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Abstract

The first record of Riccia boliviensis and R. iodocheila for Brazil and the first record of R. squamata and R. subplana for
the liverwort flora of the state of Rio Grande do Sul are reported. The species were found during a floristic revision of the
family Ricciaceae in the state. Taxonomic notes, photographs, habitat and geographic distribution are provided for each
species.
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Introduction

The genus Riccia Linnaeus (1753:1138), the largest genus of the Marchantiales, comprises about 150 species
worldwide (from the Arctic to the Antarctic). Brazil harbors the highest species diversity with 32 species in four
subgenera (60% of Neotropical species of Riccia). Most species occur in areas with dry seasons (Bischler-Causse
et al. 2005) and are terrestrial, growing on soil, usually as pioneers of bare soil and often in areas that are
occasionally flooded (Jovet-Ast 1991, 1993; Vianna 1985; Gradstein & Costa 2003; Bischler-Causse et al. 2005).

The first extensive revision of the genus Riccia for the Neotropics was published by Jovet-Ast (1991, 1993).
Fifty-two taxa were treated including genus and species descriptions, geographical distributions, and illustrations.
In Brazil, Vianna (1985) treated the genus Riccia in the revision of the Marchantiales for the state of Rio Grande do
Sul, including 14 species. Gradstein & Costa (2003) reported the occurrence of 29 species of Riccia for Brazil, 18
of these for Rio Grande do Sul. The most recent revision of Riccia was contributed by Jovet-Ast in Bischler-Causse
et al. (2005) Flora Neotropica Monograph for Marchantiidae, that reported the occurrence of 32 species of Riccia
for Brazil, 19 of these for Rio Grande do Sul. Species of this genus are delimited morphologically by characters of
the thallus (cross section), scales (color and arrangement), and spores (shape, wall ornamentation, and size). Here
we report four new records of Riccia for Rio Grande do Sul (Riccia boliviensis Jovet-Ast (1991:242), R. iodocheila
M. Howe (1934:200), R. squamata Nees in Martius (1833:302) and R. subplana Stephani (1902:275)); the records
of R. boliviensis and R. iodocheila are also the first from Brazil.

Taxonomic treatment

Key to the Riccia species from Rio Grande do Sul state (based on Jovet-Ast in Bischler-Causse et al. 2005 and

Gradstein & Costa 2003)
1. Thallus only 23 cell layers thick throughout. Thallus segments widened to the tips. Spores spherical, 40—60 um diam.,
wingless, spiny, with rounded or truncate spines.............ccoeceeerrerereereceeeeennreenn R. membranacea (subgen. Leptoriccia )
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1. Thallus thicker with more than 5 layers at least in the middle. Thallus segments not widened to the tips. Spores spherical,

subspherical and angular, 60—120 um diam., winged or not, Without SPINes.............cecevvevieirerienniirenieeeee e e 2
2. Dorsal surface of thallus with distinct pores surrounded by a ring of cells, or with irregular openings. Thallus with dorsal
aerenchyma With @it ChAMDETS .........c.coiiiiiii ettt st ettt e et e st e s be st ese e st e b esbeeseentensebeens 3
2. Dorsal surface of thallus without or with inconspicuous pores not surrounded by a ring of cells. Thallus with dorsal verti-
cal rows of cells Without air ChAMDETS ..........c.ceciiiiiiiiiiiieeeee et st 8 (subgen. Riccia)
3. Mature spores united in tetrads, 86—112 um diam., wingless, rounded or truncate tubercles on the distal face....................
.......................................................................................................................................... R. curtisii (subgen. Thallocarpus)

3. Mature spores free, tetrahedral, 60—90 pm diam., winged, tubercles absent or small when present.... 4 (subgen. Ricciella)
4. Thallus rather shallowly divided into broader segments. Older parts of the thallus sponge-like. Sporophyte not emerging

from the ventral SUrface. MONOICOUS ............ccoiiiiiiiitiietiet ettt ettt ettt ettt ene e R. cavernosa
4. Thallus deeply divided into (sub)linear segments. Older parts of the thallus not sponge-like. Sporophyte emerging from the
ventral surface of the thallus. Monoicous Or diOICOUS.........ceueirieueirieuiireieiiecietee sttt et aseenene 5
5. Thallus segments 1.5-4 mm wide. Spores with more than 8 areolae across the distal surface. Dioicous; male thallus
smaller than female thallus ... e R. paraguayensis
5. Thallus segments less than 1.5 mm wide. Spores with 3—8 areolae across the distal surface. Monoicous ............cccceeun..e. 6
6. Thallus segments very narrow, 0.3—0.5 mm wide. Spores with 3—5 areolae across the distal surface ............. R. stenophylla
6. Thallus segments broader more than 0.5 mm. Spores with 4—8 areoles across the distal surface ........c.ccccoeceevevenenneennne. 7
7. Thallus segments short, 1.5-1.8 mm length, not or scarcely overlapping. Spores with 4—5(-8) areolae across the distal sur-
face, the lamellae SMOOth ... e R. jovet-astiae
7. Thallus segments longer more than 2 mm, overlapping in 23 layers. Spore surface with 5-8 areoles across the distal sur-
face, the lamellae tUDEICULALE ..............ocoiiiiiii e R. paranaensis
8. Lobes with few papillae 0n Margin..............ccooiiiiiiiiii e R. iodocheila
8. LobES WItNOUL PAPIIIAC ....c..eeeeieiieeiieiietest ettt ettt et b et s st e st e b b e st e st be st ebe s benteneeb e s enbeseetentas 9
9. Thallus MArging CILALE .........ccoueiiriiiiiiiieiiieitre ettt ettt ea et et a et et ea bbb s e b s e e 10
9. Thallus Marging WithOUL CIHA .......cecerueriiiiirieietirete ettt sttt ettt s be s b st et eb e s bt e st s b et et ebestenbese e esensen 12
10. Thallus 0.9-1.2 mm wide, margins curved upwards (in cross section). Spores 70-90 pm in diameter .................. R. enyae
10. Thallus 0.5-0.8 mm wide, margins curved downwards (in cross section). Spores 85120 um in diameter ....................... 11
11. Thallus margin purple. Spores with 89 areoles across diameter of distal face .........ccccecceveevieiieneniicienieneee. R. brasiliensis
11. Thallus margin colorless or with scattered purplish spots. Spores with 12—16 areoles across diameter of distal face ...........
............................................................................................................................................................................. R. lindmannii
12. Thallus with numerous whitish (to light brown) scales projecting beyond thallus margin, reaching the dorsal surface ... 13
12. Thallus without whitish scales extending beyond the thallus Margin ...........ccccooceeiiiineninieneeee e 14
13. Thallus 1-2 times wider than thick (in cross section). Spores with 10—15 areolae across diameter of distal face..................
............................................................................................................................................................................. R. lamellosa
13. Thallus 3—4 times wider than thick. Spores with 4-6 areoles across diameter of distal face ..........c.cccccccvvveueuenne. R. viannae
14. Thallus with numerous whitish dots (= idioblastic cells inside the thallus, visible through the epidermis)........................ 15
14. Thallus Without WhitiSHh dOtS .....ccccueiiiiiiiieiiiece ettt s st s se ettt se b s st sneneneas 16
15. Distal spore surface densely areolate with tuberculate angles................cocooioiriiiiiiiiii e R. albopunctata
15. Distal spore surface with densely vermiculate ridges................ccociiiiiiiiiiiiiiiii e R. campbelliana
16. Ventral scales black, glossy. Spores Winged, tUDEICUIALE. ........c..ecueeieirieriiei ettt ettt et eae e 17
16. Ventral scales hyaline or violaceous. Spores winged or not, margins crenulate or SmoOth...........ccccoecevievienininiieeneneeens 18
17. Spores 95-107 pm diameter, wing 5—6 pm wide, wing margin strongly crenulate, proximal surface with sinuose ridges....
............................................................................................................................................................................. R. boliviensis
17. Spores 101-118 pm diameter, wing margin up to 4 um wide, transparent yellow, wing margin entire, proximal surface
With Vermiform LOW THAZES ..........oooiiii ettt R. squamata
18. Spores rounded, WItNOUL WINE .......cocoiiuirieiieiiiirierteirteset ettt sttt sttt st ettt eb e s bt et b st et be st et eneebenbeneesenten 19
18. Spores angular, WINZEA .........ccooiiiiiiiiiiiiiete et s e bbb s 20
19. Thallus segments 2.5-4 mm wide. Spores reddish-purple, with 4-8 areolae across the distal surface, triangular tubercles..
.............................................................................................................................................................................. R. subplana
19. Thallus segments 1.5-2.5(-3) mm wide. Spores reddish-brown, with 8—11 areolae across the distal surface, rounded tuber-
LS ettt ettt a ettt h et ettt R. plano-biconvexa

20. Thallus with hyaline margin. Spore distal face granulose 8—10(—12) areolae, with thick ridges and large tubercles, proxi-
mal face with numerous areolae with thin ridges and small tubercles, triradiate scar not reaching the equator . R. fruchartii
20. Thallus without hyaline margin. Spore distal face granulose to papillose with narrow ridges and thin or large, low or high
tubercles, proximal face with numerous complete areolae or with conspicuous tubercles, or with similarly ornamented, tri-
radiate scar not reaching the equator, CONSPICUOUS OF WEEK........cc.eerieieriiriirieieiieteeeeieste ettt te bt ete e saee e e saesaeseeeneeneens 21
21. Thallus forming complete rosettes, lobes 2—4 mm wide. Spores 80—-95 pm in diam., granulose distal face with 8—10 areo-
lae with narrow ridges and thin, high tubercles; proximal face with numerous complete areolae with low, wide ridges and
tubercles, triradiate scar with wide ridges not reaching the equator.................cocoooeviiiiiiiiiiii R. grandis
21. Thallus as separate lobes or partial rosettes, lobes smaller, 1-2.2 mm wide. Spores over 95 pm in diam ........c..cccceeeeneeee 22
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22. Wing of spores brown, smooth or slightly crenulate. Spores distal face papillose with 8-9(—10) areolae limited by low and
narrow ridges with large tubercles, proximal face similarly ornamented, with smaller tubercles, triradiate scar weak..........
................................................................................................................................................................... R. australis

22. Wing of spores yellow, strongly crenulate. Spore distal face with 5—10 areolae with thin ridges and conspicuous tubercles,
proximal face with conspicuous tubercles or with tubercles mixed with short, sinuose or straight ridges, triradiate scar con-
SPICUIOUS ..ottt ettt ettt ettt ettt ettt etk ae etk es ettt eh ettt n e ettt ettt R. taeniaeformis

Riccia boliviensis Jovet-Ast, Cryptog. Bryol. Lichénol. 12: 242. 1991 (Fig. 1).

Thallus medium-sized, lobes 6-8 mm long, 23 times dichotomous, rounded apically; in gregarious patches or crowded stands;
margins smooth, without papillae and cilia, inflexed; in cross section, lobes up to 1.9 mm wide, 3 times wider than high
(0.6 mm high), flanks ascending, tissue cells thin walled and idioblasts absent; ventral scales black, glossy, extending
beyond margins, sometimes bordered by small hyaline cells; spores tetrahedral, 95—-107 um diameter, orange-brown, wing
5-6 um wide, margin strongly crenulate, distal surface areolated with tubercles in angles, proximal surface with sinuose
ridges and triradiate mark.

FIGURE 1. A. Habit of Riccia boliviensis; B. Black ventral scales; C. Detail of scales; D-E. SEM micrographs of spores. D. Proximal
face; E. Distal face, with details of crenulated margin (arrow); F—G. Light microscopy micrographs. F. Proximal face, with detail of
sinuose ridges surface; G. Distal face with tuberculate areolate ornamentation. Bars: A=2 mm; B-C=1 mm; D-G=20 pm.

Distribution and ecology:—Distributed in Venezuela (Falcon) and Bolivia (Cochabamba), 140-2560 m.
Information about the ecology of this species is sparse according to Jovet-Ast (2005) it seems to be rare, occurring
on clay and sandstone along riverbanks, under shrubby vegetation. This is the first record for Brazil, Rio Grande do
Sul, counties of Cacapava do Sul and Pinheiro Machado. This area is part of the savanna region of Rio Grande do
Sul, characterized by poorly drained soil, poor-quality sandstone and sandy areas, acidic basaltic lava flows,
shallow quartz and/or leached soils, and ferric pedogenesis (Leite & Klein, 1990). The species of Riccia are
terrestrial, growing on exposed soil and soil on rocks, rarely found on bare rocks or on shaded soil; they often form
soil crusts, in open seepage areas, on the edges of flooding zones of temporary ponds, in farm fields and other
disturbed areas. We found it in similar areas in the savanna region.
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Specimens examined:—BRAZIL. Rio Grande do Sul: Cacapava do Sul, 300 m, 30°45'2.57"S,
53°31'42.08"W, on exposed wet soil near east side of road, 1 October 2012, D.M. Ayub, 190970 (ICN, RB).

Riccia iodocheila M. Howe, Proc. Calif. Acad. Sci. Ser. 4, 21: 200. 1934. (Fig. 2)

Thallus small-sized, lobes 3—4 mm long, 2-3 times dichotomous; in hemirosettes or gregarious patches; rounded apically,
medium groove shallow, apex with papillae and margins pink with few papillae; in cross section, lobes up to 0.56-0.59
mm wide, 2 times wider than high (0.28-0.31 mm high), flanks violet ascending vertically; ventral scales small, violet, of
few cells, projecting marginal cells; spores tetrahedral, 90—-104 um diameter, dark brown, wingless, sometimes show
vestigial wing margins finely crenulated, distal surface areolated with tubercles, proximal surface areolated with tubercles
and trirradiate mark.

FIGURE 2. A. Habit of Riccia iodocheila; B. Light microscopy photo of papillae at apex of thallus; C. Papillae on margins of thallus;
D—E. SEM micrographs of spores D. Proximal face; E. Distal face with detail of areolate ornamentation; F. Light microscopy
micrographs of spores, (left) distal face with detail of triangular tubercles, and (right) proximal face, with detail of weak trirradiate scar
and crenulated margins. Bars: A=2 mm; B=500 pm; C=1 mm; D-F=20 pm.

Distribution and ecology:—The species is known from the southwestern United States (California, Texas) and in
the Neotropics from Mexico (Baja California, Oaxaca, Socorro Is., Sonora), Galapagos Islands (San Cristobal, San
Salvador) (Jovet-Ast 2005), and Argentina (Tucuman, Salta, La Rioja, Cérdoba; Hassel de Menéndez, 1963). We
found it with other species of Riccia (R. fruchartii Stephani (1898:22), R. plano-biconvexa Stephani (1897:29), R.
brasiliensis Schiffner & S.W.Arnell (1964:6)). This is the first record for Brazil, Rio Grande do Sul, municipalities
of Cagapava do Sul, thus expanding its distribution.

Specimens examined:—BRAZIL. Rio Grande do Sul: Cacapava do Sul, 300 m, 30°452.57"S,
53°31'42.08"W, on exposed wet soil near east side of road, 1 October 2012, D.M. Ayub 192152 (ICN, RB).

Riccia squamata Nees in Martius, Fl. Brasil. 1: 302. 1833. (Fig. 3)

Thallus medium-sized, lobes 5—8 mm long, 2—3 times dichotomous, rounded apically; in gregarious patches; margins smooth
without papillae and cilia; ventral scales black, glossy, extending beyond margin; in cross section, lobes up to 1.8—1.9 mm
wide, 3—4 times wider than high (0.58—0.62 mm high); spores tetrahedral, 101-118 pm diameter, light brown, wing margin
up to 4 um wide, transparent yellow, distal surface tuberculate and proximal surface with vermiform low ridges and
trirradiate mark.
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FIGURE 3. A. Habit of Riccia squamata; B. Detail of scales; C. Ventral black scales; D. Transverse section of segment showing inner
tissue organization; E-F. SEM micrographs of spores. E. Proximal face; F. Distal face; G—-H. Light microscopy micrographs . G. Distal
face with detail of tuberculate ornamentation; H. Proximal face with detail of sinuose low ridges surface. Bars: A=2 mm; B=1 mm; C—
D=300 um; E-H=20 pm.

Distribution and ecology:—The species has been recorded from Mexico (Zacatecas), southern Dutch Antilles
(Curagao), Brazil (Bahia, Minas Gerais, Paraiba, Pernambuco, Piaui), Chile (Valparaiso) (Jovet-Ast 2005), and
Argentina (Misiones; Héssel de Menéndez 1963). This is the first record for Brazil, Rio Grande do Sul,
municipality of Pinheiro Machado.

Specimens examined:—BRAZIL. Rio Grande do Sul: Pinheiro Machado, 370 m, 31°31'19.20"S,
53°30'35.37"W, 29 September 2012, D.M. Ayub, 190971 (ICN, RB).

Riccia subplana. Steph. Urban, Symb. Antill. 3: 275. 1902. (Fig. 4)

Thallus medium-sized 5-7mm long, lobes up to 2 mm long, 2-3 times dichotomous, in gregarious patches; rounded apically
with deep median groove vanishing below, margins smooth, without papillae and cilia; in cross section, thallus up to 2.0—
2.4 mm wide, 23 times wider than high (0.77-0.90 mm high), tissue cells thin walled and idioblasts absent; scales pink,
imbricate, reaching lobe margin; spores subspherical, 82—85 pm diameter, brown, wingless, distal surface areolated with
thick ridges and large tubercles, proximal surface with similar ornamentation and trirradiate mark discontinued.

Distribution and ecology:—R. subplana is known from Brazil (Amazonas),Costa Rica, Guatemala, Virgin
Islands, Venezuela, Guyana, French Guiana and Peru (Jovet-Ast 2005). This species seems to be infrequent in
Brazil, however it is collected in gardens and streets among paving stones as found here. This is the first record for
Rio Grande do Sul, municipality of Bento Gongalves, thus expanding its distribution, but does not explain the
discontinuity.

Specimens examined:—BRAZIL. Rio Grande do Sul: Bento Gongalves, 660 m, 29°9'48.29"S,
51°31'20.23"W, on exposed soil in park behind school, 10 September 2012, D.M. Ayub, 190972 (ICN, RB).
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FIGURE 4. A. Habit of Riccia subplana; B. Transverse section of segment showing the dark area where the sporophyte is located; C.
Ventral pink scales; D. Enlarged ventral area of scales; E-F. SEM micrographs of spores. E. Proximal face; F. Detail of small ridges; G.
Light microscopy micrographs of spores in distal and proximal views with detail of areoles and small ridges. Bars: A=2 mm; B=300

pm; C =2 mm; D=500 um; E=10 um; F=5 um; G=10 pm.

Conclusions

The Ricciaceae is well represented in Rio Grande do Sul, and the large number of species of Riccia found in this
study suggests that the southern region is a center of diversity of this genus in Brazil. Our results increase the total
number of Riccia species known to Brazil from 32 to 34.

Floristic inventories are still needed in regions of the state that are considered under collected, including the
northwestern part of the state, “Alto Uruguai” and the southeastern region around the great lagoons. No collections
from these areas are held in the ICN herbarium. Collecting efforts in these regions would most probably add new
records to the known liverwort flora of southern Brazil.

Knowledge of the distribution of the species is considered incomplete for two reasons: the pronounced
seasonality of the species of Riccia, which disappear during the dry season and sometimes for several years; and
the fact that some areas are still under collected. The new additions recorded here enlarge the distributions of the
species.

We did not expect to find R. subplana in the southern region, because it is typical of Central America and
occurs in the Amazonas, but its occurrence is common among the paving stones and gardens, which suggests
having spread to other habitats or having been introduced in the state.

Until now, no species with black scales had been found in southern Brazil, and the collections of two different
species with this feature increased the distribution of the genus. A very common characteristic found in the Riccia
species from Rio Grande do Sul, is the spores with crenulated wing, as seen in R. iodocheila and R. boliviensis, and
this is a very useful character to separate these species.

The black glossy scales of R. boliviensis are similar to those of R. squamata. However, in R. boliviensis the
spores have a crenulated wing and shorter thallus segments. Likewise the idioblasts found in R. albopunctata
Jovet-Ast (1991:237), are lacking in both species.
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Riccia squamata is typical of the Caatinga in Brazil (Paraiba, Pernambuco, Bahia, Piaui, and Minas Gerais
states) a unique biome in Brazil and very distinct from those found in Rio Grande do Sul, the Campos Sulinos
(Southern Brazilian Campos) and the Atlantic Forest. We expected to find this species in the Rio Grande do Sul
state, because it is also found in northern Argentina and in the open areas of Campos Sulinos where the conditions
of intense luminosity are similar. The discontinuous distribution in Brazil may partly be explained by the few
inventories of Ricciaceae in the country.

The widespread distribution of R. iodocheila, from the southern USA to Argentina, suggested that it could
occur in southern Brazil, which was confirmed in our study. Other species that are expected to occur in Rio Grande
do Sul are R. crystallina Linnaeus (1753:1138), R. frostii Austin (1875:17), R. mauryana Stephani (1898:19), R.
sorocarpa Bischoff (1835:1053), and R. weinionis Stephani (1898:18), which occur elsewhere in Brazil and/or in
neighboring Argentina and Paraguay.

These results suggest the need for additional fieldwork to have a better understanding of the distribution and
ecology of the species of Riccia in southern Brazil.
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