w ~ Ludwigia pseudoalata sp. nov. (Onagraceae Section Microcarpium), a
New Species of the Southeastern United States
ABSTRACT. A new species, Ludwigia pseudoalata (Onagraceae), of the Section
Microcrapium was described based on the collections from the Southeastern United States.
Phylogenetically the new taxon is closely related to L. alata. The aquatic species is
characterized by having nearly smooth or slightly ridged stems, and sepals that are often
longer than capsules. Reciprocal monophyly of sisters L. pseudoalata and L. alata was
recovered and significantly supported. Molecular dating suggested that the two species may

have split some 1.08 MYA.
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1.Introduction . | |
Ludwigia, a genus of the Onagraceae, co;n31sts of about 81 spemes in 23 diverse sections

(Raven, 1963; Ramamoorthy and Zardml 1987 Za:rdlnl and Raven 1992), and is marked as

monophyletic characterized by several synapemorphles, | f;:absr::nce of a floral tube
(Raven, 1979; Baum ef a/., 1994) It was conSIdered as one‘of thé éarllest surviving offspring
within the Onagraceae (Peng 1988) Ludwzgza is prlmarlly a troplcal and subtropical genus;
and most North American species are restricted to the southeast Atlantic coastal plain and
Gulf coastal plain (Peng, 1988). The genus is characterized by the absence of a floral tﬁbe,
and has a chromosome number of x = 8 (Hoch, 1993). Ludwigia can be divided into 23
sections, Of them, the section Microcarpium is a polyploid complex of 14 species, and is
characterized by regular fruit dehiscence (Zardini and Raven, 1992).

Compared to other genera, the distribution of Zudwigia is rather unusual in having a
broad rangé in tropical and temperate wetlands of both North and South Hemisphefes. North

America is a diversity center for three of the sections (Raven, 1963), i.e., Microcarpium

Munz (14 species), Dantia (DC.) Munz (5 species), and Ludwigia (4 species), which are



mainly distributed on the Coastal Plain of the southeastern North America (Peng, 1989).
These three sections differ primarily in capsule morphology, habit, and phyllotaxy (Munz,
1944, 1965; Raven, 1963a; Peng, 1989). Of them, the section Microcarpium can be
distinguished from other sections based on capsules regularly dehiscent by the separation of
the disk . Biosystematic and taxonomic studies of section Microcarpium (Peng, 1988, 1989)
have addressed the evolutionary relationships among its 14 species.

In the study, we described a new species that belongs to the section Microcrapium
and is closely affined to L. alata Elliott. Morphologically, Ludwigia alata has been confused
with L. lanceolata Elliott (Raven and Tai, 1979; Peng, 1989), owing to their similarity in
being glabrous, apetalous, and most notably, in havmg w1nged obpyram1dal fruits, a unique

character not occurring in O'ther specles ef section Mzcr@ca;jpmm (Peng, 1989). Of the 15 taxa

in section Microcarpium, only L. a. m: and I, Zanceolata ha‘v ] wmged capsules, and they are

glabrous (Peng, 1989). L. p&eudoalam and 1. alam phylogeny and reclprocal monophyly
were tested based on nuclear rlbosema’l ITS sequences
2. Materials and methods

2.1. Species examined

Species of Ludwigia scct1on Mzcrocarpmm wereexammed 1n this study (Table 1). This
sampling scheme represents the taxonomy of Ludwigia alata complex, In total, four
individuals of L. pseudoalata, four individuals of L. alata, and samples of six other species in
section Microcarpium, L. microcarpa Michaux, L. linearis Walter, L. polycarpa Short and
Peter, L. curtisii Chapman, L. ravenii Peng, L. sphaerocarpa Elliott and L. lanceolata Elliott,
were included. Population samples of each species were collected from the field. Young
leaves were collected and dried with silica gel. All samples were stored at -70°C until they
were processed. All vouchers were deposited in TAIE,

2.2 Phylogenetic analyses

Nucleotide sequences were aligned with the program CLUSTAL V (Higgins ef al., 1992)



and later adjusted visually, Phylogenetic trees of the nrlTS sequences were reconstructed
using maximum likelihood (ML). The general time reversible GTR + I + G model with &
substitution categories was determined to be the most suitable model by Modeltest v3.6
(Posada and Crandall 1998) and was used for all subsequent nucleotide analyses. ML trees
based on nucleotide sequences were inferred using PHYML v2.4.5 (Guindon and Gascuel
2003), and bootstrap consensus values were calculated with 500 replicates, Maximally
parsimonious (MP) trees were also sought witﬁ PAUP heuristic search strategies (Swofford,
2002). The length of the shortest trees was obtained by initiating at least 500 searches, each
using random addition starting trees, with tree bisection-reconnection (TBR) branch swapping,

The equally MP trees were then used as. startmg trees for TBR branch swapping, In all

We estimated the time ;si'nc:e th;e‘ new spec1es spht ﬁsom 1ts Sl-StE:I‘ based on the genetic
diversity of nrITS. To estlmatc the dlvergence between 11neages a well supported rate of
evolution is required. In seed plan‘ts evolutlonary I"ltGS were estlmated at 3.9 x 107 (Lee et
al., 1996) substitutions per 31te per year for nr—DNA ITS Bayes1an estimates of the mutation
rates and the ages of the most recent common ancestor (TMRCA) of the Ludwigia sequences
were obtained using BEAST v. 1.3; available from hitp://evolve.zoo.ox.ac.uk/beast/
(Drummond et al., 2006). Posterior estimates of the mutation rate and age of the TMRCA
were obtained by Markov Chain Monte Carlo analysis, with samples drawn every 500 steps
over a total of 1,000,000 steps. Adequate sampling and convergence to the stationary
distribution were checked using TRACER v. 1.3 (Rambaut and Drummond, 2004). Posterior
estimates of parameters were all found to be distinctly unimodal (although with wide 95%

highest posterior densities), and all parameters appeared to be identifiable, despite the

relatively low information content in the sequences and the small age range of the sequences,



3. Results and Discussion
3-1, Taxonomic treatment
Keys of Ludwigia alata complex
Al: Sepals greenish, about 1/2 as long as the capsulemrrermrmmnmmmcacune L. lanceolata
A2: Sepals creamy whitish, nearly as long as the capsule
B1: Stems often distinctly ridged or winged; sepals nearly as long as the capsule

--------------------------------------------------- --- L. alata

B2: Stems nearly smooth or slightly ridged; sepals often longer than the capsule
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Herba perennis recta StOlOHlbUS,.u.}I)-ICII‘ﬁ(‘; glabré Folla anéusté lanceolato-elliptica, 3.5-7
cm Jonga, 0.3-0.5 cm lata, Flores axillares.Sepala utrinque virides, lato deltoidea, 2-3 mm
longa, 1.5-2.1 mm lata, apice acuminato. Bracteolae 3-4 mm longae. Petala 0. Antherae 0.8
mm longae; filamenta 0.8 mm longa. Discus nectarii viridis. Stylus 0.8 mm longus. Capsula
ovoidea.
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Herbaceous, erect, ca. 50-70cm tall, the base of stem bears stolons, glabrous the whole
plant, stem terete, ridged. Stolons leaves simple, alternate, bears 2 punctate stipules at base,
black. Petiole 0.5¢m long. Blades obovate to obovate-elliptic, 0.5-1cm long x 0.4-0.6cm wide.
Rounded or acute at apex; attenuate and decurrent at base; margin entire. Lateral veins ca. 2-3
pairs. Stem leaves simple, alternate, bears 2 punctate stipules at base, black. Petiole 0-0.5cm
long, Blades 3.5-7cm x 0.3-0.5em wide; lanceolate-elliptic; deep green. Acufe at apex,
attenuate and decurrent at base Mldnb 1eveled adax1ally, elevated abax1ally, lateral veins
obscure adaxially, distinctly 4 8 pairs abama;lly Inﬂorascences axﬂlary, solitary, white,
subsessile. Bracts 2, white, lanceolate bDrne on the base G‘f ovary, ca. levels with the apex of
ide Calyx lobes 4, wh:lte deltoid, 2-3mm long x

calyx lobe, 3-4mm long x ca, 1mm 3
1.5-2.1mm wide; calyx tube shaﬂow Petals lacklng1 Stamens 4, glabrous filaments ca.
0.8mm long; anthers 2, ca. 0. 8mm long, bas1ﬁxed long1tud1na1 deh1sc1ng toward adaxial side,
Ovary epigynous, upper part bears a circular dmk 4 rxdged Style ca. 0.8mm long; stigma
capitate. Bracts and calyx lobes persmte‘nt aﬁer anthesm subwhlte, disk 4-ridged, slightly
enlarged. Seeds ellipsoid, Inany o

Taxonomic Notes:

All species of Ludwigia section Microcarpium grow at wetlands, including habitats of
alluvial ground or in shallow water of ponds, lakes, rivers, streams, lagoons, sloughs,
backwaters, swales, wet meadows or prairies, open swamp forests, drainages, and irrigation
ditches (Peng, 1989).
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3-2, Phylogenetic analyses and molecular dating

We obtained nucleotide sequences of ntDNA I'TS from samples of L. alata, and L.
pseudoalata, and six other species of section Microcarpium, L. microcarpa, L. linearis, L.
polycarpa, L. curtisii, L. ravenii, L. sphaerocarpa and L. lanceolata. The sequence length of ITS
region of ntDNA varied from 659 to 667 bp. In total, 669 bp of the consensus length were
aligned among sequences. In total, 17 sites were variable. All of them were phylogenetically
informative.

The phylogeny of the anTS regmn was. reconstructed based on a maximum-likelihood (ML)

method. Three clades, A- C were 1den11ﬁed based on. thﬁ: ITS reglon L. microcarpa and L.

linearis separately shaped the clad@A and B and other spcmes comstructed the clade C. L. alata

has been confused with Z. lanceolam owmg to thelr snmlarlty of morphologlcal characters. The

molecular evident also showed they were closely related 'The "reprrocal monophyly of L. alata
and L. pseudoalata was also recovered and supported Wlﬂ'l hlgh bootstrap values at each node
(Fig. 4). The phylogeny of the ITS regmn was also féédristructed by the maximum-likelihood
(MP) analysis, The MP analyses recovered phylogenetic trees with consistent topologies of ML
phylogeny. Morphologically, Smooth or slightly ridged Stems and sepals that are often longer
than the capsule in L. pseudoalata could be distinguish from L. alaia. Both molecular and
morphological evidence indicated distinctness between the two species (Fig. 1), both of which
can be distinguished from other species by sepals creamy whitish, and nearly as long as the
capsule.

Bayesian estimates of the mutation rates and the age of the most recent common

ancestor (TMRCA) of the nrITS sequences were calculated using BEAST v. 1.3, Accordingly,

L. pseudoalata and L. alata split some 1.08 MYA, while both species and 7. lanceoalata



could be traced back to a common ancestor about 2.47 MYA, Besides, populations of L.
pseudoalata coalesced about 0.43 MYA.

In the study, both morphological and molecular evidence suggests that L. pseudoalata
and L. alata are the most closely relaied. Speciation of this newly described species may have

occurred for more than one million years.

wie11E
mic114 L. FRCPOCLUrpa i
96 Hnedl . ]
T |
Anedd |
|
—" e :
Lr .Pﬂiy{:appu_
= 58 poHaz I
B =
cur4y I
—_—{ , L. curtisii !
curt3y ‘
: gg | 1¢ance

\ L. tunceolatn v
O9lance I
96 !
e 86Pseud ,
o7pPseud | L. pyeadoalata .
LPseud |
L]

— O4aiata
i I

{Halata
| o3mtat: L alata |
D2alata |
_5‘5?_|—— rani134 i
ran133 L. ravenii .
J_r sph116 I
L. sphasvrocarpa .
SpI15 | iy arp: :
N, 71 I

25 BAMaximum-likelihood 7 % P i 52 4 K T H B N R @TTSI & B 45 ] -

Table 4. Samples of Ludwigia taxa used for molecular analyses

No. Species Locality Voucher
01 L. alata USA, Florida, Citrus Co., CR490A Hsu 11281
02 L. alata USA, Florida, Hernando Co., CR 550 Hsu 11283




03 I alata USA, Florida, Putnum Co., CR309, Welaka State Forest Hsu 11350
04 L. alata USA, Florida, Volusia Co., CR415 Hsu 11346
05 L. pseudoalata  USA, Florida, Gulf Co., CR30A Hsu 11256
06 L. pseudoalata  USA, Florida, Gulf Co., CR30A Hsu 11256
07 L. pseudoalata USA, Florida, Gulf Co., CR30E, St. Joseph peninsula Hsu 11257
08 L. pseudoalata USA, Florida, Gulf Co., CR30E, St. Joseph peninsula Hsu 11257
09 L. lanceolata USA, Florida, Clay Co. Peng 19376
10 L. lanceolata USA, Florida, Walton Co., CR20 Hsu 11230
90 1 linearis USA, Alabama, highway 55 and CR24 Hsu 11217
N 1. linearis USA, Florida, Walton Co., CR20 Hsu 11228
110 1. microcarpa  USA, Florida, Citrus Co., CR490A Hsu 11278
114 1 microcarpa  USA, Florida, Sarasota Co., CR 72 Hsu 11294
115 1, sphaerocarpa USA, Florida, Levy Co., CR 24 Hsu 11277
U6 1 sphaerocarpa USA Fl,or1da, Lafaytte Co., CRSl _ Hsu 11270
133 1 ranvenii USA Vu@gmm,, Westede Grassﬁeld _ Hsul1379
134 L. ranvenii USA Vlrfgmla, Western Rd.,; Grassﬁeld Hsul1379
17 L curtissii  USA, Floride, Okechobee Co. CR68 Hsu 11333
140 1. curtissii USA, Florida;Gladeo Co., CR74 Hsu 11316
142 1. polycarpa USA Mlssoun Frankm Co. g Hsu 11373
143 1. polycarpa UsA; Indmﬁa, ] ackson o T Hsu 11385
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