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Epidermal Morphology of the Pinnae of Angiopteris
Danaea, and Marattia

MarIa
Laboratory of Botany, Museo de La Plata, Paseo del Bosque, 1900 La Plata, Argentina

This is a study of adult epidermis morphology in 17 species of Angiopteris
J. E. Smith, and Marattia

Camus
Marattiales

cladistic study of extant and fossil members of the order. The epidermal

imensions
stomata, walls of epidermal cells, and idioblasts. The only character of
ndume

Roller! et al. [1987) made the first detailed study dealing with pinna and pinnule
indument in the Marattiaceae
comments on petiole and rhizome scales of Angiopteris, illustrating two
species He suggested that Angiopteris pinna trichomes were diagnostic but
needed detailed study. Rolleri et al. (1987) strongly pointed out that epidermal

Marattiales

Marattiaceae

Materials and Methods

Ue errari 1986J and Roller, et al. (1987). Adult stomata were describedstomata were described

Wilkinson
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Chart i. Stomata characteristics.

Characters

Species

Stomata Size Stomatal Density
Number of

Rings of

Subsidiary

Cells

1

Number of
i

Peristomatic

Cells

Adult types of

Stomata
A

1

1

B C

A. angustifolia

1

!

46x28 (30) 33 (35)

1

120-140 1-2 5-10
Irregular Cyclocytic

Contiguous

A. cartilagidens

1

1

i

54 x32 (32) 34 (36)

1

128-144 1 (Raro 2) 4-5 (7)

Typical Cycloc>tic

Tetracytic

Slauroc\'tic/

Contiguous

1

1

A. evecta 84x32 (20) 25 (28) 80-122 1 3-4 (5)

Irregular Cyclocjiic

Tetracytic

Staurociiic

Anisocj^ic

A. pruiiiosa

1

48x28 (21) 27 [33) 80-130 1-2 4-10
Irregular Cycloc>1ic

Contiguous
1

D. alata 74x32 (4) 6 (9) 20-30 1-2 4-6 (8)

Irregular Cyclocytic

Tetracvtic

Hexacytic

D. elliptica 82 x 34 (8) 12 (16) 30 60 1-2 3-8 Hexacytic
^,MB M„ ^,^ t k

D. excurrens

1

62 x34 (4) 5 (8) 20-40 1 2 4-5 (9)

Typical Cyclocjtic

Irregular Cycioc\iic

Tetracjiic

Contiguous

D. grandifolia 62 X 32 (11)14(17) 40-60 1 4-5

Irregular Cyclocj^ic

Tet^ac^1ic

Contiguous

M. attenuata 78x56 (25) 27 (29) 100 120 1 4-5

Typical Cyclocjiic

Tetracyiic

Staurocjlic

Contiguous

M. douglassii 50x30 (20) 23 (25) 80-100 1 4-6

Typical Cyclocytic

Tetracvtic

Hexacytic

Contiguous

M. excavata 58x28 (10) 12 (16) 40-60 1 4
Typical Cyclocylic

Tetracytic

M. fraxinea 48x28 (16) 19 (22] 60-80 1-2 4-6 Tetrac}lic

M. pellucida 48x28 (10) 12 (16) 4D-60 1 4-5
Tetrac\1ic

Anomoc>iic

M. raddi 64x40 (2) 3 (6) 10-20 1 4
Tetrac\1ic

Anomocytic
^

—

' ' '
" ' ' aa

M. silvatica

1

84x44 (8) 10 (12) 30-50 1 4-6

Irregular Cvclocvtic

Tetiac}'tic

Contiguous
^ —— ™—

H

M. werneri 48x22

1

(11) 14 (18) 40-60 1

L^ —

1

3-5 i

L

Typical Cycloc>1ic

Anisoc}tic

Contiguous

A. Length and width in ^un; mean values given.

B. Number per 0.25 mm*; usual and extreme values given.

C Number per 1 mm^, range of variation given.
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Bords de la riviere Yaboue, A. R. [leg. Franc] s. n. (SI). A. lygodiifolia Rosenst.— JAPAN: Honshu:
Mie. Owaso-shi, Kata-ku Peninsula, Ohha 651147 (SI); Kyuku: Isl. Tokuno-Shima, Kagoshima

Kunze—JA\'

and

Danaea alata J. E. Smith—WESTINDIES: Dominica: St. David Parish, Central Forest Reserve,
DIeau Gommier, LeIIinger 472 (LP); BRAZIL: Parana: Serra do Mar, Ypiranga, Dusen 12123 (SI):

PAR.\GUAY: Cordillera de Cerro Leon a I'est de Rivayn, Balansa 2817 (SI). D. eJJiptica J. E. Smith
GUATEMALA:Alta Verapaz: near Cubilquitz, von Tuerkheim 11 491 (SI); PUERTORICO: RIo
Piedras near S. Juan, Hioram s. n. (LIL 20585). WESTINDIES: St. Vincent: Cumberland Mountain,

BRAZIL
Rosenst.

km
erw

Puntarenas: vie. of the biological field station at Finca Wilson near S. Vito de Java, MickeJ 3049 (LP)'
Marattia attenuata Labill.— NEWCALEDONIA: Mt. Koghis, Bonati 653 (SI); Yaboue, Franc s. n.

(LIL 20583). M. douglassii (K. Presl) Baker—HAWAII: Oahu: Haiawa Valley, Degener 6- Wiebke3153
(SI). M. excavata Underw.-COSTA RICA: Puntarenas: 1-4 km S of the biological field station at
Fmca Wilson near S. Vito de Java, Mickel 3119 (LP). M. /raxinea J. E. Smith—GABON: Foret du
Mayambe bayaka Gorges de la Dougonatzi [?], affluent de la Rianga, Djengila. Testu s. n. (LIL
293622); TANZANIA: Mt. Kilimanjaro, Schlieben 4711 (LIL 446970). AUSTRALIA: New South
Wales: Sydney, Norfolk Island, Hobinson s. n. (SI 27956). M. peliucida K. Presl— PHILIPPINES:
Mindanao: Camiguin de Mindanao, Ramos 1169 (SI). M. raddii Desv. BRAZIL
Morro de trombo, SchmaJz 222 (SI); Sertao de Sagoa, Isla Sta. Catarina, Rohn 1036 (SI); Rio Grande
do Sul: Sta. Cruz, /uergens 223 (SI). M. silvatica Blum^PHILIPPINES: Luzon: Benguet. MerriiJ 929
(SI). M. werneri Rosenst.-NEW GUINEA: Papua New Guinea: Mt. Gelu, Werner 49 (SI)

Epidermal Patterns

Adult epidermis shows polygonal, subpolygonal, and sinuate patterns, as
described for Lycopodium by Rolleri & Deferrari [1986]. Variations in the latter
are related tn sirmQ HiciiannQ r^r^A ,.r,M+u. j:^* ^i • __ . , , . .

are seen. Epidermal

same
IS true for cell length:width ratios and the general contour in surface view. Inmany instances, the hypophyll greatly differs from
stomata, idioblasts. and

the---JO"— -jf^x^wiiiiai pciLLCiua are louna Dotn m
epiphyll of M. attenuata (Figs. 3A-C). Subpolygonal i.„,„„= ,„„ appear mboth pinna faces of A. pruinosa [Figs. lA-B) and in the epiphyll of A.
angust./oha (F>g. IC). Subpolygonal to sinuate patterns have been observed inthe ep.phylls of M dougiossii (Fig. 3D) and M. /ra.-.inea (Fig. 3J), whereas thehypophylls of the latter three species are intermediate between distantly and
frequently sinuate (Figs, IE, 3E-F, 3K).

Distantly sinuate patterns appear in the hypophyll and epiphyll of A
oTuZlrT^"- 1\-,'^^ !P? "• ^^^'™"' (Figs. 3G-I) and also in the'^epiphja

!f,t u™,
^""''"hat irregular, frequently sinuate pattern with frequent

his epidermal pattern appears on both faces of M. silvatica pinnae (Figs 4H-I)
*°. :,'"/ '':^''-^ ^i"--,''"' '"^g"'- ou.line-at times curved'at Um sangular

hypophyll, the latter seem
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Fig. 1. Epidermis in Angiopteris. A. A. pniinosa epiphyll. B. A. pruinosa hypophyll. C. A.

cngusti/oJia epiphyll. D-E. A. angustifolia hypophylL F. A. cartilagidens epiphyll. G. A.

cartilagidens hypophylL H. A. evecta epiphyll. I-K. A. evecta hypophylL The storaata types are:

an aniso cyclocytic, co = contiguous, ic ure and

t = tetracytic. The other abbreviation is: id = idioblast.
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J

3ras are found in both faces of M. werneri (Figs. 4J-N)
Most typical is D. grandi/oiia (Figs. 2P-R), with D.

D. excurrens (Figs. 2J-0), and D. elliptica (Figs. 2F-I), the epiphyll is frequently

im
thickness: the contours are more uniformly frequently sinuate, with the
exception of D. elliptica (Figs. 2F-I), where the epidermal pattern is angularly
to subangularly sinuate.

Cell length:width (l:w) ratio also varies. In general, it can be said that for the
Marattiaceae the longer (more anisodiametric) a cell is, the larger it is compared

:mal cells tend to be isodiametric (l:w = 1:1] in
angustifolia

folia (Figs. 2P-R] and M
(Figs. 3A-C). (In M. attenuata the epidermis looks like a very regular mosaic,
especially in the hypophyll). Ratios of 2:3-3:1 are found in the epiphyll of D.
alata (Fig. 2A], the hypophyll of A. angusti/oJia (Figs.lD-E). A. cartiJagidens
(Fig. IG], and A. pruinosa (Fig. IB), and in the epiphyll and hypophyll of D
eJJiptica (Figs. 2F-I), D. excurrens (Figs. 2J-0). M. dougiassii (Figs. 3D-FJ, M.
exc^avata (Figs. 3G-I), M. fraxinea (Figs. 3J-K], M. pellucida (Figs. 4A-D), M.
raddn (Figs. 4E-G), and M. silvatica (Figs. 4H-I). Epidermal cells with a ratio
of ca. 4:1-5:1 are found in M. werneri (Figs. 4J-N], and up to 6:1-7:1 in A. evecta
(Fig. IH-Il.

thicknes

Marattia

^Jim thick (Figs. 3

A

Walls of the polygonal epidermal 4

mentioned
sinuate patterns and the cell walls are irregularly thickened.' Although these
thickenings cannot be compared to those of M. attenuata, values of 2-3

epiphyll.
Q]

jxm

Cuticular ornamentation (folds, granules, striae, and different kinds of

domes
SEM

Adult Stomata

w'wrt" '^'P^.'.^^VT'^ ""'^^^ '^' ^P^^^^^ ^^ ^^^died, as described
:10W. Workms with adult cnor-JTT^r,^,^ U„„ 1 , , , .

ne im
stoma. " '^i^'"-^^^"^ ^Lagcs iKduing 10 an adult

Amsocytic stomata (an), with guard cells surrounded t
lich IS generally smaller than the other tw^o, are rather rare
^re observed in A. evecta (Fig. IJ) and M. werneri (Fig. 4L1
Anomocytic stomata (a), with subsidiary cells not distingui
ler epidermal cells, are infrequent but more commonthan ^e

m
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100 pm

Fig. 2. Epidermis in Danaea. A~B. D. alata epiphyll. C-E. D. alota hypophylL F-G. D. eJIiptica

epiphyll. H-L D. eJIipfica hypophyll. J-K. D. excurrens epiphyll. L-O. D. excurrens hypophyll.

CO contiguous, h - hexacyti

grandi/oJ

fgular

cyclocytic,

tetracvtic.
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(Fig. 4G)
M. pellucida fFig. 4B1 and M

Cyclocytic stomata (c) are most common in the Marattiaceae. Using Stace's
(1965] precise definition modified by van Cotthem (1970), this type includes

Sim
numb

Mature
cyclocytic stomata were named the "Angiopteris-type" (Maroti, 1960),
^^encyclocytic" (Stromberg, 1956). and "amphicyclic" (Pant, 1965). The
"Angiopteris-type" has been found in three genera of the Marattiales (RoUeri et
al. 1987), and so employing this name is not advisable; Stromberg's term is a

^m of Stace's; and Pant's name assumed perigenous development.
found that cyclocytic stomata occur in two subtypes, typical and

irregular. Typical cyclocytic stomata, with guard cells surrounded by a 5- or
6-celled ring, have been found in A. cartilagidens (Fig. IG), D. excurrens (Fig.

We

M. attenuata (Fig. 3C1.M
M

M. excavata (Figs. 3H~I),

Irregular cyclocytic stomata (ic) have more than five or six and often up to 10

mcom
Shared with another stoma. The latter were called "contiguous stomata" by
Kolleri et al. (1987) and have been observed in A. evecta (Fig. IK), D. alata (Figs.

difolio

Qngustifolia

From a descriptive point of view, and in agreement with the more adequate

Wilkinson
[Metcalfe, 1961; Stace, 1965: van Cotthem

yclocytic

Tetracytic stomata (t), with guard cells surrounded by four subsidiary cells.

tiiree

smaller

.rnnHf '•

fp ,m .'r°-
^'^'' "' '"°'° 'f* ^E). D. excurrens (Fig. 2M, D.

Dn"™"j".' :ir„!:f J''' f .1 ?,
™"-' °f ']"= I^'^-ytic type and appear in

Marattia

lary
ciiVioirl;or.T. ^^11 X 1 .

-" * -xw v^yvciiiipicc) wtjuuburveasnowpoiar

^':i^!:' 'T'^.^r^'^ crescent-shaped and somewhat encircling

douglassii (Fig. 3F).
M

lary

stomata

sXs d a?v rJl k H
,™.

'f
T*^ "''" '' '"'^8"'^' cyclocytic. They have 8-12

S'ulaTand n^f " k''

'" ''™ ""^'' *^ '""" °"^ '^^ular and the outer oneirregular and sometimes becoming part of contiguous stomata. The distribution
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Fig. 3. Epidermis in Mamttia. A, M. attenuata epiphyll. B-C. M. attenuata hypophylL D. M.

douglassii epiphyll. E-F, M. douglassii hypophyll. G. M. excavata epiphyll. H-I. M. excavata

lypophyll. The stomata types are: c = cycloc>tiG»raxinea

h and t = tetracytic. The other abbreviation is: id = idioblast.
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of subsidiary cells suggests that the subsidiary cells of a basic tetracytic stoma
have undergone extra divisions.

We

more comm
one. These are very frequent in Angiopteris, perhaps due to the high density of
stomata in this genus. However, they were also observed in Danaea and
Marattia. Continguous stomata were found in A. angusti/olia (Figs ID-E) A
cartilagidens (Fig. IG), A. pruinosa (Fig. IB], D. excurrens (Fig. 2L).' D
grandifoUa (Fig. 2R], M. attenuata (Fig. 3C}, M. dougiassii (Fig. 3F1. M. silvntfrn

M
Staurocytic stomata (s) have four or sometimes five simi

(W

attenuata (Fig. 3C].
M

exhibit

com

at the species level
themsel

mayme generic level mthe Marattiaceae. In Angiopteris the guard cells protrudeabove the epidermis surrounding them, in Marattia they are at the same level
as me epidermis, and mDanaea they are as in Marattia or are slightly sunken.

he Lif r "!'''*«! ' ^"^y^^"« ^°^^°™ t° the term "aquatic" stomata, inthe latter two. to "terrestrial" stomata (Haberlandt. 1965). The difference

lamina
stomata, the guard cells are

nnlv at the r.„f^ *
-r-.-— ^& ..-.xo oic ai diigiKs lo oue auotuer and touch

,?'L M U,°"'!rr P""!'. ^°™-8 - -"P'^ -"ty toward the Interior. In
Stomata

laminathpir nnnr^cir^r. ,..^n n .

-x^ vatovi auuvtj lay lamma suriace ana

lOOfc

formed toward the interior. Aquatic stomata
the atmospheric humiditv can

they lamina

summarizedChart 1 TV.O T^,.ry.\.^ f - . .
— "^ t'luuiea are summarized in

neiXrils ceirT^^^^^^
penstomatic cells includes both subsidiary and/or

fi! rlT^. ""l^h It. e^^,^^^ ^^^^ ^^^d for stomata density, a 25 mm^mm tieid. The former is customary

1971].
other

Indument

are
•' * tr -^ --, --V. , v^i lilt, cpipil^ll

trichomes are known. Trichomes
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Fig. 4. Epidermis in Marattia. A. M. pellucida epiphylL B-D. M. pellucida hypophyll E. M. raddii

epiphyll. F-G. M. raddii hypophyll. H. M. silvaticQ epiphyll. L M. silvatica hypophyll. J-K. M.

wemeri epiphyll L-N. M. werneri hypophyll. The stomata types are: a = anomocytic. an =

anisocytic. c = cyclocytic, ic = irregularly cyclocytic, and t = tetracytic.
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arme
hairs, scales, and glandular hairs. Scales, non-glandular hairs, and glandular
hairs intergrade in this material and probably share a common ontogenetic
ancestor because in their earliest ontogenetic stages scales resemble glandular
hairs, although they lack the tanniferous contents of the latter.

The distribution and nature of the indument varies in the species studied.
Angiopteris and Marattia lack glandular hairs, but have non-glandular hairs and
scales. In the former genus the hairs and scales occur along the costa
and secondary veins in A. angusti/oiia, A. cartilagidens, A. evecta, and A.
Jygodii/oJia, but appear solely along the costa in A. pruinosa. In Marattia,
glabrous pinnae occur in M. attenuate and M. excavate. Indument occurs on the

M
M

M. douglassii and M. fraxinea. Costal and superficial, but not m
M

found on and near the secondary veins, but not on the costae. Hairs and scales
econdary veins are also found more

frequently along the costae. Trichomes like glandular hairs occur on the costae,
but tests for tannm in these structures were negative; apparently these glandular
hair-hke structures are juvenile stages of the costal hairs and scales found in
mature

Rolleri et al. (1987).

some

between and within species.

number of

indument

Angiop tens angusti/oIia.-Peltate scales with one or two more or less
cylmdrica basal cells and a pauci- to pluricellular, flattened body deeply
incised into very irregular segments that usually terminate in a pluricellular,
biseriate hair occur on the costa (Figs. 5C, E, F) and secondary veins (Figs. 5A,
D, 5B. a lateral view of a small, peltate scale). Acute or conic, unicellularmar

Angiopterls cartiiagidens.-Variously branched peltate scales with a single,
3rt or long, cylindnca basal cpII fFia "^i i ^. t u„_. „..i- _._... , , ^,

basal

d^rfrtfn^'c^K
^""^ ^ l^^^^f^^^^^^ Or porrect, flattened body prolonged in different

o P.PnrT\ ^1
''''" °'

?^^"^^f
^^ branches that end in awl-like processes are

secTdary v'ei^^^^^^^

"'^" ^" '°^^' ^^°^^ ^^^ ^^^^-' ^^^ -^"- -- ^^-^ the

...t'^.tTT ^!^^f°-:Y3^;ously branched hairs with one or two short basal
armed body [approaching sim

(Figs. 5N-R].

terminated

secondary'

ifoi

thnsp nb<:prvo^ TtT tk
•

7 ,

"""^"-^ "^*^^ '^^t; simpler ana smaller than

a flattened Ll^^^^ """""'u f '^' ^^^^^' "^''^ ^ cylindrical basal cell andflattened, branched, paucicellular body with uniseriate. hair-like. U-shaped or
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Fig. 5. Indument in Angiopteris. A, B, D. A. angusiifoUa scales on secondary veins. C, E, F. A.

angustifoUa scales along costae. G-M. A. cartilagidens scales on costae [H a common juvenile

stage]. N-R. A. evecta hairs on secondary veins. S. A. evecta hair on costa. T-W. A. pruinosa hair

initiation along costae. X-Y. A. pruinosa dendritic hairs along the costae. Z, A', B'. A. pruinosa

scales along costae. C'-E'. A. lygodiifoUa scales on secondary veins. F'-G'. A. lygodii/olia hairs

along costae. The cell types are: ac = apical cell, be = basal cell, stippled = cell arising from first

division of the apical cell.
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irregularly tufted branches appear along secondary veins (Figs. 5D'-E'). Two-
armed hairs with one or two short basal cells and two horizontal, uniseriate arms
that are T-shaped or variably V-shaped, each one ending in an obtuse cylindrical

cell, are found on the costa (Fig. 5G'). Unbranched hairs with one or two short

basal cells and a small, biseriate body with a uniseriate, hair-like apex are also

found on the costa (Fig. 5F').

Angiopteris pruinosa. —Peltate scales with a cylindrical basal cell and a

paucicellular, flattened body with 1- or 2-seriate branches radiating slightly

from above the base, the branches Rndint? in a ri- nr 4-rp11pd nnJcprlatp Viair.lilro

the

flattened
prolonged into uniseriate, hair-like processes (Figs. 5X-Y) are also found along

intermediate

;d or 2-armed

the c(

hairs.

diifolia (Figs. 5V-W)

moreMarattia douglassii.— Peltate scales with a cylindrical or ...^.^ ^. .^.^
obconic basal cell and a large, flattened, pluricellular body with deep incisions
forming irregular, marginal, pluricellular or uniseriate hair-like structures, the
former usually ending in acute cells, the latter in a cylindrical obtuse cell (Fig.

observed

Marattia fraxinea

general features, and location occur (Fig. 6B).

ofM

Marattia Diverse indument types appear together in different
the same pinna: (1) Peltate scales resembling those of M. doudassii

and M. fra.

secondary veins. These are up to 5 mm
Marattia

gularly

processes (Figs. 6U-W) occur on the lamina and near and upon the secondary
veins mixed with hairs. (3] Unbranched hairs usually with a cylindrical basal
cell and a 5- or 6-celled body terminating in a cylindrical, obtuse, 1-celled apex
occur on the lamina and near and upon the secondary veins. (4) Unbranched,
umsenate hairs (Figs. 6S-T) and two-armed, V-shaped or T-shaped and
horizontal hairs, the latter sometimes with unequal arms, the larger biseriate
and Jonger (Figs. 6P-Q}, were observed on pinna margins.

1 raddii.— Peltate scales resembling those of M. douglassii are found,
Maratti

smaller

massive

arm
and unbranched (Fig. 6H) or branched and J

and near
o G, Y), occur

Marattia silvatica. mbling
douglassii [Fig. 6K) occur on the costae. Two types of hairs occur on the lamina
surtace: (!) Branched hairs with one or two short basal cells and four or five
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uniseriate, occasionally branched arms directed in different directions (Fig. 6J,

L]; and (2) Hairs with one short basal cell (Fig. 6H) and unbranched or two
armed, the latter V-shaped or more or less Y-shaped (Figs. 6N-0). The latter may
be juvenile forms of the former.

Danaea species. —Glandular hairs and peltate scales occur on various parts

of the laminae. Glandular hairs have a single basal cell that is hourglass-shaped

and firmly inserted between two epidermal cells (Fig. 7K, a surface view). The
body may be globose, paucicellular, and capitate (Figs. 7A-D, 0-Y), more or

less irregular (Figs. 7E, F, H, I, B'), or stellate (Figs. 7Z, A'-D'j. Intermediates

between these extremes are known. Irregular to very irregular stellate hairs were
observed that resemble scales, with short, usually 1 -celled arms radiating

outward in all directions from a massive, few-celled body (Figs. 7J, Z, A', C', D'),

Tannins are abundant in glandular hairs. The terminal cells of the arms of

stellate trichomes are cylindrical or claviform and show strong positive

reactions to tannin tests, whereas the body cells have a slightly weaker reaction.

In the smaller, globose hairs having a markedly glandular aspect, all cells test

intensely positive for tannin. Glandular hairs can be lost during the clearing

procedure, but the short, lignified base remains. Peltate scales have a single,

hourglass-shaped basal cell like those of the glandular hairs and a pluricellular,

flattened, more or less regular to irregularly incised body. Conic or claviform

cells (Figs. 7G, M, N, E'j or hair-like, uniseriate, short processes may occur on
the margin.

Glandular hairs are present over the lamina and on the costa in D. alata (Figs.

7A-F] and D. excurrens (Figs. 70-U) and over the lamina in D. eJIiptica (Figs.

7H-J) and D. grandi/oiia (Figs. 7V-Z]. The latter two show a graduated series

from simple, capitate types to large, stellate ones similar to those observed in D.

nodosa (Rolleri et al., 1987).

Peltate scales always seem to be restricted to the costa. The most regular

stellate forms were seen in D. eJIiptica (Fig. 7L, a transsection) and D.

grandi/oJia (Fig, 7E'). Less regular types were found in D. alata (Fig. 7G] and D.

excurrens (Fig, 7M, N). These are not tanniferious; the body is clear, evenly

reddish-brown, and its cell walls are medium thick.

Idioblasts

Silica-containing idioblasts (id] containing amorphous silicon appear

regularly in species we studied. They are constant in Angiopteris and Marattia

(except M. silvatica], but are lacking in Danoea (Rolleri et al., 1987]. The silica

forms large, amorphous bodies completely filling the lumen of the idioblasts,

w^hich are found singly or in groups of two, three, or more.

appear isolated or mgroups

M. douRlassii (Fig. 3F], M. pellucido (Figs. 4B-D],

M
groups of 3 to 9, and are particularly noticeable in A. angusti/

M
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(Figs. 4L-N). In the last species, the idioblasts can be two to three times larger

than the normal stomata (see Table 1).

Idioblasts have a markedly polygonal outline, which can occasionally be

subelliptic, with the sole exception of M. pellucida (Figs. 4B-D), where they are

irregular and have a sinuate outline.

Discussion

The following conclusions come from our present research as well as our

the epidermal morphology of the Marattiales

1987, p. 145].

1) Characters shared by Angiopteris, Danaea, and Marattia include the

some
pidermal patterns frequent, and adult cyclocytic stomata

of different types found in roughly equal proportions (see Adult Stomata).

Marattia

pidermal

pinna hairs and scales diverse, glandular hairs absent, and idioblasts present

Marattia]

Marattia bul

e, epidermal

stomata
epidermal

stomata
epidermal

frequent-sinuate, epiphyll cells often very regularly isodiametric, wall

dermal

the costae, non-slandular

to the costae, and idioblasts absent.

Marattia include epidermal

forming verv resular mosaics 5

um
Kondo & Toda (1962), Thurston (1969), and van Cotthem (1973) studied the

)geny and morphology of Marattialean stomata. In general, their results

;est that these structures had a perigenous development. According to his

i oVicfirA/atinriQ anrl thnsft of nthpF authors. vau Cotthem fl973l oroDOsed a

)f Christensenia and Danaea from the Maratliaceae sensu

AnsioDteris, Macrodossum, Archangiopteris and Marattia

ground

families. There is no support for a separation of Angiopteridaceae and

Marattiaceae"

Pant & Khare (1969) found mesoperigenous ontogenies for Angiopteris

evecta, and Rolleri et al. (1987) did so for M, alata and M. laevis (as M.

kauJ/ussii). Furthermore, van Cotthem's (1973) subdivision, based as it was on

stomatic types, should be rejected as shown by this and other papers (Rolleri et

al., 1987). The great variation of adult stomata types and their coexistence in the
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pinnae leave no ground for using that character to segregate Marattialean genera

into famihes.

Epidermal patterns substantiate the general ideas that Angiopferis and

Marattia are closely allied and that Danaea does not differ conclusively. It is

remarkable, on the other hand, how alike the patterns of Danaea and, according

to our current research, Christensenia are.

Indument must be taken into account for its diagnostic importance. Danaea

and, according to our current research, Christensenia exhibit glandular and

eglandular types. The former has never been found in either Angiopteris or

Marattia, but general observations of the eglandular indument strongly suggest

the affinity of all four genera.

Concerning the probable diagnostic value of epidermal characters, we
suggest that:

1] Epidermal patterns point to affinities between Angiopteris, Danaea, and

Marattia, rather than sufficient variations to segregate any of these genera into

separate families. These patterns, combined with their epidermal characters,

have diagnostic value at the species level (Rolleri et al., 1987, p. 145).

2] Morphology of the mature stomata is of no diagnostic importance, save for

the fact that the genera studied here all have cyclocytic adult stomata. It remains

to be seen whether variations in cyclocytic types will be useful in discerning

genera or species of the Marattiaceae sensu lato.

3] Indument morphology suggests that Angiopteris and Marattia form a

group separate from Danaea.
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