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Abstract: Heinrich Wilhelm Schott (1794-1865) was one of the pioneering researchers in the taxonomy
of the species-rich monocot family Araceae. He described numerous new plant species in various
genera, including Acorus, which is currently segregated as a monogeneric family and order occupying
a position sister to the rest of the monocots. While describing his new species of Acorus, Schott mostly
used characters that are currently considered of low, if any, taxonomic value. His descriptions lack
some key characters including, for obvious reasons, chromosome numbers. Therefore, Schott’s species
concepts cannot be properly interpreted according to the current understanding of the taxonomic
diversity of Acorus, even though his species names must be examined for implementation of the
principle of nomenclatural priority. The only way of resolving the taxonomic identity of Schott’s
species names is through the identification of type specimens among historical herbarium collections,
by inferring taxonomically significant characters that are missing in Schott’s descriptions. On the
basis of herbarium collections of the Komarov Botanical Institute, St. Petersburg (LE), we were able
to infer ploidy levels of the materials used by Schott to describe Acorus triqueter (diploid, Siberia),
A. tatarinowii (tetraploid, China), A. nilaghirensis (tetraploid, India), A. griffithii (tetraploid, Bhutan),
and A. commutatus (tetraploid, Bhutan). Leaf anatomy and pollen stainability were used as cytotype
markers. All five species belong to the polymorphic Acorus calamus complex that comprises important
medicinal plants. Detailed historical and nomenclatural analyses of Schott’s species names and
herbarium collections are provided.

Keywords: Acoraceae; Acorus calamus; cytotype; diploid; leaf anatomy; pollen fertility; polyploidy;
sweet flag; tetraploid; triploid

1. Introduction

Heinrich Wilhelm Schott (1794-1865) was one of the pioneering researchers in the
taxonomy of the species-rich monocot family Araceae. He described numerous new
plant species in various genera, including Acorus [1-4], which is currently segregated as a
monogeneric family and order occupying a position sister to the rest of the monocots [5-7].
In total, Schott recognized as many as 13 species of Acorus [2,3], of which ten were described
or validated during his research. Many subsequent treatments [8-14] admitted only two
species of Acorus, namely, A. calamus L. and A. gramineus Sol. ex Aiton, both described long
before Schott in the 18th century [15,16], though this two-species taxonomic system has
not been fully established because some experts accepted further species in the A. calamus
group [17-22] or in the A. gramineus group [23-30]. Taxonomists that adhere to narrow
species concepts may consider accepting at least some of Schott’s species, but correct
interpretation of his species names requires plenty of effort [31].
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While describing his numerous new species of Acorus, Schott [1-3] mostly used mor-
phological characters that are currently considered of low, if any, taxonomic value such as
vegetative leaf length and width, and relative and absolute length of spadix and spatha.
Schott paid attention to seed characters that are currently viewed as highly important to
distinguish the A. gramineus group from the A. calamus group [11,12]. However, Schott had
no ripe seeds in the material he studied to describe the majority of his species. For this
reason, he described ovules rather than seeds, and such descriptions provided no easy-
to-understand differences. Surprisingly, Schott did not mention the other key character
distinguishing the groups of A. gramineus and A. calamus, namely, the presence or absence
of a (false) midrib of the leaf blade.

As Schott worked long before the emergence of plant cytotaxonomy, he provided no
data on ploidy levels. In contrast, the basic idea of classification of the A. calamus group
developed during the 20th century implied recognizing diploids, triploids, and tetraploids
as varieties [10,32,33] or species [17-22].

Thus, Schott’s publications do not allow an easy interpretation of his species concepts
according to the current understanding of the taxonomic diversity of Acorus, even though
Schott’s species names must be examined for implementation of the principle of nomen-
clatural priority [34]. The only way of resolving the taxonomic identity of Schott’s species
names is through the identification of type specimens among historical herbarium collec-
tions, by inferring characters missing in Schott’s description from this material. Fortunately,
earlier studies revealed clear correlations between plant fertility, leaf anatomy, and ploidy
levels in Acorus [10,18,32,35-37]. The use of these characters should provide a link between
cytotypes and Schott’s species names.

In the present study, we use historical collections of the Komarov Botanical Institute, St.
Petersburg (LE), to infer ploidy levels of the materials used by Schott to describe A. triqueter
Turcz. ex Schott from Siberia, A. tatarinowii Schott from the neighborhoods of Beijing in
China, A. nilaghirensis Schott from Peninsular India, and A. griffithii Schott from Bhutan.
There is a consensus in the literature that A. triqueter, A. nilaghirensis, and A. griffithii belong
to the A. calamus group [11,13,33]. Our earlier study disentangled controversies related to
A. tatarinowii and revealed that despite the widespread erroneous use of this species name
for a member of the A. gramineus group [23,24,27-30,38], its original description provided
by Schott was based on material belonging to the A. calamus group [31].

The knowledge of chromosome numbers and therefore more precise taxonomic identi-
fication in the A. calamus group is of practical importance because Acorus is widely used in
medicine for its essential oil and the ploidy level correlates with essential oil content and
composition [39-43].

The question of the number of species and/or infraspecific taxa to be recognized
within the A. calamus group remains controversial and requires detailed investigations
involving molecular data. The present study is a step toward a comprehensive taxonomic
revision of the group that will be presented elsewhere. Our tentative hypothesis is that
diploid and tetraploid members of the A. calamus group belong to different taxonomic
species. Their correct naming requires an extensive step-by-step inference of ploidy level in
type material of various species names proposed for members of this group and currently
considered synonyms of A. calamus s.1. In the present study, we disentangle problems of
ploidy inference in type material of species names proposed by Schott using characters of
leaf anatomy and pollen stainability.

2. Materials and Methods
2.1. Nomenclatural Analysis

Protologues of all names discussed here were analyzed and typification procedures
were performed for A. triqueter, A. griffithii, and A. nilaghirensis according to the rules of
plant nomenclature [34]. The typification of A. tatarinowii was established and discussed in
our earlier publication [31].
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The original material was searched for in historical herbarium collections of the British
Museum (BM), Royal Botanic Gardens, Kew (K), Muséum national d’Histoire naturelle,
Paris (P) and Komarov Botanical Institute (LE). Herbarium specimens were examined de
visu (LE) or as scanned images via the Internet (BM, K, P).

2.2. Ploidy Level

Rost [10] studied leaf anatomy in four diploid, 22 triploid, and 14 tetraploid acces-
sions of A. calamus (see [44] for a list of accessions used in [10]) and revealed that the size
of air canals in leaf aerenchyma allows precise distinguishing of diploids, triploids, and
tetraploids of A. calamus in a common garden experiment. Our follow-up studies [36,37]
refined the protocol provided by Rost [10]. Leaf anatomy of specimens not cultivated in con-
trolled conditions still provided information useful for inferring ploidy levels, though cer-
tain character overlapping between triploids and tetraploids was found [36,37]. Triploids,
however, can be identified based on their sterility. Packer and Ringius [18] studied the
stainability of pollen from as many as about 280 herbarium specimens of Acorus from
Canada and provided convincing evidence that sterile triploids can be recognized based on
their nonstaining pollen. Thompson [21] studied as many as 352 specimens from North
America and came to the same conclusion.

The protocol for the present study and the interpretation of leaf anatomy were the
same as in our earlier works [36,37]. Dry material of leaf lamina was rehydrated in hot
water for two days and transferred into 70% ethanol. Free-hand cross sections were made
and observed in glycerol with an Olympus SZX-4 microscope. Two metrics were used:
(1) The number of air canals per 0.62 mm? of cross section. (2) Mean number of cells in the
septa between the air canals visible in cross section of the leaf blade. See [36,37], for more
details of the protocol.

Earlier studies of correlations between leaf anatomy and ploidy levels used cross
sections made near the middle of the length of the leaf lamina [10,36,37]. During our
work with historical specimens, we aimed at minimizing the damage from destructive
sampling. We sampled fragments of leaf blades where the leaves were already broken
in a specimen. In some instances, this resulted in sampling the distal part of the lamina.
We believe that the structure of the aerenchyma maintains its diagnostic characters in the
distal part of the lamina. For testing this hypothesis, leaf tip anatomy was studied in some
non-historical specimens.

To study pollen stainability, flower fragments with anthers were sampled from herbar-
ium specimens. Pollen grains were placed on a slide in a droplet of acetocarmine. The slide
was kept at 80 °C for 1 min. Then, the slide was placed on wet filter paper in a Petri dish
for 24 h. The slides were examined with a Nikon Eclipse Ci microscope.

3. Results and Discussion
3.1. Acorus triqueter Is a Diploid from Siberia

Acorus triqueter Turcz. ex Schott, Prodr. Syst. Aroid.: 578 (1860).

Type: Russia. Buryat Republic: “Dahuria, Tunka”, 1830, N.S. Turczaninow s.n. (lecto-
type designated here by D.D.S. and A.N.S.: LE 01082852!; isolectotypes LE 01082856!, LE
01082857!, LE 01082866!, LE 01082870!).

Turczaninow [45] recorded Acorus calamus s.1. from three localities in Russia: “prope
salinas Selenginenses” (salt marshes along the Selenga River in Buryat Republic), “prope
Tunka” (village along the Tunka River in Buryat Republic; 51.74° N, 102.55° E) and “in
Dahuria” (west of Argun River, now in Transbaikalian Krai). According to the collections
traced at LE and the routes of Turczaninow [46], the cited localities correspond to Turczani-
now’s collection years and may be interpreted as the course of Selenga between Selenginsk
and Kiakhta (1829), Tunka River (1830), and a large area marked by four populated places:
Chita, Nerchinsk, Borzya, and Aksha (1831). Historically, all these collection areas belonged
to Dahuria, a large territory in southern Siberia situated east of Lake Baikal. In historical
literature, the numerous Turczaninov collections were often referred to as having originated
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from “Dahuria”, without any further specification, which makes the deciphering of such
references difficult in practice.

In the protologue of A. triqueter, Schott [2] cited herbarium specimens from the Imperial
Botanical Garden in Saint Petersburg, which were collected by Turczaninow in “Dahuria”.
The specimens of A. trigueter currently kept at LE originated from the Botanical Museum
of the Imperial Academy of Sciences in Saint Petersburg and the personal collection of
Turczaninow, which was originally kept at the Imperial Kharkov University but then partly
transferred (Siberian plants) to the Botanical Museum in Saint Petersburg [46]. It seems
that the specimens from the Botanical Museum originally belonged, at least partly, to the
Botanical Garden, judging from their former possession by C.A. von Meyer, vice-director of
the Garden, and were subsequently transferred to the Museum because of the continuous
exchange of their collections.

The collections of Turczaninow seen by Schott [2] originally belonged to the Botanical
Garden, in agreement with his indication in the protologue of A. trigueter. This former
possession was confirmed by the facts that the specimens were mounted on the paper used
in the Garden at that time to mount the collection of C.F. von Ledebour, and the label of
one of these specimens was copied by F. von Herder, then Assistant Curator of the Garden.
Altogether, we traced three herbarium sheets of A. trigueter that were examined by Schott
and labeled by him with this species name, which constitute the original material suitable
for lectotypification.

Among the specimens of A. triqueter examined by Schott, one specimen (LE 01082852)
was collected in “Dahuria, Tunka” by Turczaninow in 1830; its duplicate (LE 01082866) was
curatorially separated by Herder when the collection was mounted. Further duplicates of
the same collection (LE 01082856, LE 01082857, LE 01082870) were not seen by Schott. The
specimens collected by Turczaninow in 1829 and 1831, which are currently preserved at LE,
were not sent to Schott for examination.

One of the duplicates of the specimens collected by Turczaninow in 1830 (LE 01082856)
is accompanied by another label dated 1829 (LE 01169540), which does not correspond
to any herbarium material. This label was apparently misadded to the specimen when
the collections were mounted after a long period of being kept loose in folders with other
unmounted specimens.

One more specimen of the original material (LE 01082872), which is accompanied by
the original annotation slip by Schott but does not bear a label of Turczaninow’s collections,
comes from “Nertschinsk”. This locality practically excludes Turczaninow, who rarely
mentioned it in connection with his collections, but corresponds to the specimens collected
around Nerchinsk Town (now in Transbaikalian Krai) by M.S. Zenzinov (contemporary
German spelling Sensinow), which were received by the Botanical Garden in 1854 and
widely cited in botanical literature afterward [45].

Since it was the specimens collected by Turczaninow in “Dahuria” (i.e., Tunka) that
were cited in the protologue of A. triqueter, these specimens are syntypes and thus eligible
for lectotypification. The specimen from Nerchinsk presumably collected by Zenzinov
is part of the original material but has no priority in lectotypification because it was not
mentioned in the protologue.

The lectotype (Figure 1B) and isolectotypes of A. triqueter bear mature fruits with
ripe seeds. Therefore, these plants were fertile. This observation rejects the possibility of
the triploid chromosome number of this material because triploid representatives of the
group of A. calamus are known to be fully sterile with no reports of even occasional seed
development [35,36,47,48].
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Figure 1. Lectotype of Acorus triqueter Turcz. ex Schott (LE 01082852) and its leaf anatomy: (A) General
view of the specimen. (B) Detail showing ripe fruits. (C) Detail of the leaf lamina seen from the side
possessing two large vascular bundles of the secondary midrib. (D) Detail of the leaf lamina seen
from the side possessing only one vascular bundle of the secondary midrib. (E) Cross sections of the
sampled leaf lamina. (F) Detail of aerenchyma in the leaf lamina; a small vascular bundle is visible.
ac, air canal; adw, adaxial wing of the leaf lamina; cc, corner cell; 1b, large vascular bundle of the
secondary midrib. Scale bars: 5 cm (A), 1 cm (B-D), 2 mm (E), 0.1 mm (F). Image source (A,B) Virtual
herbarium of Komarov Botanical Institute RAS (http:/ /rr.herbariumle.ru/01082852; © Komarov
Botanical Institute).
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We studied the leaf anatomy in the lectotype (Figure 1E,F) and an isolectotype (LE
01082856, Figure 2A,B). The leaf sampled from the lectotype had a thin adaxial wing
that was almost as long as the rest of the cross section in the vertical (i.e., dorsoventral)
dimension as seen in the cross section of the lamina (Figure 1E). There was no pronounced
abaxial wing. The thick part of the leaf had a large vascular bundle on one side and two
large vascular bundles on the other side (Figure 1E). These large bundles formed what
can be identified as a secondary midrib. In agreement with these anatomical observations,
leaf laminas observed in surface views in the herbarium specimen possessed either one
(Figure 1D) or two (Figure 1C) large bundles situated closer to the abaxial side of the
ensiform leaf. These two conditions apparently correspond to the difference between the
left and right sides of a leaf. Note that the boundary between the thick part of the lamina
and the thin adaxial wing cannot be traced in surface view in dry material (Figure 1C,D).
The leaf sampled from the isolectotype had a large vascular bundle on either side of
the thick part of the lamina and possessed a well-pronounced adaxial wing and a less
pronounced abaxial wing (Figure 2A).

In both the lectotype (Figure 1E,F) and isolectotype (Figure 2A,B) of A. triqueter, the
thick part of the lamina was filled by aerenchyma with wide air canals. The septa between
the canals as seen on cross sections were composed of one to nine cells. Here, and below,
we follow our earlier approach [36,37] and do not include so-called corner cells in our
counts, which can be defined as those that are exposed to more than two air canals and are
situated at intersections of septa (Figure 1F).

Our quantitative data on leaf aerenchyma (Table 1) clearly suggest that Turczaninow’s
collection from Dahuria is composed of diploid plants. In both metrics of leaf anatomy
used here, both samples that we examined from Turczaninow’s collection fall into the area
of our diagram that is occupied by diploid Siberian samples whose ploidy level is properly
documented [36]. The difference in the shape of cross sections of the two leaf laminas
studied here (Figures 1E and 2A) nicely falls within the range of the variation found in
Siberian diploids in our earlier study [36].

Table 1. Pollen stainability, fruit development, leaf anatomy, and inferred ploidy levels in the studied
accessions of Acorus calamus s.1. from historical herbarium collections.

Number of air

Numb.er of Canals Per 0.62 Mean C.ell
Stain- . 2 Number in 20
. , . .. Fruits mm~- of the . Inferred
Specimen Schott’s Nomencla- ing/Nonstaining . . Septain .
. . with Cross Section . Ploidy
ID Species Name  Tural Status Pollen Grains Cross Section
o Seeds of Leaf Blade Level
Counted (% of (Corner Cells
Fertile) (Mean of Two not Counted)
Fields of View)
LE 01082852 A. triqueter lectotype n/a present 9.75 5.4 diploid
LE 01082856 A. triqueter isolectotype n/a present 225 45 diploid
LE 01182327  A. tatarinowii isotype 101/3 (97%) absent 107.25 1.6 tetraploid
LE 01182325 A. tatarinowii isotype 112/1 (99%) absent 134.5 1.9 tetraploid
LE 01082877 A. griffithii isotype 50/1 (98%) absent n/a 1.2 tetraploid
LE 01082855  A. nilaghirensis  isolectotype 14/1 (93%) absent n/a 12 tetraploid

The fertile nature of Turczaninow’s plants agrees with our conclusion on their diploid
chromosome number. Acorus calamus s.1. is common in the area of Turczaninow’s fieldwork
in Central Siberia (Irkutsk Oblast and Buryat Republic). Chromosome numbers have been
extensively studied for these territories, and only the diploid cytotype was found [49-52].

Another species name, A. cochinchinensis Schott, was accepted as correct for Asiatic
diploid plants of the A. calamus group in some cytotaxonomic works [17,20]. This name
must be rejected because its type-bringing synonym, Orontium cochinchinense Lour. [53], was
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superfluous and therefore illegitimate due to the nomenclatural inclusion of a previously
published species name, Orontium japonicum Thunb.

R

o’!?‘ 4

&
"4-‘¢‘

Figure 2. Leaf lamina anatomy in an isolectotype of Acorus triqueter Turcz. ex Schott and isotypes of A.
tatarinowii Schott: (A,B) Isolectotype of Acorus triqueter (LE 01082856). (C,E) Isotype of A. tatarinowii
(LE 01182325). (D,F) Isotype of A. tatarinowii (LE 01182327). (A,E) Entire cross sections. (B-D) Details
of aerenchyma. (F) Central part of the cross section. abw, abaxial wing of the leaf lamina; ac, air canal;
adw, adaxial wing of the leaf lamina; cc, corner cell; Ib, large bundle of the secondary midrib. Scale
bars: 1 mm (A,E,F), 0.1 mm (B-D).

Some earlier studies recognized tetraploids of the A. calamus group as a segregate
species and used the name A. triqueter for plants at this ploidy level [17,19,20]. Our study
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does not support this view because the type material of A. triqueter is inferred here to
be diploid.

3.2. Acorus tatarinowii Is a Tetraploid from N China

Acorus tatarinowii Schott, Oesterr. Bot. Z. 9: 101 (1859).

Type [31]: China. Beijing, Changping District: “in a small river near hot springs in
Tangshan [Xiaotangshan]”, 1840s, A.A. Tatarinov s.n. (holotype LE 01182329!; isotypes LE
01182325!, LE 01182326!, LE 01182327!).

The type collection of Acorus tatarinowii has been nomenclaturally evaluated in our
previous study [31], on which our present work is based. Despite some earlier views on the
identity of A. tatarinowii as a member of the A. gramineus group (summarized in [30]), the
type collection belongs to the A. calamus group [31].

We studied leaf anatomy and pollen stainability of two isotypes (LE 01182325 and LE
01182327). The pollen was well staining, indicating the fertile nature of the plants (Table 1).

The leaf fragment taken from LE 01182325 allowed complete cross sections to be
produced (Figure 2E). The sampled leaf had a thin adaxial wing and a thin abaxial wing.
Both wings were well separated from the thick central part of the leaf. The adaxial wing
was longer than the abaxial wing in the vertical (i.e., dorsoventral) dimension as seen in
the cross section of the lamina (Figure 2E). The abaxial wing was almost as long in the
dorsoventral dimension as the thick central part of the leaf (Figure 2E). The thick part of
the leaf had a large vascular bundle on one side and two large vascular bundles on the
other side (Figure 2E). Several densely spaced smaller bundles were visible on the side of
the two larger bundles between them. All these bundles formed what can be interpreted as
a well-pronounced secondary midrib. The boundary between the thick part of the lamina
and the two wings cannot be traced in surface view in dry material, but the secondary
midrib can be easily recognized (not shown here for LE 01182325, but illustrated for the
holotype in [31]). The leaf fragment taken from LE 01182327 allowed our investigation of
the thick part of the lamina only (Figure 2F). Its structure is similar to that in LE 01182325.

The occurrence of two thin and well-delimited wings of the leaf lamina (adaxial and
abaxial) is typical for tetraploid accessions of the A. calamus group [10], though some
diploid accessions from Siberia also approach this condition [36].

The leaf aerenchyma of both sampled isotypes (Figure 2C,D) was similar in the mean
cell number per septa to that in the tetraploid Indian accession, for which direct chromo-
some counts are available (Figure 3). The number of air spaces per area was even greater
than in the tetraploid Indian accession (Figure 3).

According to Rost [10], diploids have less than 19 air canals per 0.62 mm? of the cross
section of the lamina, whereas tetraploids have 77 to ca. 140 canals per 0.62 mm? of the
cross section. We do not know whether Rost [10] counted air canals that are only partially
visible on the observed area of 0.62 mm?, but it is clear that our data on the isotypes of
A. tatarinowii fit the figures for tetraploids provided by Rost [10] even better than the data
on the tetraploid Indian accession. In general, the nearly twofold difference in the canal
number per area between the Indian sample and the isotypes of A. tatarinowii agrees with
the degree of variation found by Rost [10] for tetraploids.

To summarize, the shape of the cross section of the lamina does not contradict, and
the characters of the leaf aerenchyma strongly suggest, the tetraploid chromosome number
of the type material of A. tatarinowii.
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Figure 3. Inference of ploidy levels in the type material of Acorus triqueter and A. tatarinowii using
leaf anatomy. Vertical axis: mean cell number in 20 septa in the cross section. Horizontal axis: air
canals per 0.62 mm? of the cross section of leaf blade. Circles represent data on a Siberian diploid
sample with direct chromosome count 2n = 24 (taken from [36]). Squares represent data on an Indian
tetraploid sample with direct chromosome counts 2n = 4448 [37]. Triangles and diamonds are data
based on specimens from the type collections of A. trigueter and A. tatarinowii, respectively.

3.3. Acorus griffithii Is a Tetraploid from Bhutan

Acorus griffithii Schott, Oesterr. Bot. Z. 8: 351 (1858).

Type: Bhutan. “Benka” (Tashigang Town, c. 27.339° N, 91.547° E), 1-4 February
1838, W. Griffith 519 (Herb. East India Company 2626; Herb. late East India Company
5941) (holotype: K 000883788; isotypes K 000883697 (fragment with vegetative leaves and
unfolded spatha), BM 000958483, LE 01082877!, P 02137244).

This species was described based on a single gathering cited in the protologue [1],
which was kept in the personal herbarium of ]J.D. Hooker, then Director of Kew Botanic
Gardens (subsequently incorporated into the herbarium collections of the Gardens). The
cited specimens were collected by W. Griffith in “Bootan” (Bhutan).

William Griffith was known to contemporary scientists as a keen botanist and prolific
botanical collector [54,55], who collected plant specimens as a researcher documenting
the plant morphology and geography rather than as a plant hunter (which was a typical
occupation of a traveling botanist in those times) [56,57]. He bequeathed his unpublished
manuscripts and extensive herbarium collections to the East India Company, which was the
employer of Griffith during his fieldwork. Specimens collected by Griffith were originally
labeled by tiny field tickets (one per gathering), solely featuring their field numbers with
the corresponding text in Griffith’s diaries; sometimes field labels were added with locality
data and observations.

Griffith observed and collected plants of Acorus in two areas during his journey to
Bhutan during 1837-1838, which he treated as two localities under two collection num-
bers [58]. Based on his travelogue and observations in collections, we can conclude that he
collected plants in the following places.

The first collection number of Griffith (519) is linked to the locality that he called
“Benka” in the text (“Tassgong or Benkar” on the map) [58], which corresponds to present-
day Tashigang (alternative spelling Trashigang) Town in Bhutan. Griffith arrived at this
place on 1 February 1838 and proceeded further on 5 February [59].
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The second collection number of Griffith (1254) is linked to two or even more locali-
ties [58] in present-day Bangladesh and India: “Nurtung in paludib[us] copiosa Sylhet etc.”
According to the diaries [59], Griffith stayed at “Nurtung” (present-day Nartiang Town
in Meghalaya State, India) on 12 November 1837, where he collected some Acorus plants
along the Myntang River. Earlier in 1837, during 15-21 September, he passed extensive
jheels (seasonally shallowly flooded areas) of Sylhet District (present-day Bangladesh) from
Habiganj Town up to the Surma River west of Chhatak Town, for at least 70 km, in which
further plants of Acorus were collected.

Hooker [54] lamented on the great difficulties in deciphering Griffith’s collections,
which were distributed under distribution numbers but lacked the original collection
numbers, which were the only link between the plants and their collection localities. To
overcome these difficulties, we examined the specimens at K bearing the original collection
numbers and inferred their collection data from the published travel diaries [59]. Specimens
distributed under distribution numbers were linked to the original collection numbers
using the features of plant morphology and preparation observed in the collections at K.

Specimens collected by Griffith during this expedition, which were numerous and
rich in duplicates, were distributed in two steps. First, the specimens were distributed
directly from the East India Company, in 1850 or shortly afterward [60,61]. When the East
India Company was nationalized in 1858, its London headquarters, the East India House,
was abandoned by the company, and the remaining herbarium collections were acquired
by the Kew Botanic Gardens. These specimens were labeled and distributed by the Kew
Gardens during 1863-1864 [55]. In both distributions, the specimens were renumbered
curatorially; the distribution numbers were separate and did not correspond to the original
field numbers of Griffith, whereas the original field tickets were retained only for the
specimens kept at Kew.

The distribution numbers of the Acorus collection were 2626 (East India Company)
and 5941 (Kew Botanic Gardens), of which the original specimens were deposited to K.
Further duplicates were traced at BM (E.I.C. distribution), LE, and P (Kew distribution).
One more duplicate from BM, lacking the original number but seemingly belonging to the
E.I.C. distribution, was traced at P (P 02137244). All specimens are illustrated in Figure 4
and labeled as in Table 2.

Our comparative analysis of available herbarium specimens allowed us to recognize
three kinds of plant material that can be interpreted as three different collections made by
Griffith at three different places and seasons (Figure 4, Table 2). Collection 1 has plants at the
male stage of anthesis that are less than 40 cm tall with leaves less than 1 cm wide and spadix
less than 5 cm long. Young leaves are present in plants of Collection 1, whereas Collections 2
and 3 lack young leaves. Collection 2 includes plants c. 50 cm tall with leaves about as wide,
and spadices about as short, as in Collection 1. Distal parts of the leaves are longitudinally
split during collecting; apparently, the material was not immediately pressed. Collection
3 includes plants >70 cm tall with leaves more than 1 cm wide. The foliage appears to be
senescent and the inflorescences are old, well postanthetic. The foliage is well pressed though
discolored in contrast to Collection 2 where it is partly green, but poorly preserved.

The three collections recognized here may be variously mixed in the same specimen
(Figure 4, Table 2).

The Acorus specimen at K bearing the original ticket 519 (K 000883697) includes two
clearly different parts interpreted here as belonging to Collections 1 and 3. The specimen
under the original number 1254 (K 002467072) is also a mixture of two kinds of plants
interpreted here as Collections 2 and 3. The element of Collection 3 has no inflorescence
in K 002467072, whereas the one in K 000883697 has no vegetative leaves, but these two
elements are remarkably alike. There is a specimen in Paris (P 02137232) with the same
composition of two elements as in K 002467072, though the element of Collection 3 is
reproductive and incomplete here.
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Figure 4. Specimens of the Acorus calamus group collected by W. Griffith in northern British In-
dia and dependencies and currently preserved in Herbaria K, LE, BM, and P. Plant material is
interpreted as belonging to three different collections (c1, c2, c3, see Table 2). All specimens are
at the same magnification. Image sources: Virtual herbarium of Komarov Botanical Institute RAS
(http:/ /rr.herbariumle.ru/01082877; © Komarov Botanical Institute), portals of the Natural His-
tory Museum, London (https://data.nhm.ac.uk/object/61b3d38a-8ea3-4bf5-abe6-flef0a5d3257; ©
Natural History Museum) and Muséum national d 'Histoire naturelle, Paris (https:/ /science.mnhn.
fr/institution/mnhn/collection/p/item/p02137244, https:/ /science.mnhn.fr/institution/mnhn/
collection/p/item/p02137232; © Muséum national d"Histoire naturelle); the Kew Herbarium Cata-
logue (http:/ /specimens.kew.org/herbarium /K000883788; http:/ /specimens.kew.org/herbarium/
K000883697; http:/ /specimens.kew.org /herbarium /K002467072; © RBG Kew).
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Table 2. Herbarium specimens of the Acorus calamus group collected by W. Griffith in northern British

India and dependencies.

Herbarium Collection (See

Labels in Figure 4) cl €2 e

Griffith’s collection number 519 1254 1254

E.IC. distribution number 2626 no distribution no distribution

Kew distribution number 5941 5941 5941
K 000883788,

o pecimers Do T Kum e, G
LE 01082877, P 02137232 (pro parte)
P 02137244

collection date 1-4 February 1838 15-21 September 1837 12 November 1837

present-day country Bhutan Bangladesh India

}iiiﬁg;?;ﬁﬂg:i on East Himalaya East Bengal East Bengal

locality as written on Bhotan Khasia Khasia

distribution labels

locality as in Griffith’s travel Benka Sylhet Nurtung

diaries

locality in present-day
terminology

Tashigang District: Tashigang
Town

Sylhet Division: from
Habiganj Town to Surma
River west of Chhatak Town

Meghalaya State: West Jaintia
Hills District, Nartiang Town

estimated coordinates

27.339° N, 91.547° E

between 24.4° N, 91.4° E and
25° N, 91.62° E

25.566° N, 92.21° E

estimated elevation

700 m

50 m

1200 m

phenological phase

male stage of anthesis

postanthetic

postanthetic (one
inflorescence abortive?)

characteristic features

plants less than 40 cm tall,
leaves less than 1 cm wide,
young leaves present, spadix
<5cmlong

plants c. 50 cm tall, leaves less
than 1 cm wide, distal parts of
leaves longitudinally split
during herborization, young
leaves absent, spadix < 5 cm
long

plants >70 cm tall, leaves
more than 1 cm wide, foliage
appears to be senescent,
spadix > 5 cm long

inferred ploidy level

tetraploid

pending destructive sampling

pending destructive sampling

nomenclatural status

type collection of Acorus
griffithii

no type status

no type status

Clearly, there was a certain mixture of specimens during their complex history of
distribution. The simplest way of interpreting this mixture is the following. What we
recognized as Collections 2 and 3 are parts of what Griffith numbered as 1254. Griffith
collected plants of 1254 in two localities at different times, but this was not considered of
any importance by himself or the curators. What we recognize as Collection 1 corresponds
to Griffith’s number 519. We found this collection accidentally mixed with specimens from
the other area only once, in K 000883697. Our interpretation agrees with the occurrence of
young foliage and anthetic inflorescences in Collection 1 because Griffith visited Benka in
February, at the very beginning of the season. Collection 3 contains senescent plants and
thus most likely corresponds to the material collected in November at Nartiang, whereas
partly green plants were apparently collected in September in Sylhet (Table 2).
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The provenance of the distributed plants stated on their printed labels of the Kew
distribution (“East Himalaya” for Griffith 519; “East Bengal” for Griffith 1254) agrees very
well with our interpretation.

With a complete history of Griffith’s collections of Acorus at hand, we can return to the
question of the typification of A. griffithii. There are two specimens of A. griffithii kept in
the personal herbarium of Hooker (now at K). The first specimen (K 000883788) consists of
three vegetative and two generative plant fragments mounted together and accompanied
by an identification slip written by Schott and a distribution number of ‘Herb. East India
Company’ (specimen distribution dated 1850). This specimen was collected in present-
day Bhutan (“Benka”). The second specimen (K 000883697), which is accompanied by a
distribution label from ‘Herbarium of the late East India Company’ (specimen distribution
dated 1863-1864) and an original ticket of Griffith, was not available to Hooker prior to the
publication of the protologue of A. griffithii and was therefore not examined by Schott. This
means that only a single specimen of A. griffithii was studied by Schott, which is necessarily
a holotype. Other specimens of the same collection (K 000883697 pro parte, BM 000958483,
LE 01082877, and P 02137244) are duplicates and have the nomenclatural status of isotypes.

The type collection of A. griffithii (Figures 4 and 5A) has relatively short leaves (up to
40 cm) compared to many other available collections of the A. calamus group from various
counties, including Bhutan. According to “Flora of Bhutan”, A. calamus s.l. has leaves
37-80 cm long [62]. The difference can be explained by the fact that Griffith collected his
material in early February, whereas most other collections of A. calamus s.1. were made
during the summer or spring. Our observations on an Indian accession of tetraploid Acorus
revealed that it has a shorter generation of leaves during the winter [37].

On a global scale, members of the A. calamus group are mostly summer-green plants.
This character is even used to distinguish this group from A. gramineus in “Flora of
Japan” [14]. There are, however, differences in the timing of autumn leaf senescence
and spring leaf emergence among representatives of different cytotypes of the A. calamus
group [10,63]. Rost [10] demonstrated that (sub)tropical tetraploids can be distinguished
by their keeping leaves green for a much longer period in autumn and starting regrowth
earlier in spring in common garden experiments with temperate diploid, triploid, and
tetraploid accessions. Moreover, the tetraploid Indian A. calamus s.1. is at least sometimes
truly evergreen [37]. This growth pattern, to our knowledge, was not reported for diploids
and triploids. Therefore, the fact that Griffith collected plants with green leaves in early
February already suggests that the plants were tetraploids.

Acorus calamus s.l. normally grows at elevations of 610-2800 m and flowers from
April to July in Bhutan [62]. Assuming that Griffith’s material was most likely collected
in the river valley, it comes from an elevation of about 700 m, near the lower margin of
its altitudinal range. These local climatic conditions should support the occurrence of a
(sub)tropical evergreen plant. The fact that the plants had inflorescences (at the second, male
stage of anthesis) in early February is remarkable compared to other observations made in
Bhutan. More data should be collected on the timing of anthesis of the tropical tetraploid
Acorus. Such reports are scattered because the plants seldom produce inflorescences in the
tropics [37].

We studied the leaf anatomy and pollen stainability of the isotype of A. griffithii kept at
Saint Petersburg (LE 01082877). The pollen was well staining, indicating the fertile nature
of the plants (Table 1).

Leaves of LE 01082877 have a well-pronounced secondary midrib along most of the
length of the lamina (Figure 5C), but the midrib becomes inconspicuous toward the leaf
apex (Figure 5B). The leaf apex tends to be S-shaped (Figure 5A,B), a feature that is typical
of tetraploids of the A. calamus group [10,32].
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Figure 5. Isotype of Acorus griffithii Schott (LE 01082877) and its leaf anatomy: (A) General view of
the specimen. (B) Detail of the leaf tip. (C) Middle part of the leaf lamina with a single large vascular
bundle of the secondary midrib. (D) Cross section of the leaf. (E,F) Details of the cross section. ac, air
canals; Ib, large bundle of the secondary midrib; arrowhead, the place of sampling for leaf anatomy.
Scale bars: 5 cm (A), 5 mm (B,C), 1 mm (D), 0.1 mm (E), 0.5 mm (F). Image source (A-C) Virtual
herbarium of Komarov Botanical Institute RAS (http:/ /rr.herbariumle.ru/01082877; © Komarov
Botanical Institute).

The leaf fragment of LE 01082877 studied here (see arrowhead in Figure 5A) anatom-
ically was almost completely composed of thin adaxial and abaxial wings (Figure 5D).
A large bundle of the secondary midrib was present on only one side of the leaf (Figure 5D).
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These features agree with our observations of the external morphology of the intact leaf
tip (Figure 5B). Only a limited amount of aerenchyma was present in the central part of
the cross section of the lamina (Figure 5E,F). It is not possible to count the number of air
canals per 0.62 mm? of the cross section because this area exceeds the width of the strip
of aerenchyma. The septa as observed in cross sections are mostly composed of 1-2 cells
(mean: 1.2), which is lower than the figures found in a tetraploid Indian accession with
direct chromosome counts and in the isotypes of A. tatarinowii (Table 1, Figure 3). Since
tetraploids differ from diploids in having fewer cells per septum, we conclude that Griffith’s
material belongs to tetraploids.

To ensure that the features of aerenchyma remain stable in distal parts of the leaf lamina
in both diploids and tetraploids, leaf tip sections of confirmed diploids and tetraploids
were examined. They convinced us of the stability of the character (Figure 6).

Figure 6. Anatomy of distal parts of the leaf lamina in specimens of the Acorus calamus group with
precisely identified ploidy level. These images show that the structure of leaf aerenchyma maintains
features characteristic of diploids and tetraploids up to the distal part of the lamina. Diploids,
compared to tetraploids, have wider air cavities divided by septa with more numerous cells visible in
the cross section: (A,B) Tetraploid from India (voucher: MW0758480). (C,D) Diploid from Siberia
(voucher: MW0955200). Scale bars: 0.2 mm (A,C), 0.1 mm (B,D).

3.4. Acorus commutatus Is Another Name for A. griffithii

Acorus commutatus Schott, Prodr. Syst. Aroid.: 578 (1860).

Type: (icon) Griffith, Ic. P1. Asiat. 3: pl. CLXII (1851) (holotype). Epitype (designated
here by D.D.S. and A.N.S.): Bhutan. “Benka” (Tashigang Town, c. 27.339° N, 91.547° E),
1-4 February 1838, W. Griffith 519 (Herb. East India Company 2626; Herb. late East India
Company 5941) (K 000883788; isoepitypes K 000883697 (Collection 1), BM 000958483, LE
010828771, P 02137244).

While traveling through northern British India and its dependencies, Griffith pro-
duced numerous analytical drawings of various plants, in which he especially studied the
structure of floral parts, including the anatomy of ovaries. These drawings, collected into
four dedicated volumes, each accompanied by a separate volume of textual comments,
were published posthumously by the Government of Bengal on behalf of the East India
Company [54].

The drawings were considered to be “executed in the same bold and rather rude, but
faithful, manner, for which the elder Richard was distinguished” ([54], p. 447). The original
drawings were lithographed for publication by local copyists [54], who may also have
introduced distortions when the pencil drawings were insufficiently clear in detail. Due
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to the lack of supervision from the author of the drawings, this process may have led to
significant inaccuracies in the minute features of the plant portraits.

Griffith’s drawing of Acorus [64] shows that it was devised by a highly qualified
botanist who paid attention to a lot of non-trivial details such as the variation in the
flower groundplan. At the same time, the drawing includes some inaccuracies that may
be explained by the unsupervised work of a copyist. For example, it is difficult to figure
out what leaf represents a spatha in the illustration (even though Griffith provided a fully
adequate discussion on spatha in the text [65]). The spadix appears to be stalked in the
figure, which is never the case in Acorus. In panel 1 of the drawing, the central and right-
hand tepals are shown alternately overlapping each other, in an unrealistic way, being
apparently misunderstood by the copyist.

Griffith illustrated pollen grains in their dehydrated and hydrated state. At first
glance, the images of hydrated grains are unrealistic because they appear to show two
apertures. Such grains are unknown in Acorus, and a dehydrated grain is shown as clearly
monosulcate. The two aperture-like slits shown in the hydrated grains are in the same
sector of the grain rather than in two opposite sectors as can be expected in real grains
with two apertures. We should conclude that Griffith (or the copyist?) had mistaken the
aperture margins of fully hydrated pollen grains for two individual apertures. In our view,
this interpretation is rather plausible. If so, the pollen protoplast should have been viable
in most pollen grains. Otherwise, Griffith, with his detailed interest in variation, would
have illustrated defective pollen grains, too. Therefore, we have evidence that the pollen
was fertile, which agrees with our conclusion that the chromosome number of Griffith 519
was tetraploid (see above).

The text accompanying the drawing [65] says that Griffith observed Acorus plants
in “the Khasiya and Sub-Himalayan ranges”. The first locality seemingly denotes the
Garo-Khasi-Jaintia Range rather than the Khasi Hills proper, and means Nartiang Town,
now in Meghalaya State, India, whereas the second locality corresponds to the collection
of A. griffithii from Tashigang Town in Bhutan. These localities and the history of their
herbarium collections are detailed above under A. griffithii.

The drawing portrays a plant in full blossom, with rather short inflorescences and
spathae. As shown above, Griffith made only one herbarium collection of Acorus that was
in flower (Table 2), i.e., the specimens from Tashigang, Bhutan. This collection also agrees
with the drawing in morphology and, therefore, is its obvious source.

Being unaware of the identity of the Acorus specimens collected by Griffith from
Bhutan and the illustration made by Griffith from the same plants, Schott (1860) established
a new species of Acorus (A. commutatus Schott) solely based on this illustration (unlike for
other species, he omitted to mention the dried or live plants examined in this particular
case, and stated that he derived his species description from the published illustration).
In doing so, he produced two species names based on the same plant collection but on its
different physical elements, i.e., herbarium specimen and illustration. This fact establishes
the taxonomic identity of these two species but does not make their names illegitimate
because their nomenclatural types were formally different. To ensure the nomenclatural
identity of these species names in addition to their taxonomic identity, and because of the
practical impossibility of inferring a ploidy level from the type illustration, we designate
the holotype of A. griffithii as an epitype of A. commutatus.

3.5. Acorus nilaghirensis Is a Tetraploid from the Peninsular India

Acorus nilaghirensis Schott, Oesterr. Bot. Z. 9: 101 (1859). Type: India. Tamil Nadu
State: “Khoondas. In montibus Nilagiri” (Kundah River, Nilgiri Mts., c. 11.284 N, 76.643 E),
April 1851, F. Metz (Hohenacker, Plantae Indiae orientalis sect. V (M. Nilagiri) no. 1314)
(lectotype designated here by D.D.S. and A.N.S.: LE 01082855!; isolectotype LE 01082858!).

This species was described by Schott [2] based on a single collection from “India orien-
talis (Nilagiri montes)”, which he examined in the specimens distributed as “Hohenacker
pl. Ind. orient.”
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These specimens were collected by Johan Friedrich Metz (1819-1886), a Christian
(Protestant) missionary at Kethi, a station of the Basel Mission Society near Udhaga-
mandalam (British spelling Ootacamund) Town in Nilgiris District, Tamil Nadu State,
India [66,67]. The sampled area was situated in the Nilgiri Mts., Western Ghats (Sahyadri)
Mountain Range, and also at Mangalore Town [68], whereas the Acorus specimen was
collected at “Khoondas” (Kundah River) in the Nilgiri Mts. Metz sampled plant specimens
for commercial distribution by R.F. Hohenacker on behalf of the Botanical Travel Society in
Esslingen [69], which was a major institution for plant hunting and distribution in the 19th
century [70]. The Acorus specimen was seemingly collected in 1851 because it was reported
as being dispatched from India to Europe in December of that year within the second set
of the Nilgiri collections of Metz [71]. It was distributed in 1853 in the fifth installment of
Indian plants collected by Metz [72].

The Indian exsiccatae collected by Metz and edited by Hohenacker were widely
distributed in Europe, and many further duplicates of the type collection of A. nilaghirensis
are expected elsewhere. For example, a set of these plants was purchased for the British
Museum in London [73].

Schott [2] made no mention in the protologue of A. nilaghirensis, in which collection he
examined the type specimen or specimens. His article contained descriptions of a number
of new species of aroid plants, which were based almost exclusively on the collections
received on loan from the Imperial Botanical Garden in Saint Petersburg [2,3].

Specimens from the Nilgiri Mts. distributed by Hohenacker were accessioned by the
Imperial Botanical Garden in Saint Petersburg in 1856 [74]; a specimen of Acorus from
these collections was sent on loan to Schott shortly thereafter [31]. The Herbarium of the
Botanical Garden was a predecessor of the Komarov Botanical Institute (LE), in which we
traced two specimens of the type collection. One specimen, previously possessed by the
Botanical Garden, as evident from its mounting paper sheet, bears an identification label
written by Schott and is undoubtedly part of the original material of A. nilaghirensis. The
second specimen was originally kept at the Botanical Museum of the Imperial Academy of
Sciences in Saint Petersburg and was not available to Schott [31].

In his monograph [3], Schott regularly mentioned places in which he examined herbar-
ium collections but only in those cases when a single herbarium institution was involved. In
the entry for A. nilaghirensis, Schott stated that he had seen dried specimens but a particular
institution was not specified, meaning that he examined the material not only from Saint
Petersburg but also elsewhere.

Noteworthy, in the entry of Rhaphiophallus hohenackeri Schott, he cited another collec-
tion from India made by Metz, which he received directly from Hohenacker. In our opinion,
this mention hints at the other source of collections for A. nilaghirensis.

Indian specimens collected by Metz were distributed in six installments and numbered
sequentially by Hohenacker according to their preparation for distribution. The first
installment, with plants collected near Mangalore, was originally published (offered for
sale) in 1847 [75]. Since then, the sale of Indian plants had been repeatedly advertised by
Hohenacker, with the greatest number of exsiccatae offered in 1858 [69]. The specimens
of R. hohenackeri revised by Schott were distributed with printed labels under the heading
of 1847 but numbered 2164b, thus indicating their very late actual arrival to Esslingen
and distribution (according to our observations, the practice of supplementing previously
published commercial exsiccatae by further herbarium specimens was quite common in the
19th century). This collection evidences that Schott received a set of aroid plants collected by
Metz directly from Hohenacker, around 1857, and the lack of mention of a single herbarium
institution for A. nilaghirensis indicates that a specimen of this plant was also included in
Hohenacker’s parcel.

As A. nilaghirensis was based on more than one specimen, lectotypification of this
species name may be needed. The personal herbarium of Schott, in which a specimen
of A. nilaghirensis was presumably kept, was completely destroyed in 1945 at the end of
the Second World War [76]. For this reason, we designate a specimen in Saint Petersburg,
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which was examined and annotated by Schott prior to the publication of the protologue of
A. nilaghirensis, as a lectotype of this species name.

Our data on pollen fertility and leaf anatomy (Table 1, Figure 7) are similar to those
of the isotype of A. griffithii, thus indicating that A. nilaghirensis was described based on
tetraploid material, too.
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Figure 7. Isolectotype of Acorus nilaghirensis Schott (LE 01082855) and its leaf anatomy: (A) General
view of the specimen. (B) Cross section of the leaf. (C) Detail of the cross section showing leaf
aerenchyma. (D) Middle part of the leaf lamina with a single large vascular bundle of the secondary
midrib. ac, air canal; cc, corner cell; 1b, large vascular bundle. Scale bars: 5 cm (A), 1 mm (B),
0.1 mm (C), 1 cm (D). Image source (A,D) Virtual herbarium of Komarov Botanical Institute RAS
(http:/ /rrherbariumle.ru/01082855; © Komarov Botanical Institute).
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The type collection of A. nilaghirensis consists of reproductive parts of the shoots
including a relatively long scape (c. 30 cm) and spatha (apparently, at least up to 50 cm).
The distal part of the spatha was lost in all three plant fragments available in the two LE
specimens. Small fragments were sampled near broken leaf tips. The leaf fragments were
almost completely composed of thin adaxial and abaxial wings (Figure 7B; only one of
the two fragments is illustrated). A large bundle of the secondary midrib was present
on only one side of the leaf. Only a limited amount of aerenchyma was present in the
central part of the cross section of the lamina (Figure 7C). The septa as visible in cross
sections are mostly composed of 1-2 cells (mean: 1.2), which is lower than the figures found
in the tetraploid Indian accession with direct chromosome counts and in the isotypes of
A. tatarinowii (Table 1, Figure 3).

4. Conclusions

Our study allowed the inference of ploidy levels in historical herbarium specimens
that can be precisely linked to species names proposed by Schott in the basal monocot
genus Acorus. Our data fit well with earlier results on the geographical distribution for
cytotypes within the group of A. calamus s.1. Future studies should focus on the search for
potential diagnostic characters of hexaploid members of the group. We did not consider
the possibility of the hexaploidy nature of any specimen discussed here because of their
origin. As far as is known from detailed cytotaxonomic studies, hexaploids are localized
in Yunnan [77] and Kashmir [42], areas that are far from the origin of the plants discussed
here. Cytotype distribution is known to correlate with altitudinal range in South Asia, with
diploids and hexaploids occurring at high elevations [42], much above the positions of all
localities in China, Bhutan, and India discussed in the present paper.

The present study highlights the value of a synthesis between the history of botany and
micromorphology in inferring plant biology. It disentangles issues of plant nomenclature
and provides a step toward a global taxonomic revision of the basal monocot genus
Acorus, which includes plants of high medicinal importance. Moreover, we further support
the idea that herbarium collections provide an important resource of information on the
actual and historical distribution of cytotypes in Acorus (e.g., [21]). This information is
highly important for the purpose of conservation of genetic resources because the chemical
composition of essential oils correlates with ploidy levels in Acorus [10,41-43,63].
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