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Abstract: The tribe Loteae of the family Leguminosae has major centers of diversity in the Mediter-
ranean Region and California. It is used here to illustrate different traditions of taxonomic interpreta-
tion of infraspecific variation among researchers in different continents. Recent accounts of European
and Mediterranean taxa commonly make an emphasis on recognizing subspecies. In contrast, ac-
counts of North American Loteae recognize all infraspecific taxa as varieties. Harmonization of
taxonomic concepts across continents is essential for a more accurate representation of data in global
biodiversity databases. It is reasonable to use the rank of subspecies for geographically defined
infraspecific units with localized zones of intergradation. Such subspecies may be at least partially
compatible across continents and taxonomic groups. In the present paper, we discuss taxa tradition-
ally included in or associated with Acmispon glaber (Vogel) Brouillet (=Syrmatium glabrum Vogel) and
demonstrate a need for recognizing three species, of which one has three geographically defined
subspecies. Required nomenclatural combinations are proposed. It is proposed that subspecies rather
than varieties should be recognized in a number of other species of North American Loteae (and
other plant groups). Inland subspecies of Acmispon glaber and A. maritimus offer an opportunity for
comparative analysis in an eco-evo-devo framework.

Keywords: hybridization; introgression; island endemism; Lotus; nomenclature; North America;
plant taxonomy; species; subspecies; variety

1. Introduction

North American species formerly classified in Lotus [1–3] have a center of diversity in
California. According to Brouillet [4–6], they are currently placed in two genera, Acmispon
Raf. and Hosackia Dougl. ex Benth., though some earlier accounts placed all native North
American species in Hosackia (e.g., [7]) or instead recognized as many as four genera of
Loteae in North America (e.g., [8]). Species currently remaining classified in Lotus have a
center of diversity in the Mediterranean region, which is also the area of primary taxonomic
diversity of the entire tribe Loteae.

Many species of Loteae show considerable morphological variation. Thus, numerous
interspecific taxa and “microspecies” have been described during the past two centuries
from various countries. Both European and American botanists once used a diversity of
taxonomic ranks to name infraspecific taxa. However, since the second half of 20th century,
two contrasting traditions became clear [9]. Taxonomic and floristic accounts of European
and Mediterranean plants commonly make an emphasis on recognizing subspecies. In
contrast, accounts of North American Loteae recognize all infraspecific taxa as varieties. In
addition, the proportion of species with fully accepted (numbered) infraspecific taxa differs
between the two regions. In California, Brouillet [5,6] accepted in total 30 species of Loteae
(in Acmispon and Hosackia), with as many as 14 species possessing recognized varieties.
A comparison can be made to the Iberian Peninsula, where members of Loteae are most
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diverse in Europe. Out of 78 species of Loteae accepted in Flora Iberica, only seven have
recognized subspecies [10].

The discussion on taxonomic ranks of subspecies and variety has a long history. The
idea of geographically defined subspecies developed in the framework of Ernst Mayr’s
biological species concept is most consistently applied in ornithology [11–15], also using
molecular methods [16,17]. This approach was, however, extensively criticized by ento-
mologists Wilson and Brown [18]. They concluded that as the analyses of geographical
variation become more complete, formal recognition of infraspecific taxa (subspecies) will
be revealed as inefficient and superfluous for reference purposes. In botany, Clausen [19]
advocated the use of geographically defined subspecies in the same way as in ornithology.
Fosberg [20] suggested more pluralism in the use of taxon ranks to accommodate infraspe-
cific variation. Kapadia [21] preferred recognizing varieties as basic infraspecific taxa that,
when necessary, can be grouped into subspecies. There is an approach of recognizing local
plant races at the rank of species rather than subspecies [22]. An important factor is that
modes of infraspecific variation are more diverse in angiosperms than in birds because of
widespread polyploidy, reticulate evolution, and diverse patterns of plant reproduction
(e.g., [23,24]).

Of course, it is nearly impossible to find any general solution to the problem of
inconsistent approaches in recognizing infraspecific taxa (see [9]), but we believe that
attempts should be made. This is important because general conclusions inferred from
meta-analyses of big data may be biased by different taxonomic practices adopted in
various countries. For example, does the apparently more frequent occurrence of species
with infraspecific differentiation reflect a less complete process of speciation in North
American Loteae? It is reasonable to use the rank of subspecies for geographically defined
infraspecific units with localized zones of intergradation [25–27]. If there is a need of
recognizing any infraspecific taxa that do not meet this criterion, these can be accepted
as varieties or forms. As suggested by Brummitt [25], members of a variety tend to
occur in uniform populations, but different varieties of a species would not show a discrete
geographical distribution. A form would be a conspicuous morphological variant occurring
with other plants in mixed populations [25]. As further noticed by Brummitt [25], real
patterns of plant diversity are not always that simple and practical use of definitions
is often difficult. For example, what is a population, especially if a plant is relatively
rare? We believe that in most cases taxonomic recognition should not be focused on
exhaustive uncovering of all varieties and forms. Taxa of these ranks can be included
in taxonomic accounts when their members are of practical use, when there is a need
to emphasize distinctive character states (e.g., flower color or form) or when they are
considered remarkable for any other reason.

The primary interest in recognizing subspecies rather than varieties can be defended
by the presence of a much more substantive theoretical concept for subspecies rather than
for varieties and forms. Such subspecies may turn to be at least partially compatible across
continents and taxonomic groups.

We are far from suggesting that all Californian varieties should be merely transferred
into the rank of subspecies. Apparently, the practice of recognizing infraspecific taxa should
be revised in Europe and the Mediterranean region in the same way as in North America.
Some subspecies currently accepted in the Old World do not meet the geographical criterion,
for example, in the polytypic species concept of Anthyllis vulneraria [28] many subspecies
are sympatric.

In light of these ideas, here we discuss taxa traditionally included in or associated
with Acmispon glaber (Vogel) Brouillet (=Syrmatium glabrum Vogel).

2. Materials and Methods

The work is based on analyses of herbarium collections (physical or available as
digital images) deposited in CAS, GH, K, US, NY. Type material from other collections
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was examined when necessary. Acronyms of Herbaria are indicated according to Index
herbarium [29].

3. Results

Those taxonomists of the 20th century who interpreted all North American Loteae
as members of the genus Lotus classified the species currently known as Acmispon glaber
under the name Lotus scoparius (Torr. & A.Gray) Ottley (=Hosackia scoparia Torr. & A.Gray),
because there is an earlier Old World name Lotus glaber Miller. Types of Syrmatium glabrum
and Hosackia scoparia were collected at the coast of mainland California. There is no question
that they belong to the same taxon. This plant is common throughout the coastal ranges of
California from Humboldt County into northern Baja California, and in a thin belt along
the foothills of the Sierra Nevada [30]. A closely related taxon occurs in interior southern
California and in Baja California. It was first described as Lotus scoparius var. brevialatus
Ottley and taxonomic accounts highlight its differences from L. scoparius var. scoparius in
characteristically short wings of the corolla, which are shorter than the keel [1,3]. Detailed
studies of Steppan [30] strongly supported the view that the coastal taxon and the inland
taxon are two subspecies rather than two varieties [7,31]. They fit the conceptual criteria of
geographically-defined subspecies with a narrow zone of introgression. As nicely demon-
strated by Steppan [30], morphological differences between the two subspecies of Acmispon
glaber (= Lotus scoparius) include nearly every flower part in both form and size, indicating
the effects of multiple genes. These differences are maintained in plants grown from seeds
in common garden experiments [32,33]. The hybrids form a morphologically well-defined
group and no clear evidence of back-crosses was found, though this question was not
analyzed in detail [30,33]. The ranges of the two subspecies are latitudinally elongated
and the length of the contact zone is over 400 km while the width of the transition zone is
only 1 to 10 km. The boundary between the ranges nicely fits climatic and biogeographical
data [30]. In accordance with environmental conditions, the range of the subspecies with
short wings extends much more to the south than that of the type subspecies and reaches
the Pacific coast in the southern part of Baja California and northern part of Baja California
Sur near Cedros Island. We see no reason to follow the concept of recognizing the two taxa
of A. glaber merely as varieties. As no valid combination is available for the subspecies
with short wings in the genus Acmispon, we propose it below.

Cedros Island is located 22 km from the closest coast of Baja California Sur. Acmispon
nudatus (Greene) Brouillet (=Lotus nudatus (Greene) Greene) is endemic to Cedros Island. In
flower morphology, it strongly resembles the mainland A. glaber subsp. brevialatus, and this
flower morphotype is not recorded in any other member of the genus. The Cedros Island
endemic has one- or two-flowered umbels and short flowering branches, which are curved
and not broomlike whereas the mainland taxon has one- to six-flowered umbels, and longer
flowering branches, which are erect or ascending and broomlike [34]. To our knowledge,
heritability of the differences in habit was not tested experimentally. The habit of A. glaber
is not uniform. A prostrate form is known in A. glaber subsp. glaber. Therefore, the main
difference is the number of flowers per umbel. The ranges of variation in flower number
per umbel are completely overlapping, but in A. glaber subsp. brevialatus (and A. glaber
subsp. glaber), every plant normally has at least some umbels with more than three flowers.
Analysis of herbarium collections revealed sporadic occurrence of three-flowered umbels in
A. nudatus. Though detailed field observations and molecular data are necessary, it seems
that the boundary between A. nudatus and A. glaber subsp. brevialatus is not abrupt. There
is a specimen where most umbels have three flowers, so is morphologically intermediate
between them (about 13 miles N by road from San Luis Gonzaga, 24 Mar 1970, Powell &
Turner 1755—US 2578071A!). In our view, it is reasonable to accept the Cedros Island taxon
as yet another subspecies of A. glaber. It seems that A. glaber subsp. brevialatus is even closer
to A. glaber subsp. nudatus than to A. glaber subsp. glaber and one of us earlier suggested
that the former two taxa should be combined [35].
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Acmispon dendroideus (Greene) Brouillet (=Lotus dendroideus (Greene) Greene) is cur-
rently viewed as a species with three varieties occurring on the California Channel Is-
lands [3,5]. These varieties were first described at the rank of species [36–38], then re-
considered as varieties [1] or sometimes subspecies [39] of Lotus scoparius. Isely [40]
created the current species concept by classifying mainland Californian plants under L.
scoparius and their Channel Islands relatives as distinct species L. dendroideus with three
varieties. Among other characters and tendencies, the Channel Islands plants differ from
the mainland plants in (shortly) pedunculate rather than sessile umbels. This character is
important because it also distinguishes Acmispon glaber from two other mainland species.
Channel Island populations of A. dendroideus were recently in detail investigated using
molecular methods and approaches of phylogeography and island biogeography [41–43].
These studies revealed that Channel Island specimens of A. dendroideus form two well-
supported clades.

The first clade includes samples of A. dendroideus var. traskiae (Eastw. ex Abrams)
Brouillet that is endemic to the southernmost of the Channel Islands, San Clemente. Molec-
ular data suggest that it can be recognized as a separate species [42]. Morphology strongly
supports this idea. Already the ovary with as many as four to six ovules and the long fruit
exceeding 2 cm [3] distinguishes this species from all other Channel Island members of
Acmispon as well as from the mainland A. glaber. There is no published name in Acmispon
for this species and we propose a new combination below.

The second clade includes samples of two traditionally recognized varieties, A. den-
droideus var. dendroideus from the islands Santa Catalina, Anacapa, Santa Cruz, and Santa
Rosa and A. dendroideus var. veatchii (Greene) Brouillet from the northwesternmost island
San Miguel. It was concluded that genetic data do not support distinguishing A. dendroideus
var. veatchii from A. dendroideus var. dendroideus [42]. Morphologically, A. dendroideus var.
veatchii was distinguished by sericeous rather than more sparse indumentum, but not all
collections can be easily identified using this criterion. Therefore, recognizing only one
taxon is reasonable. The name Hosackia veatchii Greene [36] was proposed a year earlier
than Syrmatium dendroideum Greene [37] and thus has a priority. Therefore, we propose a
new combination, Acmispon veatchii. An intriguing problem is that the type specimen of
Hosackia veatchii comes from Mexico. The protologue [36] states that the species is described
using the single collection made by Veatch in Elide, Lower California near Cedros Island.
Elide is a small island c. 4 km WNW of Santa Rosaliíta, Baja California. Iseley [3,40] studied
a Veatch specimen in UC and regard it as “fragments of isotype”. There is another specimen
in CAS that appears to be the main collection and has an original label. Examination of its
image convinced us in the conclusion of Isely [3,40] that the plant has no differences from
those occurring in San Miguel Island. Ironically, of all the Channel Islands, San Miguel is
furthest from Baja California. We did not see other collections of this species from Mexico
and reports in the literature are controversial [34,44]. Isely [40:467] suggested that the Baja
California occurrence (the type collection of H. veatchii) is probably secondary, since the
genesis of the complex seems to have taken place on the California coastal islands. One
may suggest a mixture in labels because what appears to be the original label in the CAS
specimen has no taxon name. Further progress in the taxonomy of Acmispon will greatly
benefit from integrating molecular and morphological data on the island and mainland
accessions from both the United States and Mexico.

Formal nomenclatural treatment for Acmispon glaber is provided below.
Acmispon glaber (Vogel) Brouillet 2008, J. Bot. Res. Inst. Texas 2: 389. ≡ Syrmatium

glabrum Vogel 1836, Linnaea, 10: 591. – Lectotype (designated by Sokoloff 1999, Taxon 48:
58): Calif[ornia], A. v. Cham[isso]s.n. (LE 01072410!).

= Lotus scoparius (Torr. & A.Gray) Ottley 1923, Univ. Calif. Publ. Bot. 10: 227.
≡ Hosackia scoparia Torr. & A.Gray 1838, Fl. N. Amer. 1: 325. – Syntypes: St. Diego,
N. Calif[ornia], Nuttall s.n. (GH 00061034!, only left-hand specimen; NY 00015478!; BM
000901295, image seen;). The specimen from Gray Herbarium (GH) is a small fragment
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of a larger specimen. We avoid selecting lectotype before an extensive search of all poten-
tial syntypes.

A. glaber subsp. brevialatus (Ottley) Akulova-Barlow & D.D. Sokoloff, comb. et stat.
nov.—Basionym: Lotus scoparius var. brevialatus Ottley 1923, Univ. Calif. Publ. Bot. 10: 229.
≡ Hosackia glabra subsp. brevialata (Ottley) Abrams 1944, Ill. Fl. Pacific States 2: 552. ≡Lotus
scoparius subsp. brevialatus (Ottley) Munz 1974, Fl. S. Calif.: 450. ≡ Acmispon glaber var.
brevialatus (Ottley) Brouillet 2008, J. Bot. Res. Inst. Texas 2: 390.—Lectotype (designated
here): California, Los Angeles Co.; San Gabriel Mts., Little Tujunga Wash, 03.05.1920, A.M.
Ottley 589 (JEPS 19470, image seen; isolectotype NY 00015752!). In the protologue, Ottley [1]
did not indicate the location of the type specimen. The specimen in JEPS is here selected as
lectotype, because the study of Ottley was conducted under the supervision of W.L. Jepson.

A. glaber subsp. nudatus (Greene) Akulova-Barlow & D.D. Sokoloff, comb. nov.—
Basionym: Syrmatium nudatum Greene 1888, Pittonia 1: 173. ≡ Lotus nudatus (Greene)
Greene, 1890, Pittonia 2: 148. ≡ Hosackia nudata (Greene) Vasey & Rose, 1890, Contr. U.S.
Natl. Herb. 1: 14. ≡ Acmispon nudatus (Greene) Brouillet 2008, J. Bot. Res. Inst. Texas 2:
391.—Lectotype (designated here): Lower California, Cedros Island, 01.05.1885, E.L. Greene
s.n. (NDG 25728, image seen). We did not find duplicate material for this name so although
there is a possibility this is the holotype, we cannot be sure that no other material exists or
was available at the time and, therefore, we choose to designate the specimen as lectotype.

A. traskiae (Eastw. ex Abrams) D.D. Sokoloff & Akulova-Barlow, comb. nov.—
Basionym: Syrmatium traskiae Eastw. ex Abrams 1917, Fl. Los Angeles: 201. ≡ Lotus
scoparius var. traskiae (Eastw. ex Abrams) Ottley 1923, Univ. Calif. Publ. Bot. 10: 229.
≡ Lotus scoparius subsp. traskiae (Eastw. ex Abrams) P.H. Raven 1963, Aliso 5: 326. ≡
Lotus dendroideus var. traskiae (Eastw. ex Abrams) Isely 1978, Brittonia 30: 467. ≡ Acmispon
dendroideus var. traskiae (Eastw. ex Abrams) Brouillet 2008, J. Bot. Res. Inst. Texas 2:
389.—Lectotype (designated here): San Clemente Island, Cal[ifornia], Mosquito Har[bor],
Jun. 1903, B Trask 287 (US 469581, image seen; isolectotype NY 15486, image seen).

A. veatchii (Greene) Govaerts, comb. nov.—Basionym: Hosackia veatchii Greene 1885,
Bull. Calif. Acad. Sci. 1(3): 83. ≡ Syrmatium veatchii (Greene) Greene 1886, Bull. Calif. Acad.
Sci. 2: 148. ≡ Lotus veatchii (Greene) Greene 1890, Pittonia 2: 148. ≡ Lotus scoparius var.
veatchii Ottley 1923, Univ. Calif. Publ. Bot. 10: 228. ≡ Lotus dendroideus var. veatchii (Greene)
Isely 1978, Brittonia 30: 467. ≡ Acmispon dendroideus var. veatchii (Greene) Brouillet 2008, J.
Bot. Res. Inst. Texas 2: 389.—Lectotype (designated here): “Main Land near Elide opposite
Cerras Island Lower Cal., Dr. [J.A.] Veatch” (CAS 0002992, image seen; isolectotype UC,
not seen).

= Syrmatium dendroideum Greene 1886, Bull. Calif. Acad. Sci. 2: 146. ≡ Lotus
dendroideus (Greene) Greene 1890, Pittonia 2: 148. ≡ Lotus scoparius var. dendroideus
(Greene) Ottley 1923, Univ. Calif. Publ. Bot. 10: 228. ≡ Hosackia dendroidea (Greene)
Abrams 1944, Ill. Fl. Pacific States 2: 552. ≡ Acmispon dendroideus (Greene) Brouillet 2008, J.
Bot. Res. Inst. Texas 2: 389.—Lectotype (designated here): Island of Santa Cruz, Coast of
California, Jul. & Aug. 1886, E.L. Greene s.n. (CAS 0005448, image seen; isolectotypes CAS
0005447, MO 256371, 256372, NY 00033780, PH 00029821, 00029822, US 01107563, images
seen). In the protologue, Greene [37] stated that he studied material from the highest parts
of Santa Cruz Island, but did not cite any herbarium specimen. We found no original
material other than cited above.

= Syrmatium patens Greene 1886, Bull. Calif. Acad. Sci. 2: 147.—Lectotype (designated
here): California, Island of San Miguel, Sep. 1886, E.L. Greene s.n. (CAS 0005452, image
seen). There are duplicates in NY and PH. In the protologue, Greene [37] stated that the
plant occurs in the Island of San Miguel, in the Cañon del Mar, but is more abundant on
the summit of the islet known as Gull Island, a mile or more off the shore. Greene [37] cited
no herbarium specimen. We found no original material other than cited above.



Taxonomy 2021, 1 231

4. Discussion

Infraspecific taxa currently recognized in North American Loteae require further
detailed taxonomic studies. We hope that the present study provides an example of
an appropriate use of the rank of subspecies in a North American member of the tribe.
Apparently, subspecies rather than varieties should be recognized in a number of other
species of North American Loteae (and other plant groups). An attempt at harmonization
of taxonomic concepts across countries is the only way to ensure that global taxonomic
databases deal with real plant diversity rather than catalog records.

Further progress in understanding the evolution of Acmispon will benefit from a
detailed phylogenetic study covering all mainland and island members of the group across
their entire ranges. In our view, Acmispon provides an opportunity for research in the
field of eco-evo-devo (e.g., [45]). As highlighted by Steppan [30]), there is another species,
currently known as Acmispon maritimus (Nutt.) D.D.Sokoloff, which shares with A. glaber
the occurrence of an inland subspecies characterized by a keel longer than the wings
(Acmispon maritimus subsp. brevivexillus (Ottley) D.D. Sokoloff, stat. nov.—Basionym: Lotus
salsuginosus var. brevivexillus Ottley 1923, Univ. Calif. Publ. Bot. 10: 217. ≡ Acmispon
maritimus var. brevivexillus (Ottley) Brouillet 2008, J. Bot. Res. Inst. Texas 2: 391 ≡ Lotus
humilis Greene 1890, Pittonia 2: 140. Type: Lower California, San Bartolomé Bay, Mar.
1889, Pond; isotype US23908, barcode 02307786, image seen; holotype NDG?). Steppan [30]
noticed that similar distribution patterns of the short-winged subspecies in these two
species suggests convergent adaptation to an inland environment or pollinators. The
ranges of the two long-keeled subspecies are similar, but not identical, as the eastern part
of the range of A. maritimus subsp. brevivexillus extends into the deserts [30]. It will be
interesting to learn whether the genetic bases of development of flowers with long keel
(more precisely, with short wings and standard) are the same in the two inland subspecies.
The functional significance of the differences in relative petal length could be inferred
using field experiments. Detailed study of the pollination biology of A. glaber subsp. glaber
revealed that the changes in the standard shape and petal color induced by pollination are
of adaptive significance [46]. Apparently, the occurrence of a much shorter standard must
be related to differences in pollination biology (a shift to self-pollination?).

A general question that remains to be resolved is whether the apparently more frequent
occurrence of species with infraspecific differentiation reflects a less complete process of
(more recent?) speciation in North American Loteae than in the Mediterranean region.
Alternatively, the apparent difference may be mainly caused by the differences in taxonomic
approaches adopted by botanists at the two sides of the Atlantic. Resolving the question
will be facilitated by a more consistent use of criteria for recognizing infraspecific taxa,
direct comparisons of levels of infraspecific variation using statistical approaches, dating
more detailed molecular phylogenetic trees (e.g., [47,48]), and comparing ratios of species
with recognized subspecies or varieties in different geographical regions across large data
sets that include various taxonomic groups. The recently published worldwide checklist of
legumes [49] provides an opportunity of making such comparisons.

5. Conclusions

Harmonization of taxonomic concepts across countries is essential for a more accurate
representation of data in global biodiversity databases. Some varieties currently recognized
in North American Loteae should be better interpreted as subspecies. This idea requires
further detailed investigations at both morphological and molecular levels. Inland sub-
species of Acmispon maritimus and A. glaber offer an opportunity for comparative analysis
in the framework of eco-evo-devo.
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