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Thallophyta
- Bryophyta

Musei-—-Frect, radial, cepsule with lide
Pteridophyta

PPsilotinea--alternate or no leaves, terminal
sporangia

Lycopodineae—-alternate leaves, strobili
Equisitinea——Whorled leaves, strobill

Fllicinae--alternate leaves, spores single or in a
SOrus.

old new
Spermatophyta
Bymnosperms
Cycads--pirmate, motile sperms
Conifers--scales or needles, non-motile sperm
Angiosperms
Monocots
Dicots.

~ Digitized by the Hunt Institute for Botanical Documentation

Fern Course, 1948-49 Dr. R.M. Tryon, Jr.

Hepaticae—-Prostrate, dorsiventrsl, cspsule dehiscing longitudinally,

el
Thallophyta >
mm - e e
Hepaticae
Hused ———
Tracheophyta
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Psilopsida

Lycopsida
Sphemopsidem

Pteropsida
Fiiicae

Cycadae
Coniferae

Angiospermae

Monocota,
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Morphology of Ferns (Cyrtomium, Polypodiacese).
Cyrtomium,
Erect stem (rhizome), large leaves, roots all adventitious
In ferns, all rcots adventitious except first root of sporophyie.
Fern stems usually a rhizome.

Roots-—always protostelie.

Botrychium has underground, erect stem (geophyllous).
Tree fern--erect stem, leaves at top, stem coversd with leaf basees
and adventitious roots. (Aggiopteris leaf 15' x 6'.
Trichomanes has long rhizome, alternste leaves.
Fern steles
1. Protostele. (Rhizome of Trichomsnes, Gleichinia, etc.).

2. Siphonostele——protostele with pith
a. Fvolution of centrsl xylem into pith (fossil Osmundas show
this, also traumatic reversion of pith in Osmunda).
b. Invasion of cortex.
Sometimes an internsl endodermis
&, Ectophloic
b. emphiphloic.

5. Dictycstele--siphonostele with overlapping gaps. Parts of dicty-
ostele called "meristele",

Sometimes accessory strandg, stelar perforations, extra cycles (pelyeycly).
Complicated types usually in tree ferns.

Meristem usually protected by scales.

Leaves typically circinate when young.
Parts of frend

1, Stipe (petiole).
2. Blade (lamina),
3. Rachis (main axis of frond).
4, Pinnee--primary divisions.
5., Pinnule--secondary division.
6. Pinnula--third division.

Blade may be simple pinnatifid pinnate(once divided.
&5

L
s
twise pinnate (bipinnate) Pinnate-pinnatifid.
v —3# W
— / i

. Veins a, ually open, not reticulated., -
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Appendages
1. Scales, hairs most abundant
2. Glands

simplest type & hair with glendular tip
from this is derived sessile glands 9 (@)
all probably derived from hairs.

Sporophylls (types).
1. Same as sterile leaf (as Adiantum),

Intergradations from this type to seperation of sterile from
fertile.

Life cycle (see any text)
1.1Spores usually 48 or 96 in number, but primitive up to 15,000.
2. Archegonia imbedded, several celled neck, egg at bottom.
3. Antheridia simple, with a lid.
4, Sperms motile, flagellated, attracted by mslic zcid from archégonia
5. Only on sporophyte develops per prothsllus.
6. Gametophytes sometimes filamentous, tubercus, subterranezn,
green cordate type is mo:t common.
First classification of ferns into families are besed on sporangia.
leter, some other charecters have been added on.
1. Ophioglossaceae
2. Marattiacese
5. Osmundaceae
4. Echizaeaceae
5. Msrsiliacese
6. Gleicheniaceae,
7. Hrmencophyllacese,
B. Dickscniaceae
§. Cyatheaceae
10. Polypoiiacese

11. Salvinisceae,
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1. Ophioglossaceae——frond divided into & sterile end & fertile part,

two separate parts to the leaf. Sporengis sre borne neked, Sporangia,
large, massive, sessile, &nd no annulus. Cenerally world-wide, occurring
ocecasionally in sub-arctic regions.

2. Marattiacese—sporangia in sori, on the under surface of the leaf.
Sporangia are in separate groups. Sperangia lsrge; massive and sessile,
either no snnulus or & rudimentary on (in Angiopteris). In the tropics
of both hemispheres.

%, Osmmdaceae-—some or all the pinnae of the blade completely fertile.

In some cases the whole leaf. There iz no seperate part-—part of the
leaf proper, Sperangia neked--no sori--sporengia ere larvge, short-stalked
and have rudimentery ennulus. World wide and gets into boresl regicns.

4, Schizaesceae--has the fertile pinnse much reduced except in single
genus Mohria, in which sporangia are under surface of the leaf.

Sporengia are large with en annulus mmsxxps at apex. No sori. Sporan-
gium has & stomium, Tropical, very few temperate spp. (Lygodium, Anemis),
5.

5. Marsiliacsae--heterosporous, At the bsse of leaves are sporophylls,
which contein sori. Each scrus hes megasporangia and microsporangia.

The sporocarp is & modified leaf. Aquatic or semi-aguatic, world-wide.
most of the spp. Australian,

6. Gleicheniaceae—-generally climbing fern. Sporangis borne in a sorus
on the undersurfece of the leaf., Sporangium lacks indusium. Has
complete transverse annulus. The legaf has indeterminate growth, and
peculisr type of leaf. The growing point (terminel bud) is arrested and
side bu's carry on the growth of the blade. Tropicel and extra-tropical
in the southern hemisphere.

7. Hymenophyllaceae—-the filmy ferns. The blade is usvally one cell
thick. The sporangia in sori, and eme terminal on the vein ends( on

the margin of the blade). There is an indusium present which is 2-
valved or cempanulate (bell@shaped). Receptacle is long and cylindrieal.
Tropicel, with few temperate representatives. Of exceedingly moist and
shady regions.

8. Dicksoniaceae—family of trze ferns. Sorus terminal on the vein
ends, Indusium 2-valved or cup shaped. Receptacle rather short.
Tropicul end extre-tropical in southern hemisphere.

9, Cyathesceae—mostly tree ferns. Sorus on the underside of the blade.
No indusium or a cup shaped indusium. Sporangia has complete oblique
annulus and stomium., In tropicel mountains.

10. Pelypodisceae--Sporangia in sori or nct, indusium or not; usually
long-stalked, may be short. Incomplete snnulus and has & stomium.
World-wide, well developed even in eartic regions.

11, Salviniaceae—hetero percus—aquatie, plants free floating in water.
In Salvineee no roots present. Sporoccarps, end scri in the sporocerp
of either mega- or microsporangia. World wide in distribution. Eome
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Types of annulug

s O ote 2. oblique 5. apicel 4 vertical
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saceae & Marsttiscese--these have mas.ive, large and
[ e gporangin.

Intermediate
¢ & Schizneacese—sporangis are smaller than above,

'us present, tho not well developed, (No zorus; sporangia
parginal—a primitive character).

Folypodiscese--imcomplete annulus.

Mogt advanced
Marsiliscese & Sslviniscese--heterospery-—mayxk

F.0, Bowers "The Ferns", vol. I-III1.

Q
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Filicinae
I. Fusporangiatae—-sporangium is developed or ariscs from several
cells and the walls are seversl cells thick.

Ophioglossales

Ophioglossaceae
Marattiales

Marattiaceae

II. Leptosporangiste--sporengium arising from single initial cell and
the wall is 1 cell thick.

Filiceles
QOsmundaceae, ete.

1. Pphioglossaceae—3 genera. (R.T. Clausen-—-Monograph of the Ophio,
1, Helminthostachys--species 1. Mem. Torr. Bot. Cl. 192: 1938.)
2. Botrychium——23 spp.
5. Ophioglossum—27 spp.

Fertile spike or panicle is inserted on the leaf., The leaves have
stipules. The stem is short, upright, except in Helminthostachys which
has a ereeping rhizome.

The roots are fleshy. The sporangia are large; the spore output per
sporangium is from 1000 to 15,000.

The gametophyte is fleshy, subterranean, rather irregularly cylin-
drical, The antheridia and archegonis are sunken in the prothallic
tissue. The prothallus is strongly mycorrhizic.

There are no fossils of the family and hence no evidence of more
primitive members. Considered tc be most primitive of the ferns. The
spikes in fossil Zygopterids (g Staurcpteris) are very similar to
Helminthostachys. No living ferns have been derived from Ophioglossaceae,

Helminthostachys--believed to be most primitive because of anzlegues
in fossils.
Botrychium & Helminthostachys have oren venation

Ophioglossum--areclate (reticulate), believed to be derived form.
Helminthoetachys & Botrychium--siphonostele.
Ophioglossum—dictyostele.

Only in spke characters is Ophioglossum more primitive, having a
very simple spike anc very large sporangim &nd spore output, but it is
believed that this is due to mycorrhizic develcpment and not primitive
cheracter.

There are & few spp. whith have become parasitic, and much reduced
in size.
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2. Marattisceae.

1, 1. Anglopteris 62 spp.

2, Macroglossum 1 sp. separate sporangia

5. Archanglopteris 1 sp.

4, Marattias 28 sp

6. Protomarattia 1 sp united or fused sporangia

66 Danaea 26

7. Christencenia (Kaulfussia) 26 sorl subdivided
Characters

1. Massive root-stalks, erect in some Christencenia, ereeping in
Dansea.

2. Stipules present.

3. Pinnae sre jointed to the rachis.

4. Spore output 1500 to 8000 per sporangium.

5, Sporangls borne on the undersurface of the leaf.
6. Muscilaege cenals.

7. Tannin cells.

8. Prothallus green ad flat, mycorrhizic.

1logen
Family represents survivors of ancient stelk, with no living
derivatives.
Fossils from late Paleozoic:
1. Danaecopsis——Rhaetic
2. Ptychocarpus——upper coal measures.
Thoese with separate sporangie primitive, united &dvanced; those
united and again subdivided most advancer.

II. Leptosporangiate

Filiceles

1. Osmundaceae
1. Oszunda 9 spp. sporangia marginal
2. Todea 1l spp. sporangia superficial
&, Leptopteris 7 spp. (undersurface of leaf)

Leptopteris is filmy and Todea ordinsry type, mbtherwise both the same.

There are specimens of Osmunda which have transitional placentstion
of sporangis-—-from merginel to superfiecial:
C. Cinnamomea dimorphic leaf.
0. cleytoniana fertile pinnae middle of the blade.
0. Te 8 fertile pinnae on tip.

Cheracters
1. Mascziwerect rhizomee. (adventitious roots used for growing orchids).
2. Family has stipules.
3. Osmunda hs muscilage canzls.
4, Sporangia marginal or superficial.
5. Spore out put 128--512 per sporangism.
6. Prothellus green, cordate, flechy and long-lived.

Phyllogeny
Osmundaceae ranks intermediste in charscters other than sporangia

between Fusporangiate and Leptosporangiate.
1. Apical meristem of root—1 to 4 initiels ( In Ophloglosaceae and
Marattiaceae--seversl initials. Higher Leptosporangiste--1 initial).
2. Undivided leaf-trace (Primitive).
3. Apnulus is rudimentary.
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5. It shows the transition between marginsl and spperficisl sporangia.

There are no living derivatives of the family, but there are
fossils: Zaleskya, known from the upper Permian.

Distribution-—wide and disrupted.
1. E. Asia
2. 82 Fo USE
3, Cent. Am. and N. 8. Am.

2. Schizaeaceae

1. Lygodium 40 spp. pan-tropie.
2, Schizaea 30 tropical and temp. in S. Hemis.
3. Anemia 90 Tropicel Am., Afr, Madagas,
& 1 sp. in India.
4. ¥phris 3 8. Africa.

The family is diverse vegetatively. The best charscters that Ann,hg
hold family is in sporangia. The distel and complete srorswgie, opening
by a slit., The sporangie are merginal in their origin but become r
superficial. =

of--@#«w_@? 6" ;%ﬁ

Prothalli are cordate and green except in Schizaes, which is
filamentous.

1. Lygodium—uprightxxeet climbing ferns. A long creeping rhizome
often elongate; lesves of unlimited growth (up to 100 ft. in

. palmatium). Tropical ones pinnate.

2. Schizsea—upright rootstock; the frond ersct, either simple or
dichotomous. Native sp., S. pusillai with entire leaves; tropical with
dichotomous leaves, Sporangis are borne in compact distsl pinnee.

8. Anemia-—-short creeping rhizome, frond is pinnate in division and
basal pinna mis long-stalked and completely fertile.

The above genera have hairs, but no scales on the rhizomes.

4, Mohria--rhizcme with scales, fronds also with scsles intermived
with scales. Short rhizome. The fertile and sterile leaves are alike,
No dimorphism ss in others.

Phylogeny

In order from primitive to advanced

Lygodium protostele, spore output 256.

Schizaea modified protostele, spore output 128

Anemia siphonostele, sp. output 128

Mohria dictyostele,

Lygodium has larger sporanga enc the ennulus is not well developed
or as constant as in the other genera. It hes elaborate leaves, probably
most highly advanced in leaf chnracte , In some cases having areolate
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Schizeea is very primitive because of dichotomous type. Scales of
Mohria would rank it as a derived genus. Mohria is first genus taken
up go far which has scales, and all other genera have hairs.

Fossil types
Sentfenbergia from upper carbenifercus. Somewhat doubtful, and

may have affinities with Osmundsceas.
Klukis--Jurassic, no doubt.
Tempskya——proposed, but not sure yet, from lower Cretacecus.

Mersiliscese has very strong affinitlies with this family. Deri-
vation of Marsili from Schi 5

3. Marsilisaceae

Mersilea 70 spp.
Regnellidium 1 sp.
Pilularia 6 sp.

The family is semi-aguatic either in water of mud. Freguently
in places that dry out in midsummer. The rhizcme is long creeping and
hairy. The #em has a siphonostele.

The fronds vary from simple with 2 pinnae up to 4 pin-se, Sedge-
like simple blades in Pillularia, Regnelidium has 2-lcbed rather

fleshy leaf. ;

Marsilea——4 pinnae that is believed to be 2 pairs of opposite pinnze
World-wide in its distriiution with concentration in Austrslia and 8.
Afrida.

Regnellidium——known only from 3 localities in Brazil. Very distinct
genus——discovered about 1800,

Pilularia--quite widely distributed in Europe, N & S. Am., &nd Australasia.

The family is héberosporous. Sporangia are borne in sporocarp.

Megasporangia are central on the receptacle and the microsporangia
&re along the border. The gelatinous mess expends upon maturity of
spores and as it.extrudes from sporocarp, carries sori along. The
indusium bresks upen and spore are liberated and germinstion can
take place, (Abscission layer at the receptacle).
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In the microsporangia 64 spores.
In megasporangia, 1 spere.

Upon germination, prothalli amd these are borne upon the spore
(actuelly attached).. They are very smsll.

Microprothallus hus 2 antheridia,

Mega " " 1 archegonium,

1llogen

Evidence good that sporocarp is & pinna. Its position,anatomical
nature of origin and nature of ite sissue. Considerable evidence of
its Schizaeaceous affinit. Dampbell, D,H., Mosses & Ferns, Ed. 3, 1918.

In some of the Mersilisceze are abortive. Annulus ies present,
of the Schizaea type.

Primitive type will be Marsilia, especially when one finds 8
pinnae type—a reduction from pinnste.

In soral characters, Piluleria primitive and Marsilea sdvenced.

The B genera are rather remotely related.

4. Gleicheniaceae
Gieichenia 130 spp. pantropic, pan austral,
Stromutopteris 1 sp., New Celedonia.
Platyzoma 1 sp, CGuesnslend.

The whole family has & creeping rhizome which is generally secely.
The leaves have interupted apical growth. They &are pinnate in plan:
Arrested bud., Dichotemous type. In the sporelings fist leaf is entirely
pinnate with no leaves developed. It 1s only later that arrested buds
develop.

Zore are all superfiecisl. Prothallus is normsl type green and flat.

leichenla-—very large leaves. Typkéal arrested buds. sp. output 256 or 512-1M
tromatopteris--long and narrow, either pinnate or pinmatifid leaves. 256 or 512
latyzoma———-——— RRIEHEHHHI SREFEXEELEND Iy

latyzoma not only dimorphic but shows incipient heterospory. Small

spores, 24-32, large spores 16.

et sl e [

Fossil record——oldest from Carbonifercus

1., Oligocarps——affinity somewhat doubtful.

From Mesozoic onward good fossil records, with sporangis attached
to the leaves,

Stromatopteris and Platyzome ere interpreted as specialiced xerd-
phytes. The genus Glelchenia has been divided into many other genera,
but those have pretty much in common.

The families taken up so fare are SIMPLICES of Bower. Includes Fu-
sporangiate as well as Leptosporangiate ferns, ineluding those some-
what intermediate in characters.

The characters which hold this group together are:

1. Sporangia of a sorus or group &ll mature at the same time.

2. Sporangis and the spore output per sporangia is relatively large.
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The later families have sporangis meturing at diffirent times, relatively
small sporangia and small spore output.

When sporangia mature together, there is considerable nutritive
strain on the plant.

5. Hymanophyllaceae—-600 spp.
Trichomanes and Hymenophyllum both tropical and austral.

Trichomanes--indusium rather tubular, receptacle exserted.
Hymenophyllum——indusium 2-1ipped, the receptacle hardly or not at
all exserted.

The family is characterized by marginal sori with an indusium.
The receptacle is continuation of the vein end. It is surrounded by
marginal tissue forming the indusium.

Leaves are one cell thick, no stmmata on the lsaves.

The prothellus is quite varied, but generally filamentous of
flat and ribbonlike.
Spore output-- Trichomanez—32-64

Hymenophyllum—128-512,
Sroeangia Spores per Totalper
per sorus sporangia 80TUS.
H. tunbridgense R0 420 80OCO
T. reniforme 40 256 10,000
H. dilatatum 90 128 11,000
T, radicens 140 B4 8000,

Some of these filmy ferns are extreme epiphytes. ' Some species
have no xylem in the roots. Cne species does not even have roots, it
has rhizoids and the whole plent is 4-5 mm. tall.

Fosgils——eviden questionable especislly in the genus Hymenophyllatis.

The marginal sori and the generally protostelic nature relates it
to the symplices.

Trichomanes is more speciallized, and =pore output is lower.

6. Dicksoniscese.

1. Thyrsopteris 1 sp. Juan Fernandez

2. Dicksonia 17 spp. 8. Hemisphere,

5. Cibotium 13 E, Asis, Hewaii, Central Am.
4, Culeita 9 Trop. end sub-tropicel

5. Dennstaedtia 70 Trop; 1 sp. in N. Am,

Family mostly one of tree-ferns. A few with creeping stems. Has
hairs and no scales. The sori are marginal, being terminal on the
vein end. An indusium either cup shaped or 2-lipped, The sorus is
gradate--sporecutput from 48-64.

Taxonomy

Bower adds Hypclepis to the fardly,
Christensen splits and puts Dennstaedtia and Hypolepls in Polypodiaceae.
Copeland puts them in Pteridaceae

Pteris /L nnstaedtia
D P Ldium Dickgonia
Dlgltlze(bcbsr_thgé% ngtitlite for Botanical Documentation
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Pteris is much different from basic primitive genera. What most
people do will be to cut off the top end, putiing the top 3 in Poly-
podiaceae.

Copland admits that Pteridaceae is undefinable, but if the series
is cut in the middle, the family becomes definable but not natural.
Most of the femily has large, seversl-times pinnate leaves.

There are fossils of Thyrsopteris type kmown from the Jurassic.

In the genera there are several evolutionary tendencies:

1. Tree fern vs. creeping habit. More primitive ones tree ferms,
and the recent ones creeping.

2. Series from oblique to vertic:l annulus (in Dennstaedtia).
This fits into the tendency of Polypediacecus sporangial

5. The sorus is gradate except in some spp. of Dennsteedtia which
has mixed sori, that is, different ages are mixed on the receptacle.

4, General tendency of the indusium——cup-shsped or 2-lipped indus-
ium becomes modified.

=& = o)

Tpper one becoming larger and lower one smaller, TUpper one tends
to be fused--get one long indusium over the whole margin.

Dicksonisceae giving rise to a line of evolution in Polypodiacea,
the Pteroid line. The origin of the line will be from a marginal cne
such as Schizaeaceae, although relationship not at all close.

7. Cyatheacece
Haj_"_(l. Lophosoria 1 sp. Mex. and South America

2. Metaxys 1 sp. Br. Honduras and Brazil.

3. Alsophila 300 spp. Tropis & S. Hemlsphere.
Sealest . Hemitelia 100 ° " e
. Cyathea 300 n i n
These genera are variously splite and reorganized. Two of the genera
are monotypic and the others very large. In the large ones, there are
a great mahy endemics——very local especies.

Characters
1. Mostly of trce ferns.
2. Large,severel times compound leaves.

3. Either hairs or scales; genera 1. & 2. have haire and the remaing 3 scales.

4. Sori are superficial, round and either with an inferior cup-shaped
indusium or lacking one.

5. The prothallus is rather long-lived and has bristlyes and scales
when it is about & year old. Generally cordate and flat.

6. Spore output--64 per sporangium.

Phyllogeny 2
1., Primitive group has heirs and siphonostele.
£, Sorus is simple, not gradate, i.e. all mature at the same time.
These % characters relate back to Gieicheniaceae. (Also superficial
soruls). Caudex is short, i.e., very small tree fernms.
The second group.has:
1, dictycstele,
£. gradate sorus
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Development of the indusium,

Alsophila lacks one

Hemitelia has only scale

Cyathear has inferior cup-shaped indusium,

<hrrnns

Thie line goes én into the Dryoptercid line of the Polypodiaceae,
such as Woodsia.

The family occupies an intermediate position between Gleicheniaceae
and Polypodisceae.

m T
S

-

-

Copeland breaks down the family Polypodiaceae into many families.
1. cFeoeErREiersy et inexfanily
2. Phyimtiexposition mfxtkexgromrx
3. Fmwxchexaztmrs thatxplazextmexfarily inxitsxrelxtive pozmitisny
& .xCeneralxgronpxof typexfrox xhick the famidyxcumm.x
The Ptercid line of Polypodiaceae
Dennstaedtia has essentially ecual 2-valved indusium,

===

There are some spp. of Dennstaedtia in which upper one is enlarged
and lower one reduced.

=

This is contidued and becomes more prominent in Paesia. TUpper
indusium even larger and incurved and low er even smaller.

iy

In Pteridium infrequently, the inner indusium is present., Here
it is reduced to a thin membrane.

—
Wmi )
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In Pterds the inner indusium is completely lost and the sporangia
covered by outér marginal indusium.

=

In Acrostichum praestontissimum the whole leav is incurved, and
the receptacle sprad on er leaf margin.

In Acrostichum aureum the entire surface bears sporangia, not only
on veins but on the tissue between.

TRl

In Pteris there are segments with continuous merginsl indusia.
The same in Pteridium.

Phyllogeny of the group. -
Aensa Tl

i
e
=

A

In Hypelepis the inner indusium is completely leost, but intermediate
in position and number of sori,

oo
v bilabiate o e
3 fases
-M"ﬂfw‘*‘(‘::wh o
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Dryopterdids

Primitive type in Cyatheaceae, with indusium like Hemitelia, which
has an extended receptacle with 1 or more indusisl scales. Sorus
superficial ( Pteroid line has marginal sori).

1. Woodsia—indusium inferior. In some cases indusial segments are
hairs, others, scaless s
RiafTo el
Ceiy,
2. Cystopteris (from Woodsia). Single scsle, attached at the base and
arches over the sporangia (if one side of Woodsia indusium is lcst,

the other side more developed, and tills over, the Cystopteris indusium
is produced).

i) GeD

5. pteris has reniform indusium with attachment at the sinus, that
teral spread of indusium of Cystopteris.

s

From Dryopteris type, three tendencies develop:

1. Loss of indusium—Drycpteris (w/o indusium) to Polybotrya in which
the porangis are 21l over the surface, no sori, like Achrostkchmm.

2. To Polystichum (Xmas fern) and Tectaria, further development of
the indusium

The peltate indusium developed from reniform type.

3, Indusium and stalk developing along vein, and attached to the veins.

7 =
M,
Spread of receptacle also along the vein., such as Didymochlaena.
In Athyrium, the line of the start of reduction--one one side of

the vein, & complete indusium and receptacle, but on the other side,
mich mmaller,

In Asplenium, the half-reduced in Athyrium is completely lost,
the half towards the midrib remsins. An elongation of the receptacle
along the vein,

-2 2y
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Start with an inferior indusium, the whole tendepcy being changes in
indusium and sorus.

Salviniacese
1. Salv 10 spp.
2. Azolla [

Some authors split these 2 genere into separate families.

Both are small floating aguatic, They have sporocarp of single
sori. Sporocarps are either micro or megasporangia.

Some differences of opﬂ&ﬁ whether to call it e sporocarp -“'(" sorus
with an indusium. Not homologous with Marsiles covering, which has
indusium inside.

Salvinia—leaves in whorls of 3. Two of them floating, one leef greatly
dissected and pendent (called water leaf). Dissected members of this
leaf function as roots since plant has no roots. There is one megaspore
per megasporangiur and 64 microspores in microsporangium. Floats b;
hairs on the leaves.

Azolla "mosquito fern" gives a characteristic velvety shen to water,
freguently covers water completely. Characterized by roots, as opposed
to Salvinia, leaves that are divided into two lobes. The lower lob

is extremely thin. Upper has mucilaginous deposit; upper part of it
photosynthetic. Colonies of Ansbaena (BG alga) in the muscilage.
Floats by means of papilae on leaves.




Megaspores small and frequently l.ok like enf ecorn. Microsporo-
carps ere large (about size of leaf) spherical with meny sporangia.

’Mfw{wwﬂuw
NecadLals ; l w—ﬂj

If it develops into megasporocarp, then microsporangia abort, or if
megapporangia abort then it becomes microsporocarp.

! - APAA/&—}L;J ’WMAMI;MM :a
m\l-ﬁfl-l-u-&':’ W

et

There is & basal meristem in the receptacle so that receptacle
it elongates and thus gets production of additionel microsporangie towards

the base of the receptacle.
-1 MM%MMQSM
éwm,f_

Q In some species a vestigial, complete and oblinue annulus occurs,

The material inside of the sporangium becomes vacuolated, 4-9
large vacuoles are formed. Periplasmodium formed in the plasmodium
(many nueclei). The nuclei which ere going tec formy spores come to lie
in the periphery of the wacucles. This happens in each vacuole.
Potential microspores distributed in each vacuole. Threads, etec.
formed and genersl drying up until a single lerge mess of "massula"
is formed, from each vacuolate plasmodium,

The old world species do not have glochidia, only the New FWorld
species have.

-

Four megaspores formed, &nd 4 vacuoles, 1 bassl and 3 on top.
Megasporee (1 each) move into vacuoles. Only bassl one matures. The
3 other degenerate. The vacuoles ferm a deeply trilobate cap, which

1.1 tly a cushipn ig also farme

|
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In fertilization, both sporocarps sink to the bottom and fertili-
zation occurs under water. The sporocarp walls dissolve. (Massula
gets entangled with megasporocarps). Germination of spores. Miero-
prothallus consists of 4 or 5 cells; just one antheridium.

Megaspores produce & small prothallus &nd may have 2 archegonia,
and have small green cushion.

Relationship of Salviniacesae

1. Sporengia typlcally leptosporangiate.

2. A gredate sorus (especially the Microsorus).

3. Sorus is marginal.

4. The annulus is oblicue and complete.

5. Basal meristem in the receptacle. The ]

These last thrce relate it to Hymenophyllaceae, which are in them-
selves modified to moist envircnments.

For good drawings, see Mart. Icones, Plant. Cryptogam. 1854).
Some other families of Filicales
1. Matoniaceae--related to the Gleicheniacese.
2. Loxsomaceae—somewhat of Dicksoniaceae relationships.
3. Hymenophyllopeidaceae—-related to Cyatheaceae (filmy tree ferms).

4, Plagiogyraceae--related rather distantly to the Osmundaceae.

Digitized by the Hunt Institute for Botanical Documentation



Fern Allies

Psilotinae
Psilotaceae
1l. Peilotum
2. Tmesipteris

Lycopodinae
Lycopodiaceae
1. Lycopodium
2. Phylloglossum
Selaginelliaceae
1, Selaginella
Ieocetaceae
1l. Isocetum

Equisetinae
Equisetaceae
1. Equesetum,

Psilotaceae
Psilotum 1-2 spp. tropica & subtropics.
Tmesipteris 1 sp. Tasmania, New Zealend, Fastern and southern
Australia, and adjecent Oceania.

Quite a bit of local geogruphical variation--not enough for specific
fank.

Family is characterized by green stem, apparently no leaves, mo
roots. Plants are strongly mycorrhizic. Sporangia are terminal, lobed
and chambered,

Psilotum ususlly has 3-lobed and 3 chembered.sporangia.

Tmesipteris usually has 2-lobed and 2 chambered sporangia.

Thui,}dw's é J'n"f"”'j ‘f'!f"‘”."" PM/M l"g;

These are branches rather than leaves. ‘1‘1177 apparently ere reduced
branches and in Tmesipteris »e€f less so.

The spores are the same—homosporous. The prothallus looks super-
fieially 1ike that of Ophioglossum and rather elongate cylindrical. Small
subterranean and brown., Antheridis end archegonia borne all over
prothallia, with no specialized place for either.

Lycopodiaceae (Ref. Walton and Alsten.).
1. Lycopodium 180 spp. cosmopolitan.
2. FPhylloglossum 1 sp., Australia and New Z ealand.

The family has usually a long creeping stem and adventitious roots.
The leaves are small and either in spirals or whorls. The sporangla
are borne singly at the base of the leaf on the adaxial side of the
bage. Occasionally truely axilary and rarely on the stem. The
spore bearing leaves are aggregated into cones or strobili. A The genera
are homosporous.

Lycopodium is divided into 6 sections, based upon the various types
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Types of growth:

1. Apical growing point, with little short branches near the tip; in
older

4. tla vartyan,

The branches that bear strobili are determinate and the vegetative
branches continue their growth, If the subterranean branch were to
die, the aerial branches (older) could give rise to new independent
plants.

The number of strobili is effected by the age-—more in older ones,

2. Branching strictly dichotomous, more or less erect. Thiés tyre does
not bear cones, but has sporophylls seme as vegetative leaves, There
are alternate sets of vegetative and fertile leaves, a set of long
and & get of short in a year.

Sporangia are borne partly in short end partly in long leaves.
At the base of each set of short leaves is a sterile region, snd &t
the base of the set of long leaves, there is a fertile regiom.

holA

Gemmae --are found in a number of spp. of Lycopodium &nd serve for
vegetative reproduction. They fall off and take root. Find best in the
fall, Believed to be modified stems.

Spores --contain a lot of oil. Used for flashy photography in the old
days.

Gametophyte--two types, both mycorrhizic
1. Small, about 2-3 mm. long. T he germination of spores is rapid.
The prothallus is short-lived, above the surface, epiphytic, green.
2. Larger, up to 2 cm. long (3-2 cm.). The spore germination
takes 3-8 years. The prothallus takes from & -15 years to mature.
Iong-lived after fertilization. These types are subterranean, not green.
All rorth American spp. are of type 2. Most tropical spp. are of
the first type.

The gametophytes are irregular in structurs, more or less condupli-
cated, The antheridia and archegonia are borne on the crown toward the
top. The archegonia ere sunken.

Digitized by the Hunt Institute for Botanical Documentation
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Fhylloglossum

ﬂﬁfs

(g&ﬁJ(sfﬁiv d&&4u¢4gp

Plant has a short strobilus, similar to Lycopodium, but shorter and
ovoid. At the end of growing season, new tuber grow larger and the old
tuber dies down. The new tuber again sends out leaves, strobili, xmd roots
and a new tuber. Each tuber lasts only & year.

SELAGINELLACERE

1 genus, Selaginells, with 700 spp, mostly tropical. To a lesser degree
represents & tendency found in Hymenophyllacese. The speckes are
mesophytic. There are some, howe¥er, which are extreme xerophytes.

The leaves are in 4 ranks. They are borne on & usually creeping
stem. Sometimes the stem is short and ereet, and variations of diff-
erent types of branching, Most commonly creeping with branches rather
erect.

The plants have adventitious bodies——usually called rhizophores,
snd some call them roots. Anatomy of roots.

The sporangia are borne in the sporophyll's axil. It is heteros-
porous, with either micro- or megasporangia.

The megasporangia bear 4 megaspores and scmetimes more or fewer.

Spores have definite markings. The merkings in mega- &nd micro-
spores are different.

Mega and microsporangia are borne either on same or different
strobili—many different relationships.

Prothallus is very small, & half or 1/3 remaining within the spore.

If the mege- and microspores are close together, dew or riin &t
night cun effect fertilization, then the young sporophyie growss on
the gemetophyte. Sometimes the spores sre not shed. Prothalli may
develop on the plant. Fertilization mak take place in the leaf saxis.
This sort of gives a seed habit. But this has no special significance,

Isoetaceae

1 genus—Iscetes, with 65 spp. of cosmopolitan distrib. mestly in
N. Am. & Fur., Frequently aguatic. some apphibious and semi-terresiriel.

Genus has longest leafes of any of the fern-allies. Long, awl-shaped
leaves,

Bé-lobed or tri-lobed "corm" . The upper pert is stem, énd on the
stem are leaf bases, arranged in a close spiral. The depressed center
is the meristem. There is a cambium. The side-lobess grow more than
the center, and meristem usuelly sunken.
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The outermost leaves are sporophylls, the inner sterile, Basal S
- part of "corm" is called the rhizomorph and it bears roots. The meri-
= stem is slso sunken, - :
The sporangla are pro\.uced on the adexial side uf tha 1eaveﬁ.
- Toaaanl "I"‘;sy are said to be the largest sporangia in the plant kingdom. t‘mly |

On the inner side of the basal. -ponticn—of_t.hs leaf is the-M"wellumf, —
& thin membrane, indefinite as to its exte‘nt.

Being heterosporous,. either mega- or microsporangia. Usually —
outer porophylls bear megs- and the inner ones microsporangia. In some
—o ~the plants are dioecious.

The megasporangium produces 50-300 megaspores. —

Ilicrosporangium produces 200,000 to 1,000,000 microapuraa.

The two sporangla are about the same size The spores are usually
xxim marked, and the markings are characteristie. —=
The speres are said to gsrminste in the spring, :shm't.lgr a.fte.r they

.  _  fnd ha=s fﬁ!_cﬁlla_.cuniainaﬂ_ln_m the microspesang-, Megeprothallus is |
considerably larger, flattened and with several schegonia, The 2 kinds

S ——

~must be very close together before fertilization can occur.

. No vegetative propagation is lmown--very rare exception. Mostly — —
by spore-reppoduction.

mﬁﬁtsms and quite long-lived. [ T

} ~ EQUISITACEAE

o S J?quiaet.um, 25 spp. mostly in N. temp. regicns. = —
— Underground stem, Wariously branched, gives rise o green serial
. stem which is photosynthetic. The stem is jointed, redged and hollow.
The leaves are greatly reduced and appesr &s teeth, which are borne
— in @ whorl around the stem, The bases are fused and thips frequently
are free. In some cases, the.tﬁ/.ps ‘yra.deci:iunus. —

— LA ubl AToe A4 4 X A4 ¢ ] I :
.._.u — | —

If the stem branches, the branches a re also in whorls.
e - ¥ The stems are most notable for silica deposits. :
The sporangia are borme in cones. The cones are terminal. |
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Eguisetum is homosporous. The spores are all of one k:Lnd and con‘t-ain
~ chlorophyll, and probably due to this the spores are visble for very
- long time (2-5_days). The germinate very readily.

. Fach spore hes 4 elaters, hygroscopic (Dig out dried spores, breath

~ on the while eamninging under mike. i i
_— — TS = A - — o 1 - AneES]
—— e e o e o F L

e prothallus is a very irregularly lobed siructure. The anther-
R _.idia..aniamhegwia_.am borne at the base (sunken).

Poyllogeny — o

Fach family is moat.ly an end-line in evolution., The plants are
extremely distinct.

There are sbundent fossils of the types. The fossils domot
‘connect any of these lines.

Selaginella with 700 spp. is a more or less successful inthe |

I_' e tropics. Others are bearly geiting by. 5

e e b

e e e B = SIS
B W,
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;
Eey to Six Species of Lycopodium

A, Sporungias borme in definite strobili--B
'._h_ . Strobili excerted, or extended by meuns of & paduncle from
[ apex of-vegetative branche—0
) C. leaves shori, compressed 3-1.. complanatum
|| ..
o 88, leaves longer, mol compresgede———e—————g L. clavatum
i BB. Strobili not borme on peduncle, vegetative lesves borne to
S base of strobilus—-D

D. Determinate feriile branches seldom more then S-brenched, ———

Ol lsaves lerge, scuminate--= 5.L._snnotinum
| . DD. Determinste fertile branches meny branched, giving aspect . ol
R N of a brush, leaves small, scute——————4.L. obscurum

AR. Sporangia borne on ordinary vegetetive leaves, not distinctly 1
i geparcted into a strobilus.—Be————-
1 E. Stem erset, leaves linear, swl-sheped S.lelececuroides oo
I EE. Stem decimbent, leaves ellipfic.——————6.L. lucidulum
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Finel Fxam: Pteridophytes Dec. 1943
1. Identify es indicated the 22 specimens given. ( 22 points)

2, Write a brief key to the genera of "Fern Allies" ie. Pteridophyta exclusive
of Filicinee. ( £ points for esch genus)

3. Write & brief key to 4 species of Lycopodium. ( 8 points)

4. Compare the gametophytes of Equisetur end Lycopodius (large %ype) on 7
cheracters. ( 14 points)

5. Sketch a phyletic bush of the Filicinee. Lsbel familles end mnin groups of
the Polypodincese. List under each family one distinctive festure of that family.

( 32 points)

6. Compare the Fusporengiatee and the Cystheaceae, listing 5 primitive characters
of the Fusporangiatse snd the comparsble advenced characters of the Cyathescese.

(10 points)
W@«&Mﬂ—.x %J.‘\é i POV P
b M)plzj =
G—Q&wmv

/
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Gymnogrammoid Ferns

1. Material
Eight sheets including several geners snd at lesst thres species in
one cof the genera. Names have bsen obliterated; they will be given
later,

2. Objective
To prepere & synopticel treaiment of e group of species of the
Gymnogrammeoideze. To consist of the following:
A. K v to the geners you recognize.

B. Deccription of the criticel characters of each genus. Illustrate

these or the most imporitant of them.

C. ¥ey to the species of each genus with more then one sjecles.

D. Descripticn of each species, GCenerzl characters of size end shape;
cheracters that are or seem to be of specific value. Repeat
charecters nsed in the key to species (if there is ome) but do not
repeat thoee used in the generic description,

E. Chart showing the generzl phyletic positicn of vour genera. This is
to be prepered in minuseript only end will serve &s & basis for
discussion later.

Z. Procedure

A. Meke out & numbered list for each shest. Each number represents &
cherseter (see master list on next page). If sdditionsl charucters
are needed e3d thum to the list in the eppropriate plsce: €, 9a, &b, ste.

B. Mcke necessary discections and record your chservationz. Boll or
moisten meterisl for diesection. Clear & porticn of each specimen in FOH.

0. Integrate deta: decide upon gereric and specific limits.

D. #rite key to genere, then keys to species. TFirite generic deseriptions
and illustrate, Write specific descripuions,

E. Prepere phyletic chart and repert on your genus,

¥. Wpite up trestment in finel form, leaving spece o Fill in the

nemes of the geners and species.
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Iist of characters to obssrve for each specimen.
(inscfar ss the meterizl will sllow; add other charvacters if necessary)

1. Rhizome, type

=5 y. Scules or hairs.
5. Stipe, color
4, » vasculer bundles
5. s indument (scales, heirs or glends or glabrous)
6§, Fertile blade, divieion
7 s size
B. s Ehape
9. , veration
10 y indument
11. Rachis, color
12, 3 Andument
13 3 sessile or stalked
14, Fimmee, size
15, ; shape
16, , sessile or stalked
17. Pinmale., size
18. » shape
19, » sessile or strlked
20. Sorus, shepe
23 y extent
22. y relation to velns and mergin.
23, Indusium, shape
24. , Extent
- 25, , relation to veins and mergin
"26. Receptacle, shape
&7, » extent
28, , relation to veins and mergin
29, Sporangia, size
30, , t¥pe
51, , number of cells in annuluc
32 s long or shori-stalked
3%. Spores, shape
4. ,coler
a5, y merkings
56, y perispore present or not
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Xey to Genera of Cerisin Gymnogremmold Ferns
1. The fertile blade »ith asreolsie venstion; blsde simple, but deeply
lobed. The blade covered on the under surface with multi-celluler

hairs. #% Hemionitis

1. The fertile blade with open venation, at lesst one pinnate, indument
absent or wexy, or if hairy, the heirs one-celled.————=--r——"-2
2. The gporangid borne in & continucus cluster along the mergine of

pinnule and confined to 2 definite merginsl region.,——-————-—=3
5, Fertile blades impsripinnate. Fromis 2-2.5 dm tall.——--—-—4
4, Pinnules elliptic or ovate, with a definite suricle &t
their buse, Margin not forming & partisl indueium.
#56 Notholeena
4, Pinnules linear, without suricles, The reflexed margin
forming a pertisl indusium,-—-—Fi1 Felluea
3. Fertile blades paripinnate, blade less than 2 dm. tall.
# Doryopteris
2. The sporengic either borme in seperate sori, or without definite
arrengement along the veins, but never continuous sleng the mergine.—-5
5. The sporengia in definite sori, mo indument on fertile blade.
5. The sjorangia not in definite sori, the blude coverea with &
waxy, granulsr indument on one or both surfauces,

Frg 18, 16, 18 Tityrogramma
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Key to Species of Piiyrogramma

1, Blede broadly trisnguler in outline, the under surfece coversd wih a

golden, wexy indument, F. chrysophvllas (15
1. Blade long triangular, the indument on under surfaces white.—2
2. Inner lower basal pininles 1-2 cm. long, ovate-elliptic, the

tips rounded. F. tartarea (1€}

2. Inner lower besel pinnules 0.5 cm. long, trisngulsr, the tips scut,

P. calemelenocs (16)
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‘The fertile fromsimple, pedate, the margin dentate; stipe with a

ment. Venstion areolate. Sporengis 280 p'in dismeter;

: E‘J&wl& cells per annulus. The spores trignose, with z definite
_:]ﬂrisport gmaant..




-~
con color
W&M
Venation of fertile fromd open, dichotomcus, Sord borme st tips of
veins, confluent, so as to appe-r &s a contipuous sorus at the margin
of the pinnules. No indusium nor definite recepiacle present.
Sporangia 170 p in diemeter; annulue of 18-21 eells; sporangium short—
\ stelked., Spores orbiculsr, with no evident periipore.

Sp. deseription

Fertile frond 1-1.5 dm. long 1-1.2 dm wide, brosdly trisngular,
pi_mata-pinnntifid, at lesst the lower pimnes; the upper merely
pinnatifid, the basal lower inner pinnule twice a: long es others
of the basal pinnee. The bases of the pinnul=s decurrent to the

next lower insertion. Spore light-yellow.
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#11 Pellses a.._/‘ta gu EPH pLa

Fertile frond imparipinnate; the mergins inrciled te form & rounded

ucper surfece end & false indusium. Venation opsn dichotomous.

Sori continvous slong the pinnule margins, no indusivm (except as mensincd
tioned mbove) no receptacle. Sporangis approximately Z26C p in dismeter,
ennulus of 20-21 cells. <Sporangia long stelked. Spores with a

definite perispore,.

Sp. deseription
Fertile frond 8-12 dm. tall, -10 em. broad. Finnzte evove, bi-, or

tripinnate below, the pinnules linesr. FRachlis hairy. Spores

trignose, brown,

ﬂ |f ——O’;HJflﬂ'b.,aM
Q\:‘ ) ! . Sovks
DN — |

ey
—
~
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Eityrogresme
granstular

Fertile fronds peripinnete. The blede covered with &, wexy incuzent,
cither on one or both turfaces. Ruachis red- or purple-brosn, spersely
heiry. Vescular bundles two in the stipe, forming & definite,
2-parted groove elong one side.

Spyp. deseription

B issmiisie 05) chryso phyfle

Fertile frond 2-3 dm, tall, .8-1.2 dm wide, broadly trisngular, the
under surface only coversd with & gk=nfular golden wexy indument.

Bipinnete below. Stipe purple-brown. Spore: evenly yellow-brown.
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:g;mw! and to some extent the upper, surfeces coversd with a ghungular
white, waxy indument. The lower pinrse bipinnate. Stipe red-btrown.
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#28 Adiantum n“-oaool i

Veins free, impsrvipinnste, the sori deiinite, borne on tne upper margin
of the pinnules, the mergin of the pinnule firming & fulse indgsium.
The compound sorus contains from 2-6 receptecles. Sporangia &5 0O p

in dismeter, 16-20 cells per ennulus; shori-stslked. Epores trignoze,
without perispor:, the surfece granulsr.

Sp. description

Fertile frond 3-4 dm. long, 1-1.5 dm. broe’, broadly triengulsr.

Four-piinate, the pinnules flabelliform

v

5 soro| Ela p —=%
-- % 2 SRk,

j:“_‘l\ ‘1' J[ Shwn | SOY s
s*\{)nu:r :\ 'LL"’-IM“‘ ‘;ﬂ__
Y& el F 7

» o L. .F;--_'\

—
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The fertile frond impsripinnate. Venaticn open, dichotomous. ESper-
angis confined to & more or less murginsl position, but wi h no de-
{inite sorzl structure, the receptacles not evident. Sporangis
borne slong veinc; I8 P in diameter; the annulus of 17-20 cells.

T he spores orbicular, with a definite perispore.

& Sp. description

Fertile fronds 1-2.5 éw. tell, 0.5-0.8 dm broed, long trisngular.
Bi-, or tripinnete, =t least the lower pinnse, The ultimeie segmente

swell, uwsually 5§ mm or less, widely seperated on the rachises.

\,-/' 5

t b sy prama {.M—%,
J_] I,‘;;

(){‘\ﬁ\‘- o/
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Key to eix species of ferns on sprore churacters
Epores with & definite periszpore
Spores ellipioid
Perispore uneven, with & torn sppeersnce 21.5 x £8.8 p

FPnyllitis scolopendrivm

var. typicum

Periepcre even, no form surfaces, 22 X 44.4 [

Iryopteris scinulosa

Spores spheroid
8lightly rugose, 22 x 38 }1 Folystichum wunitum
Spores without & definite jerispore

Spheroid, rugose, cuneate scales, 21.2 x 25 F

Botrychium virginicom
Trignoee, trilets, somewhat spinulose or finely grenular,
26 x 30 rl

Fteridivm squilinum
Reniform, rugose, monolete, 27.2 x 50.1 l.\

Polypodium virginiznum

Digitized by the Hunt Institute for Botanical Documentation




T

) Key to Six Species of Iyccpedium
A, Sporangis borne in definite stroblli—8
é. Strobili e:-Rurten, or extended by means of & pednncle from
apex of vegetetive bronch--C
0. lLeaves short, vompressed————————-1. complenstum

£C. Lesves longer, riot compressed L. clevetum
BE.Strobill not borue on pedimele, vegetative leaves borne to
pase of strobilus—-D
D. Determinate fertile branches seldom more thin S-branched,

leaves lerge, acuminate,——-—————-L. sunotinum

DD. Determinate fertile branches meny brenched, giving cspect

of ‘& brush, leaves small, scute. L. obscurum |
KA. Sporungis borne on ordinsry vegetative lesves, not distinetly
serarated into a strobilus—E. :

F. FStem erect, lsaves linear, swl-sheped—

I.. alopecuroides
i EE. Stem decumbent, leavee elliptic—--———-L. lucidulum
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