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Three Hymenophyllaceous ferns originally referred to the old genus T'richo-
manes have been studied. Gonocormus minutum (Bl.) Vd. Bosch grows as
small epiphytic patches on tree trunks and exposed rocks. The jet black
wiry rhizomes bearing petiolate palmatifid leaves are fixed to the substratum
by long unbranched unicellular hairs. Roots are absent. The rhizome stele
consists of one or two tracheids and a little phloem. The petiolar stele has
two to four tracheids and phloem on only one side. The sorus is terminal
on the leaf segments, the receptacle exserted and the involucre toothed. The
short.stalked sporangia bear spherical spores with triradiate mark and a
double-layered exine. In Selanodesmium rigidum (Swartz) Copeland the
creeping rhizome bears uniseriate hairs. Transections show a lignified cortex
and several tracheids surrounded by phloem. The petiole has a single bundle
with cortex differentiated into an outer and inmer one. The cup-shaped
indusium has an entire mouth. The sorus is terminal as well as axillary.
The long receptacle bears sessile sporangia in basipetal order. The spores
are tetrahedral and bear a triradiate mark and have a double-layered exine.
Vanden-boschia radicans (Swartz) Copeland is epiphytic as well as terrestrial.
Roots are covered with long uniseriate hairs with saccate bases and pointed
tips. The axillary and solitary sorus has a cup-shaped indusium, the recep-
tacle projecting beyond it and covered by subsessile sporangia in basipetal
order. The tetrahedral spores have a double-layered exine.

INnTRODUCTION

The morphology and anatomy of some members of the Indian Hymeno-
phyllaceae have already been published (Sharma 1960, 1962, 1963; Rao
and Sharma 1963; Rao.and Khare 1965; Rao and Srivastava 1966). The
present paper, the ninth in the series, deals with the anatomy and morphology
of the three members of the Hymenophyllaceae growing in, different parts of
India. Each one of them presents a number of morphological, anatomical and
soral differences. All the three species referred to the old genus T'richomanes
Smith are now placed under the three distinct genera by Copeland (1947);
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they are therefore being described separately. The herbarium materials

of Gonocormus minutum (Bl.) Vd. Bosch and Selanodesmium rigidum (Swartz) -

Copel. were collected by Dr. Ghatak of the Botanical Survey of India,
Calcutta, and Vanden-boschia radicans (Swartz) Copel. was obtained from
Dr. Satyanarayana of the Botanical Survey of India, Shillong. The materials
were softened in 20 per cent glycerine and preserved in 70 per cent alcohol.
Free-hand sections, microtomed preparations and macerations stained with a
combination of haematoxylin and orange-G were used for the study. Spore
structure was studied from unacetolysed spores and the measurements are on
the average of at least 20 readings.

Gowvocormus mivvruy (Br.) Vb. Boscu

The small epiphytic plants grow in circular disc-like patches on tree -

trunks and exposed rocks. The individual plants (Fig. 39) measure about a
centimetre or more, and have a jet black, wiry, creeping, branched rhizome
bearing petiolate, palmatifid leaves. The segments are linear or obtuse, bifid
and with entire margin. The venation is palmate, each leaf segment has its
own main vein, pseudoveins as in Crepidomanes latealatum (Sharma 1960) are
not seen. The sorus is terminal on the leaf segments and the long receptacle
is exserted. The spores are spherical with a triradiate mark and a double-
layered exine.

Roots are absent as in Crepidomanes latealatum (Sharma 1960), Pleuro-
manes kurzii (Rao and Khare 1965) and other smaller sized members of
the Hymenophyllaceae (Copeland 1947). The plants are attached to the
substratum by long unbranched, unicellular hairs (Fig. 1). A transverse
section of the rhizome shows a single-layered epidermis, a broad thick-walled
sclerenchymatous outer cortex and a thin-walled inner cortex. The stele
(Fig. 2) consists of one or two tracheids and a little phloem. Endodermis and
pericycle are not seen in their entirety, although a few cells with casparian
thickenings can be seen here and there. Axillary branches are present in
the axil of the leaves unlike Pleuromanes kurziv where axillary pads occur.
Rhizome supply (Fig. 3) gives off a vascular trace which further divides to
supply the leaf and the axillary branch (Figs. 4-7). The petiole (Fig. 8)
resembles the rhizome in anatomy showing a one-cell thick epidermis, a
thick-walled outer cortex and a thin-walled inner cortex. The stele is col-
lateral consisting of two to four tracheids and the phloem developed on only
one side. The lamina (Fig. 9) is one-cell thick except in the midrib region
where it is several cells thick. The cells of the lamina contain. chloroplasts.

The mouth of the pitcher-shaped involucre is toothed (Fig. 10). The
long receptacle bears short-stalked sporangia.

The involucre is one-cell thick and the cells contain chloroplasts, the
mouth is free at the tip (Fig. 11) and the apical part of the receptacle is sterile.
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The sporangia are globose with an incomplete annulus of 16-20 thick-walled
cells (Figs. 12, 40). Spores (Figs. 13, 41) from 84 to 124 have been counted
per sporangium. They are spherical, tetrahedral, measuring 70 g (range
55 u to 85 u) in diameter. The exine (Fig. 14) is 1-4 p thick, two-layered
and the ectoexine bears small hemispherical transparent granulae of varying
sizes. The spores possess a triradiate mark on the proximal side, they are
chlorophyllous and contain numerous oil globules.

Seravopesmium ricioum (SWARTZ) COPELAND

The plants (Fig. 42) are about one foot tall with a short creeping rhizome
about 5 millimetres in diameter, bearing uniseriate hairs (Fig. 15), thick dark
brown roots and large stipitate leaves with stipes touching each other. The
leaves are pinnately compound, bearing finely dissected pinnules with lobed
ultimate segments. Glandular hairs and scales are absent. As in Pleuro-
manes kurzii (Rao and Khare 1965), Mecodium exsertum (Rao and Srivastava
1966), Crepidomanes latealatum (Sharma 1960), Hymenophyllum simonsianum
(Sharma 1962) and Gonocormus minutum, pseudoveins are absent. The sori
are axillary, solitary or in groups of two in the axils of the pinnules. The
indusium is cup-shaped with an entire mouth and the receptacle is extruded.
The sporangia are borne in basipetal succession having a gradate mode of
development. The spores are spherical with double-layered exine.

A transverse section of the root (Fig. 16) shows a single-layered epidermis
and a cortex lignified to different depths. The xylem is composed of several
tracheids surrounded by phloem. The endodermis is clear but the pericycle
is not distinguishable. The rhizome (Fig. 17) is monostelic with a protostele.
The single-layered epidermis is followed by a 10-12 cells deep sclerenchymatous
outer cortex and an equally broad parenchymatous inner cortex. The endo-
dermis and pericycle are not clear, the phloem surrounds the xylem on all
the sides as in Hymenophyllum tunbridgense (Ogura 1938; Bower 1928). The
petiole has a single bundle with a clear endodermis and pericycle. In the
cortex a thick-walled outer and a thin-walled inner cortex are differentiated
(Fig. 18). A part of the rhizome stele is abstricted as a petiolar trace and this
in turn cuts off the pinna trace (Figs. 19, 20). The lamina is one-cell thick
(Fig. 21) except in the midrib region, where it is several cells thick. The
cells of the lamina have toothed walls (Fig. 22). Stomata are absent.

Figs. 1-14. Gonocormus minutum (axbt—axillary branch trace; ecex—ectoexine; enex—
endoexine; —indusium; [—lamina; li—Ileaf trace; ph—phloem; pt—petiolar trace; r—receptacle;
re—rhizome stele; tm—triradiate mark; zy—xylem), 1, unigeriate hair of rhizome; 2, a part of
the transverse section of rhizome; 3, a cleared mount showing the vascular supply of the
rhizome, axillary branch trace and leaf trace; 47, serial transverse sections of the rhizome
showing the origin of the petiolar trace; explanation in text; 8, part of transverse section of the
petiole; 9, transverse section of the lamina; 10, a clear mount of sorus; 11, longitudinal section
of sorus; 12, sporangium; 13, spore; 14, exine structure.
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The sorus is axillary as well as terminal on the secondary pinnules. The
indusium is cup-shaped with an entire mouth. The receptacle is long and
bears sporangia in basipetal succession (Fig. 23). Transverse sections of
the sorus (Fig. 24) show that the sporangia are sessile. An incomplete annulus
of 16-20 thick-walled cells and a stomium of 6-8 thin-walled cells are clear
(Fig. 25). The spores (Figs. 26, 43) are spherical with a triradiate mark
measuring approximately 30 u in diameter and contain oil globules and chloro-
phyll. The exine (Fig. 27) is double layered and the sexine bears variously
sized, hemispherical, transparent granules. The spore output could not be
counted for want of suitable material.

VaNDEN-BoscHIA Rapicans (SWARTZ) COPELAND

The plants are epiphytic as well as terrestrial, measuring about a foot or
more in height. They have a dark brown creeping rhizome which is attached
to the substratum by thick, dark-brown or blackish roots and is clothed with
long uniseriate hairs with saccate bases and pointed tips. The leaves are
pinnately compound having long (6-10 inches) petiole and finely dissected
secondary pinnules. The pinnae are thin and bear unicellular simple hairs on
the main veins on both surfaces. Scales and pseudoveins are absent. The
sorus is axillary and solitary, the indusium is long and cup-shaped, having
the receptacle extending beyond its entire mouth. The sporangia are borne
in basipetal succession. The spores are tetrahedral and have a double-layered
exine.

The roots are similar in anatomy to those of Selanodesmium rigidum in
having a central xylem core surrounded by pericycle and endodermis. The
rhizome is clothed by long uniseriate hairs having saccate bases and pointed
tips (Fig. 28). The transverse section of the rhizome (Fig. 29) shows that
the epidermis is single-layered, there is a thin-walled outer and a thick-walled
inner cortex, the endodermis and pericycle are also clear. The central xylem
is surrounded by phloem all round. In the petiole (Fig. 30) the outer cortex is
thick-walled while the inner cortex is thin-walled.

Figs. 15-27. Selanodesmium rigidum (c—cortex; ecex—ectoexine; end—endodermis; enex—
endoexine; 7—indusium; ¢c—inner cortex; oc—outer cortex; ph—phloem; pi—petiole trace;
r—receptacle; xy-—xylem). 13, uniseriate hair of rhizome; 186, transverse section of root; 17,
part of transverse section of rhizome; 18, transverse section of petiole; 19-20, origin of the
pinnule trace from the leaf trace; 21, transverse section of the lamina; 22, epidermal cells
of the lamina; 23, cleared mount of sorus; 24, transverse section of the sorus; 25, sporangium;
26, spore; 27, exine structure.

Figs. 28-38. Vanden-boschia radicans (i—indusium; l—lamina; ph—phloem; r—recep-
tacle). 28, uniseriate hair on rhizome; 29, transverse section of the rhizome; 30, transverse
section of ‘the petiole; 31, transverse section of the lamina; 32, epidermal hair on lamina;
33, transverse section of the sorus; 34, longitudinal section of the sorus; 35, sporangium;
36, cleared mount of sorus; 37, spore; 38, exine structure.
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Figs. 39-45. 39, a plant of Gonocormus minutum. x 2; 40, sporangium of the same. »120;
41, spore of the same. x 5135; 42, habit of Selanodesmiwm rigidum. x 0:21; 43, spore of the same-
X 1440; 44, sporangium of Vanden-boschia radicans, x 185; 45, spore of the same. x 1440.
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The pinna trace comes off from the petiolar trace. The lamina is one-
cell thick and the cells contain discoid chloroplasts (Fig. 31). A one- to two-
cell thick sclerenchymatous outer cortex is present below the single-layered
epidermis. The inner cortex is thin-walled. The petiolar trace carries a
few xylem elements surrounded by phloem (Fig. 31). Short simple hairs are
present on the midrib (Fig. 32).

The sorus is basipetal (Figs. 33, 34) and bears subsessile sporangia (Figs.
35, 44) with an annulus of 20-25 thick-walled cells. The sorus supply divides
into three near the base of the sorus, one entering the receptacle and the other
two supplying the indusium (Fig. 36). The spores (Figs. 37, 45) are spherical
and have a triradiate mark on the proximal side, and measure 35 . in
diameter. The exine (Fig. 38) is 1 p thick and bears very fine irregularly
~ distributed hemispherical granulae on the ectoexine.

Discussion

The three species of ferns described in this paper, originally placed under
the same genus T'richomanes Smith (Hooker 1846), are now regarded as different
genera of the family Hymenophyllaceae as classified by Copeland (1947).
Amongst the various species of T'richomanes recorded by Hooker, there are
two closely related species—T'. parvulum (Poiret) and T'. minutum (Blume).
The main difference between them according to him seems to be the longer
stipes in 7. parvulum. The first specimen described in this paper can equally
be referred to either of these species as the length of the stipe is only relative
and Hooker himself does not give any measurements. Beddome (1883)
described 7'. parvulum occasionally referring to T'. minutum in the synonymy.,
Our material can be referred to the genus Gonocormus minutum (Bl.) Copeland
(1947) in view of the following generic characters present therein: (i) nor-
mally epiphytic, freely branching rhizome, (ii) ill-differentiated rachis and
stipes, (iii) very small glabrous pinnate fronds and (iv) immersed, elongated
involucre with dilated entire mouth and extruded receptacle. The mouth of
the cup-shaped involucre in our material is, however, toothed and not entire
as in the genus Gonocormus. Even with this difference the specimen fits into
Gonocormus and no other genus. Christensen’s ‘Index Filicum’ also places
T. minutum as a synonym of G. minutum. The reference, therefore, of the
first plant described in this paper to the genus Gonocormus seems to be justified.

Hooker (1846) describes T'richomanes rigidum and includes 7. obscurum
in its synonymy. Beddome (1883) figures a species of T'richomanes—T.
rigidum—with the description of which the second fern described here generally
agrees. In ‘Index Filicum’ the specific name obscurum does not appear.
Hooker also described 7. rigidum and mentions the specific name obscurum.
The second plant can also be referred to the genus Selanodesmium Copeland
(1947) as it shows the following generic characters as given by Copeland:

3
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(i) short, creeping, stout stem with short setose elongated stipes, (ii) broad,
pinnately compound leaves with dissected pinnae, (iii) cell walls thick and
coarsely pitted and (iv) cylindrical, entire mouthed involucre with extruded
receptacle.

The third fern described in this paper agrees with the species referred to
as T. radicans by Hooker (1846) and Beddome (1883). According to Cope-
land’s classification this plant shows the following characters of the genus
Vanden-boschia Copeland: (i) epiphytic habit, (ii) elongate rhizome, (iii) pin-
nately compound fronds with entire margin and thin cell walls, (iv) cylin-
drical involucre with entire mouth and (v) long and slender receptacle
bearing small sporangia. This species is listed as Vanden-boschia radicans by
Christensen (1938), Holttum (1954) and also by Mehra and Bir (1964).

In an earlier paper it was pointed out that the Hymenophyllaceae (Cope-
land 1947) is now represented in India by six genera like Hymenophyllum
(Beddome 1883; Sharma 1963), T'richomanes (Beddome 1883), Crepidomanes
(Sharma 1960), Meringium (Rao and Sharma 1963), Mecodium (Sharma 1962;
Rao and Srivastava 1966) and Pleuromanes (Rao and Khare 1965). To this
list are to be added three more genera, described in this paper, i.e. Gonocormus,
Selanodesmium and Vanden-boschia. The present paper gives the detailed
anatomy of the vegetative and reproductive parts of species of three ferns
belonging to the above three genera of Hymenophyllaceae in India.
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