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Anatomical studies on over a dozen Indian species of Asplenium and Ceterach
officinarum from the Himalayas have been carried out. Ceterach exhibits
complete similarity in anatomical details with Asplenium.

The structure of the rhizome is dictyostelic and the departure of the basal root
trace before the opening of leaf gap is & general feature. The disintegration
of the stele is brought about by leaf gaps in all the species investigated except
in the proximal portion of rhizome of A. ensiforme which is towards the
side of the support and where, in addition to leaf gaps, perforations play
their part. The xylem tract in the cauline meristele and leaf strand always
consists of only tracheids and there is no admixture of xylem parenchyma
cells.

Leaf trace is binary as a rule. The apparent monostelic condition in some
small-sized species of Asplenium like A. trichomanes, A. varians and A.
exiguum is a derived one, correlated with the size factor. As the two leaf
strands extend upwards in the rachis, these fuse to become X-shaped.
Costa or pinna trace is always marginal in origin.

There are gross anatomical similarities of Asplenioid ferns with Davallioid and
Blechnoid ferns but whether these can be taken as indicative of any
phylogenetic affinity, or are the consequences of parallel evolution, is an
open question. At best, they do not indicate more than an extremely remote
common ancestry.

INTRODUOTION

The Asplenioid ferns in India are represented by only two genera, namely
Asplentum Linn. and Ceferach Garsault. The former is a very diversified
genus with about 700 recognized species (Copeland 1947) whereas the latter
genus is represented by only four feebly differentiated species. From India
about 50 species of Asplenium and only one species of Ceferach are recorded.

Amongst the early observations on the anatomy of various members of
Aspleniwm mention may be made of the work of Chandler (1905), Davie (1918),
Bower (1914), Tardieu-Blot (1932) and Ogura (1938). In connection with
his monographic studies on the genus Diellia, Wagner (1952) also gave some
details about the rhizome and stipe structure of certain Asplenium species.
But so far no detailed work has been done on the anatomy of the Indian
species of Asplenium and practically the genus Ceterach is still unworked.
. The only work is a brief report about the anatomy of Aspleniaceae by Bir
(1957) and about the anatomy of four species of Asplenium, namely 4.
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trichomanes, A. saulit* (= A. sarelir), A. pumilum* and A. alternans (= A.
dalhousiae) from Mussoorie by Singh (1963). Largely, the details about the
opening of leaf gaps, departure of leaf and root traces, structure of meristeles
and the role of perforations, if any, are lacking. Therefore, in the light of the
importance of anatomy in fern phylogeny and taxonomy, the present detailed
studies on the Indian representatives of Asplenioid ferns were carried out.
These pertain mainly to the stelar organization of over a dozen species of
Asplenium and one species of Ceterach.

MATERIALS AND METHODS

The materials of six species of Asplenium, namely A. dalhousiae Hook.,
A. varians Hook. and Grev., A. trichomanes L., A. exiguum Bedd., A. ensi-
forme Wall. ex Hook. and Grev. and A. indicum Sledge,} were collected from
different localities of Mussoorie (Western Himalayas) between 1,500 m and
2,400 m altitude, where these grow in quite abundance. Another six species,
A. nidus Linn., A. laciniatum Don var. subintegrifolium Hook., A. tenuifolium
Don, A. normale Don, A. cherlosorum Kunze ex Mett. and A. unilaterale
Lamk.,i were collected from Birch Hill and Lebong forest (1,500-2,200 m),
Darjeeling, and A. bullatum Wall. from Singhik (1,500 m), Sikkim State
{(Eastern Himalayas). Ceterach officinarum Lam. and DC. was collected from
Kulu Valley (1800 m) where it grows in exposed situations along forest paths.

In all the cases rhizome, petiole, rachis and portions of laminae were
fixed in F.A.A. Serial microtomic sectiops were cut at 20-24 n after usual
infiltration with wax and were stained with safranin fast green combination.
Free-hand sections of rhizome, petiole and rachis were also cut. Where the
rhizome is large and thick, the central stele was extracted out in entirety
after proper maceration with modified Schultz’s fluid (1 per cent potassium
chlorate in 50 per cent nitric acid) and dissection of material in water for
removal of all the ground tissue so as to expose only the vascular portions
which were later on preserved in 75 per cent alcohol.

. OBSERVATIONS
A. Asprenium LINN.

Rhizome—Majority of the members of the genus investigated here have
characteristic type of compact ascending or suberect rhizome with fascicled

* There is no mention of occurrence of these species at Mussoorie by Mehra (1939) and Stewart
(1942). 1In fact, 4. soulit (= A. sarelit) is known to be present only in the Himalayas in the
west of Mussoorie and there is no record of A. pumilum from the Himalayas. The latter species,
A. pumilum (var. hymenophylloides Fée), is found only at Mount Abu, Rajasthan, in India (see
Clarke 1880; Beddome 1892).

T The widely used name, A. planicaule Wall., according to Sledge (1965), is illegitimate.

} Darjeeling specimens on which the present studies are based conform to A. unlaterale
var. majus (C. Chr.) Sledge (for details se¢ Bir and Shukla. 1968).
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leaves. Often sclerified, more or less decayed, bases of stipes of preceding
years persist for quite some time and increase the apparent diameter of the
rhizome considerably. The largest height (about 10-15 cm) is mnoticed in
A. nidus and A. bullatum in which species it was possible to extract out the
stelar system in its entirety (Text-fig. 1). The other species, namely A.
ensiforme, A. indicum, A. laciniatum (var. subintegrifolium), A. trichomanes,
A. dalhousiae, A. normale, A. varians, A. exiguum and A. tenuifolium, have
small rootstocks, only a few to about 5 cm in height. In all these, the rhizome
is radial in symmetry. The structure is typically dictyostelic (Text-fig. 1).
Normally, the opening of a leaf gap is preceded by the departure of a basal
root trace. Closely above it, from the right and left of the leaf gap, two
equal foliar traces are detached from cauline meristeles enclosing the gap,
either at the same level (Text-fig. 2) or at different levels (Text-figs. 3, 13, 13).
The point of departure of leaf trace strands may be either near the base or
about the middle of the leaf gap. Binary leaf trace is characteristic of the
genus, noticeable in all the species with well-developed rhizome, i.e. 4. bullatum,
A. dalhousiae, A. normale, A. tenuifolium, A. ensiforme, A. indicum, A. uni-
laterale, A. cheilosorum, etc. (Text-figs. 2-6, 12-15). Modification which the
leaf trace undergoes in species with thin and attenuated rhizome is discussed
separately later.

The number of leaf gaps at a point is variable in different species. The
number of cauline meristeles is also different in different species depending
upon the size of the rhizome and number of leaf gaps. These are 4-7 in 4.
dalhousiae (Text-fig. 3), 3-5 in A. trichomanes (Text-figs. 7-10) or A. indicum
(Text-fig. 4), 1-3 in A. exiguum, A. varians and A. tenuifolium. The structure
of the rhizome in A. tenuifolium may appear exceedingly simplified after the
closure of the leaf gap when the leaf trace strands have moved farther away
in the cortex. Then only one large, curved meristele and two leaf traces
can be observed (Text-fig. 6). Here, the right end of the curved meristele
broadens for the initiation of a basal root trace for the next leaf gap
(Text-fig. 6). In its further course in the cortex the root trace may either
pass out without further division (4. normale, A. trichomanes and A. varians)
or it may divide into 2-3 strands, each passing out separately into a root
(A. dalhousiae, A. exiguum and A. tenuifolium). Apart from basal roots, no
additional root trace is given off in any of these species.

In the majority of species growing in rock crevices, there is an extensive
development of sclerenchyma in the peripheral region of the cortex. Often
the leaf trace strands and the cauline meristeles are ensheathed on one or
both the sides by patches of dark-brown sclerotic tissue (Text-fig. 3). A
few to large number of more or less occluded sclerenchymatous cells are present
scattered here and there in the otherwise thin-walled parenchymatous inner
cortex.
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There is a slight variance from the normal feature of basal root trace in
A. laciniatum var. subinfegrifolium. The leaf gap opens prior to the basal
root trace which gets detached just after the opening of leaf gap from the
lateral face of one of the meristeles enclosing the leaf gap. This root trace
during its further course in the cortex divides into 2-3 parts, each entering a
root separately. In A. indicum and 4. ensiforme the same situation prevails
(Text-fig. 4) but sometimes the root trace may also depart before the opening
of the leaf gap.

The structure in A. enmsiforme is rather interesting. The rhizome is
thin in the posterior portion where it is attached to the tree. Here leaves are
absent on the adpressed tree-trunk side but are present on the dorsal side,
arising in three rows. But the anterior region of the rhizome is radial in
symmetry, leaves arising from all sides. The stele in the basal portion is
disintegrated by simple perforations on the adpressed side and foliar gaps on
the dorsal surface as seen in the serial sections (Text-fig. 5). Usually the
opening of whether perforation or leaf gap is initiated by the departure of a
basal root trace, but occasionally the root trace departure is postponed till
after the gap is initiated as described earlier (Text-fig. 4) for 4. indicum.
The perforations, thus, are merely leaf gaps minus foliar traces. The maximum
number of perforations at a point on the rhizome are three. The roots on the
tree-trunk side are many and may arise (i) at the base of perforation, before or
immediately after its initiation or (ii) from the internal or outer faces of the
meristeles at different levels. On the dorsal side only a single root trace
arises in association with a leaf gap. The root trace may split into two or more
parts during its outward course through cortex. The structure of rhizome in
the anterior portion is of the usual type (cf. 4. tndicum). Another feature of
unusual interest in this species is the emergence of root traces from the base of
the petiole. This is because of the compact arrangement of the leaves, leaving
no space for the roots to be located directly on the rhizome, with the result
that root traces after their emergence out of cortex enter the petiole along with
the leaf strands. These divide into 2-3 parts (if not divided already) and the
daughter root strands emerge out of the petiole independently into separate
roots. Consequently, these apparently seem to be given off from the leaf
strands in the basal portion of the stipe. In a transection of rhizome one or

TexT-FIigs. 1-8. Asplenium sp. (MS—meristele, RT—root trace, LT-—leaf trace, LG—leaf
gap, P—perforation). 1-2, Asplenium bullatum. 1, an extracted stele from rhizome; 2, a portion
of the rhizome stele enlarged to show the position of root traces and leaf traces; 3, T.S.
rhizome of A. dalhousiae. (Note the two leaf trace strands departing at different levels); 4, T.S.
thizome of 4. indicum showing departure of basal root trace after the opening of leaf gap; 5,
T.S. rhizome of A. ensiforme. (Note three perforations on the left side and presence of root trace
at leaf base along with two leaf trace strands); 6, T.S. rhizome of A, tenwifolium showing one
meristele and two leaf strands; 7-8, serial sections of rhizome of A. trichomanes.
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more root traces may be seen along with leaf trace strands at the leaf base
(Text-fig. 5). '

In A. trichomanes and A. varians after the departure of basal root trace
from the outer portion of cauline meristele the xylem group in the ‘parent’
meristele becomes segregated into two portions (Text-fig. 7 at ¢) and, then,
from one portion of xylem a part is cut off as one xylem component of leaf
trace. Soon after, the leaf gap opens (Text-fig. 8). This occurs in such a
way that after the opening, the newly cut xylem component of leaf trace
remains enclosed in the endodermal sheath of one of the ‘daughter’ meristeles
produced by the division of parent meristele. The second xylem component of
leaf trace is then abstricted from within the ‘daughter’ meristele. Still the
two xylem groups of leaf trace are enclosed in the endodermal sheath of
‘daughter’ meristele (Text-fig. 8 at ¢). Further on, a single leaf trace with
two xylem groups is detached from the ‘daughter’ meristele (Text-fig. 9 at 4).
Without any further change (unlike its splitting into two in Anthyrium himalai-
cum Ching) it enters the petiole. The two xylem groups are enclosed in the
same endodermis and during their course into cortex they assume the form
of two opposite parenthesis symbols ) (, and soon fuse to become X-shaped in
the petiole. Sometimes this monostelic leaf trace is also seen in A. exiguum
along with distelic ones (Text-fig. 11). In Text-fig. 10 the positions of
successive leaf gaps are numbered from 1 to 6 in order of their opening. Similar
monostelic or single leaf trace has been described for Diellia erecta by Wagner
(1952) where the fusion of original two traces always occurs within the cortex
of the rhizome. The presence of a monostelic leaf trace in A. trichomanes
and 4. varians is a diagnostic feature of these species and apparently appears
quite different from the distelic or binary leaf trace condition characteristic
of the genus. This, however, is not of much phylogenetic significance and is
interpreted as merely due to size factor. The rhizome is of very small size.
Moreover, the occurrence of mono- as well as distelic condition in A. exiguum
indicates that the former is just a structural modification of the latter.

Only two species, namely A. cheilosorum and A. unilaterale, possess
dorsiventral, widely creeping, branched rhizome which is thick and possesses
greater proportion of the ground tissue as compared to the stele. In 4.

Text-Fias. 9-17. Asplenium sp. (LT-—leaf trace, M S—meristele, RT—root trace, VMS—
ventral meristele, DMS—dorsal meristele, LG—leaf gap). 9-10, serial sections of rhizome of
A. trichomanes. In Text-fig. 10 the leaf gaps are numbered. At I basal root trace has
departed, at 2 leaf gap has opened, at 3 a single leaf trace has departed and at 4, 5 and 6 the
leaf gaps are about to close. 11, T.S. rhizome of 4. exiguum showing monostelic and distelic
leaf traces. 12~13, A. cheilosorum; 12, T.S. rhizome. (Note meristeles, root trace and leaf
trace strands are all covered with sclerotic tissue); 13, a portion of extracted stele of rhizome (with
only one row of leaf gaps shown). Note the departure of root trace before the detachment of leaf
strand from ventral meristele. 14-15, A. unilaterale; 14, T.8. rhizome; 15, an extracted stele
showing only one row of leaf bases. The leaf trace strands depart at different levels. 16-17,
A. nidus; 16, T.S, petiole; 17, T.S. rachis showing the departure of marginal trace.
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cheilosorum there is prominent development of sclerotic sheath around meri-
steles, root traces and often leaf traces (Text-fig. 12). The arrangement of
leaves is distichous in both, being rather close in A. cheilosorum as compared
to A. unilaterale. On the ventral side is present a large flattened meristele
supplying the main bulk of root traces while on the dorsal side are present
usually 2-3 thin meristeles. The structure is dictyostelic as usual (Text-
figs. 12, 14). In the region of branch trace the ventral meristele divides into two
thus increasing the total number of meristeles to four. The following types of
root traces depart from the two lateral sides or margins of large ventral meristele:
(i) A basal root trace before the opening of leaf gap in both the species
(Text-figs. 13, 15).
(ii) Additional 2-3 root traces in A. unilaterale after the opening of leaf
gap but only one at a time (Text-fig. 15).
(ili) One extra root trace at a place before the detachment of one of the
leaf trace strands from ventral meristele in 4. cheilosorum (Text-fig.
13). It departs in the same fashion as a basal root trace before
opening of leaf gap.

In A. cheilosorum, without the extraction of the stele, it is practically
impossible to find out the exact place of departure of leaf or root traces and
opening of gaps. Text-figure 13 represents the side view of extracted stele
with one row of leaf gaps. Both the opening of a leaf gap and departure of
leaf trace (from ventral meristele) are preceded by the detachment of root
trace (Text-figs. 12, 13). Additional root traces are also given off from the
upper surface of the rhizome in both the species. These depart from the
outer faces of the dorsal meristeles enclosing the leaf gap and usually before
the abstriction of a leaf trace and are two in number from each meristele
(Text-figs. 13, 15). The two leaf trace strands are given off at different levels.
One of these is cut off from the ventral meristele and the second from small
dorsal meristele on upper surface. These enter the petiole after running for
quite some distance in the cortex parallel to ventral meristele.

Petiole and rachis—As a rule the supply to petiole is by two elliptical
vascular strands with C-shaped xylem (Text-fig. 16). These unite higher up
in the rachis to give a single X-shaped strand (Text-fig. 17). 1In A. laciniatum
var. subintegrifolium the xylem group in the petiolar strand possesses an
adaxial hook (Plate XXXVIII, fig. 2) which fades out in the rachis. Most of
the species (lithophytic or epiphytic) have their cortex in the petiole usually
differentiated into highly sclerenchymatous and parenchymatous zones. The
costa trace (in case of A. ensiforme or A. dalhousiae where the frond is simple
or pinnatifid) or pinna trace is given out by marginal abstriction from the
adaxial xylem arm (Text-fig. 17). A

Structure of cauline meristele—Each meristele is somewhat oval in outline
and is delimited from the adjoining uniform, large parenchyma cells of pith or
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cortex by a layer of endodermis of rather flat cells with prominent casparian
thickenings on the radial walls. The xylem tract extends across the centre of
each bundle and is about one-third as broad as the bundle. The protoxylem ele-
ments are sometimes intermixed with the metaxylem elements but more often
these are present on the extreme ends. Unlike members of Athyriaceae, the
xylem consists of only tracheids and is not traversed by xylem parenchyma cells.
The metaxylem elements are formed of tracheids with scalariform thickenings.
Phloem consisting of large sieve cells and phloem parenchyma surrounds the
xylem on all the sides although the development of elements towards the
distal ends is not so conspicuous. Underneath the endodermis is 3-5 layered
pericycle composed of polygonal cells with inclusions (Plate XXX VIII, fig. 1).

Structure of leaf strand—Each strand is encircled by a single-layered
endodermis. Pericycle is two to many layered, composed of cells of various
sizes and often filled with some contents. Xylem is typically C-shaped with
two protoxylem groups occupying ends of "C’. Like the cauline meristele,
here also the aylem is solid with no admixture of parenchyma and is composed of
scalariform tracheids only. Surrounding it on all the sides is the phloem
filling the central curve of *C’ (Plate XXXVIII, fig. 2). Phloem and pericycle
cells. in large part, are with evident protoplasts and nuclei.

Root—1It is diarch. The stele is surrounded by thick sclerotic tissue of
the inner cortex (Text-fig. 18).

B. Cereracr GARSAULT

The structure of the rhizome is on the same basic plan as in most of the
species of Asplenium. It is dictyostelic with 4-5 meristeles. Generally, the
opening of the leaf gap is preceded by the departure of a basal root trace
(Text-fig. 19) which is sometimes shifted upwards and departs from one side
just after the opening of leaf gap (Text-fig. 20). The two leaf traces are cut
off at about the same or different levels from the meristeles enclosing the leaf
gap. These traces are always accompanied by patches of sclerotic tissue in
their future course in the leaf base and also upwards. Very often the leaf
gaps are very narrow and only 3-4 mm long. As the rhizome grows older,
the sclerotic patches also develop on the meristeles usually towards the pith-
side which is parenchymatous (Text-fig. 20). Root trace does not divide
further and enters the root as such. Outer cortex of rhizome may be scleren-
chymatous. The structure of the meristele and leaf strands is the same as in
Asplentum. The xylem tracts in the leaf strands do not develop any hooks.
The two strands in the petiole fuse upwards in the rachis into one X-shaped
strand. The costa traces are marginal in origin. Root is typically diarch.

Discussion
As far as the anatomical features are concerned, 4splenium shows certain
similarities with the members of the family Blechnaceae. In Blechnum orientale
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(Kachroo 1955a), B. pafersont, B. penna-marina (Bower 1914), B. tubulare
(Bower 1928), Stenocklaena palustris (Mehra aad Chopra 1951) and 8. sorbifolia
(Bower 1914, 1928) also, the emergence of a root trace initiates the opening in
the central cylinder of rhizome. Perforations present on the tree-side in the
proximal portion of Asplenium ensiforme rhizome (not reported earlier in any
member of the genus), though very few in number, remind one of their more or
less similar origin in Stenochlaena palustris (Mehra and Chopra loc. cit.) and
S. tenuifolia (Bower 1923). These are modified leaf gaps in which the leaf
traces have become eliminated because of the absence of leaves on the
adpressed side of the rhizome.

The binary leaf trace, so consistent a feature of the genus, is also present
in some members of Blechnum such as B. patersoni, B. spicant, B. alpinum, B,
filiforme (Bower 1914) and B. orienfale (Kachroo 1955a). But each leaf
trace in some Blechnum species divides further into variable number of strands.
The leaf trace in Stenochlaena palustris is also binary (Mehra and Chopra loc.
cit.). In the matter of two leaf strands, their subsequent fusion in the rachis
and marginal abstriction of pinna trace, Asplenium species also resemble
certain Davallioid ferns like Leucostegia immersa (Kachroo 1955b). The
structure of cauline meristele in Asplenium species is quite similar to that of
Blechnum species and the Davallioid fern, Leucostegia immersa (Kachroo 1955b),
in that the xylem tract is composed of tracheids only and there is no admixture
of parenchyma.

Whether such points of resemblance of Asplenium as enumerated above
with Blechnoid and Davallioid ferns can be taken as indicative of any phylo-
genetic affinity or are the consequences of parallel evolution is an open
question. Because, as an example, the character of similar fusion of leaf
traces in the upper part of stipe (rachis also), as seen in Davallioid and Asple-
nioid ferns, could probably originate independently in various groups of ferns
as some species of Cheilanthes also show X-shaped fusion of leaf strands in
rachis. Further, on the basis of cytomorphological criteria Asplenioid ferns
do not appear to have any phylogenetic connection with the Davallioid ferns
(ef. Bir 1965) because the Davallioid ferns differ from Asplenioid ferns in
the following characters:

(i) Spores are non-perishoriate with sculptured exospore.
(ii) Rbizome is dorsiventral and long-creeping.
(ili) Stipes are articulated and with several (3—4 or 5) vascular strands
at base (except for two in Leucostegia immersa).
(iv) Scales are truly peltate with non-clatherate cell walls.

Prate XXXVIII, ries. 1-2. 1, T.8. rhizome of 4. ensiforme showing the structure of
meristele. (Note the absence of xylem parenchyma cells. x 250); 2, T.S. petiole of 4. laciniatum
showing the structure of leaf strand. (Note the absence of xylem parenchyma and prominent
inward hooks of xylem tract. X 250).
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(v) Sporangial stalk is two rowed.
(vi) Different basic chromosome number, z = 40 or 41.

Figp.19-20.

Texr-vics. 18-20, (ST——sclerotic tissue, RT—root trace, L7T—Ileaf trace, MS—
meristele). 18, T.8. root of 4. dalhousiae. Sclerotic tissue is very prominent. 19-20,
T.S. rhizome of Ceterach officinarum. Outer portion of cortex is sclerenchymatous. Text-
fig. 19 shows the departure of leaf trace strands at different level and detachment of root
trace, Text-fig. 20 shows the departure of basal root trace after the opening of leaf gap.
Several leaf gaps have closed at this level. In all the figures dotted areas show sclerenchyma
and dark areas show sclerotic tissues.

Similarly, in spite of good amount of anatomical resemblance of As-
plentum with Blechnoid ferns as enumerated above, there are certain promi-
nent differences as non-clathrate scales, extramarginal supply to pinnae and
different basic chromosome numbers in which the Blechnoid ferns differ
from the Asplenioids. Therefore, occasional instances of anatomical simi-
larities of Asplenioid ferns with Blechnoid and Davallioid ferns, at best,
do not indicate more than an extremely remote ancestry.
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