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Abstract

Warburgiella spinososeta is described and illustrated as a new moss species and a new genus record from Hawaiʻi. The new 
species is morphologically similar to W. cupressinoides and W. leptorhynchoides to some extent, but it differs in having 
entirely smooth, strongly thick-walled, porose laminal cells, a strikingly spinose upper seta, and a campanulate-cucullate 
calyptra with a papillose apex and an entire base. 
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Introduction

Warburgiella Müller Hal. in Brotherus (1900: 176) is sometimes cited as “Müll.Hal. ex Broth.”, but the generic 
description is clearly attributed (in quotes) to “C.Müll. in litt. 22.8. 1892.” (Tropicos.org 2023). The genus has 
traditionally been characterized by the presence of a mitrate to campanulate calyptra (Brotherus 1900, 1925, Thériot 
1910, Fleischer 1923, Dixon 1935). However, Buck & Tan (1989) and Ramsay et al. (2004) considered this character 
to be barely consistent or to have been overemphasized. They concluded that the calyptra in Warburgiella appears 
campanulate but is technically of the cucullate type. Buck & Tan (1989) subsequently redefined Warburgiella based on 
its strongly circinate leaves with long, serrate apices, thick-walled alar cells, and non-collenchymatous exothecial cells. 
Indeed, Bartram (1961) was the first author to advocate that the genus should be defined based on its leaf characters 
rather than on the so-called mitrate to campanulate calyptra. In the most recent study of the Sematophyllaceae from 
Papua New Guinea, Tan et al. (2017) stated that Warburgiella is best identified by stem and branch leaves with an 
expanded base and an abruptly narrowed, long and cuspidate acumen with serrate margins. 

Warburgiella is a relatively small genus, with 5–6 better-known species and approximately 20 accepted names 
worldwide (Brinda and Atwood 2023). Apart from a few species reported in Australia, China, the Philippines, and 
Papua New Guinea (Bartram 1939, Ramsay et al. 2004, Tan & Jia 1999, Tan et al. 2017), most of the species in this 
genus remain poorly understood. The known species of Warburgiella are typically found on tree trunks in shaded and 
wet habitats in subtropical and tropical forests across Southeast Asia and Australia. Recently, a moss specimen (T.Flynn 
9632) was collected from an exposed, dripping wet root in a shaded lowland Metrosideros Banks ex Gaertner (1788: 
170) mixed forest on Kauaʻi Island, Hawaiʻi. This moss exhibits all the characteristics of Warburgiella but possesses 
several distinctive features, such as a strikingly spinose upper seta, entirely smooth and strongly porose laminal cells, 
and a campanulate-cucullate calyptra with a papillose apex and an entire base. These peculiar traits combined clearly 
indicate the presence of an undescribed species within the genus Warburgiella. Therefore, we propose to describe it as 
a new species of Warburgiella from Hawaiʻi. The genus is also a new record to the Hawaiian Islands.
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Material and methods

For morphological comparisons, we conducted a thorough examination of herbarium specimens in Warburgiella and 
related genera at the Missouri Botanical Garden herbarium (MO). The specimens were carefully rehydrated, dissected, 
and mounted in Hoyer’s solution following Anderson (1954). Observations, measurements, and photography were 
carried out using both stereo and compound microscopes, specifically a Nikon Eclipse E400 equipped with a digital 
camera.

Taxonomic treatment

Warburgiella spinososeta S.He & T.Flynn, sp. nov. (Fig. 1)

Type: HAWAIʻI. Kauaʻi: Hanalei District, Halelea Forest Reserve, Kawailewa, SE flank below Namolokama, 
22.11712°N, 159.48547°W, alt. 991 m, 26 Sep 2022, T. Flynn 9632 (holotype, PTBG-090058; isotypes, BISH, CAS, 
MO, US).

Diagnosis. The new species is distinguished from all known species of Warburgiella by a character combination of a 
strikingly spinose upper seta, entirely smooth, and strongly thick-walled and porose laminal cells, non-collenchymatous 
exothecial cells, and a campanulate-cucullate calyptra with an entire base and a papillose apex.

Description

Plants medium-sized, green to yellowish green, moderately glossy, in mats appressed to the substrate. Stems creeping, 
to 4 cm long, irregularly branched with short branchlets; in cross section with 2–3 layers of small, strongly thick-
walled outer cells, and larger, moderately thick-walled cortical cells; central strand absent; paraphyllia absent; 
pseudoparaphyllia foliose; axillary hairs with a single brownish basal cell (ca. 20 µm long) and 2 exceedingly elongate, 
hyaline apical cells (up to 140 µm long). Stem and branch leaves similar, 2.8–3.2 × 0.45–0.55 mm, oblong-lanceolate, 
abruptly narrowed to a long, slender, apex, with leaf acumen as long as the leaf base, moderately falcate-secund due 
to long-slender leaf acumen; margins subentire to serrulate near apex, entire below; costa absent; laminal cells linear, 
smooth, 70–85 µm long, with cell lumen 4–5 µm wide, strongly thick-walled, porose, with walls nearly as thick as the 
lumen; cells at insertion yellowish, shorter than cells above, incrassate, porose; alar cells 2–3 in 1 row at both basal 
angles, relatively thick-walled, enlarged, inflated, often hyaline, becoming yellowish with age; supra-alar cells in one 
row of much smaller and shorter cells. Autoicous. Perigonia and perichaetia on separate branches or secondary stems; 
perigonial leaves small, scale-like, antheridia naked, without paraphyses; outer perichaetial leaves much smaller, inner 
perichaetial leaves similar to vegetative leaves in shape, but smaller (ca. 1.4–1.8 mm long) and distinctly serrate above 
mid-leaf, sheathing at base, with basal cells differentiated into shorter and broader cells, without inflated alar cells. 
Setae elongate, orange when mature, 12–15 mm long, ca. 100 µm wide, smooth below, strongly spinose above 2/3 the 
seta length, spines up to 47 µm long, nearly half of the seta width. Capsules inclined, cylindrical, 0.8–0.9 × 0.45–0.55 
mm, papillose at neck; exothecial cells rectangular, not collenchymatous, some upper cells with nodular thickenings 
horizontally or longitudinally; stomata on neck, immersed; opercula long-rostrate, nearly as long as the urn; annuli 
reddish, consisting of 3–4 rows of oblate cells; peristome double; exostome teeth 16, lanceolate, subulate, furrowed 
with a deep median groove line, densely papillose and cross-striate below, coarsely papillose above; endostome 
segments 16, slightly longer than the teeth, keeled, perforate, hyaline, papillose; basal membrane high; cilia 2, nodose, 
papillose. Spores papillose, 12–16 µm in diameter. Calyptrae campanulate-cucullate, split vertically on side, entire at 
base, weakly papillose near apex.

Etymology. The specific epithet ‘spinososeta’ refers to its spinose setae.
Habitat: Mat-forming on exposed, dripping wet root in a shaded, narrow and steep-sided ravine along ephemeral 

watercourse. Lowland wet Metrosideros forest with Psychotria, Dubautia, Melicope, and Cuanea spp.
Distribution: Only found on Kauaʻi Island, Hawaiʻi.
Conservation Status: This species has not undergone a scientific evaluation. Therefore, an appropriate 

conservation status code is “Not Evaluated” (IUCN 2022).
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FIGURE 1. Warburgiella spinososeta. A. Habit. B. A leafy branch with seta. C. Perichaetium. D. Perigonium. E. Capsule on seta. 
F. a portion of upper seta. G. Calyptra. H. Axillary hair. I–L. Leaves. M–N. Inner perichaetial leaves. O. Pseudoparaphyllium. 
P. Leaf apex. Q. Subapical laminal cells. R– S. Median laminal cells. T. Basal leaf and alar cells. U. Cross section of stem. V. A 
neck portion of capsule showing stomata and papillose exothecial cells. W. Exothecial cells. (A from https://ntbg.org/database/
herbarium/detail/PTBG1000094130, accessed 18 Sep 2023; T. Flynn 9632, the holotype, PTBG; all other images prepared from T. 
Flynn 9632, isotype, MO).

Discussion

The setae of Warburgiella have historically been described as having variations from smooth to papillose on their 
upper seta surfaces. However, none have shown the strikingly spinose feature found in the new species (Fig. 1F). Most 
Warburgiella species typically present strongly falcate-secund leaves with distinctly serrate apical leaf margins. Their 
laminal cells are usually prorate and distinctly papillose, although occasionally some cells are smooth. In contrast, 
Warburgiella spinososeta features moderately falcate-secund leaves that display fewer serrations on the leaf apex. Its 
laminal cells are entirely smooth, strongly thick-walled, and porose (Fig. 1R–S).

In the literature, Buck & Tan (1989), Ramsay et al. (2004), and Tan et al. (2017) have described the general pattern 
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in Warburgiella species as having laminal cells that range from weakly papillose to distinctly papillose. However, 
there is an exception in W. cupressinoides Müller Hal. in Brotherus (1900: 176), which occasionally exhibits smooth 
laminal cells alongside prorate and papillose cells. Unlike W. spinososeta, W. cupressinoides possesses both smooth 
cells and prorate or low papillose cells on the same leaves. This renders the leaf cells in W. cupressinoides not entirely 
smooth, as Bartram (1939) noted that they are smooth below or unipapillate above. Additionally, W. cupressinoides 
can be distinguished from W. spinososeta by its strongly serrate leaf apices, smooth or weakly papillose to pustulose 
upper setae, and mitrate or campanulate calyptra with a laciniate base (Bartram 1939). Furthermore, while the 
perichaetial leaves in W. cupressinoides are larger than the vegetative leaves, in W. spinososeta, the perichaetial leaves 
are smaller.

Warburgiella spinososeta also shares some similarities with W. leptorhynchoides (Mitten 1859: 103) Fleischer 
(1923: 1253) in terms of general leaf shape, a filiform leaf apex, enlarged alar cells, and weakly serrulate leaf acumens. 
However, the latter often has low-unipapillose laminal cells and smooth to only pustulose upper setae.

The entirely smooth, incrassate, strongly pitted laminal cells, and thin-walled alar cells observed in W. spinososeta 
bear a resemblance to certain species within Acroporium Mitten (1868: 182), particularly the highly variable and 
widespread species, A. strepsiphyllum (Montagne 1844: 632) Tan in Touw (1992: 353) and A. stramineum (Reinwardt 
& Hornschuch 1829: 717) Fleischer (1923: 1301). However, Acroporium species can be distinguished by their typically 
strongly concave to convolute leaves, often exhibiting entire apical leaf margins, collenchymatous exothecial cells, and 
a typically cucullate calyptra (Ramsay et al. 2004, Tan et al. 2007).

In Hawaiʻi, Warburgiella spinososeta may also bear some resemblance to Trichosteleum hamatum (Dozy & 
Molkenboer 1844: 11) Jaeger in Jaeger & Sauerbeck (1878: 420) [=Radulina hamata (Dozy & Molkenboer 1844: 
11) Buck & Tan (1989: 10) ≡Radulina borbonica (Bélanger 1834: 97) Buck (1993: 208)] due to its distinctly spinose 
upper setae, long-rostrate operculae, and falcate-secund leaves (Bartram 1933). However, T. hamatum clearly differs 
by having laminal cells adorned with a row of small papillae over the lumen and strongly collenchymatous exothecial 
cells. The porose and never papillose laminal cells, as well as the non-collenchymatous exothecial cells, serve as 
key differentiators for W. spinososeta from Trichosteleum hamatum. Finally, uniformly unipapillose to pluripapillose 
laminal cells and strongly collenchymatous exothecial cells are reliable distinguishing features that separate other 
species of Trichosteleum Mitten (1868: 181) from Warburgiella (Tan et al. 2017).

The new species likewise shares some similarities with Rhaphidostichum pustulatum Hoe (1973: 313), which is 
found in Hawaiʻi and features incrassate, porose laminal cells. Nevertheless, R. pustulatum has a much shorter leaf 
acumen (approximately 1/4–1/5 the length of the leaf), lightly papillose cells throughout, and a smooth seta. The 
distinctive feature that sets Warburgiella spinososeta apart is its strongly spinose upper setae with spines measuring up 
to 45 µm in length (Fig. 1F), nearly half the width of the setae (approximately 100 µm wide). 

Warburgiella spinososeta furthermore exhibits similarities to Rhaphidostichum piliferum (Brotherus 1905: 9) 
Brotherus (1925: 434) in terms of leaves ending in an abruptly narrowed, long, piliform acumen, as well as smooth, 
thick-walled, often incrassate, porose laminal cells. However, R. piliferum only has indistinctly pustulose setae near 
the apex and strongly collenchymatous exothecial cells. 

The morphology of axillary hairs in Warburgiella has received limited attention in many previous studies. Buck 
& Tan (1989) described the genus as having axillary hairs with a single short, brownish basal cell and 1–2 elongate, 
hyaline apical cells. Although no previous studies have illustrated the exact details of axillary hairs in the genus to 
our knowledge, it is worth describing the formation of axillary hairs in W. spinososeta (Fig. 1H). In this species, each 
hair consists of a short, single brownish basal cell and two exceedingly elongate, hyaline apical cells. The remarkable 
length of the two apical cells and one much shorter basal cell distinguish them from the axillary hairs in some other 
pleurocarpous mosses (Higuchi 1985, Nishimura 1985).

Another related genus to Warburgiella is Rhaphidorrhynchium Bescherelle ex Fleischer (Fleischer 1923: 
1245). Rhaphidorrhynchium differs from Warburgiella in having strongly collenchymatous exothecial cells and 
non-sheathing inner perichaetial leaves (Ramsay et al. 2004). In the family Sematophyllaceae, most genera exhibit 
strongly collenchymatous exothecial cells, with only a few exceptions, including Warburgiella, which possesses non-
collenchymatous exothecial cells (Fig. 1W).

Other selected specimens examined:—Warburgiella breviseta (Brotherus 1913: 93) Brotherus (1925: 429). 
PHILIPPINES. Luzon: Quezon Prov., 26 Apr 1984, W.S. Gruezo & E. Juras WM9482 (MO-3071730); Mindanao: 
North Cotabato Prov., 30 Apr 2014, J. Shevock 44993 (CAS, MO-6624248). 

Warburgiella cupressinoides. PHILIPPINES. Bukidnon Prov., 23 Apr 2014, J. Shevock 44845 (CAS, MO-
6625920). Mondanao, Dacvao Prov., 13 Mar 1956, J.V. Pancho 2567 (MO-5373000), J.V. Pancho 2618 (MO-5373001). 
VIETNAM. Lam Dong, Lac Duong District, 12 Apr 2010, S.He & K. Nguyen 42832 (MO-6236875). 
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Warburgiella leptocarpos (Schwägrichen 1827: 171) Fleischer (1923: 1253. PHILIPPINES. Luzon: Benguet 
Prov., e.D. Merrill 7863 (MO-757090). 

Warburgiella leptorrhyncha (Jaeger 1878: 404) Brotherus (1925: 429). MADAGASCAR. Toamasina: Alaotra-
Mangoro, 1 Oct 2018, J. Brinda 12288 (MO-6969411). 

Warburgiella leucocytus (Müller 1851: 314) B.C. Tan et al. (1998: 221). AUSTRALIA. Tasmania: Tim Shea, 18 
Mar 1973, D.A. Ratkowsky & A.V. Ratkowsky B61A (MO-6168434). 

Warburgiella subleptorhynchoides (Fleischer 1905: 321) Fleischer (1923: 1250) (≡W. leptorhynchoides). NEW 
CALEDONIA. Mt. Boulinda, 13 Oct 1972, H. Moore 10083 (MO-5224940); Mt. Dzumac, 18 Jun 1981, G. McPherson 
3854 (MO-3086272). 

Warburgiella subpapuana Dixon (1943: 38) (≡W. leptorhynchoides). PAPUA NEW GUINEA. Boridi, 6 Oct 
1935, C.E. Carr 14434 (MO-2860911); Central, 18 Dec 1935, C.e. Carr 13872 (MO-405116).

This paper is dedicated in memory of Dr. David Meagher who was a strong advocate of bryology.
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