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Abstract
The new liverwort species Chiastocaulon raetzelii is described from New Caledonia. Chiastocaulon raetzelii is characterized by very fragile, caducous leaves, stems therefore often becoming completely denuded of leaves; only bract leaves of
the androecia are permanent and often the only ones remaining on the stem. Plants are minute with leafy shoots to 1 mm
wide. Leaves on leafy shoots are arranged in opposing pairs, they are obovate-truncate to spathulate, with 3–7 teeth per leaf,
teeth are filiform, consisting of long rectangular cells, and occupy about 1/3 to 1/4 of the entire leaf length. The species is
compared to C. oppositum and C. geminifolium, which are the most similar morphologically.
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Introduction
The genus Chiastocaulon Carl (1931: 58) was originally established to accommodate C. dendroides (Nees 1830:
77) Carl (1931: 59), a species with alternating leaves first described as Plagiochila that produced ventral-intercalary
branches within leafy shoot sectors. Phylogenetic analyses of the Plagiochilaceae by Patzak et al. (2016) prompted
a broader circumscription of Chiastocaulon incorporating species previously attributed to Acrochila Schuster (1963:
285) and Plagiochilion Hattori (1947: 7). All of the members of the genus Chiastocaulon in this new, broadened
sense are plagiochiloid species which frequently or exclusively produce ventral-intercalary vegetative branches.
The genus Plagiochilion was proposed by Hattori (1947) for species of Plagiochila possessing leaves in opposing
pairs, previously placed in Plagiochila sect. Oppositae Schiffner (1900: 106). Inoue (1964), in his monograph of
Plagiochilion recognised 11 species worldwide. One of these, the SE Asian and Australasian Chiastocaulon oppositum
(Reinwardt et al. 1824: 236) Patzak et al. (2016: 492) was characterized by Inoue (1964) [as Plagiochilion oppositum
(Reinwardt et al 1824: 236) Hattori (1947: 7)] as an extremely variable species to which he synonymized several
names, e. g. Plagiochila geminifolia Mitten (1871: 408) and P. samoana Stephani (1910: 197). Broadly, C. oppositum
is circumscribed by its monomorphic leafy shoots, more or less rotund leaves in opposing pairs, toothed leaf margin,
and plane perianth mouth (Renner et al. 2016). Whether Chiastocaulon oppositum is indeed a widespread variable
species or is a complex of two or more morphologically diagnosable species was a question addressed by the study
of Renner et al. (2016). The authors recognized at least two species, C. oppositum and C. geminifolium (Mitten 1871:
408) Renner (2016: 382) in Renner et al. (2016) within what was previously known as C. oppositum. The latter species,
originally synonymized with Plagichilion oppositum (=Chiastocaulon oppositum) by Inoue (1964) was reinstated as
morphologically and genetically distinct from C. oppositum.
So far, in New Caledonia, the genus Chiastocaulon includes C. dendroides (Nees 1830: 77) Carl (1931: 59), C.
caledonicum (Stephani 1908: 32) Patzak et al. (2016: 491) (with the type locality in New Caledonia), C. braunianum
(Nees 1830: 80) Patzak et al. (2016: 491), C. theriotianum (Stephani 1924: 228) Patzak et al. (2016: 492) (with the
type locality in New Caledonia) and C. oppositum (Thouvenot et al. 2011).
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In New Caledonia we have found a very slender Chiastocaulon species with opposite leaves extremely caducous
which neither belongs to C. oppositum nor to C. geminifolium and is hereby described as a new species of the C.
oppositum complex.

The new species
Chiastocaulon raetzelii Frank Müll., sp. nov. Figs. 1–2
Diagnosis: The species is characterized by very fragile, caducous leaves; on most parts of stem, leaves have fallen off; persisting only
on basal parts of stem; bract leaves of androecia are permanent and often the only ones remaining on the stem. Plants minute, leafy
shoots to 1 mm wide, stem diameter 85–170 µm, leaves 0.5–0.9 mm long, 0.3–0.8 mm wide. Leaves on leafy shoots in opposing
pairs, obovate-truncate to spathulate, teeth 3–7 per leaf, filiform, with long rectangular cells, teeth occupying about 1/3 to 1/4 the
entire leaf length. Both antical (dorsal) and postical (ventral) margin of leaves are straight to shallowly arched towards base, the
postical margin reaching ventral stem midline. Cortical stem cells light brown. Antheridial bracts in 6–10 pairs.
Holotype:—NEW CALEDONIA. South Province, Nouméa 45 km N, Mont Humboldt, ascend from the south to the mountain hut below
the summit, epiphytic in mossy forest, ca. 1200 m, 21°54’S, 166°24’E, 30 August 2003, F.Müller NC811 (DR).

Description: Plants with shoots weakly differentiated into a creeping or erect leafy sector and a creeping stolon,
both sections irregularly and frequently branched, stolons bearing reduced leaves; plants forming loose, diffuse
turfs, yellowish brown; leafy shoots erect-ascending, up to 25 mm long and 1 mm wide, monomorphic, flagellae
absent. Branching exclusively ventral-intercalary, with or without a subsidiary ventral-intercalary branch producing
a positively geotropic stolon at the base of the primary. Stems reddish-brown to brown, 85–170 µm diameter, surface
smooth, in cross section transversely elliptic, cortical layer 1 or 2 cell tiers deep, cortical cells slightly smaller than the
medullar, with heavily thickened and light brown walls that constrict the cell lumen, walls evenly thickened, medulla
3–4 cells high, number of medullar cells 9–15, lumen clearly wider than in cortical cells, the cell walls less thickened,
only cell corners more thickened. Rhizoids mainly on the stolons, arising in loose fascicles from the base of the leaves,
also scattered on ventral and lateral stem surfaces. Leaves extremely caducous; on most parts of the stems, usually
remaining only on basal part of stems, otherwise male bracts more persistent, all surrounding vegetative leaves absent.
Leaves on leafy shoots in opposing pairs, remote to contiguous, transversely orientated and widely spreading; leaves
obovate-truncate to spathulate, 0.5–0.9 mm long, 0.3–0.8 mm wide, usually as wide as long or indistinctly longer
than wide; on dorsal side leaves standing close together or more often dorsal leaf bases connate dorsally, antical
(dorsal) margin straight to shallowly arched, very slightly decurrent, postical (ventral) margin straight to gently arched
towards base, oriented parallel to the stem, attaining the dorsal stem midline; apex truncate to spathulate, not lobed,
apical margins and partly ventral margins with 3–7 very prominent filiform teeth, dorsal margins in general entire,
seldom with one tooth, teeth to 320 µm long, at base 2–6 cells wide, the longer teeth with uniseriate tip of 3–6 cells,
these cells long rectangular, 24–56 µm long, 10–21 µm wide, filiform teeth occupying 1/3 to 1/4 the leaf length;
cells of leaf margin quadrate to rectangular, mostly wider than long, 13–23 µm long, 18–30 µm wide, walls evenly
thickened; cells in mid-leaf variably sized and shaped, subquadrate to elliptic, 25–38 µm long, 19–28 µm wide, cell
walls evenly thickened with indistinct to distinct bulging trigones; cells in leaf base longer, quadrate to rectangular,
unequally sized, 32–50 µm long, 15–32 µm wide, arranged in loose tiers, with coarse cordate to bulging trigones and
less thickened intermediate walls, grading into surrounding mid-leaf cells; cell surfaces smooth and unornamented.
Oil-bodies unknown. Underleaves lacking. Dioicous. Androecia spike-like, solitary, intercalary on shoots that continue
vegetative growth, male bracts closely imbricate, toothed like vegetative leaves, saccate, in 6–10 pairs. Gynoecia not
seen. Sporophytes not seen.
Additional material seen (paratypes): NEW CALEDONIA. South Province, Dumbéa, along the hiking trail from
Auberge du Mont Koghi to Mont Bouo, epiphytic in montane rainforest, ca. 800 m, 22°10’S, 166°31’E, 09 September
2001, F. Müller NC97 (DR); Païta, summit of Mt Mou, 1219 m, amongst bryophytes on twig in dwarf cloud forest, 17
September 2016, Thouvenot NC1975 (Thouvenot private herbarium).
Etymology: The species is named in honour of Stefan Rätzel, an enthusiastic German botanist, specialist of a
wide range of plant groups. He accompanied the senior author on his second visit to New Caledonia and pointed out
in the field some easily overlooked bryophytes.
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FIGURE 1. Chiastocaulon raetzelii. A–B. Habit of male plants. C. Habit of male plants with defoliated vegetative parts. D. Plants with
persistant vegetative leaves only on basal parts. E–F, I. Shoots in dorsal view. G–H. Shoots in ventral view. A–C, E–H from the holotype,
D, I from Müller NC97.
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FIGURE 2. Chiastocaulon raetzelii. A. Shoot portion, dorsal view. B–C. Shoot portion, ventral view. D–L. Leaves. M. Androecium. N.
Marginal cells of leaf. O. Cells in upper part of leaf. P. Median cells of leaf. Q. Basal cells of leaf. R. Ventral intercalary branching. S–T.
Upper part of male shoots lacking caducous vegetative leaves below androecia. U. Transverse section of stem. V. Marginal teeth of leaf.
A–E, H–N, P, R–V from the holotype. F–G, O, Q from Müller NC97.
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Distribution and ecology: Known only from New Caledonia, reportedly limited to the South Province, where it
was found in montane rainforests on ultrabasic substrates at elevations from 800 to 1200 m. On Mont Humboldt it was
found growing together with Dicnemon cuspidatum Bescherelle (1873: 191), Drepanolejeunea sp., Heteroscyphus sp.,
Bazzania francana (Stephani 1924: 463) Kitagawa (1972: 446), and Radula amentulosa Mitten (1861: 367), on Mont
Bouo with Pleurozia articulata (Lindberg 1869: 78) Lindberg & Lackström (1874: 5) and Heteroscyphus aselliformis
(Reinwardt et al. 1824: 412) Schiffner (1910: 172), and on Mont Mou it was growing mixed with Solenostoma hirticalyx
(Stephani 1924: 87) Schuster ex Váňa et al. (2010: 137), Metalejeunea cucullata (Reinwardt et al. 1824: 227) Grolle
(1995: 100), Frullania chevalieri (Schuster 1970: 289) Schuster (1992: 34) and others.

Discussion
The new species belongs to the species complex of C. oppositum and is morphologically similar to C. oppositum and
C. geminifolium. Differences from C. oppositum and C. geminifolium are summarized in Table 1.
TABLE 1. Differences of Chiastocaulon raetzelii, C. oppositum and C. geminifolium.
asexual reproduction
leafy shoot width
stem diameter
number of medullary cells in stem cross
section
colour of cortical cells in stem cross
section
leaf shape
length and width of leaves
number of teeth per leaf
length of teeth in relation to total leaf
length
cell shape of filiform teeth
postical margin (ventral) of leaves at
insertion
antical margin (dorsal) of leaves at
insertion
number of pairs of antheridial bracts

C. raetzelii
by caducous leaves
< 1 mm
85–170 µm
8–15

C. oppositum
absent
1–2 mm
150–350 µm
> 20

C. geminifolium
absent
0.9–1.8 mm
110–200 µm
ca. 20

light brown

dark red-brown

yellow-brown

obovate-truncate to
spathulate

ovate to subreniform

0.5–0.9 mm long, 0.3–0.8
mm wide
3–6(–7)
1/3–1/4

0.7–1.3 mm long,
0.7–1.3 mm wide
5–13
<1/4

obovate when small to rotund to
broadly transverse-elliptic when
mature
1.1–1.3 mm long,
0.9–1.3 mm wide
10–17
<1/4

long rectangular

isodiametric to short
rectangular
straight to gently arched
curved towards base
towards base
(arcuate)
straight to shallowly curved curved (arcuate)

isodiametric to quadrate

6–10

2–4

8–10

straight towards base
straight to shallowly curved

Chiastocaulon raetzelii differs from both species by its very fragile, caducous leaves, which are assumed to be
asexual reproductive devices. On most parts of the stems, the leaves have fallen off and partly remain only on the basal
parts. Bract leaves of the androecia are permanent and often the only ones remaining on the stem. In C. oppositum
and C. geminifolium such asexual reproduction is lacking (Renner et al. 2016). However, caducous leaves are known
in other Chiastocaulon species, such as C. pachycephalum (De Notaris 1874: 14) Herzog (1950: 286) (Renner &
Worboys 2018).
Further differences are its minuteness, which is seen in the width of the leafy shoots, the leaf dimensions and the
thickness of the stem. Furthermore, C. raetzelii has a different leaf shape, being obovate-truncate to spathulate. The
teeth, which are usually only present in small numbers (3–7), are particularly characteristic, in C. raetzelii they are long
filiform and occupy about 1/3 to 1/4 the entire leaf length; the ciliform end of the teeth is made up of long rectangular
cells.
Further differences from C. oppositum include the postical margin (ventral) of the leaves that are straight to gently
arched towards base and reaching the ventral stem midline, whereas C. oppositum has leaves with postical margin
curved towards base (arcuate) and not attaining the ventral stem midline, leaving one cortical cell row leaf-free. The
cortical stem cells are light brown in C. raetzelii vs. dark red brown in C. oppositum.
Further differences from C. geminifolium are the long rectangular cells of the teeth (vs. isodiametric to quadrate
throughout in C. geminifolium) and the number of antheridial bracts (6–10 pairs vs. 2–4 pairs in C. geminifolium).
Chiastocaulon raetzelii
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Chiastocaulon theriotianus is a much more robust plant (plants 2.5–3.5 mm wide), the leaves are asymmetrically
obovate, the teeth are triangular, and the leaf cells have large, nodulose trigones (Inoue 1964, Renner et al. 2016).
Chiastocaulon pachycephalum shares with C. raetzelii the caducous leaves but differs by the leaves being distinctly
longer than wide, deeply trifid to approximately half-way into acute lobes and leaf cells with bulging trigones (Inoue
1964, Renner & Worboys 2018).
Chiastocaulon oppositum was cited from New Caledonia by Dugas (1928, 1929), based on a specimen collected
by Franc in 1909, and Paris (1910), based on a specimen collected on Me Areinbo by Le Rat 1909. In order to clarify
whether these records are related to C. oppositum s. str. or possibly to C. raetzelii we tried to obtain herbarium material
of these for investigation. We were able to investigate a duplicate of the Le Rat collection deposited in herbarium
L (New Caledonia, Mt. Dzumac, 1425 m, July 1909, Le Rat s. n. [L 0108846]) and could confirm its identity as C.
oppositum s. str.

Acknowledgements
We thank the loans officer of Naturalis (L), Nicolien Sol, for making available a loan of a specimen of Chiastocaulon
oppositum and James R. Shevock for careful reading of the manuscript and correcting the English. We further thank the
editor Chris Cargill and the three reviewers for their constructive comments and their efforts with this manuscript.

References
Bescherelle, É. (1873) Florule bryologique de la Nouvelle-Calédonie. Annales des Sciences Naturelles; Botanique, sér. 5, 18: 184–245.
Carl, H. (1931) Morphologische Studien an Chiastocaulon Carl, einer neuen Lebermoosgattung. Flora 126: 45–60.
https://doi.org/10.1016/S0367-1615(17)31155-2
De Notaris, G. (1874) Epatiche di Borneo raccolte dal dre O. Beccari nel ragiato di Sarawak durante gli anni 1865-66-67. Stamperia
reale di G. P. Paravia, Torino, 86 pp.
Dugas, M. (1928) Contribution à l’étude du genre “Plagiochila” Dum. Thèse, Faculté de Sciences, Université de Paris (ser. A, n. 1170),
199 pp.
Dugas, M. (1929) Contribution à l’étude du genre “Plagiochila” Dum. Annales des sciences naturelles, botanique, ser. 10, 11: 1–199.
Grolle, R. (1995) The Hepaticae and Anthocerotae of the East African islands: an annotated catalogue. Bryophytorum Bibliotheca 48:
1–178.
Hattori, S. (1947) Five new genera of Hepaticae. Biosphaera 1: 3–7.
Herzog, T. (1950) Hepaticae Borneenses (Oxford University Expedition to Sarawak. 1932). With introductory ecological notes by P.W.
Richards. Transactions of the British Bryological Society 1: 275–326.
https://doi.org/10.1179/006813850804878680
Inoue, H. (1964) The genus Plagiochilion. Journal of the Hattori Botanical Laboratory 27: 51–72.
Kitagawa, N. (1972) Notes on little-known species of Hepaticae, 1–25. Journal of the Hattori Botanical Laboratory 36: 444–454.
Lindberg, S.O. (1869) Nya mossor. Öfversigt af Finska Vetenskaps-Societetens Förhandlingar 12 (2): 70–84.
Lindberg, S.O. & Lackström, E.F. (1874) Hepaticae Scandinavicae exsiccata quarum specimina, fasc. 1. 25 pp.
Mitten, W. (1861) Musci et Hepaticae Vitienses. Bonplandia (Hannover) 9: 365–367.
Mitten, W. (1871) Ordo CIX. Jungermanniae. In: Seemann, B.C. (Ed.) Flora Vitiensis. L. Reeve and Co., London, pp. 404–419.
Nees von Esenbeck, C.G.D. (1830) Enumeratio Plantarum Cryptogamicarum Javae et insularum adjacentium etc. Fasciculus prior
Hepaticas complectens. Sumtibus Grassii, Barthii et Soc., Vratislaviae [Breslau], 86 pp.
Paris, E.G. (1910) Hépatiques de Nouvelle-Calédonie (3e art.). Revue bryologique 37: 128–132.
Patzak, S.D., Renner, M.A.M., Schäfer-Verwimp, A., Feldberg, K., Heslewood, M.M., Peralta, D.F., de Souza, A.M., Schneider, H. &
Heinrichs, J. (2016) A phylogeny of Lophocoleaceae-Plagiochilaceae-Brevianthaceae and a revised classification of Plagiochilaceae.
Organisms Diversity Evolution 16 (3): 481–495.
https://doi.org/10.1007/s13127-015-0258-y
Reinwardt, C.G.C., Blume, C.L. & Nees von Esenbeck, C.G. (1824) Hepaticae Iavanicae. Nova Acta Physico-medica Academiae Caesareae
Leopoldino-Carolinae Naturae Curiosorum Exhibentia Ephemerides sive Observationes Historias et Experimenta 12: 183–238.
Renner, M.A.M., Heslewood, M.M., Patzak, S.D.F., Schäfer-Verwimp, A. & Heinrichs, J. (2016) The genera Chiastocaulon,
Cryptoplagiochila and Pedinophyllum (Plagiochilaceae) in Australia. Australian Systematic Botany 29: 358–402.

242 • Phytotaxa 521 (4) © 2021 Magnolia Press

MÜLLER & THOUVENOT

https://doi.org/10.1071/SB16029
Renner, M.A.M. & Worboys, S. (2018) Two additional Chiastocaulon species (Marchatiophyta: Plagiochilaceae) from the Wet Tropics
Bioregion of north-eastern Queensland. Australian Systematic Botany 31: 487–494.
https://doi.org/10.1071/SB18014
Schiffner, V. (1900) Die Hepaticae der Flora von Buitenzorg, Band 1. E. J. Brill, Leiden, 220 pp.
Schiffner, V.F. (1910) Über die Gattungen Chiloscyphus und Heteroscyphus n. gen. Oesterreichische Botanische Zeitschrift 60 (5): 169–
173.
https://doi.org/10.1007/BF01631854
Schuster, R.M. (1963) Studies on antipodal Hepaticae. I. Annotated keys to the genera of antipodal Hepaticae with special reference to
New Zealand and Tasmania. Journal of the Hattori Botanical Laboratory 26: 185–309.
Schuster, R.M. (1970) Studies on Antipodal Hepaticae, III. Jubulopsis Schuster, Neohattoria Kamimura and Amphijubula Schuster.
Journal of the Hattori Botanical Laboratory 33: 266–304.
Schuster, R.M. (1992) The Hepaticae and Anthocerotae of North America. Vol. 5. Columbia University Press, New York, 854 pp.
Stephani, F. (1908) Hépatiques de la Nouvelle-Calédonie et du Tonkin. Revue Bryologique 35: 28–35.
Stephani, F. (1910) II. Hepaticae. In: Rechinger, K. (Ed.) Botanische und zoologische Ergebnisse einer wissenschaftlichen Forschungsreise
nach den Samoainseln, dem Neuguinea-Archipel und den Salomonsinseln. III. Teil. Denkschriften der Kaiserlichen Akademie der
Wissenschaften, Wien. Mathematisch-naturwissenschaftliche Klasse 85: pp. 193–201.
Stephani, F. (1924) Species Hepaticarum, Vol. 6. Georg & Cie, Geneva, 762 pp.
Thouvenot, L., Gradstein, S.R., Hagborg, A., Söderström, L. & Bardat, J. (2011) Checklist of the liverworts and hornworts of New
Caledonia. Cryptogamie, Bryologie, 32: 287–390.
https://doi.org/10.7872/cryb.v32.iss4.2011.287
Váňa, J., Hentschel, J. & Heinrichs, J. (2010) New combinations in Jungermanniales: transfer of 32 taxa to Solenostoma Mitt. Cryptogamie,
Bryologie 31 (2): 135–139.

Chiastocaulon raetzelii

Phytotaxa 521 (4) © 2021 Magnolia Press • 243

