 49) unpublisled thliesis. h\io
mentioned tlll ia iis "tlie most representali\e anit
comnp)lite.”

Selected speciminsi. erinimnedL. 10l 1 IA. Deparlainiunto
de Blhi: ISan liaaicl. Kectk' 26tl (MO). R1A/.1 1.. lato (;ro-so:
Malo (;rosse. traiiispanlaniinteire liy.. (Crao rs/n 281 (NY ).

3. Thevelia hicornuta Miill. Arg.. l.iniiaea 30:
392. 1859-1860. TYPE: s. loc.. H. i. I'eddlell
3112 (holotype, Pl not seen).

Tlhentia paraguacyensis Br'iii. Ann. Nen' York Aruil. Sci. 7:
158. 1893. TYPE: | Paraguay.l C(enral Paraguay. T. IMoroi
381 (hololype, NY!: isotypes. (;11 not seen. MO!).
Shrubs 1.0-2.0 m. laminae oblaneeiolale o spat-

ulate. 5.(0-12.0 X 1.5-4.0 enm, lomentiise. Inflores-

(enles wilhl 10 to 15 flowilers: plcduncles 2.0 3.0 c(ii.

oiienttose; bracts ovale, 4.8-9.8 X 3. 1-5.1- 0 niii.

le'rsistent. lirsutuloiis. Fllowers with pieiliiels 1.5-

3.() m., tomitentose: sepals ovale. 5.0- 8.5 X 4.0-

5.0 mi. toimentose: corolla vellow.i fiinelforni. tulbe

:3.0-6.0 iiii. 2.0-4.0 rrin diam., internally glabrlous,

lliiat 1.5-2.0 crn, 1.0-1.5 <nm iaiii.. loies oblong.

2.0-3.5 X 1.5-1.7 em: anthers 2.0 X 1.5 imii;: ovary

1.5 X 1.5 miiii, glarouis, style 3.0-4.0 (el. stigma 2.3

X 2.0 min. Druipes 2.0-3.0 X 2.0-2,5cnm, noi

lenlieellate: seeds 1.5-2.0 X 1.0 iii. wiingless. testa

leatherv.

Distribtlion. From eastern 1Brazil to Argenitina, iainly
in Ihe Chlao region.

Niscns.sion. ThevtetiU hicorant | is easily irecognized!
)iv tlie oblanceolate to s[patulate leal laniinii ain tli

.Cnelected sxiicimenns examined. Al R E'NTIN A. Fomeniosa:
sitan. IBouvier. Riconacla. Guiglinoiiin> et 0l. 168 (N").
11,0\IVI\. Santa Cruz: Liagunua C(:ires. saninpy area
set back Iroin the chlannel ofi a str iainm or imall river
about 1 km W of Ihe io Sieuri. Riler 1592 (MO). BIA/ZIL .
M ato Grosso do Sul: Rio Paragnai., porto Mangta,
llit.ishbchl 29551 (NY). PAIA(GAI AY. Alto Paraguay:
Irnile a\ale Mi. Rliacho Mosquitil. IKicsingx 97(02
(MIXU).
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