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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 included with Hymen-
ocallis, lumped together as the genus Ismene, or maintained as distinet genera. Recent cladistic analysis of plastid and
nrDNA-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 1o the rest of the genera in the tribe in all alllall}S(*s. W hile H)Hl(’ll(}('ﬂ//i.\' 15 all\\al)'s resolved as lnmmph)'lvti('.
[smene s 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
tor the tribe in the Andes, with vicariant distribution of the largely Mesoamerican Hymenocallis. Formal recognition of
Ismene subg. Elisena and Pseudostenomesson is established.

Aey words:
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Systematics ol 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
[smene within Hymenocallis but retained Elisena as
distinct, as did Pax (1890). While Stapl (1933)
treated H. quitoensis Herb. as a species of Pamian-
the Stapl, Sealy (1937) considered the species 1o
exhibit sufficient morphological divergence to be
rm'ngnixt'd as a4 monolypic genus. /,(-’pl()r/)ium Svu|.\'.
Hutchinson (1934, 1959) retained both Elisena and
[smene (presumably including Leptochiton) as dis-
tinct. Velarde (1949) established the Peruvian ge-
nus Pseudostenomesson for a fleshy-seeded species
originally described as Stenomesson morissonii Var-

gas as well as one new species. Traub (1962) rec-

ognized all four erstwhile genera as subgenera of

Hymenocallis in his synoptic treatment: subg. Hy-

menocallts, subg. Ismene (Salish.) Baker ex Traub
(including  Leptochiton). subg. Elisena (Herb.)
Traub, and subg. Pseudostenomesson (Velarde)
Traub. Traub (1980) later reduced these subgenera
lo the rank of section withoul t*xplzmulinn. 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
Hower appears to be adapted for sphingid moth pol-
lination (Bauml. 1979: Grant. 1983: Morton. 1965).
Meerow (1990) treated Leptochiton as a distinet 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 vahdity of

this treatment, although at least one representative
of each subgenus was included in overall molecular
studies of Amarylhdaceae (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-
ly (1954) as an early adventive introduction of H.
carthaea). Hymenocallis sensu stricto, with 50 to 60)
species, is chiefly Mesoamerican and extends into
the West Indies and the southeastern United States.
[t 1s sparingly represented in northern South Amer-
ica. Leptochiton Sealy (2 spp.). Ismene (ca. 7 spp.).
Elisena Herb. (2 to 4 spp.), and Pseudostenomesson
Velarde (2 spp.) are all endemic to the Central An-
dean region of South America. Hymenocallis. Is-
mene, and Leptochiton are contrasted in Table 1.

Hymenocallis and allies have usually been allied
with EKucharis 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 Eucharideae subtribe Hy-

warranted. and
menocallidinae, while Meerow and Sniyman (1996)
recognized a distinet tribe, Hymenocallideae. Fam-
y-wide analysis of plastid sequences (Meerow e
al.. 1999) and nrDNA analyses of the monophvletic
American clade of the family (Meerow et al.. 2000a)
support a distinct Hymenocallideae as sister to the

newly recognized tribe Clinantheae (a segregate of

the former Stenomesseae), but complete resolution
of the intratribal relationships 1s not apparent n

these large analyses. Both tribes are subclades of

a well-supported. Andean, tetraploid clade ol gen-
era.

In this paper, we present ph_vlng(-'m*li(' 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 trnl-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-

cenera of Ismene, one species of Leptochiton, and
the outgroup Pamianthe peruviana (Table 2, Mee-
row et al.. 1999). For I'TS 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 (miaam@ars-grin.gov).

MORPHOLOGICAL DATA

Morphological and cytological character state
data were derived from the following sources: Traub
(1962, 1980), Sealy (1954), Flory (19706). Velarde
(1949), Bauml (1979), Meerow and Dehgan (1985):
from examination of living material in research col-
lections al the USDA. Miami. Flonda: held obser-
vations of Hymenocallis, Ismene. and Leptochiton
species: and examination of herbartum material.
The morphological matrix consists ol 12 species
representing 4 genera and 23 characters (Tables 3.

1).

SEOUENCE DATA

The trnl-F (trnl. intron and spacer region be-
tween trnl, and trnk) matrix consisted of 6 taxa and
906 base positions. The ntDNA TTS sequence ma-
trix (I'TS1. 5.8s intron, I'TS2) consisted of 12 taxa

and 636 |)|).

DNA EXTRACTION, AMPLIFICATION, AND
SEOQUENCING PROTOCOLS

Genomic DNA was extracted from silica  gel
dried leaf tissue as described by Meerow et al.
(2000a). The trnl-trnkF region was amplihied using
the primers of Taberlet et al. (1991) as described
by Meerow et al. (1999). Amplification of the r-
bhosomal DNA TTS1/5.85/115S2 region was accom-
plished using flanking primers (185, 265) ABI0]
and AB102 (Douzery et al.. 1999), and the original
White et al. (1990) internal primers I'TS2 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
(Oiagen, Valencia, California) columns, following
manufacturer’s protocols. All polymerase chain re-
actions (PCR) were performed on an ABI 9700 (Ap-
plied Biosystems, Foster City, California).

Cyele sequencing reactions were performed di-
rectly on purified PCR products on the AB1 9700,
using standard dideoxy cycele protocols for sequenc-
ing with dye terminators on either an ABl 377 or
ABI 310 automated sequencer (according to the
manufacturer’s protocols: Apphed Biosystems, Fos-

ter City, California).



Missouri Botanical Garden

Annals of the

402

J[JrLIRA IN(
UOWILOD SO

‘YB1ea)s pue r.c::._ juat

-B[Y 2a1) tuigiim padiungs jou odeys
Ul a|eueA pue [ews 10 231 dno
[BUIWIR]S 15UO| AN] )DL “I[ISSIS
A[ISOW “AuBW 0] | "JURISRI) IYM

asie| “oydiowounoe ‘proneioue g

.Eumm:.f. U

-|1j 294j “[eoupuljAagns dno [runue)s

BUO| AN snonpuad de[[2o1pad

"SNOJIWNU “JURISRI) JOU ‘udaIs B iElE
+ “oydiowournoe IR NgN)-uLIojjauun J

‘IRUI[I9P pUR FUO|

SJUSWIR[L 991 “aqN] 311 WOI] PIaxay
-ap “adie| T dno rutwe)s uoys
IN] 2RUI[IIP “I[ISSISANS () [T

"JURISRIJ Jou “9)ym aFae| sorydiowodiy

PAAINIUL pUR LIOYS UL
-B[1) 2ad) utyiim uaaid paduns tozie)
dno [eunue)s Buo| £ aqny “9jeU
-1[29p 10 [PUOZLIOY “ae[[2oipad 0)
IISSASYNS *()[—¢ “JURIBRIJ "MO[[IA 10
AIYM “asae| oydiowounoe ‘proneioue g

PAAINOUL pUR LOYS JUIUIR|I

A1} UIYIM U9als paduns pue IBIR|

dno peunues Fuoj AN oa1a((gns)

"I[ISSIS JURISRIJ "MO[[IA 10 Y M
afie| “onyduowounoe “proneioue g

LYy WYY = Uz Juasqy D12

Oy = ug JUaISqy 7

O = ug JUasqy o

O 10l

‘O "O3—¢T = UZ JUISqy t—7

¢ = ug JuasaI g Yaatl

Iaquinu IROD Pads uo I[ND0]
AOSOWOIY") UR[WolAyd  J1ad sana()

— T ———— e eeese———E———————— ——

&:..EE:.: [R10] |

"IRIPI[[BIOUIWA R (L] JBIIRPI[[AIRWY JO RIJUJIS(NS pUR RIIUID Y} Jo :.-..f.tma_::u

ROLISWROS
Juasqy -9 “SIAIPUL 1SN QT S ()C “BD S1JDIOUIWA Y]
UOSSIU
JUasaI ] W ()))§ 2A0ge nia | 7. ~OUISOPNIS ] “BANS IUIUS|
SUOTIRAD[2 YBIY 0]
Juasal, | pru je 1openyy| pue niJ,| —7. DUIST)S] "BYNS dUIUIS|
SUOTIRAI[I YBIY
DEEEN S O] MO[ B Sapuy [BIUI7) ) —C US| "BUNS JUIUS
SUORAS[9 MO[ B T3]
Juasqy W\ PU® I0pen) | WS e uoyr0)dry
wajsopnasd HONN(LISI(] satnads SNUF(NS
JIRBUO[] JO daquuny 10 sSnuar)

1. 919%1,



403

Phylogeny of Tribe Hymenocallideae

Meerow et al.

Volume 89, Number 3

2002

(()O))Z) 1€ 19 MO\ (666]) | 12 MOIIIN (6GOOT) B 12 MOIIIN AREER PSS MOLII .E:_,/. T RVED] AYJUDIUD ]

(ROOOZ) [P 12 MOIII\ (666]1) [P 19 MOI3JIA (6661) [P 12 MOIII\ lopenay Q[ ]] MO1aalq ATRag ("qI9H) S15U0) b :E.:\.::;%\

(ROOOZ) 1P 12 MO\ (666]1) B 19 MOIIIA (6661) IR 12 MOIIIA o, | Q)7 NOLII MOIIIAN N NEAII4) (IPIR]IA ) 1HSDFIDA ]
MOIAI A

(OPIR[IA ) UOSSIUIOUI]SOPNISH “6YNS JUIWS]

(BOOOT) [P 12 MOIIIA (666]1) 2 19 MOIIIA (6661) [P 12 MOIII| nio | fCPC] INEaISDEDG WOIII A (C[pury) :\Ei\.izc\ '

MOLIDA (QII]) DUasT]Y "BYNS QUIULS]

(ROOOT) B 12 MOIIIA (666]) 1B 12 MO\ (GOGT) [P 12 MOTII A JRER O()&:c NOdao | ‘bov( vaoyfissioanu |

(BOOOT) [P 12 MOLII — — nio | [ 11 & NOdad | WO ) NRAII4) (SRBIRA ) 11SoYNDY ]

001111V —_ — nia | JCPE NOdII | (A (AR N Z1NY]) SaDIUDUWD QUIUS|

AUIUIS] "BYNS IUIUS]

(BOOOZ) P 19 MOII9|A — — pepraL | ()f 1 Nodaa g USTRG E:N\..:.\E ‘I

(BOOOZ) “[B 19 MO1a9 6LOTTEAN SLOTITAY ODININ 6&TE NOLII vyl profiprvyono g

(ROOOZ) |2 19 MOII9 (6661 [P 19 MOIII A (6OGL) TP 19 MOdII A VS TepLiopy QCta NOLII | W0 (1IN :.cc\..::\ '

(BOOOZ) B 19 MOLao — =5 0D\ COPT Modaoy Wooy] "W om0 Y

(BOOOZ) "B 120 MOIIIA o ———— ODIXIA Fata Modad | 199MG ("I} ) :.:Q.::..S .,..:\:,S:;E.».E

Sl 1a0vds J-ruag IUID "|Ud] UIsLI() ak haldori R

Lotjejt) snotaald 10 ou uorssanoe J:ﬁ::t\v

_— —_ ——

——— T ———— e — ———— ——

PRARDIPUT ISIMIIYIO SSIA[UN <) [ ] 1® _..:_.;.oazt QIR SIaYINOA [[V ..:u.n::__s.:.:_«::-,.I JO saouanbas ([ 10] SIaUINU UOISSIIIR YURUIL) MaU PUR SIIYINOA "7 J|(R],




404

Table 3.
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— ——

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

—

Character States and coding

. Elongate pseudostem absent (0); present (1)

2. Flower number 2—10 (0): solitary (1); =10 (2)

3. Flowers sessile/pedicellate sessile (0); pedicellate (1)

4. Flower habit erect (0): declinate/horizontal (1); pendent (2)

5. Tube length shorter than tepals (0); longer than or equal to tepals (1)
6. Tube habit straight (0); curved (1)

7. Pertanth morphology pancratioid (0); funnelform-tubular (1); = funnelform (2)
8. Pertanth symmetry actinomorphic (0); zygomorphic (1)

9. Flower color white (0); vellow (1): green (2)
10. Fragrance present (0); absent (1)
1. Staminal cup shape rotate or funnelform (0): eylindrical (1)
2. Staminal cup striping present (0); absent (1)
3. Free filament incurved (0); straight (1); declinate (2)
4. Free hlament longer than cup (0): shorter than cup (1)
5. Pollen grain size very large (0); large (1); medium (2)
16. Pollen grain auriculate (0); not (1)

7. Exine reticulum coarse (0): medium (1)
18. Ovules per locule >20 (0); 1620 (1): 2-10 (2); 24 (3)
19. Seed per locule numerous (0); 2-=5 (1); 1 (2)

20. Phytomelan on testa present (0); absent (1)

21. Seed coal not fleshy (0): Heshy (1)
22. Seed shape flat, winged (0); globose (1)
23. Most common diploid chromosome number 46 (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 mianthe and Leptochiton (the latter putatively the
manually using the program Sequencher (Gene- least derived genus in the Hymenocallideae: see
Codes, Inc.. Ann Arbor, Michigan) as few gaps discussion below) share two four-base sequence el-

ements in the trnl-F region (bp325-328. 821-824)

that are absent from the rest of the Hymenocalli-

needed to be 1nserted.

CLADISTIC ANALYSES deae. Phylogenetic analyses were run using PAUP*

Pamianthe (tribe Clinantheae) was used as out-  version 4.0b8 beta (Swofford, 1998). An exhaustive
group for all analyses. In larger sequence analyses  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
1 2
Character 12345678901234567890123

00001000000110000221112
0*001000000130000221112
0*001000000130000221112
0*001000000130000221112
0*001000000130000221112
10111+00100001000321110
10111+400000001000321110
1O1100210G11120211321110
10111+00000001000321110
LO1Z2011E0211110211323.1140
01001100+00001000110111
10111000000001110000000

Hymenocallis acutifolia
Hymenocallis eucharidifolia
Hymenocallis glauca
Hymenocallis latifolia
Hymenocallis tubiflora
[smene amancaes

Ismene hawkesii

Ismene longipetala
Ismene narcissiflora
Ismene vargasii
Leptochiton quitoensis

Pamianthe peruviana
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for trnl-F. For I'TS, 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-
1999). A

ing the program TreeRol (Sorenson,

branch and bound search was implemented for

each constraint statement postulated by TreeRot. A
bootstrap value of 50-64% was considered weak.
65>—74% 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 phylngc'm-'li(' 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 1s controversy
about whether different data sets should be ana-
lyzed separately or together (De Querroz et al..
1995: Huelsenbeck et al.. 1996). Congruence of the
independent matrices has generally been demon-
strated before they are combined. but 1t 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 always
be analyzed independently. as underlying assump-
lions. constraints, or weighting strategies will vary
from data set to data sel. 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 ol congru-
ence. what Huelsenbeck et al. (1996) called **con-
ditional combination.” Before combining the data
sels. we performed a partition homogeneity test
1094, 1995) on the variously com-

bined matrices. using a branch and bound search.

(Farris et al..

RESULTS
MORPHOLOGICAL MATRIX

With all characters unordered, two most parsi-

monious trees (Fig. 1A, 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 1s monophyletic (bootstrap =
89%. DI = 1). while Ismene 1s paraphvletic. Ismene
longipetala (subg. Elisena) and [ vargasit (subg.

Pseudostenomesson) are sisters in both trees. Lep-

tochiton 1s 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 to 20: reduction in number
of seeds per locule: and evolution of globose. fleshy
seeds. Apomorphies for Hymenocallis (Fig. 1TA) 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 1s the sister re-
lationship of Ismene subg. Elisena and subgenus
Pseudostenomesson (100%. DI =

apomorphies: perigone tube length reduction, non-

—

6). based on

pancratioid floral morphology. loss of floral fra-
orance, cylindrical stamial 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 = 48,
with CI = 0.67 and RI = 0.88 (Fig. 1B). There is
moderate bootstrap support for a monophyvletic /s-
mene (65%: DI = 2: apomorphies: elongate pseu-
dostem. pedicellate and declinate/horizontal flow-
ers, and 24 ovules per locule). There 15 weak
support for the sister relationship of Hlymenocallis
and Ismene (56%. DI = 1: apomorphies: reduction
in ovule and seed number, respectively: and the
loss of phytomelan from the testa). Leptochiton s
moderalely supported as sister to both (65%. DI =
l: apomorphies: reduction in ovule and seed num-
ber and the evolution of a fleshy seed). Ismene subg.
[smene has a 91% bootstrap and DI = 2. [smene
subg. Elisena (I. longipetala) and subgenus Pseu-
dostenomesson (I. vargasit) 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 1s run
with the topology as a constraint with all characters

unordered.

PILASTID trnl.-F SEQUENCES

Using trnl -F sequences. which provide 7 parsi-
mony-informative base substitutions, three equally
mosl parsimonious lrees are found ol length = 82.
Cl = 0.99, and Rl = 0.88 (Fig. 2. one tree shown).
All three trees resolve a monophyletic Ismene with
81% bootstrap support (DI = 2), and Leptochiton
as sister to the rest of the tribe but without support.
A monophvletic Hymenocallis 1s resolved as sister
lo Ismene in one tree (Fig. 2). but Hymenocallis and
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(70, 1)

(81, 2)
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Figure 2.

Ismene narcissiflora

Ismene longipetala

Ismene vargasii

Hymenocallis eucharidifolia

Hymenocallis latifolia

Leptochiton quitoensis

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

all three trees.

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

ITS SEQUENCES

I'TS provides 50 parsimony-informative charac-
ters. and 9 trees of length = 209, CI = 0.73. and
RI = 0.77 were found (Fig. 3). In all of the trees.
L(’pm('/litun 1s 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.
[smene subg. Ismene (I. amancaes. I. hawkesi, 1.
narcissiflora) 1s monophyletic with weak bootstrap

support (59%) and DI = 1 (kig. 3B).

COMBINED trnl-F AND ITS SEQUENCES

The P value from the partition homogeneily test
= .93, indicating that the trnl.-F and ITS se-
quence matrices were highly congruent. Six most
parsimonious trees were found of length = 292, Cl
= (.92, 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 1s 98% (DI = 5), but only 68% (DI =
1) for a monophyletic Ismene. The only other inter-
nal resolution within Ismene that receives bootstrap

support 1s a sister relationship between [. narcis-

siflora and I. hawkesii (both within subg. Ismene) at

84% with DI = 2.





















