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ABSTRACT

The East Himalayan Territory (Pandé, 1938) constitutes the area East and South-East
of Nepal, i.e., Sikkim, North-West Bengal, Assam, Manipur and Tripura. Extensive collections
of Bryophytes from this territory were made by one of us (Pandé) in the region of the Sikkim-
Himalayas (Darjeeling-Sandakpu) in the year 1941 and from Khasi-Jayanti Hills (Assam) in
the year 1952. The species of Riccia from this collection have been described. In this
communication the following eleven species of Riccia, including a new species, have been
dealt with :—

R. frostii Aust., R. crystallina L., R. discolor L. et L., R. ciliata Hoffm., R. glauca L., R.
huebeneriana Lindenb,. R. sorocarpa Bischoff., R. gangetica Ahmad, R. billiardier: Mont. et N.,
R. beyrichiana Hampe and the new species, R. aftenuala Pandé (see Stephani, 1900 ; Mitten,
1861 ; Kachroo, 1950, 1952, 1954 ; Udar, 1956 ; Pandé and Udar, 1957 and Pandé and Udar,
present communication). The latter has been discovered from the Kamakhya Hills, Assam.
It belongs to the Riccielle section of the genus and is characterized by thin membranous
thallus, with strongly attenuate wings, and with spores having complete reticulations on the
outer face and incomplete and irregular reticulations on the inner faces. This species has also
been identified from Pandé collection from Kandy, Ceylon. The paper includes a discussion
for the segregation of this new species and a key for the identification of all the species known
from this territory. R. beyrichiana Hampe, a common species from America and Europe,
has been reported for the first time from India. An illustrated account of this species, based
on the Indian specimens, has also been given. R. kashyapii Kachroo has been reduced to a
synonym of R. huebeneriana Lindenb.

INTRODUCTION

From the data available on the study of the hepatic vegetation of India,
Pandé (1958) tentatively proposed six Bryogeographical units of the Indian
territory with the East Himalayan region constituting the area East and South-East
of Nepal, i.e., Sikkim, North.West Bengal, Assam, Manipur and Tripura.

Extensive collections of Bryophytes from the East Himalayan territory were
made by one of us (Pandé) on two different occasions. In the region of the
Sikkim Himalayas (Darjeeling-Sandakpu) in the year 1941, an area approximately
200 miles was covered in a circular tour ranging in altitude from 4,000 ft. to 12,000
ft. and in the territory of Assam colections were made from Khasi-Jayanti Hills,
Gauhati, Shillong, Mauflong virgin forest, Cherrapunji, Dawki and other places
in 1952, ranging in altitude from 4,000 to 8,000 ft. These collections, numbering
several hundred packets, have now undergone a preliminary sampling and the
detailed observation on the species of Riccia is being presented in the present
communication. A complete regional flora of this territory will follow in due
course in a separate paper.

* Part I of this series by Pandé and Udar in J. Indian bot. Soc., 88, No. 4, pp. 564-79,
1957 and Part IT by Pandé and Udar in Proc. Nat. Inst. Sci., India, 24, No. 2, pp. 79-88, 1958,
** Contribution from the Department of Botany, Lucknow University, New Series No. 37,
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Fortunately, all the species of Riccia collected were fertile and thus a complete
study could be undertaken. Most of them were also suitably preserved and rele-
vant notes taken in the field.

The earliest undoubted record of a species of Riccia from this territory is
an unidentified species described and illustrated in the posthumous memoirs of
Griffith (1849, 1849a) from the shores of Brahmaputra in Assam. Stephani (1900)
apparently cited the specimens of Griffith’s collection under the new species, E.
microspora, instituted by him for a collection from Bengal. As the original
specimens of this species from Stephani’s Herbarium (Griffith’s collection), obtained
through the courtesy of Dr. C. E. B. Bonner, Conservatoire, Botanique, Geneve,
has unmistakably been found to be identical with R. frostii Aust. (see Pandé and
Udar, 1957), R. microspora was reduced as a synonym of R. frostii (Pandé and
Udar, 1957). Mitten (1861) reported R. crystallina L., R. ciliata Hoffm. and R.
discolor L. et. L., the first two from Bengal and the third from Central Himalaya.
Then apparently a long gap intervened before Chopra (1938) listed R. himalayensis
St. a composite species (Udar, 1957), from Darjeeling based on a collection of
Tirrunarayanan in 1917. From this record alone it is rather difficult to ascribe
it to any one of its segregates (see Udar, 1957 ; Pandé and Udar, 1957) since
all of them occur in this area.

Kachroo (1950,1952) listed R. discolor from Gauhati, Shillong, Jorhat (Assam)
and R. frostii from Gauhati (Assam) and later (Kachroo, 1954) described a new
species, R. kashyapii Kachroo and reported R. glauca L. from Assam.

In a recent study of ‘Pandé collection’ from Darjeeling in 1941 Uder
(1956) reported R. huebeneriana and R. sorocarpa, the former from Badampton
about 7 miles from Darjeeling and the latter from the compound of the Dak bun-
galow in Phaloot (ca, 12,000 ft.). R. kashyapii, earlier described by Kachroo (1954),
approaches very near R. huebeneriana and the two species occur in the same terri-
tory and are identical. The minor differences may only be of the nature of eco-
logical variations,

Thus a perusal of the above publications from the East Himalyan territory
would show that 7 species, viz., B. frostii Aust., R. crystallina L., R. discolor L.
et L., BR. ciliata Hoffm., R. glauca L., R. huebeneriana Lindenb. and R. sorocarpa
Bischoff. occur in this area. Our study of specimens of Riccia from this terri-
tory has revealed the presence of four more species, viz., R. billardieri Mont. et N.
R. gangetica Ahmad, R. beyrichiana Hampe including Riccia attenuate Pandé, a
new species, bringing the total to 11 species.

The East Himalayan territory is, however, more extensive than has been
covered so far and future search would undoubtedly bring to"light “several other
species,

Since there is some controversy regarding the status of the genus Ricciocarpus
the authors have deferred the discussion of this plant in the present communication
and propose to take it up in a separate paper. A key for the identification of the
species of Riccia, known from this territory, is given below.

KEY FOR IDENTIFICATION

1. Thallus with compact and narrow air spaces—sub-genus Furiccia .... 3

2. Thallus spongy with wide air spaces—sub-genus Ricciella R
*3a. Thallus ciliate, cilia long and curved, spore 804 1. R. ciliata.

3b. Thallus non-ciliate cee. e e . 4
4a. Plantg dioecious, spore 80-120g, reticulate, unwinged, tri-radiate
mark inconspicuous ceen ceee 2. R. discolor.

. *Species included in the key on the basis of their report. They are not represented
in our collection.
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4b. Plants monoecious cees e 5
5a. Spore winged (with a distinct perispore) 6
5b.  Spore unwinged (without a perispore) . ... 8
6a. Thallus 3 times broader than high ceen ce ceen 7
*6b. Thallus 4-6 times broader than high, spore 80-1004, highly papillose
in profile ..., 3. R. glauca.
7a. Segments sulcate, sulcus narrow and deep anteriorly, shallow and broad
behind, epidermis one-layered e 4. R. beyrichiana.
7b. Segments sulcate, sulcus narrow, prominent anteriorly, epidermis
2-layered, upper layer mamillate usually disorganising, lower layer
thick-walled and persistent e 5. R. sorocarpa.
8a. Thallus about 3 times broader than high, spore opagque turning perfectly
black at maturity, reticulate with 8-16 small reticulations on outer
face R R cees 6. R. gangetica.
8b. Thallus about 4-6 times broader than high, spore reddish brown, 5-7
reticulations on outer face, angles of reticulations extended in prominent
projections capped by an undulating membrane 7. R. billardiers.

9. Plants dioecious, growing in well defined rosettes, male rosettes usuaily
pinkish, spore upto 50u, tetrahedral with prominent tri-radiate mark,
vncompletely and irregularly reticulate, winged 8. R. frostiz.

10.  Plants monoecious L. 11

Ha. Spore with 4-5 large incomplete reticulations on the outer face
9. R. crystallina.
11b.  Spore with 5-10 complete reticulations on the outer face el 12
12a. Thallus about 3 times broader than high, older parts pitted due to
disorganization of the epidermal layer, spore upto 604, 5-6 reticulations

on the outer face, wing entire ceee 10. R. huebeneriana.

12b. Thallus about 10-15 times broader than high, spore upto 85u, 5-7

reticulations on the outer face, wing crenate 11. R. attenuata.
DESCRIPTION

1. Riccia attenuate Pandé sp. nov.

Herba monoica, lucide viridis, ut plurimum parte parti impendente, saepe
efformans rosulas 5 mm. diam. ; thallus semel vel bis furcatus, 3—6 mm. longus ;
2-3 mm. latus, sulcatus, sulco profundiore ante ; squamae hyalinae, inconspicuae;
rhizoidea simplicia et tuberculata, tuberculis prominentibus; sectio transversa
10-15-plo latior quam alta, alis alte attenuatis in utroque latere ; cellulae epider-
males semel seriataze, hyalinae, sphaericae ; ostiolum antheridiale ca. 50 supra
superficiem thalli ; sporae pallide brunneae, 65-85xz ad diametrum maximum,
tetrahedrae, ornatae signo tri-radiato, eminenti, reticulatae, 5-7 reticulationibus
in facie externa, faciebus internis imperfecte atque irregulariter reticulatis, alatae,
alis ad 6.6y latis, crenatis, verruculosis.

Monoecious, bright green, usually overlapping, often forming rosettes 5 mm.
across ; thallus once or twice furcate, 3-6 mm. long and 2-3 mm. broad, sulcate,
sulcus deeper anteriorly ; scales hyaline, incospicuous ; rkizoids simple and tuber-
culate, tubercles very prominent; cross-section 10-15 times broader than high,
wings greatly attenuated on both the sides; air-spaces Ricciella type ; epidermal
cells 1-layered, hyaline, spherical ; antheridial ostioles about 50x above the thallus
surface ; sporophytes uniseriate, bulging conspicuously on the ventral surface ;
spore light brown, 65-85u4, tetrahedral with tri-radiate mark prominent, reticulate
with;5-7 reticulations across the outer face, inmer faces incompletely and irregularly
reticulate, winged, wing upto 6.6 wide, crenate, surface warty (Text-Fig. 1).
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Ooll - S. K. Pandé Loc. Kamakhya Hills, Gauhati. Growing on laterite
soil in intimate association with R. billardieri. Date : 30.8.1952. Panp# CoLLECTION
No. 4798/4980 (Type). Lucknow University.

R — » 3 4
0-2 mm. ’ 4 5,6 O1mm.
TexT-FIG. 1.
Fig. 1. Thallus, dorsal. Fig. 2. Cross-section of a thallus at apex.
Fig. 3. Same, in the middle. e
Fig. 4. Same, at the base. Noto the attenuated wings (Figs. 2-4).
Fig. 5. Spore, outer face. Fig. 6. Spore, inner faces,
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The distribution of Riccia attenuata is rather interesting. This species has
also been identified by the authors from a collection from Kandy, Ceylon, Pandé
Collection No. 4689. Curiously enough the specimens from Ceylon are also
associated with R. billardier: and the two species grow in intimate association on
laterite soil.

IDENTIFICATION

Tn his monographic account of the genus Riccia Stephani (1900) recognized 46
species under subgenus Riccielle and divided them under the following groups:
“IX. Frons tenerrima, membranacea.
X. TFrons magis costata, alis attenuatis costum late super-
antibus.
XI. Trons angusta, magis incrassata, antice plana.
XTII. Frons magis incrassata, antice sulcata vel canaliculata.
XTII. Frons valde incrassata, pro more duplo latior quam
alta.”

Unfortunately several of the species treated by Stephani (1900) have been
shown in recent years to be unauthentic and great doubt has been expressed
on their delimitation, sexuality and stability of identification. Quite a few were
also incompletely described by him. However, in view of the compact nature
of the treatment of the genus in Stephani’s publication, it often proves helpful
for purposes of identification.

The species under consideration belongs to section IX above being tender
and membranous and also resembles section X in having greatly attenuated wings
of the thallus.

In section IX Stephani (1900) treated the following 6 species : *R. membrona-
cea Gottsche et Lindenb., *R. welwitschii St., R. paraguayensis Spruce, R. ochros-
pora M. et N., *R. amazonica Spruce and R. spruceana St. Of these the three marked
with an asterisk have been described by Stephani as dioecious and the other three
as monoecious. Recently, however, Jones (1957) has reduced R. welwitschii as a
synonym of R. membranacea and has described the latter to be monoecious. Thus
four species need consideration in the present context, viz., E. membranacea, R.
paraguayensis, B. ochrospora and R. spruceana. Of these R. membranacea is cha-
racterised by spore with truncate spines on the outer face and needs no attention
and the remaining three differ in several important features (see Table I) from the
species under consideration.

In section X also Stephani treated 6 species viz., R. muscicola St., R. purpura-
scens L. et. L., R. crassifrons Spruce, B. donnellit Aust., R. subtilis St. and E. abnor-
mis St. All these species, except the last one, are dioecious and need no attention
in this connection. It may also be pointed out here that recently the last species
has been reduced by Jones (1957) to a synonym of R. moenkemeyeri, & species
treated by Stephani in section XII. This species, too, differs in several important
characters from the species in question (see Table I).

The species under consideration is also different from all the dioecious species
of section IX and X of Stephani (1900) and even though some of the species may
have been wrongly described by him with respect to their sexuality, other features
differ significantly (Table IT).

Some more species, belonging to the Ricciella section, not treated by Stephani
are R. cruciata Kashyap (Kashyap, 1916, 1929), R. cupulifera Duthie (Duthie and
Garside, 1936), R. compacta Garside (Duthie and Garside, 1939), R. nipponica Hatt.
(Shimizu and Hattori, 1958), R. perssonii Khan (Khan, 1955) R. arnellii Khan
(Khan, 1957) and R. volkii Arnell (Arnell, 1957). All these also differ in the vege-
tative and spore character from the species under consideration (see Table I).



95

GENUS RICCIA IN INDIA—III

S, K. PANDE AND RAM UDAR

*poOqLINSOp j0U sI9joBIBY) X

PBOIQ "Il § puB

8)BULI) ne1-6 e rigg—-cg umoiq deag Juo] "wrwr g o9dny vponueyp ‘g ‘Tl
pBOIqQ WUl | puB
X X X X X Buot ‘wu £, oydpy wypoa "y 01
oyequep Apulg n0g-a1 ¥ 10809 umoxg Buof "wrur ¢ 03dn voguoddyu " 6
« a1 8-9 7og umoIq yIe( Juol ‘wiwr o1 03dn) vpovdwod g
eyBULL) o1 8—q oL wmolgg Suo] 'wiwr g 09dy vaafyndno 'y L
BleIIULL]) 107 ¥ 709 umorg Juoj ‘wut ¢ o9d) vIONd "y ‘9
‘so[3ums
om] 10 ouo 9 811d M ueqjo Q0T ueqyo umoIq
urdIeuI oYy 48 PoUSHoIy) ‘eIrjuny TZ1-01 e1-6 rleg~09 -MOT[OA Suoj ‘ww o[ 09dn) wafiswayusouw g G
uMoIq oypoanj Afaenderar
93BIUSP-aSCIH g X 71g -YSIppPoy Fuol "wwt QT *8BO puvaonids ‘g ¥
*9980any
91BINULIO ‘OPIM rig X 709 X -119 ‘Buof "W (1 sisuafionbound g g
X X X X X oyeoInj ‘3uol ‘ww § viodgosyoo ‘g g
‘sourds
01BOUNI) ISP US]S UMO0Iq  PROIq ‘W -] puw
quosqy — BNOJOWNN “JUesqQy noc-0g 1481 Suo] "wiwx g oadn DRODUDIQUIIWL Y T
Surpm SUOT)B[NITIOX SUOTIR[NOIBT ozIg Imofo))
J0 oz1y Jo zequun iy
oz1s snrey,, seroedg jo emur)N ‘oN

HYO0dS

1 =19V,




GENUS RICCIA IN INDIA--III

S. E. PANDE AND RAM UDAR

96

PoqIIosep J0U BI940BIBY) X

pBOIq ‘W ¢ puw

9y8ULL) 1g1-6 L9 17g8~09 desqy Suoy "wwr g 03dp LR )
X X X X X Suoj ‘i -1 o3df) syugns ‘g "9
S X X 79g1 Hoeld Suoy "wur gg 01dpy nppuuop "y °q
X% "z X e umoaxgf Juor ww g1 09dn) suoLf1s8040 ‘Y F
e X pd 7 X X X susoppindind 'y g
X X X 109 X Suoy ‘wnu § vjooOsnNUL ‘g g
X X X e X Zuoj "wiwa 9 OGQD DOWUOZOWD Y T
Suipy SUOIJBR[NOIISL SUOIYBINOTIOT ozIg anogo)
3o ozIg Jo JoquinpN
az1s sN||BYY, sotoadg Jo eweN ‘ON
HY904dSs
II @1avy,



8, K. PANDE AND RAM UDAR : GENUS RICCI4A IN INDIA—III 97

The specimen of Riccia from Kamakhya Hills, Assam, has, therefore, been
referred to a new species, Riccia attenuata Pandé sp. nov.

2. Riccia beyrickiana Hampe

R. beyrichiana grows widely in North America (Haynes, 1920 ; Schuster, 1953)
and also in Europe (Macvicar, 1926 ; Miller, 1905-11 ; Van den Berghen, 1955 etc.).
This plant has not earlier been reported from the subcontinent of Asia. The species,
however, is apparently very common in Assam and its discovery from this area
raises the possibility of its being wider in distribution than recognized at present.
It has been recorded here for the first time from India. The illustrated account
presented below gives the salient features, based on the study of the Indian speci-
mens :

Monoecious, glaucous green, usually forming over-lapping patches, occasionally
developing incomplete rosettes ; thallus upto 4 mm. long and 2 mm. broad, 2-3 times
dichotomously branched, sulcate, sulcus deep and acute anteriorly, broad and
shallow behind, almost disappearing posteriorly, margin raised and convex, naked,
scales hyaline, often violet ; cross-section 2-3.5 times as broad as high, wing gradually
ascending ending in recurved margin ; epidermal cells pyriform-papillate, thin
walled, 1-layered ; antheridial ostiole about 80y above surface, hyaline; sporo-
phytes uniseriate, prominent dorsally ; spore dark brown, 90.-130x in diameter,
reticulate with 7-10 reticulations across the outer face, reticulations upto 15 wide,
papillate in profile, winged, wing crenate, upto 6z wide (Text-Fig. 2).

Coll : 8. K. Pandé. Loc : Compound of the bungalow of Mr. Mustafi growing
on moist soil. Date : 1.9.1952. PaxD£ corLEcTioN No. 4696, 4697, 4699,
Lucknow University.

The size of the thallus in R. beyrichiana from Assam is extremely variable,
Whereas Panpt corLectioN No. 46968 shows incomplete rosettes with segments
upto 5 mm. in length, Nos. 4697 and 4699 show segments hardly exceeding 2 mm.
and both are mature with fully developed sporophytes.

R. beyrichiana is known to occur both in ciliate and non-ciliate forms in Europe
(Macvicar, 1926 ; Miiller, 1905-11 ; Van den Berghen, 1955). Our specimens are
non-ciliate. Possibly only the non-ciliate form grows in Assam or due to moist
conditions prevailing during the time of collection cilia were not present,

3. Riccia discolor L., et L.

R. discolor is apparently rare.

Coll : S. K. Pandé. Loc : Kamakhya Hills, Gauhati. On laterite soil. Date :
30.8.1952, Paxp® coLLEcTION No. 5000. Lucknow University.

4. Riccia billardiert Mont. et N.

R. billardieri is comparatively more common than R. discolor. It oceurs
growing intermingled with R. attenuata Pandé. Often, however, pure growth of
this species is also noticed.

Ooll : S. K. Pandé. Loc: Kamakhya Hills, Gauhati. Growing on laterite
soil in intimate association with R. aitenuate. Panp® corLEctioN No. 4978, 4980,
Lucknow University. Loc: Compound of the Cotton College, Gauhati. Date :
1.10.1952. No. 4979. Paxp# corrLEcTION, Lucknow University. (Pure growth).

5. Riccia gangetica Ahmad

R. gangetica is not so common in Assam as R. discolor and R. billardieri.
Coll : S. K. Pandé, Loc: In the compound of the bungalow of Mr. Mustafi.
Date : 1.10.1952. No. 4990. Pax¥pg conircrio¥, Lucknow University.
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9
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TexT-¥IG, 2.

Fig. 7. Habit, an incomplete resotte.
Fig. 8. Habit, overlapping thalli.

Fig. 9. Cross-section of a thallus at apex.
Fig. 10. Same, in the middle.

Fig. 11. Spore, outer face.

Fig. 12. Spore, inner faces.
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6. Riccia sorocarpa Bischoff.

R. sorocarpa has already been reported as new to Indian flora by Udar (1956)
on the basis of the collection made by Pandé from the Sikkim Himalaya in 1941.
Salient features along with illustrations have also been given.

Coll : 8. K. Pandé. Loc : In the compound of the dak bungalow in Phaloot
(12-13,000 ft.). Date : 28.9.1941. Panpt corrkcTION No. 2436. Lucknow University.

7. Riccia huebeneriana Lindenb.

Syn : R. kaskyapii Kachroo in Sci. & Culture, 20, 98-101.

E. huebeneriana was also reported as new to Indian flora by Udar (1956) along
with R. sorocarpa from the same collection and salient features and illustrations
were also given. ,

R. kashyapii Kachroo (Kachroo, 1954) does not appear to differ significantly
from R. huebeneriana Lindenb. either in vegetative structure or features of spores
and has consequently been reduced to a synonym of the latter. Unfortunately
it has not been possible for us to secure the type specimens of R. kashyapii but the
excellent account and illustrations of this species given by Kachroo (1954) leaves
absolutely no doubt about its identity with R. huebeneriana which occurs in Assam
(see Udar, 1956).

Coll - S. K. Pandé. Loc : About 7 miles from Darjeeling on moist ground
(2,500 ft.) on a foot path leading to Badampton. Date: 27.9.1941. PaxDs
COLLECTION No. 2446. Lucknow University.
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