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PREFACE.

)
(

THE first edition of this manual was published in 1881 and
the second in 1882 ; the continued call for copies of the work is
the only apology for a new edition. During the past six years
the interest in ferns has largely increased, and has resulted not
only in a wider and more thorough study of known forms, but
in the less explored portion of our territory new species are con-
tinually being brought to light. Of the true ferns (forming the
order Filices) 140 species were described in the first edition and
145 in the second; in the present edition 156 species are re-
corded, while three species recognized in former “editions have
been reduced to varieties.

The Fern Allies are here augmented by the addition of a
genus new to this country (Salvinia), and five species, two @f
which are here described fog the first time; a reduction of three
species has resulted from a more extended study of large suites
of specimens, so that 68 species are here recorded.

While the general plan as developed in the former editions
has not been greatly modified, the details of the entire work have
been thoroughly revised in order that it 'may be in harmony
with the present aspect of structural and systematic study which
every year is adding to the sum of our knowledge.

The work is intended as an introduction to the study of ferns
and a manual for the easy determination of our species ; as such
it has aimed to be suggestive in methods of study; to this end
the student is referred to the necessary literature, classified ac-
cording to subjects, at the close of each chapter. It is hoped
that the introduction of eight pages of references to the intro-
ductory literature of plants lower than the pteridophytes may
prove valuable to students who, like the writer, have. beén
obliged to grope in the dark with no kindly suggestion as to
what works were valuable for beginners.

(v)




PREFACE.

Acknowledgments are here rendered to those who have aided
in the preparation of this edition. Especially we would men-
tion Dr. Sereno Watson, of the Botanic Gardens at Cambridge
for access to numerous specimens ; Professor Daniel C. Eaton,
of Yale, for elucidating the synonymy of Aspidium patulum ;
and most of all, Mr. George E. Davenport for very many kindly
suggestions, specimens, and courtesies extending through a
series of years. N
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INTRODUCTION. /

iN the entire vegetable world there are probably no forms of
growth that attract more general notice than/the Ferns. Deli-
cate in foliage, they are sought for cultivation in conservatories
and Wardian cases, and when dried and pressed add to the
culture of many a domestic circle by serving as househald deco-
rations. They furnish to botanists a broad and inviting field
for investigation, and he who examines their more minute struc-
ture with the microscope will find deeper and still more myste-
rious relations than those revealed to the unaided eye. Ferns
thus appeal to the scientific element of man’s nature as well as
Jto the @sthetic, and while they highly gratify the taste, they
{furnish food for the intellect in a like degree.
é The Fern allies have also played their appointed part in the
omestic and decorative economy of this and other generations.
The scouring-rushes served our ancestors for keeping white their
floors and wooden-ware in the days when carpets were a luxury.
The trailing stems of various species of Lycopodium have long
been valued for holiday decorations ; whjle their burning spores
have flashed in triumphal processions, and have added their
glow to the fervor of political campaigns. :

In olden time the obscure fructification of the common brake
led to many superstitious ideas among the common people, and
the older poets have woven these popular notions into our litera-
ture. Butler tells in Hudibras of bugbears so often created by
mankind :

‘‘ That spring like fern, that infant weed,
Equivocally without seed,
And have no possible foundation

But merely in th’ imagination.”




INTRODUCTION.

he says:

“ We have the receipt of fern seed ; we walk invisible."

Others allude to the falling of the seed on the anniver-
sary night of the birth of the “loved disciple.” The old
simplers with their lively imagination were impressed by the
fancied resemblances of some parts of fern growth to various
organs of the human body, and introduced them into their
system of specifics. Traces of their influence still remain in
the names of some of our common ferns, as spleenwort and
maidenhair.

To form a torrect understanding of ferns we must study the
ferns themselves as well as the text-book, as it is only by direct
contact with nature that we gain definite and satisfactory informa-
tion. The text-book is pseful only in giving direétions how to
investigate. To understand thoroughly an animal we must study
its habits in its native haunts. To know its structure and posi-
tion in the animal kingdom we must carefully dissect a large
number of specimens, and study the development of the individ-
ual from its beginning. In like manner, to understand fully a
fern we must search where nature has planted it, watch it as it un-
coils from the bud, matures, produces its fruit, and finally returns
to the earth ; examine it with needles and lenses, and discover
its ®ninute structure and its life-history. These pages, which
aim to give an outline of the forms of fern growth, the metliods
of fruiting, the germination or growth from the_spore, and
finally the more minute structure of the entire plant, can only
be thoroughly understood by taking the ferns in Mand and
studying them in connection with the text. For the first three
chapters and the determination of species a strong pocket lens
and a few needles mounted in har'dles for dissection will furnish
the necessdry outfit. Chapters IV. and V. will require a com-
pound microscope with its appliances for successful investiga-
tion. Those unused to such an instrument will need special
directions in regard to the care of a microscope and the methods
of using it. Such directions will be found in the laboratory
guides recommended in Chapter X. The following will also be
useful and suggestive : - v,

Shakespeare only reflects a prevalent belief of his time when i
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STokES (A. C.). Microscopy for Beginners. 12mo. New York, *
1887. (Harper & Brothers.) ‘

BauscH (Edwardy Manipulation of the Microscope. 12mo.
Rochester, N. Y., 1885. (Bausch & Lomb Optical Co.)

X
A collection of the native ferns of the country is interesting

and attractive. Good 'specimens should incluge roots so as to o,

show as much as possible of the method of growth. They

should be mounted on standard herbarium paper sixteen and

one half by eleven &nd one half inches. ° : 3
Let no one imagine that the study of ferns will be an easy

one. Patient application and careful observation are éssential

to success, yet he who becomes once interested in the work

will find a subject that deepens in interest with every step, and

even becomes enchanting as he seeks to determine the mysteri-

ous processes of fern development and the marvels of fern

structure. / !

“




RRANIIE 5 v 5 60 550004005808 M. Adanson.
DR Vi os b 5'av v nes b nnnts s vhe W. Aiton.
BRI 4 55 s v shba en N J. Angstrceem,
DIARIY - iisie i s5 e o h savankin P. de Beauvais.
T SO S «.+« J. J. Bernhardi.
R GO R J. Bigelow.
L R .. W, D, Brackenridge.
B DR ivisi0is s seiabinesine it HERUR;
R RS O R. Brown
R PR T Bongard
BRROERE <5 v inie Sos s up D od A. Brongniart,

SR W o
CHAPM .......... ....A. W. Chapman.

ABBREVIATIONS.

L et oe R Sk SR J. Lindley.
BB Weisnanaossasanh C. Linnzaus (son).
MARrT. & GALE...Martens and Galeotti.
RN siion s vospuss snad G. Mettenius.
T SRR VR AR e ey TR A. Michaux.
MuHL ...........G. H. E. Muhlenberg.
P Ta ) N. J. Necker.
L I OB e T - R
R N T A e C. Plumier,
REICHENS.......H. G. L. Reichenbach.
T I R C. L. M. Richard.
T R CRP Schleicher.

ScHRES .. .. .......J. C, D. Schreber.

B S s s ien it £ B DRVORDONE: - SM. it oor coonssessneasins o ihe SEMLN.
| R CRISSIERL o e e TR R SR R D sl i T L A
RO Ge s s kensno e L DOMOIIRINGS.  SPRENG .. ..000scsesiossss K. Sprengel.
R R R T AR T S R A e O. Swartz.
e SR P S F. Ehrhart. TaUNB................ C. P. Thunberg.
- LGS EB N R A TS T e e J. Torrey.
ENGEiM ...............G, Engelmann. TuckerM .............. E, Tuckerman,
H,&A. ...... ....Hooker and Arnott. UND........ ....... L. M. Underwood.
H.&G...........Hooker and Greville, VaiLn.... ........cev......S. Vaillant.
HBK..Humboldt, Bonpland and Kunth., Venr.. .............. E. P. Ventenat.
R Viico ko5 o0 s s 0 d8 00 RTINS~ WALE s o4 tiavvnensasind N. Wallich.
e R e R R G. F. Hoffman. WaLLr sosinsivaves Fe We VRN,
RN s Cshaai AR T TG 0T G e e b4 T. Walter.
BRRI L5k b inae eoaries €con W. Hudson. WiLLDp veiveoo.. K, L. Willdenow,
Hums............Baron von Humboldt _

L IERTIERTCOATRNEES T8 A% T TR - T ST ORI Greek
Kavre ......0% s e sy DRVIEI. . BB . < oechansbinbssanas roirneane Latin
NIRRT, P e AR A A gle <l 44 centimetre.
A R N IR A Y T R R R A millimetre.
T ey C.von Linoe [Linnsus]. war.........c cooevcecnesacsoves variety.
R JIBORRRINIEE. .8, . i ekl e PR b feet.
L TS SRR oi B By L T T e N B S A B PR inches,
R T T T S s b bihitans b snat lines.

(xii) -

OUR N/

1. Gen
varying in
even more,
even filmy
flowering |
would be r
widely fron
server they
blance to
species rest
of another
species of
called a mc
found from
broad paln

When v
those of fc
tropical re
quate to cc
accurate di
I



.J. Lindley.
nzeus (son).
1d Galeotti,
Mettenius.
\. Michaux.
Tuhlenberg.
. J. Necker.
.T. Nuttall,
C. Plumier,
tichenbach.
M. Richard.
Schleicher.
). Schreber,
[. E. Smith,
...J. Smith,
 Sprengel.
O. Swartz.
Thunberg.
J. Torrey.
Tuckerman,
Jnderwood.
S. Vaillant.
', Ventenat.
N. Wallich,
. Wallroth,
T. Walter.
Willdenow,

centimetre.
.millimetre,
....variety.
....... feet.
..... inches,
...... lines.

OUR NATIVE FERNS AND THEIR ALLIES.

CHAPTER L

HAUNTS AND HABITS OF FERNS.

Our outward life requires them not,—
Then wherefore had they birth ?
To minister delight to man, \

To beautify the earth,
—MaARrYy HowiTT.

1. General Characters.—Our native ferns comprise plants
varying in height from less than an inch to six or seven feet, or
even more. Some are stout and fleshy, others are delicate and
even filmy, but most are herbaceous, resembling ordinary
flowering plants in the texture of their foliage. While most
would be recognized as ferns by even a novice, a few differ so
widely from the ordinary typical forms that to an unskilled ob-
server they would scarcely be considered as bearing any resem-
blance to ferns whatever. The fronds of one of our Florida
species resemble narrow blades of grass, and the fertile spikes
of another from New Jersey might be mistaken for a diminutive
species of sedge. A third from Alabama would, perhaps, be
called a moss by the inexperienced, while the *“ Hartford fern,”
found from New England to Kentucky, has a climbing stem and
broad palmate leaves. )

When we add to these peculiar forms of our own country
those of foreign lands, and include the immense tree-ferns of
tropical regions, we find our early conception of a fern inade-
quate to cover this diversity of forms. Without attempting an
accurate definition of a fern, let it be regarded for present pur-

I
(

\




7

2 OUR.NATIVE FERNS AND THEIR ALLIES.

poses as a flowerless plant, producing spores-instead of seeds,

possessing more or less woody tissue, and having its leaves
coiled in the bud from apex to base. After the necessary study
of the structure of some of our common ferns, we will be able
to comprehend the more technical definition found later in the
work.

2. Mode of Growth.—Ferns vary greatly in their method
of growth, yet each species has a plan which, within certain
limits, is fixed and definite. Some, like the common brake,
have their fronds rising from more or less distant portjons of
the creeping rootstock. Others, like Asplenium trichomanes,
arg-tufted, many fronds rising irregularly in a cluster ; while still
others, like the ostrich-fern (Onoclea) and many of the shield-
ferns (Aspidium), grow in crowns or circles, the later fronds
continually rising within the older ones. In the grape-ferns
(Botrychium) the rootstocks usually produce a single frond each
season, the bud for the succeeding year growing within the base
of the common stalk.

8. In many there is a tendency to dimorphism, the fertile
or fruit-bearing fronds differing to a greater or less extent from
the sterile ones. In a few species, like the sensitive-fern and
the ostrich-fern (Onoclea), this is carried so far that the sterile
and fertile fronds bear no resemblance to each other,and in one
instance have been mistaken for different species, and so de-
scribed. Osmunda cinnamomea, Woodwardia angustifolia, Pel-
lea gracilis, Cryptogramme, and Lomaria offer further examples
of this principle of growth. )

4. variation.—The same species will often present wide\
differences in the size of the fronds. This depends to some ex-
tent on the character of the soil and the ordinary climatic con-
ditions. For example, the lady-fern (Asplenium filix-femina),
which in ordinary locations grows from two to four feet high,
in mountainous regions is sometimes reduced to from®three to
six inches, when it forms the var. exzle. In like manner the
marginal shield-fern (4spidium marginale), usually two or three
feet high, is reduced to five inches when growing on rocky cliffs,
and yet regularly produces fruit.* :

* (/. Bulletin Torrey Botanical Club, vi, 266 (Oct. 1878).
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HAUNTS AND HABITS OF FERNS. 3

5. In some cases there is a tendency to variation in size
that cannot be referred to soil or climatic influences. The com-
mon grape-fern (Botrychium Virginianum) will be found in
some localities to vary from six inches to two feet in height, all
well fruited and matured, and with the extreme sizes growing
within a pace of each other in the same soil and with the same
environment. The other species of the same genus present
similar variations, and judging from size and external appear-
ance alone, a regulargradation of forms might be arranged from
the most diminutive undivided forms of B. sémplex to the larg-
est of B. Virginianum. -

6. Another tendency to variation is noticed in the forking
of fronds either at the summit or at the ends of the branches.
The hart's-tongue (Scolopendrium) is frequently forked at the
summit, the walking-leaf (Camptosorus) less commonly, while
the same tendency is noticed in various compound forms, as
Asplenium angustifolium, Cheilanthes vestita, Gymnogramme
Ehxenbergiana, Dicksonia, Pellea atropurpurea, and others.
Some of the species of Bofryckhium show the same tendency,
especially in their fertile segments. It is probable that all our
species will be found to fork under certain conditions. More
definite information is desirable with regard to many species
that show this tendency, as it doubtless involves the question
of ancestry of existing ferns.

7. In those species whose sterile and fertile fronds are un-
like, forms often appedr that are intermediate between the ster-
ile and fertile fronds, and sometimes even form a graded series
from one to the other. This is especially true of the sensitive-
fern (Onoclea) and the cinnamon-fern (Osmunda cinnamomea),
and'has frequently been the source of so-called “varieties.”
Whether this variation arises from some peculiarity of environ-
ment, or from some inherent tendency to reversion toward an
older form, will require more extended observation to deter-
mine. One of the varieties of Botrychium ternatum seems to
have been founded on a condition which is intermediate in
structure between the sterile and fertile segments.

8. In a few forms there is an apparent mimicry, one species
imitating another in foliage or method of fruiting. In the cin-
namon-fern just alluded to, which has a cinnamon-colored
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4 OUR NATIVE FERNS AND THEIR ALLIES.

sterile frond totally unlike the fertile, sterile fronds will some-
times be found which are fertile at the apex—the normal method
of fruiting in the royal flowering-fern (Osmunda regalis) ; and in
turn the royal flowering-fern is sometimes fertile in the middle,
in imitation of Osmunda Claytoniana.

9. Time of Fruiting.—The time of maturing fruit is dif-

ferent among different species, and also varies with geographi-

cal location and proximity to tropical climates. In the Northern
States some species produce their fruit as early as May (Osmunda
cinnamomea), and others as late as September (Lygodium),
but the greater number are best studied in July and August.
In the Northeastern States, where the two species of Cystopteris
abound on limestone rocks, C. fragé/is matures its spores and
withers in June or July, while C. bulbifera reaches its maturity
only in August or September. In semi-tropical climates, like
Southern California and the Gulf States, the time of fruiting is
often earlier, sometimes occurring in February or March. Some
fronds are killed by the early frosts, while others, like the Christ-
mas-fern, are evergreen, and may be gathered in midwinter,

10. Local Distribution.—Ferns are largely dependent for
successful growth on the amount of warmth, moisture, and
shade to which they are subjécted, and we would naturally ex-
pect to find them reaching a maximum in size and abundance in
warm swamps or shady marshes. While this is in general true,
we nevertheless find many species thriving only in rocky places,
thrusting their roots into the crevices of the rocks with little
earth for their nourishment, and many times exposed to the
scorching rays of the sun. Of necessity, such species are of
comparatively small size, and likely to be protected in some
way against the heat of the sun, and provided with means to
retain their moisture in times of drought. Others still are
found in wet, rocky ravines, often where moistened by the spray
of cascades or waterfalls, and consequently have no such pro-
vision against the heat of an extended summer. Certain others
thrive in open fields that are comparatively dry and unshaded.
One specfes of Southern Florida is aquatic, having the sterile
fronds floating in shallow water. A few species are epiphytic,
or grow on other plants, some being found on tree-trunks to
the height of 150 or 200 feet !
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HAUNTS AND HABITS OF FERNS. 5

So, while moisture, warmth, and shade in abundance are the
climatic conditions essential to promote luxuriant fern growth,
it can and does continue when any or all these conditions are
reduced to a minimum.

11. Ferns may then be sought in any of the following situa-
tions, and it will be seen that each situation has its charac-
teristic species :

A. Wet swamps or marshes with or without abundant shade.

B. Rich woods, more or less moist.

C. Uncultivated open places and dry hillsides.

D. Moist, rocky ravines or rocky places not subject to sum-
mer drought.

E. Exposed rocky cliffs.

F. Standing water.

G. Growing on other plants. (Epiphytic.)

12. In the first location mentioned above, we may find the
chain-ferns ( Woodwardia), many of the spleenworts (Asplenium),
a few of the shield-ferns (4%:dzum), the flowering-ferns (Osmun-
da), as well as the genera Acrostichum, Onoclea, etc. These in-
clude some of our largest and coarsest ferns. A few more deli-
catein structure are also found here, notably the dainty Pkegop-
lerds dryopleris.

138. In the second we find a few spleenworts, most of the
shield-ferns, the beech-ferns (Plkegopleris), most of the grape-
ferns (Botrychium)) the maidenhair (Adzantum), the Dicksonza,
and some others. In this situation we find the finest develop-
ment of foliage and the greatest artistic finish among all the ferns.

14. In uncultivated places and on rocky hillsides we often
find the common bracken or brake (Pleris aguilina), and the
lady-fern (Asplenium filix-faemina), though these are by no
means confined to these locations, the latter growing quite fre-
quently in moist woods, and even in cold, wet swamps. Many
other ferns are found occasionally in openings of the forest or
recent clearings, where they maintain a sickly existence, some-
times for a series of years. In such locations ferns often be-
come contracted and abnormal in growth, and take on a faded
yellow hue from their exposure to the open sunshine.

15. In moist ravines and on rocky banks the bladder-ferns
(Cystopteris) may be found, with the peculiar walking-leaf

.




6 OUR NATIVE FERNS AND THEIR ALLIES
(Camptosorus), the rare hart's-tongue (Scolopendrium)* and
many of the smaller spleenworts. The long, pencent fronds
of Custopteris bulbifera add greatly to the beauty of our
natural ravines, and often serve to conccal the uneouth
rocks, or at least draw the attention to that which is more deli-
cate and artistic. On dripping rocks, or where the sides of
ravines are kept continually moist by the spray of waterfalls,
such delicate pellucid ferns as the filmy-fern (Z»Zckomanes) and
Pellea gracilis may be sought. There seems to be a direct
connection between the environment and the texture of the
fern. The last two mentioned grow in very damp situations,
and are pellucid and almost membranous. Cysfoplerss in some-
what drier situations is thinly herbaceous, while Asplenium
Trichomanes and Camptosorus, requiring less moisture, are more
firm, and form the transition to the next group.

16. On dry cliffs we may look for the various species of
Woodsia, the cloak-ferns (Notholena), the lip-ferns (Chezlanthes),
and the cliff-brakes (Pell@a). Many of these are firm and even
leathery in texture, and others are thickly covered on one or
both sides with tangled hair or scales, fitting them to survive
long periods of drought.

17. Only one of our native species is strictly aquatic, the
anomalous Ceratopteris thalictroides found in Southern Florida,
though Acrostichum aurewm is often found with its rhizoma
rising from the water of salt marshes. Osmunda regalis is oc-
casionally found in standing water several inches deep, though
this is not usual. '

18. Among the epiphytic ferns are several species of Poly-
podium, especially P. incanum, P. Scouleri, and P. aureum, the
last always being associated with the cabbage-palmetto (Sada/
palmetto). Vittaria, Tanitis, and Nephrolepis are also of this
class, and are frequently pendent from the same plant, though
occasionally found on other tree-trunks. Ophioglossum pal-
matum, another peculiar tropical fern-ally, belongs to the same

#* This rare fern seems to show a decided preference for limestone rocks,
and thus far has been found only above the geological formation known as
the Corniferous limestone. I believe a thorough search for this fern along
the outcrops of the formation in Central New York and elsewhere would show
a wider distribution than is at present attributeq to this species.
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HAUNTS AND HABITS OF FERNS. 4

list. Even in the streets of our Southern cities, Polypodium in-
canum is commonly seen growing with various mosses well up
on the trunks of shade-trees. It is only in tropical regions,
however, that epiphytes are seen in profusion.

19. These principles of climatic distribution are necessarily
modified by the geographic range of species, which must be
considered in this connection. For example, Aspidium spinu-
losum or its varieties form the leading foliage ferns of Northern
New England and New York, while Dicksonia, less common in
those localities, largely replaces them 'from Connecticut south-
ward. This subject will be more fully discussed in a later
chapter.

LITERATURE.

Most of the American literature bearing on this subject is in
the form of short notes which have appeared from time to time
in our two botanical monthlies ;* a classified summary appears
below :

HABITS.—Botanical Gazette, 1,2; 11, 100; 111,82 ; 1V, 140,177,
232; V, $7, 30, 43, 48; V1, 161, 295; VII, 86.

DIMORPHISM.— Zorrey Bulletin, V11, 101, 109 ; 1X,6; XIII, 62,

FORKING FRONDS.—Botanical Gazelle, 1, 50; 11, 80; 111, 39;
V1, 220; VIII, 242.— Zorrey Bulletin, V11, 26, 85; 1X, 116, 129;
X, 4.

RELATIVE ABUNDANCE :—

DAVENPORT (George E.). A Bit of Fern History. In
Botanical Gaszelte, V11, 60-64 (May, 1882). i

CULTIVATION :(—

ROBINSON (John).—Ferns in Their Homes and Ours. 12mo,
illustrated. Salem, 1878. A valuable outline of fern cultiva-
tion, indispensable to those desiring to undertake the cultivation
of ferns either in conservatories or Wardian cases.

SMiTH (John). Ferns, British and Foreign. 8vo. Lon-
don, 1879.

* Students of ferns, like other botanists, ought to have these valuable
journals at hand as a means of keeping abreast of the wonderful botanical
activity now manifest in America. The Bofanical Gaszette, now (1888) com-
mencing its thirteenth volume, is published at Crawfordsville, Indiana ($2.00
per annum). The Bulletin of the Torrey Botanical Club, now commencing
its fifteenth volume, is published at Columbia College, New York City ($1.00
per annum),




OUR NATIVE FERNS AND THEIR ALLIES.

CHAPTER II.

THE ORGANS OF THE GROWING FERN.

Pour bien savoir une chose, il faut en savoir les details.
—LA ROCHEFOUCAULD,

20. EVERY one familiar with the forest and its products
must have seen the young ferns unrolling from the bud in spring
and early summer. It will be noticed that the fronds are coiled
from the apex to the base, and form crosiers, so called from their
resemblance to the head of a bishop’s staff. This method of
vernation is called czrcinate, and is rarely found except among
ferns. In the grape-ferns and adder-tongues the vernation is
straight or merely inclined, thus approximating that of ordinary
flowering plants.

21. Rootstock.—Ferns usually spring from an under-
ground stem called the roofstock. This may be simple or
branched, smooth or scaly, horizontal, oblique, or even vertical.
In some ferns it is fine and hairlike, while in others it is very
large and stout. In some cases the rootstock creeps at the sur-
face of the ground and even rises above it, as in the variety of
Aspidium conterminum which grows in Florida. In the tree
ferns of warmer climates it often forms a trunk fifty feet high,
bearing the fronds at the summit, when it takes the name of
caudex,

22. Frond.—The aerial portion consists essentially of a
leaf-stalk and blade; the former is technically called the szipe,
and the latter the frond. Though these are usually distinct
from each other in appearance, the stipe is sometimes wanting,
and in others no distinction can be made between them. Both
stipe and frond, or either one, may be glabrous (smooth), pubes-
cent (softly hairy), hairy, woolly, or scaly; when the scales are
small and somewhat appressed, the surface is said to be squa-
mous. The careful discrimination of these hairy or scaly
appendages becomes a matter of importance in distinguishing
many of the ‘spicies ol Ckeilanthes. In a few of our native ferns
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THE ORGANS OF THE GROWING FERN. 9]

[
the under surface is covered with a white or yellow powder

bearing some resemblance to flour or corn-starch. For this
reason a surface of this character is called farznaceous. Such is
the California gold-fern or “ golden back” (Gymnogramme trian-
gularis), and several of the cloak-ferns (Notholena), and such
are the various gold and silver ferns of conservatories, including
some of the richest and most beautiful in the world.

23. The frond may be szmple, when it consists of a single
undivided leaf, as in Scolopendrium or Camptosorus ; or compound,
when it is divided into segments. The exquisite delicacy and
the extent to which this dividing is carried in some ferns deter-
mines largely their asthetic value.

The continuation of the stipe through a simple frond is called
the midvein ; through a compound frond is called the rac/kis,
and is further distinguished as przmary when the frond is much
compounded. A frond is enfire when the margin forms an
unbroken line; when so cut as to form lobes extending half
way or more to the midvein it is called pznnatzfid; when these
incisions extend fully to the midvein the frond is said to be
simply pinnate, and the divisions are called pznne. When the
pinnz are cut into lobes the frond is é7pinnatifid and the lobes
are called segments, and when these extend to the secondary
midveins it is ézpinnate and the divisions are called pinnules.
The secondary midvein then becomes a secondary rackis. In
like manner we may have ferns that are /rzpinnatifid and tripin-
nale, quadripinnalifid and quadripinnate. The last lobes are
designated w/timate segments, and the last complete divisions
ultimate pinnules. All these various forms from entire to quad-
ripinnate are abundantly represented among our native ferns.

24. In some pinnate fronds, as in the oak-fern (Phegopteris
dryopteris), the lower pair of pinnz is greatly enlarged and
more compound than those above, so that the stipe appears to
form three branches bearing similar and nearly equal portions.
Fronds of this character are usually triangular or pentagonal in
outline, and this method of branching is called Zernate. It will
be readily seen that this is merely a modified form of the ordi-
nary pinnate frond. Throughout the domain of nature there is
infinite variety of form and structure, and at the same time unity
in plan and conformity to a few generalized types.
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25. Venation.—The method of veining admits of great
variation, often serving to distinguish species, and more especi-
ally the sections of the various genera. In some ferns, like most
shield-ferns (Aspidium), the veins are free—that is, arising from
either side of the midvein they do not unite with any other vein.
In some of these the vein is simple (not branched), in others
variously forked. In many the veins repeatedly anastomose
or unite together, forming a series of network or areo/@. This
may be somewhat irregular, as in Onoclea; or forming a single
row of areolae next to the midvein and thence free to the margin,
as in Woodwardia Virginica,; or forming many uniform areola
by the parallel transverse veinlets connecting the distinct and
parallel primary veins, as in Polypodium phyllitidis. In_eas

the venation does not appear when examined by reflected light,
it may be brought out clearly by holding the frond bgtween the
observer and the light, and then using a lens if necessary. A
few fleshy species require dissection to show the veins.

CHAPTER IIIL
FRUCTIFICATION IN FERNS.

‘“ But on St. John'’s mysterious night,
Sacred to many a wizard spell,

The hour when first to human sight

Confest, the mystic fern-seed fell.”

26. Spores and Sporangla.—In the flowering plants
(SPERMAPHYTA) there is a
manifest sexual reproduction,
the ovules in the female organs
(pistils) being fertilized by the
L= =T pollen produced by the stamens,

thus giving rise to the embryo

FiG. 1.—Enlarged section through a
sorus of Polypodium falcatum Kellogg, of the new plant. The Ferns,

showing the stalked sporangia.

on the contrary, produce no
flowers. Instead of seeds developed from fertilized ovules,
minute spores are produced asexually, from which new ferns are
developed by a peculiar process of germination very unlike that
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FRUCTIFICATION IN FERNS.

These spores are collected in little sacs
The sporangia in the true

II

4 . .
ferns (POLYPODIACEAE) are collected in little clusters on the
back of the frond, or are variously arranged in lines along the

veins or around the margins (Fig. 1).

These clusters of spo

rangia are called sorz, and may be naked, as in Polypodium, or
provided with a special covering known as the zndusium, as in

Aspidium (Fig. 8). The various forms of the
sori and indusia serve as the basis for classifica=
tion into genera and tribes, while each sub-order
has its peculiar form of sporangia.

27. In the POLYPODIACEZE the sporangia
are more or less Completély surrounded with a
jointed vertical ring or annulus, and at maturity
burst open transversely by the straightening of
the annulus and discharge their copious spores
(Fig. 2). The clusters of sporangia are said to
be marginal, intramarginal, or dorsal, according
as they have their position at the margin or
more or less remote from it. They may be
roundish, oblong. or linear in shape, or arranged
in variously forking lines, or may even be spread
in a stratum over the entire under surface of the

_Fi1G.2.—Sporan-
gium of I'o/y{o-
dium vulgare, L.,
dischargin its
spores, l\ﬁlch en-
larged.

frond. They are called indusiate or non-indusiate according as
they are covered or naked ; and the indusia may be inferior (at-
ta‘ched below the sorus), as in Woodsia (Fig. 9), or superior, as
in Aspidium (Fig. 8), or of various intermediate methods of at-

tachment.

28. In the other sub-
orders of FILICES the spo-
rangia are variously ar-
ranged. In the HyMENO-
PHYLLACEZ or filmy ferns
the flattened sporangia are
sessile along a filiform recep-

Fia. 3.

Fic. 4.

Fig. 3.—Enlarged sessil i
tacle, and are surrounded o ‘7'»-,'.-3/..»"4""gmd:‘z::.: g‘[:,(;ranglum
£ Fig. 4.—Sporangium of Sckr -
with a complete transverse .riIIupPursh.I:;mang th(: a;ic’:lmr,iﬁ'gl.
annulus. At maturity they Much calarged.

open vertically (Fig. 3). In

the SCHIZEACEE the sporangia
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are ovate, surrounded at the apéx by a complete annulus, and
open by a longitudinal slit (Fig. 4). In the OSMUNDACEZ or
flowering ferns the sporangia are larger, globose, and naked, with
the mere trace of a transverse annulus, and open longitudinally.

The various methods of fructification can be best understood
by describing the peculiarities of the various genera in regular
succession and noting the variations occurring in the sections
or sub-genera. By this means we will arrive at a better under-
standing of the principles of fern classification as discussed in a
future chapter. As the subject of venation is closely connected
with that of fructification, it will be treated in the same connec-
tion.

29. Acrostichum.—In this genus the sporangia are spread
in a stratum over the under surface of the upper pinnz in our
solitary species, but in some exotics they cover portions of the
upper surface as well. There is no indusium.

30. Polypodium (Fig. 1).—This genus contains the larg-
est number of existing ferns, and though all the species agree
in the roundish naked sori, the venation is widely different in
the various secti&ns, which are chiefly formed on the character
of the veins. Four of the five sections are represented in our

nine species.

In § EUPOLYPODIUM the veins are free, yet are occasionally
known to unite,* thus indicating a tendency to vary toward the
next section. The sori are generally found at the end of a free

veinlet.
In § GONIOPHLEBIUM the veins unite near the margin, form-

ing large areola, each containing a single free veinlet which
bears the sorus at its end. A tendency to variation is seen in
P. z'ncar.zum. in which the veins are free, as well as in 2. Calzfo7—
nicum in which they are often partly free.

In § PHLEBODIUM the veins form ample areole in a row
next the midvein, and frequently in one or more secondary rows,
each bearing a single sorus at the junction of two or more vein-
lets. Al large number, however, bear the sori at the end of a
single veinlet. From the fertile'qreola to the margin the veins
anastomose more copiously. o

* Catalogue of the Davenport Herbarium, p. 8.
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In § CAMPYLONEURON the areol, each usually bearing two
sori, are found between the parallel primary veins which extend
from the midrib to the margin.

31. Gymnogramme.—In this genus the sori follow the
course of the veins, and consequently vary with the venation,
being simple, forked, pinnated, or anastomose with each other.
The sori are non-indusiate.

32. Notholana.—In the cloak-ferns the sori are marginal,
and provided with no indusia. "This genus is linked very closely
to Gymnogramme on one hand and to some species of Che:-
lanthes on the other. From the latter it is separable only by the
absence of the marginal indusium; the two are likely to be con-
founded by beginners.

33. Teenitis has simple fronds, and the fructification in a
continuous sub-marginal line near the apex of the frond.

34. Vittaria.—This peculiar genus occupies a somewhat in-
termediate position between the indusiate and non-indusiate
genera, and while usually associated with the latter has consid-
erable claim to be ranked with the former. The fronds are nar-
row and grass like, bearing the sporangia in an intramarginal
groove, often more or less covered by the inrolled edge of the
frond. The venation is very obscure.

356. Adiantum (Fig. 5).—Themaidenhairs have a peculiarly
smooth foliage, and usually possess no
midvein. The veins are usually flabellate, B
and after forking one - or more times bear )
the sori at their extremities. The margin
of the frond is reflexed, thus forming an
indusium which bears the sporangia on its
under surface. FiG. 5.—A segment of

36. Pteris (Fig. 6).—In this genus, ;:a‘r{im::‘é:g;'cdShg;v"i]ﬁdu‘;]ig
which includes the common brake, the ,‘,‘Z;‘,“‘.‘,{('} ,;,eﬂf-ﬁ',::;"f(ﬂ-f,:,l:
otherwise free veins are united by a fili- 1-¢ Maout and Decaisne.
form receptacle which bears the sporangia. This continuous
marginal line of fructification is covered by a membranous in-
dusium formed of the margin of the frond.

87. Cheilanthes.—The lip-ferns found within our limits
are unequally divided among four sections, all agreeing in bear-

-
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ing the sori at or near the ends of the veins, covered by an in-
dusium formed of the margin of the frond.

In § ADIANTOPSIS the indusia
are distinct, and confined to a
single veinlet. One of our species
varies from the typical species of
this section, and has even been
assigned to a separate genus.

In § EUCHEILANTHES the indu-

FiG. 6.—Pteris lomgifolia L. En-sia are more or less confluent but
';‘;%,?ﬂk?“,,mci,‘;,i;’c‘lc" ey S ',‘f,’: ':,i‘,rzlf not continuous, usually extending
nal indusium. over the apices of several veinlets.

In § PHYSAPTERIS the ultimate segments are bead-like, and
the indusium is continuous all round the margin.

§ ALEURITOPTERIS- has -the fronds farinose below, and in-
cludes a single species-somewhat doubtfully assigned to our
limits.

38. Cryptogramme has dimorphous fronds, the margins
of the fertile being closely rolled toward the midvein, thus cov-
ering the confluent sori. At maturity these open flat in order
to discharge the spores.

39. Pellzea has representatives of three sections within
our limits, all agreeing in possessing intramarginal sori, which
finally became confluent agd form a marginal line covered by
an indusium formed of the margin of the frond.

§ CHEILOPLECTON includes herbaceous species with visible
veins and broad indusia.

§ ALLOSORUS includes coriaceous species having wide
indusia, while § PLATYLOMA includes species similar in texture,
but(with extremely narrow indusia and broad segments.

0. Ceratopteris is an-anomalous genus from southern
Florida, having a few sori arranged on two or three veins par-
allel to the midvein, and covered by the broadly reflexed margin
of the frond.

41. Lomaria (Fig. 7) stdnds intermediate between those
genera, in which there is an indusium formed of the revolute
margin of the frond and those in which the indusium is remote
from the margin. Our single species has dimorphous fronds,
free veins, and the fructification in a broad band next the mid-
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FRUCTIFICATION IN FERNS. I5

vein, covered by a continuous and distinctly intramarginal indu-
sium. This genus closely resembles the
next in general habit, and is sometimes
united with it.

42. Blechnum.—In this genus the
sori are linear and near the midvein, and
are covered by a membranous indusium
which is fixed at its outer margin, burst-
ing at its inner margin when the spo-
rangia are mature. A single representa- o, . spicant
tive is found within our limits. Desv. E7 larged section of

. the contracted fertile pinna,

43. Woodwardia.—Three SPECIES ghowing intramarginal indu-
of chain-ferns occur within our limits, "™
and each represents a distinct section based on the methods
of venation. All have oblong or. linear sori more or less
sunken in the frond, covered by special lid-like indusia burst-
ing at their inner margins, and arranged in chainlike rows near
the midvein, thus giving the popular name to the genus.

§ EUWOODWARDIA has uniform fronds and veins forming at
least one series of areola between the sori and the margin.

§ ANCHISTEA has also uniform fronds, but with free veins
from the sori to the margin while § LORINSERIA has dimor-
phous fronds, and the veins everywhere uniting to form areolz,
as in the sensitive-fern (Onpclea sensibilis).

44. Asplenium.—Thg& numerous species of spleenworts
are closely related to each other in their methods of fructifica-
tion, but differ widely in the form, texture, and cutting of their

‘wfronds. The sori are placed on the upper side of an oblique

vein (sometimes crossing it in § ATHYRIUM), and covered by an
indusium of the same shape attached by its edge to the fruiting
vein and opening toward the midvein. In some species part
of the indusia are double. The veins are free in all our species,
In § EUASPLENIUM the sori are straight or slightly curved; in
§ ATHYRIUM they are often curved, even horseshoe shaped ;

‘and frequently cross to the outer side of the fruiting vein.

45. Scolopendrium bears the linear sori in pairs, one
from the upper side of a veinlet and its mate from the lower
side of the next. The indusia are attached by their edges to
the veins, and folding toward each other appear like a double
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indusium covering a single sorus., The veins extend nearly at
right angles to the midvein, are free, and usually forked.

46. Camptosorus.—The walking-leaf has oblong or linear
indusiate sori, which are irregularly scattered and borne partly
on veins parallel to the midvein, and partly on those that are
oblique. Those near the midvein are single, those toward the
margin are often approximate in pairs and often form crooked
lines. The veins are everywhere copiously reticulated.

47. Phegopteris.—In this genus the sori are round and
naked as in Polypodium, with which this genus is sometimes
united. The sporangia spring from the back of the veins in-
stead of the apex, as in the latter genus, and the veins are free
except in the § GONIOPTERIS, in which they are more or less
united. :

48. Aspidium is largely represented in our limits by two

well-marked séctions, which are sometimes regarded as distinct

genera, and two others with characters scarcely
less distinct, containing each a single species;
In all the sori are roundish, and borne on the
back of the veins or rarely at their apex. In
§ NEPHRODIUM the indusium is cordato-reni-
form or orbicular with a narrow sinus. This at
first covers the sorus and is attached by its mar.
gin, but later bursts away at the margin but re-
mains attached at the sinus. In some species
in this section the indusium becomes shrivelled

before the fruit matures, and in this condition

FiG. -8, — Under . . . .

side of a fertile seg- might be mistaken for a non-indusiate species

ment of Aspidium  p».
Jilix - mas, ” with (Flg' 8)'

S inor: Magne  In § POLYSTICHUM the indusium is orbicular
fied. (After Sachs.) and peltate, being fixed by the centre ; the veins
are free, as in § NEPHRODIUM.

In § CyrTOMIUM the indusium is the same as in § PoLys-
TICHUM, but the veins tend to unite near the margin, while in
§ EUASPIDIUM the veins anastomose copiously.

49. Nephrolepis has roundish sori borne at the apex of
the upper branch of a free vein, near the margin-of the frond.
The indusia are usually reniform, fixed by the sinus or base, and
open toward the margins of the pinnz.

60. Cystopteris.—The bladder-ferns take their popular
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name from the delicate, hood-like indusium which is attached
by its broad base on the inner side of the roundish sorus and
partly under it. Later this is thrown back and withers away.
The veins are free, and the fronds have the aspect of species of
Aspidium, but are usually more delicate in texture.

51. Onoclea.—This genus contains two quite dissimilar
species, which until recently have been separated into two
genera by American botanists. Both have dimorphous fronds,
the margin of the contracted fertile frond being strongly revo-
lute, and concealing the fruit. O. struthiopteris has necklace-
shaped pinnz, crowded confluent sori, and free and simple
veins. O. sensibilis has panicled berry-shaped pinnules and co-
piously anastomosing veins.

52. Woodsia (Fig.9) has round-
ish sori borne on the back of the
veins, with the indusia attached be-
neath the sporangia and flat and open,
or early bursting at the top into ir-
regular lacinizz or lobes. In § Eu-
WOODSIA the indusia are flat and open  Fic. o.—Woodsia * obtusa
from an early stage, with their cleft Tl‘[’,';u]eE;:z{vgl . Vonttien L
and ciliate margins concealed under !nferior indusia.
the sori. In § HYPOPELTIS the indusium is more conspicubus
and encloses the sporangium at first, but soon bursts at ghe top,
forming several jagged lobes.

53. Dicksonia.—In this genus the small globular sorus is
borne in an elevated, globular receptacle, and enclosed in an in-
ferior, membranous, cup-shaped indusium.  The veins are al-
ways free.

54. Trichomanes (Fig. 10) has
sessile sporangia borne on a filiform
receptacle at the summit of a vein.

The indusia are tubular or funnel-
shaped, with an expanded and often
somewhat two-lipped mouth.

55. Lygodium.—In our species
of climbing-fern .the fructification is Fi6. 1o.—7richomanes radi-
borne on contracted, forked pinnules ;_l[x‘::vir?;‘;"zn}xen};‘:(;ar()gfedfr::zcilrzggl
occupying the upper portion of the “*™
frond. The ovoid sporangia are solitary or occasionally in
2




pairs, and are borne in the axils of the large, imbricated, scale-
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like indusia which are fixed. by their bases to short, oblique
veinlets.

56. Aneimia.—In this genus the two lowest branches of
the frond bear panicles of fruit at the'end of very long stalks.
The ovate sporangia are sessile in two rows along
the branchlets of the panicle, without special
covering of any kind. In the section represented
by our species the veins are free.

57. Schizzea.—In this genus the large ovoid
sporangia are sessile in double rows along the
single vein of the narrow fertile divisions. In
our species the pairs of fertile pinna form a dis-
tichous spike (Fig. 11). :

58. Osmunda has the large globose spo-
rangia, short-stalked, and borne on the con-
tracted fertile portions of the frond. In the cin-
namon-fern (0. cznnamomea) the fertile fronds
are entirely distinct from the sterile, yet mani-
festing a tendency to variation in the var. fron-
dosa. In the interrupted flowering-fern (O.
Claytoniana) the fructification is confined to a
few of the middle pinna of the frond. In the
royal flowering-fern (O. regalis) the fructifica-
tion is borne at the apex of the fronds.

59. Spores.—The spores of ferns constitute
the fruit proper. A spore consists of two* dis-
tinct closed sacs and the cell contents, all of
which differ from each other not only in struc-
ture, but also in chemical composition. The
Fi. 11.—Schisea OULET layer (exospore) consists chiefly of cellu-

E:fifrfiﬂp]aml’u"r;{l_- lose ; the inner layer (endospore) contains some
ural size. albuminous matter .in addition, while the cell
contents consist chiefly of a thin, colorless, jelly-like substance
known as protoplasm, with grains of chlorophyll (the green

* Campbell has recently demonstrated the existence of a third (middle)
layer, which is not readily apparent until after germination. C/. Memoirs
Boston Soc, Nat, History, 1v, 17 e/ seg. (Apnil, 1887).
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coloring matter of plants), starch, and oil. The exospore may
be smooth or roughened by points, granules, warts, or prickles.
The shape varies with different species, yet all are rounded, and
most are oblong or at least longer than broad. All are micro-
scopi¢, and many are of such a shape that they do not appear
uniform owing to the various directions from which we view
them.

60. The number of spores produced by a single fern is in-
credible. Lindley calculated that a single frond of Scolopen-
drium produced about 8o sori, with an average of 4500 sporan-
gia in each sorus, and each sporangium containing 50 spores,
making a total of 18,000,000 spores. The copious green spores
of Osmunda cinnamomea, or the pale-yellow, powdery spores of
a well-developed specimen of Bolrychium Virginianum, must
far exceed this computation. By drying either of these species
under pressure between sheets of paper great quantities of the
spores may be obtained for examination. Specimens for this
purpose should be selected just before the sporangia reach
their maturity.

CHAPTER 1V.

GERMINATION OF FERN SPORES.

Alle Glieder bilden sich aus nach ew’gen Gesetzen,
Und die seltenste Form bewahrt im Geheimniss das Urbild.
~GOETHE.

61. THE germination of the fern spores usually takes place
a considerable time after they are discharged from the sporangia,
but in Osmunda, which develops its fruit early in the season,
they commence their growth only a few days after dissemination.

62. Thalloid Phase.—In germination the exospore splits
along the side, and the protruding endospore, sometimes with
its divisions already formed by septa or partitions, forms, not
a fern, but a thalloid structure resembling one of the lower
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liverworts called the prothallium. Different ferns vary in the

method of forming this prothallium, some producing it im-
mediately at the spore and others
after the formation of a thread-
like growth known as the pro-
embryo. The prothallium is en-
tirely composed of cellular tissue,
and in the true ferns (PoLypo-
DIACEZ) is broadly cordate or reni-
form in shape, and bears large
numbers of .root-hairs from the
under part of its posterior portion
s S (Figs. 12, 13).
The prothallium varies in size
: " from less than one tenth of an
FiGs. 12, 13.—Prothallium of Pteris inch UF; to one third of an inch

serrulata inn, f., showing two
stages of growth. (After Moore.) i, jts widest part. On the under

surface of the prothallium two sorts of organs are produced
analogous to the stamens and pistils of the SPERMAPHYTA,
respectively known as antheridia and archegonia. The position
of these organs on the prothallium varies in different sub orders.
In some species, notably the ostrich-fern, the two kinds of sex-
ual organs are produced on separate prothallia, so that the plant
becomes dicecious instead of moncecious. Analogous cases are

~ familiar to all among flowering plants like the willows, poplars,
and box elders (dicecious), and begonias and melons (monce-
«cious).

63. Antheridia.—These are small masses of tissue developed
in the same manner as the root-hairs, consisting of a single
layer of cells forming the wall, and containing a number of
spirally coiled threads, usually with a number of cilia on their
anterior coils. At maturity the antheridium swells by the ab-
sorption of water and finally bursts its wall, discharging these
coiled filaments, which possess the power of locomotion, and for
this reason are called antkerosoids. These antherozoids often
drag with them a little vesicle which seems to play no part in
the process of reproduction (Fig. 14).

64. Archegonia.—The archegonium (sometimes called
pistillidium) is also a rounded mass of tissue usually less prom-
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inent than the antheridia, consisting of an external layer d
cells and a large central cell, which soon divides into two. The
lower portion, at first the larger, develops into a roundish cell,
which is analogous to the ovule of flowering plants, and is called
the odsphere. The upper portion of the central cell develops
between those composing the neck of the archegonium into a
canal filled with a sort of mucilage; this finally swells up, forces
the cells of the neck apart, and is expelled to aid in attracting

F1G. 14.—Antheridium of Adiantum FiG. 15.—Young archegonium of Pteris

capillus-veneris L., showing the es- serrslata Linn. {., showing obsphere,
caping antherozoids. (Aftcr‘g %achs.‘;

achs.) neck, and canal-cell. (After

and retaining the antherozoids at the neck of the archegonium.
The osphere is thus left exposed (Fig. 15).

65. Fertilization.—The antherozoids, analogous to the
pollen of flowers, when discharged from the antheridium swim
in the moisture always present on the under surface of the
prothallium, swarm in large numbers around the neck of the
archegonium, and are retained by the mucilage. Some finally
force their way into the canal of the neck, a few reaching the
ovsphere and disappearing within its substance. There is thus
a true sexual generation among ferns, and the formerly appro-
priate term Cryplogamia (hidden marriage) loses its application
under the untiring scrutiny of the microscopist. After fertili-
zation the neck of the archegonium closes, and the fertilized
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oUsphere, now called the odspore, increases in size, and finally

develops into a true fern.
66. Pteridoid Phase.—After the 06-

sphere has been fertilized it commences its
growth by the ordinary processes of cell
multiplication, and for a time remains with.
in the walls of the archegonium, which
continue to grow, until finally the interior
growth breaks through the walls, differen-
tiated into its first root and leaf. The young
fern draws its nourishment from the pro-
thallium for a time, but soon develops
root-hairs, which, extending into the soil,
maintain thereby an existence independent
of the prothallium. The latter growth hay-
Fic. 16. — Adiantum ing accomplished its work, withers away
;‘lfa’l;f{.:;:'\;';gur[fg Pro- (Fig. 16). The first parts of the root, stem,
seen from below; 24, and frond are very small and comparatively
prothallium; &, first leaf; m
%, root-hairs of prothal: simple in structure, but those formed later
L‘e“c‘:,‘,‘-,d"",;g;;,ﬁ’“m?;‘l are successively larger, and not only bear
Sachs.) a closer resemblance to the mature form
of the species, but also develop increased complexity of struc-
ture. “The fern continues to gain strength, not by subsequent
increase of size of the embryonic structures, but by each succes-
sive part attaining a more considerable size and development
than the preceding ones, until at length a kind of stationary
condition is arrived at, in which the newly formed organs are
nearly similar to the preceding ones.”

67. The complete life-history of a fern illustrates g principle
common among the lower forms of animal life known as “alter-
nation of generations.” Instead of the direct production of a
mature sexual plant, as among the higher forms of vegetation,
there is the production of a sexual growth resembling a lower
form of vegetation, which in turn is followed by the growth of
a mature plant producing its fruit without the assistance of sex-
ual organs.

68. Recapitulation.—To review the life-history of a fern

we find the following processes :
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A. Production of the spores asexually by the mature plant.
(FRUCTIFICATION.)

B. Growth of the prothallium from the spore with or with-
out the development of a pro-embryo. (THALLOID PHASE.)*

C. Production of sexual organs, archegonia (female) and
antheridia (male), on the under surface of the prothallium, or
on separate prothallia.

D. Fecundation of the osphere developed in the arche-
gonium by the antherozoids developed in the antheridium.
(FERTILIZATION.) ;

E. Growth of the mature fern in successive stages from
the odspore. (PTERIDOID PHASE.)*
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CHAPTER V.
FERN STRUCTURE.

Be it ours to meditate,

And to the beautiful order of thy works

Learn to conform the order of our lives,
—BRYANT,

69. Tissues.—The life-history of every plant commences
in a single cell, and all the complications of vegetable growth
depend on two simple processes, viz., the enlargement of indi-
vidual'cells to their full size, and their multiplication by divi-
sion. The lowest forms of vegetable life consist of a single
cell, either globular or elongate. Those of a somewhat higher
grade consist of a single row of cells, or at most a single layer;
while still higher forms of growth consist of masses of cells
variously grouped together and specialized by differentiation
from the typical form and character.

70. Cells become specialized or set apart to fulfil a certain
function in the economy of plant growth in many ways. Some
are lengthened for giving strength to stems or leaves; some
have their walls thickened to give rigidity or hardness where
protection is needed from injury to more delicate structures
within; and some are variously adapted for containing and dis-
tributing the secretions or other fluids connected with the cir-
culatory system of plant life. Seven distinct varieties of tissues
are recognized by structural botanists, yet some of these are
connected with each other by various gradations.
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71. Tissue Systems.—The earliest tendency to differen-
tiation of cells is seen in the arrangement of the outer row of
cells to form a boundary wall. In higher forms of growth the
interior cells tend to form one or more series of string-like rows
surrounded by the normal cellular tissue. We thus reach the
basis of the classification of vegetable tissues into three groups:
(a) Epidermal Systen. (b) Fibro-vascular System. (c) Fun-
damental System (Fig. 17). The first and third are common
to both ferns and mosses. The second is first seen in the ferns
and their allies, where it is a character so constant that it serves
as the basis for separating the so-called “ vascular” cryptogams
from other flowerless plants. These three forms of tissue may
be seen by examining a thin cross-section of the stipe of a living
fern with the microscope. Longitudinal sections will show still
further the character of the tissues composing the fibro-vascular
bundle.

72. Roots.—Roots are constantly produced as the root-
stock advances, and consist for the most part of little fibrils
which are naked for a short distance from the apex in order
that they may freely absorb moisture from the earth. The epi-
dermis is also thin, and usually consists of a single layer of small
cells. It differs from that of the rest of the plant in having no
stomata (77). As the apex continues to grow, the epidermis of
the part behind becomes harder, and frequently develops hairs,
or more frequently irregular scales.

73. Stipe.—The stipe is made up of the three forms of
tissue (Fig. 17), and usually con-
tains several bundles of vascular
tissue. In the dried stipe these
can be easily seen, by scraping off
the external covering of the stem.
These bundles of fibres give sta-
bility to the fern, and are con-
tinued through the rachises and
veins, thus forming the frame- : A

E Fi6. 17.—Cross-section of stipe of
work for the softer portions of Cystepteris fragilis Bernh., showing
the frond. The stipes A1¢ 2OME two bundles of fibro-vascular tissue.
times smooth and polished, sometimes hairy or beset with
stalked glands, and sometimes densely clothed, especially near
the base, with chaffy scales.

u';'_ A3
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74. Frond.—In the HYMENOPHYLLACEZ the frond con-
sists of a single layer of cells. This condition is also found in
the leaves developed along the axis of growth among the
mosses to which this sub-order is related in some of its forms.
In all other ferns there are several layers of cells variously
compacted together, and forming all the varieties of texture
—membranous, herbaceous, coriaceods and fleshy. The epi-
dermis is usually easily separablg’from the underlying tissue,
when its peculiar markings can be studied.

76. From the epidermis @ great variety of appendages are
developed which are all modifications of hairs, and are all in-
cluded under the term Zrickomes, however different in appear-
ance or distinct in function. These are not confined to the
frond, but develog here the(‘t\greatest variation. They are fre-
quently found on the roots, the rootstock, and the stipe, under
the form of root-hairs or scales of various forms. Scales are
especially abundant in certain forms of Aspidium, as well as
in Scolopendrium, Cheilanthes, and other genera.

76. Trichomes.—On the fronds the trichomes may be de-
veloped as simple unarticulated or articulated hairs, consisting
of one or two cells at most. They may appear as stalked
glands like those that arise from the stipe of Cheilanthes
Coopere or the margin of the indusium of Aspidium spinutosum,
var. intermedium ; or they may be developed into scales of in-
tricate cellular structure like those on the under surface of cer-
tain forms of Cheilanthes, particularly C. Fendlers and C. Cleve-
landii. Among tfe FILICES the sporangia are specialized, tri-
chomes developed in clusters (sorZ) along the veins, or spread
over the entire surface of the frond, or even arranged in spikes
or panicles. The epidermis also develops an excrescence
known as the indusium, which consists of a single layer of cells,
. and is variously arranged as indicated in Chapter III. In some
cases asfalse indusium is provided, which is not a growth from
the epidermis, and may consist of several layers of cells.

77. Stomata.—If the epidermis covering the under surface
of a fern be examined under a high magnifying power, peculiar
structures will be seen in the form of semi-elliptical or crescent-

shaped cells connected at their apices and separated between.
These are the siomata or-breathing pores, and are merely open-
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ings to the air-chambers of the plant. The two elliptical cells
form the mouth of the passage and expand when moist, allow-
ing the atmospheric gases and watery vapor to escape or enter
but close the entrance by contraction in time of drought. The
stomata are not confined to the fronds, but are found to a
greater or less extent on all aerial portions of ferns and higher
plants, as well as on subterranean stems.

78. Asexual Reproduction.—Besides the ordinary meth-
ods of sexual reproduction discussed in Chapter IV., most ferns
are propagated by growth of the rootstock under ground, giving
rise to a*succession of fronds each season. In addition to this,
wiich is common to all perennial plants, there are some meth-
ods of reproduction that deserve attention. The first is by

79. Buds and Bulblets.—Ina few species of conservatory
ferns adventitious buds are produced on the surfaces of the
fronds. These soon develop into young ferns, and it is not un-
common to see a\ arge number in vari-
ous stages of growth rising from a sin-
gle frond. This peculiarity is common
among several species of Asplenium,
especially 4. furcatum Thunb., and
will be sometimes found to occur among
some of our native species. Bulblets are
found in the axils of the upper pinnzae of
Cystopteris bulbifera, which often fall to
the ground_and develop into new plants
after a manner analogous to the devel-
opment of the axillary buds of the tiger-
lily. ;

80. Another method is seen in the
walking-leaf (Camptosorus rhizophylius),
in which the long, attenuated, simple
fronds bend over and take root in the
adjoining soil in a manner quite analo-  F16. 18.—Camptosorus rki-
gous to the propagation of strawberries :;{){:vj;ln/;s peﬁﬂﬂa;‘ et of
by runners (Fig. 18). The same method ProP*&ation.
of rooting at the apex has also been noticed in Asplenium
pinnatifidum, A. ebeneum, and Phegopteris reptans.

“~
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CHAPTER VL

THE FERN ALLIES.

Beneath my feet 3
The ground-pine curled its pretty wreath.

—EMERSON,

A. THE GRAPE-FERNS AND ADDER-TONGUES.

81. General Characters.—These peculiar plants, former-
ly united with the order FILICES, are now regarded as consti-
tuting a distinct botanical order. They include mostly small,
fleshy, terrestrial plants, and, like ferns, may usually be found
in swamps or rich, moist woods. As already noticed (5), there
is a marked tendency to variation in the same species, and
numerous varieties have been established from the various
forms.

82. The sterile and fertile postions of the plant are borne
on a common stalk, and either portion may be sessile, long

* See other references at close of Chapter X.
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or short stalked, in the various species. In Ophioglossum

the sterile portion is simple, and
in all our species except the anoma-
lous O. palmatum appears like a sin-
gle leaf borne on the common stalk.
In Botrychium (Fig. 19) the sterile
segment (except in some forms of
B. simplex) is somewhat pinnately or
ternately divided, and in the larger
forms of B. Virginianum is broad-
ly ternate, with the divisions even
tri—quadripinnatifid. The veins are
free in the latter genus, but anas-
tomose in the former. This charac-
ter, however, is frequently obscured
by the fleshy texture of the plant.

83. Vernation.—As has been
before stated, ferns are rolled in the
bud from the apex downward (czr-
cinate), distinguishing them from
the higher forms of vegetation.
Among the OPHIOGLOSSACEZ, how-
ever, the vernation is either straight,
inclined at the apex of one or both
segments, or else the fertile seg-
ments are folded on the main stalk,
making the vernation wholly in-
clined. Until recently there has been
much difficulty in distinguishing the
smaller species of Botryckium, and
some forms seem to connect the
smaller ones with the reduced forms
of B. ternatum and B. Virgini-
anum.

Fic. 19.—Plant of Botrychium
lunaria, natural size,

Mr. Davenport has investigated the bud characters of these
intimately related species, and has made their identification a
matter of comparatively easy investigation. The buds may be
found enclosed in the base of the common stalk (except in 5.

Virginianum, where they are placed in an upright cavity at one
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side), and may be examined with a strong lens. The three di-
visions are summed up as follows:

«], Vernation wholly straight. 5. sémplex Hitch. (Fig. 31).

II. Vernation partly inclined in one or both portions. 2.
lunaria Swz. (Fig. 32), B. boreale Milde, B. matricariafolium
A. Br. (Fig. 33), and B. ternatum Swz. (Fig. 34).

I1I. Vernation wholly inclined, in the fertile frond recurved.
B. lanceolatum Angs. (Fig. 35), and B. Virginianum Swz.”

The special characters of each species will be found under
the descriptions of the Botryckia later in this work. The cuts
will be valuable for reference, and will enable even beginners to
identify the species of this complicated genus with compara-
tively little difficulty.

84. Fructification.—In this order of
plants the fructification consists of sporangia,
which, unlike those of the true ferns, are not
reticulated, possess no trace of a ring, open by
a transverse slit, and are variously spiked and
panicled (Fig. 20). In the [fadder-tongues
(Ophioglossum) the sporangia are large, and
cohere in two ranks along the margins of a
single spike, opening transversely to discharge
their copious sulphur-yellow spores. In the
grape-ferns (Bolrychium) the sporangia are

FiG. 20.—Enlarged globular and arranged in double rows along

sporangia of Bofrs- the narrow segments, more or less in panicles.
Swz. In both genera the sporangia are not developed
from the epidermal cells, but arise from a transformation of the
interior tissue of the leaf. This, with other characters as clear-
ly defined, serves to separate these anomalous plants from the
order FILICES.

85. Germination.—Among the OPHIOGLOSSACEZE, so far
as known, the prothallia are destitute of chlorophyll, develop
under ground, and are moncecious. In Botrychium Tunaria
the prothallium is an ovoid mass of cellular tissue, light brown
without and yellowish white within. It produces a number of
antheridia and archegonia on the upper surface as well as the

- lower, differing in a few minor points from the true ferns in the
method of their development,
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B. THE HORSE-~TAILS.

86. General Characters.—The horse-tails or scouring-
rushes belonging to the genus Eguisetum are perennial, rush-
like plants, that may be found in damp, gravelly, or loamy soil,
some species even growing in shallow water. Our native species
vary in height from a few inches up to eleven feet, as seen
in some of the larger forms of E. robustum. In some species
only the root is perennial,. the stems which are sent up for
producing fruit dying down to the ground every year. In others
the stems are evergreen, continuing through the winter. Some
species, like the common horse-tail (E. arvense), are dimorph-
ous, the fertile stems being simple and destitute of green color-
ing matter (chlorophyll), while the sterile stems are green
and copiously branched, The fertile stems of some other spe-
cies, as k. szfvaticum, which are simple at first, after maturing

their fruit produce branches and resemble the ordinary sterile
stems (Figs. 21, 22).

* In addition to these papers, Bessey's Botany and Goebel's Outlines of
Classtfication should be consulted for further references on Fern Allies,
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87. The furrowed stems are hollow, except in . scz»poides,
and in addition to the large central cavity there is a series of
smaller air-cavities opposite the furrows known as the vallecular
canals, the furrows themselves being called vallecule and the
ridges carin@. Opposite the carinz there are still smaller cavi-
ties known as carinal canals. The carinz vary in number from

-

/

I

I
‘Ik

FiGs. 21, 22.—Eguisetum sylvaticum L., showing sterile and fertile stems,
(From Thome.)

-
five to fifty in different species. The stems are also jointed, and
at each node some species produce a whorl of branches which
may be simple or compound. Some species, however, like the
common scouring-rush (Z. Azemale), produce simple stems.

88. The leaves are produced also at the nodes, and by the
union of their margins form a short sheath which ends in a row
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of teeth. These teeth may be deciduous or persistent,and their
number, varying from three upwards, indicates the number of
leaves forming the united whorl.

89. Stomata (77) are distributed along the vallecule either
irregularly or disposed in ranges on either side df the valleculze.
The epidermis frequently contains much silica, and the rough-
ened tubercles of some species give the surface a harsh feeling.

90. Fructification.—The fructification in Zguisetum is
arranged in cone-like spikes borne at the apex of the fertile
stems. These spikes are composed of successive closely-placed
whorls of shield-shaped, stalked scales or modified leaves, each
of which bears from five to ten one-celled sporangia on its under
side. The sporangia open along the inner sicﬁ: to discharge
their numerous spores, whose outer coat is spirally split into
two bands, forming the so-called e/afers. The elaters when dry
are spread out at right angles to each other in the form of a
cross, and probably assist in scattgring the spores; when moist
they rapidly absorb water, and become closely coiled around the
spore.* ,

91. Germination.—The spores of ZEguisetum retaining
their powers of germination only a few days, soon develop
branched and irregularly lobed prothallia, which are provided
with chlorophyll. These are usually dicecious, the male being
smaller, and producifig antheridia at the end or margin of the
larger lobes. The antherozoids are large, and provided with a
peculiar appendage known as the “float.” The female prothal-
lium may reach one half inch in length, and develops archegonia
on the anterior margin of the fleshy lobes. The process of
fertilization is similar to that of ferns.

* An interesting illustration of this can be seen by placing a mass of fresh
spores on a slide uncovered, and examining it with a low power. By breath-
ing on the slide the elaters coil closely about the spore ; as soon as the moist-
ure evaporates they uncoil, and in their activity jostle each other in great
confusion.
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C. THE CLUB-MOSSES.

92. General Characters.—The club-mosses are chiefly
small perennial plants usually growing in dry or moist woods,
or even on exposed rocks
with little soil for nourish-
ment. Most of the species
are somewhat moss-like in
habit, as might be suspected
from the popular names
given to these plants, the
genus Lycopodium taking
the name of club-moss and
Selaginella that of rock-
moss. Various species of
Lycopodium are also known
as ground-pine, ground-fir,
ground-cedar, running- pine,
etc, from more or less
marked resemblances (Fig.
23). In the curious Sela-
F1G. 23.—Portion of Lycopodium clavatum L. g”‘.e”a S from

14 natural size. (After Prantl.) Arizona the branches of the
closely coiled central stem roli up when dry into a nest-like
ball, and when moistened expand so as to appear flat or saucer-
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shaped. As the plant-retains this power indefinitely, it has
sometimes been called “ the Resurrection-plant.”

93. The stems are 'usually creeping, yet in some species
show a tendency to become erect, and most species send up
erect branches which bear the fruit. Most species bear roots
at irregular intervals along the gnder side of the creeping stems,
but our solitary species of Pszlotum is rootless, bearing only
underground shoots which perform the functions of roots. The
leaves are small and unbranched, in some instances resembling
appressed scales, in others ré’sembling the acicular leaves of
Conifers, and are arranged in four, eight, or many ranks. In
some species the leaves are of one kind, while in others two or
even more forms may occur on the same plant. In Psilotum
the leaves are all rudimentary.

94. Fructification.—The fructification of the club-mosses
is chiefly borne on upright branches in solitary or clustered
(2-5) spikes, which are formed of numerous scales or scale-like
leaves, each bearing a single large sporangium in its axil. The
sporangia open transversely, and are
one-celled, except in Pszlotum, where
they are three-celled. Inafew species
of Lycopodium the sporangia are borne
near the summit of the fertile stems
in the axils of ordinary leaves. The
usual shape of the fruit-bearing scales
is represented in Figs. 24-26.

95. The spores of Lycopodium
and Pszlotum are of one kind (Fig. 24), /
but in Selaginella two kinds of spo-
rangia are developed—the mizcrospo-
rangia, producing numerous micro-
spores (Fig. 25) not unlike the spores
of Lycopodium; and the macrospo-
rangia, producing usually four macro- ,F'G; 24.—Scale of spike. of

Lycopodium Carolinianum L.,

. > $ ¢ ir bearing asporangium in its axil.

Spor 2 <

pores (Flg 6), §O called from tflell‘ FiGs. 25, 26.—Scales from fer-

larger size. This character of Sela- tile spike of Selaginella rupes-
¢ris Spring,disclosing two sorts

ginella, which it shares with the quill- of spores. (After Sprague.)

worts and pepperworts soon to be described, serves as the
basis for the division of the fern allies into two groups: the
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#sosporous, producing spores of one kind ; and the Aeterosporous,
producing spores of more than one kind.*

96. Germination.—The germination of ZLycopodium is
only partially known, as the prothallia have been seen in only
three species, and in these they have not been carried through
all the stages of development. That of L. annotinum is a yel-
lowish-white mass of tissue with a few small root-hairs.t The
antheridia and archegonia are developed from the upper side
of the prothallium. In Z. cernuum, Treub] found the pro-
thallia much smaller (one twelfth of an inch long), vertical in
growth, yellowish below and bright green above. The anthe-
ridia and archegonia are found round the summit of the cylin-
dric prothallium.

97. The germination of Selaginella is better known. The
contents of the ripened~microspores are transformed into a
mass of tissue consisting of a few cells, one of which remains
3 sterile and is considered a rudimentary prothallium, while the

others give rise to antherozoids, and are consequently considered
as a rudimentary antheridium. The macrospores, on the other
hand, produce a many-celled prothallium, which develop a few
root-hairs and numerous archegonia, which after fertilization
give rise to a new plant. Two plants are sometimes produced
on the same prothallium.
98. The microspores are thus seen to be male and the
/ macrospores female, showing a clearer differentiation of sex
in the products of the mature plant than appears in any other
group of the fern allies already studied. This may be consid-
ered a foreshadowing of the completely differentiated sexual
organs which occur in the flowering plants. In the method of
formation of the embryo the Selaginella also differs from all
other plants of this group,/ﬁnd approaches the flowering plants.

* This division, though used by some of the best botanists, is at best an
artificial classification, as it separates genera otherwise closely allied to each
other,

t ¢/ ). Fankhauser, Botanische Zeitung, 1873, pp. 1-6; Bruchmann,
Botanisches Centralblatt, XX1 (188s).
¢ { Cf. Treub, Ann. d. Jard. Bot. d. Buitenzorg, 1v (1884).

BAKER (Joh
(George Bell &
SPRING (A.)
cées. In Méme
(1842) ; XXIV, I

99. Gener
from the apj
leaves, , are p
spicueus aqua
grass-like or
(Fig. 27). S
always subme
several feet ¢
grow in mars|
shallow marg
streams, wher¢
parently terre
low water; wl
found betwee
water marks,

" “covered by w

The leaves ¢
linear, and a
short fleshy 1
in number fro
dred in each
from two to
various speci
their resemkt
mature form
other aquati
higher order
questions of
by even ama




-
"

‘osporous,

dium is
1 in only
through
tis a yel-
rs.t The
pper side
the pro-
ertical in
1e anthe-
he cylin-

vn. The
xdd into a

remains
while the
sidered
the other
lop a few
‘tilization
produced

and the
m of sex
any other
e consid-
ed sexual
nethod of
from all
ng plants.

i at best an
ied to each

3ruchmann,

THE FERN ALLIES, 37

LITERATURE.
BAKER (John G.). Fern Allies, pp. 7-123. London, 1887.

(George Bell & Sons.)

SPRING (A.). Monographie de la Famille des Lycopodia-

cées.
(1842) ; XXI1V, 1-358 (1849).

In Mémoires de I' Académie Royale de Belgique, XV, 1-110

D. THE QUILLWORTS.

99. General Characters.—The quillworts, so named

from the appearance of the
leaves, , are principally incon-
spicueus aquatic plants of a
grass-like or rush-like aspect

Fig. 27). Some species are °
{=]

always submerged — often in
several feet of water; others
grow in marshy soil or in the
shallow margins of ponds or
streams, where they become ap-
parently terrestrial in time of
low water; while others still are
found between high and low
water marks, where they will be

" “covered by water at high tide.

The leaves are awl-shaped or
linear, and are attached to a
short fleshy trunk. They vary
in number from ten to one hun-
dred in each plant, and in length
from two to twenty inches in
various species. On account of
their resemblance to the im-
mature forms of rushes and
other aquatic vegetation of a

higher order, they have been very sparingly collected. Many
questions of distribution, habits, and life-history may be studied
by even amateur botanists in various sections of the country.

F1G. 27.—/Isoétes lacustris L., natural
size. (Redrawn from Sprague.)

7 e o,

R i Saio
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In this way valuable additions to science may be contributed
by those whose labor misdirected might be wasted.

100. Fructification.—The sporangia of the quillworts,
like those of the club-mosses, are sessile in the base of the
leaves. The leaf base, sometimes called the sheath, is some-
what triangular from the broad insertion, convex behind and
concave in front, where there is a
large depression knownws the fovea,
which contains the &)rangium.
The margin of the fovea rises in the
form of a delicate membrane called
W | the welum, which in many species
%7/ lies above the sporangium and en-

g closes it, The sporangia of the outer
spf:;‘:“i;‘;,,";_',fx‘,’,,};"ff eﬁf leaves contain large spherical ma-
larged. (After Sprague.) crospores; those of the inner con-
tain numerous oblong, triangular microspores. The size and
marking of the spores form important characters in distin-
guishing species.

101. Germination.—The microspore after remaining dor-

mant through the winter forms a few-celled structure which .

produces the antherozoids, which are long and slender, and
provided with a tuft of cilia at each end. The macrospore
produces a prothallium much as in Selagznella (97); from this

the germ of the mature plant arises after fertilization by the
antherozoids.
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E. THE RHIZOCARPS.

uillworts, 102. General Characters.—The Rhizocarps, so-called
e of the from the fruit being produced at or near the roots in some
is some- genera, include aquatic plants of very diverse characters.
hind and Some, like Marsilia, root in mud and produce long-petioled

here is a leaves resembling “ four-leaf clovers” which sometimes float on
:he fovea, the surface of water; more often the plant will be found grow-
rangium, ing in wet or marshy places, with more rigid stipes. Others,
es in the like Pzlularia, resemble the sterile conditions of Eleockaris or
ne called other sedges with a habit similar to Marsilia. Others, like
/- species Azolla or Salvinia, float on the surface of water, and consist of

and en- a leafy axis, sending numerous roots deep into the water. In
the outer Azolla the leaves are minute and lobed ; in Sa/vinza (Fig. 30)

rical ma- they are larger and simple. Marsilia and Pilular:a have cir-

ner con- cinate vernation.
size and 103. Fructification.—The fruit of Marsilia consists of a

n distin- hollow-stalked receptacle known as

, the sporocarp, which is oblong or
ning dor- “rarely globose, and bears the spo- ;
re which rangia in sori on the inner walls of
ider, and its two valves. The spores are of ()
icrospore two kinds, as in all rhizocarps. The
rom this numerous microspores are con-

n by the tained in microsporangia, while the
macrospores are solitary in the few
macrosporangia;

104. The sporocarp of Pilu-
pecies of : lraia is globose, containing from
gelmann. ‘ two to four cells, which produce
" microsporangia in the upper portion
«d States. and macrosporangia below; the

‘microspores are numerous, while a
In Bo- single macrospore is found in each
sporangium,
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rans. St. 105. In Azolla the sporocarps HFﬂ"n' j0.—Salvinia natans
; ) . : : offm., natural size. (Re-
)graph of are of two kinds, borne in the axils  JoU™ from Thomé.)
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in masses; the smaller are ovoid, and contain a single macro-
spore.

108. Salvinia (Fig. 30), recently discovered in Missouri,
has the sporocarps borne in clusters on short branches of the
floating stem, one or two of each cluster bearing ten or more
macrosporangia, each of which contains a single macrospore,
the remainder bearing numerous globose microsporangia with
numerous microspores.

107. Germination.—In Marsilia the antherozoids are
produced in a rudimentary prothallium which develops from the
microspore and are corkscrew-shaped, consisting of several
coils. The prothallium, developed from the apex of the ma-
crospore is a hemispherical mass of tissue, and contains a sin-
gle archegonium. Much is yet to be learned of the habits and
life-history of our native species. T
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CHAPTER VIIL

CLASSIFICATION AND NOMENCLATURE.

The education of a naturalist now consists chiefly in learning how to compare.
—AGASSIZ,

108. Nomenclature.—Before the time of Ljnnzus, the
method of naming plants and animals was a subject of much
embarrassment to science, and gave rise to endless confusion.
This great author, justly called the “ Father of Botany,” intro-
duced a new system of nomenclature that gave an impetus to
the study of nature. His system has since been in constant use,
and has made possible the greater accuracy and definiteness in
the descriptions of subsequent naturalists. He also introduced
a system of classification which, though artificial and since
abandoned, paved the way to the more natural system since
adopted. He arranged the various plants and animals known
to him in a few groups according to some particular plan of
structure, divided these into still smaller groups, and so on to
the lowest divisions, genera and species. To these divisions
s;'i:ecial names were assigned, thus giving to each organism a
double name, the first generic, which may be likened to our fam-
ily name, the other specific, corresponding to our baptismal
name. Thus the “golden-back” of California bears the name
Gymnogramme triangularis given it by Kaulfuss. The first it
bears in common with other species from this and other coun-
tries which possess a like fructification. The latter is peculiar to
this species, which has a somewhat triangular frond.

109. Generic Names.—These may be derived from some
characteristic of growth or structure (Cryptogramme, Cheilan-
thes, Schiz@a), in honor of some botanist or distinguished patron
of science (Dicksonia, Woodsia), or occasionally from some
mythological or symbolical character (Osmunda).

110. Specific Names.—These are usually adjective ele-
ments either Latin or Latinized, and must agree in gender with
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the generic name, according to the rules of Latin syntax. Errors
in agreement have frequently been made by botanists who were
not versed in the classics, and it is unfortunate that errors of
this character as well as gross errors in the orthography of gen-
eric names have found their way into accepted text-books of
botany.* | Specific names frequently indicate something regard-
ing habit or mode of growth (ulbifera, gracilis, atropurpurea),
or may indicate the locality in which the organism was first dis-
covered (Californica, Ilvensis). A few take their name from
their discover, in which case the name is Latinized and takes a
genitive ending (Boottii, Lemmoni), or else an adjective form
(Goldieanum, Clintonianum).

111. The advantage of this binary nomenclature is at.once
evident when we consider the immense number of ferns
alone, to say nothing of the remainder of the vegetable world
and the hosts of the animal creation. By this means organisms
of complex structure can be definitely characterized with com-
paratively few words, and the scientific name once established,
is recognized among scientists of all nations and languages.

112. Among some there is a tendency to regard scientific
names with disfavor, on the ground that they are Iong?md dif-
ficult. . But what shall we say of Geranium, or Gladiolus, or
Fuchsia, or Phlox Drummondii, or a hundred others familiar to
every lover of flowers? Are these less difficult than Aspidium,
Notholena, Woodsia, or Pellea Breweri? A little reflection will
convince a person of sense that such a criticism is unjust.

113. A worse tendency is perhaps that which prompts the
introduction of “ popular names” for ferns : occasionally a name
of this kind is highly appropriate, and deserves wide-spread
adoption, as in the case of “Christmas-fern” for Aspidium

acrostichoides, suggested by Mr. Robinson; the greater part,

however, have no merit, and when such monstrosities appear
as “Leather-leaf Polypody” for Polypodium Scouleri, *Mr.
Goldie’s Shield-fern” for Aspidium Goldieanum, nomenclature
is made cumbrous instead of simple. ‘
114. There are liabilities to error and confusion even in
the Linnzan system of nomenclature, as various authors have

* Cistopteris for Cystopteris is an example.
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often assigned the same name to several species. For example,
the name Cheilanthes vestita was given by Brackenridge to C.
gracillima. Hooker assigned the same name (in part) to C.
lanuginosa, while Swartz assigned the same to the fern de-
scribed in this volume under the name of C. wesfzta. It be-
comes necessary, therefore, in referring to a species to indicate
the author of the specific name thus—Chezlanthes vestita Swz.=

115. Synonymy.—It may also be remarked in this con-
nection that different authors have described the same fern
under widely different generic and specific names, owing (1) to
the different conceptions that have prevailed at different times as
to what_constituted generic characters, and (2) to ignorance of
what6thers had already written on species, redescribed as new.
For example, the delicate Woodsia Ilvensis of Robert Brown was
described as Acrostichum Ilvense by Linnzus, Polypodium Il-
vense by Swartz, Nephrodium rufidulum by Michaux, Aspidium
rufidulum by Willdenow, and Woodsia rufidula by Beck. Many
other species have been as variously classified. The oppor-
tunities for errors of this character are much less now than for-
merly, yet redescription is not unknown in our day.

116. Species.—Goethe tells us that nature knows only in-
dividuals, and that species exist only in the school-books. From
this extreme there has been every grade of opinion respecting
species to the one which regards species as invariable, actual
existences, types originally ordained and summoned to existence
by the Creator. Linnzeus, for example, defined species in these
words : “ Species tot sunt diverse, quot diversas formas ab initio
creavit infinitum ens.” * Various definitions have been given to
species, but none accord with the actual practice of systematists,
who seem inclined to make a species what they choose; and
indeed the existence of various connecting forms between
many species distinct under normal conditions makes the prac-
tical definition of the term almost an impossibility. We may,
however, for practical purposes, regard as a species an assem-
blage of individuals not differing essentially from each other,
and capable of producing like individuals by the ordinary pro-
cesses of reproduction. A recent writer defines species as “ the

* There are as many different specie§ as the Infinite Being created in the

beginning.
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present aspect of a line of organic development, destined to
become something else in the future, as it was something else
in the past,”—a definition in accord with the now universally
accepted biological doctrine respecting the origin of species.
Species among ferns are founded chiefly on differences in the
cutting of the fronds and their method of venation.

117. Varieties.—Many forms differing only slightly from
the ordinary specific types, and yet capable of transmitting their
variations from generation to generation, are regarded as vari-
eties. It was the opinion of a prominent botanist, that all
so-called varieties among the lower plants “ were purely the
result of the accident of environment, and never of cross-fertili-
zation.” Since a species which varies in some minor particular
is likely to revert to the ordinary form as soon as the normal
conditions of soil, moisture, or environment are restored, there
is no scientific foundation for the multiplication of varieties to
serve as rubbish in works on systematic botany. There is a
tendency on the part of a few authors to multiply varieties in-
definitely, and of 'a single species as many as sixty-five varieties
have been described. The mania for naming new varieties is
quite universal, but is usually transient, and seldom affects one
a second time ; with some, however, it becomes chronic, when
more vigorous treatment is necessary. In the systematic por-
tion of this volume varieties that are deemed worthy to stand
as such are printed in the same bold-face type as the species.
Others less marked are noted in italics under the descriptions
of species. A true variety is doubtless the early stage of a
species in process of separation from its parent form.

118. Genera.—The genera of ferns are founded mostly on
the arrangement of the sporangia on the veins, as well as the
character, shape, and position of the indusia. The generic
limits, however, are largely matters of opinion, and vary among
different authorities.

119. Tribes.—Genera are collected into tribes, according
as they agree in the position and arrangement of the sporangia
in clustegs or sori, or resemble each other in mode or habit of
growth,

120. Sub-Orders..—Tribes are grouped into sub-orders,
according as they agree in the characters of the sporangium, its
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shape, method of discharging its spores, and the existence, char-
acter, or absence of a ring. The true ferns contain with us
three well-marked sub-orders; the Gleicheniacew are mainly
tropical ferns.

121. Orders.—Ferns were formerly classed in a single
order, but in accordance with later researches they are sepa-
rated into three distinct orders, FILICES, MARATTIACEZ, and
OPHIOGLOSSACEA, which are distinguished by the method in
which the sporangia are developed, by the character of their
spore development, and by other minor characteristics. Two
of the orders are well represented in our flora; the MARAT-
TIACEZE" are mostly confined to tropical regions. The horse-
tails (Eguisetum) form a distinct order, the EQUISETACEE. The
club-mosses of the genera’ Lycopodium and Psizlotum, with two
genera not found in America, form the order LYCOPODIACEZE.
Selaginella and Isoétes each form an order which takes its name
from the single genus. Marsilia and Pilularia form the MAR-
SILIACEZE, while Azolla and Salvinia form the order SALVINI-

ACEZE.
122. Principle of Classification.—The true idea of clas-

sification is the grouping together of objects according to essen-
tial and fundamental resemblances. Every system is more or
less artificial, yet there is a continual approach toward the true
natural system, which is the ultimatum of scientific classifica-
tion. The study of life-histories will continually clear up points
of relationship before unknown, and it will be long before the
classification will become fixed and constant. Every new study
contributes to this end.
LITERATURE.
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CHAPTER VIII.
THE FERN'S PLACE IN NATURE.

123. LOOKING about us on every hand we see a vast array
of plant life, varying in size and complexity of structure, from the
yeast we use in bread-making to tlie highly organized tree of the
forest, and including such diverse forms of growth as the green
scums, often called “ frog-spittle,” that accumulate on ponds in
summer, the gray lichens covering rocks and trees, the pufi-
balls and mushrooms that seemingly develop in a single night,
the mosses, ferns, and flowers in all their variety and beauty.
We ask where in all this array do our ferns stand, and what re-
lations do they sustain to other plants? In answering this
question we can best procded by giving a tabulated arrange-
ment of the plant world, noting here and there in their appro-
priate place in the system such forms as are popularly recog-
nized.

124. Aside from the plants producing flowers, the ferns
and the mosses which are widely known and generally recog-
nized, we find two types of plants of lower grade that stand out
prominently to even the unpractised eye. Of these the first
are mostly green,* and though variously known and named may
be called collectively alg@. Like the higher plants, these low
forms maintain an independent existence, drawing their nour-
ishment from air and water. Of the second group we may find
examples in the mildew that spreads over leaves of lilac and
other plants its white, cobwebby film ; or in the rust, red or
black, that injures our fields of standing grain; orin the black
smut that often replaces the ear of corn and greatly disfigures
the plant. Other examples may be seen in the shelving masses
that protrude from old stumps or logs, or the half-dead trunks
of trees still standing, and in the bright scarlet cups that ap-
pear on the ground in forests in earliest spring. Whatever the

* Observant visitors to the seaside are familiar with brown, purple, and
bright-red ‘‘ sea-weeds,” that belong here, their green color being masked.
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color of all these forms of plant growth, they may be character-
ized as not, green. They represent a group of plants that re-
quire noutishment from some source besides air and water;
some are parasitic—drawing nourishment from living plants or
animals, while others are saprophytic—living on decaying or-
ganic matter. Though widely different in character, we may
call them all fungz. With these ideas clearly in mind we are

st array 4 : . .
i the better prepared to appreciate the classifications which follow. ~\$
R ol the 125. System of Linnzeus.—In the sexual system of Ldfi-
S dinsn nzus the plants now collectively known as “ flowerless plants”
onffis G 3 formed the twenty-fourth class, to which he gave the name
P CrYPTOGAMIA (hidden marriage), because in them no proof of
E n? ht a sexual reproduction was apparent. His remaining twenty-
‘bealgjt f three classes constituted what are now called PHANEROGAMIA
R r():. or flowering plants, in which the sexual organs (stamens and
: « pistils) were apparent then as now.
ng this : e 2oy
S 126. Linnzeus divided the class Cryplogamia into orders
L2 %o as follows :
F ‘rSfo g I. FILICES, the ferns and their allies;
g II. Muscl, the true mosses and club-mosses ;
ITI. ALGA&, which comprised hepatics and lichens in addi-
1e ferns i :
tion to what the term now includes ;
y recog-
AL TN IV. FuNGI1, mushrooms, etc.
B e It will thus be seen that Linnaeus simply put under concise
I'S 0t . .
R definition the groups still popularly recognized (124).
- 127. Before the Linnzan system was discarded, his fol-
ese low : ‘ :
; lowers had increased the orders to eight, the Eguisetacea hav-
ir nour- g :
ing been separated from the ferns, the Lycopodinew from the
nay find A : : .
Mo iy mosses, and the Hepatice (liverworts) and Lickenes (lichens)
from the algze. _
red or < . : ; ;
& Mack 128. Without stopping at the various stages in the history
of classification since Linnaus, we will present briefly the sys-
isfigures : P g
i tem followed by the leading authorities in Europe,* and then
e outline with more detail the system commonly followed in this
| trunks P .
" an. country, which is based on methods of sexual reproduction and
P follows morphological and fundamental rather than physiologi-
ever the
g cal characters.
arple, and * Outlines of Classification and Special Mgrphology of Plants, By Dr. K.
nasked. Goebel. (English Translation.) Oxford, 1887. (Maémillan & Co.)
/
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129. European System.—The system commonly fol-
lowed in continental Europe reduces plants to four groups, the
lowest including the great mass of plants below the mosses. A
few of the leading sub-groups are added :

Group I. THALLOPHYTES.

. Myxomycetes. (Slime Moulds.)
. Diatomacee. (Diatoms.)

. Schizophyta. (Bacteria, etc.)

. Alge. (In a narrow sense.)

. Fungi. (Including Lichens.)

Group 1I. MUSCINEZE.

1. Hepatice. (Liverworts.)
2. Musci. (True Mosses.)

Group III. VAscULAR CRYPTOGAMS (ferns and their al-
lies).

Group IV. SEED PLAN1S (Phanerogamia).

180. American System.—This system is with slight mod-
ifications that proposed by Dr, Bessey in his larger Botany in
1880, and afterwards modified in his “ Essentials.” * It consists
in a division of the plant kingdom into seven co-ordinate
branches, of which the three highest correspond to Groups
II-1V. above (129), except in name, while the four lower
branches are themselves divisions of the thallophytes. The
branches and their leading classes are as follows :

131.—1. Protophyta.—Plant body minute, often micro-
scopic, unicellular, or consisting of shapeless masses of proto-
plasm; reproduction entirely asexual by fission, gemmation,
or im?gnal cell-division ; contains three classes, of which the

vt BN

first two are “fungi.”
1,/Myxomycetes. (Slime Moulds.)
é Schizomycetes. (Bacteria and Yeast Fungi.)
> Cyanophycee. (Blue-green Scums.)
132.-11. Zygophyta.t—Plant body "unicellular or consist-

* Botany for High Schools and Colleges. New York, 1880. (Henry Holt
& Co.)—The Essentials of Botany. New York, 1884. (Henry Holt & Co.)
t+ The evolution of the terms Zygophyta, Oiphyta, and Carpophyta is of
interest. When Dr. Bessey in 1880 first raised the groups Zygesporee, Oi-
sporee, and Carposporea from classes to branches, he retained their names
intact. With a view of securing uniformity of Zermination 1 suggested in
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ing of filaments ; sexual reproduction consisting of the union
of two similar cells, both of which are equally active in the pro-
cess. Product of reproduction a zygospore. Contains five
classes, of which the first four are “ algee.” *

1. ZoOSPOREE. (Water-net, Sea Lettuce, etc.)

2. DESMIDIACEZE. (Desmids.)

3. DIATOMACEZ. (Diatoms.)

4. ZYGNEMACEZ. (Pond Scums.)

5. ZYGOMYCETES. (Black Moulds.)

133.—111. Oophyta.-—Plant body varying from a loosely
united colony of cells through filamentous forms to a well-
developed thallus; sexual reproduction accomplished by the
union of a small active cell (antkeridium) with a larger passive
cell (edgonium). Product of reproduction an odspore. Con-
tains seven classes,t of which the first three and the last are
“algee.”

1. ZoOSPOREZE. (Volvox, etc.)

(EDOGONIEZE. (Small fresh-water algz.)
VAUCHERIACEZE. (Green Felts.)
SAPROLEGNIACEE. (Water-mould; Fish-fungus.)
. ENTOMOPHTHOREZE. (Fly-fungus.)
PERONOSPOREE. (Downy Mildew; White Rust.)

7. Fucace®. (Rock-weed and other brown alge.)

134.—IV. Carpophyta.—Plant body varying from poorly
developed filaments (in parasitic forms) to a highly developed

R

thallus (Floridee), or with 4 distinct leafy axis (Characea);
sexual reproduction accomplished by the union of an active celV”
or cells produced in the antheridium, and a larger passive cetr ™

(here called carpogonium); product of reproduction a sporo-
carp (spore-fruit), usually containing numerous spores sur-
rounded by a more or less complicated envelope of sterile cells.

1882 (2d edition, p. 53) the shortening of the terms to Zygospora, Odspora,
and Carpospora. Dr. Bessey in his ** Essentials” (1884) completed the uni-
formity by changing all so as to end in pkyfa. To complete the series, I
have adopted Spermaphyta for the highest group.

#* The last four are often grouped together as ‘‘ comjugate,” differing
from the first in possessing stationary instead of motile reproductive cells.

t The 3d, 4th, sth, and 6th form the class Ca/oblastee of Bessey's Botany.

|

4
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Contains the following twelve groups* which are variously
classified by different authors. The first, second, and twelfth
are alge.
1. COLEOCHEATEE. (Small fresh-water algz.)
. FLORIDEZE. (Red alge.)
. PERISPORIACEZ. - (Powdery Mildews.)
TuBERACEZE. (Truffles, etc.)
HELVELLACEZ. (Cup-fungi, Morels, etc.)
PYRENOMYCETES. (Ergot, Black-knot, etc.)
LicHENES, (Lichens.)
UREDINEZE. (Cluster-cups, red and black Rusts.)
9. USTILAGINEE. (Smuts.)
10. HYMENOMYCETES. (Mushrooms, Pore-fungi, etc.)
11. GASTEROMYCETES. (Puff -balls, Earth -stars, Stink-
horns.) .

12. CHARACEZE. (Stone-worts.)

135.—V. Bryophyta.—Plant body varying from a thallus
to a distinct leafy axis, containing only a rudimentary fibro-
vascular system ; life-history involving two alternating phases:
(1) a highly organized sexual phase, producing archegonia and
antheridia; and (2) a sporogonial phase, living parasitically on
the first, and asexually producing spores. Two well-marked
classes are recognized.

1. HEpaTiCE. (Liverworts.)

2. Musct. (True Mosses, Peat Mosses.)

186.-VI. Pteridophyta.—Plant body usually a leafy axis
containing a well-developed fibro-vascular system of highly dif-
ferentiated tissue; life-history involving two phases : (1) a thal-
loid phase, producing sexual organs (antheridia, archegonia),
and (2) a highly organized asexual phase, producing spores.

(The subdivisions of this branch are more fully arranged in
another portion of this work.)

187.—VIl. Spermaphyta.t—Plant body, except in rare

®N v P W

* The groups from 3 to g inclusive are classed by Bessey as Ascomycetes ;
10 and 11 as Basidiomyceles.

t I have followed Goebel in using this term in place of the older Pkanero-
gamia, because of (1) its fitness, and (2) its uniformity, with other branches.
Like the term Cryptogamia, Phanerogamia has lost its original significance,
and may well be classed with it as obsolete,
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cases (Lemna, etc.), a well-developed leafy axis containing
highly differentiated tissues of every kind ; sexual reproduction
consisting of the union of pollen grains (male element) with the
embryo-sac (female element), resulting in the formation of an
embryo, which with its coverings constitutes the seed.* Con-
tains two well-marked classes.

1. GYMNOSPERMZE. (Cone-bearing trees, Cycads, etc.)

2. ANGIOSPERMZE. (All other seed-bearing plants.)

138. It will thus be seen that the Ferns and their Allies
occupy a high 'place in the plant world just below the seed-pro-
ducing plants. This position they maintain not only from
complexity of structure and the character of their reproduction,
but also from their evident graded relation to some of the
lower forms of spermaphytes, including many now extinct.

LITERATURE.

In preparing this list of reference works on the various
groups of plants, a list recently published by Dr. Besseyt has
served as a basis. Numerous additions have been made, and
such comments have been introduced as will enable the student
to select intelligently the most desirable works. As the lower
groups of plants have been classed heretofore in the two great
divisions alg@ and fungi, we begin with general works on these
two groups, and then indicate special works and papers relating
to narrower groups, as they have been independently mono-
graphed.

Algee.

The algee are frequently grouped according to habitat.
The works relating to fresk-waler forms are :

WoLLE (F.). Fresh-water Algae of the United States. 2
vols. 8vo. Bethlehem, Pa., 1887.

* It will be readily seen that this method is only a slight modification of
what appears in the development of the higher forms of Pteridophytes like
Selaginella, the microspores corresponding to the pollen and the macro-
spores to the embryo-sac, The prothallium, which in ferns is a marked fea-
ture of the sexual stage, becomes reduced in Selaginella, and disappears ex-

" cept in rudiment in the seed plants, There are no sharp lines possible in

classification.
t American Naturalist, Xx1, 376-379 (April, 1887).
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CookE (M.C)). British Fresh-water Algz. 8vo. London.

For marine forms :

FarLow (W. G.). . Marine Algz of New England, in Report
of U. S. Fish Commission for 1879. 8vo. Washington. Wil
serve as a manual for the Eastern States.

For more extended study the following more expensive
works will be desirable :

HarvEy (W. H.). Nereis Boreali-Americana. In three
parts. 4to. Washington, D. C., 1851, 1853, 1857.

—— Phycologia Britannica. 4 vols. royal 8vo. London,
1871.

Both these works are profusely illustrated with colored
plates.

Fungi.*

For the study of the structure and biology of this group the
following is the best work extant :

DE BAry (A.). Comparative Morphology and Biology of
the Fungi, Mycetozoa, and Bacteria. (English Translation.)
8vo. Oxford, 1887. (Macmillan & Co.)

No systematic work on the N. A. Fungi has been published,
and none covering the entire group is likely to be published for
many years. The best general work is the following :

WINTER (G.) e/ al. Die Pilze. In Rabenkhorst's Krypto-
gamen Flora wvon Deutschland, Oesterreich, und der Schweis.
This excellent work is being issued in parts, of which the
first of the third volume has already appeared. Until this work
is completed, the following, though vastly inferior, will be found
serviceable if it can be obtained :

Cobke (M.C). Handbook of British Fungi. 2 vols. 12mo.
London, 1871. ~

* In preparing these lists the ‘* List of Works on North American Fungi,”
by Drs. Farlow and Trelease (Bibliographical Contributions of Harvard Uni- |

versity, No. 25), has been of great assistance.  This will serve as a valuable in- |

dex for students of Fungi.
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Myxomycetes.

RosTAFINSKI (J.). Sluzowce Monographia. 4to. Paris,
1875-6. This most valuable work is unfortunately locked up in
the Polish language. A translation of the parts relating to
the British species, with a reproduction of most of the plates,
will be found in the next title.

CookE (M. C). Myxomycetes of Great Britain. London,
1877.

—— The Myxomycetes of the United States. Ih Annals
N. Y. Lyceum Nat. Hist., X1, 378-409 (June, 1877). A servicea-
ble list of the American species.

Schizomycetes.

GrovE (W. B.). A Synopsis of the Bacteria and Yeast
Fungi. 12mo. London, 1884.

The literature relating to Bacteria is becoming enormous’;
many references will be found in De Bary, L. c., who treats of
their morphology and biology.

Desmidiacea.

WoLLE (F.). Desmids of the United States. 8vo. Beth-

lehem, Pa., 1884.
Stokes (A. C.). Key to the Desmidiex. In Amer.

Monthly Micros. Journal, Vi1, 109-114, 125-131, 144-148, 163~
169 (1886). An analytic key for the above-named work.

Diatomacee.

SmiTH (H. L.). Conspectus of the Families and Genera of
the Diatomacea. In Z%e Lens. 1, 1-19, 72-93 (1872).
RABENHORST (L.). Flora Europza Algarum. Sectio I.

8vo. Lipsiz, 1864.

For more extended study the following more expensive work,
with over 3000 illustrations; will be found serviceable.

VanN HeEurck (H.). Synopsis des Diatomées de Belgique.
8vo. Anvers, 1880,
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Peronosporec.

FArLOW (W. G.). Enumeration of the Peronosporez of the
United States. In Botanical Gaszette, V111, 305-315, 327-337
(Oct. and Nov. 1883).

—— Additions to the Peronosporea of the United States.
Ibid., 1X, 37-40 (Mar. 1884).

Perisporiacee.

BESSEY (C. E.). The Erysiphei. In Biennial Report Iowa
Agric. Coll. 1877, 185-204 (1-20). 2 plates.

BURRILL (T. J.) and EARLE (F. S.). Parasitic Fungi of Il-
linois. Part 11, Erysiphee. In Bull. Ill. State Lab. Nat. Hist.,
11, 387-433 (1877).

Helvellacee.

CookeE (M. C). Mpycographia, seu Icones Fungorum.
Vol. 1. Discomycetes. 4to. London, 1879.

Pyrenomycetes.

TuLASNE (L. and C.R.). Selecta Fungorum Carpologia. 3
vols. 4to. Paris, 1861, 1863, 1865. This classic work, with truly
elegant plates, treats also of the Perisporiacee and some other
ascomycetous fungi.

Saccarpo (P. A), BERLESE (A. N.), and VocLIiNO (P.).
Sylloge Fungorum omnium hucusque cognitorum. Vols. I-v
already issued. 8vo. Padua, 1882-1887. This extensive work
is a compilation of all the described fungi of the world. The
first two volumes only treat of the Pyrenomycetes. The work
is a library in itself, and will stand as a monument of patient
and exhaustive labor.*

Lichenes.

WiLLEY (H.). An Introduction to the Study of the Li-
chens. Pamphlet. New Bedford, Mass., 1887. This will serve

* The student of Pyrenomycetes as well as other difficult groups will need
to have reference to the valuable set of North American Fungi prepared by
J. B. Ellis. 1900 specimens are already issued,
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as an introduction to the descriptive works to follow in the

next two titles.
TuckeERMAN (E.). Genera Lichenum. 8vo. Amherst,

Mass., 1872. (S. E. Cassino & Co.)
—— A Synopsis of the' North American Lichens. 8vo.
Boston, 1882. (S. E. Cassino & Co.)

Uredinee,

BURRILL (T. J.). Parasitic Fungi of Illinois. Part1. In
Bull. Ill. State Lab. Nat. Hist., 11, 141-255 (1885).

Hymenomycetes.

CookE (M. C.). Handbook of British Fungi. Second edi-
tion. Published as a supplement to Grevillea. :

Peck (C.H.). Botanists’ Report. In Zwenty-third Report of
Regents, 27-135. Albany, 1872; this and following reports con-
tain many synopses and descriptions of New York fungi.

MORGAN (A. P.). The Mycologic Flora of the Miami Val-
ley. In Jour. Sec. Nat. Hist., Cincinnati, vI, 54-81, 97-117,
173-199; VII, §-10; VIII, 91-111, 168-174; 1X, 1-8 (1883-1885).

For more expensive works, illustrating many species with
colored plates, the following may be mentioned :

FriEs (E.). Icones selecte Hymenomycetum. Series1 and
11. Folio. Holm, 1867-1884. This work contains two hundred
colored plates.

Cooke (M. C.). Illustrations of British Fungi. 4 vols.
London, 1881-1887.

. Gasteromyceles,

Peck (C. H.)). United States Species of Lycoperdon. In
Trans. Albany Inst., 1X, 285-318 (1-35) (1879). |

MORGAN (A. P.). The North American Geasters. In Amer.
Naturalist, Xvii1, 963-970 (Oct. 1884). Reprinted without the
illustrations in Fowrnal of Mycology, 1, 11-13 (1885).*

* Students of fungi will find much matter relating to the American spe-
cies in this monthly, published at Manhattan, Kan. ($1.00 per annum.) It
is devoted entirely to Fungi.
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Characeea.

ALLEN (T.F.). Characez of America: Part1l. New York,
1888.

—— Development of the Cortex in Ckara. In Torrey Bul-
letin, 1X, 37-47 ; plates Xv-XXI (Apr. 1882).

—— Notes on the American Species of Tolypella. Ibid., X,
109-117 (Oct. and Nov. 1883).

—— Some Notes on Characez. /éid., X1v, 211-215; plates
LXXI-LXXV (Oct. 1887).

—— Observations on some American Forms of Ckara coro-
nata. In Amer. Naturalist, Xv1, 358-369 (May, 1882).

HALsTED (B. D.). Classification and Description of the
American Species ‘of Characez. In Proc. Boston Soc. Nat.

Hist., XX, 169-190 (1879).

Musci.

BagNALL (J. E.). Handbook of Mosses. 12mo. London,
1886. Though an English work, this will be of value for
beginners.

LesQuEREUX (L.) and JaAMES (T. P.). Manual of the Mosses
of North America. 8vo. Boston, 1884. (S. E. Cassino & Co.)

BarNEs (C. R). Analytic Key to the Genera of Mosses.
In Bull. No. 1, Purdue Univ. School of Science (1886). A
valuable supplement to the preceding.

—— A Revisio#of the North American Species of Fissidens.
In Botanical Gasette, X11, 1-8, 25-32 (Jan. and Feb. 1886).

For more extended and expensive works the following are
important :

SuLLIvANT (W.S). [cones Muscorum, with Supplement.
2 vols. royal 8vo. Cambridge, Mass., 1864-1874.

BRAITHWAITE (R.). British Moss Flora. Vol. 1 (all yet
published). Royal 8vo. London, 1887.

—— The Sphagnacez, or Peat Mosses of Europe and North
America, Royal 8vo. London, 188o.

ScHIMPER (W. P.). Synopsis Muscorum Europaorum. 2
vols. 8vo, Stuttgart, r§76.\ £
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Hepatice.

SULLIVANT (W. S.). Musci and Hepati¢ae of the Eastern
United States. 8vo. New York, 1871. Also published with
the fourth edition of Gray's Manual. The text of this book is
out of date as compared with our present knowledge, but the
three plates are excellent, illustrating nearly all the genera.

UNDERWOOD (L. M.). Descriptive Catalogue of the North
American Hepatice north of Mexico. In Bull. Ill. Lab. Nat.
Hist., 11, 1-133 (1883).*

: Pteridophyta.

As we have already given the literature relating to the Fern
allies, we here add that relating to the Ferns, including many
of the original sources of description.

Beck (Lewis C.). Synoptical Table of the Ferns and
Mosses of the United States. In Siliman’s Fournal, vol. 1v
(1829). List of 88 pteridophytes, including 63 ferns.

DAVENPORT (George E.). Aspidium spinulosum (Swartz)
and its varieties. In American Naturalist, vol. x11 (Nov.
1878).

—— New Species of Ferns. In Zorrey Bulletin, Vi, 190-191
(Dec. 1887) ; vi1, 50, 51 (May, 1880); viii, 61, 62 (June, 1881);
X, 61, 62 (June, 1883).

—— Fern Notes. In Zorrey Bulletin, v11, 85,86 ; viii, 88, 89,
IX, 20-23, 68, 69, 99-101; X, 4-7; XII, 21-24; XIiI, 81, 82, 129~
135.
EATON (Daniel C,). Ferns of the Mexican Boundary. In
Mexican Boundary Survey, 1857. List of 44 Pteridophytes,
with descriptions of new species. .

—— Ferns of the Southern States. In Chapman's Flora of
the Southern States, 1860. Describes 56 species.

Ferns of Northern United States. In Gray's Manual,
sth Edition, 1868. Describes 57 species.

—— Notgs on Some of the Plants in the Herbaria of Linne

* Students of the Hepatice should have access, if possible, to a set of
Austin's Hepatice Boreali-Americane. The writer (associated with Mr. O.
F. Cook) has commenced the issue of a new series, Mepatice Americane, of
which the first two decades are specially intended for beginners,




58 OUR NATIVE FERNS AND THEIR ALLIES.

and Michaux. In Camadian Naturalist, Mar. 1870. Contains
interesting notes on species collected or named by these early
botanists.

TON (Daniel C.). New and Little Known Ferns of the
Unitéd States. In Zorrey Bulletin, 1v, 11, 12 (Mar. 1873), 18, 19
(Mag 1873); v1, 33 (May, 1875), 71, 72 (Jan. 1876), 263-265 (Oct.
1878), 306, 307 (Apr. 1879), 360, 361 (Nov. 1879); Vi1, 62-64 (June,
1880) ;. vIII, 4, 5 (Jan. 1881), 99, 100 (Sept. 1881);.1X, 49, 50
" (Apr. 1882); X, 26-29 (Mar. 1883), 101, 102 (Sept. 1883)." Valu-
able notes and descriptions of new species.

44— Ferns of North America. Illustrated with colored
plates drawn by J. H. Emerton and C. E. Faxon. This finely
executed work contains descriptions of the North American
species miscellaneously arranged ; it contains also a systematic
arrangement, with brief synoptical descriptions. It was origin-
ally published in parts, and though somewhat expensive, ought
to be in the library of every lover of the subject. The reputa-
tion of its author is a sufficient recommendation.

—— Ferns of the Southwest. In Wheeler’'s Geological Re-
ports, vol. vi, 1877. Rgfkribes 72 species.

—— Vascular Acrogens of California. In Botany of Cali-
fornia, vol. 11, 1880. Describes 56 pteridophytes, including 43
ferns. :

GRrAY (Asa). On the Discovery of Two Species of 7richo-
manes in the State of Alabama. In Si/iman’s Journal, Second
Serfies, vol. Xv (1853). Description of 7' Petersii, n. sp.

KuNzE (G.). Notes on Some Ferns of the United States.
In Silliman’s Fournal, Second Series, vol. vI (1848). Com-
municated by G. Engelmann. Contains notes on.several Amer-
ican Ferns and their allies, with descriptions of several species.

WiLLIAMSON (John). Ferns of Kentucky, 12mo. Louis-
ville, Ky., 1878. Illustrated by the author with etchings of the
Ferns of that State, 40 in number,

—— Fern Etchings. 12mo. Louisville, Ky., 1879. Con-
taining descriptions and etchings of the Ferns of Northeastern
United States and Canada.

Those desiring more extensive literature on the Ferns of
other countries should have access to the following works :

FEE (F. L. A.). Mémoires sur la Famille des Fougéres.
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Compléte en 13 parties. 4to, avec 289 planches. Strasbourg,
1844-1873.

FEE (F. L. A). Catalogue des Fougéres et des Lycopodia-
cées du Mexique. Strasbourg, 1857.

—— Histoire des Fougéres et des Lycopodiacées des An-
tilles. Strasbourg, 1866.

HookErR (William Jackson). Genera Filicum. 4to. Lon-
don, 1842. [Illustrated by 120 colored plates, representing 135
genera and sub-genera.

—— Species Filicum. 5§ vols. 8vo. London, 1846-1864.
Contains among 304 plates nineteen of North American Ferns.

HookeErR (W. J.) and BAKER (John Gilbert). Synopsis
Filicum. Second Edition, 8vo. London, 1874. Contains de-
scriptions of all Ferns known at that date, and is valuable for
the determination of species from beyond our limits. It lacks
one very essential feature of a systematic work, namely, a key
to the genera, and the grouping of the species is such as to
make it often difficult to identify them.

HookER (W. ].) and GREVILLE (Robert Kane). Icones Fi-
licum. 2 vols. folio. London, 1831. Containing 240 plates, of
which 13 represent North American Ferns.

Spermaphyta.

The only work attempting to describe all our flowering
plants is incomplete, covering only the Gamopetale. [t stands
as a monument to its author, the leader of American Botany
for many years. ,

GRAY (Asa). Synoptical Flora of North America. Gamo-
petalee. 4to. New York, 1886.

The following manuals will cover various portions of our
country :

GRAY (Asa). Manual gf the Botany of the Northern United
States. 8vo. New York, 1868.

CHAPMAN (A. W.)). Flora of the Southern United States.
8vo. New York, 1883.

CouLTER (John M.). Manual of the Botany of the Rocky
Mountain Region. 8vo. New York, 1885,

WATSON (Sereno). Botany of California

.
A

/

2 vols. 4to. 188o.

— T S
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CHAPTER IX.
) DISTRIBUTION IN TIME AND SPACE.

189. Geographic Distribution.—Ferns are found in all
parts of the wofld. The number of described species is not
certainly known, and the uncertainty is largely increased for
the reason that our best systematists do not agree as to what
constitutes a species. Baker, whose authority is generally
recognized in England and America, places the estimate at
about 3000 species. Added to these are 565 fern allies as recog-
nized by the same author.

From what has been said respecting the clirgatic conditiong
of fern growth we would naturally expect to find them most
abundant in countries where warmth and moisture predomi-
nate. These conditions seem most completely met on tropical
islands or in tropical continental areas with insular climates.
The little island of Mauritius, having an area of 676 square
miles, or less than one third the area of Delaware, has 235 na-
tive species, while Java, little larger than New York, has 460.
Brazil furnishes 387, and the Isthmus of Panama 117. Com-
paring these with colder climates, we find 67 in all Europe, and
only 26 grow within the borders of the arctic zone.

“Qur Native Ferns,” as described later in thigvolume, in-
cluding those species that are classed in the order FILICES,
number 156 species. Adding to these the 11 species of the
order OPHIOGLOSSACEZE, which have frequently been enumer-
ated with the ferns, we have a total of 167 species. The remain-
ing fern allies number §6, making a grand total of 223.

140. Divisions of our Flora.—It has been found conven-
ient to divide the surface of the earth into faunas and floras,
limited by the natural distribution of the various species of
animals and plants. These limits are by no means sharply
defined, for wherever the limit is made some species will pass
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beyond it; yet the majority found on onec side are different
from the majority of those on the other. North America (ex-
cluding Mexico) forms the Nearctic realm or fauna (Regnum
Nearcticum), and the same boundaries may be used in the limi-
tation of our fern flora, although some species from tropical
regions invade our borders in Florida, Texas, and Arizona.
Leaving out of question the species that are widely distributed
over the ;leatcr part of our country, many of which are cos-
mopolitan, species, we may divide the Nearctic realm into five
provinces, éach of which possesses many species peculiar to itself.

141. The provinces* are as follows :

I. BOREAL: inhabiting (with a few exceptions) the northern
portion of the United States, extending through Canada and
British America, some species even reaching Labrador, Green-
land, and Alaska, and nearly all represented also in the north-
ern-portions of the Old World.

i II. MEDIAL : extending throughout the mountain and hilly
region of the States east of the Mississippi, westward to the
mountains, and northward into Canada, and in a few instances
also inhabiting the Old World.

II1, OCCIDENTAL : extending along the western border of
the continent from British Columbia to California, in a few
cases appearing also in the Rocky Mountain region.

IV. ARIZONIAN : inhabiting the central mountain regions of
Western Texas, Arizona, and Colorado, many of the species ex-
tending thence into Mexico, and some even to South America.

V. AUSTRAL: inhabiting the border of the Gulf of Mexico,
many of the species extending into the West Indies and Tropi-
cal America.,

142. The following lists will indicate the relations of our
native species, though several species exceed the bounds here
indicated, and occur within the borders of other provinces.

* This division is a slight modification of one proposed by John H. Red-
field in 1875. Cf. Bulletin Torrey Botanical Club, vi, 1-7.




62 OUR NATIVE FERNS AND THEIR ALLIES

BOREAL.

(Those marked * are known only from Alaska.)

Cheilanthes argentea.* Local.

Cryptogramme acrostichoides.

Pellza gracilis.

Asplenium viride.

Aspidium lonchitis.
aculeatum, var. Braunii.
oreopteris,
fragrans,
filix-mas.
spinulosum.
Boottii.

Cystopteris montana.

Woodsia hyperborea.
glabella.

Botrychium lunaria. Rare and local.
boreale.* Local.
Equisetum pratense.
palustre.
litorale. Rare,
variegatum.
Lycopodium annotinum,
alpinum.
sabinzfglium.
Selaginella selaginoides.

'MEDIAL.

Adiantum pedatum.

Cheilanthes vestita.

Pellza atropurpurea.

Woodwardia Virginica.
angustifolia,

Asplenium pinnatifidum.
ebenoides.
ebeneum.
angustifolium.
ruta-muraria.
montanum,

Bradleyi.
) thelypteroides.

Scolopendrium vulgare. Rare and

local.

Camptosorus rhizophyllus.

Phegopteris polypodioides.
hexagonoptera.
dryopteris.

Aspidium acrostichoides.
Noveboracense.
thelypteris.
cristatum,

var, Clintonianum,
Goldieanum,

marginale,

Aspidium spinulosum, var, interme-
dium,
var, dilatatum,

Cystopteris bulbifera.
Onoclea sensibilis.

struthiopteris.
Woodsia Ilvensis.

obtusa.
Dicksonia pilosiuscula.
Lygodium palmatum. Rare,
Schizaa pusilla. Local.
Osmunda regalis.

Claytoniana.

cinnamomea.

Marsilia quadrifolia. Local.
Salvinia natans. Local.
Botrychium simplex.
matricarizfolium,
lanceolatum.
Equisetum sylvaticum.
limosum.
scirpoides.
Lycopodium selago.
lucidulum,
inundatum.
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Lycopodium dendroideum.

Isoétes echinospora, var. muricata.

clavatum, Local.
complanatum. saccharata. Local.

Selaginella apus. riparia.

Isoétes lacustris. Engelmanni.
Tuckermani. Local. var, gracilis.
echinospora, var. Braunii. var. valida.

var. robusta. Local. melanopoda.
var. Boottii. Butleri. Rare,
OCCIDENTAL.
(Species marked * are confined to California ; those marked t are found only in
Oregon.)
Polypodium falcatum, Phegopteris alpestris,

Californicum, *
Scouleri.
Gymnogramme triangularis,
Notholzna Newberryi.
cretacea.*
tenera.
Adiantum emarginatum.
Pteris aquilina, var. lanuginosa.

Cheilanthes Californica,* Oregatia.
viscida.* S
Coopera. * Marsilia vestita.
gracillima. Pilularia Americana.
Parishii. * Equisetum telmateia.
fibrillosa.* robustum.
Clevelandii.* Selaginella Oregana.

Pellzza Breweri. Douglasii.
andromedzfolia.* Isoétes pygmaa.*
brachyptera. Bolanderi.
ornithopus.* Howellii. t
densa. nuda.t
Bridgesii. * Nuttallii.

Lomaria spicant. Suksdorfii.t

Woodwardia radicans.

ARIZONIAN,
(Species marked * are found in our region only in Arizona; those marked t are
Texan.)

Polypodium thysanolepis.* Notholena Parryi.

Gymnogramme Ehrenbergiana. Aschenborniana.*

Nothola@na sinuata. candida.
ferruginea. Hookeri.

Aspidium munitum,
mohrioides. *
aculeatum.*
var. Californicum.%
var, angulare. *
Nevadense, *
rigidum, var. argutum,
Woodsia scopulina.
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Notholena Grayi.*

Lemmoni.*

nivea.

Fendleri.
Adiantum tricholepis.t
Cheilanthes Pringlei.*

Wrrightii,

leucopoda.t

lendigera.*
lanuginosa.
tomentosa.

Fendleri.

myriophylla.

Lindheimeri.
Pellza aspera.

pulchella.

Pellza ternifolia.t
Wrightiana.
flexuosa.
intermedia.*

Asplenium monanthemum. ¥
septentrionale.
Glenniei. *

Aspidium juglandifolium,
patulum,*

Woodsia Mexicana.

Aneimia Mexicana.t

Marsilia macropoda.
uncinata.
vestita, var. tenuifolia.t
Selaginella lepidophylla.

AUSTRAL.

(Species marked * are found in our region.ly in Florida.)

Acrostichum aureum,*
Polypodium plumula,*
pectinatum, *
incanum,
aureum.*
phyllitidis. *
Swartzii. ®
Tzanitis lanceolata.*
Vittaria lineata.*
Adiantum capillus-veneris.
tenerum.*
Pteris longifolia.*
serrulata.
aquilina, var, caudata,
Cheilanthes microphylla.
Alabamensis.
Ceratopteris thalictroides, *
Blechnum serrulatum.*
Asplenium serratum, *
parvulum,
dentatum.
firmum.
Asplenium cicutarium *

rhizophyllum,var, myriophyllum#*
var, Biscaynianum#*

Phegopteris tetragona.* Rare,

Phegopteris reptans.* Rare.
Aspidium trifoliatum. Rare.
conterminum, var, strigosum,*
patens.
unitum, var. glabrum *
+ Floridanum,.*
Nephrolepis exaltata.*
acuta.* Rare.
Trichomanes Petersii. Local.
radicans,
Aneimia adiantifolia.*

Ophioglossum crotalophoroides.
nudicaule.
palmatum,*
Equisetum lavigatum,
Lycopodium inundatum, var. pinna
tum. *
alopecuroides.
cernuum, Rare,
Carolinianum.
Psilotum triquetrum. Rare.
Selaginella Ludoviciana. Rare.
rupestris, var, tortipila. Rare.
Isoétes melanospora. Local.
flaccida.*
: var, Chapmani,*

Polypodium v
Pteris aquiling
Asplenium tri
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@ COSMOPOLITAN SPECIES.
Polypodium vulgare. Ophioglossum vulgatum,
Pteris aquilina. Botrychium Virginianum,
Asplenium trichomanes. ternatum.

filix-foemina. Equisetum arvense.
Cystopteris fragilis. hiemale.

Selaginella rupestris.

Azolla Caroliniana.

143. Local Lists.—The number of species found in a sin-
gle locality is usually limited, yet in certain favored locations
there is a marked diversity. As an instance, in one of the .
habitats of the rare hart’s-tongue * the writer has collected
twenty-three species illustrating eleven genera within the radius
of a thousand feet. Such localities, however, are comparatively
rare, and must include wide diversity of soil and shade within
very narrow limits.

Onondaga County, New York, possesses perhaps as many
ferns as any county in the entire country, including 41 species.
32 are catalogued from Essex County, Massachusetts. Several
State lists more or less complete have been compiled, and are
noticed in the literature below. Carefully prepared lists from
all the States and Territorics would be a valuable addition
to our knowledge of geographic distribution.

144. Geologic Distribution.—It is well known that the
plants and animals now existing on the earth are not the same
in kind as those of former ages. Geologists have carefully
studied the stony heart of nature, and have drawn therefrom
the story of the development of land and sea, and the succes-
sive populations that from time to time have held possession
of our globe. Plants furnishing the natural food for animals
must have preceded animal life, yet in the earliest geologic
ages the remains of animals are far more numerous, The
abundance of the deposits of graphite and iron-ore in the earli-
est or Archaean rocks indicates the existence of extensive plant
growth, but the remains are so transformed as to make it im-
possible to determine the character of this primeval vegetation.

1486. In the succeeding Silurian age the fossil remains in-
dicate the existence of algae or sea-weeds in abundance, and a

% 4 Green Pond,” one mile east of Jamesville, Onondaga Counl}fNéQ
York.
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single small species of ground pine attests the existence of some
of the higher Cryptogamia; no ferns, however, have been
found in America older than the Devonian. Over fifty species
of Devonian ferns have been described from the American
rocks chiefly, by Principal J]. W. Dawson of Montreal.

146. It is in the coal measures, however, that ferns and
other Cryptogamia are found in the greatest abundance and
profusion. Their delicate foliage is impressed on the various
rock strata above the beds of coal, and so perfectly are 'they
preserved that not only the methods of fructification but even
the microscopic spores have been detected ! In the coal meas-
ures of the United States and Canada (counting from the base
of the Catskill), 381 species of ferns have been described,
chiefly by Prof. Leo Lesquereux. The most abundant Ameri-
can genera are Newropleris 45 species, Pecopleris 50 speries,
Sphenopteris 31 species, Pseudopecopteris 25 species, and Ria-
cophyllum 24 species,

The frontispiece gives an ideal representation of the vegeta-
tion of the Carboniferous age. The luxuriant tree-ferns, the
Lepidodendrids, ancient representatives of the diminutive club-
mosses or ground-pines; the Calamites, allies of the modern
scouring-rushes, and other forms no less wonderful, are seen in
their profusion.

147. In the later geologic ages, Mesozoic and Tertiary,
ferns are found preserved in the rocks, with the leaves of many
trees and shrubs of existing genera. The indications are that
terns formed a far smaller part of the vegetation of these later
ages than in the preceding Carboniferous, and even approxi-
mated to that of the present. Six Cretaceous and twenty-four
Tertiary species have been catalogued,* including species in
the existing genera Lygodium, Pteris, Woodwardia, Aspidium,
Gymnogramme, etc., as well as some related to genera abundant
in earlier formations. No living species is found fossil, unless
Dr. Newberry's variety of Onoclea sensibilis becomes estab-
lished.t In the course of geologic history, however, we can

* Tenth report, Hayden Geological Survey of the Territories. Washing-
ton, 1878,

t Prof. Lesquereux writes me: ‘‘ Though analogous by the nervation, I
doubt the identity on account of the coriaceous character of that fossil fern,
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¢
f some ttace a gradual approximation to the modern types from the
e been géneralized forms of Devonian and Carboniferous times.
species 148, Fern Allles.—Ophioglossum dates back to the Ter-
nerican tiary period with one species. The order EQUISETACEZE have
) existed since the coal period and the genus Eguisetum since the
ns and Triassic. The order CALAMARIACEZ, which combined charac-
ice and ters of modern Eguiseta and Conifers, came into existence in the
Va\fious Devonian, but became extinct before the close of the Permian.
re ‘they I1lustrations of Calamites can be seen at the left-hand corner of
1t even the frontispiece, also under the tree-fern in the centre. The
| meas- /club-mosses proper have been in existence since the Devonian,
he base and the genus Lycopodium since the Carboniferous. Selaginella
scribed, has never been found fossil, but its near relatives belonging to
Ameri- the extinct orders LEPIDODENDRACEXE and SIGILLARIACEA
speies, were very abundant in the Palaozoic era, particularly during
id Rha- the Carboniferous, where they formed the largest part of the
forest vegetation, reaching in some instances a height of sev-
vegeta- ) enty to one hundred feet. The former possessed characters
rns, the connecting modern club-mosses with Conifers, while the latter
ve club- seem to connect the club-mosses with the Cycads. Restora-
modern tions of Lepidodendron may be seen on the left-hand side of the
seen in frontispiece, and of Sigillaria on the right. Zsoétes dates back
to the Miocene (Tertiary) and Marsilia and Pilularia to the
lertiary, same period.
»f many LITERATURE.
are that Besides the works referred to below, many State floras will
ese later give additional information respecting local distribution.
approxi- Among the more important of these are those of New Jersey
nty-four (Britton), Ohio (Beardslee), North Carolina (Curtiss), Wiscon-
ecies in sin (Lapham), Vermont (Perkins), New Hampshire (Flint),
ipidium, Pacific Coast (Lemmon), 1llinois (Patterson), New York (Zorrey),
bundant Michigan ( Wheeler and Smith), Indiana (Coulter and Barnes),
1, unless lowa (Arthur), Minnesota (Upham), Missouri ( 7Tracy).
s estab- BurGess (T. W. ]J.). Recent Additions to Canadian Filici-
e n nez. In ZTransactions Royal Society of Canada (1886).
Washing- . E ;\ich I have not seen in any variety o? O. sensibilis now living."” Principal
s Dawson, however, writes: ‘‘ The Onoclea sensibilis of the Laramie is tru)y
prvation, | that species, and I have found with it in our Manitoba formations another
fossil fern, modern fern, Davallia ftl){/vh'd."
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DAVENPORT (George )> Catalogue of the “Davenport
Herbarium” of Noxth American Ferns. Salem (1879). Sup-

/

plement (1883).
—— Some Comparative Tables showing the Distribution of

Ferns in the United States of North America. In Proceedings
American Philosophical Society, 1883, 605-612,

MAcouN (John) and BuRrGEss (T. W. ]J.). Canadian Filici-
nex. In Transactions Royal Sociely of Canada (1884).

REDFIELD (John H.). Geographical Distribution of the
Ferns of North America. In Zorrey Bulletin, vi1, 1-7 (1875).

Minor notes on distribution will also be found in the follow-
ing journals :—

Botanical Gaséte, 1, 11, 22, 27; 11, §5, 62; 111, 82; 1V, 128,
139, 177, 232; V, 15, 39; VI, 195, 220, 248; VII, 76, 96, 160; X,
370; XI11, 63, 67, 181; XII, 117.

Torrey Bulletin, 11, 24, 28; 111, 2, 33; 1V, 2, 17, 42; V, 38, 39;
v1, 8, 175,177, 199, 206, 221, 234, 291, 345, 347; VII, 16, 80, 89, 94,
96, 118; VIIL, 47, 93, 105, 127, 144; 1X, §5, 71, 128; X, 32, 40; XI,
7, 67 X1V, 97, 149.

Other notes still will be found in Mr. Davenport's series of
“ Fern Notes” and Prof. Eaton’s series of “ Newand Rare Ferns
of the United States,” together with much of the remaining
descriptive literature noted in Chapter VIII. on the Ferns and
their\allies. The literature on fossil ferns is very extensive. A
valuable work on the coal flora will be found in the Reports
P an:lPP\ofJ_hg Secopd-Geological Survey of Pennsylvania.

CHAPTER X.
METHODS OF STUDY.

The great benefit which a scientific education bestows, whether as training
or as knowledge, is dependent upon the extent to which the student . . .
.learns the habit of appealing directly to Nature.—HUXLEY,

149. Determination of Specles.—The first thing to learn
about a plant or animal is pot its name, but its structural
characteristics, knowing whic Alhe name can be readily deter-
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mined. Having provided ourselves with a strong lens, two or
more needles mounted in wooden handles for dissecting pur-
poses, and a few well-fruited ferns taken with the roots, we are
prepared to commence our study. In investigating any plant
we should be systematic and accurate in our observations, and
no subject will develop order and accuracy of description or
enlarge our powers of observation as will the subject of botany
rigidly pursued. In order to fix the characters of the fern in
question, it is well to. note them down in some systematic order,
and the preparation of blanks like the following is suggested
for the purpose :

Synoptical characters of

ROOTSTOCK. |
STIPE.

FROND. -

VEINS.

| SORI,

—

SPORANGIA. (

SPORES. 4

The characters thus commence with the lowest parts and
continually advance upwards to completion. 7

160. Takingnow a common fern, we will notice its charac-
teristics. Suppose it to be the one commonly called “ Maiden-
hair” in the Northern States. We %ake the parts in order and
give them a searching examination: the character of the root;
the direction of growth, position and appearance of the root-
stock ; the appearance, color, and method of growth of the
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stipe; the method of cutting of the frond and the character of
its surface; the method of veining; the position of the fruit
clusters on the frond and veins, and the peculiar form of the
indusium, if present. The sporangia and spores are best
studied with a microscope, yet the shape of the sporangia and
the character of the ring can be determined with a strong lens.

161. The characters of the Maidenhair can be summed up
as follows :

Synoptical characters of
ADIANTUM PEDATUM L. &

| ROOT, Many delicate fibres, somewhat matted. ‘

|
ROOTSTOCK. Scaly, somewhat creeping. '

o Separate, slender, polished, black, forked at base of
STIPE. frond, forming two recurved rachises.

Roundish in outline, formed ' of several pinna, which |
branch from the recurved rachises; pinnules unequal sided.

FROND. oblong or deltoid ; upper margins irregularly lobed; sur
faces smooth, LR
VEINS. Free, several times forked.

Borne at the end of the veins on the under side of the re-
SORI, flexed margins of the lobes, which form somewhat kidney-
shaped pg}nbungulrin_dil_h._ 458

SPORANGIA, Globose, with a nearly complete vertical ring.
SPORES. Minute, of one kind.
SETUIRTSNS e T SIS GLE-t SRR sy CONPPCR

162. We are now prepared to determine the specific name,
and for this purpose will turn to the “ ARTIFICIAL SYNOPSIS OF
ORDERS" (p. 75), where we read the statements under A, with
the first of which our plant agrees ; then to B as directed, where
we find it agrees with the thifstatement ; then to C, where we
determine the Order to which our plant belongs. After having
determined the plant to be a member of the order FILICES, we
proceed to the “ARTIFICIAL SYNOPSIS OF GENERA" (p. 82).
Reading the two statements under A we find our plant agrees
with thegfirst, bearing the sporangia at the margin of a leafy
frond, so&c proceed to B as indicated at the right-hand mar-
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gin. There being an indusium present, we are directed to C,
where we find four statements. Our fern agrees with the
second, as the indusium is formed of a reflexed portion of the
frond. Passing to D we find it agreeing with the first state-
ment. Passing to E, the statement, “ Sporangia at the ends of
the veins, borne on a reflexed portion of the margin of the
frond,” answers our purpose, and the marginal reference indi-
cates the genus Adéantum. Under this genus (p. 89) we find
two statements designated by ., and ., ; the latter referring to
the “ dichotomously forked '’ fronds, answers our purpose, and
we find our fern to be number §, Adiantum pedatum L., the
scientific name of the Maidenhair, which we can now place in
our description. Were we in Florida or any of the Southern
States, instead of A. pedatum we would probably have found
the Venus' Hair (4. capillus-veneris), or in California the Cali-
fornian Maidenhair (A. emarginatum), either of which would
agree with the common Eastern species in all respects save the
method of branching of the frond and the shape of the pinnules.
In like mannerae can trace any of our native species to their
scientific names, by cgrefully noting their structure and methods
of fruiting.

158. In a few férns it will be necessary to exercise great
care in the examination of the indusia. In the genera Cysfop-
teris, Dicksonia, and Woodsia, and in a few species of Aspidium
the indusia wither away after fruiting, so that one is likely to
classify them under the non-indusiate genera if he carelessly
examines them in this condition. Insuch cases a large number
of sori should be carefully examined, and the least trace of an in-
dusium should be noted. Five sixths of our genera, including
four-fifths of our species, are indusiate.

154. Fern Allles.—In determining the species of the fern
allies the method of procedure is quite similar to that indicated
above for the Maidenhair, in each case referring the plant to its
proper order. The specimens must be in fruit, and in the case
of Egquisetum must include both sterile and fertile shoots. As
the species of /soétes differ mainly in the size, character, and
markings of the spores, they will require a microscope with
micrometers for successful determination, though some can be
identified with a lens if the life habits are also known.
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166. Histology.—We have now gained a slight knowledge
of the more apparent characters of the fern as viewed from
without, and have been formally introduced to the species in
hand by name. With some the study miight seem to be at an
end, but in fact it has only fairly begun. The minute structure,

‘the development and the life-history of our fern, is yet unknown,

leaving the most important features yet to be ascertained.
Classification as it now exists is only a temporary arrangement,
for the true relations of our species can never be fully deter-
mined until their minute anatomy and life-histories have been
thoroughly studied and compared. The minute anatomy has
been carefully studied in only a few of our native ferns,and fewér
still have been watched through the phases of their life-history,
Less still is known of the species of fern allies. There is no
fear of exhausting the subject, and even amateur botanists with
the most limited  facilities can do something in original inves-
tigation. ’

156. Guides to Study.—It is impossible within the limits
of a manual of this character to do more than suggest guides
for study, yet no guide can be followed blindly to the exclusion
of native common-sense. For the study of anatomy the works
already mentioned under Chapter, V. will serve for reference,
while the following laboratory gtfides, each containing an out-
line for the study of a single fern, will be found necessary :

ARTHUR (]. C.), BARNES (C. R.) and CouLTER (J."M.). Hand-
book of Plant Dissection. New York (1886). (Henry Holt &
Co.). For Adiantum pedatum.

BowgeRr (F. O.) and VINES (S. H.). A Course of Practical In-
struction in Botany, Part I. London (1885). (Macmillan & Co.)
For Aspidium filix-mas and fern allies.

Sepcwick (W. T, and WiLsON (E. B.). General Biology.
Part I. New York (1886). (Henry Holt & Co.). For Pteris
aguilina,

187. For the study of life-histories the recent paper by Dr.
Campbell on Onoclea struthiopteris can wgll serve as a model.
(C/. Literature under Chapter V1.) The study of fern structure
and fern development will grow in interest at every step, and
will result in contributions of value to the knowledge of our
native ferns and their allies.
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I love not man the less, but Nature more,

From these our interviews, in which I steal
From all I may be, or have been before,

To mingle with the Universe, and feel

What I can ne'er express, yet cannot all conceal.

- ~—BYRON,
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JYRON,

PTERIDOPHYTA Cohn.

Vascular acrogens containing woody tissue in the stems.
Antheridia or archegonia or both formed on a prothallus which
is developed from the spore on germination, and upon which
the asexual plant is produced. Includes eight living and three

extinct orders, all represented in North America.
>

ARTIFICIAL SYNOPSIS OF ORDERS.

A %Isosporous,t’.r., sporesofone kind, . . . . . . . B
Heterosporous, 7., spores of two kinds, . . . . . D

J Plant rush-like, . . .Order V. EQUISETACER, p. 132
Plant moss-like, . . Order VI. LYCOPODIACEZE, p. 135
PR .+ s v e s br s s ara B

Vernation erect or inclined ; sporangia not reticulate,
in spikes or panicles, opening by a transverse slit.
Order IV. OPHIOGLOSSACEE, p. 128
C 4 Vernation circinate; sporangia reticulate, provided
| with a ring, usually borne on the back or margin of
a frond sometimes in spikes or panicles,

Order 1. FILICES, p. 75

Terrestrial, moss-like plants,
D 4 Order VII. SELAGINELLACEZR, p. J4o
| Aquatic, rooting in mud, 6 v bk A
| Aquatic, floating, . .Order 11I. SALVINIACEZ, p. 127
Leaves awl-shaped, tubular, containing the sporangia
in their axils, . . . Order VIII. ISOETACEE, p. 142
! Leaves quadrifoliate or filiform ; sporangia enclosed
| in sporocarps borne on separate peduncles, 5
[ ; Order 11. MARSILIACEX, p. 12§

ORDER 1. FILIbES Juss.

Plant body cAnsisting of fronds usually raised on stipes ris-
ing from a prostrate, ascending, or erect rootstock, circinate in
vernation. Sporangia modified trichomes of the leaves, reticu-

Py
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late, one-celled, encircled by a more or less complete, jointed
elastic ring, collected in clusters of various forms on the under
surface of the frond, with or without an indusium or covering ;
or panicled, or spiked and naked; or borne on receptacles of
various kinds. Spores of various forms, minute. Prothallium
above ground, green, moncecious or dicecious. Contains six
well-marked sub-orders, four of which are represented with us,
Genera, seventy,* of which we have representatives of thirty.

SUB-ORDER I.-POLYPODIACEZ Presl.

Sporangia pedicelled, surrounded more or less completely by
a jointed, vertical, and elastic ring, bursting transversely. Sori
dorsal or marginal, borne on a leafy frond, with or without
indusia.

TriBe I. ACROSTICHEZE. Sporangia spread in a stra-
tum over the under surface, or rarely over both surfaces of the
frond. Indusia wanting.

I. Acrostichum L. Sori covering the entire surface of
the upper pinne.

Trise 11, POLYPODIEZ. Sori dorsal, borne at or near
the ends of the veinlets, without indusia.

II. Polypodium L. Possessing characters of the tribe.

Tripe I1I. GRAMMITIDEZ. Sori dorsal, variously
arising from the veins, usually linear. Indusia wanting.

IIl. Gymnogramme Desv. Sori oblong or linear, follow-
ing the course of the veinlets.

IV. Notholeena R. Br. Sori on the veins or near their
extremities, roundish or oblong, soon confluent into a narrow
marginal band.

V. Teenitis Swz. Sori linear, céntral, or submarginal,

Trige IV. VITTARIEZA. Sporangia borne in a continu-
ous marginal or intra-marginal furrow,

VI. vittaria Sm. Fronds simple, linear, grass-like,

Trise V.. PTERIDEZA. Sori marginal or intra-marginal,
provided with an indusium formed of the reflexed margin of
the frond, and opening inwardly.

&

* This number is based on l{-(mker'; c-l;u-uiﬁcati(m. Oiﬁer lulh(;r; nar;o;-
ing the limits of generic characters, recognize a greater number, Smith, for

example, publishes 220 and Presl 23@, yet the tendency among mést botanists
is to restrict the number,

‘

* Sporan

/ rond.

VII. A
Midrib of ti
¥ .\’/mm
connects the
VIIL 1
whitish. N
hk Spor

on the unde
IX. Ct
veins. Ind
X.Crn)
near the er
which are @
nules. Ste
XI. P«
distinct, ol
Sterile and
TRIBE '
longituding
frond. Ha
XIil. ©
characters
TRIBE
borne on t
fixed at its

XIIL
the midrit
altered ma
two sorts, |

XIV.
near the m

XV.
chain-like
TRIBE



te, jointed
the under
covering ;
ptacles of
‘'othallium
ntains six
d with us,
thirty,

be
pletely by
tly.  Sori
* without

in a stra-
es of the

urface of
t or near

! tribe.
variously

', follow-

ar their
| narrow

nal,
ontinu-

e
arginal,
irgin of

, harrow-
mith, for
botanists

FILICES. 27

* Sporangia borne on a r¢flexed portion of the margin of the

Vi rond,

VII. Adiantum L. Sori usually numerous and distinct.
Midrib of the pinnules near the lower margin or wanting.

** Sporangia borne an a continuous vein-like receptacle which
connects the apices of the veins.

VIII. Pteris L. Sori continuous. Indusium delicate,
whitish, Midribs of pinnules central.

*+x Sporangia at or near the ends of unconnected veins, borne
on the under surface of the frond.

IX. Chellanthes Swz. Sori minute, at the ends of the
veins. Indusium continuous or interrupted.

X. Cryptogramme R. Br. Sporangia on the back or
near the ends of the veins forming ot;long or roundish sori,
which are at length confluent and cover the back of the pin-
nules. Sterile and fertile fronds unlike, smooth.

XI. Pell@a Link. Sori on the upper part of the veins,
distinct, or mostly forming a marginal band of sporangia.
Sterile and fertile fronds usually similar, smooth.

TriBe VI. CERATOPTERIDEZ. Sori on two or three
longitudinal veins which are nearly parallel with the edge of the
frond. Habits aquatic.

XII. ceratopteris Brong. The only genus; having the
characters of the tribe,

Trise VII. BLECHNEZAE. Sori dorsal, linear or obleng,
borne on transverse veins, parallel to the midrib. Indusium
fixed at its outer margin, opening at the inner.

* Veins free.

XIII. Lomaria Willd. Sori in a continuous band next
the midrib. Indusium elongate, formed of the recurved and
altered margin of the pinne, or else sub-marginal. Fronds of
two sorts, elongate, pinnate,

XIV. Blechnum L. Sori linear, elongate, continuous
near the midrib. Indusium continuous. Fronds pinnate.

** Veins more or less reticulale.

XV. Woodwardia Sm. Sori linear or oblong, forming
chain-like rows. Indusia separate,
Trise VIII, ASPLENIEZ. Soridorsal, linear or oblong,
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obligpe to the midrib, or rarely sub-parallel with it. Indusium
* fixed by one margin to the veinlet, opening at the other, some-
times double.
* Veins free.
- XVI. Asplenium L. Sori on the upper side of a fertile
veinlet, rarely on both sides.
XVII. Scolopendrium Sm. Sori linear, confluent in

pairs, which appear like a single sorus with the double indusium
opening in the middle.

** Veins reticulate.

XVIII. Camptosorus Link. Sori oblong or lineir,

borne partly on veins parallel to the midrib, partly on veins
oblique to the midrib.

TriBe 1X. ASPIDIEZE. Sori dorsal, round or roundish,

on thc‘back or rarely on the apex of a vein. Indusium usually
membrahous, rarely wanting.

* Without indusia.

XIX. Phegopteris Fee. Sori round, rather small, borne

on the back of the free veins.
¥ With indusia,
t Indusia superior.

XX. Aspidium Swz, Indusium orbicular and fixed by
the centre, or reniform and “fixed by the sinus, opening all
round the margin. Sori mostly on the back of the veins.

XXI. Nephrolepis Schott. Indusium reniform, fixed at

the sinus or at the arcuate base, opening toward the margin of
the frond. Sori at the end of free veins.

H Indusia fixed by a uxd base partly under the sorus.
XXIIL. cystopteris ;Bernh. Indusium convex, usually
reflexed as the sporangia ripen. Texture delicate.

Wt Indusia obscure. Fertile frond much contracted, very un-
like the sterile.

XXIII. Onoclea L. Sori dorsal on the veins of the con-
tracted pinnz, concealed by their revolute margins.

it Znudusia inferior,

XXIV.
delicate, cl

TRIBE
elongate, t
veinlets, W
sides and ¢

XXV.
sium cup-§
fluent witl

SUB
Sporan
sursounde
Sori termi
inferior, u
cately mei
XXVIL

or funnel-

§

Sporat
ing a cor
opening b

XXVl
on Narrow
vided wit!

XXVI
their base
ments of '

XXIX
row to tl
fronds sir

]
Spora




IES

Indusium
ler, some-

[ a fertile

fluent in
indusium

) linear,
on veins

roundish,
m usually

all, borne

fixed by
ning all
1S,

fixed at
argin of

rus,

usually
very un-

the con-

"FILICES. 79

XXIV. Woodsia R. Br. Indusium roundish or stellate,
delicate, cleft into irregular lobes.

TriBe X. DICKSONIEZ. Sori roundish or transversely
elongate, borne at the ends of the veins or on marginal cross-
veinlets, with an indusium attached at the base or base and
sides and opening toward the margin of the segment.

XXV. Dicksonia L'Her. Sori marginal, small, the indu-
sium cup-shaped, somewhat two-valved, the under portion con-
fluent with a lobule of the frond.,

SUB-ORDER Il.~.HYMENOPHYLLAOEZA Endl.

Sporangia borne on an elongate, often filiform, receptacle,
sursounded by a complete transverse ring, opening vertically.
Sori terminal .or marginal from the apex of a vein. Indusium
inferior, usually of the same texture as the frond. Fronds deli-
cately membranous and pellucid.

XXVI. Trichomanes Sm. Indusia tubular, cup-shaped,
or funnel-shaped, sometimes two-lipped.

SUB-ORDER I11l.-SCHIZZACEZL Presl.

Sporangia ovate, sessile, arranged in spikes or panicles, hav-
ing a complete, transverse, articulated ring at the apex, and
opening by a longitudinal slit.

* Stems scandent.

XXVIIL. Lygodlum Swz. Sporangia bornein a double row
on narrow fertile segments, each on a separate veinlet and pro-
vided with a special indusium.

** Stems not scandent,

XXVIII. Aneimia Swz. Sporangia naked, attached by
their bases to the narrow divisions of the panicled fertile seg-
ments of the frond.

XXIX. Schizeea Sm. Sporangia naked, fixed in a double
row to the midrib of the narrow fertile segments. Sterile
fronds simple or dichotomously forked.

SUB-ORDER IV.-OSMUNDACEZE R. Br.
Sporangia naked, globose, mostly pedicelled, with no ring or

Y
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mere traces of one around the apex, opening into two halves by
a longitudinal slit.

XXX. Osmunda L. Fertile pinna or fronds much con-

tracted, bearing the large and abundant sporangia on the mar-
gins of the narrow segments.

A

C

D

“‘

H

ARTIFICIAL SYNOPSIS OF GENERA.

Sporangia collected in sori and borne on the back or margin of a
leafy frond RO SRR B

Sporangia in spikes or panicles not on the leafy portion of the

ULl e o e S R R S R S U
T R S G Sl G S P C
{‘Sorinaked . . . . $- & o P

Fertile frond closely rolled together, entirely unlike the sterile, its
segments berry-like or necklace-like . XXIIL. ONOCLEA, p. 119
Sori marginal, covered with a reflexed portion of the frond . D
| Sori marginal or terminal, borne on an elongate receptacle,
XXVI, TRICHOMANES, p. 122
Sori dorsal or marginal, provided with special indusia . . . H
( Ter ial, growing mostly in rocky places . . . . . . . K
" Aquatic, stprile fronds floating on the water,

XII. CERATOPTERIS, p. 101

Sporanfria at the ends of the veins, borne on a reflexed portion of the
' margin of the frond + « s« s s+ « o« VII.L ADIANTUN, p. &
| Sporangia borne on a continuous, marginal, vein-like receptacle con-
necting the apices of the veins . . . . . VIII. PTERIS, p. 90

Sporangia at'or near the ends of unconnected veins, borne on the
under surface of the frond . . . . .o |

5 Fronds conspicuously dimorphous ; stipes light-colored,

| X. CRYPTOGRAMME, p. 97
Fronds nearly uniform ; stipes usuallydark ., . ., . . ., . G

| Sori on the upper part of the veins, mostly forming a continuous mar-
)

ginal Band ; indusium membranous, continuous round the segment,
X1, PELLEA, p. 97

Sori minute, at the ends of the veins ; indusium interrupted, or if con-
tinuous, the ultimate segments usually small and bead-like ; fronds
mostly chaffy, woolly, or farinose, IX. CHEILANTHES, p. 91

\ Sori roundish ; indusia not more than twice as long as broad . |
| Sori Qnear or oblong ; indusia more than twice as long as broad L
Indusium superior, attached bythe centre or sinus . ; J
Indusium convex, fixed by a broad base partly under the sorus,

XXIIL. CySTOPTERIS, p. 118
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Sori mostly on the back of the veins ; indusium orbicular or reniform,

opening all round the margin . XX. AsrPIDIUM, p. 110

Sori at the end of a free vein; indusium reniform, opening toward

the margin of the frond ; fronds simply pinnate, the pinna articu-

lated to the rachis . . . . . . . XXIL. NEPHROLEPIS, p, 117

Indusium roundish or stellate, delicate . . XXIV, Woobsia, p. 119
Indusium cup-shaped, somewhat two-vilved,

XXV, DICKSONIA, p. 121

Sori all parallel to the midribsorrachises . . . . . . . . M

Sori all oblique to the midribs ., . . R 0
Sori partly oblique and partly parallcl to lhe mulnb frond simple,

tapering toapoint . . . . . . XVIIL. CAMPTOSORUS, p. 108
YO &4 v 50 ¢ 64 % 4% B R N
Veins reticulate . . . T \\' \\ OODWARDIA, p. 102

Indusium near the margin ; (erule frond much contracted,
XIII. LOMARIA, p. 101
Indusiym remote from the margin ; fronds nearly uniform,
X1V, BLECHNUM, p. 102
Sori on the upper side of a veinlet, rarely on both sides, .
XVI} ASPLENIUM, p. 103
Sori confluent in pairs, with an apparently dttl‘)he indusium open-
inginthemiddle . . . . . . XVIL ScALOPENDRIUM, p. 107
Sori spread in a stratum on the under surface of the frond,
I. ACROSTICHUM, p. 82
Sori roundish, or not more than twice as long as broad . . . Q
Sori usually linear, always more than twice as longasbroad . R
Stipes articulated to the r(intslmk; fronds (in our species) entire or

simply pinnate . . . . + + o 11, PoLYPODIUM, p. 82
Stipes not articulated to lhe mnlstmk fronds (in our species)
bi—tripinnatifid or ternate, . . . . XIX. PHEGOPTERIS, p. 108
PR . o o s codlyte o e W 6 e TeL S
Fronds pinnate to quadripinnate . . . i B el T
Fronds very narrow, grass-like ; veins uuhsunct free <
VI. VITTARIA, p. 89

Fronds broader ; veins anastomosing . . . . V. TxENiTIS, p, 88

Sori marginal, more or less confluent in a marginal band,
IV. NOTHOLZENA, p. 85
Sori following the veinlets, simple, forked, pinnate, or ‘variously

anastomosing . . . v+« o« HIL, GYMNOGRAMME, p. 84
Sporangia ovate, with transverse ring at apex - . . . . . . v
Sporangia globose without aring . . . . XXX, OsMUNDA, p. 124
Stems scandent, pinne palmate . . . XXVIL Lvcobpium, p. 122
Stems not scandent . . RN A g S ey e

Sporangia in close distichous s;nke\ XXIX. ScHizma, p. 123
Sporangia in copiously branching panicles, XXVIIL. ANEIMIA, p. 123

6
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I. ACROSTICHUM L. ¢
Sporangia spread over the whole surface of the frond or upper 1:12
pinna, or occasionally over both surfaces. Venation and cut- redi
ting various (in our species simply pinnate). Name from Gr. o &
akpos, the summit, and oriyos, a row. A tropical genus con- ¢
taining over 170 species. are
§ CHRYSODIUM. free
1. A.aureum L. Stipes 1°—2° long, tufted, strong, erect,
glossy ; fronds 2°—6° long, 1°—2° broad, upper pinna fertile,
slightly smaller than the barren ones; texture coriaceous; !
areole small, copious, without free veinlets. Florida. _ erec
scal
II. POLYPODIUM L. enti

Sori round, naked, dorsal, in one or more rows each side of unit
midrib, or irregularly scattered. Stipes articulated to root- (
stock. Name from Gr. 7oAvs, many, and wovs, wodos, foot, allud-

covi
ing to the branching rootstock. The largest, most cosmopolitan scal
genus of ferns, containing 350 or more species. cent
§ 1. EUPOLYPODIUM. Veins free; fronds (in our species) _ cori
pinnate, and
* Sori large. " Hul

¢f76)f = I. P.vulgare L. Stipes 2'—4 long, firm, erect; fronds 4 —
10" long, 1'—3' broad, cut nearly or quite to the rachis into entire y
or slightly toothed, usually blunt pinna; veins once or twice g stip
forked. Larger fronds with their pinna sharply serrated and. to ¢
long-pointed form the war. occidentale Hook. New England to 1
westward to Oregon and southward to Alabama. ceol
’ 2?77)‘ =~ 2. P.falcatum Kellogg. Stlpes 5'—8’ long, strannneom tern
fronds 12'—15' long, 4'—8' broad ; pinna numerous, tapermg to - {
a slender point, sharply serrate ; sori nearest the midrib; veins stip
with 2—4 veinlets. (2. glycyrrkiza D.C. KEaton.) California to T broi
Washington Territory. text
** Sori smaller, often minute. reg
3. P.plumula H. B. K. Stipes 1'—4’ long, black, slender; (P,
fronds narrowly lanceolate, 9'—18' long, 1'—2’ broad ; pinnz nu- i
merous, narrow, entire, blunt, lower gradually reduced ; surfaces ,{
naked except the black wiry rachis; veinlets forked, obscure. wil,

(P. elasticum Rich.) Florida. ; the:
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4. P.pectinatum l.. Stipes rigid 2'—6 long; fronds el-
liptical-lanceolate, 1"— $° long, 2'—6' broad, cut to the rachis
into horizontal, entire/or toothed pinnz, the lower ones much
reduced ; rachis naked or finely villose ; veinlets pellucid, once
or twice forked ; sori in long rows, of medium size. Florida.

§ 2. GONIOPHLEBIUM Blume. Veins forming ample reghlar
areol@ (almost imperceptible in No. 5), each with a single distinct
[ree included veinlet, bearing a sorus at its terminus.

* Under surface squamous.

5. P. iIncanum Swz. Rootstock woody, wide creeping, cov-
ered with small brown scales; stipes 1'—4' long, erect, densely
scaly ; fronds 2'—6' long, 1'—1}’ broad, cut to the rachis into
entire pinna; texture coriaceous; sori small; veins indistinct,
united-or frequently free. Vitginia to Illinois, and southward.

6. P.thysanolepis A. Br. Rootstock slender, firm, densely
covered with minute lanceolate scales ; stipes 3 —12' long, erect,
scaly; fronds ovate, 3’—9’ long, 2'—3' broad ; pinnz distant, as-
cendingj blunt, dilated at base (except the lowest), thick, sub-
coriaceous, covered below w‘ith ciliate scales with brown centre
and broad scarious border; areole and sori in a single series.
Iluhchuca Mountains, Arizona (Lemmon), Mexico.

** Under surface mostly smooth.

7. P. Californicum Kaulf. Rootstock creeping, 'chaffy;
stipes® 2'—6" long, stramineous when dry, naked; fronds ovate
to oblong-lanceolate, 4'—9' long, 1'—5' broad, cut nearly or quite
to midrib into finely-toothed pinng; texture papyraceo-herba-
ceous; sori large; veinlets 4—6 to each vein. (Including 2. 7n-
termedium H. & A.) California. :
= 8. P. Scouleri H. & G. Rootstock stout, creeping, scaly ;

stipes 2'—4' long, erect, naked ; fronds thick, 3'—12’ long, 2'—6'-

broad, cut down to rachis into from §—29 close, blunt pinnz;
texture coriaceous, fleshy when recent; sori very large ; veinlets
regularly anastomosing forming a- single series of large areolz.
(P. carnosum Kellogg; P. pachyphyllum D. C. Eaton.) Cali-
fornia and northward.

§ 3. PHLEBODIUM R. Br. Veins forming ample areole, eack
with*two or more distinct, free, included veinlels bearing sor: on
their united poinis.

2906
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9. P.aureum L. Rootstock stout, densely scaly; stipes
1°—2° long, castaneous, naked ; fronds 3°~5° long, 9'—18' broad,
cut nearly to the rachis into broad entire or slightly undulate
pifinae ; areola copious. Florida.

§ 4. CAMPYLONEURON Presl. Primary.veins distinct from
midrib to the edge, connecled by parallel transverse wveinlets ;
areole similar, containing two or more sori.

10. P.phyllitidis L. Rootstock stout, scaly; stipes short
or none; fronds simple, 1°~—3° long, 1'—4  broad, the point
acute, lower part gradually narrowed ; texture rigid, coriaceous;
areole in rows of 6—12 fromymidrib to edge. Florida.

§ 5. PHYMATODES Presl. Areole fine, copicus, irregular, the
Jree veinlets spreading in various dirvections ; sori variousin posi-
tion.

11.. P, Swartzii Baker. Rootstock wide creeping, slender,
covered with linear ferruginous scales ; stipes ¥'—1’ long, slender,
naked; frond simple, 2'—4' long, ¥ —4 broad, narrowed gradu-
ally toward both ends, the edge entire, undulate, or slightly
lobed ; sori uniserial on free yeinlets. (2. serpens Swz.) Key
Largo, Florida (Curtiss).

III. GYMNOGRAMME Desv.

Sori oblong or linear, following the course of the veinlets and
like them, simple, forked, pinnate, or variously anastomosing,
without indusia. Name from Gr. yvuvos, naked, and ypauua,

" line. - Includes about 100 species, mostly tropical.

§ 1. EUGYMNOGRAMME. Veins free, under surface not fari-
. nose.

I. G. Ehrenbergiana Klotzsch. Rootstock creeping ; stipes
grayish, puberulent, 3'—6' long; fronds s5-angled, 1'—3' each
way, hispid above, tomentose beneath, pinnate; lower pinna
much the largest, unequally triangular, pinnate; upper pinna
lobed or crenate. (G. pedata of check-lists not of Kaulf., G. podo-
phylla Hook. in part, G. kispida Mett. and former edition,)
Texas to Arizona. :

§ 2. CEROPTERIS Link. Fronds farinose below.
w2. G.triangularis Kaulf; (GOLD-FERN, GOLDEN-BACK.)
Stipes densely tufted, slender, blackish-brown, polished, 6'—12’
long; fronds 2'—s' each way, deltoid, pinnate; lower pinna
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muclr the largest, triangular, bipinnatifid ; upper pinne more or
less pinnately lobed ; lower surface coated with yellow or white
powder, finally more or less obscured by the fruit. Arizona,
California, and northward.

IV. NOTHOLZENA R. Br. CLOAK‘FERN.

Sbri marginal, at first roundish or oblong, soon confluent
into a narrow band, without indusium, but sometimes covered
at first by the inflexed edge of the frond. Veins free. Name
from Lat. not/us, spurious, and lana, a cloak, alluding to the
rudimentary indusia. Includes 37 species.

§ 1. EUNOTHOLENA. Fyonds not farinose beneath, scaly,”

hairy, or tomentose. ;
~ * Fronds simply pi

1. N. sinuata Kaulf. Rootstock short, thick, very chaffy;
stipes 2'—4’ long, erect; fronds 6'—2° long, 1'-—2 broad ; pinna
numerous, short-stalked, roundish or ovate, entire to pinnately
lobed, lower surface densely scaly. © Texas to ‘Arizona.

2. N.ferruginea Hook. Rootstock creeping, covered with
dark rigid scales; stipes tufted, 2'—4' long, wiry, blackish, woolly
at first; fronds 8'—12' long, §'—1" broad, narrowly- Igpceolate;
pinnz numerous, ovate, pinnatifid, hairy above, densely tomen-
tose beneath, the wool at first whitish, but becoming ferruginous.
(V. rufa Presl.) Texas to Arizona.

** Fyonds bi— quadripinnate.
t Fronds silky-hairy above.

3. N.Parryi* D, C. Eaton. Rootstock short, scaly ; stipes
2'—4' long, dark brown, pubescent with whitish jointed hairs;
fronds 2'—4' long, oblong-lanceolate, tripinnate, lower pinna *
distinct ; segments crowded, roundish-obovate, one line broad,
densely covered above with entangled white hairs, beneath with
a heavier pale-brown tomentum. Utah, California, Arizona.

4. N. Newberryi D.C. Eaton. (COTTON-FERN.) Rootstock
with very narrow dark bristly scales; stipes tufted, 3'—5' long,
blackish-brown, woolly when young, with pale-ferruginous to-
mentum ; fronds 3'—s5' long, lanceolate-oblong, covered most
densely beneath with fine whitish hairs, tri—quadripinnate;

ultimate segments roundish-obovate, §'—3}" broad. California.

YW Fronds slightly hispid above.
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5.- N. Aschenborniana  Klotzsch. Rootstock - short,
creeping ; stipes tufted, 2-—3' long, wiry, ebeneous, densely
scaly; fronds 4'—10'-long, 2'—3' broad, oblong-lanceolate, tri-
pinnatifid ; pinnz lanceolate, cut into linear-oblong, crenate or
pinnatifid pinnules; upper surface pale-green, the lower densely
matted with linear, ciliate, bright ferruginous scales, beneath
.which it is subfarinose ; sori black. Huachuca Mts., Arizona
(Lemmon), Texas (Drummond ), Mexico.

§ 2. CINCINALIS Desv. ZFronds farinose, with white or yel-
low powder (in one species naked).

* Fronds farinose below.
t Fronds deltoid or pentagonal, barely bipinnate.

6. N. candida Hook. Rootstock creeping, with narrow,
rigid, nearly black scales; stipes tufted 3'—6'Jong, wiry, black
and shining; fronds rather shorter than stiﬁdcltoid-ovalc,
pinnate ; lowest pinnae with the lowest inferior pinnules elon-
gateand again pinnatifid, the three or four succeeding pairs lan-
ceolate, pinnatifid into oblong segments, the uppermost pinna
like the segments of the lower; upper surface green ; lower sur-
“face whitish farinose; margin slightly revolute. (V. sulphurea
J. Sm., V. pulveracea Kunze.) Southwestern Texas (Reverchon),
New Mexico ( Wright). .

7. N. cretacea Liebm. Rootstock short, oblique, the scales
rigid, lanceolate, with a parrow membranous margin; stipes
2'—7' long, brownish, wiry, scaly when young; fronds 1'—2'
long, broadly deltoid-ovate to pentagonal, tri—quadripinnati-
fid at base, gradually simpler above ; ultimate segments oblong
or triangular-oblong, numerous, crowded ; upper surface more pr
less covered with deciduous glands; lower surface copiously
farinose with yellow or whitish powder except on the promi-
nent dark-brown rachises; margins more or less recurved, not
covering the sporangia; spores globose, black. (V. Californica
D.C. Eaton.) San Diego County, California (Cleveland, Parish);
Arizona (Parry, Lemmon).

8. N. Hookeri D. C. Eaton. Rootstock short, Censely
covered with rigid lanceolate dark-brown scales; stipes tufted,
4'—8' long, reddish-brown, wiry, shining ; fronds 2’—3’ each
way, nearly pentagonal, composed of three divisions; the mid-
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dle one slightly stalked, rthomboid-ovate, ;h'nnatiﬁd into a few
toothed segments, the second pair larger than the first; the
side divisions sessidg, deltoid, pinnatifid on upper side as in
middle division, but each pearing on the lower side a single
large pinnatifid basal segment, and above it smaller segments
like those of the upper side; lower surface covered with pale-
yeilow powder. (V. cretacea of check-lists nof of Liebm., V.
candida, var. 5-fido-palmato Hook.) Texas to Arizona.

H Fronds lanceolate or linear-oblong, bipinnate or tripinnatifid.

9. N. Grayi Dav. Stipes tufted, 1}'—3} long, terete,
chestnut-brown, with nearly black, rigid, linear-acuminate
scales below, paler, deciduous scales above; fronds 2'—4' long,
$'—1}' broad, oblong-lanceolate, once or twice pinnate, upper
surface sparingly, under thickly covered with white powder;
rachises brown like the stipes, coated with a granular substance
extending down the stipes, and clothed with long, slender, en-
tire or ciliate, pale or whitish scales; pinna short-stalked,
oblique, unequally triangular-ovate, ovate:lanceolate, or lanceo-
late, deeply pinnatifid or pinnately divided into 1 or 2 pairs of
short-stalked or sessile, oblong, pinnatifid, obtuse pinnules, the
remaining portion obliquely pinnatifid with alternate, lobed or
entire segments ; margins unchanged, reflexed ; sori 1)rown in
a continuous line at the ends of the free veins. Southeastern
Arizona.

10. N. Lemmoni D. C. Eaton. Rootstock short, scaly
with narrow, pointed, rigid, dark-brown chaff; stalks dark red-
dish-brown, wiry, 4'—6 long, chaffy at the base with scales a
little wider and more scarious margined than those of the root-
stalk, otherwise smooth ; fronds 6'—9' long, 1'—1%’ wide, linear-
oblong, pinnate with numerous deltoid or ovate, once or twice
pinnatifid pinnz, the lowest ones a little shorter than the mid-
dle ones; upper surface herbaceous-green, smooth ; lower sur-
face covered with white or slightly yellowish ceraceous powder;
sori forming a narrow sub-marginal line; margins of the seg-
ments very slightly recurved. Arizona.

tH Fronds deltoid-otate, tri—quadripinnate at base.

11. N. nivea Desv. .Rootstock short, chaffy with narrow
scales; stipes tufted, 4 —6" long, wiry, black and polished ;
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fronds 3'—6' long, 1¥—2' broad, ovate, lanceolate, triangular-
ovate or deltoid, tripinnate; primary pinne mostly opposite,
the rachises nearly straight ; pinnules long-stalked ; segments
roundish, nearly as broad as long, terminal ones largér, entire
or 3-lobed ; upper surfaces green, smooth, lbwer densely coated
with pure white powder; sori brown, often descending the free
veins half-way to the midvein. \Arizona, New Mexico. N

Var. dealbata Dav. Segmeats smaller, more numerous, tinty
longer than broad, terminal ones|rarely lobed. (V. dealbata 3
Kunze and former editions. Cheilapthes"dealbata Pursh.) Up- %
per Missouri to. New Mexico and Ar\&Qna.\ y rowe

12. N. Fendleri Kunze. Stipes densely tufted, dark- often
brown, 3'—5' long; rachis and all its branches zigzag and furro
flexuous; fronds broadly deltoid-ovate, 3'—5' each way, quad-, gustt
ripinnate below, gradually simpler above; pinna alternate;
ultimate pinnules oval or elliptical, simple or 3-lobed. Colo-
rado, New Mexico, Arizona.

** Fronds naked below.
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13. N. tenera Gillies. Stipes tufted, brownish, smooth fork
and shining ; fronds 3'—4' long, ovate-pyramidal, bi—tripinnate ; allud
pinna mostly opposite, distant, the lower ones somewhat trij mos
angular; ultimate pinnules ovate, often sub-cordate, obtusd, §

smooth, and naked or both surfaces; possibly only a form g 4
N. nivea. Southern Utah, California,

: V. TZENITIS Swz.

bla¢
Sori linear, but the line sometimes interrupted, central or :
sub-marginal. Veins reticulate. Name from Lat. Zenza, a

band. Includes five species, all tropical.
1. T.lanceolata R. Br. Rootstock creeping; stipes 1'—
2' long ; fronds simple, 6’13’ long, $—4% broad, tapering both
ways, the edge entire or sometimes crisped, midrib prominent ;
veins immersed, the exterior free and clubbed at their apices;
sori ante-marginal, in a continuous line near the apex. (Lingua
. cervina Plum., Pleris lanceolata L., Pleropsis lanceolata Desv.,
Neurvodium lanceolatum Fee.) Old Rhodes Key, Florida (Cur-

17ss).
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)
VI. VITTARIA Sm. GRASS FERN.

Sori l‘iahear, continuous, in two-lipped marginal grooves or in
slightly intramarginal lines, with the unaltered edge of the frond
produced beyond and often rolled over them, but without spe-
cial indusia. Fronds narrow, grass-like. Veins free. Name
from Lat. vztta, a fillet or head-band. A tropical genus con-
taining 13 species.

§ TENIOPSIS ]J. Sm. ,

1. V.lineata Sm. Fronds 6'—18' long, 1""—5" broad, nar-

rowed gradually downward to a stout compressed stem, the edge
often reflexed; sori in a broad intramarginal line in a slight
furrow, the edge of the frond at first wrapped over it. (V. an-

gustifrons Michx.) Florida. )

VII. ADIANTUM L. MAIDENHAIR,

Sori marginal, short, covered by a reflexed portion of (he
more or less altered margin of the frond, which bears the spo-
rangia on its under side from the approximated tips of free,
Name from Gr. a, without, and d:aivw@, to wet,
Includes over 8o species,

forking veins.
alluding to the smooth foliage.

mostly from Tropical America.
§ EUADIANTUM.
* Fronds at least bipinnate, pinnules flabellate or cuncate.
O\ t Fronds smooth.

1. A. capillus-veneris L. (VENUS' HAIR.) Stipes nearly
black, polished, very slender; fronds ovate-lanceolate, delicate,
bipinnate, the upper half or third simply pinnate ; pinnules and
upper pinna wedge-obovate or rhomboid, rather long-stalked,
the upper margin rounded and more or less incised, crenate,
or acutely dentato-serrate, except where the margin is recurved
to form the lunulate separated indusia. Virginia, Kentucky,
and Florida to Utah and California.

2. A. tenerum Swz. Stipes 1° high, erect, glossy; fronds
1°—3° long, 9'—18' broad, deltoid, tri—quadripinnate ; pinnules
articulated to their petioles, falling off at maturity, cuneate, the
upper edge rounded or somewhat angular, broadly, often rather
deeply lobed ; sori numerous, roundish, or transversely oblong.

Florida.
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. / A. emarginatum Hook. Stipes rather stout, nearly
black, polished ; fronds ovate or deltoid-pyramidal, bi—tripin-
nate; pinnules and upper pinna amplé€, smooth, or nearly so,
rounded or even reniform, upper margin rounded, slightly in-

or |

usui
cised ; sori 2—j3, transversely linear-oblong, subcontinuous. (4. bly
tenerpem Torr.) California and northward. clef
W Fronds pilose, with whitish hairs. | “”C’
4. A. tricholepis Fee. Stipes smooth, polished, deep ot ]
black ; fronds oval ; pinnules roundish, moderately long-stalked ; tific
sori few (3—7), ‘of unequal size; indusia very velvety. (4. bro:
dilatatum Nutt.) Western Texas. o
** Fronds dichotomously forked, with numerous pinna spring- one
ing from the upper side of the two branches. the
Ala

2997x —5. A.pedatum L. Stipes 9'—i15 long, dark chestnut-
brown, glabrous; fronds nearly circular in outline ; central pin- s
ne 6'—9g' long, 1'—2" broad; pinnules triangular-oblong, sliort- sub-
stalked ; sori roundish or transversely oblong.
« Var, rangiferinum Burgess. Pinnules longer-stalked and

ran
deeply cleft into narrow-toothed lobes on the upper side. Mount frot
Findlayson, British Columbia. i bipi
v pin

VIIL. PTERIS L. BRAKE. !

Sori marginal, linear, continuous, occupying a slender fili- tire
form receptacle which connects the tips of the free veins. In- mir
dusium membranous, formed of the reflexed margin of the Flo
frond. Name from Gr. #répis, a fern, from wrepor, a wing, al- o
luding to the prevalence of pinnate fronds. A cosmopolitan me
genus containing 103 species. typ

§ 1. EUPTERIS. Veins free, stipes tufted, indusium single. T

* Lower pinne linear, undivided.

I. P.longifolia L. Stipes 6'—12' long, clothed more or
less below with pale-brown scales; fronds 1°—2° long, 4'—¢' rou
broad, oblong-lanceolate ; pinna sessile}2'—s5" broad, linear, of 1
entire ; veins close and fine, usually once branched ; indusium mo
yellowish brown. 'Florida. lip,

gel
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¥ Lower pinne forked or slightly ﬁ/'}tmzlz”f below. '

2. P. Cretica L. Stipes 6'—12'~long, erect, stramineous
or p(llc-brb\vn; fronds 6'—12’ long, 4'—8' broad, lateral pinna
usually in 2—6 opposite sessile pairs, the sterile ones considera-
bly the broadest and spinulose-serrate the lower pairs often
cleft nearly to the base, into two or thré linear pinnules ; veins
fine, parallel, simple or once forked ; indusium pale. Florida.

3. P.serrulata Linn. f. Stipes 6'—9' long, naked, pale
or brownish ; fronds 9'—i18' long, 6'—9' broad, ovate, bipinna-
tifid, the main rachis margined with a wing which is 1"—2"
broad, at the top and grows narrower downwards ; pinna in six
or more distinct opposite pairs, upper ones simple, the lower
ones with several long linear pinnules on each side, the edge of
the barren ones spinulose-serrate ; veins simple or once forked.
Alabama (Mokr), Macon, Georgia (Farnell).

§2. PasiA St. Hilaire. Veins free, rootstock creeping, stipes
sub-distant, indusium more or less double.

—4. P.aquilina L. Rootstock stout, wide-creeping, subter-%27§6

ranean ; stipes 1°—2° high, erect, stramineous or brownish;
fronds 2°—4° long, 1°—3° wide, ternate, the three branches each
bipinnate; upper pinnules.undivided, the lower more or less
pinnatifid. North America everywhere.

Var. caudata Hook. Pinnules sometimes linear and en-
tire, or with less crowded segments than the type and the ter-
minal lobe linear and entire. (2. caudala L.) New Jersey to
Florida and Texas. Py
«= Var. lanuginosa Hook, Fronds silky-pubescent or to-
mentose, especially on the under surface; otherwise as in the
typical form. (2. lanuginesa Bory.) Utah, California and
northward. .

IX. CHEILANTHES Swz. LIP-FERN,

Sori terminal or nearly so on the veins, at first small and
roundish, afterwards more or less confluent. Indusium formed
of the reflexed margin of the frond, roundish and distinct, or
more or less confluent. Veins free. Name from Gr. yetdos, a
lip, and a@rfos, flower, alluding to the lip-like indusia. A
genus of 65 species of tropical and temperate zones,
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§ 1. ADIANTOPSIS Fee. Zndusia distinct, roundish, confined
lo the apex of a single veinlel.

1. C. Californica Mett. Rootstock short, creeping,
chaffy; stipes densely tufted, dark-brown, glossy, 4'—8' long;
fronds 4’ or less each way, broadly deltoid-ovate, smooth on
both surfaces, quadripinnatifid ; lower pinna largest, triangular;
upper ones gradually smaller and simpler; ultimate segments
lanceolate, acute, incised or serrate ; indusia membranous.
(Aspidotis Californica Nutt., Hypolepis Californica Hook.) Ca-
lifornia.

2. C.Pringlei Dav, Rootstock slender, creeping, clothed
with linear-lanceolate scales; stipes 13 —44' long, reddish or
chestnut brown, scaly at base and sparingly above; £r0nd5 1'—
2}’ long, nearly as broad, triangular or ovate-deltoid, bi—tripin-
nately divided into §—7 pairs of pinnz, opposite¢ and spreading
in the smaller sterile fronds, alternate and erecto-patent in the
larger fertile fronds, naked, dark-green; pinne §'—13' long, the
lower unequally deltoid or ovate, bipinnate, the uppermost ob-
long, pinnate or deeply pinnatifid; pinnules ovate or oblong,
pinnately divided or cleft into oblique segments, which are again
deeply cleft into cuneate, -strap-shaped divisions, those of the
largest segments again deeply cut into marrow, obtuse, cuneate
10?5, the recurved tips in fertile fronds forming distinct her-
baceous involucres with entire or ‘slightly crenulatey margins ;
sori one to each ultimate lobe on the apex of a free veinlet.
South-eastern Arizona (Pringle). 5

§ 2. EUCHEILANTHES. /ndusia more qr less comfluent, usu-
ally extending over the apices of several weinlets, but not continu-
ous all round the segments ; segments mostly flat, not. bead-like.

* Segments of thg frond smooth.

.t Pinne few, not more than 5—6 pairs.

'

3. C. Wrightili Hook. Stipes castaneous, slightly chaffy
at base, 1'—2' long; fronds 2'—3' long, ovate-oblong, tripinnat-
ifid, segments more or less incised; indusium sub-continuous
or interrupted, similar to frond in texture. Western Texas to
Arizona.

Y Pinne nuperous.

4. C. microphylla Swz. Rootstock short, creeping?
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\
stipes dark-brown, glossy, rusty pubescent on the upper side,
4—6'long; frdnds 4'—6' long, ovate-lanceolate, bi—tripinnate ;
pinna lanceolate, the lowgst ones usgally largest and more del-
toid; pinnules oblong or deltoid-ovate, deeply incised or pin-
nate; indusium similar in texture to frondhinterrupted or.sub-
continuous. Florida, New. Mexico. g
5. C.Alabamensis Kunze. Rootsfock creeping, clothed
with slender brown scales; stipes black with scanty ferruginous
wool ; fronds 2'+10' long, narrowly lanceolate, bipinnate ; pinnae
close, ovate-lanceolate, the lowest ones not emlarged, usually
smaller than those above; pinnules mostly acute, often auricu-
late on the upper side at the base; indusia pale, membra-
nous, interrupted only by the incising of the pimnules. (Pellea
Alabamensis Baker, Pterss -Alabamensis Buckley.) Virginia,

" Alabama, Tennessee to Texas and Arizona (Lemmon).

: ¥¥ Segments of the frond glandular viscid.

. 6. C.viscida DaV. Stipes/3'—5g' long, wiry, blackish, chaffy
at the base with narrow ferruginous scales; fronds 3'—s' long,
§—1' broad, narrowly oblong, pinnate, with 4—6 distant
pairs of nearly sessile, deltoid, bipinnatifid pinnze; segments
toothed, minutely glandular and "everywhere _viscid; tce&h of
segment recurved, forming indusia. California}

¥ Fronds somgwhat hairy and glandular, ngt tomentose.

t Fronds 1{rllﬂz}l-§(n'(1/(',- stipes_ strantineous.

7. C.lewcopoda Link. Stipes 3—4 long, stout, chaffy at
base ; fron(gz' —4' ‘long, deltoid-ovate, quadripinnate at base,
gradually simpler above, everywhere glandular-puberulent;
lowest pair of pihna unequally deltoid-ovate, upper ones ob-
long; pinnules short-stalked ; ultimate pinnules divided into
minute rounded lobules, strongly revolute when fertile. Texas.

tt Fronds ovate-lanceolate; stipes brownish.

8. C.vestita Swz. Stipes tufted, 2'—4' long, wiry, chest-
nut-brown ; fronds 4'—9’ long, 1'—2' broad, tripinnatifid; pinna
somewhat distant, lanceolate-deltoid ; segments more or less
thickly covered with acute hairs ; sori copious ; indusia formed
of the ends of roundish or oblong lobes. (Nephrodium lano-
sum Michx.) New York to Kansas and southward to Georgia.

9. C. Cooperz D. C.Eaton. Stipesdensely tufted, fragile,

4
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flairy with straightish nearly white articulated hairs, which are
usually tipped with a glandular and viscid enlargement ; fronds
3—8' long, bipinnate, the pinna rather distant, oblong-ovate ;
pinnules roundish-ovate, crenate and incised, the ends of the
lobules forming herbaceous indusia. California.
§ 3. PHYSAPTERIS Presl. Ultimate segments minute, bead-
like ; indusium usually continuous all vound the margin ; fronds
- (in our species) bi—quadripinnate, the lower surface scaly or tomen-
lose or both.

Fronds hairy or tomentose beneath, not scaly.

t Upper surface naked or nearly so.
~10. C. gracillima D. C. Eaton. (LACE-FERN.) Stipes

densely tufted, 2'—6' long, dark-brown ; fronds 1'—4' long, nar-,

rowly ovate-lanceolate, bipinnate; pinna numerous, crowded,

pinnately divided into about nine oblong-oval pinnules, at first

slightly webby above, soon smooth, heavily covered bemeath
with pale ferruginous matted wool; indusia yellowish-brown,
formed of the continuously curved margin. (C. vestita Brack.)
California, Oregon, British Columbia.

I1. C.lendigera Swz. Rootstock cord-like, creeping, cov-
ered with narrow scales; stipes rather distant, 4'—8' long, at first
loosely tomentose, at length nearly smooth ; fronds 4'—8' long,
ovate-oblong, tri—quadripinnate; ultimate pinnules small,
cuneate-obovate, pouch-like from the recurved margins, green
above, hairy below. Huachuca Mts., Arizona (Lemmon).

tt Upper surface decidedly pubescent.
{ Stipes tomentose or smooth.

w=12. C. lanuginosa Nutt. Stipes densely tufted, slender,
at first clothed with woolly hairs, at length nearly smooth ;
fronds 2'—4' long, ovate-lanceolate, tripinnate or tripinnatifid,
rarely bipinnate ; pinna deltoid below, oblong-ovate above, the
lowest distant; ultimate pinnules minute, the terminal one
slightly largest, crowded ; upper surface scantily tomentose, the
lower densely matted with whitish-brown, woolly hairs; indu-
sia narrow, formed of the unchanged margin. (C./Zanosa Eaton,
C. vestita Hook. in part, C. gracilis Mett., Myriopteris gracilis
Fee.) Illinois to Texas, Arizona, and British America.

13. C. tomentosa Link. Stipes tufted, 4'—6' long, rather
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