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Abstract  

Introduction. The Cordillera del Cóndor at the border of Ecuador and Peru stands out by its 

rich biodiversity and high endemism. Here we describe a new dendroid species of the thalloid 

liverwort genus Riccardia, R. verticillata Gradst. & Reeb, from El Quimi Biological Reserve 

in the Cóndor region of Ecuador. 

Methods. The plants were described using anatomical and morphological methods. For 

anatomical study, plants were treated with bleach (20%) and colored with methylene blue, 

enhancing observation of the thallus structure.  

Key results. The plants consist of a stout, erect axis with a subepidermis and regularly 

spatiated, horizontally spreading and flattened, densely 4–6-pinnate fronds, which are 

arranged in whorls. The axis and primary branches are wingless, the younger branches are 

broadly winged. An erect axis with a subepidermis and winged branches are also seen in the 

neotropical R. aberrans, R. ciliolata, R. fucoidea, R. gradsteinii, R. pallida, R. poeppigiana 

and R. wallisii, but these species are less densely pinnate and the branches are not arranged in 

horizontally spreading, flattened whorls, and are mostly fully winged, also the primary ones. 

In its verticillate habit, the new species is similar only to members of R. subg. Arconeura, 

including R. prehensilis from Tierra del Fuego and R. eriocaula from Australasia, but the 

latter taxa clearly differ in the papilliform epidermis cells and absence of thallus wings. A key 

to dendroid neotropical species of Riccardia is provided.  

Conclusions. Riccardia verticillata stands out among neotropical Riccardia species by its 

markedly whorled habit. The discovery of the new species adds a further endemic taxon to the 

Cóndor region.  
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Introduction 

The Cordillera del Cóndor region is an eastern extension of the Andean chain, ranging about 

150 km from north to south along the border between Ecuador and Peru. The mountains are 

mainly built of sandstone sediments and resemble the table mountains ('tepuis') of the Guiana 

Shield of Venezuela (Neill 2005). The sandstone-derived soils are highly acidic and nutrient-

poor, and as a result the vegetation is typically sclerophyllous. Humic acids dissolved in the 

water draining from the sandstone substrate induce the characteristic blackish coloration of 

the rivers originating from the Cóndor region ('blackwater rivers'). Biological explorations in 

the Cordillera del Cóndor have revealed a very rich biodiversity and high endemism, and a 

large number of taxa shared with the tepuis of the Guiana Shield (Schulenberg and Awbrey 

1997; Neill 2005, 2007). The bryophyte flora of the Cóndor region is little known, however. 

A first list by Churchill et al. (2009) reported 162 species, including 111 species of mosses, 50 

of liverworts and one hornwort. A few additional liverwort species were recorded by 

Gradstein and Benitez (2014a, 2014b, 2014c). Most of the bryophyte species are widely 

distributed in the Andes but three taxa are hitherto only known from the Cóndor region, the 

moss Sphagnum algentryi H. Crum and the liverworts Bazzania hookeri (Lindenb.) Trevis. 

var. mamillosa (Gradst. & A.R.Benitez) Gradst. & A.R.Benitez and Syzygiella ciliata Gradst. 

& A.R.Benitez. The liverwort Micropterygium duidae Reimers is only known from the 

Cóndor region and the Guiana Shield (Gradstein and Benitez 2014a). 

 One of the highest plateaus in Cordillera del Cóndor is El Quimi Biological Reserve, a 

protected area of 9276 hectares in the southeast of the province of Morona-Santiago, near the 

border with Peru. The area rises to 2000–2200 m and is covered by evergreen montane forests 

with a highly diverse flora, which is still poorly studied (Ministerio del Ambiente de Ecuador 

2013). Characteristic tree species are Magnolia lozanoi A.Vázquez & Castro-Arce, 

Lissocarpa ronliesneri B.Walln., Purdiaea nutans Planch., Drymis granadensis L.f., 
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Weinmannia condorensis Z.S.Rogers and various species of Schefflera J.R.Forst. & G.Forst. 

and Clusia L., whereas shrubs and herbs include, e.g., Miconia machinazana C.Ulloa & 

D.A.Neill, Burmeistera sp. nov., Stenospermation arborescens Madison and many species of 

Bromeliaceae. Tree ferns are common and diverse, especially species of Cyathea J.E.Smith, 

whereas bryophytes are highly abundant and are fully covering the ground, tree trunks and 

branches. Unfortunately, El Quimi Biological Reserve and its surrounding areas face serious 

conservation problems due to open pit copper mine operations, the 'Mirador project', which 

has already caused deforestation of an area of about 1300 hectares (Mazabanda et al. 2018). 

 A major biological exploration of the El Quimi Reserve took place between July 2017 and 

April 2018 as part of the 'Arca de Noe' project funded by the Ecuadorian government, with 

the aim of characterizing Ecuador's biodiversity on a large scale (e.g., Ron et al. 2018). In this 

framework, botanical fieldwork was carried out in January 2019 lead by botanists of the 

Pontificia Universidad Católica del Ecuador (Herbarium QCA) with support of the University 

of Götebörg (Herbarium GB). Among the important findings were the re-collection of 

Magnolia lozanoi and the discovery of new species of Burmeistera H.Karst. & Triana 

(Campanulaceae) and Riccardia Gray (Aneuraceae). The latter new species is described in 

this paper. 

 Neotropical species of Riccardia were recently studied by Gradstein and Reeb (2018) who 

recognised 14 species in Ecuador. Among them, the new species stands out by its whorled, 

dendroid habit, with regularly spatiated, horizontally spreading, flattened fronds on a stout, 

erect axis. The discovery of the new species adds a further endemic taxon to the Cóndor 

region.  

 

Material and Methods 
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Material of the new species, collected by CP, NZ and AJP during the 2019 botanical 

exploration of the El Quimi Reserve, was studied by SRG and CR using traditional 

anatomical and morphological methods (e.g., Rabeau et al. 2017; Gradstein and Reeb 2018). 

For anatomical study, plants were treated with bleach (20%) and colored with methylene blue, 

enhancing observation of the thallus structure (Rico 2011; Reeb and Bardat 2014). 

Microscopic examinations and measurements were done with Leica DMLS light microscope; 

photomicrographs were taken with a Nikon CoolPix P5000 camera and post-processed with 

GIMP 2.8 (http://gimp.org). Voucher specimens are deposited in PC and QCA.  

 

Taxonomy  

Riccardia verticillata Gradst. & Reeb sp. nov.   (Figures 1–3) 

Diagnosis. The new species stands out by: 1) habit markedly verticillate, of a stout, erect axis 

bearing whorls of regularly spatiated, horizontally spreading, flattened, densely 3–5-pinnate 

fronds; 2) axis 30–40 cells thick along the smallest diameter, smooth, wingless; 3) fronds 

wingless below, broadly winged in the middle and upper parts, wings on ultimate branches 2–

4× broader than the midrib, margins crenate to obtusely toothed to incised-lobed, wing cells 

large, 50–80 × 30–50 µm, arranged in oblique rows.  

Holotype. Ecuador: Morona-Santiago, cantón Gualaquiza, parroquia Bomboiza, Reserva 

Biológica El Quimi, 'sendero entre el campamento Río Cristalino y la frontera con Perú, 

sector El Laberinto,' on wet, shaded soil covered by abundant organic matter in hyper-humid 

conditions, 03°31'05"S, 78°23'28"W, 1900–2200 m, 23 January 2019, N. Zapata, A.J. Pérez, 

W. Santillán & C. Persson 541 (QCA; isotype PC).   

Plants dendroid, to 10 cm tall, 4–6-pinnate and markedly verticillate, made up of a stout, 

erect, blackish axis bearing glossy-green, whorled fronds, the fronds regularly spatiated, 

horizontally spreading, flattened and densely 3–5-pinnate; main axis and basal parts of the 
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fronds wingless, middle and upper portions of the fronds with broad, unistratose wings and 

darker-coloured midribs; surface of main axis and fronds smooth; stolons absent. Main axis 

rigid and somewhat flattened, bi-convex to ellipsoid, to 1 mm high and 1.7 mm wide, in cross 

section minimally 30–40 cells thick (along the smallest diameter), with a dark brown, thin-

walled epidermis, a 2–3(–4)-layered, brown subepidermis and a colourless, thin-walled 

medulla, epidermal cells about as large as subepidermal cells and smaller than medullary 

cells, subepidermal cells slightly thick-walled in the upper part of the main axis (Figure 3I) 

and strongly thick-walled in the middle and lower parts (Figure 3H). Primary branches 

subopposite, spreading at wide angles of 60–80° with the axis, wingless, resembling the main 

axis but slightly thinner and more conspicuously flattened (Figure 3G). Younger branches 

obliquely spreading, with unistratose wings and thin midribs, wings broadening towards 

ultimate branches, 0–2(–3) cells wide in the middle of the fronds, 4–8 cells wide on ultimate 

branches, 2–4× wider than the midrib, margins of ultimate branches irregularly crenate to 

obtusely toothed to incised-lobed, apex truncate to emarginate on young ultimate branches, 

irregularly rounded to acute on older ones; midrib of ultimate branches 2–3(–5) cells wide, 

epidermal cells of the midrib in optical view subrectangular, 20–30 µm wide, thin-walled, 

ventral surface of ultimate branches with brownish papillae in two rows, bordering the midrib; 

wing cells of ultimate branches with brownish pigmented walls and distinct trigones, much 

larger than midrib cells, innermost wing cells 60–80 × 40–50 µm, in a straight row parallel to 

the midrib, mid-wing cells slightly smaller, 50–75 × 30–45 µm, in oblique rows at an angle of 

ca. 30–50° with the midrib, margin cells somewhat smaller, protruding, forming an obscure 

border. Gametangia and asexual reproductive organs not observed. 

Etymology. The specific epithet refers to the whorled habit of the species. 

Paratype. The same as the type locality, A.J. Pérez, N. Zapata, W. Santillán & C. Persson 

11388 (QCA, PC). 
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Distribution and habitat. Riccardia verticillata is thus far only known from El Quimi 

Biological Reserve in the Cordillera del Cóndor region, Ecuador (Morona Santiago province). 

The species grows between 1900–2200 m in hyper-humid, shaded conditions on wet soil 

covered by abundant organic matter. Populations were seen along a blackwater stream and at 

the entrance of 'El Laberinto', a sandstone outcrop with cracks covered by vegetation. In the 

latter site (type locality), R. verticillata was growing abundantly on soil constantly wetted by 

water dripping down from the vegetation on the top of the cracks.  

 

Discussion   

Riccardia verticillata is readily recognised by its dendroid, whorled habit, consisting of a 

stout, erect, wingless axis with a subepidermis and whorls of regularly spatiated, horizontally 

spreading and flattened, densely 3–5-pinnate fronds. The branches of well-developed fronds 

are broadly winged in the middle and upper parts of the frond while being wingless in the 

lower part, on the primary and secondary branches (Figure 3A). A dendroid habit, an erect 

main axis with a subepidermis, and winged branches are seen in several neotropical Riccardia 

species, including R. aberrans Steph., R. ciliolata (Spruce) Gradst., R. fucoidea (Sw.) 

C.Massal., R. pallida (Spruce) Meenks & C.De Jong (? = R. glaziovii (Spruce) Meenks; see 

Gradstein and Reeb 2018), R. poeppigiana ((Lehm. & Lindenb.) Meenks & C.De Jong and R. 

wallisii (Steph.) Gradst. All are widespread in the Andes, from Colombia to Bolivia, and R. 

fucoidea occurs throughout the mountains of tropical America. The thallus branches in these 

species, however, are never arranged in horizontally spreading whorls. Moreover, most of 

them have a winged main axis, except R. poeppigiana and most populations of R. fucoidea. 

The latter of the two shares broad branch wings and large wing cells with R. verticillata and 

seems most closely related to the new species. Riccardia fucoidea, however, lacks 

horizontally spreading whorls and has a thinner axis (maximally 25 cells thick) with stolons at 
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the base, winged primary branches and fully thin-walled wing cells in straight rows, parallel 

to the margin, without trigones (Gradstein and Reeb 2018). Moreover, R. fucoidea is 2–4-

pinnate while R. verticillata is 4–6-pinnate. The differences between the dendroid neotropical 

species of Riccardia are shown in the below key.  

 Pócs (2019) recently described an interesting new dendroid Riccardia species from Peru, 

R. gradsteinii Pócs, related to R. fucoidea but with a much thicker axis, to 40 cells thick. In 

the massive axis R. gradsteinii is similar to R. verticillata, but R. gradsteinii clearly differs in 

the main axis with strongly crispate wings and winged primary branches. Moreover, the 

branches in R. gradsteinii are not arranged in horizontally spreading whorls.  

 Within the genus Riccardia, a verticillate habit with horizontally spreading whorls is seen 

in R. prehensilis (Hook. f. & Tayl.) C.Massal. from Tierra del Fuego and R. eriocaula (Hook.) 

Besch. & C.Massal. from Australia and New Zealand (e.g., Hewson 1970; Hässel de 

Menendez 1972). The branches in these two species are wingless (R. prehensilis) or very 

narrowly winged (R. eriocaula), however, and the surface of axis and branches is strongly 

roughened by papilliform epidermal cells without chlorophyll. Based on the peculiar 

epidermis, these two species are placed in a separate subgenus, R. subg. Arconeura Hässel 

(Hässel de Menendez 1972). Riccardia verticillata and the other dendroid neotropical 

Riccardia species lack papilliform epidermal cells and are not members of subg. Arconeura. 

In a preliminary molecular analysis of the genus Riccardia at world level, Rabeau et al. 

(2017) recovered four dendroid neotropical species, R. ciliolata, fucoidea, R. pallida and R. 

wallisii, in a clade together with further species from the Andes, the socalled 'Andean clade'. 

The relationships of this clade, including its affinity to subg. Arconeura, were unresolved in 

the analysis, however, and need further study. Such a study should preferably include the 

newly described R. verticillata and R. gradsteinii, as well as the remaining dendroid 

neotropical taxa.       
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Key to dendroid neotropical species of Riccardia 

 

1. Thallus cells densely covered by lamellate papillae ...................................... R. aberrans 

1. Thallus cells smooth  ....................................................................................................... 2 

2. Main axis winged  ........................................................................................................... 3 

2. Main axis not winged  ..................................................................................................... 7 

3. Wing of main axis strongly crispate. Only known from Peru  .................... R. gradsteinii 

3. Wing of main axis not crispate  ....................................................................................... 4 

4. Wings with ciliate teeth, the teeth 1–5 cell long, consisting of elongate cells. Branches short 

and plump, obliquely spreading...................................................................... R. ciliolata 

4. Wings entire or with short teeth, the teeth 0.5–1 cell long, consisting of one subquadrate 

cell. Branches long and slender or short and plump, obliquely to widely spreading  .... 5 

5. Branches short and plump, suberect to obliquely spreading, not deflexed. Axis (0.8–)1–2 

mm wide, plano-convex, gradually broadened toward the branch bases. Plants irregularly 

1–2(–3)-pinnate ................................................................................................ R. wallisii 

5. Branches long and slender (linear to subulate), obliquely to widely spreading, often 

deflexed. Axis less than 1 mm wide, bi-convex to rounded, not gradually broadened 

toward the branch bases. Plants ± regularly 2–4-pinnate  .............................................  6 

6. Wing cells large, 35–50 µm wide. All branches broadly winged. Wings of ultimate 

branches wider than the midrib ...................................................................... R. fucoidea  
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6. Wing cells smaller, 20–30(–35) µm wide. Primary branches narrowly and interruptedly 

winged. Wings of ultimate branches narrower than the midrib ....................... R. pallida 

7. Plants 4–6-pinnate, with regularly spaced whorls of horizontally spreading, flattened 

fronds. Primary branches wingless. Wings of ultimate branches 2–4× wider than the 

midrib, wing cells in oblique rows, with trigones. Only known from the Cordillera del 

Cóndor, Ecuador ......................................................................................... R. verticillata 

7. Plants 2–4-pinnate, without whorls of horizontally spreading fronds. Primary branches 

winged or wingless. Wings of ultimate branches narrower or wider than the midrib, wing 

cells in straight rows, without trigones. Throughout neotropical mountains  ................ 8  

8. Wing cells large, 35–50 µm wide. Branches straight, not gradually narrowed to the apex. 

All branches regularly and broadly winged .................................................... R. fucoidea 

8. Wing cells smaller, 15–30(–35) µm wide. Branches usually decurved, gradually narrowed 

to the apex. Ultimate branches winged but primary branches ± without wing  ............... 

 .................................................................................................................  R. poeppigiana  
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 (legends) 

 

Figure 1. Population of Riccardia verticillata Gradst. & Reeb.  

 

Figure 2. Habit of Riccardia verticillata Gradst. & Reeb.  

 

Figure 3. Riccardia verticillata Gradst. & Reeb. (A) Habit, rehydrated. (B) Young ultimate 

branches, with apical cells still actively dividing. (C) Mature ultimate branches. (D) Portion of 

ultimate branch in ventral view, showing papillae in two rows, bordering the midrib. (E) Wing 

cells of ultimate branch, showing trigones. (F) Cross sections of main axis, mid-portion. (G) 

Cross section of primary branch. (H) Cross section of part of mature main axis, showing 

subepidermal cells with strongly thickened walls. (I) Cross section of part of young main axis, 

showing subepidermal cells with slightly thickened walls s. (J) Cross sections of ultimate 

branches. Drawn from the holotype. Scale bars: 1 mm for (A); 250 µm for (B, C, J); 50 µm 

for (D, E); 500 µm for (F, G); 100 µm for (H, I).  








