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Abstract: Splachnum pensylvanicum (Brid.) Grout ex H.A.Crum is recorded for the first time in Lith-
uania and it is its fourth discovery at a third locality in Europe. It was found for the first time in 2000
in Kamanos mire, the largest peatland complex in the northern part of this East Baltic country. Tar-
geted investigations at this site in 2017 resulted in the discovery of 14 populations and it is appar-
ently the largest and most abundant locality of the species in Europe. Splachnum pensylvanicum is
briefly described and illustrated along with some taxonomic notes and a detailed description of its
habitat requirements. The global geographical distribution of S. pensylvanicum is reviewed and
mapped. It is a Euro-Eastern North American temperate species and deeply penetrates into the Ne-
otropics at montane stations in Venezuela and SE Brazil in South America.

Keywords: Baltic countries; coprophilous mosses; Euro-American distribution pattern; Kamanos
mire; Neotropics; North America

1. Introduction

Most species of splachnalean mosses are unique in their ecological predilections, be-
ing associated with nitrogen-enriched organic substrates, usually in damp habitats in
peatlands. As typical nitrophytes, they are often coprophytes that grow on the droppings,
faeces, and dung of large mammals, but many of them thrive also on old bones, pellets
and decaying carcasses of animals. Less often they can be found on rotten wood, humus
and wooded soil. For some species of Splachnum Hedw. evidence of entomophily was
provided [1-9]. They have many unusual adaptations for the dispersal of spores that al-
lure coprophilous flies, including brightly coloured and expanded hypophyses of the cap-
sules which emanate odours and volatile compounds and eject secretions [10-13]. More-
over, they commonly produce small and sticky spores which are easily dispersed to fresh
droppings by dipteran flies, and where the spores germinate very easily, no matter what
concentration of minerals is available in these substrates [14]. In addition, species of
Splachnum can better tolerate high ionic concentrations in the substrate and consequently
they have a competitive advantage over other species of splachnalean mosses [15-17].

Despite growing on quite unattractive substrates, morphologically the splachnalean
species are handsome and attractive mosses, not only for some flies, but also for bryolo-
gists. It is therefore no wonder that one of the earliest, if not the first, printed description
and figures of a splachnalean moss was published by J. Petiver as early as in 1695 under
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the polynomial Latin name Muscus Norwegicus umbraculo ruberrimo insignitus and the com-
mon name “Bongrace moss” [18]. His description and figure, with the unmistakable um-
brella-like hypophysis, leave no doubt that it was a Splachnum to which he referred. Fur-
thermore, according to Petiver’s glossary, the asterisk in the margin next to the description
“[...] shews it not to have been known before.” This species was later identified as S.
rubrum Hedw. [19,20] and, together with S. luteun Hedw. it is the most beautiful and most
conspicuous moss of the northern Holarctic coniferous forests.

However, the most often treated species of Splachnum at that time was S. ampullaceum
Hedw. as it is the most frequent species of the genus in Europe, widespread in the boreal
and northern temperate zones [21]. Actually, its earliest name, Adiantum aureum minus
palustre, capitulus erectis coronatis, was used for a plant collected by W. Sherard near South-
ampton in England, and this name was published, but without description, in 1690 in the
first edition of Synopsis methodica stirpium britannicarum [22]. A short description of this
moss, but without an icon, was published in 1696 in the second edition of this opus [23].
An expanded description accompanied by the first illustration of S. ampullaceum was pre-
sented only in 1699 by R. Morison [24].

Knowledge about the mosses of the Splachnaceae up to 1740 was summarised in 1741
by J. J. Dillenius in his famous Historia muscorum [25], an opus that actually gave rise to
research on bryophytes. He described and illustrated five species which are currently
placed in this family, including Splachnum ampullaceum, S. sphaericum Hedw., S. pensylvan-
icum (Brid.) Grout ex H.A.Crum, S. rubrum and Tetraplodon angustatus (Hedw.) Bruch &
Schimp. for which only polynomial names had been given [20].

At the very beginning of the nineteenth century, in his flagship work Species mus-
corum frondosorum, now considered the starting point for the nomenclature of mosses (ex-
cept Sphagnum L.), ]. Hedwig described 12 species of Splachnum [19], which currently be-
long to three genera of the Splachnaceae, namely Tetraplodon Bruch & Schimp., Tayloria
Hook. and Splachnum. The best measure to draw special attention to species of the
Splachnaceae at that time may have been the fact that, with the exception of two, all spe-
cies of this family known from Europe had been described by the year 1840.

Currently, 22 species of the Splachnaceae are known to occur in Europe, seven of
which belong to the genus Splachnum. The rarest species, not only of this genus but also
of the whole family, is S. pensylvanicum, which has been collected only three times in the
East Baltic region [26,27]. Two collections come from Kaliningradskaya Oblast’ (=“Kali-
ningrad Province”) in Russia [28,29] and one from Latvia [30-33]. Herein, the species is
recorded from Lithuania where it was discovered for the first time in 2000 in Kamanos
mire, the largest peatland complex in Akmené district, in the northern part of the country
next to the border with Latvia.

Although Splachnum pensylvanicum is firmly established as a member of the moss
flora of Europe, it has not been described in detail based on European material. Likewise,
in the recently published photographic flora of Europe’s mosses, illustrative material
based on specimens from Brazil is presented [34]. To remedy this deficiency, this study
provides a description and illustrations of this species fully based on the specimens col-
lected in Lithuania. Additionally, the European and world distribution of S. pensylvanicum
are reviewed and mapped.

2. Materials and Methods
2.1. Herbarium Materials

The herbarium materials have been deposited in BILAS and KRAM. During the
course of the present study, the type material of Tayloria baltica Warnst. (in B) and the
Latvian voucher material located in the Latvian State Forest Research Institute “Silava” in
Salaspils were studied. The global distribution of Splachnum pensylvanicum is based pri-
marily on herbarium holdings of the species deposited in NY.
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2.2. Description of the New Locality

Kamanos is the largest mire complex in northern Lithuania. It is situated at lat.
56°14'40"-56°19'18" N and long. 22°34'20"-22°43'45" E at an elevation of 80-90 m a.s.l. The
peatland includes raised peat bogs, fens, transitional mires, Lake Kamanos (area about 6
ha), more than 120 small pools and surrounding wet forests. The bogs cover the largest
area—1722 ha. The depth of peat bed reaches 7.2 m (average 3.78 m). Since 1979, Kamanos
mire with the surrounding forests (about 4000 ha in total) has been protected as a State
Strict Nature Reserve. Since 1993, it has been a Ramsar territory [35,36].

In 1924 the vegetation of nine East Prussian and Lithuanian peatlands, including that
of Kamanos mire, was surveyed by two German botanists, Hermann Reimers and Kurt
Hueck, within the project of the natural and cultural history of Lithuania and neighbour-
ing areas. The results of this survey were published in 1929 [37]. After a few years, the
vegetation of this mire was explored in detail and described by Lithuanian botanists
[38,39]. In both monographs, no Splachnum species were recorded. Moreover, we have not
found any species of Splachnum from Kamanos deposited at the Lithuanian herbaria (BI-
LAS and WI) until now.

The first specimen identified as Splachnum pensylvanicum, after a revision of unstud-
ied bryophyte collections from Kamanos, was collected in 2000 in the northern part of the
mire by I. Jukoniené. In July 2017, after the targeted investigations in the mire, the species
was recorded east from the first locality (Figure 1).
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Figure 1. Distribution of Splachnum pensylvanicum in Kamanos mire and in Lithuania (inset). The records made in summer—
autumn 2017 are marked with red dots.

In July—October 2017, fourteen populations (patches) of Splachnum pensylvanicum
were recorded by S. Sprainaityté. Most of them were found in the central part of the mire,
near the site of the one of the first records of the species (Figure 1).
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3. Results and Discussion
3.1. Characterisation of Lithuanian Plants

Careful examination of the voucher specimens of Splachnum from Kamanos mire re-
vealed their perfect correspondence with the European and North and South American
collections of Splachnum pensylvanicum. It is evidenced by the following description and
the illustrations of the essential diagnostic characters (Figures 2-4).

i
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Figure 2. Macro photographs of Splachnum pensylvanicum taken from the specimens from Kamanos mire in Lithuania: (A)
portion of dry tuft showing the plants with numerous mature sporophytes, (B) mature deoperculate capsules, (C) mature
operculate capsules, (D) two deoperculate capsules with expanded columellae. All taken from KRAM B-242426 (A,B,D)
and KRAM B-242425 (C). Scale bars: (A)—3 mm, (B)—0.5 mm, (C,D)—1 mm.
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Figure 3. Macro and micro photographs of Splachnum pensylvanicum taken from the specimens from Kamanos mire in
Lithuania: (A) portion of dry tuft showing the plants with numerous mature sporophytes and gametangia, (B) upper
leaves, (C) portion of shoot with mature operculate capsule, (D) shoot with two operculate capsules, (E-G) deoperculate
capsules, (H) apex of leaf subula, (I) upper cells at leaf shoulder, (J) basal cells. All taken from KRAM B-242425 (A-D; H-
J) and KRAM B-242426 (E-G). Scale bars: (A)—2 cm, (B)—0.5 mm, (C)—1.5 mm, (D)—1 mm, (E-F)—0.5 mm, (G)—1.5
mm, (H-]J)—100 pm.
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Figure 4. SEM micrographs of the capsule details of Splachnum pensylvanicum: (A) upper part of the urn showing peristome,
spores and upper exothecial cells, (B) inflexed peristome teeth, (C) reflexed peristome teeth, (D) reflexed peristome tooth
showing sculpture of its inner surface, (E) sculpture of the outer surface of the peristome teeth. All taken from KRAM B-
242425. Scale bars: (A-C)—100 pum, (D,E)—20 pm.

The Lithuanian material of S. pensylvanicum consists of medium-sized, soft and slen-
der, loosely to densely tufted plants that are lustrous, light to yellow-green or vividly
green and densely matted with a tomentum of dull red-brown to purple, smooth to some-
what warty and branched rhizoids below. The stems are thin, gracile and flaccid, erect, 1-
6 cm tall, simple or branched, rounded to angled in the transverse section, with a distinct
central strand, 3—4-stratose medulla of enlarged, hyaline, thin-walled cells and a poorly
developed or lacking cortex, usually with distinct false leaf traces. The axillary hairs are
2-3-celled, with 1-2 subquadrate, red basal cells and an oblong, swollen, hyaline upper
cell. The leaves are distant, but usually more crowded toward the stem apices, loosely
erect to spreading when wet, flexuose-contorted to somewhat twisted on drying, 2.0-3.5
mm long, 0.4-0.6 mm wide, often reaching to the capsules and sometimes exceeding them,
long-lanceolate and very slenderly long-acuminate above, and ovate to obovate and ra-
ther abruptly short to long-acuminate in the lower part of the stem. The leaf margins are
plane, almost entire in the upper leaves and sparsely toothed with scattered, large and
many-celled teeth in the lower leaves. The costa is single, stout and vanishes in the acumen
near the apex or more often almost fills the subula, in the transverse section with enlarged,
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thin-walled adaxial and abaxial epidermal cells and well-developed hydroids, but with-
out stereids and guide cells. The laminal cells are thin-walled, lax and smooth, rectangular
to elongate-hexagonal above, 20-60 um long, 10-16 pm wide, becoming short-rectangular
and bulging in the basal part.

The plants are dioicous or autoicous. The perigonia are cupulate and large and the
perichaetia are terminal on the stems or branches with leaves fewer and smaller. The setae
are weak and slender, 4-10 mm long, smooth, curved or flexuose, soft and almost hyaline
or pale and greenish-white to yellowish. The capsules are exserted or sometimes barely
emergent, 1.2-2.5 mm long, obloid-cylindrical and slightly contracted below the mouth,
suddenly narrowed to the hypophysis, orange to orange-brown, becoming dark red with
age, with the mouth often forming a ridge when dry.

The hypophysis is variable in size, 1-2 mm long, as long as the urn or somewhat
shorter or longer, sometimes up to twice as long, as wide or slightly wider than the urn,
wrinkled, greenish to purplish. The exothecial cells are thick-walled and more or less col-
lenchymatous, somewhat smaller, oblate, oblate-hexagonal to irregularly triangular in
many tiers below the orifice, becoming irregularly hexagonal, elongate to rounded or ir-
regular in shape to the hypophysis, whose cells are long and thinner-walled. The stomata
are few, situated at the junction of the urn and the hypophysis and are phaneroporous
and consist of two guard cells. The operculum is low-convex or hemispheric and bluntly
apiculate. The columella projects above the mouth when dry. The peristome is double but
the endostome is fused to the exostome. It consists of 16 teeth united into eight pairs in-
serted within the mouth. They are reflexed on drying and inflexed on wetting, triangular
and blunt at the apex, 320-450 um long, light- to orange-brown, densely papillose on the
outer surface and minutely roughened on the inner surface. The spores are ellipsoid,
slightly longer than broad, small, 7-9(-11) pm in diameter, light-green, smooth. The ca-
lyptra is short, to 0.5 mm, conic-mitrate, not split or constricted below and barely covers
the operculum.

3.2. Habitat and Substrate Preferences

In most cases, Splachnum pensylvanicum was found in open, treeless parts of the
Kamanos mire. The first specimens were collected in quite dry bog habitats overgrown by
Calluna vulgaris (L.) Hull. Subsequent records showed that the species also occurs in wet-
ter areas. In wet places, it occupied low hummocks or the lower part of higher hummocks.
It was found growing in lawns of the traditionally conceived Sphagnum magellanicum
Brid., whereas the hummocks were built mainly by S. magellanicum, and less often by S.
rubellum Wilson. The populations of Splachnum pensylvanicum formed mostly pure stands,
only sometimes intermixed with S. ampullaceum Hedw. These two species of Splachnum
were mostly accompanied by the liverworts Kurzia pauciflora (Dicks.) Grolle and Mylia
anomala (Hook.) S.Gray, and by Odontoschisma fluitans (Nees) L.Soderstr. & Vana in wetter
places.

3.3. Taxonomic Remarks

Splachnum pensylvanicum is distinguished from the other European congeners by spo-
rophyte and gametophyte traits. Its sporophyte is of a relatively diminished size, with a
very short seta, making the capsules shortly exserted or only barely emergent and with a
small, scarcely inflated hypophysis. Gametophytically, S. pensylvanicum is very similar to
S. ampullaceum and the two species share long-lanceolate and slenderly acuminate leaves
with spinose-dentate, multicellular teeth on the upper leaf margins. This feature enables
them to be distinguished when sporophytes are missing. However, while in S. ampul-
laceum such multicellular leaf serration is an outstanding and consistent feature of the leaf
margins, it is only sporadically encountered in S. pensylvanicum, especially in the upper
leaves. This is a particularly prominent feature of the European populations of S. pensyl-
vanicum, which have consistent entire margins in the upper leaves. Specimens with spo-
rophytes do not pose any problems with identification, because S. ampullaceum differs at
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a glance in that it has a large, light purple or lilac, inflated and pomiform hypophysis that
is always considerably wider than the urn.

In the shape of the leaves and their serration at the margins in the upper part, Splach-
num pensylvanicum resembles Tetraplodon angustatus, where the marginal teeth are unicel-
lular and rather blunt. Additionally, the two species share a similar hypophysis that is
elongate and wrinkled and only somewhat inflated and slightly wider than the urn. Based
on these characteristics, early researchers have very often combined S. pensylvanicum with
the genus Tetraplodon Bruch & Schimp., including T. caulescens (Turton) Lindb. and T. aus-
tralis Sull. & Lesq. ex Sull, both now considered conspecific with S. pensylvanicum
[28,40,41]. In fact, the European populations of this species were first described as Tetra-
plodon balticus Warnst. [42] and S. pensylvanicum itself was also transferred to this genus
as Tetraplodon pensylvanicus (Brid.) Sayre [43].

Despite these striking morphological similarities in the shape of leaves and capsules,
this species is much more closely related to the genus Splachnum when some structural
affinities and the origin of the peristome teeth are considered. The peristome in Splachnum
is double, but the endostome is fully fused to the 16 exostome teeth, which are united into
eight pairs, and as a result the teeth, in the transverse section, are chambered. Each tooth-
pair has four columns of cell remnants on its outer surface and four or more columns on
its inner surface. In contrast, the peristome in Tetraplodon is single and each tooth has two
columns of plates on the inner surface and is solid in the cross-section. The chambered
structure of the peristome teeth prompted Crum [44] to transfer Tetraplodon pensylvanicus
to Splachnum, and this taxonomic conclusion is well supported by the results of molecular
studies [45].

3.4. Biological and Ecological Peculiarities

The Lithuanian plants of Splachnum pensylvanicum exhibit some distinctive biological
and ecological features in comparison with North American populations of the species. In
North America, the species produces the mature capsules in the winter-spring season
[46]. In Lithuania, the individuals collected at the beginning of July in different years
(2000, 2005 and 2017) possessed immature sporophytes with all capsules having well de-
veloped lids. However, the specimens collected in August and September were in most
cases with fallen opercula, but the spores were still present inside the capsules. Finally, in
the specimens collected in October, the spores were already dispersed and the capsules
remained empty. So, it seems likely that in Lithuania, the summer-autumn season is the
most favourable for maturing the capsules.

In North America, the species usually grows on the dung of herbivores. In Kamanos
mire, for the most part it was found on the droppings of common cranes (Grus grus Lin-
naeus) (ten records) and it was only recorded twice on the dung of herbivorous animals.
It was recorded growing on open degraded peat, and finally it was also found on a decay-
ing stump of pine. The substrate preferences can explain the local distribution of Splach-
num pensylvanicum. The central part of Kamanos mire, where most localities of the species
are concentrated, is a preferred site for gathering common cranes.

Despite the fact that Splachnum pensylvanicum was not recorded during the botanical
studies in the 1920s, it cannot be said that it did not exist in the mire at that time and may
have simply been overlooked. The history of the records has revealed that the species has
been surviving in Kamanos for at least 17 years and is widespread at present. The status
of the strict nature reserve of the mire is conducive for the distribution of the species as it
provides suitable habitats for birds and wild animals.
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3.5. Global Distribution of Splachnum Pensylvanicum

Splachnum pensylvanicum is a disjunct Euro-Eastern North American species deeply
penetrating into the Neotropics where it occasionally occurs at montane elevations in Ven-
ezuela and SE Brazil (Figure 5). In Europe, the species is exceedingly rare and is currently
known to occur at three localities in the East Baltic countries, including Latvia, Lithuania
and the Russian Federation (Figure 6). A small population was found for the first time in
1911 by Hugo Gross in the peatland “Grofie Moosbruch” in the then East Prussia [47]
which is a very important mire for the reconstruction of the Holocene history of the veg-
etation in this region [48]. Nowadays, it is situated in the Kaliningradskaya Oblast’ in the
Russian Federation in an area called Bolshoe Mokhovoe Boloto (=Great Moorland). The
plants collected by H. Gross were described by C. Warnstorf as a new species, Tetraplodon
balticus [42], which was subsequently considered identical to S. pensylvanicum [28]. The
species was rediscovered at the same mire on 11 July 1930 by Karl and Fritz Koppe [29],
but it seems that it has not been rediscovered at this locality since then [49]. It has been 63
years since then, until Splachnum pensylvanicum was found again in this region, namely in
the northwest of Latvia [30], and seven years later also in Lithuania. The last discovery is
detailed in the present account.
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Figure 5. Global distribution map of Splachnum pensylvanicum.
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Figure 6. Distribution map of Splachnum pensylvanicum in the East Baltic countries.

In the bryological literature, one can find puzzling information about further collec-
tions of Sphagnum pensylvanicum in Europe. In the moss flora of eastern North America,
at the end of the commentary on this species, there is the information that “Frisvoll [...]
has written to us [Crum and Anderson] that several European collections have been made
from “pellets containing hair and bone of small rodents, etc.”” [50]. Unfortunately, the
author of this information has not published any detailed data on this subject anywhere,
especially where these “several European collections” came from.

The IUCN Red List of Threatened Species, Version 2019-2 contains information about
the occurrence of Splachnum pensylvanicum in the Sleza Massif [germ. Zobten] in Poland’s
Lower Silesia [50]. Unfortunately, this is false information based on a misunderstanding
of the German text in the paper of H. Reimers and K. Hueck published in 1929. In the
footnote on p. 472 these authors clearly stated that this locality applied to Tetraplodon an-
gustatus [37]. They believed that the new species T. balticus, described from East Prussia,
did not differ from T. angustatus: “ Auf die Gross’schen Fundstiicke hat Warnstorf [...] eine
neue Art, Tetraplodon balticus, gegriindet, die aber von T. angustatus nicht verschieden sein
diirfte [“Warnstorf [...] recognised a new species, Tetraplodon balticus, on the basis of
Gross’s finds, which, however, should not be different from T. angustatus”] [37].

Because there is insufficient appropriate data on the abundance, population size and
trends of Splachnum pensylvanicum to allow a direct or indirect assessment of its risk of
extinction in Europe, this species is classified in the Data Deficient (DD) category on the
IUCN Red List of Threatened Species [51,52]. However, the status of endangered species
has been granted to it in Latvia [27]. The distribution pattern of S. pensylvanicum and its
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abundance at the only Lithuanian station show that the species is not endangered in the
country at present, although the population trends need to be observed in the long term.

Splachnum pensylvanicum has its maximum occurrence in eastern North America. In
contrast to other species of the Splachnaceae, which have a predominantly arctic-boreal dis-
tribution [53], S. pensylvanicum distinctly has a much more southerly distribution in eastern
North America (Figure 5). It grows on old dung of herbivores, especially cows, less often
horses and mules, in mires and bogs. It has a more or less continuous range from southern
Newfoundland, New Brunswick, Nova Scotia and Québec in Canada [45], through the
northern states in the USA (Maine, Massachusetts and New York) to Georgia and Florida in
the South with extensions to Louisiana and Texas in the West. It occurs mainly in the Coastal
Plain and occasionally penetrates to the uplands in the Southern Appalachians.

As is the case with many Holarctic moss species, Splachnum pensylvanicum deeply
penetrates into the tropics in South America. It has been recorded several times on tepuis
in Venezuela at an elevation of 1690-2300 m [54], and once it was discovered in fen at 1730
m in the Urubici region in Santa Catarina province in SE Brazil [44].

The occurrence of Splachnum pensylvanicum in Europe may seem strange at first sight,
but this type of range is represented by a number of moss and liverwort species [55], which
indicates that it has a deeper historical background. The phenomenon of the occurrence
of species from the Southern Appalachian Mountains was already noted in 1941 by A. J.
Sharp [56]), and subsequent discoveries confirmed that such a geographical range is
shown by a small group of noteworthy species. Among mosses, the most typical examples
are Anacamptodon splachnoides (Brid.) Brid., Brachythecium novae-angliae (Sull. & Lesq.)
AJaeger, Clasmatodon parvulus (Hampe) Sull., Dichelyma capillaceum (Dicks.) Myrin,
Ephemerum spinulosum Schimp., Haplocladium virginianum (Brid.) Broth., Pelekium minutu-
Ium (Hedw.) Touw, Sphagnum angermanicum Melin and Alleniella complanata (Hedw.)
S.0lsson, Enroth & D.Quandt. Like S. pensylvanicum, the latter species also penetrates into
the tropics in East and South Africa [57,58].

Selected specimens examined. EUROPE. Russia. Kaliningrad Oblast: Slavsky dis-
trict, Bolshoe Mokhovoe Boloto (germ. Grofse Moosbruch), south-east of the village of
Gromovo (germ. Lauknen) east of the Curonian Lagoon, alt. ca 5 m, 54°57' N, 21°26' E, on
very wet slopes on a footpath leading to the moor, in a small lawn, 24 Aug 1911, Gross s.n.
(B Bryo-63333; barcode: B 30 0063333, type of Tetraplodon balticus). Lithuania. Akmené dis-
trict: Kamanos Strict Nature Reserve, Kamanos mire: DidZioji klampyné, alt. 81 m,
56°18'39.68" N, 22°38'42.06" E, Sphagnetum magellanici community, on hummock with Au-
lacomnium palustre and Sphagnum rubellum, 22 August 2017, Sprainaityté s.n. (BILAS B-
19593, KRAM B-242425); same locality, on the trail of animals, 8 July 2001, Jukoniené s.n.
(BILAS B-13979, KRAM B-242426), same locality, Didzioji klampyné, alt. 81 m,
56°17'42.71" N, 22°38'24.33" E, in Calluna vulgaris dominated community, on herbivore
dung, 3 July 2005, Jukoniené s.n. (BILAS B-16106, KRAM B-230536) Latvia. Vidzeme re-
gion, Limbazi district, Pale parish: North Vidzeme Biosphere Reserve, Niedraje-Pilkas
Swamp Trail, north-west of Pale city, alt. 46 m, 57°44'25.75" N, 24°38'23.93" E, moss in the
swamp by the trail, 16 July 1993, Bambe 1908 (Hb. Latvian State Forest Research Institute
“Silava”, Salaspils).

NORTH AMERICA. Canada. Newfoundland: Avalon Peninsula, Hall’s Gully, 5.5 km
south on Hall’s Gully Road, alt. #100 m, 47°21'56" N, 53°26'59" W, 8 September 2007, Buck
52,409 (NY 00944289). Nova Scotia: Cape Breton, Isle Madame, Arichat, 20 July 1882, Allen
s.n. (NY 00,649,894 & 00653056). U.S.A. Maine: Washington Co., Town of Beals, Great
Wass Island, 27 June 2017, Buck 64,654 (NY 03075619). Massachusetts: Worcester Co.,
Brookfield, 14 July 1911, Dobbin s.n. (NY 00653110). New York: Essex Co., Town of Mi-
nerva, Moxham Pond 2.5 km SW of Olmstedville, 19 September 1993, Miller 10,523 (NY
1596886). New Jersey: Mercer Co., Quaker Bridge, May 1831, Greene s.n. (NY 00649893);
Nonmouth Co., Ocean Grove, July 1885, Underwood s.n. (NY 00653102); Ocean Co., Cedar
Swamps, Nov 1868, Austin s.n. (NY 00653104); southern part of the state, Austin, Musci
Appalachiani No. 177 (1870) (NY 00653099). Tennessee: Johnson Co., Shady Valley, alt. ca
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854 m, 22 October 1933, Sharp s.n. (NY 00653109). North Carolina: New Hanover Co., Wil-
mington, margin of Gall bays, without collector and date (NY 01475633); without specific
locality and date, Searing s.n. (NY 00653098). South Carolina: without locality and date,
Rugel s.n. (NY-Mitten 00653112). Louisiana: New Orleans, Drummond, Musci Americani
No. 27 (1841) (as Splachnum setaceum?) (NY-Mitten 00653111). Georgia: Clinch Co., Fargo,
Okefenokee Swamp Refuge, 8 February 1941, A. |. G. Anderson & L. E. Anderson s.n. (Grout,
North American Musci Perfecti No. 411) (NY 00653095); Colquitt Co., 2 mi. N of Moultrie,
24 September 1902, Harper 1668a (NY 00653075). Texas: Houston Co., 2 mi. S of Grapeland,
4 March 1950, Whitehouse 22,845 (NY 00653094). Florida: Leon Co., 5 mi. W of Tallahassee,
15 February 1938, Schornherst 75 (NY 00653070); Franklin Co., 1.5 mi. E of East Point on
Rd. 319, 6 March 1961, Mitchell 1092 (NY 00653068); Hillsborough Co., Tampa, October
1877, Garber 324 (NY 00653089); Seminole Co., Sanford, May 1903, Rapp s.n. (J. M. Hol-
zinger, Musci Acrocarpi Boreali-Americani No. 68) (NY 00653088 & 00653089); Marion Co.,
Ocala, 17 April 1948, Schornherst 2451 (NY 01475627); Highlands Co., Avon Park, 31 Octo-
ber 1954, Brass 25,260 (NY 01475621) & 25,261 (NY 01475622); Leon Co., Midway Cut-off,
15 February 1939, Schornherst 75 (NY 01475631). New Jersey-Florida: swamps near the
sea-coast (without specific locality), Sullivant & Lesquereux, Musci Boreali-Americani No.
151 (1856 [1857]) (NY 00653108, syntype of Tetraplodon australis Sull. & Lesq.).

SOUTH AMERICA. Venezuela. Amazonas: Dept. Rio Negro, Planicie de Zuloaga,
Rio Titirico, alt. 2300 m, 10-15 October 1970, Steyermark 103,922 (NY 01475639); 3.5 km W
of Pico Zuloaga, alt. 2000 m, 0°53" N, 65°56' E, 13-15 April 1984, Thomas 3135 & T. Plowman
(NY 01475638); Cerro de la Neblina, 2.8 km NE of Pico Phelps, alt. 2085-2100 m, 0°49'40"
S, 65°59" W, 29 January 1985, Buck 12,680 (NY 01475636); Cerro de la Neblina, north-east
end of north-west plateau, 12.5 km NNW of Pico Phelps, alt. 1690 m, 0°54'30" S, 66°02'30"
W, 12-13 February 1985, Buck 12929A (NY 01475637).

4. Concluding Remarks

Splachnum pensylvanicum is a remarkable addition to the moss flora of Europe and
Lithuania. The discovery of the fairly abundant populations of this species means that its
previous finds in the Kaliningrad Oblast’ and Latvia were not accidental dispersions by
man from North America. The species is firmly established in this part of Europe and
further findings in this region are possible, not only in the countries in which it is already
known, but also in the coterminous areas of Estonia, northern Poland and Belarus. In these
countries, following intensive field investigations in recent decades, the local bryophyte
floras have been significantly enriched with numerous new country records.

The best example is Lithuania, which has relatively poor moss flora because of the
natural conditions prevailing in this small country, especially the lack of natural rock out-
crops. In 2003, some 335 species have been recorded in Lithuania [59], but since then no
fewer than 20 species have been added, including the present record of Splachnum pensyl-
vanicum [60-67].

Author Contributions: Conceptualization, R.O., L], V.P.; methodology, 1]; field research, L.]., S.S.;
formal analysis, R.O., L].; writing—original draft preparation, R.O., L], V.P.; visualization, V.P. All
authors have read and agreed to the published version of the manuscript.

Funding: The work of VP was supported by EU structural funding CZ.1.05/2.1.00/19.0388 and
Ministry of Education, Youth & Sports of the Czech Republic: LO1208.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: All authors agree with MDPI Research Data Policies.

Acknowledgments: We thank the curators of B, NY and Baiba Bambe, Salaspils, Latvia, for
providing the material used in this study. We are also grateful to Rod D. Seppelt, Bundall,
Queensland, Australia, for improving the English and to Katarzyna Bilyk, Krakow, for producing
the global distribution map.



Plants 2021, 10, 2823 13 of 15

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Bryhn, N. Beobachtungen iiber das Ausstreuen der Sporen bei den Splachnaceen. Biol. Centralbl. 1897, 17, 48-55.

2. Becquaert, J. On the dispersal by flies of the spores of certain mosses of the family Splachnaceae. Bryologist 1921, 24, 1-4.
https://doi.org/10.2307/3237827.

3. Erlanson, C.O. The attraction of carrion flies to Tetraplodon by an odoriferous secretion of the hypophysis. Bryologist 1930, 33,
13-14. https://doi.org/10.2307/3239267.

4. Koponen, A.; Koponen, T. Evidence of entomophily in Splachaceae (Bryophyta). Bryophyt. Bibl. 1978, 13, 569-577.

5. Vitt, D.H. Adaptative modes of the moss sporophyte. Bryol. 1981, 84, 166-186. https://doi.org/10.2307/3242820.

6.  Cameron, R.G; Troili, D. Fly-mediated spore dispersal in Splachnum ampullaceum (Musci). Mich. Bot. 1982, 21, 59-65.

7. Koponen, A. Entomophily in Splachnaceae. Bot. ]. Linn. Soc. 1990, 104, 115-127. https://doi.org/10.1111/j.1095-
8339.1990.tb02214.x.

8.  Marino, P.C. Dispersal and coexistence of mosses (Splachnaceae) in patchy habitats. . Ecol. 1991, 79, 1047-1060.
https://doi.org/10.2307/2261097.

9. Marino, P.C. Competition, dispersal and coexistence of Splachnaceae in patchy habitats. Adv. Bryol. 1997, 6, 241-263.

10. Von Wettstein, F.; Splachaceenstudien, I. Entomophilie und Spaltéfdnungsapparat. Oesterr. Bot. Zeitschr. 1921, 70, 65-77.

11. Pyysalo, H.; Koponen, A.; Koponen, T. Studies on entomophily in Splachnaceae (Musci). I. Volatile compounds in the
sporophyte. Ann. Bot. Fenn. 1978, 15, 293-296.

12.  Pyysalo, H.; Koponen, A.; Koponen, T. Studies on entomophily in Splachnaceae (Musci). II. Volatile compounds in the
hypophysis. Ann. Bot. Fenn. 1983, 20, 335-338.

13.  Crum, H. Mosses of the Great Lakes Forest, 4th ed; The University of Michigan Herbarium: Ann Arbor, MI, USA, 2004; pp. 1-592.
ISBN 0-9620733-6-3.

14. Marino, P.C. Coexistence on divided habitats: Mosses in the family Splachnaceae. Ann. Zool. Fenn. 1988, 25, 89-98.

15.  Cameron, R.G.; Wyatt, R. Substrate restriction in entomophilous Splachnaceae; role of spore dispersal. Bryologist 1986, 89, 397
404. https://doi.org/10.2307/3243199.

16. Fischer, J. Zur Verbreitungstkologie von Splachnum sphaericum (L. fil.) Swartz. Beih. Bot. Centralbl. Abt. A 1936, 55, 122-144.

17.  Whitmire, R.S. Ecological observations on Splachnum ampullaceum. Bryologist 1965, 68, 342-343. https://doi.org/10.1639/0007-
2745(1965)68[342:EOOSA]2.0.CO;2.

18. DPetiver, J. Musci Petiveriani Centuria Prima, Rariora Naturae Continens: Viz.animalia, Fossilia, Plantas, ex Variis Mundi Plagis Advecta,
Ordine Digesta, et Nominibus Propriis Signata; Ex Officina, S. Smith & B. W. Walford: London, UK, 1695; pp. 1-15. Available online:
https://www.biodiversitylibrary.org/item/255668#page/23/mode/lup (accessed on 21 November 2021).

19. Hedwig, J. Species Muscorum Frondosorum Descriptae et Tabulae Aeneis LXXVII Coloratis Illustratae; Sumtu Joannis Ambrosii Barthii:
Paris, France, 1801; pp. 1-353.

20. Lindberg, S.O. Kritisk Granskning af Mossorna uti Dillenii Historia Muscorum; J. C. Frencknell & Son: Helsinki, Finland, 1883; pp.
1-59.

21. Szmajda, P.; Bednarek-Ochyra, H.; Ochyra, R-M. 295. Splachnum ampullaceum hedw. In Atlas of the Geographical Distribution of
Spore Plants in Poland; Series V. Mosses (Musci); Part 7; Ochyra, R., Szmajda, P., Eds.; W. Szafer Institute of Botany, Polish
Academy of Sciences: Krakéw, Poland; Adam Mickiewicz University: Poznan, Poland, 1991; pp. 37-42.

22. Ray, J. Sinopsis methodica stirpium britannicarum. In Qua tum Notae Generum Characteristicae Traduntur, Tum Species Singulae
Breviter Describuntur: Ducentae Quinquaginta Plus Minus Novae Species Partim Suis Locis Inseruntur, Partis in Appendice Seorsim
Exhibuntur. Cum Indice et Virium Epitome; Prostant apud Sam. Smith: London, UK, 1690; pp. 1-318. Available online:
https://www.biodiversitylibrary.org/item/128931#page/9/mode/lup (accessed on 25 November 2021).

23. Ray, ]J. Sinopsis methodica stirpium britannicarum, tum indigenis, tum in agris cultis, locis suis dispositis, additis generum
characteristicis, specierum descriptionibus et virium epitome. In Qua Praeter Multas Stirpes et Observations Curiosas (Partim
Insertas; Muscorum Historia Negligenter Hactemus et Perfunctory Tradita Plurimum Illustrator et Augetur, Additis et Descriptis Centis
circiter Speciebus Totidemq; Fucorum atque etiam Fungorum) Novis et Indictis, 2nd ed.; Impensis Sam. Smith & B. Walford: London,
UK, 1696; PP- 1-346. Available online:
https://books.google.pl/books?id=8L09PQAACAA]&printsec=frontcover&hl=pl&source=gbs_ge_summary_r&cad=0#v=onepa
ge&q&f=false (accessed on 25 November 2021).

24. Morison, R. Plantarum Historiae Universalis Oxoniensis Pars Tertia seu Herbarum Distribution Nova, per Tabulas Cognationis et
Affinitatis ex Libro Naturae Observata et Detecta; E Theatro Sheldoniano: Oxford, UK, 1699; pp. 1-657. Available online:
https://bibdigital.rjb.csic.es/viewer/14345/?offset=# page=844&viewer=picture&o=bookmark&n=0&q=  (accessed on 25
November 2021).

25. Dillenius, J.J. Historia Muscorum in qua Circiter Sexcentae Species Veteres et Novae ad sua Genera Relatae Describuntur et Iconibus
Genuinis Illustrantur: Cum Appendice et Indice Synonymorum; E Theatro Sheldoniano: Oxford, UK, 1741; pp. 1-576. Available
online: https://www.biodiversitylibrary.org/bibliography/72104. (accessed on 25 November 2021).

26. Hodgetts, N.G.; Soderstrom, L.; Blockeel, T.L.; Caspari, S.; Ignatov, M.S.; Konstantinova, N.A.; Lockhart, H.; Papp, B.; Schrock,

C.; Sim-Sim, M.; et al. An annotated checklist of bryophytes in Europe, Macaronesia and Cyprus. . Bryol. 2020, 42, 1-116.



Plants 2021, 10, 2823 14 of 15

27.
28.
29.
30.

31.
32.

33.

34.
35.

36.

37.

38.
39.
40.
41.
42.
43.

44.
45.

46.
47.

48.

49.

50.

51.

52.

53.
54.
55.

56.
57.

58.

https://doi.org/10.1080/03736687.2019.1694329.

Hodgetts, N.; Lockhart, N. Checklist and country status of European bryophytes —Update 2020. Ir. Wildl. Man. 2020, 123, 1-214.
Frisvoll, A.A. On the identity of Tetraplodon balticus and Splachnum pensylvanicum. Lindbergia 1978, 4, 247-253.

Frisvoll, A.A.; Koppe, F. A second European collection of Splachnum pensylvanicum (Musci). Lindbergia 1981, 7, 141-142.
Abolina, A. Latvijas entomofilas siinas [Entomophilous bryophytes of Latvia]. In MeZa Nozares Augstakas Izglitibas 75. Gadu
Jubilejai Veltitas Zinatniski Praktiskas Konferences Materiali [Forest Science. Proceedings of Scientific— Practical Conference Dedicated to
the 75th Anniversary of the High Education in the Forest Section]; Mangalis, 1., Ed.; Latvijas Lauksaimniecibas Universitate, MeZza
Fakultate: Jelgava, Latvia, 1995; pp. 116-121.

Abolina, A. Latvijas stinu saraksts [List of bryophytes of Latvia]. Latv. Vegetdcija 2001, 3, 47-87.

Bambe, B. Jaunu un retu briofitu atradnes Latvija [New and rare bryophyte species in Latvia]. In Retie Augi [Rare Plants]; Vimba,
E., Ed.; Botanical Society of Latvia: Riga, Latvia, 2002; pp. 113-124.

Abolina, A.; Piterans, A.; Bambe, B. Latvijas Kérpji un Sinas. Taksonu Saraksts [Lichens and Bryophytes in Latvia. Checklist];
Daugavpils Universitates Akadémiskais Apgads «Saule»: Daugavpils, Latvia, 2015; pp. 1-213. ISBN 978-9984-14-735-2.

Liith, M. Mosses of Europe. A photographic Flora; Privately Published: Freiburg, Germany, 2019; Volume 2, pp. 329-840.

Baskyté, R.; Bezaras, V.; Kavaliauskas, P.; Klimavicius, A.; Rascius, G. Lietuvos Saugomos Teritorijos [Protected Areas in Lithuania];
Leidykla “Lututé”: Kaunas, Lithuania, 2006; pp. 1-331.

Baskyté, R.; Rascius, G.; Kavaliauskas, P.; Tukaciauskas, T. Lietuvos Saugomos Teritorijos. Informacinis Leidinys [Protected Area in
Lithuania. Book of Reference]; Leidykla “Lututé”: Kaunas, Lithuania, 2019; pp. 1-326.

Reimers, H.; Hueck, K. Vegetationsstudien auf lithauischen und ostpreussischen Hochmooren. In Beitrige zur Natur- und
Kulturgeschichte Lithauens and Angrenzender Gebiete; Stechow, E. Ed.; Miinche, Verlag der Bayerischen Akademie der
WSissenschaften in Kommission des Verlags R. Oldenbourg Miinchen: Miinchen, Germany, 1929; Volume 10, pp. 409-494.
Brundza, K, Ed. Kamanos. Hidrografija, Stratigrafija ir Augalija [Kamanos. Hydrography, Stratigraphy and Vegetation; Zemés Ukio
Akademijos Metrastis: Kaunas, Lithuania, 1937; pp. 1-269.

Brundza, K., Ed. Kamanos. Geologiskai Botaniska Studija [Kamanos. Geologisch-Botanische Studie Eines Nordlitauischen Hochmoores;
Zemés Ukio Akademijos Metrastis: Kaunas, Lithuania, 1936; Volume 10, pp. 1-412.

Grout, A J. Bryological notes. Bryologist 1906, 9, 42—46. https://doi.org/10.2307/3238300.

Hagen, 1. A study of Tetraplodon australis. Bryologist 1906, 9, 92-94. https://doi.org/10.2307/3238151.

Warnstorf, C. Tetraplodon balticus Warnst. n. sp. Schrift. Konigl. Physik. Okon. Ges.Konigsberg 1913, 53, 264-265.

Sayre, G. Splachnaceae. In Moss Flora of North America North of Mexico; Part 2; Grout, A.]., Ed.; Privately Published: Newfane,
VT, USA, 1935; Volume 2, pp. 89-102.

Crum, H. The relationships of Tetraplodon pennsylvanicus. Bryologist 1966, 69, 205-207. https://doi.org/10.2307/3240513.

Liith, M.; Goffinet, B. Splachnum pensylvanicum (Splachnaceae) is recorded from the Southern Hemisphere. Bryologist 2005, 108,
415-419. https://doi.org/10.1639/0007-2745.

Bagnell, B.A.; Clayden, S.R. Splachnum pennsylvanicum in Canada. Bryologist 1993, 96, 216-218. https://doi.org/10.2307/3243804.
Gross, H. Ostpreuens Moore Mit Besonderer Beriicksichtigung Threr Vegetation. Allgemeine Ubersicht. Schrift. Konigl. Physik.-
Okon. Ges.Konigsberg 1913, 53, 183-264.

Lehrkamp, H.; Haller, J.; Schulze, H. Moorkundliche Untersuchungen im Grofien Moosbruch Bolschoje Mochowoje Boloto) in
der Kaliningradskaja Oblast, Russische Foderation. TELMA 2006, 36, 53-70. https://doi.org/10.23689/fidgeo-3043.

Ignatov, M.S.; Ignatova, E.A. Order splachnales ochyra. In Moss Flora of Russia; Bartramiales—Aulacomniales, Ignatov, M.S., Ed.;
KMK Scientific Press Ltd.: Moscow, Russia, 2018; Volume 4, pp. 196-246. (in Russian)

Crum, H.A.; Anderson, L.E. Mosses of Eastern North America; Columbia University Press: New York, NY, USA, 1981; Volume 1,
pp. 1-663.

Baisheva, E.; Ignatov, M.; Konstantinova, N.; Maslovsky, O.; Sabovljevic, M.; Stefanut, S. Splachnum Pensylvanicum. The Iucn
Red List of Threatened Species, 2019, e.T87569791A87761089. Available online:
https://www.iucnredlist.org/species/87569791/87761089 (accessed on 30 November 2021).

Hodgetts, N.; Calix, M.; Englefield, E.; Fettes, N.; Garcia Criado, M.; Patin, L.; Nieto, A.; Bergamini, A.; Bisang, I.; Baisheva, E.;
et al. A Miniature World in Decline. European Red List of Mosses, Liverworts and Hornoworts; IUCN: Brussels, Belgium, 2019; pp. 1-
87. https://doi.org/10.2305/ITUCN.CH.2019.ERL.2.en.

Marino, P.C. The North American distributions of the circumboreal species of Splachnum and Tetraplodon. Bryologist 1988, 91,
161-166. https://doi.org/10.2307/3243213.

Churchill, S.P.; Salazar Allen, N. Mosses. In Guide to the Bryophytes of Tropical America; Gradstein, S.R., Churchill, S.P., Salazar
Allen, N., Eds.; The New York Botanical Garden Press: New York, NY, USA, 2001; pp. 240-571.

Frahm, J.-P. Nordamerikanische Moosarten in Europa. Arch. Bryol. 2013, 160, 1-10.

Sharp, A.J. Southern Appalachian bryophytes in Europe. Bryologist 1941, 44, 65-68. https://doi.org/10.2307/3239357.

Blockeel, T.L.; Abay, G.; Cetin, B.; Bednarek-Ochyra, H.; Ochyra, R.; Lewis Smith, R.I.; Matteri, C.M.; Farias, RM.; Novotny, L;
Rao, P; et al. New national and regional bryophyte records, 7. ] Bryol. 2003, 25 ~ 141-144.
https://doi.org/10.1179/03736680325001832.

Blockeel, T.L.; Enroth, J.; Ertz, D.; Hedderson, T.A ].; Holz, I; Jafari, M.; Kiirschner, H.; Lara, F.; Mazimpaka, V.; Medina, R.; et
al. New national and regional bryophyte records, 14. J. Bryol. 2006, 28, 271-275. https://doi.org/10.1179/174328206X157195.



Plants 2021, 10, 2823 15 of 15

59.

60.

61.

62.

63.

64.

65.

66.

67.

Jukonieng, I. Lietuvos Kiminai ir Zaliosios Samanos [Mosses of Lithuania); Botanikos Instituto Leidykla: Vilnius, Lithuania, 2003; pp.
1-402. (in Lithuanian).

Ellis, L.T.; Asthana, A.K,; Srivastava, A.; Bakalin, V.A.; Bednarek-Ochyra, H.; Cano, M.].; Jiménez, ].A.; Alonso, M.; Deme, J.;
Csiky, ], et al. New national and regional bryophyte records, 43. J. Bryol. 2015, 37, 128-146.
https://doi.org/10.1179/1743282015Y.0000000003.

Ellis, L.T.; Aleffi, M.; Alegro, A.; Segota, V.; Asthana, A.K,; Gupta, R.; Singh, V.J.; Bakalin, V.A.; Bednarek-Ochyra, H.; Cykowska-
Marzencka, B.; et al. New national and regional bryophyte records, 48. ]. Bryol. 2016, 38, 235-239.
https://doi.org/10.1080/03736687.2016.1206685.

Ellis, L.T.; Afonina, O.M.; Andriamiarisoa, R.L.; Bednarek-Ochyra, H.; Cykowska-Marzencka, B.; Stryjak-Bogacka, M.; Bell, N.E.;
Boiko, M.; Callaghan, D.A.; Campisi, P.; et al. New national and regional bryophyte records, 53. J. Bryol. 2017, 39, 368-387.
https://doi.org/10.1080/03736687.2017.1384204.

Jukoniené, I.; Subkaité, M. Bryophytes and their distribution pattern in the Nagliai Strict Nature Reserve (Curonian Spit,
Lithuania). Herzogia 2017, 30, 16-35. https://doi.org/10.13158/heia.30.1.2017.16.

Ellis, L.T.; Afonina, O.M.; Doroshina, G.Y.; Agudelo, C.; Andriamiarisoa, R.L.; Asthana, A.K; Gupta, D.; Rawat, K.K,; Sahu, V.;
Aymerich, P.; et al. New national and regional bryophyte records, 58. ]. Bryol. 2019, 41, 63-84.
https://doi.org/10.1080/03736687.2018.1559636.

Ellis, L.T.; Afonina, O.M.; Czernyadjeva, 1.V.; Ivchenko, T.G.; Kholod, S.S.; Kotkova, V.M.; Kuzmina, E.Y.; Potemkin, A.D,;
Sergeeva, Y.M.; Asthana, AK,; et al. New national and regional bryophyte records, 61. ]. Bryol. 2019, 41, 364-384.
https://doi.org/10.1080/03736687.2019.1673601.

Ellis, L.T.; Alikhadzhiev, M.K.; Erzhapova, R.S.; Blom, H.H.; Bednarek-Ochyra, H.; Burghardt, M.; Cano, M.].; Czernyadjeva,
LV, Kuzmina, E.Y.; Potemkin, A.D.; et al. New national and regional bryophyte records, 64. |. Bryol. 2020, 42, 393-412.
https://doi.org/10.1080/03736687.2020.1831289.

Ellis, L.T.; Alatas, M.; Alvaro Alba, WR,; Charry Giraldo, A.M.; Amatov, V.; Batan, N.; Becerra Infante, D.A.; Burghardt, M.;
Czernyadjeva, 1.V.; Kuzmina, E.Y.; et al. New national and regional bryophyte records, 67. . Bryol. 2021, 43, 301-311.
https://doi.org/10.1080/03736687.2021.1977517.



