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The paper deals with anatomical studies on four Indian species of the genus
Cystopteris Bernhardi, namely C. tenuisecta (BL.) Mett.,, C. fragilis (L.)
Bernh,, C. sudetica A. Br. and C. sikkimensis Ching ex Bir. The structure
of rhizome is typically dictyostelic and leaf gaps open after the departure of
8 basal root trace. Perforations play no part in the disintegration of the
stele. The leaf trace is binary and the two leaf strands generally detach
at different levels. In C. sikkimensis and C. fragilis the basal root trace
gets shifted upwards and is detached from one of the meristeles after the
opening of the leaf gap. The pinna trace is extra marginal in origin in
C. tenuisecte and is marginal in small-sized C. fragilis and C. sudetica.
There is admixture of xylem parenchyma with tracheids in cauline meristele
and leaf strands. The genus shows gross anatomical similarities with
Athyrioid genera as Athyrium and Diplazium. This gives support for its
place with the Athyrioid ferns in family Athyriaceae as earlier suggested
by Alston (1956) on cytomorphological basis.

INTRODUCTION

The systematic position of Cystopteris Bernhardi has long been contro-
versial. Presl (1836) placed it in the section Cystopterideae of tribe Asplenia-
ceae whereas Hooker and Baker (1874) grouped this genus along with
Davallia. Bower (1928) considered it to be a near Cyatheoid derivative as
Woodsioid and Dryopteroid ferns but did not indicate its position and treated
it as genus ‘Insertae Sedis’. On the other hand, Christensen (1938) placed
it in subfamily Asplenioideae of family Polypodiaceae (sensu lato). This
position is also adopted by Ching (1940) and Dickason (1946).

A major change in the systematic position of Cystopteris was brought
about by Copeland (1947) who placed it just before Athyrium at the end of
the comprehensive family Aspidiaceae. Holttum (1949) included it in
subfamily Athyrioideae of family Dennstaeditaceae and Alston (1956) assigned
it a place in the family Athyriaceae. This view is also supported by Mehra
(1961). Blasdell (1963) in his monographic studies on the genus Cystopteris
did not express any view about its relationship and systematic position.

Thus, at present there is some uncertainty about the phylogenetic
position of the genus. Also the morphology of some members is not properly
understood because these members are still referred to other genera as for
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example Cystopteris tenuisecta (Bl.) Mett. was recently placed under Cornopteris
by Tardieu-Blot (1958). At present enough information is available about
cytology, gametophytes and taxonomy of majority of the species of the
genus but detailed anatomical studies are still lacking. Therefore, the present
anatomical studies on the Indian members of the genus were undertaken
with a view to find the role of anatomy in fern phylogeny. Earlier Bower
(1928), Tardieu-Blot (1932) and Ogura (1938) had made a brief mention of
the anatomy of the genus and also some observations were made by Blasdell
(1963).
MaTerIAL, AND METHODS

The material of Cystopteris fragilis (L.) Bernh.* was collected at about
4,000 m altitude from Rohtang Pass at the head of Kulu Valley in western
Himalayas whereas C. sudetica A. Br., C. sikkimensis Ching ex Bir and C.
tenuisecta (Bl.) Mett. were collected from different parts of the eastern
Himalayas. The first two species were collected from North Sikkim at Thangu
(3,900 m) and near Lachen (3,300 m) respectively and C. tenwisecia from
near Tiger Hill (2,400 m), Darjeeling, where it grows abundantly.

Rhizomes, stipes and portions of laminae were fixed in formalin acetic
alcohol (F.A.A.) and stored in 50 per cent alcohol after about 10-15 days.
The sections were cut at 20 p using the paraffin embedding technique and
stained with safranin-fast green combination. Free hand sections were
also cut to study petiole, rachis and root. For studying the structure of
tracheids maceration was done with Jeffrey’s macerating fluid, i.e. equal
portions of 10 per cent nitric acid and 10 per cent chromic acid. The material
was stained with safranin and mounted in glycerine.

OBSERVATIONS

Rhizome—Usually 2-3 rows of leaf bases are borne on all the sides of
the rhizome in rest of the species except C. fragilis and C. sikkimensis where
the rhizome is often firmly fixed in the rock crevices of stony walls. In these
two species the rhizome is slightly creeping and is small in size with the result
that the internodes are short and leaf bases are overcrowded. Also the apex
of the rhizome tends to become ascending or somewhat sub-erect. C. fenui-
secta and C. sudetica possess very widely creeping and branched rhizomes
with distantly placed leaves and the internodal length varies from 1-4 cm,
depending upon the distance from the apex. The thickness of the rhizome
is also variable depending upon the species and even the conditions of growth,

* There is a great deal of morphological variation in the size and degree of cutting of pinnae
and spore structure in the Himalayan populations of the 'species. Present pbservations are
based on form with rugose-verrucose spores but having similar “outline of lamina as in C. fragilis

forma fragilis which possesses echinaie spores.
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Figs. 1-22
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The rhizome of C. tenuisecta may be up to 10 mm thick whereas in C.
sikkimensis, C. sudetica and C. fragilis it is very thin and hardly up to 4 mm
in diameter. The stipes are also the largest in C. tenuisecta as compared to
other specics.

In C. fragilis, since the rhizomes are fixed in the crevices of stony walls,
these become somewhat flattened and the cross-section is irregular in outline.
Almost all the leaf bases are borne on the upper side and the roots are on the
lower side with the result the rhizomes are somewhat dorsiventral but not
truly as in Hypodematium crenatum (Forsk.) Kuhn (Mehra and Loyal 1956)
or Asplenium cheilosorum Kunze (Bir 1957, 1965) where the ventral meristele
is always thick and flattened out. as compared to dorsal meristeles. In
C. sikkimensis also quite often the cauline meristele on the substratum side
is thicker and larger as compared to the other ones but this condition is not
a regular feature throughout the length of the rhizome.

Broadly speaking, the rhizome is radial in symmetry in all the species.
It presents a dictyostelic structure and, at a particular level, one can observe
simultaneously opening and closing of leaf gaps. The disintegration of the
stele is brought about by the leaf gaps and perforations do not play any part.
The stelar organization is similar to the different genera of Athyrioid ferns
such as Cornopteris Nakai, Diplazium Sw., Athyrium Réth, ete. (cf. Bir 1965).

When the rhizome is widely creeping and the leaf bases are distantly
situated as in C. tenuisecte and C. sudetica the leaf gaps are larger and elongated
whereas in C. fragilis and C. sikkimensis where the rhizome is shortly creeping
and leaf bases are closely placed, the leaf gaps are extremely small (only 3-2
cm long) and overlapping. InC. tenuisecta the leaf gaps'may be up to 2 cm long.
Invariably, the leaf gaps near the apex of the rhizomes are smaller and often
closing and opening of leaf gaps after departure of basal root trace may be
seen in the same transection (Figs. 5, 23, 33, 46-47). Quite infrequently the
cauline meristele on the substratum side is the largest and flattened as com-
pared to the other meristeles which are oval or oblong in shape (Figs. 9, 14, 48).
This is particularly seen in C. fragilis and C. sudetica when growing well
fixed in rock crevices.

Figs. 1to 22. 1-8, Cystopteris tenuisecta (Bl.) Mett.; 9-21, C. fragiléis (L.) Bernhardi; 22, C.
sikkimensis Ching ex Bir. (LB—leaf base, LG—leaf gap, LT—leaf trace, MS—meristele,
RT—root trace). 1-6, serial sections of rhizome showing the departure of leaf trace strands
and root traces. The separation of leaf base from the rhizome is well marked in Figs. 3—6 parti-
cularly at point A in Fig. 3. In Figs. 2-6 complete transection of the rhizome is not shown.
7, a portion of the extracted stele of the rhizome showing the position of root traces and leaf
traces; 8, section of the rhizome showing the departure of root trace just before the close of
the leaf gap (towards the top of the figure); 9, T.S. rhizome showing the departure of a basal
root trace before the opening of leaf gap; 10-21, transections of the rhizome at different levels
showing the position of departure of root traces and leaf traces from cauline meristeles and
separation of leaf bases by the appearance of & cavity in between the cauline meristele andjeaf
trace; 22, transection of rhizome indicating the departure of basal root trace and leaf trace.
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Figs, 23-40
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The number of cauline meristeles varies from 3-5 (Figs. 1-48) depending
upon the number of leaf bases and the thickness of the rhizome. In the
proximal region the meristeles are 3 (Figs. 9-12, 26, 35, 37, 38, 45) and
gradually due to the formation of more leaf gaps towards the apical portion
the number increases to 4 (Figs. 1, 8, 13, 15-17, 20, 23, 26, 33-34, 39, 44, 48)
and ultimately to 5 (Figs. 18, 21, 27-32, 40-43) but in C. sudetica and C. fragilis
usually the number of meristeles in the rhizome is more as compared to the
other species.

Before the opening of the leaf gap a basal root trace is given off from the
outer face of the meristele (Figs. 1, 5, 9, 10, 12, 22, 23, 39, 45). In C. fragilis
and C. sikkimensis there may be slight shifting in the departure of basal root
trace. The leaf gap opens prior to the departure of the root trace which is
given off from one of the meristeles enclosing the leaf gap after its opening
(Figs. 14-16, 27-29 at point A). Additional root traces are also given off
from the lateral or outer faces of the meristeles enclosing the leaf gap. These
may depart immediately after the opening of the leaf gap or before the abstric-
tion of leaf traces (Fig. 18) or just after the abstriction of leaf trace or traces
(Fig. 17) or at the place of initiation of leaf trace (Fig. 3) or just before the
close of the leaf gap (Figs. 4, 8, 18). Any of these root traces may be enclosed
in between the leaf base and the rhizome as in C. fragilis (Fig. 19). These
root traces generally do not divide into two or more parts and, after passing
out of the cortex, these enter the roots as such. The basal root trace in
C. sudetica and C. sikkimensis bends a little downwards and then traverses
through the cortex almost vertically parallel to the leaf traces for some
distance. 1t finally emerges out of cortex and enters the root. As a result
of this, in the transection of leaf base the root trace can also frequently be
seen. Unlike C. tenuisecta and C. fragilis, in C. sikkimensis hardly any
additional root trace is given off from the meristeles enclosing the leaf gaps.

The leaf trace is binary in all the species and the two leaf trace strands
are detached from the cauline meristeles generally at different levels
(Figs. 1-6, 9, 21, 24, 25, 27-31, 34, 37, 39, 40, 42, 43, 47-48). Whereas one
leaf trace strand is fully separated, there is hardly any indication of the
detachment of the second leaf trace strand (Fig. 2). In text-figure 3 at
leaf base A one leaf trace strand can be seen fully detached and for the

Fras. 23 to 40. 23-36, Cystopteris sikkimensis Ching ex Bir. 37-40, C. sudetica A. Br.
(LB—leaf base, LG—leaf gap, LT—leaf trace, MS—meristele, RT—root trace). 23-29,
transections of rhizome indicating the departure of basal root trace, closing of leaf gaps
and abstriction of leaf strands. Separation of leaf base is clear in Figs. 24-25. In Figs. 26-29
departure of root trace from one of the meristeles immediately after the opening of leaf gap is
very clear at point A; 30-35, serial sections of the rhizome showing at different intervals the
departure of root traces, leaf trace strands and opening and closing of leaf gaps with separation
of leaf bases; 36, a portion of reconstructed stele of the rhizome; 37-40, transections of the
rhizome showing the detachment of leaf trace strands and opening of leaf gap (as in Figs. 39-40).
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detachment of the other leaf trace the cauline meristele is flattened out.
Gradually after the detachment of leaf trace strand from the cauline meristele
the leaf base separates from the rhizome (Figs. 3-6). The cauline meristeles
in C. tenuisecta are characteristically covered with sclerotic sheath whereas
in the other species the sclerotic sheath is generally absent. In C. fragilis
immediately after the opening of the leaf gap, the two meristeles separate
away from each other and opposite these in the pith usually a cavity starts
appearing. This cavity goes on enlarging till the leaf base finally separates
out from the rhizome (Figs. 11-13, 17, 20). Such a cavity is absent in
C. tenuisecta. As the cavity increases in size (Fig. 21) the two meristeles
enclosing the leaf gap also become thickened and flattened so as to give off
leaf trace strands (Figs. 10, 13, 21, 23, 37). The size and shape of the newly
abstricted off leaf trace strands are exactly like that of cauline meristele
and, unless serial sections are critically followed, it is extremely difficult to
differentiate between leaf strands and cauline meristeles. The presence of
cavity in between the meristeles and leaf trace strands helps to locate these
from each other. The first cut off leaf trace strand moves out away from the
‘mother’ meristele as the cavity enlarges between these and then the second
leaf trace strand abstricts off from the adjoining meristele quite later on
(Fig. 28). However, in C. sikkimensis one leaf trace strand is detached from
one of the meristeles enclosing the leaf gap (Figs. 22-31) immediately as
the leaf gap opens and as this traverses out a short distance in the cortex,
the cavity widens in the pith or in the region between the two cauline meri-
steles as in C. fragilis. The appearance of the cavity in C. sudetica may be
delayed till the entry of the first detached leaf strand in the leaf base and the
second leaf trace strand detaches much higher up (Figs. 39-43, 45-48).
Along with the enlargement of this cavity in the pith the leaf trace strands
move obliquely outwards in the cortex and enter the leaf base (Fig. 48).
In all these species, the second leaf trace strand is always cut off above
(Figs. 23, 24, 27, 31, 46-47) with the result that in transection one can

Figs, 41 to 60. 41-48, Cystopteris sudetica A. Br.; 49-50, 52-55, C. tenuisecta (BL) Mett.;
51, 57-60, C. sudetica. 41-44, serial sections of rhizome showing departure of leaf traces and
closing of leaf gap (as in Fig. 44); 45-48, transections of rhizome at different levels showing
opening of leaf gap and departure of leaf and root trace strands. 48, one large meristele on
the substratum side and separation of leaf gap with appearance of a cavity in between meristele
and leaf traces are scen; 49, a portion of cortex from rhizome; 50, transection of petiole;
51, transection of petiole; 52-53, & portion of cortex of petiole and rachis respectively; 54, tran-
section of rachis; 55 a, b, transections of rachis showing extra marginal pinna supply; 56 a, b,
show transections of rachis of C. fragilis indicating marginal abstriction of pinna supply;
57, T.8. rachis illustrating the marginal abstriction of pinna supply; 58, a portion of transection
of petiole in detail; 59, a portion of transection of rachis in detail; 60, T.S. Root. (LT—leaf trace,
MS-—meristele, PC-—thin-walled parenchyme, RT—root trace, SC—sclerenchyma, ST—
sclerotic tissue). Note in all the text-figures dotted areas show sclerenchymatous tissues and
thick black areas show sclerotic tissues or sheath.
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frequently observe one leaf strand present in the leaf base (Figs. 28-31, 34-35).
The first detached leaf trace strand is often mistaken for a root trace because
this is very much in the position of a basal root trace opposite two cauline
meristeles after the opening of leaf gap. In case of C. sudetica very few cavities
are formed in the pith opposite the leaf gap, before the departure of leaf trace
strands. Quite frequently in C. tenuisecta, C. sikkimensis and C. sudetica
the two leaf strands are detached almost at the same level (see Fig. 7) and
two leaf strands can be seen in a leaf base (Figs. 34, 37).

A portion of the extracted and reconstructed stele in C. tenuisecte and
C. sikkimensis respectively, so as to indicate the position of departure of root
and leaf traces and also opening of leaf gaps, is enlarged in text-figures 7
and 36 wherein few leaf gaps are shown for simplicity sake.

The cortex is largely composed of thin-walled parenchymatous cells
{Fig. 49) except for 2-5 layered sclerenchymatous outer region. In case of
C. fragilis and C. sikkimensis the sclerenchymatous cortical region is more
pronounced and same is the case with old rhizomes of C. teruisecta and
C. sudetica. The pith is invariably composed of thin-walled parenchyma.
Often the starch is stored in the pith region. The proportion of ground
tissue is far more as compared with the stelar region.

The cauline meristeles have the same structure as in Athyrioid (Athyrium,
Diplazium, Diplaziopsis, ete.), or Aspidioid (Dryopteris, Polystichwm) genera.
These meristeles have different outlines depending upon the habitat of the
species but generally these are oval in outline unless flattened out to give off
a root trace or leaf trace. These, in C. fenuisecta, are often covered with a
patch of sclerotic tissue either all round in case of smaller ones or on the
pith side. In transection each meristele is observed to be delimited by a
single layered endodermis, the cells of which possess the usual Casparian
thickenings on the radial walls. This is followed by 2-4 layered pericycle
composed of polygonal cells. . The phloem consists of large-sized sieve tubes
intermixed with phloem parenchyma cells full of contents. Phloem surrounds
the xylem on all the sides. The main bulk of the stele is comprised of xylem
elements. The protoxylem is present in 2-3 groups usually exarch or mesarch
in position (Plate XXIX, Figs. 1, 2). The xylem consists entirely of tracheids
having scalariform thickenings. These tracheids are 47-160 p long in C. fenui-
secta and 27-110 y long in C. fragilis. Groups of xylem parenchyma cells
having frequently denser contents are intermixed with tracheids (Plate
XXIX, Figs. 1-2).

Figs. 1 to 4. 1, a portion of transection of rhizome of Cystopteris tenuisecta showing the
detailed structure of the cauline meristele x 80; 2, same in case of C. fragilis x 240; 3, a
portion of transection of rachis of C. fenuisecia showing the presence of adaxial hook and
arrangement of xylem elements X 180; 4, transection of rachis of C. fragilis X 240.
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Petiole and Rachis—Adaxial groove is present throughout the length of
the petiole and fades out ultimately in the rachis. The transection of petiole
at base shows two leaf strands (Figs. 50, 51). In case of C. tenuisecta these
leaf strands are strap-shaped and in these the xylem elements are so arranged
as to form prominent adaxial hooks in the stipes as well as rachis but these
hooks are absent in case of species with thin and small stipes (compare Figs. 50
and 51). The cortex of the petiole and rachis in all the three species, namely
C. tenuisecta, C. fragilis and C. sudetica, is always differentiated in two zones.
The outer cortex is sclerenchymatous (Figs. 52-53) whereas the inner cortex
and pith are composed of thin-walled parenchyma. The two leaf strands in
the petiole of C. tenuisecta fuse together upwards in the rachis to form a
single U- or V-shaped strand which possesses prominent adaxial xylem hooks
(Fig. 54, Plate XX1IX, fig. 3) and is often covered all around with a patch of
sclerotic tissue. 'The pinna trace is extra-marginal in origin in . fenuisecta
(Fig. 55 a, b). In C. fragilis, the two leaf strands in the petiole are oval in
outline and almost same is the shape in C. sudetica. Here the adaxial hooks
of xylem clements are absent. The main point of interest about C. fragilis
is that the two leaf trace strands though upwards fuse in the rachis into
one V-shaped strand (Plate XXIX, fig. 4) yet the alignment of the two
xylem patches is somewhat like Asplenium species and Diellia falcata (cf.
Bower 1928, p. 27, Fig. 596) or family Davalliaceae and is different from
C. tenwisecta (compare Figs. 3 and 4 of Plate XXIX).

The pinna trace in C. fragilis is marginal in origin as is commonly the
case in Asplenium species (Bir 1957). Marginal abstriction of pinna trace
was also described for C. fragilis and C. montana by Davie (1918). It is
abstricted off from adaxial end of the xylem patch (see Figs. 56 a, b). In
C. sudetica the two leaf strands are covered with thick sclerotic patch from
the very beginning and the adaxial groove is very deep. These strands
fuse upwards in the rachis into single V-shaped one and the pinna trace is
marginal in origin (Fig. 57). The cells of the outer thick cortex of rachis
in C. fragilis and C. sudetica are heavily sclerified but are not totally occluded
(Figs. 58 and 59). Broadly speaking the structure of the leaf strand in C.
tenuisecta is very much like that of the cauline meristele. The protoxylem is
mesarch, There is regular admixture of xylem parenchyma cells with the
tracheids. The endodermis separates the stele from the thin-walled paren-
chymatous cortex or pith and is thin-walled with usual Casparian bands.
It is followed by 2-3 layered pericycle of polygonal cells and the phloem is
multi-layered with dense cell contents (Plate XXIX, fig. 3). In the leaf
strands of stipe and rachis of C. fragilis and the other small-sized species, the
admixture of xylem parenchyma with xylem tracheids is not so much
pronounced as in C. tenuisecta.
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Root—The structure of root has been examined in case of all the four
species studied here. The structure is primarily diarch with one group of
protoxylem at each end of the xylem tract. The main bulk of the xylem is
comprised of 4-6 metaxylem elements. The phloem is absent from the two
sides where the protoxylem elements lie. Pericycle is present on all the sides
and is 1-2 layered. The endodermis is conspicuous and delimits the stele from
cortex which is differentiated into two zones. The outer 1-3 layers of cortical
cells are thick-walled. The inner cortex is composed of thin-walled parenchy-
matous cells. In case of C. tenuisecta, C. sikkimensis and C. sudetica often
the outer cells of the cortex are heavily sclerified with cell cavities totally
occluded (Fig. 60).

Discussion

As far as the anatomical details are concerned, the structure of the rhizome
of Cystopteris is basically on the same plan as in case of members of Athyrium,
Diplazium, Cornopteris and Diplaziopsis (Bir 1965). All these genera share
the common feature of the departure of basal root trace before the opening
of leaf gap, binary leaf trace, and the similar structure of cauline meristeles.
The anatomy of the rhizome and stipe of C. tenuisecia is similar to that of
Diplazium japonicum (Thbg.) Bedd. (Bir 1961). The departure of basal root
trace after the opening of leaf gap in C. fragilis and C. sikkimensis is nothing
but because of very closely placed leaf bases and small size of the rhizome.

Cyclosorus and Thelypteris have similar stipe anatomy as in C. fenuisecta
but the two genera are otherwise different in the external morphology of frond
(architecture of lamina, shape and outline of sorus and indusium) and in
basic chromosome numbers.

The supply to pinna in C. fenuisecta is by means of extra-marginal abstric-
tion and like Athyrioid and Dryopteroid genera but in the later group of genera
the stipe has more than 2 leaf strands unlike Cystopteris species. However,
in small-sized species of the genus as C. fragilis, the pinna trace is marginal
in origin like members of family Aspleniaceae (sensu stricto) and Davallioid
ferns. This condition can be explained by the fact that the usual adaxial
hook-like arrangement of the xylem elements in the leaf strand is absent.
In C. fragilis the xylem elements in the leaf strand are arranged in somewhat
straight or curved line rather than forming the adaxial hook. All this change
in the mode of departure of pinna trace from the usual extra marginal type
to marginal type can be attributed to different arrangement of xylem elements
which is due to the size factor and may not be of any phylogenetic importance.
The two leaf strands in the stipe of C. tenuisecta fuse upwards in the rachis
into a single U- or V-shaped strand and point out the resemblance of Cystopteris
with Athyrium, Diplazium and other allied genera. Due to small size of the
frond in C. fragilis and C. sikkimensis, the alignment of the two xylem groups
(corresponding to each leaf strand) at the time of fusion in the rachis is
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somewhat like Asplenium or Davalliaceae. However, the admixture of
xylem parenchyma with tracheids in the cauline meristele as well as leaf
strand of all the species of Cystopteris is totally against any affinity of this
genus with either Aspleniaceous or Davalliaceous ferns that can be derived
on the basis of similar origin of pinna trace and condition of leaf strands
noticed in small-sized species.

It may be pointed out that the anatomical similarities of Cystopteris
with Athyrioid ferns give support to the earlier suggestion of Alston (1956)
that Cystopteris deserves a place in family Athyriaceae.
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