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Abstract The typification of the names Amaranthus flavus L., A. mangostanus L., A. polygamus L., A. sanguineus L. and
A. tristis L. (Amaranthaceae) are discussed as well as their current recognition. Specimens from the Linnaecan Herbarium
(LINN) are designated as lectotypes for these four names. Amaranthus mangostanus, A. polygamus and A. tristis are treated
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as synonyms of A. tricolor L., while A. flavus and A. sanguineus are synonyms of A. cruentus L.
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B INTRODUCTION

Amaranthus L. is a genus of 60 to 70 species with world-
wide distribution, about half of which are native to the Ameri-
cas. Others are native to Asia, Australia, and Europe. Some taxa
(e.g., A. caudatus L., A. bouchonii Thell.) have uncertain ori-
gins and are often considered worldwide weeds (Bojian & al.,
2003; Mosyakin & Robertson, 2003; APG III, 2009; Palmer,
2009; Iamonico, 2012a). Linnaeus published 23 species names
in Amaranthus (Linnaeus, 1753, 1755, 1759a, b, 1763, 1771),
and modern circumscriptions of Amaranthus retain all names
in Amaranthus (e.g., Costea & al., 2001a, b; Costea, 2003;
Mosyakin & Robertson, 1996, 2003; Palmer, 2009; Iamonico,
2012a). Six names appear to be as yet untypified (a review
of A. gangeticus is in preparation, while A. lividus L. was re-
cently lectotypified by Reveal & Jarvis, 2009: 978), of which
four are investigated here as part of the revision of the genus
Amaranthus (and the family Amaranthaceae Juss.) in several
projects, such as: the Euro+Med plantbase, the new edition of
the Flora of Italy, the new Checklist of the Italian vascular flora,
the Compendium Programme CAB International, etc. (see, e.g.,
Iamonico, 2008, 2009, 2010, 2011, 2012a, b, 2013a, b, in press,
and in prep.; lamonico & Jarvis, 2012; lamonico & Sanchez
del Pifo, 2012; Tamonico & Verloove, 2013).

B MATERIALS AND METHODS

The ongoing research on the genus Amaranthus has
included field investigations (2006—-2013), with the specimens
collected by the author being preserved at HFLA. Specimens
have been examined from European (AO, APP, AQUI, B, BI,
BM, BOLO, BOZ, CAME, CAT, CLU, FI, G, GZU, K, LEC,
LINN, LY, MRSN, MSMN, MSPC, P, PAD, PAL, PAV, PERU,
PESA, PI, RO, ROV, S-LINN, TO, TR, TSB, URT, W, WU), and

American (GH, MO, NY, PH, US) herbaria. Specimens from
the following personal herbaria (all from Italy) have also been
examined: A. Antonietti (Verbano-Cusio-Ossola), N. Ardenghi
(Pavia), C. Argenti (Belluno), S. Ballelli (Camerino) M. Bovio
(Aosta), G.V. Cerutti (Biella), E. Del Guacchio (Salerno),
F. Giordana (Cremona), C. Lasen (Belluno), A. Soldano
(Vercelli), A. Tisi (Alessandria), A. Truzzi (Mantova, Istituto
Tecnico Agrario Statale Palidano).

B TYPIFICATIONS

Amaranthus flavus

Linnaeus’s protologue (Linnaeus, 1759a: 1269) consisted of
a diagnosis, without synonyms and provenance. Subsequently,
Linnacus (1763: 1406) reported the provenance (“Habitat in
India”), but again no synonyms were cited. Amaranthus flavus
is one of the species described by Linnaeus as new (it was in
fact intercalated between A. retroflexus L. and 4. hypochon-
driacus L. carrying the letter “F”—see Jarvis, 2007: 43, 95).

Sauer (1967: 111) noted the existence of the specimen No.
1117.23 at LINN, but it was not explicitly treated as the type.
This sheet includes Linnaeus’s annotation “flavus” and bears
a plant whose features correspond to the diagnosis. Moreover,
a detailed drawing is present, showing one flower (with fruit)
plus the five tepals and bracts, including measurements. [ have
been unable to trace any further original material in any of the
other Linnaean and Linnaean-linked herbaria (see also Jarvis,
2007: 283). Since No. 1117.23 is the only extant original mate-
rial, it is here designated as the lectotype of A. flavus.

Amaranthus flavus has rarely been recognized as a dis-
tinct species (e.g., Wilkes, 1810; Candolle, 1849: 258; Pal
& Pandey, 1989; Wagstaff, 2008), it is more often being treated
as a synonym of A. hypochondriacus L. (e.g., Carretero, 1990;
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Kerguélen, 1993; Costea & al., 2001a; Jarvis, 2007: 283; The
Plant List, 2010; Janovska & al., 2012) or 4. cruentus L. (D’Arcy,
1987; Zuloaga & al., 2008; Pinto & Velasquez, 2010). On the
basis of the protologues (Linnacus, 1753: 991, 1759a: 1269),
A. flavus should be characterized by the “racemis ...
summo infimisque cernuis, fol. obovatis mucronatis”, while
A. hypochondriacus has “racemis ... erectis, fol. oblongo-
ovatis”, and A. cruentus “racemis ... compositis patulo-
nutantibus, fol. lanceolato-ovatis”. However, leaf shape
and inflorescence structure have a low taxonomic value
in Amaranthus, according to the current species concepts
(e.g., Carretero, 1990; Akeroyd, 1993; Bojian & al., 2003;
Mosyakin & Robertson, 2003). According to the classification
proposed by Mosyakin & Robertson (1996), A. flavus can be
placed into Amaranthus subg. Amaranthus sect. Amaranthus
subsect. Hybrida Mosyakin & K.R.Robertson, which is
characterized by the inflorescence in terminal spikes and
flowers with five not spathulate tepals gradually narrowed
into an acute apex. This subsection includes 4. hybridus L.,
A. cruentus, A. powellii S Watson s.1., 4. hypochondriacus,
and A. quitensis L. (see, e.g., Costea & al., 2001a; lamonico,
2012a). These taxa can be distinguished mainly using the floral
characters and, in particular, the structure of the bracts and
their length in comparison with the tepals (see, e.g., Raus, 1997;
Mosyakin & Robertson, 2003; Palmer, 2009). On the basis of
the examination of the lectotype (LINN 1117.23), A. flavus has
bracts awned, 2.6-2.8 mm long, with membranous borders
abruptly interrupted at about the half, while the tepals are 2.1—
2.3 mm long. These features well correspond to 4. cruentus,
especially for the structure of the bracts” membranous borders
and the ratio bract length/tepal length (less than 1.5). Therefore,
the name A. flavus should be synonymized with 4. cruentus.

Amaranthus flavus L., Syst. Nat.,ed. 10,2: 1269. 1759—Lectotype
(designated here): Herb. Linn. No. 1117.23 (LINN!).
[Image of lectotype available at http:/www.linnean-on
line.org/11649/]

= Amaranthus cruentus L., Syst. Nat., ed. 10, 2: 1269. 1759.

Amaranthus mangostanus

Linnaeus’s (1755: 32) protologue consisted of a diagnosis
and description with the provenance (“Habitat in India”), with-
out cited synonyms. At LINN there is a sheet (No. 1117.10) with
the annotation “mangostanus 3”, the “3” probably suggesting
that Linnaeus had originally (1753) identified it with his A. #ris-
tis (number “3”’) but subsequently (1755) decided to recognise
it as a new species. Jarvis (2007: 284) indicated the sheet No.
1117.10 (at LINN) as original material of both A. mangostanus
and A. tristis: on the basis of the present study (see also the
discussion under A. tristis) we can exclude this exsiccatum from
the typification of the name A. tristis. The specimen matches
the Linnaean diagnosis and description of A. mangostanus both
in leaf (diagnosis: “foliis rhombeis obtusis”; description: “Folia
rhombea, obtusissima, latiora quam longa, viridia, basi cunei-
formia, longis petiolis insidentia, longioribus ipso folio, folia
apice saepe parum emarginata”) and in inflorescence features

Iamonico ¢ Lectotypification of Linnaean names in Amaranthus

(diagnosis: “spicis triandris, glomeratis, sessilibus, axillaribus,
terimnalibusque”; description: “Flores glomerati, viride, aris-
tati, ad axillas & Spicam interruptam, terminalem”). Since No.
1117.10 is the only extant original material, it is here designated
as the lectotype of A. mangostanus.

The name 4. mangostanus was often cited as synonym
of A. tricolor L. (native to tropical Asia) both in Asian (e.g.,
Townsend, 1974; Bojian & al., 2003) and in European (Akeroyd,
1993) Floras, where it is considered alien. Amaranthus man-
gostanus is a cultivated taxon in Asia and it is considered as
a separate species in several works on plant physiology and
agriculture management (e.g., Fan & Zhou, 2009). Based on the
protologues (Linnaeus, 1753: 989; 1755: 32) and lectotypes (No.
1117.7, No. 1117.10) of A. tricolor and A. mangostanus these
taxa differ in leaf shape and inflorescence structure. Amaran-
thus tricolor has leaves lanceolate, with blades longer than their
width, acute at the apex and petiole shorter than the blade and
an inflorescence that is comprised of axillary glomerules. Ama-
ranthus mangostanus has leaves rhombic-ovate, with blades
about as long as wide, emarginate at the apex and petiole lon-
ger than the blade, and an inflorescence that is comprised of
axillary glomerules and a terminal spike. On the basis of these
characters, Acllen (1959: 494—495) proposed A. mangostanus
to be a subspecies of 4. tricolor, A. tricolor subsp. mangosta-
nus (L.) Aellen (Aellen also proposed A. tristis as subspecies
of A. tricolor). On the basis of literature (see previously cited
works) and personal observations, the leaf and inflorescence
characters among A. mangostanus, A. tricolor, and A. tristis
show continuous variability and do not permit the recognition
of separate species or infraspecific taxa.

Amaranthus mangostanus L., Cent. P1. I: 32. 1755 — Lectotype
(designated here): Herb. Linn. No. 1117.10 (LINN!). [Im-
age of lectotype available at http://www.linnean-online
.org/11636/]

= Amaranthus tricolor L., Sp. P1.: 989. 1753.

Amaranthus polygamus

Linnaeus’s (1755: 32) protologue of 4. polygamus con-
sisted of a diagnosis, without synonyms, but including the
provenance (“Habitat in India”) and a detailed description.
Subsequently, Linnaeus (1763: 1403) cited his republication of
the protologue (1759¢: 294) marked with an asterisk, indicat-
ing a good description for 4. polygamus (see Jarvis 2007: 29),
and one synonym from Rumphius (1747: 231). In the Linnaean
Herbarium at LINN there is one sheet (no. 1117.9) with the an-
notation “HU gangeticits polygamus” indicating that Linnaeus
described the species from a plant cultivated in the Hortus
Upsaliensis. The plant mounted on this sheet agrees with the
diagnosis both in vegetative characters (“foliis lanceolatis
acutis”) and in sexual ones (spicis diandris ... sessilibus, ax-
illaribus”). We have been unable to trace any further original
material in any of the other Linnaean and Linnaean-linked
herbaria (see also Jarvis, 2007: 284). As sheet no. 1117.9 is the
only extant original material, it is here designated as lectotype
of the name 4. polygamus.
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The name 4. polygamus was cited as a separate taxon
mainly in old works (e.g., Candolle, 1849: 272, as Euxolus
polygamus (L.) Moq.; Boissier, 1879: 991, as Albresia polygama
(L. Boiss.), while in the 20th century it was often synony-
mized with 4. tricolor (e.g., Townsend, 1974). Some authors
(e.g., Burtt & Lewis, 1952: 352) have treated 4. polygamus as
a nomen confusum.

According to the revision by Mosyakin & Robertson (1996:
275-281), A. polygamus can be placed into Amaranthus subg.
Albersia (Kunth) Gren. & Godr. sect. Pyxidium Moq., being
characterized by axillary inflorescences, flowers with two te-
pals and dehiscent fruits. On the basis of the protologues and the
lectotypes, A. polygamus can be referred to 4. tricolor L. (lec-
totype: no. 1117.7 LINN, designated by Townsend, 1974: 14).
This latter species is very variable morphologically and 4-5 in-
fraspecific taxa have been described mainly on the basis of leaf
shape and color, and inflorescence structure (see, e.g., Aellen,
1959: 495). The number of the stamens of 4. polygamus (two)
is indeed typical of a second species, A. deflexus L. However,
the characters of the staminate flowers (the Amaranthus species
have flowers unisexual) have a very low taxonomic value in
the genus, since they are not constant (Mosyakin & Robertson,
1996). Therefore, the number of the stamens is not a good fea-
ture to identify the taxon. All things stated, we treat 4. tristis
as a synonym of a broadly circumscribed 4. tricolor.

Amaranthus polygamus L., Cent. P1. 1. 32. 1755 — Lectotype
(designated here): Herb. Linnacus no. 1117.9 (LINN!).
[Image of lectotype available at http:/linnean-online.org
/11635]

= Amaranthus tricolor L., Sp. PI. 2: 989. 1753.

Amaranthus sanguineus

Linnaeus’s (1763: 1407) protologue consisted of a diagno-
sis, with one synonym cited from Miller (1755: 15, t. 22), who
provided an illustration that is original material. Sauer (1967
122) stated that Linnaeus’s description was “ambiguous”, and
concluded that the Miller illustration was A. cruentus and the
sheet No. 1117.21, which bears Linnaeus’s script “[Amaranthus]
sanguineus”, was A. caudatus. However, we do not believe that
Miller’s illustration can confidently be identified to any spe-
cies, since there are no details of the flowers, which are critical
for identification (e.g., Mosyakin & Robertson, 1996; lamonico,
2012a). Furthermore, No. 1117.21 at LINN is not 4. caudatus.
Amaranthus caudatus differs from all other species in 4. subg.
Amaranthus (sensu Mosyakin & Robertson, 1996) in having
a very long and drooping terminal spike as indicated in Lin-
naeus’s (1753: 990) protologue (“racemis ... pendulis longis-
simis”) and the lectotype (Townsend, 1974) of A. caudatus (No.
1117.26 at LINN) has a very long terminal spike.

Sheet No. 1117.21 includes the Linnaean annotation “san-
guineus” and bears a plant identifiable as 4. sanguineus accord-
ing to the Linnaean diagnosis. Moreover, a detailed drawing
showing one flower, the tepals and the bracts (with measure-
ments) was provided. No further original material in any of the
other Linnaean and Linnaean-linked herbaria was found (see
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also Jarvis, 2007: 284). Since Miller’s illustration cannot be
identified to species with certainty, the specimen by Linnaeus
is the only extant material and it is designated as lectotype of
the name A4. sanguineus.

Amaranthus sanguineus was rarely treated as separate
taxon (e.g., Candolle, 1849: 257 as variety under 4. paniculatus),
while it is often considered as a synonym of 4. cruentus L. (e.g.,
Costea & al., 2001a: 945; Jarvis, 2007: 284; The Plant List, 2010;
Janovska & al., 2012: 461; Weldy & al., 2013). On the basis of
the protologues, A. sanguineus should differ from 4. cruen-
tus in having the terminal spike erect, the lateral ones patent

“racemis ... erectis: lateralibus patentissimis”; Linnaeus, 1763:
1407). However, the arrangement of the inflorescence branches
is not used to distinguish Amaranthus species (e.g., Akeroyd,
1993; Mosyakin & Robertson, 2003). According to current con-
cepts (e.g., Mosyakin & Robertson, 1996), A. sanguineus would
belong to A. subg. Amaranthus sect. Amaranthus subsect. Hyb-
rida Mosyakin & K.R.Robertson, having the inflorescences in
terminal spikes and flowers with five tepals with acute apices.
The bracts in A. sanguineus are awned, 2.5-2.8 mm long, with
membranous borders abruptly interrupted near the midpoint.
This latter feature morphologically distinguishes the aggregate
A. hybridus—A. cruentus from other taxa included in subsect.
Hybrida (that have borders thinning to the apex). In particu-
lar, A. hybridus differs from A. cruentus in having the bracts
1.6-2.0 times longer than the tepals (4. cruentus has the bracts
1 to 1.5 times longer than the tepals). Some authors propose the
color of the inflorescence as diagnostic (green or greenish in
A. hybridus, red in A. cruentus—see, e.g., Akeroyd, 1993), but
others highlight that 4. cruentus can be represented by plants
with green spikes (e.g., Mosyakin & Robertson, 2003). Finally,
other authors (e.g., Palmer, 2009) suggest the ratio fruit length/
tepal length to separate the two taxa (ratio <1 for A. hybridus, or
>1 for A. cruentus). The tepals of 4. sanguineus are 1.6—1.8 mm
long (bracts are about 1.5 times longer than the tepals), the
fruits are about equal to the tepals, while the epithet chosen by
Linnaeus (“sanguineus”) suggests that the inflorescence is red
coloured. So, we conclude that the name 4. sanguineus can be
considered a synonym of A. cruentus.

Amaranthus sanguineus L., Sp. P1., ed. 2, 2: 1407. 1763 — Lecto-
type (designated here): Herb. Linn. No. 1117.21 (LINN!).
[Image of lectotype available at http:/linnean-online
.org/11647/]

= Amaranthus cruentus L., Syst. Nat., ed. 10, 2: 1269. 1759.

Amaranthus tristis

Linnaeus’s (1753: 989) protologue consisted of a diagno-
sis, with one doubtful quotation (marked with “?” after the
page) from Van Royen (1740: 419) and included the provenance
(“Habitat in China”) and a description. Townsend (1985) in-
correctly designated the specimen No. 1117.12 (LINN) as the
lectotype for the name A. tristis. Indeed, this specimen cannot
be considered part of the original material since it bears a plant
referred to A. mangostanus (see discussion under this name).
Also Jarvis (2007) stated “Townsend ... incorrectly designated
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1117.12 (LINN) as lectotype, a specimen with no very obvi-
ous link with this name, and which is not part of the original
material”. Therefore, Townsend’s action should actually be
considered a neotypification. However, since original material
is in existence (see discussion below), the neotype cannot be
accepted (Art. 9.19a, McNeill & al., 2012). In the Linnaean
Herbarium at LINN there is one sheet with the Linnaean an-
notations “3” (at the base of the sheet) and “indica H. Ups.”
(just below the plant) and a Smith determination (script “tris-
tis? YES” at the bottom-right of the sheet). The number “3”
explicity refers to that of the species account in Linnaeus’s
protologue, “H. Ups.” means Hortus Upsaliensis, indicating
that the plant was cultivated, while “indica” was presumably
added after 1753 (maybe when Linnaeus analyzed the Herbar-
ium amboinense by Rumphius, 1747). The sheet bears a plant
identifiable as 4. tristis according to the Linnaean diagnosis,
showing the leaves ovate with base obtuse to subcordate, in-
florescence in short lateral spikes, flower with bracts awned
and three tepals. Jarvis (2007: 284) also indicated the sheet
No. 1117.10 (at LINN) as original material. However, this ex-
siccatum bears a plant whose features match the protologue of
A. mangostanus, not of A. tristis and it was designated as the
lectotype of A. mangostanus (see detailed discussion under
A. mangostanus). All things stated, we designate No. 1117.11
at LINN as the lectotype of A. tristis.

Some authors have accepted A. tristis as a separate species
(c.g., Ascherson & Graebner, 1919: 274; Acllen, 1959; Das,
2013), whereas others have treated it as a synonym of 4. tri-
color (e.g., Townsend, 1974; The Plant List, 2010). Mosyakin
& Robertson (1996) recognized in Amaranthus subg. Albersia
sect. Pyxidium Moq. an A. tricolor aggregate that included
A. tristis. Like Townsend (1974), we treat A. tristis as a syn-
onym of a broadly circumscribed 4. tricolor (see discussion
under Amaranthus mangostanus; for further discussion of the
taxonomy of 4. tricolor).

Amaranthus tristis L., Sp. PL: 989. 1753 — Lectotype (des-
ignated here): Herb. Linn. No. 1117.11 (LINN). [Image
of lectotype available at http:/linnean-online.org/11637/]

= Amaranthus tricolor L., Sp. P1.: 989. 1753.
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