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Anthoceros tristanianus J.C.Villarreal, J.J.Engel & Vana
in Vana & Engel (Anthocerotaceae, Anthocerotophyta)
a new record for South America from

the Colombian bryophyte flora
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ABSTRACT

Anthoceros tristanianus ].C.Villarreal, J.J.Engel & Vinia is reported here for the first time in South
America from the Colombian flora, increasing the number of Anzhoceros Linnaeus species recognized
in that country to five. We present a taxonomic description, diagnostic characters, information
concerning the ecology and geographic distribution of the species, as well as brief comparisons with
morphologically similar taxa.

RESUME

Anthoceros tristanianus /. C. Villarreal, ].J. Engel ¢& Visia in Vidiia & Engel (Anthocerotaceae, Anthoce-
rotophyta) récolté en Colombie, un signalement nouveau pour I’Amérique du Sud.

Anthoceros tristanianus ].C.Villarreal, ].J.Engel & Vdna, récolté en Colombie, est une addition a la
flore des Antocérotes d’Amérique du Sud. Une description taxonomique, les caracteres diagnostiques
et des données sur I'écologie et la distribution géographique de cette espéce sont présentés. A. trista-
nianus est bri¢vement comparé aux taxons semblables.
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INTRODUCTION

Bryophytes are the second largest group of land plants, and
comprise three distinct phyla: Marchantiophyta (liverworts),
Bryophyta (mosses), and Anthocerotophyta (hornworts),
which correspond to a total of approximately 25 000 species.
Bryophytes are poikilohydric plants with the ability to toler-
ate desiccation and withstand wide ranges of temperatures,
facilitating their colonization of many different environ-
ments (Gradstein ez 2/ 2001; Goffinet & Shaw 2009; Glime
2013). Another important characteristic of bryophytes is
their high capacity for dispersal, which is reflected in their
broad and disjunct geographic distribution patterns (Shaw
2001; Patino & Vanderpoorten 2018). Dispersal is facili-
tated by their small sexual (spores produced by sporophytes
after fertilization) and asexual (such as gemmae and cadu-
cous propagules) diaspores (Longton 2006; Crawford ez al.
2009; Kiirschner & Frey 2013), which take advantage of
wind as their main disperser (Zanatta et al. 2016; Patifo &
Vanderpoorten 2018).

The phylum Anthocerotophyta is divided into five
families, 12 genera, and 200 to 250 species distributed
throughout the world (Duff ez a/. 2007; Villarreal ez al.
2014; Soderstrom ez al. 2016). Their spores vary from
18 um in diameter in Leiosporoceros Hissel, to up to
¢.100 pm in the mulcicellular spores of Dendroceros Ness
(Renzaglia er al. 2009; Villarreal er al. 2015). The genus
Anthoceros Linnaeus (1753: 1139) includes 14 species
in the Americas, which are most frequently reported
in countries in the northern and central regions of that
continent (Stotler & Crandall-Stotler 2010; Ibarra-
Morales er al. 2015). Only three species are currently
known from Columbia: Anthoceros granulatus Gottsche,
Anthoceros lamellatus Steph., and Anthoceros punctatus L.
(Gradstein & Uribe 2016). The distribution patterns of
those species and the true diversity of the genus are not
well known there, and the lack of complete records gen-
erates large gaps in our knowledge about the genus, and
hornworts in general. The present study presents a new
record of Anthoceros tristanianus J.C.Villarreal, J.J.Engel
& Vifia in Vinia & Engel for Colombia, as well as for
South America, and expands both its geographical and
altitudinal distribution.

MATERIAL AND METHODS

The present study analyzed specimens collected by the
first author in the municipality of Guicdn department of
Boyacd, Colombia, at 3920 m a.s.l. The specimens were
examined using both light (LM) and scanning electron
microscopy (SEM). Images were made using a Zeiss Axio
Lab Al light microscope equipped with an Axion Erc5
digital camera, or a FEG — Quanta 200 FEI Scanning
Electron Microscope, housed at the Microscopy Center
of the Federal University of Minas Gerais, Brazil.
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RESULTS

Anthoceros tristanianus ].C.Villarreal, J.J. Engel & Viiia
(Fig. 1)

In Memoirs of the New York Botanical Garden, Vinia & Engel
105: 33 (2013).

TYPE. — Tristan Da Cunha. Along small stream W. of the Settle-
ment of Edinburgh, in open grassland, 30 m, Gremmen 2005-17028
(holo-, herb. J. Vdna; see note below).

SPECIMENS STUDIED. — Colombia. Boyacd, Muncipio de Gui-
can, Vereda San Antonio de la Cueva, Sendero Lagunillas-Pulpi-
to, 11.VIIL.2017. Roadside over exposed area on soil and rock,
6°23’50.53”N, 72°21°42.18"W, 3920 m a.s.l. collected by G.E
Pefialoza-Bojacd, D. Sanin, M. Sundeu, W. Texto & B. Moncada 915,
926, 927, 928, 930 (COL, BHCB [198757: GFPB927, 198758:
GFPB915)).

DESCRIPTION

Plants

Thallus dark green; 13.1-17 mm long and 3-6.2 mm wide;
margins lobulated, dorsal lamellae absent. Schizogenous cavities
scarce; transverse section of thallus 40-300 x 60-590 pm. One
chloroplast per cell, without a pyrenoid; rhizoids hyaline to
brownish. Monoicous. Androecia scattered over dorsal surface;
antheridial chamber 0.34-0.46 mm in diameter; 3-8 antheridia
pet chamber (Fig. 1B); spherical; brownish; antheridial length
107.5-140 pm and jacket cells regularly arranged into four
tiers. Involucre 2.2-6.8 mm long; lamellae absent (Fig. 1A).
Sporophytes 1-3 per gametophyte. Capsule 2.2-35 mm long;
dehiscent by two longitudinal valves; epidermal cells of cap-
sule elongate; 7.5-17.5 x 52.5-132.5 pm, with thin to slightly
thickened-walls; stomata abundant (Fig. 1C); assimilative tis-
sue 3-6 cells thick in transverse section. Columella rigid and
brownish with 16 cells in cross section. Pseudoelaters brownish
to blackish at maturity; 1-4 cells; 47.5-137.7 pm long (n =
36 pseudoelaters measured from seven sporophytes). Spores
dark brown to blackish at maturity; 40-75 pum in diameter
(n = 112 spores from seven sporophytes; proximal surface with
a distinct trilete mark; triangular areas with a central wart;
ornamentation of scattered single papillae; up to 1 pm high
(Fig. 1D); distal surface with spines single, bifid, or conflu-
ent; 1-4 um long (Fig. 1E).

DISTRIBUTION AND ECOLOGY

This species was recently described from Tristan da Cunha in
the South Atlantic, at approximately 30 m a.s.l. (Vaia & Engel
2013); it was subsequently reported in coniferous forests in
two Mexican states, at above 2800 m (Ibarra-Morales ez a/.
2015). We report this species for Colombia in the Depart-
ment of Boyacd, Guican Municipality, in an area of pdramo
vegetation, near streams, above 3920 m (Fig. 1F).

AFFINITIES AND DIFFERENTIATION

Currently only two species of the genus Anthoceros have
been recorded with central warts in the triangular areas of
the proximal spore surface. One of them is Anthoceros tuber-
culatus, Lehmann & Lindenberg (1838: 25), dioicous, chlo-
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Atlantic Ocean

BRAZIL
Pacific Ocean

2200 km

Fig. 1. — Anthoceros tristanianus J.C.Villarreal, J.J.Engel & Vana in Vana & Engel: A, Involucre; B, Antheridial chamber; C, Stoma on capsule wall; D, Spore,
proximal surface; E, Spore, distal surface; F, Global distribution, Red circles indicate where the species has been reported. Scales bars: A, 1 mm; B, 35 pm;
C, 40 pm; D, E, 10 pm.
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TaBLE 1. — Comparisons between the morphological characters of Anthoceros Linnaeus species reported for Colombia (Stephani 1917; Howe 1934; Hassel de
Menéndez 1990; Ibarra-Morales et al. 2015; Gradstein 2018) and Anthoceros tristanianus J.C.Villarreal, J.J.Engel & Vana.

A. lamellatus

A. tuberculatus A. granulatus

Species A. tristanianus Stephani A. punctatus L. Howe Gottsche
Sexual system Monoicous Monoicous Monoicous Dioicous Monoicous
Thallus size 13.1-17 mm long and 8-21 mmlongand 5-15 mm long and 3-14 mm- -
3-6.2 mm wide 3-16 mm wide wide
Thallus Margins lobulated Margins crenulate Margins irregularly Margins lobulated Margins irregularly
morphology crenulate crenulate
Dorsal lamellae  Absent abundant abundant abundant Abundant on the
margin
Epidermal plastid One One One One -
number
Pyrenoid Absent Present Present Present -
Capsule 2.2-35 mm long 40-50 mm long 12-30 mm long 5.5- 80 mm long 40 mm long
Spore size (um)  40-75 33-39 33-50 26-40 45
Proximal spore With a distinct trilete Distinct trilete mark Distinct trilete mark with Distinct trilete mark  Trilete mark
surface mark, triangular areas with a well-defined  a well-defined ridge, with a well-defined  reduced or
with a central wart, ridge, triangular triangular areas foveolate ridge, triangular indistinct
ornamentation of areas smooth or and covered by small areas with a central
scattered single papillae with few verrucae verrucae wart
Distal spore Numerous bifid or confluent Scattered bifid spinesbifid spines or tubercles Bifid spines or Blunt papillae
surface spines tubercles

roplast with a central pyrenoid, spores smaller than 35 pm,
and irregular crests or lamellae on the distal spore surface;
the other is A. tristanianus, monoicous, chloroplast with no
pyrenoid, spores 50-66 pm in diameter, and spines on the
distal surface (Hissel de Menéndez 1990; Viiia & Engel 2013;
Ibarra-Morales ez al. 2015).

NOTE

Currently the Herbarium collections at the Charles Univer-
sity in Prague (PRC) has the largest collection of specimens
(¢. 40000) studied by professor J. Vdfia (https://botany.natur.
cuni.cz/cevnate/prc/bryo.php).

DISCUSSION

The spores found in our specimens agree with the description
of A. tristanianus: distal surface with numerous solitary spines
and proximal surface with a distinct trilete mark, triangular
areas with a central wart, and ornamentation of scattered, sin-
gle papillae (Hissel de Menéndez 1990; Ibarra-Morales ez al.
2015). Those spore characters are also found in specimens
from Mexico and Tristan da Cunha. We highlight the sizes
of the spores, which reach a maximum diameter of 66 pm in
Mexico and Tristan da Cunha, and 75 pm in the Colombian
Paramo specimens.

Ibarra-Morales ez al. (2015) described three different horn-
wort morphotypes among the A. tristanianus specimens
found in Mexico. The authors proposed that gametophytic
and sporophytic traits varied among the morphotypes due
to microhabitat conditions. Our specimens are similar to
morphotype 1 recorded in Mexico, sharing traits such as a
lobed margin, dorsal lamellae absent, up to nine antheridia
per chamber, and capsule 35 mm long. Additionally, Colom-
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bian specimens show the same variations in capsule length
(¢. 12 mm) reported for plants from Tristan da Cunha.

In comparison with other species published for Colom-
bia (Anthoceros lamellatus Stephani, Anthoceros puncratus
L., Anthoceros tuberculatus Howe, and Anthoceros granulatus
Gottsche; Table 1; Gradstein e# 2/ 2016; Gradstein & Uribe
2016; Gradstein 2018), A. tristanianus can be differentiated
by the size of its spores, the absence of dorsal lamellae, and
the lack of a pyrenoid in the chloroplast.

Anthoceros tristanianus was first recorded on the island
of Tristan da Cunha, and later on the American continent
(Mexico, and now Colombia), suggesting a high capacity for
long distance dispersal. That does not, however, eliminate the
possibility of a relictual distribution, where widely distributed
plants suffered later reductions in their original populations
(including extinctions) during the Tertiary period, generating
a disjunct distribution (Schofield & Crum 1972; Milne &
Abbott 2002).

This new record increases the likelihood that this species
has a wider distribution range in other South and Central
American countries, such as Costa Rica (Villarreal J.C., pers.
comm.). Anthoceros agrestis Paton and Anthoceros puncratus
are other hornwort species having broad distributions as
they are known from the American, European, Asian, and
Oceania continents. That wide distribution range may be
related to dispersal capacity linked to activities of humans,
birds, and wind (Bisang 1992; Mufioz e al. 2004; Zanatta
et al. 2016; Patino & Vanderpoorten 2018). Small spores
(i.e < 25 pm) should have an important role in the long-
distance dispersal and shaping distribution of bryophyte
species (Mufoz er al. 2004; Zanatta et al. 2016; Patifio &
Vanderpoorten 2018). Additionally, ornamented diaspores
of bryophytes (i.e. with papillae and spines) may be easily
attached and transported in the plumage of birds, mammal
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hair, and also humans (Heinken ez 2/. 2001; Lewis ez al.
2014; Patifio & Vanderpoorten 2018).

Morphological variations recorded in A. tristanianus may
be related to its inherent ability to tolerate different environ-
ments — reflecting the spatially structured polymorphism often
observed in bryophyte and fern species showing long-distance
dispersal (Patifio ez al. 2014; Patifio & Vanderpoorten 2018).
The evolution of specialized races, or genetic specialization,
is possibly less important, however, than physiological and
morphological plasticity (Schneller & Liebst 2007; Patifio
et al. 2014) in A. tristanianus.
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