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Tlic gK-tK-ric limits (tl llynu'uoraUis have l)rfMi variuusly piopustnl I)) dillcnMil Idxonoinic workers, uflcii willioul

Hisciissi<tti (u (lata. Tin- •iciicra lA'jtfo<h{tt>n, Ismcur, FJiscna. and rsrudostrnomesson hiwc lu'cii iiuliukd willi Ilynicn-
o(<illi,s, liiin|»r(l In^cllirr as llit^ g<MUis [smrnc. or iiiaiiHaincd as disliticl ^<'rn'ra. Ht'crnt cladislic analysis of plastid and
niDNA liir Anianllidaccac snppoit a distinct liilu' ll\ inrno(alIidra<\ Cladislic anal\s«*s of niorphologv. and |>lasti<l

{frn\.-V n'»;i(»n) and niudcar rihosonial 1)\.\ (ITS) ar*' |nt\st'nk'd alont^ and in cornljination for dir Irihe. jA'piiuhiiou is

sislcr to ihr rrst of tlir ^^cncra in llu' trilu' in all analyses. ^'\\\\v l1)nicnomllis is always resohcJ as monopli\li'lie,
Isnicnc is varialdv paraplnh-lic (»r nionopliylelic. Tlu' (•oni|jin<'d seMpHMicr data produce llie most resolved and l)esl-

sn|)portciI [>Ii\lot;cn\, wherein IhtnenocdUis and Isnunc are monopliylelic sister genera. These data support an origin
for iIk' tril>e in ttie .\nde>. with \ieaiianl dislrihulion of the largely Mesoameriean Ihfuenonillis. Kormal recogm'tioti of
hmcnv snhg. FAiscna and l^smdostenofucsson is cstal)lisli<Ml.

Key words: Amaryllidaeeae. eladisties, mol(M'ular syslematies, pinlogeny.

Syslcnialics of llie gcims Hynirnocallis Salish. mcnocdilis. ^i»l>g- fsmrnr (Salish.) l}ak(M- ex Trauh
(Aniar\lli*la('(^ae) and ils allies liave defied precise (including; Leplocliiton). suhg. FJisrna (llerh.)

systematit^ unclerslanding at Imlli tlie .s[)eciiR: and Trauh. and sid)g. Psviuloslcnowrsson (\elanl<*)

generie levels (FhMv, 1076; Meenm iK Oehgan, Trauh. Trauh (1980) later reduced these suhgenera
1*)}!5). The genera llymenocnllis and Isnicnc Salish. to llie rank of section uitlioul <'\planali(>t». Ravenna
were eslahlislied hy Salishury (1812) h)r the Neo- (1080) \u his description of//, hclianfha {= L^p-
tropica! speci<*s with fleshy s(umIs original 1) as- tocliUon lid 1(1 nl ha (Rav<Mina) Cereau & MtuM'ow)
signed to the Old World peruis Pancjndum h. The suggested that snhgenera Isnicnc (in<duding h'pi'

zygoniorphit-flowered FJiscna was descrihed !»y docJiitou), Eliscna, and Pscudostcnomcsson should
H(Ml)(*rl (1837), who rtHogniziMl Ilymcnocallis and [)rohahly Ih^ all rt^cognl/.ed as the genus Ismcne,
/.vme//e as distinct genera. HaktM- (1888) suhsnnied distinct from Ifyfucnocallis, Me<'ro\v and Deligan

(1985) snggesttul lliat Pscudoslcnorncssofi rniglit

warraiU recognilion at the rank of gt^nus due to its

Isnicnc within Hynicnocdllls hut rt^laiui^l FJiscna as

distinel, as did Pax (1890). While Slapf {\9'X\)

treated //. ijuitocnsis Ih-rh. as a sp<'cies of A/////V/;/- extr(^me phenetic (Iiv<M-gence (funnelforni-tuhular
fhc Slapf, Scaly (1937) considered the spct ies to perianth) \ersus [he "p'"»<'»'^»''<''d" flower of /^y^/o-

exhihit suflicient niorplndogical (h\erg(Mice to he chilon, Isnicnc suhg. Iswcnc, and llymcnorallis.

rtH'ogni/ed as a rnonotypic g<Muis, /.e/>/r>f7///o/? Scaly. ^Tancraloiir floral morphology refers to a large,

Hutchinson (1931, 1939) retained hoth /://.ve/a/ and white, fragrant, cralt^riform flower with a conspic-
Isfncfic (presnmahly in( hiding Irpiochiton) as dis- uous slatiiinal cup (cf. Pancratium h.). This Ivpc of
tincl. Velarde (1949) estaldished the Peruvian ge- (h)wcr ai)pcars to hi- a(hi|)ted for sphingid moth p(d-

nus Pscuduslcnonicsson hir a lh^shy-stH'ded species lination (l?autnh 1979; (want, 1983; Morton, 196S).
i)riginall\ d(^scrihe<l as Stcnonicsson morissonii Var- Mc(mow (1990) trt^ated Lcptorliiton as a disliiicl ge-
gas as well as one new s|)ccies. Trauh (1902) rec- luis and rt^-ogulzed HymcnoaiUis and Ismcnc (in-

(»gnI/tMl all four erstwhile genera as suhgerwra of chuliiig A7/.ve/?a antl /\c//^/o,s7c//ome.s\von) as (lislincl,

Ihnicnocallis in his synoptic trt^alnient: suhg. Ily a treatment hdlowcd hy Cereau el al. (1993) and
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Meerow and Snijman (1998). No cladistic analysis genera of fsmenc, one species of Leptochitoji, and

has focused exclusively on testing die validity of the outgroup Pamlantfic peniiiana (Table 2, Mee-

this treatni(*nt, although at least one representative row et al., 1999). For ITS and the nior|)hologi("al

of each subgenus was includeti \n overall molecularli all 1 1 data matrix, we increased our sampling with an ad-

studies of Amaryllidact^ae (Meerow et al., 1999, dilional four species of IfyrnenocalUs and tv\t) ad-

2000a). ditional species of Isniene suhg. hmenc (Taltic 2).

llymenocallis and its aUied segregate gencja arc The aligned sequ(Mi(;e matrices are available from

entindy Neotropical in distribution [a single West the first author (miaam@ars-gnn.gov).

African taxon, H, senegarnhica, was treated b) Sea-

ly (1954) as an early adventive introduction of//. MOKIMIOLOr.lCAL DA rA

:aril)(ica]. llymenocallis sensu stricto, with 50 to 60 Morphological and cytological character stat<*

species, is chiefly Mesoamerican and extends into
data were derived from the following sources: Traub

the West Indies and the southeastern United States.
^j^^^^^, 1980), Sealy (1954), Flory (1976), Velarde

It is sparingly represented in northern South Amer- ^^^^^^^ g^^^,^^^ ^jc^^O)^ Meerow and Dehgan (1985);
ica. Leptorhiton Sealy (2 spp.). Ismene (ca. 7 s[)p.),

Eliscna Herb. (2 to 4 spp.), and Pseudostenoffirsson

Velarde (2 spp.) are all endemic to the Centjal An-

dean region of South America. Hymrnorallis. Is-

mene^ and Leptochiton are contrasted in Table 1.

Hymenocdllis and allies have usuallv been allied

with Eucharis Phuich. in the tribe Eucharideae

(Hutchinson, 1934, 1959; Traub, 1963; Dalilgren

et a!., 1985; Mtdler-D<»blies & MuHcr-noblies.

1996). Meerow (1989, 1995) argued that the hnk-

age of these genera, largtdy through the perception

that both lineages shared a fleshy seed, was mis-

from examination of living material in research col-

lections at the USDA, Miami, I lorida; WMobser-

vations of HymefiocdllLs, Isnicne, and l^ploclillon

species; and examination of luM'barium material.

The morphological matrix consists of 12 species

reprcstmting 4 gent^ra and 23 characters (Tabh.'s 3,

.->K()l \\CK \)\\A

The lrn\.-V (trriL inlron and spacer region be-

tween trnl. and trnF) matrix consisted (»f 6 taxa and

I i" 1 .1 , -U \ i '\
I

906 base positions. The nrDNA IFS sequence ma-
construed, and proposed ttiat eitlier subtrii)at or ' ^ "*

^ .. 1 • • r jj If I IP trix (ITSl, 5.8s intron, ITS2) consisted of 12 laxa
tribal recognition ot tiymenocalUs and ailu^s was ^ ^ ' ^

warranted. MuUer-Doblies and MuUer-Doblies ^"^' ^''^^' ''I*'

(1996) placed them in Eucharideae subtribc Hy-

menocallidinae, wliile MtM^row and Snijman (1998)

reco«'nized a distinct tribe, Hvmenocalhdeae. 1 am-

ily-wide analysis (»f plastid sequences (Meerow et Genomic DNA was extracted from silica gel

al., 1999) and nrDNA analyses of the monophyletic dried h-af tissue as described by Meerow et cd.

American clade of the family (Meerow et al.. 2()00a) (200()a). The IrnL-lrnF region was amplified using

sujiport a distinct Hymenocallideae as sister to the the primers of Taberlel et al. (1991) as described

Di\A i:\Tn AcriON, ami^ijfication, and
SF.oiii:iN(:i[\(- I'KoiocoLS

newly recognized tribe Clinantheae (a segregate of (1999)

the former Stenomesseae), but comjilete res(»hition bosomal DNA ITSI/5.8S/1TS2 region was accom-

of the intratribal relationships is not apparent in plished using flanking primers (18S, 26S) AHlOl

these large analyses. Both tribes are subclades of and AB102 (D(ju/ery et al., 1999), and the original

a well-suppoi1ed, Andean, tetraploid chule of gen- White et al. (1990) internal primers ITS2 and 3 to

amplify the spacers along with the intervening 5.8S

In this paper, we present phylogenetic analyses secjuence, as described by Meerow et al. (20()()a).

era.

/of morphological and molecular data for the tribe

Hymenocallideae, and seek to clarify the relation- (Q

ships within the tribe.

Qi

MArKlUALS AND MkTHODS

SAMIM.IiNC;

manufaetinc^rs protocols. All polymerase chain re-

actions (PCH) were performed on an ARI 9700 (Ap-

plied IJiosv stems, foster City, California).

Cyclt^ se(|ucncing reactions were performed di-

rectly on purified PCR products on the ABI 9700,

Se(iuences for the plastid ImL-F region were using standard dideoxy cy(de protocols for sequenc-

newly obtained for H. cucharidifolia, which, along ing with dye terminators on either an ABI 377 or

with //. Idlijolia, was used as an exemplar taxon of ABI 310 automated seciucncer (according to the

Hymeuocallis (Tal)le 2). Previously cited sequi^nces mamifactunMV protocols; Atiplieil Biosyslems, Fos-

were used for one species each of the three sub- ter City, Cahfornia).
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Tabic 3. Characlrrs and character slates used in the eladistie analyses of H) rnenocanideac Itased on niorphology.

Character States and coding

1. Klongate pseudostein

2. Flower nutnher

3. Flowers sessih'/pedieellat

4. Flower haltit

*

5.

6. Tube habit

Tube len^lh

7. I\*riatilh morphology

8. I\Mianlh syiiiinetry

9. Fl o\%er color1

0. Fragrance

I I. Staniinal cup shape

12. Slarninal cup strijting

13. Free hlainent

11. Free lilanient

VolU'u giaui si/e

l*ollcii grain

15.

16.

1 7. F\inc reticulum

18. Ovides per loculc

19. Seed per lorule

20. Ph\lo!n<dan on Icsta
m

21 . Seed coat

22. Scctl sliape

23. Most common diploid chromosome number

absent (0); jiresetit (1)

2-10 (0); solitary (I); >10 (2)

sessile (0); pedicellate (1)

erect (0); declinate/horizontal (1); pendeul (2)

shorter than tepals (0); longer dian or ecjual U) tet)als (I)

straight (0); cur\t'd (1)

pancralioid (0); funnclforni-tubular (1); ± funuelfoiin (2)

actincunorphic (0); zygomorphic (1)

^vhile (0); ytdlow (1); green (2)

present (0); absent (1)

rotate or funuellorm (0); cylindrical (1)

present (0); absent (1)

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

longer than cuj) (0); shorter than <*u|> (1)

very large (0); large (1); medium (2)

atuiculate (0); not (1)

coarse (0); limcOHun (1)

>20 (0); l(>-2() (I); 2-10 (2); 2-4 (3)

numerous (0); 2-S (1); 1 (2)

present (0); absent (1)

not fleshy (0); fleshy (1)

Hat, winged (0); globose (1)

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

SKyt KNCK Ai.i<;i\Mh:Nrs (Meerow et al., 1999, 2(l()0a), this genus resolves

as most closidy related to tlie llynienoeallideae. Pa-

1 sequence matrices were readily aligned miauthe and Uptorhilon (the latter putati\ely the

niannall) using the [irograrn Sequeneher (C(Mre- ^f^'d^^ derived genus in the Ilyineno<alli(h'ae; see

Codes, Inc., Ann Arbor, Michigan) as few gaps discussion below) share two four-base sequence el-

Botl

needed to bi* ins<'rted. enients in the LrnL-F region (bp325-328, 821-824)

that are absent from the rest of the Hymcnocalli-

deae. Phylogenelic analyses were run using PAUP"*'

Pumianthc (trilu^ (niiiantheat*) was used as out- version 4.()b8 beta (Swofford, 1998). An exhaustive

CI.ADtS'tK: ANAMS1':S

grou[) for all analyses. In larger sequence analyses sean h of all possible tree topologies was conducted

TabU^ 4. Idiaractrr state matrix for eladistie analysis of 23 morphological characters in Hymcuocallideae. Pol}-

morpliisms: -h = (OJ); * = (0,1,2).

Tax on Matrix

Character

flyrnrnocdllis aruti folia

Hrrncnocdllis euvharidifolid

HyTncrHHdllis hitifuliu

ffymrnonillis tuhijhmi

Isnwne amarwdrs

I.wwnr fuiukcsii

Ismrnr longipehila

Ismcnc ntira'ssijfoni

Ismcnv largasii

LcpUnhiton quitocnsis

Piun'uuiiJu' p<'fui i(tn<i

1 2

123456789 01234567890123

0000100000011000 02 21112
0*001000000130000221 1 12

0*00100000013000 02 21112
0*00100000013000 02 21112
0*001000000130000221112
10111+0 0100001000321110
10111+00000001000321110
10110021011120211321110
10111+00000001000321110
10120110211110211321110
01001100+00001000110111
10111000000001110000000
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for trnL-V. For ITS, the morphological, and all com- tochiton is sister to both Hymenorallls and fsnirnr

bined analyses, branch and bound searches were iJi one tree (Fig. lA). The 6 apomorphies at llie

conducted. Support for internal noth^s of the trees ancestral node are an increase in [>ollen grain si/e,

was determined with 5000 replicates of branch and auriculale pollen grains, reduction in ovule number

bound bootstrapping (Felsenslein, 1985) and by from more than 20 to 16 to 20; reduction in number

calculation of Bremer (1988) decay intlices (DI) us- of seeds per locule; and evolution of glolmse, flf^sby

ing tlie program TreeRot (Sorenson, 1999). A seeds. Apomorphies for HymenocdllLs (Fig. lA) are

branch atid bound search was implemented for the cibsence of an elongate pseudosteMu. predomi-

each constraint statement postulated by TreeRot. A nantly sessile and erect flowers, and 2n — 46, 40

50-6 chrouiosomes. Other than Flymrnocalhs, tlu ' (un\1

65-749?: moderate, and 75-100% strong support. clade witli strong bootstrap support is the sister re-

lent character matrices, lationship of Isniene subg. EUsena and subgeruisCond)inini; indg indepeiK

whether both molecular or molecular and morpho- Pscudostenomesson (lOO'^, Dl = 6). l)ased on 7

logical, very often increases the resolution of the a[)omor|)hies: perigone tube length nnluction. non-

ingroup and the bootstrap support of the internal pancratioid floral morphology, loss of (hiral fra-

iiodes of the phylogcnetic trees (Ohnstead & grance, cyMndrical slaminal cup, and smaller non-

ith 1 CSS ((arse exmeSweere, 1994; Chase et ah, 1995; Yukawa et ah, auriculate {)ollen grains wi

1996; Rudall cl ah. 1998; Soltis et ah. 1998; Mee- reticulum. If all of the characters are ordered as

row et ah. 1999). Nonetheless, there is controversy irreversibh\ a single tree is found of length = 48,

about whether (Hfferent data sets should be ana- with CI = 0.67 and RI ~ 0.88 (Fig. 1 R). There is

lyzed se{)arat<'ly or togctlier (De Queiroz et ah. moderate bootstrap support for a monophyletic Is-

1995; Huelsenbeck et ah, 1996). Congruence of the /nene (65%; DF — 2; apomorphies: elongate pseu-

independent matrices has generally been demon- dosleni, pedicellate and declinate/horizontal llow-

strated before they are combined, but it has also ers, and 2-4 ovules jmt locule). rhcre is weak

been argued that incongruence should not be a pre- su|)[)ort ior the sist(T ndationship of UymenoaiUis

determined factor against doing so (nul)uisson et and Istnefic (56%, DI = 1; apomor|)hies: reduction

ah, 1998: Seehinan et ah, 1997). Miyamoto and in ovule and seed number, resj)ectiv<dy; and tlu^

Fitch (1995) argued that tlata sets shouhl always loss of ])hytomelan from the testa). lA'ptodiiton is

be analyzed independently, as underlying assump- moderately su[)ported as sister to botli (65%, Dl =

tions, constraints, or weighting strategics will vary 1; apomorphies: reduction in ovuh^ and seed rumi-

fnun data set to data set. Kluge (1989) and Nixon her and tlie evolution of a fleshy seed). /.s7//c//c subg.

and Car[ient<'r (1996) argued that simultaneous Isweue lias a 91% bootstrap and HI — 2. fsrnrnc

analysis of muhiple data sets better maximizes par- subg. EUsena {I. longiprlala) and subgenus Pseu-

sitnony and aHows secon(hiry signals to ap|)ear from doslenonirsson (l. vargasll) are again sister groups

tfie coml>ined data. Hull et al. (1993), Kodrigo el with 100% bootstrap and a 1)1 = 9. A monophyletic

al. (1993). and De Queiroz (1993) advocated com- Hymenocallis receives 87% bootstrap support with

bining data oidy after a statistical test of congru- a DI = 4. Ilvmenorallis latiJoUa, //. ghiitra, and

cnce, what Huelsenbeck et al. (1996) called 'Von- //. eucharidifolia form a monophyletic group with

bootstrap support of 60 and Dl = 1. riiis same treeditional comltination."' Rcfore combining the data

0.80sets, we performed a paitition homog(Mi(Mty test tojxilogy (Fig. IB) is 40 steps long with Cl =

(l^uris et ah. 1994. 1995) on the variously com- and RI = 0.80 if a branch and bound search is run

bined matrices, using a branch and iKtund search. with the topology as a coiistraint with all <-haractcis

unordered.

Ri:sri.TS

M()I{1'II()I()(,ICAL MAIUIX IM.VSTII) lrn]-\' SEon-.NCt-.s

With all characters unorch^red, two most parsi- Lsing lni]-V sequences, which |)r<»vid<' 7 parsi-

monious trees (Fig. lA, one shown) wcvc found of mony-inhirmative bas(» substitutions, thn^^ equally

length = 37. consistency index (CI) — 0.86. atid most parsimonious trees are fountl ol length 82.

retention index (RI) = 0.88. Sixteen of the 23 char- CI = 0.99, and RI = 0.88 (Fig. 2, one tree shown).

aclers used were parsimony informative. In both All three trees resolve a monoi)hyhiic Ismene with

trees, HymciundUis is nu>no])hyletic (bootstrap 81% bootstrap sup[)(nt (DI — 2). and Lepiochilon

89%, DI = 1), while Ismene is paraphyletic. hmene as sister to the rest of the tribe but without support.

Umgipetdla (subg. EUsena) and /. vargasii (subg. A monophyletic HymenocaUis is rc::.ul\('d as sister

Psendostenomesson) are sisters in both trees. Lep- to Ismene in one tree (Fig. 2). but flynienocdllis and
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Ismene narcissiflora

ismene Ion gi petal a

Ismene vargasii

Hymenocallis eucharidifolia

Hymenocallls lati folia

Leptochiton quitoensis

Pamlan th e peru vian a

Fif^ure 2. Oik'

for ihe HMiienoca
cenla^es, f()IU)\\tMl

all three trees.

of the tliree most parsimonious trees foiiinl hy ehi<hstie analysis of plastid IrnL-F DNA se(|ueiKes

ideae. NumlxTs above branches are braiieh lengths; numbers below branches are boolstra[) \)ci-

b\ deeay in(h('es (italic). The lar<;e arrow indleates a noth' that eoUapses in the strict (U)nsensus ctf

Ismene form a clade in all three (739f bootstrap. 1)1 comhinkd nn\.-\- and lis sk<,)UEN(:ks

= 1). Ismene suhg. Ismene (/. narcissijlora) aiul Eh-

sena (/. Jofigipetala) are resolved as sisler groups

in all tbree trees with a bootstrap of 709f (1)1 J)-

ITS SKOl KNCFS

rrS provides 50 parsimony-informative eharac-

riie 1^ value from the partition lionioj^(Mieily test

= 0.9;5, ituhealing that the trn\.-V and ITS se-

(juence matrices were highly congruent. Six most

parsimonious trees were found of lengtli = 292, CI

= 0.92, and HI - 0.77 (Fig. 4). In all trees, ///-

ters, and 9 trees of len;^tb = 209. CI

RI

/v -.> 1 menocdllis and hmenc are monophyletic sister gen-
(). iO. ami * -^

^

0.77 were f.mn.l (Fig. .3). Tn all of llu- trees.
•''<' ^^i''' bootstrap suppor! of 94% and a DI 3

Leptochiton Is resolved as sister to both Hymenn- ^^'Ptochiton is sister to both, but without signifieant

callis and Ismene (Fig. ;5A). but wilhout signifieant ^I'l'Porl. IJoolslrap supi)ort for a monophyletic lly-

supt)ort. Hymenocallis is monophyletic (bootstrap = mcnocallls is 98% (DI = .5), but only 68% (1)1 =

97%, DI = 5). but Ismene is monophyletic in only 1) foi" '» monophyletic Ismene. The only other int<-r-

2 of the 9 trees (Fig. .'iB, one shown). However, nal resolution within Ismene that receives bootstrap

Ismene subg. Ismene (/. amanccies, I. haukesii, J. support is a sister relationship between /. narcis-

Ismene) atnarcissifiord) is monophyletic with weak bootstrap sijl

support (59%) and DI = 1 (Fig. 3H).

«
84% with DI 2.
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12

4

9
4 \ ^^"

^^ 84, 2

16

5

T 26

\
68,

10^
1 24

3

^94, 3

27

8

5

nr 100, 7

10 V
99,

1

6
98, 5

r

1 1

9

99 ,7 22

ismene narclssiflora peru

Ismene hawkesii peru

Ismene amancaes peru

Ismene longipetala Ecuador, peru

Ismene vargasll PERU

Hymenocallis latlfolia FLORIDA, UPPERANTILLES

Hymenocallls acutifolla MEXICO

Hymenocallls tublflora northern south America

Hymenocallls glauca MEXICO

Hymenocallls eucharldlfolla MEXICO

Leptochiton quitoensis SWECUADOR,NWPERU

Pamlanthe peruviana Bolivia, peru

Fi<iuiv 4. One of six niost parsimonious trees fouiu] liy cladistic analysis of comliined plaslid frn\A' and niDNA
I rS s<viiienees. NLiinl)ers above branches are hran< li len<i;tlis: nuniheis below branches are bootstrap percentages lol-

loued b\ decav iruHces (italic). Ihe lar'ici arrow indicates a node tliat collapses in the strict (^-onscasus of all six tices.

coMi;iNi:i> st-\)Li::N(:K am:)

M()i{iMioix)(;i(:\i. MAriiicES

The P valiit* (»rtbe {>artitinn homogeneity lest was

0.000^5, iiulieating sigiiifuant incotigruence be-

tween tlie rn<tr|)hol<)gieal and DXA se<[uence data

matrices. Much of tbe apparent ineongriieiice can

letie. bootstrap su[>pc)it for the moiio[)byly o\' fsmcnc

subg. Ismrne rises lo 81% (Ul ~ 2), hut hniciie

sid)g. FJiseud (/. longiprtdla) and Pscudoslcnorncs-

son [I. i-(irgasi{) are sister groups (bootstrap == 979f,

1)1 4) weakly stipporltMl (boolslrai > 57%, DI
= 1) as sister to Uymenocallis. [jeplochUon is again

sister to the oilier members of Hymenocallideae bnt
be attributed lo die weak resoltttion of the morplio- ^vithout supporl. If trees one step longer were also

logically based topologies, and we felt that it would tx-tained in th(^ search, in addition to the single

still be informative lo combine the two matrices in shortest tree (Fig. SA), a single, fully resolved tree

a sinde analvsis. Of the 1565 characters iticduded. of length :vx]. a 0.90, ami RI 0.77 was

76 were parsimony informative. A single tree was found (Fig. 5B). Iti this tree (Fig. 513), both Hymen-
— IMV2, CI ~ 0.92, and Rl — 0.79 ocallis and IsDiene are monophyletic sister genera.found of length

(Fig. 5A). Hvrnrnorallis is mono[)hyletic with 100%

bootstrap support (DI = 8), but Ismene is paraphy- sou.

as art* Ismene snogbir. FJiseuo and Psendostenomes-
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Discussion llie non-fleshy seeded Andean endemic Clinan-

llieae. However, it is the f2;eiius fs/nene lliat refieels

Roth plastid (Meerow etal., 1999) and ITS (Mee-
,i,^. patterns of floral morphologi<*al div(u>i!y that

row et ah, 2000a) seciuences stronj^Iy support the ^j^.^.^,j. j,^ ^he Eustephieae, Clinantheae, and St(Mio-

position of the tribe HynienoealHdeae as a niofKt- niesseae (sensu Meerow et ah. 20()()a). l.s/nene suhg.

phyh'tie group widiin the Andean telraph)id ela<le {smene retains the plesiomorphie paneratioid floral

of the endemic American Amarylh(hiceac thai is nunp\u)\o<^y onA'ptocliLtonJ\imi(Wlh^^^
sister to the newly recognized trihe Clinantheae

,)r,////.s, whHe the snudler Am^ne suhg. f://>na ^^

Meerow (Meerow et ah, 2000a). Tlie seeds of the ^^j^g Pscudosfenomcsson express floral tiovtdtii^^

Clinantheat* are uniformly dry, flat, wingenh and
s

diversity are found throughout the tetraploid An-

('linantheae, the low- lo mid-elevation genera P(i-

fsniene subg. Pseudostenontesson, occurring at the

with phytomelanous testas. There are hnks bt^ween |iig|iest elevations of any member of the tribe, might
lA-ptochiton and Pamuinthe fliat Stapf implicitly be the youngest element of the polymorphic /.sv/nv/e.

recognized most notal)ly the plesiomorphie pres-
^i,^^.^ ^j,^ ^^^^j^,^ 1;!^^.]^ ^ij^] ^^^,^ exttMid above 1000

ence of [.hytomelan in the testa of Leptochiion^ m elevation behjre tlu^ PUocene (10 MYHl'; Van der

seed [of which Meerow & Dehgan (1985) were nn- Hammen, 1974, 1979). Analogous patterns of floral

aware], but also the numerous ovules of this geiuis

(plesiomorphie as well). In the ITS phylogeny pre- ^j^.^^^ ^.i.„]^ ^f ^1^^ American Amar) Ilidaceae. In the

scnted by Meerow et ah (20()()a), support for Pa-

mianlhe as sister to flie rest of Clinanlheae (vs. a midnllw and Paranwngaia Velarde have pancra-

sister group relationship to Hymenocallideae or an
tj,,j,] fi^^j-.^] niorphology, while the mostly high-ele-

umesolved [)osition) was considerably weaker when y.^u^^^ Clinanlhus Herb, has colorful, putatively

ornitho|)lnlous flowers. In the more dislandy related

This is not sur[)rising given that both genera occu|)y priiolate-leafed Stenomessenie. Kurharis has the

a basal phylogenetic i)osition in tluMr respecti\e paneratioid flower; Plagiolirum resembles a mini-

ature fsnicne snbg. KlLsetui; an<l Slenonicsson and

Vrccoliud exhibit colorful, putatively ornithoi)hilous

flowers. Kinally. in the Eustt^[)hieae, which is sister

daceae has been discussed (Meerow. 1995; Meen^w
,^^ j-p^, .^f ^i^^ Andean clade (Meerow et ah. 2000a).

tl i(^ aligned matrix was not successivelv vvei<^litcd.

cladt^s henMM.

The difliculty of relying on morphological chai-

aet(Ms alone to ge^ierate {)hylogeni(^s in Amarylli-

et ah, 20001)), given a high degree of homoplasy the full range of variation is evidtMil in a single

for many morphological characters in the family. <r,.„ns. Hiemnymiella Pax (Ilunziker, 1969). This

Our analysis (Fig. 1) g<^nerales trees with relatively recurrent pattern suggests a scenario of rapid mo-

high CI and Rl, but i)arsimony is still not able lo ^.^j^. evolution (sensu Stebliins, 1984) within this

resolve Ismenc nor conslslentl) [jlace Irplin-hitou In nionopliyletie, tetraploid group (Meerow, 1987).

tlu^ basal position within tht^ tribe with unordered '|^[^^ relatively low number of phylog(Mietica1Iy in-

morphologlcal characters alone, in contrast to s<'- formative bast^ substitutions in our sequence anal-

(}U<mce data (Figs. 2-4), which also j)rovide (in tlu^ ys<^s of non-coding regions (7 for //-/?F-F; 50 for ITS)

combined /r/d.-l-' and ITS matrix), (»ver three times su|>ports a hv|)olhesis of a relatively recent radia-

the number of phylogenetically in(onnati\e char- |j,>,i within the Hymenocallideae lied lo the ris<' of

acters of morpholog}' alone. The combined plastid

and nuclear sequi'nce matrix produces the most lul- fsiiiene, the most p(tl\ morphicr of the three hymen-

ly resolved shortt^st trees. To "force" this toj)ology

upon any of the other conflicting data matrices re-

quires either ordering characters or accepting Ion- n\n}<'tu)C(illis is most sptu'iose in Mexico (Bauml,

ger trees (albeit only one step long(M' in the com- 1979j, with a secondar)' area of diversity in the

the Andes. This seems most significant ndativt* to

ocallid genera, and th(^ only one diat has adapted

to high elevation.

bined sequence and morphological analysis). soudieaslern United States (Smifli & Flory, 1990,

When biogeographic information is optimiziMl 2001; Smith et ah. 2001). Only three descriluMl

u})on the combined {)lastid and juDNA Uvc (Fig. species have been n^jxH'ted from South Am<^rica:

4), the gene j)hvlogeny supports an origin for the the broadlv and coastally distributed //. Utloralis,

tribe in the central Andes, inarguably a locus of ,77,

diversity lor the Andeati ttliaploid clad e o f th e '//

Amaryllidac(^ae (Meerow et ah, 200()a), wifli a vi- only species of lh<' three that is restricted to north-

cariance event that gave rise to the largely North ern South America (including Trinidad-Tobago).

Aim-vlviiu [fymrnnrallls. Lrj)tnrhih)tu \\\{h 16 to 20 I'he known distriI)ution of the Hymenocallideae

ovules per locuh^ and a j)hylomelanous testa, oc- suggests two possible hypotheses, either a long-dis-

cupies a relict position in the IrilK- with links to tatice dis|)ersal event from the Andean eenter of
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origin, or oxtitution of intcnrniiig populations of a

[noio-IIytncnocallLs aruH^slor. '\\\c ilesliy seed o( Hy-
nicnornllis is the larg(^sl (if all the endemic Amer-
ican Amaryllitlaceae, exhibils no dormaney, and

genniriales williin 3—4 weeks afler release, wh(*lher

or not in substrate (W hilehead & Brown, 1940;

pcrs. ()l>s.). VUv relatively heavy seed does not ini-

niediali'ly seem amenahle to long-dislanee dispers-

al, and no disp<'rsal agent utluT than water has (^ven

685-730 //( r. J. HuilalK V. J. Crihl). 0. F. Culler .K C.

J. Iluni[)liries (t'dilors), Mdnocolylcddns: Sysleinalics

anil Kvoliition, Vol. 2. Ro)aI Hotariic (ianlens, Kew.
Dahlgren, R. M. T., 11. T. Cliffunl & W V. Yeo. 1985. The

Fatnilit's of the Monoeolyledons. Spring(*r-Verlag, Ber-

lin.

l)e Queiroz, A. 1993. For consensus (sonit'tiint's). S\st.

Biol. 42: 368-372.

, M. J. Donogluic *S J. Kim. 19*J5. Separate versus

conihincd analysis of phylogctu-lic cvidi'iice. Aiui. I{cv.

Kcol. Syst. 26: 657-()81.

l)t!en suggested for the geiuis. Thus ancestral ex- Douzery, J. R, A. M. Pridgivni. I* Kon*s. II. Knrzwcil, P.

linclion is a more convincing hy|K)thesis, but wilh-

oul a betttM- understanding of the historical bioge-

Lindcr tK IVt. W. Chasr. 1999. Molecular phylogenetics

of Diseae (Orchidact-ae): A eontrihutI(tri from rmclear

ril)osonial ITS scqut'iices. Ainer. J. Bol. 86: 887-ii99.
ograpl.y of Hymenocallis and a well-resolved

\)^,Uu\ssou, J. Y., K. llebanl-MaLMi'.K j'. Callior. Wii.
phylogeny of ihe g(Mms a lik<dy <'xplatialion for its

distribulioti carmot be di^ermined.

h\ sununary, comblniul triiL-F and ITS sequenc-

Moleeules and morphology: Corillicls and rongnience
vvilhin th«^ fern genus Trirhonxmcs (llymenoplnllaceap)

Moler. Pliylo^enet. Kvol. 9: 390-397."

, ,1 w 1 c • /inno\ . .
Farris, J. S., A. C. Kluge i^ C. Bull. 1991. Testing sitj;-

es sup|)ort the Meerow and S.njman (1998) treat- ,. _± r,. ..:..:.., ,n. > . r. .,,n ^

ment of I lynienocallideae with three gciu^ra: //)-

tncnocallis, hrnrfu\ and lA'pU)chUon. lA'plachitim is

sister to the llymrnoc<tUisllsn\cnc clade and retains

two plesiomor})hic cliaracicrs of the Andean lelra-

ploid (lade: 16 to 20 ovules per locide and a phy-

tomclanous seed coat. The central Andean ende-

mism of Ismetw and Lcptochiton and the absence of

Ilyrnrnonillis from tbis region hirlhtM" suggest a vi-

ngru

, M. Kallersjo, A. G. Klu-e & C. Bull. 1995. Con-
slrucling a significance lest for inconj;;rurner. Syst. Biol.

44: 570-572.

Felscnslcin, J. 1085. CoiifiihMice limits on |)h\log»^nies:

An approach using ihe hoolslrai). Kvolulion .39: 78.3-

791.

Flor), W. S. 1976. DisUibuliou, chroint>some number and
types of various spiM'ies of Hymrruicallis. The Nuch'us
19: 204-227.

cariaiice even! at some point subseuuent to the or- ^'^^^eau, R. E., A. W. Meerow .*^ b. Brako, 1993. New

Igin of the Iribe. Tt is thus appropriate to formalize

the nH'Ognilion of the two lunv subg<Mieric combi-

nations wilbiu Isntrm'.

Isineiie subg. Kliseiui (llerberl) Mi^erow; comb,
nov. Basionym: FJIscna Herb., Amar)llida-

ceae, 75, 201. 1837. T^IM': Ismenc ringcfus

(Kuiz & Pav.) (/cn^m ^ Meerow, Novon 3: 29.

1993.

Isiiieiie subg. FseiKlosteiioineshon (Velarde)

IV1eerow\ comb nov. Rasionym: Pseudosfeno-

mcsscm Velarde. Rc\. Cienc. (Lima) 51: 47-51.

1949. T^ l*K: Isniefir i'</rg(isu (Vt4arde) Gereau
cK MeeTow, in L. Rrako <.K J. Zarucchi, Monogr.

Sysl. But. Missouri Rot. Card. 15: 1253. 1993.
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