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ABSTRACT

The generie limits of Hymenocallis have been variously proposed by different taxonomic workers, often without
discussion or data. The genera Leptochiton, Ismene, Elisena. and Pseudostenomesson have been ineluded with Hymen-
ocallis, lumped together as the genus Ismene, or maintained as distinet genera. Recent cladistic analysis of plastid and
neDNA-for Amaryllidaceae support a distinet tribe Hymenocallideae. Cladistic analyses of morphology, and plastid
(trnl-F region) and nuclear ribosomal DNA (ITS) are presented alone and in combination for the tribe. Leptochiton is
sister to the rest of the genera in the tribe in all analyses. While Hymenocallis is always resolved as monophyletic,
Ismene is variably paraphyletic or monophyletic. The combined sequence data produce the most resolved and best-
supported phylogeny, wherein Hymenocallis and Ismene are monophyletic sister genera. These data support an origin
for the tribe in the Andes, with vicariant distribution of the largely Mesoamerican Hymenocallis. Formal recognition of
Ismene subg. Elisena and Pseudostenonesson is established.
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Systematics of the genus Hymenocallis Salish.
(Amaryllidaceae) and its allies have defied precise
systematic understanding at both the specific and
generic levels (Flory, 1976: Meerow & Dehgan,
1985). The genera Hymenocallis and Ismene Salish.
were established by Salisbury (1812) for the Neo-
tropical species with fleshy seeds originally as-
signed to the Old World genus Pancratium 1.. The
zygomorphic-flowered  Elisena was  described by
Herbert (1837). who recognized Hymenocallis and
Ismene as distinet genera. Baker (1888) subsumed
Ismene within Hymenocallis but retained Elisena as
distinet, as did Pax (1890). While Stapf (1933)
treated H. quitoensis Herl. as a species of Pamian-
the Stapf, Sealy (1937) considered the species to
exhibit sufficient morphological divergence to he
recognized as a monotypic genus, Leptochiton Sealy.
Hutchinson (1934, 1959) retained both Elisena and
Ismene (presumably including Leptochiton) as dis-
tinct. Velarde (1949) established the Peruvian ge-
nus Pseudostenomesson for a fleshy-seeded species
originally described as Stenomesson morissonit Var-
gas as well as one new species, Traub (1902) rec-

ognized all four erstwhile genera as subgenera of

Hymenocallis in his synoptic treatment: subg, Hy-

menocallis, subg. Ismene (Salish.) Baker ex Traub
(including  Leptochiton), subg. Elisena (Herb.)
Traub. and suhg. Pseudostenomesson (Velarde)
Traub. Traub (1980) later reduced these subgenera
to the rank of section without explanation. Ravenna
(1980) in his description of H. heliantha (= Lep-
tochiton heliantha (Ravenna) Gereau & Meerow)
suggested that subgenera Ismene (including Lepi-
dochiton), Elisena. and Pseudostenomesson should
probably be all recognized as the genus Ismene,
distinet from Hymenocallis. Meerow and Dehgan
(1985) suggested that  Pseudostenomesson might
warrant recognition at the rank of genus due to its
extreme phenetic divergence (funnelform-tubular
perianth) versus the “pancratioid™ flower of Lepto-
chiton, Ismene subg. Ismene. and Hymenocallis.
“Pancratoid™ floral morphology refers 1o a large.
white, fragrant, crateriform flower with a conspic-
uous staminal cup (cf. Pancratium 1..). This type of
flower appears to be adapted for sphingid moth pol-
lination (Bauml, 1979; Grant, 1983; Morton, 1965).
Meerow (1990) treated Leptochiton as a distinel ge-
nus and recognized Hymenocallis and Ismene (in-
cluding Elisena and Pseudostenomesson) as distinet,
a treatment followed by Gereau et al. (1993) and
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Meerow and Snijman (1998). No cladistic analysis

has focused exclusively on testing the validity of

this treatment, although at least one representative
of each subgenus was included in overall molecular
studies of Amaryllidaceae (Meerow et al.. 1999,
2000a).

Hymenocallis and its allied segregate genera are
entirely Neotropical in distribution |a single West
African taxon, H. senegambica, was treated by Sea-
Iy (1954) as an early adventive introduction of H.
carthaea). Hymenocallis sensu stricto, with 50 to 60
species, i1s chiefly Mesoamerican and extends into
the West Indies and the southeastern United States.
[t is sparingly represented in northern South Amer-
ica. Leptochiton Sealy (2 spp.), Ismene (ca. 7 spp.).
Elisena Herb. (2 10 4 spp.). and Psewdostenomesson
Velarde (2 spp.) are all endemic to the Central An-
dean region of South America. Hymenocallis. [s-
mene, and Leptochiton are contrasted in Table 1.

Hymenocallis and allies have usually been allied
with Eucharis Planch. in the tribe Eucharideae
(Hutchinson. 1934, 1959; Traub, 1963: Dahlgren
et al.. 1985; Miiller-Doblies & Miiller-Doblies.
1996). Meerow (1989, 1995) argued that the link-
age of these genera, largely through the perception
that both lineages shared a fleshy seed. was mis-
construed, and proposed that either subtribal or
tribal recognition of Hymenocallis and allies was
Miiller-Doblies Miiller-Doblies
(1996) placed them in Fucharideae subtribe Hy-

warranted. and
menocallidinae, while Meerow and Snijman (1998)
recognized a distinet tribe, Hymenocallideae. Fam-
ily-wide analysis of plastid sequences (Meerow et
al.. 1999) and nrDNA analyses of the monophyletic
American clade of the family (Meerow et al.. 2000a)
support a distinet Hymenocallideae as sister 1o the
newly recognized tribe Clinantheae (a segregate of
the former Stenomesseae), but complete resolution

of the intratribal relationships is not apparent in

these large analyses. Both tribes are subclades of

a well-supported. Andean. tetraploid clade of gen-
era.

In this paper, we present phylogenetic analyses
of morphological and molecular data for the tribe
Hymenocallideae, and seek to clarify the relation-
ships within the tribe.

MATERIALS AND METHODS

SAMPLING

Sequences for the plastid nl-F region were

newly obtained for H. eucharidifolia. which. along

with H. latifolia, was used as an exemplar taxon of

Hymenocallis (Table 2). Previously cited sequences

were used for one species each of the three sub-

genera of Ismene, one species of Leptochiton, and
the outgroup Pamianthe peruviana (Table 2, Mee-
row et al., 1999). For ITS and the morphological
data matrix, we increased our sampling with an ad-
ditional four species of Hymenocallis and two ad-
ditional species of Ismene subg. Ismene (Table 2).
The aligned sequence matrices are available from
the first author (maam@ars-grin.gov).

MORPHOLOGICAL DATA

Morphological and eytological character state
data were derived from the following sources: Traub
(1962, 1980), Sealy (1954), Flory (1976), Velarde
(1949), Bauml (1979), Mecrow and Dehgan (1985):
from examination of living material in research col-
leetions at the USDA, Miami, Florida: field obser-
vations of Hymenocallis, Ismene, and Leptochiton
species: and examination of herbarium material.
The morphological matrix consists of 12 species
representing 4 genera and 23 characters (Tables 3.
1).

SEQUENCE DATA

The trnl-F (tral. intron and spacer region be-
tween (rnl, and trnk) matrix consisted of O taxa and
900 base positions. The ntDNA ITS sequence ma-
trix (I'TS1. 5.8s intron. 1TS2) consisted of 12 taxa
and 636 bp.

DNA EXTRACTION, AMPLIFICATION, AND
SEQUENCING PROTOCOLS

Genomic DNA was extracted  from silica gel
dried leaf tissue as described by Meerow et al.
(2000a). The trnl-trnF region was amplified using
the primers of Taberlet et al. (1991) as described
by Meerow et al. (1999). Amplification of the n-
hosomal DNA TTS1/5.85/1TS2 region was accom-
plished using flanking primers (185, 26S) AB101
and AB102 (Douzery et al., 1999), and the original
White et al. (1990) internal primers ITS2 and 3 to
amplify the spacers along with the intervening 5.85
sequence, as described by Meerow et al. (2000a).
Amplified products were purified using QIAquick
(Qiagen. Valencia, California) columns, following
manufacturer’s protocols. All polymerase chain re-
actions (PCR) were performed on an ABI 9700 (Ap-
plied Biosvstems, Foster City, California).

Cycle sequencing reactions were performed di-
rectly on purified PCR products on the ABI 9700.
using standard dideoxy eycle protocols for sequenc-
ing with dye terminators on either an ABI 377 or
ABIL 310 automated sequencer (according to the
manufacturer’s protocols; Applied Biosystems, Fos-
ter City, California).
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Table 3.

Characters and character states used in the cladistic analyses of Hymenocallideae based on morphology.

Character

States and coding

16.

18.
19.
20,
21
22,
23.

Elongate pseudostem
Flower number

Flowers sessile/pedicellate

Flower habit

Tube length
Tube habit

Perianth morphology

. Perianth symmetry

. Flower color

. Fragrance

. Staminal cup shape

. Staminal cup striping
3. Free filament

. Free filament

. Pollen grain size

Pollen grain

. Exine reticulum

Ovules per locule
Seed per locule
|'h_\lmnt-l;ln on testa
Seed coat

Seed shape

M(IS' commaon (“plllill ['hrﬂIIlHH(JIIIl’ lll]!llll(‘['

absent (0); present (1)

2-10 (0); solitary (1); =10 (2)

sessile (0); pedicellate (1)

erect (0); declinate/horizontal (1); pendent (2)
shorter than tepals (0); longer than or equal to tepals (1)
straight (0); curved (1)

pancratioid (0); funnelform-tubular (1); * funnelform (2)
actinomorphic (0); zvgomorphic (1)

white (0); vellow (1); green (2)

present (0); absent (1)

rotate or funnelform (0): eylindrical (1)
present (0); absent (1)

incurved (0); straight (1); declinate (2)

longer than cup (0); shorter than cup (1)
very large (0): large (1): medium (2)
auriculate (0); not (1)

coarse (0); medium (1)

=20 (0): 1620 (1): 2-10 (2): 2-4 (3)
numerous (0); 2-5 (1); 1 (2)

present (0); absent (1)

not fleshy (0); fleshy (1)

flat. winged (0): globose (1)

16 (0): 34 (1); 46, 40 (2)

SEQUENCE ALIGNMENTS

(Meerow et al.. 1999, 2000a). this genus resolves
as most closely related to the Hymenocallideae. Pa-

Both sequence matrices were readily aligned
manually using the program Sequencher (Gene-
Codes, Inc., Ann Arbor, Michigan) as few gaps
needed to be inserted.

CLADISTIC ANALYSES

Pamianthe (tribe Clinantheae) was used as out-
group for all analyses. In larger sequence analyses

mianthe and Leptochiton (the latter putatively the
least derived genus in the Hymenocallideae; see
discussion below) share two four-base sequence el-
ements in the tral.-F region (bp325-328, 821-824)
that are absent from the rest of the Hymenocalli-
deae. Phylogenetic analyses were run using PAUP*
version 4.0b8 beta (Swofford, 1998). An exhaustive
search of all possible tree topologies was conducted

Table 4. Character state matrix for cladistic analysis of 23 morphological characters in Hymenocallideae. Poly-

morphisms: + = (0.1); * = (0,1,2).

Taxon

Matrix

Character
Hymenocallis acutifolia
Hymenocallis eucharidifolia
Hymenocallis glauca
Hymenocallis latifolia
Hymenocallis tubiflora
Ismene amancaes
Ismene hawkesii
Ismene longipetala
Ismene narcissiflora
Ismene vargasii
ft‘p!ru'llf!mi qrai!urr:.w'x
Pamuanthe peruviana

1 o
12345678901234567890123
00001000000110000221112
0*001000000130000221112
0*001000000130000221112
0*001000000130000221112
0*001000000130000221112
10111+00100001000321110
10111+00000001000321110
10110021011120211321110
10111+00000001000321110
101203116211311021132111.0
01001100+00001000110111
10111000000001110000000
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for trnL-F. For ITS. the morphological, and all com-
bined analyses, branch and bound searches were
conducted. Support for internal nodes of the trees
was determined with 5000 replicates of branch and
bound bootstrapping (Felsenstein, 1985) and by
calculation of Bremer (1988) decay indices (DI) us-
ing the program TreeRol (Sorenson. 1999). A
branch and bound search was implemented for
each constraint statement pnslll]ulﬂl by TreeRot. A
hootstrap value of 50-61% was considered weak.
05-71% moderate, and 75-100% strong support.
Combining independent character matrices,
whether both molecular or molecular and morpho-
logical. very often increases the resolution of the
ingroup and the bootstrap support of the internal
nodes of the phylogenetic trees (Olmstead &
Sweere, 1994: Chase et al.. 1995; Yukawa et al..
1996: Rudall et al., 1998; Soltis et al.. 1998: Mee-
row et al.. 1999). Nonetheless, there is controversy
about whether different data sets should be ana-
lyzed separately or together (De Queiroz et al..
1995; Huelsenbeck et al., 1996). Congruence of the
independent matrices has generally been demon-
strated before they are combined. but it has also
been argued that incongruence should not be a pre-
determined factor against doing so (Dubuisson et
al.. 1998; Seelanan et al.. 1997). Mivamoto and
Fitch (1995) argued that data sets should alwavs
be analyzed independently, as underlying assump-
tions. constraints, or weighling strategies will var
from data set 1o data set. Kluge (1989) and Nixon
and Carpenter (1996) argued that simultaneous
analysis of multiple data sets better maximizes par-
simony and allows secondary signals to appear from
the combined data. Bull et al. (1993). Rodrigo el
al. (1993). and De Queiroz (1993) advocated com-
bining data only after a statistical test of congru-
ence, what Huelsenbeck et al. (1996) called *“con-
ditional combination.” Before combining the data
sels. we |w1'fill‘!llt't| a partition homogeneity tesl
(Farris et al.. 1994, 1995) on the variously com-

bined matrices. using a branch and bound search.

ReEsurrs
MORPHOLOGICAL MATRIN

With all characters unordered. two most parsi-

monious trees (Fig. 1AL one shown) were found of

length = 37. consistency index (Cl) = 0.86. and
retention index (RI) = 0.88. Sixteen of the 23 char-
acters used were parsimony informative. In both
trees. Hymenocallis is monophvletic (hootstrap

89%. DI = 1). while Ismene is paraphyletic. Ismene
longipetala (subg. Elisena) and I vargasiti (subg.
Pseudostenomesson) are sisters in both trees, Lep-

tochiton is sister to both Hymenocallis and Ismene
in one tree (Fig. 1A). The 6 apomorphies at the
ancestral node are an increase in pollen grain size.
auriculate pollen grains. reduction in ovule number
from more than 20 to 16 1o 20; reduction in number
of seeds per locule; and evolution of globose, fleshy
seeds. Apomorphies for Hymenocallis (Fig. 1A) are
the absence of an elongate pseudostem. predomi-
nantly sessile and erect flowers, and 2n = 46. 10
chromosomes. Other than Hymenocallis, the only
clade with strong bootstrap support is the sister re-
lationship of Ismene subg. Elisena and subgenus
Pseudostenomesson (100%. DI

apomorphies: perigone tube length reduction, non-

6). based on 7

pancratioid floral morphology. loss of floral fra-
grance, cylindrical staminal cup, and smaller non-
auriculate pollen grains with less coarse exine
reticulum. If all of the characters are ordered as
irreversible, a single tree is found of length = 18,
with CI = 0.67 and RI = 0.88 (Fig. 1B). There is
moderate hoolstrap support for a monophyletic /s-
mene (65%: DI = 2: apomorphies: elongate pseu-
dostem. pedicellate and declinate/horizontal flow-
ers. and 2—4 ovules per locule). There is weak
supporl lor the sister relationship of Hymenocallis
and Ismene (56%. DI = 1: apomorphies: reduction
in ovule and seed number, respectively: and the
loss of phytomelan from the testa). Leptochiton is
moderately Hllll]i[}l"ll‘[l as sister lo both (65%. DI =
1: apomorphies: reduction in ovule and seed num-
ber and the evolution of a fleshy seed). Ismene subg.
Ismene has a 91% bootstrap and DI = 2. [smene
subg. Elisena (I longipetala) and subgenus Pseu-
dostenomesson (. vargasii) are again sister groups
with 100% bootstrap and a DI = 9. A monophyletic
Hymenocallis receives 87% bootstrap support with
a DI = 4. Hymenocallis latifolia. H. glauca, and
H. eucharidifolia form a monophyletic group with
bootstrap support of 60 and DI = 1. This same tree
topology (Fig. 1B) is 40 steps long with C1 = 0.80
and RI = 0.80 if a branch and bound search is run
with the topology as a constraint with all characters

unordered.

PLASTID trnl.-F sEQUENCES

Using trnl -1 sequences. which provide 7 parsi-
mony-informative base substitutions, three equally
most parsimonious Irees are found of length = 82,
Cl = 0.99, and RI = 0.88 (Fig. 2. one tree shown).
All three trees resolve a monophyletic fsmene with
81% bootstrap support (DI = 2). and Leptochiton
as sister to the rest of the tribe but without support.
A monophvletic Hymenocallis s resolved as sister
to Ismene in one tree (Fig, 2), but Hymenocallis and
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Leptochiton quitoensis

Figure 2.

Pamianthe peruviana

One of the three most parsimonious trees found by cladistic analysis of plastid trnl-F DNA sequences

for the Hymenocallideae. Numbers above branches are branch lengths: numbers below branches are boolstrap per-

centages. followed by decay indices (italic). The large arrow indicates a node that collapses in the strict consensus of

all three trees.

Ismene form a clade in all three (73% bootstrap. DI
= 1). Ismene subg. Ismene (I. narcissiflora) and Eli-
sena (1. longipetala) are resolved as sister groups
in all three trees with a bootstrap of 70% (DI = 1).

ITS SEQUENCES

ITS provides 50 parsimony-informative charac-
ters. and 9 trees of length = 209, C1 = 0.73. and
RI = 0.77 were found (Fig. 3). In all of the trees,
Leptochiton is resolved as sister to both Hymeno-
callis and Ismene (Fig. 3A), but without significant
support. Hymenocallis is monophyletic (bootstrap =

97%. DI = 5). but Ismene is monophyletic in only
2 of the 9 trees (Fig. 3B, one shown). However,

Ismene subg. Ismene (I amancaes, . hawkesit. 1.
nareissiflora) is monophyletic with weak bootstrap
support (59%) and DI = 1 (Fig. 3B).

COMBINED fril =1 AND ITS SEQUENCES

The P value from the partition homogeneity test
= 0.93. indicating that the trnl.-F and ITS se-
quence matrices were highly congruent. Six most
parsimonious trees were found of length = 292, CI

092, and RI = 0.77 (Fig. 4). In all trees, Hy-
menocallis and Ismene are monophyletic sister gen-
era with bootstrap support of 94% and a DI = 3.
Leptochiton is sister to both, but without significant
support. Bootstrap support for a monophyletic Hy-
menocallis is 98% (DI = 5), but only 68% (DI =
1) for a monophyletic Ismene. The only other inter-
nal resolution within fsmene that receives bootstrap
support is a sister relationship between I narcis-
stflora and . hawkesti (both within subg. Ismene) at
84% with DI = 2.
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Figure 1.

Pamianthe peruviana

One of six most parsimonious trees found by cladistic analysis of combined plastid tral-F and nrDNA

BOLIVIA, PERU

ITS sequences. Numbers above branches are branch lengths: numbers below branches are bootstrap percentages fol-

lowed by decay indices (italic). The larger arrow indicates a node that collapses in the strict consensus of all six trees,

COMBINED SEQUENCE AND
MORPHOLOGICAL MATRICES

The P value of the partition homogeneity test was
0.0003. indicating significant incongruence  be-
tween the morphological and DNA sequence data
matrices. Much of the apparent incongruence can
be attributed to the weak resolution of the morpho-
logically based topologies. and we felt that it would
still be informative 1o combine the two matrices in
a single analysis. Of the 1565 characters included.
76 were parsimony informative. A single tree was
found of length = 332, C1 = 0.92_ and Rl = 0.79
(Fig. 5A). Hymenocallis is monophy letic with 100%
bootstrap support (DI = 8). but Ismene is paraphy-

letic. Bootstrap support for the monophyly of Ismene
sube. fsmene rises to 81% (DI = 2). but Ismene
subg. Elisena (1. longipetala) and Pseudostenomes-
son (1. vargasii) are sister groups (hootstrap = 97% .
DI = 1) weakly supported (bootstrap = 57%. DI

1) as sister to Hymenocallis. Leptochiton is again
sister to the other members of Hymenocallideae bul
without support. If trees one step longer were also
retained in the search. in addition to the single
shortest tree (Fig. 5A). a single, fully resolved tree
of length = 333. C1 = 0.90, and RI = 0.77 was
found (Fig. 5B). In this tree (Fig. 5B). both Hymen-
ocallis and Ismene are monophyletic sister genera,
as are Ismene subg. Elisena and Pseudostenomes-

SOn.



Annals of the

410

Missouri Botanical Garden

SYIFUL| Yourd( 1B Sa

IRIG SAO(R SIagUIny "paul
ul paangoatd aan uey) %.u::_ dajs suo soan i punoj aa1) [puonippe 2[Fulg “f— “(H1RI1) sao1pul ABD9P A pamo][o) sadejuaatad ._E_i::._ SR SIYIURI( MO[I(] s1oquinu syidua) t

SIE S * :ﬂ.:— A J—w .I-_LA__:—._/ “deld] snotu _.:__r..:x— jsowa .v_.::.;:‘ /l .L.u.-_‘;ﬁ_.: aouanbas 4./.: _:2. :rdmw“:_:__—m‘_:_.z —r:__ﬂ__::.v o _ul,!_w._ .:m.._-___-f:_:.-:._p.—_ 10§ L:_._CMC*ZM_.-

euejaniad ayjuejwed

sisuaojnb uvoyyoojday

B/104IplIRYINS S|j[RI0UWAH

eanelb sjjeoouswAH

210/4)gn} sireoousdwAH

BI1jOJ1]NOR S||[R20Ud WAL

e1/04138] S|j1ed0usWwAH

nsebiea auawsy

ejejadibuo) auswsy

SaeouewWeE auaws|

HISayMeYy auaws|

BJO|JISSIDIBU BUAWS]

=

ve

Ial_ b

oL

8z

A

Ll

L

-
I_ v

zi

zi

6S

euejAaniad ayjuejweyd

sysuaoynb uojyosojda

BJ]OJIPLIBYINS SI||e20UdWAH

eone|b sjjjesouswiy

Bi10[jIqn) sjjjeaouawiy

ejjo413noe Sijje20uad WAy

Bl/0J1 18] S|jje20uaWAH

lsebiea sauawsy

gjejadibuo] sauawsj

S9pPJoUBWE dUBWS|

[1ISaymey auaws|

BJO|JISSI21BU BUAWIS]

v

It
[ _ 886
— m
6
8 ‘001
5L
e ey
0L
9 '66
8z
a _m 66 LS
v
2z _ 916
_ Ll
ot
Ty
il
z18

Im_»_mm

£'s8

113

.

zi

v

9s

"¢ o2Indi



Volume 89, Number 3
2002

Meerow et al. 411

Phylogeny of Tribe Hymenocallideae

DISCUSSION

Both plastid (Meerow et al.. 1999) and I'TS (Mee-
row et al.. 2000a) sequences strongly support the
position of the tribe Hymenocallideae as a mono-
phyletic group within the Andean tetraploid clade
of the endemic American Amaryllidaceae that is

sister to the newly recognized tribe Clinantheae
Meerow (Meerow et al., 2000a). The seeds of the
Clinantheae are uniformly drv. flat, winged. and
with phytomelanous testas. There are links between
Leptochiton and  Pamianthe that Stapf implicitly
recognized. most notably the plesiomorphic pres-
ence of phytomelan in the testa of Leptochiton’s
seed [of which Meerow & Dehgan (1985) were un-
aware|, but also the numerous ovules of this genus
(plesiomorphic as well). In the ITS phylogeny pre-
sented by Meerow et al. (2000a). support for Pa-
mianthe as sister o the rest of Clinantheae (vs. a
sister group relationship to Hymenocallideae or an
unresolved position) was considerably weaker when
the aligned matrix was not successively weighted.
This is not surprising given that both genera occupy
a basal ph_\lngvm'ti(' position in their respective
clades herein.

The difficulty of relving on morphological char-
aclers alone to generate phylogenies in Amarylli-
daceae has been discussed (Meerow. 1995: Meerow
et al.. 2000b). given a high degree of homoplasy
for many morphological characters in the family.
Our analysis (Fig. 1) generates trees with relatively
high CI and RI. but parsimony is still not able to
resolve Ismene nor consistently place Leptochiton in
the basal position within the tribe with unordered
morphological characters alone, in contrast to se-
quence data (Figs. 2—4), which also provide (in the
combined trnl.-F and I'TS matrix). over three times
the number of phylogenetically informative char-
acters of morphology alone. The combined plastid
and nuclear sequence matrix produces the most ful-
ly resolved shortest trees. To “foree™ this topology
upon any of the other conflicting data matrices re-
quires either ordering characters or accepting lon-
ger trees (albeit only one step longer in the com-
bined sequence and morphological analysis).

When biogeographic information is optimized
upon the combined plastid and nrDNA tree (Fig.

4). the gene phylogeny supports an origin for the

tribe in the central Andes. inarguably a locus of

diversity for the Andean tetraploid clade of the
Amarvllidaceae (Meerow et al., 2000a), with a vi-
cariance event that gave rise to the largely North
American Hymenocallis. Leptochiton, with 16 to 20
ovules per locule and a phytomelanous testa, oc-
cupies a relict position in the tribe with links to

the non-fleshy seeded Andean endemic Clinan-
theae. However, it is the genus Ismene that reflects
the patterns of floral morphological diversity that
occur in the Eustephieae, Clinantheae, and Steno-
messeae (sensu Meerow el al.. 2000a). Ismene subg.
Ismene retains the plesiomorphic pancratioid floral
morphology of Leptochiton, Pamianthe. and Hymen-
ocallis, while the smaller Ismene subg. Elisena and
subg. Pseudostenomesson express floral novelties.
Ismene subg. Pseudostenomesson. occurring at the
highest elevations of any member of the tribe. might
be the youngest element of the polvmorphic fsmene.
since the Andes likely did not extend above 1000
m elevation before the Pliocene (10 MYBP: Van der
Hammen, 1974, 1979). Analogous patterns of floral
diversity are found throughout the tetraploid An-
dean clade of the American Amaryllidaceae. In the
Clinantheae, the low- to mid-elevation genera Pa-
mianthe and Paramongaia Velarde have pancra-
tioid floral morphology. while the mostly high-ele-
vation Clinanthus Herb. has colorful. putatively
ornithophilous flowers. In the more distantly related
petiolate-leafed  Stenomesseae.  Eucharis has the
pancratioid flower; Plagiolirion resembles a mini-
ature [smene subg. Elisena: and Stenomesson and
{'reeolina exhibit colorful, putatively ornithophilous
flowers. Finally. in the Eustephieae. which is sister
to rest of the Andean clade (Meerow et al.. 2000a).
the full range of variation is evident in a single
genus, Hieronymiella Pax (Hunziker, 1969). This
recurrent pattern suggests a scenario of rapid mo-
saic evolution (sensu Stebbins, 1984) within this
monophyletic. tetraploid group (Meerow, 1987).
The relatively low number of phylogenetically in-
formative base substitutions in our sequence anal-
yses of non-coding regions (7 for tral -F: 50 for I'TS)
supports a hypothesis of a relatively recent radia-
tion within the Hymenocallideae tied to the rise of
the Andes. This seems most significant relative to
Ismene. the most polymorphic of the three hymen-
ocallid genera. and the only one that has adapted
to high e¢levation.

Hymenocallis is most speciose in Mexico (Bauml,
1979). with a secondary area of diversity in the
southeastern United States (Smith & Flory, 1990,
2001: Smith et al.. 2001). Only three described
species have been reported from South America:
the broadly and coastally distributed H. littoralis,
H. pedalis., and H. tubiflora. The genus does not
oceur at all in the Andes. and H. tubiflora is the
only species of the three that is restricted 1o north-
ern South America (including Trinidad-Tobago).
The known distribution of the Hymenocallideae
suggests two []Uhhil)ll' h_\'|ml|u'.-ws. either a l()l];.’-(]ih'-

tance dispersal event from the Andean center of
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origin, or extinction of intervening populations of a
proto-Hymenocallis ancestor. The fleshy seed of Hy-
menocallis is the largest of all the endemic Amer-
ican Amaryllidaceae, exhibits no dormancy. and
germinales within 3= weeks after release, whether
or not in substrate (Whitehead & Brown, 1940;
pers. obs.). The relatively heavy seed does not im-
mediately seem amenable to long-distance dispers-
al, and no dispersal agent other than water has even
been suggested for the genus. Thus ancestral ex-
tinction is a more convincing hypothesis, but with-
out a better understanding of the historical bioge-
ography of Hymenocallis and a well-resolved
phylogeny of the genus a likely explanation for its
distribution cannot be determined.

In summary, combined trnl.-F and ITS sequenc-
es support the Meerow and Snijman (1998) treat-
ment of Hymenocallideae with three genera: Hy-
menocallis, Ismene, and Leptochiton. Leptochiton is
sister to the Hymenocallis/Ismene clade and retains
two plesiomorphic characters of the Andean tetra-
ploid clade: 16 1o 20 ovules per locule and a phy-
tomelanous seed coat. The central Andean ende-

mism of Ismene and Leptochiton and the absence of

Hymenocallis from this region further suggest a vi-
cariance evenl al some point subsequent to the or-
igin of the tribe. It is thus appropriate to formalize
the recognition of the two new subgeneric combi-

nations within Ismene.

Ismene subg. Elisena (Herbert) Meerow, comb.
nov. Basionym: FElisena Herb., Amaryllida-
ceae, 75, 201. 1837. TYPE: Ismene ringens
(Ruiz & Pav.) Gereau & Meerow, Novon 3: 20,
1993,

Ismene subg. Pseudostenomesson (Velarde)
Meerow, comb nov. Basionym: Pseudosteno-
messon Velarde. Rev. Cienc. (Lima) 51: 47-51.
1949, TYPE: Ismene vargasii (Velarde) Gereau
& Meerow, in L. Brako & J. Zarucechi. Monogr.
Syst. Bot. Missouri Bot. Gard. 45: 1253. 1993,
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