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INTRODUCTION.

Writing about the ferns of China, Christ says, “It has been be-
lieved and is still believed, that the distribution of ferns differs essen-
tially from that of Phanerogams, in that the former have more extended
ranges, and that endemism among them is less marked. Nothing is
more incorrect. In specialization of species and endemism, the class
of Pteridophytes is on a level with the remainder of the flora. Wher-
ever the flora has an original character, and endemic forms play a
great part, wherever types vary, and give rise to a circle of derived
forms, these peculiarities appear strongly also among the ferns.” !

1 On a oru, et on croit encore, que la dispersion des Fougdres différe essentiellement de celle des
Phanérogams dans ce sens que les premidres auraient des aires plus vaste, et que I’endémisme
serait moins accentué. Rien n’est plus inexact. La spécialisation des espéces et endémisme
dans la classe des Ptéridophytes, vont de pair avec le reste de la flore. Partout ol la flore a
un caractdre original et ot les formes endémiques jouent un grand role, partout ou les types
varient et s’entourent d’un cercle de formes dérivées, ces particuliarités s’étendent tout aussi
bien sur les Fougéres. Christ, H., Les Collections de Fougéres de la Chine au Muséum
d’histoire naturelle de Paris. Bull. Soc. Bot. de France, lii. Mém. i. 9 (1905).



170 Rhodora [SEPTEMBER

" Nevertheless, the commonly accepted range of some of our most
familiar ferns is much more extended than is usual in the case of
Phanerogams, and not infrequently is quite at variance with the laws
of distribution which have been worked out for the latter type of
plants.

In a recent examination of the ferns of the Selkirk Mountains it
occurred to the author to make a critical study of some of the forms
which are supposed to have a very wide and somewhat anomalous
range. It appeared that, in the treatment of closely related species
of ferns, and of races within the species, too much reliance had been
placed on such superficial characters as details in the form and cutting
of the fronds, characters of a kind which botanists have found to be
peculiarly unreliable in most groups of plants. It seemed that a
study of such technical characters as the size, form and sculpture of
the spores, and details of the structure of the sporangia, sori, indusia
and scales, might reveal characters of a more stable nature than the
purely vegetative ones usually employed. As will be seen in the fol-
lowing series of papers, this study has led, in the case of several of our
common groups of ferns, to the separation of species and varieties, in
other cases to the recombination of forms supposed to be distinet, and
the races characterized by the same technical characters have been
found in all cases to have geographical ranges quite in harmony with
well-known laws of the distribution of flowering plants.

I. THE GENUS ATHYRIUM AND THE NORTH AMERICAN
JFERNS ALLIED TO ATHYRIUM FILIX-FEMINA.

1. TaE GENUS ATHYRIUM.

Fern genera are traditionally unsatisfactory, and in no part of the
group are they more so than in the alliance of which the lady fern is a
member. These form a naturally compact group in which it is some-
times difficult to distinguish clearly between the species, yet in some
treatments of the ferns the species described below have been rele-
gated to as many as three different genera, while Athyrium Filiz-femina
itself has been placed by reputable authors in at least four of the larger
fern genera. This is largely due to the attempt, current throughout
the latter part of the eighteenth, and much of the nineteenth century,
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to rely entirely upon the structure of the sorus and indusium for
generic distinctions and delimitations. This attempt is now seen to
have resulted in an artificial system entirely comparable to the Lin-
naean system of classification of flowering plants. In some cases,
particularly in highly specialized groups, it resulted in bringing
together related forms, but it often led to obvious absurdities both of
aggregation and of separation. It naturally resulted in particularly
illogical results in such a group as Athyrium, where the sorus is a
peculiarly variable and unstable organ.

The genus Athyrium Roth ex Mertens! was originally founded
entirely upon soral characters which further investigation has shown
to be illusory. In view of this it is not strange that botanists like
Mettenius and Hooker should have found it impossible to maintain
the genus, and should have considered it merely as a section of Asplen-
um. In 1866 and 1870, Milde, however, in two notable papers *
showed that the lady fern and its relatives differ in several respects
from the true Asplenia, and refounded the genus Athyrium on a firmer
basis. He laid particular stress on the structure of the scales in the
two genera and on differences in the vascular structure of the frond.
He also pointed out that Phyllitis (Scolopendrium) and Camptosorus
agree with Asplenium in both of these respects, while Diplazium, sev-
eral of the other genera of Asplenieae, and the more primitive genera.
of the Aspidieae agree with Athyrium. In his second paper he confirms
his earlier results so far as the differences between Athyrium and
Asplenium are concerned, but he confesses that he is unable to main-
tain any generic difference between Athyrium and Diplazium, and he
accordingly transfers a long list of species from the latter genus to
Athyrium.

In general, the distinctions pointed out by Milde hold very well,

! Auszug eines Briefes von Hrn. Prof. Mertens in Bremen an den Herausgeber, Romer’s Archiv
fiir die Botanik, ii. pt. 1, 105 (1799).

Roth, A. G., Tentamen Florae Germanicae, iii. 58 (1800).

Roth’s diagnostic character was the recurved sorus. Though his description of the genus:
was evidently based almost wholly on A. Filiz-femina, which has since been considered the type
of the genus, and on its various European forms, which he treated as distinct species, he listed
as the first species A. fonfanum, a genuine Asplenium with no close affinity to the lady fern.
This species often has some of its sori recurved, and rarely has a few of them hooked as in true:
Athyrium. Roth’s reason for placing this fern first was evidently merely that he was arrang-
ing all of the species in order, with the least compound first. That he did not consider it typical
is evident, as it differs in several respects, notably in its entire indusia, from his generic deserip-
tion.

: Milde, J., Das Genus Athyrium. Bot. Zeit. xxiv. 373 (1866).
1d., Ueber Athyrium, Asplenium und Verwandte, Bot. Zeit. xxviii. 320 et sqq. (1870).
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though there are a very few species of Diplazium in which one or the
other breaks down. Such partially intermediate species occur, how-
ever, throughout the ferns, and any attempt to unite the larger fern
genera on such grounds would result in reducing such a family as the
Polypodiaceae to a very few genera — possibly to a single genus.

The scales of Asplenium consist of oblong cells, apparently nearly
square in cross section, and the vertical interior cell-walls are dark
colored and much thickened, while the superficial and marginal walls
are very thin and transparent. This gives the scale, under the
microscope, a clathrate appearance. In Athyrium, on the other hand,
the typical scales are composed of elongated, more or less fibrous cells
which are somewhat rounded in cross section, and all parts of the cell-
wall are equally thickened, sometimes slightly, sometimes very greatly.

Fig. 1. Structure of the stipe in the genera Athyrium and Diplazium. A-D, Athyrium
angustum (Willd.) Presl. A, lower part of the stipe, X 5; B, upper end of the stipe, X 5; C,
rachis of the frond; D, midrib of a pinna, X 10; E, F, Diplazium planiaginifolium (L.)
(Brazilian material). E, stipe, X 10; F, midrib of the blade, X 10; G, H, D. grandifolium
Sw. G, stipe, X 10; H, midrib of the blade, X 10.

L

The result is that, under the microscope, there is no such contrast
between walls and lumina as is seen in the scales of Asplenium. Similar
scales are found in Cystopteris, in Dryopteris, in Diplazium and in
several other genera. In some species of Athyrium and in many
species of Diplazium, the much reduced scales which occur along the
rachis and veins of the frond, and especially in the axils of the pinnae,
are somewhat clathrate, but the large basal scales, occurring on the
rhizome and on the bases of the stipes are of the characteristic form
just deseribed.

In Athyrium and Diplazium the structure of the stipe and the
rachis is rather uniform (see fig. 1). Two large bundles enter the
base of the stipe. These may be nearly parallel, but more com-
monly they are somewhat inclined towards each other on the ab-axial
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side of the stipe. They are usually well separated from each other
and in a frond broken off at the base, they often project as two per-
fectly distinct fibrous cords. Taken as a whole, the xylem groups of
the bundles are somewhat concave on their inner faces, though their
central portion usually curves in the opposite direction. The tips of
the xylem groups, and especially those facing the ad-axial side of the
stipe are always sharply inflexed towards the middle of the stipe.
These inflexed tips of the xylem may extend in at a sharp angle to the
main mass of the xylem, in which case they are very conspicuous,
or they may be completely inflexed, so as to lie closely applied to the
inner face of the main xylem mass. Milde noted the existence of these
inflexed parts of the bundle in those ferns in which they are conspicu-
ous, but he seems to have overlooked the entirely parallel condition

Fig. 2. Structure of the stipe in the genus Asplenium. A, B, A. Trichomanes L. A lstipe,
X 10; B, detail of the xylem of A. C-F, A. viride Huds. C, base of stipe, X 10; D, upper
part of the stipe, X 10; E, detail of the xylem of D; F, rachis of the frond, X 10; G, H,
A. bulbiferum Forst. G, stipe, X 3}. H, rachis of the frond, X 3}. I-K, A. fragrans Sw.
I, stipe, X 23; J, detail of the xylem of I; K, rachis of the frond, X 5.

in such species as Athyrium Filiz-femina in which the tips of the
xylem are so much inflexed as to be almost hidden against the mass
of the bundle. Sooner or later the two bundles unite by their dorsal
extremities into a single U-shaped, or rarely V-shaped bundle. The
structure of the stipe of Dryopteris Thelypteris (L.) A. Gray, D. mon-
tana (Vogler) Watt and other related species of Dryopteris is identical
with that of Athyrium.

In Asplenium the vascular structure of the stipe is less uniform,
and Milde recognizes four classes of structure in this genus, besides
certain anomalous cases (see fig. 2). There are two small, centrally
located bundles, which may be free throughout the length of the
stipe and rachis, or may be united above, or even throughout.
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When separate, they are more or less crescentic, with the convex side
facing towards the middle of the stipe. The ad-axial tips of the
bundles are never inflexed. When the two bundles are united, the
compound bundle is usually X, Y, or T-shaped. Very rarely, as in
Asplenium fragrans Sw. (A. mexicanum Mart. & Gal.) and A. biparti-
tum Bory (A. auritum Watt), the compound is V-shaped, but even
then it is not entirely like that of Athyrium. Thus we find that in
Asplenium fragrans, the compound bundle is formed, not by the union
of the true ab-axial extremities of the component bundles, but by the
junction of the points of narrowly V-shaped bundles (I and J, fig. 2).

There are certain minor points in which Asplenium nearly always
differs from Athyrium and Diplazium. In the first mentioned genus,
the walls of the sclerenchymatous cells of the stipe have a distinctly
red color,— it is this which gives the characteristic red-black hue to
the stipes of many species of Asplenium. In Athyrium and Dilpazium
on the other hand, the sclerenchymatous cells of the stipe have yellow
or yellow-brown walls. A similar difference obtains in respect to the
thickened walls of the cells of the scales.

In Asplenium the veins of the ultimate segments tend to be
repeatedly dichotomous, while in Athyrium and Diplazium the veins
are pinnate, and the veinlets are either simple or once forked. Very
rarely indeed in these genera is a vein forked twice.

The distinctions between Athyrium and the genera Diplazium and
Dryopteris are based entirely on the character of the sorus. As has
already been stated, this organ in Athyrium is very variable and in
many species two, or even three distinct types of sorus occur, even on
the same frond. The simplest of these types from the descriptive
stand-point, though almost certainly not the most primitive, is that
which is characteristic of the genus Asplenium (see fig. 3). Here
the sorus extends for a greater or less distance along the anterior side
of a vein,! and is covered by an indusium, which grows out from the

! When the subtending vein is forked or otherwise branched, the primary sorus occurs on the
anterior side of the anterior branch of the vein. Secondary sori may occur on the posterior
side of the anterior branch, and the anterior side of the posterior branch, and in corresponding
positions on the other branches if there are any. It is to be noted that the secondary sori are
always on the anterior side of the veinlets, if we consider their orientation in regard to the group
of veinlets, viewed as an ultimate segment of the frond, rather than in respect to the seg-
ment of the next lower order, which controls the position of the primary sorus. As has been
pointed out by E. J. Winslow (Double Sori in Athyrium, Am. Fern Journ. iii, 88, 1913), it is at
such points of confused and indeterminate orientation that diplazioid and athyrioid sori espe-
cially tend to develop.
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subtending vein and lies upon the sporangia. In the genus Athyrium
such sori seem always to be in close contact with the subtending vein
throughout their entire length, and never, as in some species of
Asplenium, to curve away from it at the ends. Asplenioid sori vary
greatly in length, but are otherwise quite uniform in character. The
indusium is raised and pushed back by the developing sporangia, and
at maturity is often completely reflexed.

The sorus characteristic of the great tropical genus Diplazium and
found also in some species of Asplenium and Athyrium, consists of two

Fig. 3. Fig. 4.

Fig. 3. Asplenioid sori. A, B, Asplenium plafyneuron (L.) Oakes. A, pinna, X 2§; B,
Yyoung sorus, X 10, the sporangia indicated as if seen through the transparent indusium, C,
sorus from the distal portion of the pinnule of Athyriam Filiz-femina (L.) Roth., I-1, line meas-
uring the length of the indusium, h-h, line measuring its height.

Fig. 4. Diplazioid sori. A, Diplazium acrostichoides (Sw.) Butters, X 124; B, Athyrium
asplenioides (Michx.) Desv., X 12}; C, portion of the frond of Diplazium plantaginifolium (L.)
Urban, natural size,

asplenioid sori standing back to back along the same vein (see fig. 4).
Such sori may vary not only in their absolute length (in some species
of Diplazium reaching over 2 cm.) but also in the relative length of
the component parts. In general, the anterior sorus is longer than
that on the posterior side of the vein. In typical Diplazium the
indusia wither at maturity.

The characteristic athyrioid sorus may be described as an asple-
nioid sorus which at the distal end crosses the subtending vein (see
fig. 5). Athyrioid sori display great diversity of form. At the distal
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end, the sorus may barely cross the veins so as to be slightly hooked,
a “hamate” sorus, or it may develop a considerable posterior limb,
becoming horse-shoe shaped, or “hippocrepiform.” In the latter
case the two limbs may lie close to-
gether, or the posterior limb may lie
at a visible distance from the sub-
tending vein. Moreover, the entire
sorus may be several millimeters long,
or may be so short as to appear
nearly round. In typical Athyria,
the indusium of the mature sorus 18
reflexed wherever there is sufficient
room, and at the curved distal end,
it is crowded up into a vertical posi-
tion in the midst of the sporangia.

L o L .It is easy to see that ?h'e conditiotn
Filizfemina (L.) Roth, 1, length, h-n, 1 @ very short athyrioid sorus 13
height of the indusium. C, A. angustum but a brief step from that which

(Willd.) Presl. D, A. asplenioide iy :
(Michx) Desv. A and D are hippe. ODtains in such a fern as Dryopteris

crepiform, B and C, hamate. Thelypteris (1..) A. Gray, in which
an essentially round sorus is covered
by a centrally placed indusium shaped like an umbrella, but discon-
tinuous on the proximal side. Finally, in a very short sorus, only
that part may be present which crosses the vein, and the indusium
may then also merely cross the vein, usually somewhat obliquely and
just behind the sorus, a condition very like that found in the genus
Cystopteris. Cystopterid sori are also fairly common in some of the
more primitive species of Dryopteris, e. g. D. Thelypteris and its allies.
In this connection it is interesting to note that Bower! considers
Cystopteris as a relatively primitive type from which the Aspidieae
have probably developed, and it seems equally probable that Athyrium,
and through it the other genera of Asplenieae have developed from
a similar origin.
It is readily seen, that with such variability of the sorus, it is not
easy to define the limits of the genus Athyrium. In this connection

there are two major problems, the limit between Athyrium and
Dryopteris, and the question of the genus Diplazium.

! Bower, F. O., The Origin of a Land Flora, 615 (1908).
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As Copeland has well pointed out,! Athyrium and Dryopteris are
both relatively primitive genera of Polypodiaceae, presumably with a
common origin, and between the more undifferentiated species of the
two genera there is really no definable difference. In both groups,
species occur with small hippocrepiform, round and cystopterid sori
mingled on the same frond, and it becomes necessary to judge such
cases, each on its individual merits. Thus Athyrium mongolicum
(Franch.) Diels, which has many cystopterid and dryopterid sori
mingled with other athyrioid ones is more closely allied to the Filiz-
femina group of Athyria, than to any species of Dryopteris, while
Dryopteris Schaffneri (Fée) C. Chr., with a similar assortment of sori,
is obviously a member of the somewhat specialized section Goniopteris
of the genus Dryopteris. Similarly, in one of the species discussed in
this paper, Athyrium alpestre (Hoppe) Rylands, evidence from the
sorl is at best very slight, and in some of its forms, as, for example,
that found in America, such evidence is entirely wanting, yet, so
closely do some of its forms approach to certain forms of the common
lady fern, that the two species can scarcely be kept separate, and there
can be no question of the generic position of Athyrium alpestre in any
natural classification of ferns.

In this connection, it is well to note that Christensen ? has found
the type of pubescence very useful in classifying ferns of the genus
Dryopteris, and it bids fare to be equally useful in delimiting the
groups of the genera Athyrium and Diplazium, and in indicating the
true affinities of certain anomalous species.

In the direction of Diplazium the limits of the genus Athyrium are
even harder to define. As stated above, Milde * decided finally that
this is an impossible task, and he then merged the two genera, whi}e
Copeland holds * that the Asiatic Diplazia have had a multiple origin
from the typical Athyria, and therefore cannot properly be regarded
as constituting a genus. The Asiatic forms of Diplazium, and of
Athyrium also, are certainly much more complex in their relationships
than the American forms, and the final settlement of this question
will depend on a careful working out of the lines of evolution of the

! Copeland, E. B., A Revision of the Philippine Species of Athyrium. Philip. Journ. of Sei.
Bot. iii. 285 (1908). ;

? Christensen, C., On a natural Classification of the species of Dryopteris. Biol. Arb.
tileg. Eug. Warming (1911).

3 Milde J., Ueber Ath. etc., Bot. Zeit. xxviii. 329 (1870).

! Copeland, E. B., loc. cit.
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Asiatic groups. As both of the genera involved are already of con-
siderable size,— according to Christensen’s Index, Athyrium has 85
valid species, and Diplazium, 206,— a merging of them seems undesir-
able unless it is absolutely required by considerations of taxonomic
honesty. So far as American ferns are concerned, the author finds
that Athyrium acrostichoides (Sw.) Diels shows, in the thickened walls
of the cells of its indusium, and in its pubescence, far closer kinship
for the ordinary type of tropical American Diplazium, than for ferns
of the lady fern group, and the same is true of Athyrium angustifolium
(Michx.) Milde.! It seems that it may be possible eventually, to
limit the genus Athyrium to the lady fern and its immediate allies,
and possibly to form two or more genera out of the more remote
groups of Athyria and Diplazia, but careful monographic work upon
the whole complex is very much needed at the present time.

Fimally it appears that the contact between these ferns and the true
Asplenia is through once pinnate (or possibly entire leaved) tropical
forms such as Diplazium semihastatum (Kze.) C. Chr. and Asplenium
bipartitum Bory, as it is only among ferns of this general type, that any
forms with intermediate vascular structure oceur. While the larger,
2-3 times compound Asplenia sometimes closely simulate certain spe-

cies of Athyrium, the structural differences are always perfectly sharp
and clean cut.

The close resemblance of the western ferns commonly classified as
Athyrium cyclosorum to certain European forms of 4. Filiz-femina,
led to an examination of all the American and old world material of
these species in the Gray Herbarium. From this examination certain
conclusions were reached, which are discussed at length below. These
conclusions are as follows:

1. That in the eastern United States and Canada there are two
distinct species of lady ferns, neither of which is conspecific with
A. Filiz-femina (L.) Roth of Europe. One of these two species,
A. asplenioides (Michx.) Desv. is prevailingly southern in its distribu-

tion, the other, A. angustum (Willd.) Presl, is prevailingly northern.
2. That the ferns of the northwest are conspecific with the Euro-

! In the opinion of the author these ferns should be known as Diplazium acrostichoides
(Sw.), comb. nov. (Asplenium acrostichoides Sw. Schrader’s Joarnal 1800, ii. 54 (1801),
Asplenium thelipterioides Michx., F1. Bor.-Am. ii, 265 (1803), Diplazium thelipteroides Presl,

Tent. Pterid. 114, 1836) and Diplazium angustifolium (Michx.), comb. nov. (Asplenium
angustifolium Michx., F1. Bor.-Am. ii, 265, 1803).
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pean plant, but, in some cases, differ from the common European forms
of 4. Filiz-femina in certain minor points, and are then best regarded
as a geographical variety of that species.

3. That the lady ferns of California, and the southern Rocky
Mountains differ more markedly from the European plant, but are
not clearly distinct from the more northern form, and therefore are
best considered as a second, and much more aberrant geographical
variety of 4. Filiz-femina.

4. That a boreal and high alpine fern found in eastern Quebec and
in the alpine areas of western North America, is a clearly distinet
geographical variety of the old world A. alpestre.

2. Arsyriom Fiux-remina (L.) Roth.!

Since the conception of this species among American botanists seems
to have become considerably confused by the failure to distinguish it
from the related forms of eastern America, a brief account of its chief
characteristics seems desirable. The following description has been
drawn up mainly from the specimens of the European plant in the
Gray Herbarium (about twenty-five in number), together with a careful
comparison with the standard works on British and continental ferns.

The rhizome is generally described as erect, sometimes as erect or
ascending, rarely as decumbent. Even in cases where it is not
entirely erect, there appears to be always, a distinet upright crown of
fronds, with the young growth in their midst.?

! Polpodium Filiz femina L. Sp. PL. ii. 1090 (1753). Athyrium Filiz Foemina Roth ex Mertens,
Archiv fiir die Botanik, ii. pt. 1, 106 (1799). Athyrium Filir femina Roth, Tent. Flor. Germ.
iii. 65 (1800).

* The character of the rhizome is in general poorly shown in herbarium material. In the Gray
Herbarium only two European plants of this species show the crown of the rhizome. One of
these from Holstein, has the rhizome ascending at an angle of about 70°, the other, from Saxony,
at an angle of about 45°. An Algerian specimen has the rhizome ascending at an angle of about
60°, and curving upward. In all these specimens the young growth is surrounded by the bases
of the older fronds.

In this connection the testimony of certain European writers is interesting,. Thus Newman,
Hist. of Brit. Ferns, ed. 1. 62 (1840), says “ The Rhizome is vertically elongate, sometimes rising
several inches above the surface of the ground: in one instance I have seen it more than a foot
in height, thus evincing a considerable proximity to the Dixoniae, and other tree ferns,”” and
Moore, Popular History of British Ferns, ed. I. 87 (1851), states, “The habit of the plant is
tufted, the caudex of the larger varieties often with age acquiring some length, and elevating
the circlet of fronds on a low, rude pedestal; this stem, however, never acquires more than a
few inches in length. In winter, the summit of this stem, whether a tuft seated close to the
ground, or elevated a few inches above the surface, is occupied by a mass of incipient fronds,
each rolled up separately, and nestling in a bed of chaffy scales,”” while Milde, Die Gafiss-Crypt.
Schles. 570 (1858), speaks of the “‘ganz aufrechten oder wenig aufsteigendem Rhizome.”
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The crown of the rhizome and the lower one-third of the stipes are
covered rather densely, and the upper portions of the stipes more
sparingly, with large rather persistent scales. These are sometimes
over 1 em. long, and up to 3 mm. wide, lanceolate, and contracted to a
narrow base, so that in falling one leaves a very small scar which is
almost round or like a minute inverted U. The scales are translucent
and glossy, so that it is difficult to evaluate their true color. Seen
against a white background, e. g. an herbarium sheet, they generally
correspond to the “tawny’’ or “russet” shades of Ridgway’s Color
Standards, Plate 15. Very rarely they are darker, approaching
Ridgway’s “Mars Brown.” The cells of which they are composed
are large enough to show plainly with a hand-lens of moderate power,
and under a compound microscope appear as elongated, but scarcely
fibrous cells about six times as long as they are wide.

The stipes are commonly very short, one-fourth to one-third as long
as the frond. The fronds themselves are lanceolate, widest in the
middle, and tapering about equally in both directions. The lower
pinnae are rather remote, in general strongly deflexed, and, though
but little reduced in width, only one-fourth to one-half as long as the
middle pinnae.

In the details of the arrangement, form and cutting of the pinnules,
this species, like all of its close relatives, is very variable, and innum-
erable “varieties” have been named, sixty five of which are enumer-
ated and described by Moore in his “ Nature Printed British Ferns.” !

The sori differ considerably in different specimens, and different
parts of the same specimen, but have certain general characters which
distinguish them clearly from those of the east American plants of
this group (see Plate 123, figs. 1 and 2, also text-fig. 3, p. 175 and
text-fig. 5, p. 176). - They are uniformly short, very rarely reaching
the length of 1 mm. Strictly asplenioid sori are rare, and are usually
found only at the distal extremity of the pinnules, where the sori are
considerably reduced in size. A very common form is the sorus which
runs along the anterior side of the subtending vein for about 0.75 mm.,
and then crosses it without extending at all down the posterior side
of the vein. In many specimens, horse-shoe shaped sori, and even
round sori are found. In sori of the latter types, the indusium is

1 Good figures, showing the general aspect of this fern may be found in the work just men-
tioned, Folio ed. pl. 30-34, 8vo. ed. pl. 52-66, in Lowe, E. J., Our Native Ferns, pl. 35, also in
his Ferns British and Exotic, v. pl. 29, and in Schkuhr, Ch., Kryptogamische Gewiichse, pl. 58.
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bent sharply back upon itself, with the two sides in contact, so that
it stands in the midst of the sporangia of the distal half of the sorus.

The indusia are usually provided with an abundance of long multi-
cellular cilia. These are occasionally rather few in number, and in
old sori they often become so shrivelled that they are not easily seen,
except with the compound microscope, and after careful dissection.
In no specimen examined were they wanting. The average height of
the indusia, not including the cilia, is 0.55 mm., and their average
length in the larger sori is 0.8 mm.! In the case of the short asplenioid
sori near the tips of the pinnules the indusium is often higher than it is
long. At both extremities the indusium ends abruptly, so that its
sides meet the line of attachment nearly perpendicularly, and some-
times it is even contracted towards the base.?

The stalks of the sporangia are short and very frequently proliferate,
the branch usually bearing a secondary sporangium. Occasionally
the secondary sporangium is abortive, and rarely it is replaced by a
glandular structure. In no specimen seen are such glands freely and
uniformly produced as they are in nearly all east American material.

The spores are yellowish, sparsely papillate, and average 39.1 X
24.1 w1in size.

3. THE Lapy FErns oF THE EASTERN UNITED STATES AND CANADA.

In the eastern parts of North America there are two species of the
lady fern group which appear to be amply distinet from each other
and from the true Athyrium Filix-femina. These are A. asplenioides
(Michx.) Desv. and A. angustum (Willd.) Presl. The former is a
southern species, ranging from Florida to Texas, and north to Mis-
souri, Indiana, Ohio, and along the Atlantic coast to eastern Massa-

1 All measurements of indusia in this paper were made upon indusia dissected off from the
frond and flattened out under a cover glass. The length is always measured in a straight line,
as nearly as possible parallel to the line of attachment of the indusium, the height in a straight
line from the attached edge of the indusium to its free margin. See text-figure 3, p. 175, and
text-figure 5, p. 176.

2 The soral characters of the true A. Filiz-femina are reflected in the treatment of it by Euro-
pean botanists. Thus Linnaeus, who defined Polvpodium, * Fructificationes distributae in
puncta rotunda, per paginam folii aversam (Gen. Pl ed. 5, 485, 1754), placed the lady fern
in that genus between P. cristafum and P. Filiz-mas, and P. aculeatum, P. rhaeficum (a mixture
of Athyrium Filiz-femina and A. alpestre) and P. noveboracense. It has been placed in Nephro-
dium and Aspidium and by most recent European botanists in Athyrium. Those who, like
Mettenius and Hooker placed it in Asplenium have held very broad views of the extent and
characteristics of the latter genus.
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chusetts, the latter is a northern species ranging from Labrador to
Manitoba, and southward to southern New England, the mountains of
Pennsylvania, the region of the Great Lakes, northern Missouri and
the Black Hills. The two species meet chiefly in southern New
England.

In both of these species the rootstock is horizontal or nearly so,
and the young growth appears at the end, in advance of the bases of
the older fronds, instead of surrounded by them as in 4. Filiz-femina.
At the same time the two species differ considerably from one another
in their underground parts. A. asplenioides has the rootstock dis-
~ tinetly creeping, and only partially and incompletely covered by the
short persistent bases of the fronds, the whole structure being only
1-1.5 em. in diameter. The fronds of each season’s growth are loosely
clustered, and the next season’s growth projects conspicuously beyond
the bases of the fronds of the current season. A. angustum has a
much more condensed rootstock completely covered by the long
overlapping fleshy persistent bases of the fronds, the whole structure
being 2-5 cm. in diameter. The fronds are usually produced in con-
siderable numbers, and as the rootstock grows but slowly, they are
bunched together, but not truly tufted or forming a crown as in A.
Filiz-femina. 'The new growth stands in front of the fronds of the cur-
rent season, but does not project conspicuously as in A. asplenioides.t

The young growth of A. asplenioides is covered with scales which
are smaller and proportionally narrower than those of A. Filiz-femina
but similar in color and structure. In the American fern, however,
these scales are for the most part quickly deciduous after growth starts,
and the stipes and bases of the mature fronds show very few scales,
and these commonly of very small size (3-5 mm. long, by less than
1 mm. wide).

1 T have laid particular emphasis on this point because D. C. Eaton, Ferns of the Southwest,
U. 8. Geog. Surveys West of the 100th Meridian, vi. 330 (1878), says, * Moore separates the
greater part of the North American ferns specifically under the name of Athyrium asplenivides,
Desv., making two varieties, one with broader and one with narrower pinnules, but the dis-
tinctive character which he relies mainly upon, the ‘creeping caudex,” seems to be invalid, as
our American plants grow in crowns no less decidedly than those of Europe.” The context
shows that Eaton was not confining these remarks to the western ferns, which are truly tufted,
but that he entirely ignored the difference between the close crowding of leaves due to a very
slow horizontal growth of the rootstock, and the true crown which arises when the growth is
vertical or nearly so. Certainly the quotations in the footnote on p. 179 are very far from.
describing the condition of the rootstock in either of our east American species. It is note-
worthy that all European botanists who have been dealing with living American plants in eulti-

vation have noted the difference in the underground parts between these plants and A. Filiz-
femina.



1917] Butters,— Studies in Ferns — Athyrium 183

The scales of A. angustum are quite different from those of either
of the other species just mentioned. They are of moderate size (up
to 1 em. long and 1.5 mm. wide, usually considerably shorter than this).
In shape they are narrowly linear-lanceolate with a fairly wide base,
and in falling they leave larger and more conspicuous scars than do
the wider scales of A. Filia-femina. They are much more opaque
than those of the last mentioned species, and generally of darker color,
varying from the “Mars Brown” of Ridgway’s Color Standards,
Pl. 15, to nearly black, with the middle often darker than the edges.
Under a moderately strong hand-lens it is difficult to make out any
structure, while under a compound microscope, they are seen to be
composed of narrow fibrous cells about 15 times as long as they are
wide.

In the form of the frond, the two American ferns are decidedly dis-
similar. A. angustum closely resembles A. Filiz-femina, but its stipes
are commonly proportionally longer,— often one-half as long as the
fronds,— and the lower pinnae are not quite so much reduced in size,
and are less strongly deflexed than in that species.

A. asplenioides has still longer stipes, about equalling the narrowly
deltoid lanceolate fronds. The second pair of pinnae are eommonly
the longest, and the basal pinnae are only very slightly reduced in
length.

The details of the fronds of both American species are, as in A. Filiz-
femina, very variable, but the following points are worthy of note:
the fronds of A. angustum are often markedly dimorphic, the segments
of the fertile fronds being much narrower and more acute than those
of the sterile fronds; the pinnules of the fertile fronds of A. angustum
are commonly narrowly lanceolate and acute, those of A. asplenioides,
oblong or linear-oblong and obtuse (in very large fronds, however,
the pinnules may be deltoid-lanceolate and sub-acute, and the seg-
ments of the third order oblong and obtuse.!

In the structure of the sori and indusia, the two east American
species are markedly different from A. Filiz-femina and from each
other. The sori in both American species are prevailingly asplenioid
and for the most part over 1 mm. in length, those of A. asplenioides
being longer than those of 4. angustum. Athyrioid sori are generally

1 For a discussion of the various forms and varieties of A. asplenivides and A. angustum, see
below, p. 188 et seq. For illustrations of the pinnules of the various forms of these species
see Plate 123, figures 3-18.
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either long sori, rather sharply hooked at one end (hamate), or else
long horse-shoe shaped, while the short and almost round type so
commonly found in A. Filiz-femina is very uncommon. Diplazioid
sori are somewhat rare, but are more common than in 4. Filix-femina
(see Plate 123, figs. 4, 6, 11, 13 and 16, also text-figs. 3-5, pp. 175, 176).!

The indusium of both American species is broadest at the base,
and is often markedly decurrent along the subtending vein. The
margin of the indusium of 4. angustum is usually toothed, or furnished
with a few short one-celled cilia (Plate 123, fig. 17). Rarely, espe-
cially in the later fronds of the season, it has a few longer, multicellular
cilia similar to those found in A. Filiz-femina. The indusium of 4.
asplenioides is ciliate with multicellular hairs which have swollen
glandular tips of a yellow-brown color, a character which is con-
spicuous under the compound microscope in the recently matured
indusium, but is sometimes difficult to demonstrate in over mature
specimens, in which the cilia are often broken (Plate 123, fig. 8).
The indusia of the largest sori in A. angustum measure on the average,
0.5 mm. high, by 1.1 mm. long, those of A. asplenioides 0.45 mm. high,
by 1.3 mm. long. Even the small sori toward the tips of the pinnae
never have indusia higher than they are long.

In A. asplenioides the stalk of the sporangium bears a yellowish,
long-stalked, glandular body (Plate 123, fig. 9). - In A. angustum,
similar glands are common but by no means as uniformly present as in
A. asplenioides, and sometimes the stalks of the sporangia proliferate
and bear secondary sporangia as in Filiz-femina.

The spores of A. angustum resemble those of A. Filiz-femina; their
average size is 38.6 X 24.7 u. 'The spores of A. asplenioides, on the
other hand are furnished with a nigrescent, wrinkled or reticulate
exospore, and resemble rather the spores of A. alpestre of arctic-alpine
Europe and America. Their average size is 36.0 X 25.5 u (Plate 123,
figs. 10 and 18).

It will be seen, therefore, that the two species of lady ferns of the
eastern states and Canada differ from each other and from A4. Filiz-
femina in characters of rootstock, scales, fronds, sori, indusia and spores.

The history of the treatment of these ferns by botanists, American

1 Asplenioid sori in the American species, particularly the rather long ones of A. asplenioides,
are somewhat curved, or “'lunate,” with the convex side facing away from the subtending vein.
The amount of this curve depends chiefly on the absolute length of the sorus. It is not to be
confused with the sharp bend which occurs in athyrioid sori.
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and foreigx.l, is interesting and somewhat illuminating. Prior to the
work of Michaux, no mention is made of the American occurrence of
any species of this group. Michaux assigns two species to eastern
North America, describing one as “ Nephrodium Filiz Jfoemina,” with
t}Ee habitat “Canada,” and the other as “ Nephrodium asplenioides,”
with the habitat “from New England to Carolina.” !

The following year, Sprengel * described Asplenium Athyrium appar-
ently from slightly different material of the same species which
Michaux had called Nephrodium asplenioides. He states that he gives
it this name because it has the greatest similarity to Athyrium Filiz-
Jemina, and ends his description, “Ich vermuthe dass dies Michaux
Nephrodium asplenioides ist.”” These two names have been treated
as synonyms by all subsequent botanists.  In 1809, Schkuhr,? after
publishing a description of Asplenium Athyrium, with an excellent
plate, had a change of heart and added the statement “aber nach
andern Beobachtungen an mehrern aus Amerika erhaltenen Exem-
plaren kann ich solchen jetzt von Aspid. Filiz fem. nicht unterscheiden;
selbst an unserer deutschen Pflanze dieses weiblichen Farn habe ich
noch weit gréssere Abiinderungen gefunden, die von einigen als
verschiedene Arten betrachtet werden.”

In 1810 Willdenow * adopted Michaux’s species, treating it as Aspi-
dium asplenioides, and citing as synonyms both the Nephrodium
asplenioides of Michaux and the Asplenium Athyrium of Sprengel.
He says of it, “A sequenti [4. Filiz-femina] praeter forman frondis
parum diversum, soris lunatis abunde distinctum.” He introduces a
change into the description, saying, “pinnulis lineari-lanceolatis
inciso-dentatis,” a change which is certainly not in the direction of
greater accuracy, and which seems to have lead to considerable con-
fusion. Willdenow gives the habitat of “ Aspidium Filiz femina’ as

! Michaux, F1. Bor.-Am. ii. 268 (1803). The original dutrlpuon renda {N.epbmdiun_;]
AsPrLentomES. N. majusculum, glabrum: stipite nudo: fronde bipu-mata: pumulu u.?bou'h-
oblongis, inciso-dentatis: dentibus inferioribus obtusis, supremis mutice acutis: punctis utrin-

e : .

2 f;:sm WPL:T;“;&M foem. et forsan varietas. Puncta maturitatem quasi lineolae
plerumque arcuatae; .ita ut proximitatem as AspLENTUM indigitent.

;:i:;i;]:r;?;;m and ::e?-nuge given apply distinctly to the more‘northcm of our two east-
ern species. A fragment in the herbarium of the New York Botanwal Gnr:den, consisting of
two pinnules labelled *‘from Herb. Michx. Poly. asplenioides a Nova Anglia ad Carolinam
confirms this application of Michaux’s name.

* Sprengel, K., Anleit. zur Kent. der Gew. iii. 113 (1804).

? Schkuhr, Ch., Kryptogamische Gewiichse, 72 (1809).
* Willdenow, C. L., Sp. PL v. 276 (1810).
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“Europe,” and describes a third species, Aspidium angustum, founding
it upon the fern called by Michaux, “ Nephrodium Filix foemina.” !

Almost immediately after Willdenow had thus cleared up the
status of the American lady ferns, P ursh ? introduced an element of
confusion. He lists Aspidium asplenioides and A. angustum, quoting
Willdenow’s short diagnosis of each, and between them inserting
A. Filiz-femina with Willdenow’s diagnosis of that species and the
statement, “In low shady grounds: Canada to Virginia. July 2.
v.v.”  Healso says of A. asplenioides, “ A tall species much resembling

the following in many respects,” and of A. angustum, “ Resembling
the following.”

The history of the treatment of these ferns by American botanists
during the next twenty-five years, was largely a series of attempts
to fit the existing plants into the three species as outlined by Pursh.
In these attempts reliance seems to have been placed almost entirel y
on the form and details of the fronds, while the real distinctions were
ignored. It is accordingly ofteén difficult to ascertain what species
or form any particular author had in mind when he used a certain
name. This confusion is especially evident if one compares, for
example, the various editions of Amos Eaton’s Manual of botany?

! Willdenow, loc. cit. 277. The original description reads:
129. ASPIDIUM angustum W,

A. frondibus bipinnatis, pinnulis lanceolatis inciso-serratis, serraturis subbidentatis, infima
superiore elongata, soris oblongis sublunatis. W.

Nephrodium (Filiz fernina) majusculum * * * * * Mich. amer. 2. p. 268. -

Schmallaubiger Wurmfarrn, W,

Habital in Canada. 2. (0. 5.) '

Stipes glaber. Frons oblonga bipinnata pedalis el altior. Pinnae sesqui- seu bipollicares
lanceolalae valde acuminatae allernae. Pinnulae frilineares suboppositae lanceolatae acutae in-
ciso-serralae. Serraturae breves oblusiusculae indivisae vel bidentatae, infima superior reliquis
longior. Sori oblongi parum lunali. A. praecedente [A. Filiz-femina) satis dislineta, circum-
scriptione frondis oblonga mullo angustiore, pinnis magis acuminalis, serratura infima superiore
pinnulae majore, soris non reclis sed leviler lunalis. W,

It is evident that Willdenow was describing a very small sun-form of our northern species.
Specimens in the Gray Herbarium collected by C. G. Pringle in the province of Quebec in 1879
and 1880 correspond entirely to this description, nearly all others are larger.

? Pursh, F., Flora Am. Sept. 664 (1814),

31t may be noted that a few American botanists refused to follow Pursh’s lead. Thus
Jacob Bigelow, in his Florulae Bostonensis (p. 254, 1814) lists only ** Aspidium asplenioides
Muhl.” [sic], though his description, evidently drawn from actual material, indicated that he
was dealing with one of the larger forms of A. angustum, and he persisted in this treatment of
the ferns about Boston throughout the three editions of his work. The Pennsylvania botanists,
Barton and Darlington (Barton, W. P. C., Compendium Florae Philadelphiae, ii. 200. 1818.
Darlington, Wm., Flora Cestrica ed. 2, 579. 1837.) listed only a single species, Aspidium aspleni-
oides. Darlington gives a good original description which indicates that he had named the
species correctly. Unfortunately, in his third edition (1853) evidently under the influence of
Hooker and Gray, he changed the name to Asplenium Filiz-foemina R. Br.
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The next stage in the treatment of the North American lady ferns,
is that represented by the work.of W. J. Hooker, Asa Gray and D. C.
Eaton. Hooker at first ! reduced all the lady ferns of British North
America, eastern and western, to Athyrium Filix femina with variety B
(Aspedium angustum Willd.) and var. v of the northwest coast. In
both the typical species and his var. 8 he included western as well as
eastern forms. He later? transferred the species to Asplenium, and
discarded all varieties. In his Species Filicum he says, “I do not
find any of the N. American forms to differ essentially from the
European.”

American authors since Hooker’s time have generally followed
him pretty closely. Thus in the first four editions of Gray’s Manual
1848-1863) we find beneath the description of “ A[splenium| Filix-
foemina,” the following explanation: “(Aspidium Filiz-foemina and
aspleniovdes Swartz.) — A narrow form is Aspid. angustum, Willd.
Moist woods, common. July.” In the fifth edition (1869) the con-
cluding sentence is changed to “moist woods, common and very vari-
able. July. (Eu.)”, while in the sixth edition (1890, Watson and
Coulter), the synonymy disappears entirely, and the description
is followed merely by the statement, “ Moist woods; common, and
presenting many variable forms. July. (Eu.).” The only change in
the seventh edition (1908, Robinson and Fernald) is the substitution
of the word “cosmop.” for “Eu.”.

Likewise in the earlier editions of Wood’s Class Book, under
“Alsplenium] Filix-foemina Bernh.” are cited the synonyms, “ Aspi-
dium Filiz-foemina and asplenoides [sic] Sw. A. angustum W.”, but
beginning in 1861, these names disappear even as synonyms. D. C.
Eaton ? reduces all North American lady ferns to “ Asplenium Filix-
foemina.” He says, “The so-called varieties of this fern are almost
imnumerable, but all pass into one another by various gradations.
The chief forms occurring in North America are the following.” He
then enumerates and describes vars. exile, angustum, latifolium,
commune and cyclosorum. His chief illustration (pl. 76, no. 1) is
drawn from a specimen of Athyrium asplenioides.

European botanists have generally kept the east American ferns as
species distinct from Athyrium Filiz-femina, the most notable excep-

! Hooker, W. J., Flor. Bor.-Am. ii. 262 (1840).
2 Id. Species Fil. iii. 219 (1860).
i Eaton, D. C., Ferns of N. A. ii. 225 (1880).
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tions being Mettenius !, who reduced them to varieties, and Hooker,
who as noted above finally discarded.them entirely. Milde, in some
of his earlier publications ? identifies “ Asplenium Michauxii” (Athy-
rium angustum) with the European A. Filiz-femina, but in his Filices,
he does not include the names of the American ferns in the synonymy,
of A. Filiz-femina, and under the treatment of that species, he makes
the following enlightening statement:

“The American plant, very similar in habit to the European, pro-
duces several forms which seem to be wanting in Europe. a) I have
found smooth yellowish spores, in others ridged and blackish. b)
Indusia sometimes fimbriate, sometimes furnished with cilia ending
in large hyacinthine glands. Generally I have found stalked glands
also intermixed with the sori. ¢) The blade beneath is either glabrous,
or covered with long, cylindrical, obtuse, 1-2 celled hairs. Here
belong: Athyrium asplenioides Fée and Presl (dspidium Sw.—
Asplenium Athyrium Sprengel) and Athyrium Michauxii Fée (Asplen-
ium Spr.— Aspidium angustum Willd.— Asplenium elatius Link).
The American plant is worthy of more accurate examination from
various regions.” ?

SyNOPTICAL TREATMENT OF THE LADY FERNS OF EASTERN NoORTH
AMERICA.*

A. Rhizome creeping, not densely covered with persistent bases of the
fronds; scales of stipes very few, seldom persistent, rarely over 4 mm.
long, their cells relatively broad and with pale walls; frond widest near
the base; indusia ciliate, the cilia ending inglands; spores nigrescent,
reticulate or wrinkled.

1 Mettenius, G., Uber einige Farngat. vi. Asplenium, 199 (1859).

2 Milde, J., Die Gefiiss. Crypt. in Schles. 575 (1858).

3 Planta Americana habitu Europaeae simillima formes complures procreat, quae in Europa
deesse videntur. a) Sporas flavas laeves, in aliis formas subnigras verrucosas inveni. b)
Indusia nune fimbriata, nunc ciliis in glandulas magnas hyacinthinas exeuntibus instructa.
Glandulae stipitatas etiam soris immixtas interdum inveni. c¢) Lamina subtus aut glabra est,
aut pilis longis cylindricis, obtusis, 1-2 cellularibus obsita est. Huc pertinent: Athyrium
asplenioides Fée et Presl. (— Aspidium Sw.— Asplenium Athyrium Sprengel) et Athyrium
Michauxii Fée (Asplenium Spr.— Aspidium angustum Willd— Asplenium elatius Link).
Planta Americana digna est, quae ex diversissimis regionibus accuratius examinetur. Milde,
J., Filices Europae et Atlantidis, 52 (1867).

4 The variety of Athyrium alpesire which occurs in a few alpine situations in the Gaspé penin-
sula, is treated fully with the lady ferns of western America. It is readily distinguished from
any other eastern species of Athyrium by the exceedingly narrow segments of the frond, and by
its small round sori, entirely without indusium.
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ATHYRIUM ASPLENTOIDES (Michx.) Desv.

Nephrodium asplenioides Michx. Flor. Bor.-Am. ii. 268 (1803).

Asplenium Athyrium Spreng. Anleit. iii. 113 (1804).

Athyrium asplenioides Desv. Prod. 266 (1827), (Mem. Soc. Lin.
Paris, vi.).

Icones: Schkuhr, Krypt. Gew. plate 78; Eaton, D. C., Ferns of
N. A. ii. plate 76, fig. 1-3; Lowe, Ferns Br. and Ex. v. plate 37.

The following two forms of this species may be recognized:

B. Pinnules under 15 mm. long, oblong to oblong-linear, obtuse.
A. asplenioides f. typicum.!

In the Gray Herbarium all specimens of lady ferns from south of
the Potomac and Ohio Rivers, and the state of Missouri are of this
species, and all except those noted below under the forma subtri-
minnatum are of this, the typical form. The following are specimens
of A. asplenioides f. typicum from more northern states:

Massacauserrs: Waltham, July 27, 1901. W. P. Rich (N. E.2);
Quaker Leonard Road, Brockton, September 8, 1907, 4. A. Eaton;
Sandwich, July 28, 190‘9 E. W. Sinnott (N. E.).

RHODE ISLAND: Cranston July 14, 1884, J. F. Collnw near
Harbor Pond, Block Island, September 13, 1913, Fernald, Hunnewell
and Long no. 8339; Foster, September 11, 1910, G. S. and K. A.
Torrey (N. E.); near Swamp Hill Reservoir, Lincoln, August 8, 1885,
J. F. Collins (N. E.).

ConnEecTicuT: Bridgeport, July 7, 1889, C. K. Averili (N. E.);
woods north of Cave Brook, Guilford, August 4, 1882, Wm. R. Dudley
(N. E.); Danbury, July 19-20, 1912, E. J J. Winslow (N E.); without
locality, D. C. Eaton.

New York: Bedford Park, New York City, August 14, 1900,
Percy Wilson; Staten Island, July 28, 1905, Philip Dowell no. 3962.

Pennsyuvania: Lily Lake, Lucerne Co., July 29, 1899, 4. A.
Heller; swamp two miles south of Refton, in Eozoic, September 23,
1901, A. A. Heller.

Maryranp: Hyattsville, September 12, 1899, W. R. Maxon no.
310; near Bush River, two miles north of station, September 11, 1902,
G. H. Shull no. 369; Cumberland, Howard Shriver.

District oF CorumBiA: near Hamilton Hill, Washington, Septem-
ber 22, 1899, W. R. Maxon no. 339.

Omn1o: without locality, I. H. Lea.

Missouri: Montevallo, October 17, 1915, B. F. Bush nos. 7897
and 7897A.; Campbell, September 6, 1910, B. F. Bush nos. 6199 and
6199A.

BB. Pinnules about 2 cm. long, triangular lanceolate, pinnatifid with
oblong obtuse segments. ......... A. asplenioides f. subtripinnatum.

1 See Plate 123, figures 3—4 and 7-10.
2 (N. E.), in the herbarium of the New England Botanical Club.
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ATHYRIUM ASPLENIOIDES forma subtripinnatum, forma nov., fron-
dibus maximis subtripinnatis, pinnulis deltoideo-lanceolatis ad 2 cm.
longis, 8-10 mm. latis subacutis pinnatifidis, segmentis ordinis tertii
oblongis obtusis ad apicem dentatis pinnulis parvulis formae typicae
similibus.

A rare and unusually large form in which the segments of the third
order, rather than the pinnules show the characteristic blunt oblong
form (Plate 123, figs. 5 and 6).

Specimens in the Gray Herbarium:

MassACHUSETTS: rich wet situations in half shade Coon Hollow
Brook, Milton, September 19, 1901, F. G. Floyd no. 89 b (N. E.);
West Tlsbury, Jll]:y 26, 1916, F.C. Seymour

WesTt Virainia: Glady, Randolph Co., September 21, 1904, J. M.
Greemman no. 32.

VirGiniA: altitude 3500 ft. near Luray, August 15, 1901, E. S.
and Mrs. Steele no. 233; altitude 3600 ft. near Luray, August 217,
1901, E. S. and Mrs. Steele no. 48 (TYPE).

AA. Rhizome horizontal or somewhat oblique, completely concealed by the
thick fleshy bases of the old fronds; scales of the stipes usually dark
brown, their cells very narrow, and with thick usually dark walls;
frond widest near the middle; indusia usually toothed or short ciliate,
or rarely long ciliate, never glandular; spores yellow brown, smooth or
sparingly papillate.

AtaYRIUM ANGUSTUM (Willd.) Presl.!

Aspidium angustum Willd. Sp. Pl. ed. 4, v. 277 (1810).

Asplenium Michauxiz Spreng. Syst. iv. 88 (1827).

Asplenium elatius Link, Fil. sp. 94 (1841).

Athyrium angustum Presl, Rel. Haenk. i. 39 (1825) as to combina-
tion only, excluding descrlptmn and specimens cited.

Asplenvum Filix femina var. Michauxii Mett. Uber einige Farngat.
vi. Asplen. 199 (1859).

Athyrium asplenioides var. angustum Moore, Index Fil. 179 (1860).

Athyrium Filix-femina var. Michauzii Burnham, Am. Fern Journ.
vii. 54 (1917).

An exceedingly polymorphic species, varying but slightly in the
characters of rootstock, scales, sori, indusia and spores, but very
widely, in the form of the frond. On the basis of differences in the
frond, the following varieties and forms may be recognized, though
in every case they pass by imperceptible gradations into one another:

C. Fronds dimorphie, the fertile coriaceous, contracted, sori at maturity
confluent and covering the lower side of the fertile pinnules. Sun-
forms, found only in regions of hot summers,

1 See Plate 123, figures 11-18.
2 The frequently cited reference of this combination to Mettenius, Fil. Hort. Lips., 1856 is
mot correct. Mettenius there described the variety, but gave it no name.
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D. Longest pinnae of the fertile frond 5-12 em. long, pinnules 4-12 mm.
long, simple, sori mainly asplenioid; pinnules of sterile fronds oblong
obtuse, but slightly toothed or lobed. .. .. .. A. angustum {. typicum.!

Willdenow described the pinnae as 1.5-2 inches long, the pinnules
as 3 lines long. This is about the minimum size for a fruiting speci-
men. All sun-forms with simple pinnules may be considered as
belonging to the typical form. These are the forms to which the
varietal names angustum and Michauxii have commonly been given.
As thus limited, the typical A. angustum ranges from Maine and
southern Quebec to Massachusetts and Pennsylvania, being more
common northwards. It does not occur in the region about the Gulf
of St. Lawrence.

In the Gray Herbarium are the following specimens of this form:

QueBec: North Wakefield, July 4, 1911, Jokn Macoun, Herb.
Geol. Surv. Canada no. 83900; Riviere Ste. Marguerite, Lower
Canada, August 14, 1879, G. S. Pringle; Lower Canada, August 3,
1880, C. G. Pringle.

Maine: Hartford, August 29, 1907, J. C. Parlin no. 2271; verydry
open woods, No. Berwick, August 31, 1894, J. C. Parlin.

NEw HampsHIRE: roadside in the sun, Randolph, July 30, 1896,
E. F. Williams; North Conway, August 14, 1877, herb. of W. C.
Lane; Kensington and Seabrook, many specimens collected by 4. A.
Eaton, including his numbers 90, 145, and 182; Hampton Falls,
August 3, 1899, A. A. Eaton; Mt. Vernon, August 1891, M. L. Stevens.

VERMONT: without locality, 1855, herb. of D. C. Eaton; Dorset,
1915, E. H. Terry (N. E.).

ACHUSETTS: 1n sun, Salisbury, July 23, 1899, A. A. Eaton;
in moist woods, Ipswich, Wm. Oakes; near Boston, C. E. and W.
Fazon; Sharon, September, 1905, S. F. Poole no. 50.

NEW York: Gouverneur, August 1900, herb. of E. C. Anthony..

PENNsyLvania: Bald Eagle Valley, Blair Co., 1860, H. V. Bocking;
Friendsville, September 1, 1906, M. H. Grant; Pocono Plateau, 1904,
J. W. Harshberger.

Oxtar1O: Port Colborne, July 12, 1901, John Macoun, herb. Geol.
Surv. Canada, no. 66416.

DD. Longest pinnae of fertile frond 1-2 dm. long, pinnules 12-25 mm.
long, pinnatifid, sori several on each of the lower segments, often
horse-shoe shaped; pinnules of sterile fronds oblong lanceolate,
strongly toothed or pinnatifid, somewhat acute.

A. angustum var. elatius.
ATHYRIUM ANGUSTUM var. elatius (Link), new comb.
Asplenium elatius Link, Fil. Sp. 94 (1841). :
Link describes the frond of his fern as sub-tripinnatifid, 3 feet long,
pinnae 4-6 inches long, scarcely 1 line wide. The larger sub-forms

1 See Plate 123, figures 11 and 12.
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- with a tendency to have compound pinnules may be placed here.
This variety is not found quite so far north as the typical form, and
is more abundant southward. In situations where both this and the
typical forms occur, it is quite possible that this form may represent
merely a more mature state of the plant than the typical form (Plate
123, figs. 14-16).

A. angustum var. elatius occurs from Maine to Minnesota, south to
Rhode Island, New York and Missouri.

The following are the specimens of this variety in the Gray Her-
barium:

MaiNE: North Berwick, July 27, 1894, J. C. Parlin.

NEw Hampsuire: Kensington, August 3, 1899, 4. A. Eaton no.
149; Nottingham, September 15, 1899, A. A. Eaton no. 303.

VERMONT: open roadside, Repton, July 7, 1908, E. F. Williams.

MASSACHUSETTS: in moist woods, Ipswich, Wm. Oakes; roadside,
in sun, Rockport, August 15, 1897, E. F. Williams; in shady woods,
Hyde Park, August 24, 1902, F. G. Floyd no. 1119A: open woods,
Rowley, August 9, 1899, E. F. Williams.

RuoDE IsLanp: dry open soil between Pilot Hill and Southeast
Point, Block Island, August 20, 1913, Fernald, Hunnewell and Long,
no. 8337. .

ConnEcTICUT: trap soil, Bluff Mountain, No. Guilford, August 19,
1906, G. H. Bartlett.

NEw York: Lake Mahopac, August 1848, herb. .J. Carey; Lawrence,
September 23, 1914, Orra P. Phelps no. 14; moist woods, Clayville,
August 5, 1899, B. D. Gilbert; Castle swamp, Oneida, August 12,
1906, H. D. House no. 2763, September 22, 1907, Nellie Marick;
Elmyra, September 22, 1907, E. J. Winslow.

MicuIGAN: damp sandy ground, Rush Lake, Huron Co., August
22, 1907, C. K. Dodge no. 2; Lansing, July 7, 1887, D. A. Pelton;
Wallace, Menominee Co., August 22, 1884, J. H. Schuette.

MINNESOTA: springy mud, St. Anthony (part of Minneapolis),
July 20, 1888, J. H. Schuette.

Missourr: shaded banks, Dumas, B. F. Bush no. 5389.

CC. Fronds not dimorphie, coriaceous nor contracted, sori discrete at
maturity. Forms of regions with cool summers, found also in
dense shade in warmer regions.

E. Pinnules diminishing in size regularly toward the tip of the
pinna, oblong or linear-lanceolate, 3-5 times as long as wide,
regularly and coarsely toothed or pinnatifid, the basal
anterior segment usually largest, the others regularly dimin-
ishing in size toward the tip of the pinnule. '

F. Pinnules standing at a wide angle to the rachis of the pinna,
often connected by a membraneous wing along the rachis
of the pinna, teeth or segments of pinnules obtuse.

G. Pinnules lanceolate, subacute, strongly toothed or pinnati-
fid, the segments toothed, membraneous wing along the
rachis obscure or wanting. ... A. angustum var. rubellum.
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ATHYRIUM ANGUSTUM var. rubellum (Gilbert), new comb.!

Athyrium filiz-foemina rubellum Gilbert, List of N. A. Pterid. 35
(1901).

In the southern part of its range this variety appears to be merely
the shade-form corresponding to the sun-forms discussed above,
especially to the var. elatius, and its fronds are scarcely to be dis-
tinguished from the sterile fronds of that variety. The variety
rubellum, however, ranges much farther to the north and east than
either forma typicum or var. elatius, which appear never to occur in
regions of cool summers.

The variety rubellum occurs throughout the range of the species,
of which it appears to be the fundamental biological type, from which
all the other varieties and forms have been derived. As here defined,
it is not limited to forms with red stems, and hence it is unfortunate
that we are obliged to adopt Gilbert’s name. This is necessary,
authentic material of Gilbert's variety, collected by Gilbert hlmself
from his type locality, unquestionably belongs to the variety as here
defined.

The following are the specimens of this variety in the Gray Her-
barium:

NEWFOUNDLAND: barrens at the base of the serpentine tablelands,
region of Bonne Bay; August 27, 1910, Fernald and Wiegand no.
2319; rocky border of hillside brook, Snook’s Arm, Notre Dame Bay,
August 19, 1911, Fernald and Wiegand no. 4284; Blow-me-down
Mts., 1300 ft. altitude, August 4, 1908, Eames and Godfrey no. 5763;
woods, Bay of Islands, August 9 and 10, 1901, Howe and Lang no.
1179; dry thicket, Bay St. George, August 5-7, 1901, Howe and Lang
no. 989.

QueBec: low wet margin of Seal Cove River, Douglastown, Gaspé
Co., August 22, 1904, Collins, Fernald and Pease; Bic, Rimouski Co.,
July 15, 1907, 'Fernald and Collins vo. 817; Cap a I'Aigle, July 13
1905, Jokn Maooun, herb. Geol. Surv. Cannda no. 69251; thtle
Metis, August 21, 1906, James Fowler,

Prince EpwARD ISLAND: roadsides thickets and borders of dry
woods, August 29, 1912, Fernald, Long and St. John no. 6664.

NeEw Brunswick: in partial shade along a fence, Shediac Cape,
August 2, 1914, F. T. Hubbard.

Nova Scotia: Baxter’s Harbor, July 10, 1900, F. G. Floyd no. 680;
rich soil, edge of woods, Pictou, July 12-18, 1901 Howe and Lang no.
547, dry woods, Plctou, July 12-18, 1901, Howe and Lang no. 546;
rich moist bank, Yarmouth, June 22-29, 1901 Howe and Lang no. 111;
Kentville, July 11, 1900, F. G. Floyd no. 686.

MaiNe: rich woods Canton, August 1, 1908, J. C. Parlin.

NeEw HampsHIRE: woods, Randolph July7 189, E. F. Williams.
Alton Bay, A. A. Eaton; low woods, Jaffrey, July 21, 1897, B. L.

1 See Plate 123, figure 13.
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Robinson no. 249; roadside, Kingston, August 3, 1899, A. A. Eaton
no. 150; East Kingston, June 24, 1900, A. A. Eaton; Hampton Falls,
August 5, 1899, A. A. Eaton.

VerMONT: woods, Hancock, July 5, 1905, E. F. Williams; Manches-
ter, July 21, 1898, M. A. Day no. 233.

MASSACHUSETTS: great swamp, Amesbury, June 24, 1899, 4. 4.
Eaton no. 49; Boston, C. E. Faxon; id. W. Faxon; rich shady woods,
West Roxbury, July 13, 1902, F. G. Floyd no. 1044; wet rich shady
woods, Hyde Park, July 6, 1902; F. G. Floyd no. 1032A; shady
woods, Milton, July 5, 1902, F. G. Floyd no. 1028; sandy bank,
Concord, August 10, 1908, E. F. Williams.

ConnEectiCcUT: low woods, Southington, July 18, 1899, C. HH. Bissell.

New York: Trout Lake, Hermon, September 4, 1900 (two col-
lections), B. D. Gilbert; Clayville, July 25, 1899, B. D. Gilbert (type
material of Gilbert’s A. filiz-foemina rubellum); bottom woods,
Gouverneur, July 1900, E. C. Anthony; river bank, Pine Grove,
July 8, 1894, Grace Gilbert.

PExnsYLVANIA: Friendsville, September 1, 1906, M. H. Grant.

OntARrIO: Ottawa, August 21, 1915, Fr. Rolland no. 135; Plevna,
August 11, 1902, J. Fowler.

Omnio: Newark, May 6, 1905, H. A. Gleason.

MicHiGAN: moist woods, Hamlin Lake, Ludington, Mason Co.,
July 7, 1910, Ralph W. Chaney no. 109; among rocks in low places,
Keweenaw Co., August, 1889, 0. A. Flarwell).

Ivuivois: Lincoln, July 4, 1899, herb. of H. A. Gleason no. 778.

Wisconsin: Milwaukee, I. A. Lapham.

Minnesora: White Bear Lake, July 17, 1885, J. H. Schuette.

Missouri: Canton, May 30, 1906, Jokn Davis; rich woods, Sibley,
June 30, 1906, B. F. Bush no. 3999.

SoutH Dakora: Sylvan Lake, Black Hills, altitude 6000-6500 ft.,
July 20, 1892, P. A. Rydberg no. 1195.

GG. Pinnae acute, pinnatifid pinnules oblong, obtuse, ob-
scurely toothed, membraneous wing along the rachis of
the pinna strongly developed.

A. angustum var. laurentianum.

ATHYRIUM ANGUSTUM var. laurentianum, var. nov., frondibus ac
fertilibus ac sterilibus consimilibus membranosis, pinnis pinnatifidis
acutis, pinnulis oblongis obscure serratis ala membranosa conjunctis,
soris haud confluentibus ex pinnae costa remotis,

A northeastern variety with fronds corresponding to those of young
plants of the variety rubellum, but the ample fruiting, and the strongly
developed rootstock indicate clearly that the plants are mature.
The range of this plant is indicated by the following list of the speci-
mens in the Gray Herbarium:

Lasrapor: Wabeck Harbor, August 4, 1891, Bowdoin College
expedition to Labrador no. 215.

NEWFOUNDLAND: boggy places on hill southwest of Tilt Cove,
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Notre Dame Bay, August 22, 1911, Fernald and Wiegand no. 4285;
rich shaded soil, Torbay, August 21-26, 1901, Howe and Lang no.
1433; woods, Virginia Water, August'5, 1894, Robinson and Schrenk;
low damp clearings, Grand Falls, valley of Exploits River, July 20,
1911, Fernald and Wiegand no. 4283; Me. Weils Cove, Bay of Islands,
August 24, 1896, A. C. Waghorne no. 29; Birchy Cove, Bay of Islands,
August 24, 1896, A. C. Waghorne no. 24; damp thickets, Bay St.
George, August 5-7, 1901, Howe and Lang no. 1006a. :

QUEBEC: eastern granite slopes, Table-Topped Mt., Gaspé Co.,
August 9 and 11, 1908, Fernald and Collins no. 275 (type); alpine
bogs, Mt.: Albert, Gaspé Co., July 21-23, 1906, Fernald and Collins
no. 273.

MAINE: moist woods, Princeton, Washington Co., August 3, 1912,
S. N. F. Sanford (N. E.).

EE. Adjacent pinnules varying irregularly from one another,
irregularly lobed and toothed.

H. Pinnules 5-8 mm. broad, 10-18 mm. long, joined by a broad

membraneous wing, lobes of the pinnules broad and over-

T e P S P W A. angustum forma confertum.

ATHYRIUM ANGUSTUM forma confertum, forma nov., foliis ac fertilibus
ac’ sterilibus consimilibus, pinnis pinnulisque inparibus, pinnis
basin versus pinnatis, apicem versus pinnatifidis, pinnulis con-
fertis ad 8 mm. latis, segmentis ordinis tertii imparibus confertis.
A form of A. angustum corresponding in the irregular cutting and
overlapping of the broad pinnules to A. Filix-femina var. latifolium
Babington, but with all the technical characters of A. angustum.
Apparently this is a somewhat abnormal form without geographical -
significance as appears from the following list of specimens:

QUEBEC: boggy subalpine woods, altitude 1000 m., Table-topped
Mt., Gaspé Co., August 13, 1906, Fernald and Collins no. 276 (type).
NEw Hamesuire: Hampton Falls, August 5, 1899, A. A. Eaton.

MassacHUSETTS: Brockton, September 8, 1907, 4. A. Eaton.
The New England specimens are not so far removed from the
ordinary var. rubellum as is the Gaspé specimen.

HH. Pinnules very irregular in size and shape, with many long
acute teeth which project in various directions.
A. angustum forma laciniatum.

ATHYRIUM ANGUsTUM forma laciniatum, forma nov., frondibus ac
sterilibus ac fertilibus consimilibus pinnulis erosis dentibus
spinulosis incompositis instructis.

An abnormal form of fairly frequent occurrence, in which the frond
looks as if it had been nibbled when young, some of the pinnules being
wanting or greatly reduced, and all of them tending to show great
irregularity of form. The teeth of the margins of the pinnules are
unusually long and acute, and areinclined to stand out in a very irregu-
lar and disorderly fashion.
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It corresponds exactly to the similarly named “variety” of A.
Filiz-femina. The following is a list of the specimens of this form in
the Gray Herbarium:

Maing: rocky bank of woodland stream, Buckfield, July 23, 1908,
J. C. Parlin no. 2617.

VERMONT: in sun, edge of woods, Windham, August 30, 1902,
W. H. Blanchard (type) Westmore, August 6, 1908, E. J. Winslow
no. 21 (varying but slightly from the normal).

MassacHUSETTS: low rich woods, West Roxbury, August 2, 1902,
F. G. Floyd no. 1075.

NEw York: under tree in garden, Gouveneur, July 1900, E. C.
Anthony.

FF. Pinnules oblique to the rachis of the pinna and prominently
decurrent, though usually not connected by a membraneous
wing, teeth of pinnules acute. . A. angustum forma elegans.

AtHYRIUM ANGUSTUM forma elegans (Gilbert), new comb.

: Athyrium filiz-foemina elegans Gilbert, List of N. A. Pterid. 33
1901).

A somewhat rare form with markedly oblique and decurrent widely
spaced pinnules, the basal anterior pinnule usually much larger than

the others. The following specimens in the Gray Herbarium are
definitely of this form:

Mave: Bar Harbor, herb. of Franeis H. Peabody.
New Hampsaire: Nottingham, July 17, 1900, A. 4. Eaton no. 422.
RuODE IsLaNp: Cranston, July 14, 1884, J. F. Collins.

New York: Trout La.ke, Herman, September 4, 1900, herb. of
- E. C. Anthony.

Ontar10: Owen Sound, Mrs. Roy (an exceedingly large specimen,
nearly thrice pinnate, but showing the general character of this
form).

It is notable that certain ferns of eastern Asia seem to be identical
with certain of the American forms of A. angustum, having small dark
scales similar in structure to those of the American plant, fronds mod-
erately reduced downward, and sori with the characteristics of .
angustum. None of these specimens shows any part of the rhizome,
so that it is impossible to say definitely whether A. angustum really
reappears in eastern Asia like so many other east American plants,
or whether it has there merely a representative species of very close
affinity.

The specimens in question are: Northern China, 1910, Wm. Purdom
no. 48, apparently A. angustum var. typicum; ad. fl. Schilka, Dahuria,
T'urczaninow, labelled “ Asplenium Filix Feomina Bernh. var. tripina-
tum Rupr.,” evidently some of the material referred by Ruprecht
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himself to that variety with the comment “forma rigida” !; Mand-
shuria, ad. fl. Amur, 1855, R. Maack; the last two specimens appear
to be var. rubellum; North China, 1886, H. E. M. James no. 192,
close to var. elatius.

If these ferns should prove to be conspecific with the similar North
American forms, an interesting nomenclatorial question would be
raised concerning the status of Ruprecht’s varietal name tripinnatum.

4. TaHE Lapy Ferns oF AraskA, WESTERN CANADA AND THE
NORTHWESTERN STATES.

In 1901, Gilbert recognized clearly the points of difference between
the lady ferns of the northwestern states, British Columbia and Alaska
and those of the eastern states.? So traditional, however, had become
the view that our eastern ferns were true Athyrium Filix-femina, that
Gilbert seems never to have noticed that, in the various points of differ-
ence which he noted, it is always the western, rather than the eastern
plant which approaches most closely to the European type. Thus
he says of the western fern, which he called Athyrium cyclosorum
Ruprecht, “Indusium short, fringed early in the season with long,
jointed cilia which disappear with age, generally hippocrepiform,
sometimes only hamate,” and a little. lower on the page he mentions
the “rotund sorus and jointed cilia of the indusium,” descriptions
which correspond perfectly with much of the European material.
In a later publication ® he mentions a color peculiarity (by no means
general in western lady ferns) and then goes on to say, “the shape of
the frond is very much like that of Struthiopteris. It tapers from the
middle both ways, and the small lower pinnae come within four inches
of the root. The farther down the stipe the pinnae are situated, the
farther apart they stand. The pinnae themselves are quite different
from those of Asplenium filiz-foemina. Not only are they cut differ-
ently, but the enlargement of the anterior lower lobe, which is so
distinct a feature of A. f. f. is entirely lacking here.” It will be
remembered that one of the diagnostic characters by which Willdenow
distinguished his Aspidium angustum from the true Filix-femina, was

! Ruprecht, F. J., Dist. Crypt. Vasc. in Imp. Ros. 41 (1845).
2 Gilbert, B. D., Working List of N. A. Pterid. 31 (1901).
3 1d. Obs. on N. A. Pterid. Fern Bull. xiii. 76 (1905).
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that the former species has “serraturis subbidentibus, infima superiore |
elongata.”

A comparison of the specimens in the Gray Herbarium of Athyrium =
Filiz-femina from western North America, with those from Europe
shows that in all important respects there is complete agreement.
Rhizome, scales, general form of frond, sori, indusia, sporangia and
spores all agree. The indusia of the larger sori, measured in over
twenty-five specimens give an average height of 0.55 mm., and an 3
average length of 0.8 mm., precisely the dimensions obtained from
European material.

The stalks of the sporangia proliferate as they commonly do in A
European material of A. Filiz-femina. No case has been seen in west
American material in which a branch of the sporangial stalk bears a
glandular structure such as is common in the east American species,
and is occasionally found in European material of A. Filiz-femina.

The spores are yellowish, and average 38.9 X 24 u in size. b

Like the European A. Filiz-femina, the northwestern plant is very
variable. Some forms are common to both continents, while others
appear to be peculiar to one or the other. The coarser European
forms may be matched exactly with American material, while some
of the finer cut forms, particularly var. multidentatum (Doll) Milde,
and the form commonly known in Europe as var. rhaeticum,' appear
to be wanting in this continent. - A characteristically American variety 4
is A. Filiz-femina var. sitchense Ruprecht ex Moore,? a large and coarse

! This is the Polypodium rhaeticum of Linnaeus in part. As explained below on page 203 the
Linnaean name is a nomen confusum, and should be rejected. The oldest tenable varietal name
for this plant appears to be Athyrium Filiz-femina var. converum Newman, Hist. of Brit. Ferns,
ed. 2, 245 (1844),

2 Moore, Thomas, Index Fil. 183 (1860), where this combination appears in the synonymy,
and is attributed to Ruprecht. Ruprecht’s own publication in Dist. Crypt. Vasc. Imp. Ross., ;
41 (1845), was as follows:

65. Athyrium Filix foemina Roth, * * * * *

658. Athyrium Filix foemina: tripinnatum * * *

65v. Athyrium cyclosorum * Indusium brevius et sori plerumque rotundi. Petro-
pawlowsk! (etiam pinnulis angustis) et Unalaschka!; Kadiak (Blaschcke!). Ut videtur
etiam pr. Kola in Lappon. ross. crescit. (Hb., Baer!), ]

658. Athyrium sitchense * Frons interdum 4 pedalis; indusia brevissima fere cystop-
t:‘-idis; pinnae primariae secundariae pl. min. spatio pollicis dimidii disjunctae. Sitcha
(Mertens!).

This publication of **v Athyrium eyelosorum" and **§ Athyrium silechense ', has been cited by
various authors, sometimes as the publication of species, and sometimes as that of varieties.
Ruprecht, himself, in the preface to his paper (loc. cit., p. 6) speaks of them as “species secundi
ordinis s. d. varietates characteres suos interdum constanter servantes,””

Ruprecht’s other subspecies, v Athyrium eyelosorum, has been identified with the var, silchense
by many authors, and the name has been applied to some or all of our western lady ferns. A
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variety sometimes 2 m. tall, pinnae 1-2 dm. long, remote, the lower
ones with 5-10 em. intervals; pinnules triangular-lanceolate, 1.5-3 cm.
long, 0.5-1.5 cm. wide, remote, separated by about their own width,
incised with numerous low, broad and blunt teeth, or in the largest
fronds, pinnatifid, the segments of the third order oblong, obtuse,
slightly 5-8 toothed, the largest 6 X 2.5 mm. in size.

This variety differs from A. Filiz-femina var. multidentatum (Doll)
Milde of Europe, chiefly in its relatively broad and short ultimate
segments with almost suppressed marginal teeth, which are crowded
towards the very obtuse apex of the segment. The immature form of
this variety is the forma Hilli.2 The pinnules at this stage are large
(4-5 X 7-10 mm.), very blunt and rounded, crowded, and not at all
pinnatifid, but with a somewhat crenate outline and numerous very
small teeth borne chiefly at the summit of the pinnule. This type of
foliage is retained until after fruiting commences, and until the fronds
are 5-6 dm. tall. The transition to the mature form may sometimes

has already been pointed out, there is nothing about the sori of the American ferns of this
species to distinguish them from many Scandinavian, German, and British specimens. Ac-
cordingly, Ruprecht's definition of v A. eyvelosorum becomes nearly meaningless, and his refer-
ence to Lapland in his statement of habitat indicates that he was including in his variety all
those lady ferns which have unusually short and round sori, Some of his Alaskan material
assigned to this variety is here considered as belonging to the var. silchense, while the Asiatic
(probably) and the European (certainly) is considered as typical A. Filiz-femina. In this
interpretation I am following Milde, who says (Fil. Eu. et At. p. 50, 1867.) “var. cyclosorum
Rupr. ex insulis Kadjak et Unalaschka mihi nomine varietatis non digna videtur; specimina
unalaschkensia paulum varietatis praecedentis [var. sifchense] nos commonent, and again, on
p- 52 of the same work, ‘‘ Athyrium cyclosorum Rupr. Beitr. ITI (1845) p. 41 nullo modo ab
A, Fil. fem. differt.”

Gilbert (List of N. A. Pterid. 31) says, “The only [specimens] in the U. S. which can be
considered as something like type specimens are two in the Gray herbarium which were re-
ceived from St. Petersburgh: one of them came from the Amur region, the other from Unalaska
which was the type locality.” The first mentioned specimen cannot be identified, as there are
in the Gray Herbarium three specimens of lady ferns from the Amur region, all received by way
of Petrograd, and all labelled ** Aspidium Filiz foemina.” WNone of these shows any especial
resemblance to the west American forms of this species. The Unalaska specimen is labelled,
apparently in Ruprecht’s own hand-writing, *‘ Aspidium Filiz foemina var. aspidioides Ru-
precht,”” and has the printed data ‘“Herb. Acad. Petrop.— Unalaschka.— Dr. Mertens.”
While this is probably some of the original material from which Ruprecht published his »
A. eyclosorum, it cannot be considered as type material, considering that it does not bear
that name, nor any recognized synonym. It is a fairly well marked example of the var.
silchense as here defined. A specimen labelled in the same hand-writing, ‘“ Athyrium Filiz
foemina (L.) Roth. var.— Kamtschatka” is typical A. Filiz-femina. :

The synonymy of the var. sifchense is, therefore:

Artaymiom Frurx-rEmiva (L)) Roth. var. sitcaense Ruprecht ex Moore, Index Fil.
183 (1860).

& Athyrium sitchense Rupr. Dist. Crypt. Vas. Ross., 41 (1845).

v Athyrium cyclosorum Rupr. loc. cit. 41 (1845), in part.

2 Atayriom Frux-rEmina (L.) Roth. var. sircaense Ruprecht ex Moore forma Hilli
(Gilbert) comb. nov., Athyrium eyelosorum f. Hillii Gilbert, List of N. A. Pterid, 32 (1901).
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be seen in a single frond, the lower pinnae showing the immature form,
and the upper ones, the mature. As the immature type of foliage
appears to be sub-permanent in some cases, it seems to be worthy of a
formal name.

An extreme sun-form of the var. sitchense is the forma strictum,!
which has narrowly lanceolate pinnules with revolute margins. It
closely resembles the European var. convezum Newman, but may be
distinguished from that variety by the lower pinnae, which in the
European form are modified like the upper ones, whereas in the form
now under consideration they are but slightly contracted, and resemble
the basal pinnae of the typical var. sitchense.

Athyrium Filiz-femina var. sitchense occurs from the Aleutian Islands
to California,’ chiefly near the coast, also at low altitudes in the Selkirk
Mountains of British Columbia, and in northern Idaho.

American specimens of typical Athyrium Filiz-femina in the Gray
Herbarium:

IpaHO: near Lakeview, Kootenai Co., August 1-10, 1892, 4. A.
Heller; in damp forest at Mullan, Coeur d’Alene Mts., altitude 3000
ft., August 7, 1895, .J. B. Leiberg no. 1493.

OreGon: Calapooga, Douglass Co., 800 ft. altitude, July 26, 1899,
M. A. Barber, no. 125.

WasHINGTON: Stevens Pass, Cascade Mts. August 17, 1893,
Sandberg and Leiberg, no. 771; deep canyon near springs, Blue Mts.,
Columbia Co., August 7, 1897, R. M. Horner no. B. 598; Tacoma,
Sept. 17, 1898, J. B. Flett; Clark Springs, Spokane, June 26, 1902,
F. 0. Kreager, no. 34; without locality, G. R. Vasey, no. 45.

Brrmisa Corumsia: Selkirk region: Upper Spillimacheen, altitude
6500 ft., August 3, 1904, C. H. Shaw no. 438; Spillimacheen valley,
altitude 6000 ft., July 30, 1904, L. R. Heacock, in Shaw’s Selkirk Flora,
no. 421; near mouth of Downie Creek, altitude 1900 ft., August 9,
1905, C. H. Shaw no. 1127; Rogers Pass, altitude 4400 ft., August 9,
1904, E. R. Heacock, in Shaw’s Selkirk Flora, no. 444; Goldstream,
altitude 2200 ft., August 3, 1905, C. H. Shaw no. 1069.

Coast region: New Westminster, June 1899, 4. J. Hill; on rocks
in shady places, Pt. Renfrew, Vancouver Island, June-July 1901,
Rosendahl and Brand, no. 106.

Specimens of Athyrium Filiz-femina var. sitchense in the Gray
Herbarium:

Ipano: along creeks near Rathdrum, Kootenay Co., July 25, 1892,
McDougal and Heller, no. 723.

' Atayrium Fruox-resina (L) Roth var. srromesse Ruprecht ex Moore forma strictum
(Gilbert), comb. nov., Athyrium eyelosorum sirielum Gilbert, loe. cit., 32 (1901).

* I have seen a single specimen of this variety from California. It is in the collection of Mr.
R. A. Ware of Boston, and was collected by R. J. Smith near Sur River, Monterey Co. It was
distributed as Dryopleris spinulosa dilalala.
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OrEGON: without locality, Elihu Hall no. 682 (f. Hillii).

WasHINGTON: Columbia River, 1841, Hinds; without locality,
G. R. Vasey no. 47 (f. strictum), and no. 46; Ewell’s yard, Quiniault,
June 25, 1902, H. S. Conard no. 154; Cheney, Mrs. Susan Tucker.

Brrrisa CoLumsia: Selkirk region: Revelstoke, altitude 1600 ft.
July 22, 1890, John Macoun (f. strictum), and July 3, 1905, C. H. Shaw
no. 793; Glacier, altitude 3900 ft., August 8, 1909, Butters and Holway
no. 475. _

Coast region: New Westminster, 1899, A. J. Hull, an extensive
series of specimens illustrating different stages in the development of
this fern, and including type material of Gilbert’s two forms.

Araska: “Unalaschka, Dr. Mertens,” from Herb. Acad. Petrop.,
labelled in Ruprecht’s writing, “ Athyrium Filix foemina var. aspi-
dioides Ruprecht”; White Pass, July 23, 1914, Alice Eastwood no.
874; Skagway, July 20, 1914, Alice Eastwood no. 796.

4. TaE Lapy FErN oF CALirorNIA,! THE Basix REGION, AND THE
SouTHERN Rocky MOUNTAINS.

The lady fern of this region has been treated by all American authors
as the true Athyrium Filix-femina. 1t is, however, found to differ
from the typical form of that species in several minor respects, and
in one important character. It should, therefore, be considered as a
well marked geographical variety:

AtaYRIUM Frurx-rEMINA (L.) Roth. var. californicum var. nov.
differt a forma typica paleis atris, indusiis interdum dentatis
vel brevissime ciliatis, sporis majoribus reticulatis nigrescentibus.

The scales of this variety are usually considerably darker than in -
typical A. Filiz-femina, but as in the case of similar dark scales found
occasionally in European specimens, they have the same structure
as the ordinary pale scales of A. Filix-femina, and not the fibrous
structure characteristic of the dark scales of A. angustum. Short
asplenioid sori are more frequent than in typical A. Filiz-femina, and
the indusia are seldom long ciliate, but rather short ciliate or merely
toothed. In this respect they resemble those of A. angustum, but their
dimensions are rather those of typical A. Filiz-femina. They measure,
on the average, 0.5 mm. high, and 0.8 mm. long. As in all American
forms of A. Filiz-temina, the sporangia are entirely without stalked
glands. The most important peculiarity of this variety is the char-
acter of the spores, which are unusually large, averaging 43 X 27.5 g,
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and which have a distinct nigrescent, wrinkled and reticulate exospore
similar to that found in 4. alpesire and in A. asplenioides. ‘

In its underground parts, and in the form of the frond, this variety =
is in no way peculiar. The frond is rather variable but generally =
agrees closely with ordinary European forms. It is usually markedly '.
puberulent on the rachis and the back of the pinnae. _

It ranges from California eastward to southern Idaho, Colorado and

New Mexico. It also extends southward into Mexico, at least as far
as the state of Chihuahua.

All specimens of A. Filiz-femina in the Gray Herbarium within
this range belong to this variety except that in Idaho and Wyoming
some specimens occur which are intermediate between this variety P
and typical A. Filiz-femina. These transitional forms have inter- 4
mediate types of spores, or spores which are variable in type even on
the same frond.

The following list contains a portion of the material of this variety
in the Gray Herbarium:

Cororapo: Tabeguache Basin, 8000 ft., August 20, 1913, Edwin |
Payson no. 195; Fish Creek Falls, Routt Co., July 21, 1903, Leslie
N. Goodding no. 125.

Ipano: Trinity, Elmore Co., August 23, 1910, J. F. Macbride no.
635, distributed as Cystopteris languida A. Nels. n. sp.

Uran: City Creek Canyon, August 9, 1884, F. E. Leonard, ex herb.
Oberlin College, no. 201. -3

New Mexico: Mogollon Mts., 7500 ft., Socorro Co., July 23, 1903,
0. B. Metcalfe no. 298.

Nevapa: Little Valley, Washoe Co., 2000-2155 M., August 14,
1902, C. F. Baker no. 1466; Snow Valley, Ormsby Co., August 8, 1902,
C. F. Baker no. 1444. :

Cavurrornia: Dollar Lake Canyon, San Gorgonio Mts., altitude
9000-9500 ft., July 12, 1908, Abrams and McGregor, no. 768, Mt.
Eddy, Siskiyou Co., August 26, 1915, A. A. Heller no. 12234; Mt.
Rose, near Webber Lake, August 15, 1874, J. G. Lemmon; outlet of
%%lr;e ()Jheqmta, Madera Co., August 16, 1895, J. W. Congdon no. 7

PE). ; '-

Specimen: intermediate between A. Filiz-femina and A. Filiz-
femina var. californicum: ! ; A
WyominG: Piney Creek, Bighorn Mts., August 28, 1900, J. B. Jack.
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5. ATHYRIUM ALPESTRE AND ITS AMERICAN VARIETY.

The typical form of Athyrium alpestre (Hoppe) Rylands ex Moore'
is an arctic-alpine plant of Europe, ranging from Iceland to Asia
Minor. In habit and foliage it greatly resembles A. Filix-femina,
from which it differs in its spores, which are nigrescent and reticulate,
and in its sori, which are smaller than those of A. Filix-femina, almost
perfectly round, and seemingly without any indusium. Careful dis-
section shows, however, that the receptacle of the sorus is slightly
elongated along the vein, and under a compound microscope it is
almost always possible to find a vestigial indusium in the same position
that the indusium holds in forms of A. Filiz-femina with round sori.
This indusium is about 0.3 mm. high, and may extend along the vein
for as much as 0.25 mm., but often consists merely of two or three
hairs joined together side by side at the base. Its cilia are always
swollen and glandular at the tip. '

The peculiarly reduced condition of the sorus and indusium in this
species has often lead to its being placed in genera far removed from
the group now under consideration. Its structural general resem-
blance to A. Filiz-femina is, however, very great, and the latter species
occasionally has semi-abortive sori with indusia almost as reduced as
those of A. alpestre.

A common arctic-alpine plant of North America has been tradition-
ally identified with this species, but it differs in having the ultimate
segments of the frond conspicuously narrower, and more widely sepa-
rated from one another, and the sori even smaller than in the type
(0.5-0.7 mm. in diameter as against 0.75-1.0 mm. in the typical form),
sub-marginal and protected by a reflexed tooth of the pinnule. Care-

! AtaYrRiuM ALpesTRE (Hoppe) Rylands ex Moore.
Aspidium alpesire Hoppe, Neue Taschenbuch 216 (1805).
Phegopleris alpestris Mett. Fil. Hort. Lips. 83 (1856).
Athyrium alpestre Rylands according to Moore, Ferns of Gr. Br. and Ir. Nat. Print.
Fol. ed. P1. 7 (1857).
Polypodium rhaeticum L. Sp. Pl. ii. 1091 (1753), in part.

Polypodium Rhaelicum L. was made up of a mixture of this plant and certain forms of A.
Filiz-femina which resemble it in the form of the frond. The latter alone are represented in the
Linnaean herbarium under this name, while to the former belongs probably the name-bringing
synonym, Bauhin’s Filiz rhaetica tenuissime dentata. ~With sundry variations the Linnaean
name has been employed extensively for both of these ferns. This seems to be a clear case of a
nomen confusum, which should be rejected under the international rules. For a further dis-
cussion of this question, see P. Ascherson, Osterreicher Bot. Zeit. 46: 44. 1896.
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ful search has failed to disclose any vestige of indusium in the Ameri- '
can material.

As certain intermediate forms occur, it is the opinion of the author
that this plant should be considered a distinct geographical variety =

rather than a species. |

Arayriom ALPESTRE (Hoppe) Rylands ex Moore var. americanum,
var. nov., omnibus frondium segmentis iisdem formae typicae angus-
tioribus, inter se plus distantibus ultimis linearibus, soris minutis 1
(0.5-0.7 mm. latis) rotundis submarginalibus, soris singulis dente ;
marginali pinnulae everto tectis, velo nullo. 4

This variety is found in subarctic and high alpine situations from
Alaska and British Columbia to California and Colorado, also in Gaspé
Co., Quebec. E

The following specimens of Athyrium alpestre var. americanum are
in the Gray Herbarium: 3
QueBEC: forming extensive areas in the alluvium of alpine brooks, 4
easterly and northerly slopes, Table-top Mt. Gaspé Co., August 9,
1906, Fernald and Collins no. 151a; (specimens 9 dm. tall; crevices ‘
of granite rock, altitude 750-1050 m., easterly and northerly slopes
Table-top Mt. Gaspé Co., August 9, 1906, Fernald and Collins no. 151.
MonTaNa: altitude 5500-6000 ft., Glacier Basin below Sperry
Glacier, August 5, 1901, F. K. Vreeland no. 1058,
Ipano: moist places, Packsaddle Peak, Kootenai Co., August 6, 3
1892, Sandberg, McDougal and Heller, no. 858.
WyomiNGg: in glacial drift, Teton Mts., July 26, 1901, Merrill and
Wilcox no. 1032. E:
Covrorapo: rocky slopes and rock crevices, summit of North Park
Range, Larimer Co., August 10, 1903, L. N. Goodding no. 1841. :
CALIFORNIA: mear summit of Mt. Rose, 8600 ft. altitude, 1877,
J. G. Lemmon no. 1160; 7500 ft. altitude, Mt. Shasta, August 17, 1881,
C. G. Pringle; 7800 ft. altitude, Mt. Shasta, August 16, 1903, E. B.
Copeland (distributed by C. F. Baker) no. 3917; Mt. Shasta, 1877,
Hooker and Gray; Mt. Shasta, 1897, W. M. Canby no. 414.
WasHiNGTON: loose rock, 6000 ft. altitude, Mt. Rainier, August,
1895, C. V. Piper no. 2111; Mt. Rainier, August 1890, E. C. Smith.
Britist CoLuMBIA: mountains near Ainsworth, Kootanie Lake,
altitude 6000 ft., July 10, 1890, John Macoun; altitude 5300 ft.,
Fish Creek Valley, August 1906, Butters and Holway; on dry rocks,
near top of Mt. Cheops [near Glacier], altitude 8200 ft., July 12, 1904,
E. R. Heacock in Shaw's Selkirk Flora no. 453; altitude 4400 ft.,
Rogers Pass, August 23, 1904, E. R. Heacock in Shaw’s Selkirk Flora
no. 554; Selkirk Range, August 24, 1885, John Macoun; Cascade Mts.
49° N. lat., 1859, Dr. Lyall. |
ALASKA: mountains, interior of Unalaska, October 10, 1871, M.
W. Harrington.
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The following specimens approach close to the European form in
the cutting of the frond, but have no indusia:

CALIFORNIA: near summit of Sierra Nevada, Nevada Co., 1873,
Miller; ridge south of Donner Pass at 7500 ft., Nevada Co., August
17, 1903; A. A. Heller no. 7186; 11500 ft. altitude, Saw Tooth Peak,
Tulare Co., August 17, 1904, Culbertson.

OrecoN: Union Co., 1878, W. C. Cusick.

WasHINGTON: Wenatchie region, altitude 7000 ft., August 1883,
T. S. Brandegee no. 1222,

From this study of the Filiz-femina group of Athyrium, it appears
that these ferns follow certain laws of distribution, which have been
noted often in the case of Phanerogams. Thus we find that the com-
mon woodland species of eastern North America (4. angustum) either
reappears in eastern Asia, or is represented there by a very closely
related species.! This plant, like many others of eastern North
America ranges northeastward into the region of the Gulf of St.
Lawrence, and there appears, often in a peculiar form, the variety
laurentianum.? A very distinct species (4. asplenioides) ocecurs In
the southeastern United States, and like so many plants of that
region, extends northward along the Atlantic as far as southeastern
New England. :

The common fern of cool temperate Europe (4. Filix-femina)
extends well across Asia, occurs in Kamchatka, and reappears in
Alaska and British Columbia in precisely the same form. There are,
however, in each of the chief areas occupied by this species, certain
well marked minor forms peculiar to the respective regions,—in
Europe the various finely cut forms, especially that commonly known
as the variety rhaeticum, in the Pacific coast region from Alaska to
Oregon the variety sitchense. Like a great number of plants of the
wet western coast, this latter variety reappears at low altitudes on the
climatically similar west slope of the Selkirk Range.? .

1 The close relations between the flora of the region of deciduous forests of eastern North
America and the corresponding region of eastern Asia, was long ago pointed out by Asa Gray,
in his classic essay, * Observations upon the Relation of the Japanese Flora to that of North
America and other Parts of the northern Temperate Zone.” Mem. of the Am. Acad. of Arts
and Sciences, vi. 377 (1859).

2 Professor Fernald, in studying the flora of the region about the Gulf of St. Lawrence, has
found that a great many of the plants of that region are similarly peculiar. He informs me
that it is never safe to assume that a plant of Newfoundland or Gaspé is identical with an ap-
parently similar species of the eastern United States, until a detailed study has been made of
all its technical characters.

3 Several years ago the author pointed out (The Vegetation of the Selkirk Mountains, Ap-
pendix A. to Howard Palmer’s * Mountaineering and exploration in the Selkirks™ 354. 1914)
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The southern extension of A. Filiz-femina into the western United
States is marked by a peculiar technical variety, as seems often to be
the case with northern plants which extend south into California and
the southern Rocky Mountains.

The Filiz-femina group of the genus Athyrium presents a typical
case of boreal distribution. Apparently the center of this distribution
is somewhere in Asia. Christ says of the genus Athyrium in China,
“The variation of the genus Athyrium in southern China is only
equalled by that of the same genus in Japan and the Indian Himalaya,
other countries belonging to the same botanical region... It is a
plastic mass which appears to be endlessly modified.!

On the other hand the number of species of this genus in North
America is limited to those just described and the two diplazioid
species A. acrostichoides and A. angustifolium.

Moreover, as has been pointed out already, the Diplazia of tropical
America, presumably descendents from the genus Athyrium, though

very numerous as to species, appear to belong almost wholly to a
section of the genus which is probably descended from Athyrium
acrostichoides (Sw.) Diels or some very similar species, while the Asiatic
Diplazia form a mass of species of almost endlessly complicated rela-
tionships.

Athyria of the true Filiz-femina group extend south into the tropical
mountains in Mexico (4. Martensi and A. Dombei Desv.), and

the strong relationship of the boreal flora of the Selkirk Range with that of Scandinavia. Evi-
dence is accumulating, that this relationship extends to parts of the flora which cannot be
considered as arctic-alpine, but rather cool temperate and subalpine.

The lady fern is only one of numerous cases in which plants of cool temperate Europe occur,
in precisely the same form, in the cool and moist evergreen forests of British Columbia and
Alaska.

The occurrence of Athyrium alpestre in the mountains of western America,— in this case in a8
somewhat modified form,— is another instance of the relationship of European and north-west
American floras, though in this case the plant is distinctly alpine in character. The further
extension of its range to the Gaspé region is entirely in keeping with the known facts concern-
ing the flora of that interesting region. See Fernald, M. L., The Soil Preferences of Certain
Alpine and Subalpine Plants. Ruobona, ix. 140 (1907).

The Reappearance of the variety silchense in the western part of the Selkirk Range, is also
entirely normal. Piper, in his Flora of Washington, Contrib. from the U. 8. National Herb.
xi. 53 (1906) called attention to the large number of west coast plants, which do not oceur in
the interior of Washington, but which reappear in the more moist hill country of eastern Wash-
ington and northern Idaho. Evidence is accumulating that a much larger number of coastal
forms occur farther north in the region around Revelstoke, the interior region, which, above all
others, has the nearest approach to the coastal climate.

! La variation du genre Athyrium en Chine mérid. n'a d'égale que celle du méme genre au
Japon et I'Himalaya indien, pays du reste qui appartient & la méme région botanique. . . . . C'est
une masse plastique qui semble se modifier sans cesse. Christ, H. Les collections de Fougdres

de la Chine au Museum d’histoire naturelle de Paris. Bull. Soc. Bot. de France lii. Mém. i.
50 (1905).
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thence into the South American Andes, in India (A. pectinatum Pr.)
and in Abyssinia (4. Schimperi Mong., apparently the closest relative
of our A. asplenioides). With these exceptions they are entirely
wanting from the tropical regions, and from the southern hemisphere.

II. BOTRYCHIUM VIRGINIANUM AND ITS AMERICAN
VARIETIES.

In 1915 Fernald and St. John! called attention to the fact that
Botrychium virginianum about the Gulf of St. Lawrence differs from
the more southern typical plant in several respects. They identified
this form with Botrychium wvirginianum var. europaeum Angstrom,
a rare ferntof Scandinavia, Russia, and central Europe. A re-examina-
tion of all the North American and European material of this species
in the Gray Herbarium indicates that the actual condition is somewhat
more complex.

In this examination particular attention has been paid to the char-
acter of the sporangia and of the ultimate segments of the fertile frond
which bear the sporangia.

Each of the varieties has, indeed, its own characteristic sterile frond,
but the attempt to distinguish them on this ground is unsatisfactory
in view of the slight and often scarcely describable differences between
the fronds of the different varieties, and the very considerable indi-
vidual variation within the same variety.

Typical Botrychium virginianum (L.) Sw. has a sterile frond of thin
texture with the pinnules lanceolate, deeply pinnatifid or nearly pin-
nate, and the ultimate segments oblong or lanceolate and scarcely
or not at all spatulate. The ultimate segments of the fertile shoot are
narrow (0.25-0.5 mm.) and thick, and in dried specimens appear nearly
opaque. The mature sporangia are dark in color, varying in different
plants from a moderately dark yellow brown to almost black. As
in all the species of Botrychium, they vary considerably in size, the
largest measuring 0.5-0.8 mm. in length and somewhat less in width.?

1 Fernald, M. L., and St. John, Harold, The Occurrence of Bofrychium virginianum var.
europaeum in America. RuopoRa, xvii. 233 (1915).

2 The measurements of sporangia given throughout this discussion of Bolrychium virginianum
and its varieties, are all taken from large fully developed sporangia. Smaller sporangia are
always mingled with the large ones, and these vary in size in the respective species proportion-
ally with the larger ones.
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In dehiscence the valves of the sporangia open very widely and recurve
so that the open sporangium is nearly flat with a depressed pit in the
center at the point of attachment. When moist, the empty sporangia
close again, and are then of a distinctly flattened or lenticular form
(see fig. 6, A and B). The walls of the sporangia are nearly opaque
as seen under a microscope, and the superficial layer of the wall
is seen to consist of irregular cells with thick, sinuous walls (see
fig. 6, C).

Typical Botrychium virginianum is a plant found usually in rich
deciduous woods. It is most abundant in calcareous regions, and
ranges from Prince Edward Island to Minnesota, and south to Florida
and Texas,! reappearing in exactly the same form in eastern Asia.

Fig. 6. A-C, Bolrychium virginianum (L.) Sw. D-F, B. virginianum var. laurenlianum
Butters. A and D, group of sporangia, dehisced, but moist, dorsal view, X 5. B and E,dry,
dehisced sporangium, ventral view, X 10. C and F, group of cells from the sporangial wall,
T, 4 i

In the Gray Herbarium there are two specimens of it from the latter

region, one collected by Dr. August Henry (no. 5799) in the province

of Hupeh, China, the other by K. Watanabe in the province of Tosa,
Japan.?

The plant found about the Gulf of St. Lawrence is a hitherto unde-
scribed variety, Borrycuiom vircinianvm (L.) Sw. var. lauren-

1 As has been recently pointed out by Ivar Tidestrom (Bolrychium virginianum and its forms.

Contrib. U. 8. Nat. Herb. xvi. 200. 1913.) Botryehium gracile Pursh (Flora Am. Sept. 666.
1814), deseribed originally from Virginia, is only a young stage of the typical Bolrychium

pirginianum.

2 In Japan occurs also the closely related Botrychium strictum Undw., Bull. Tor. Bot. Club,

xxx. 52 (1903), of which there is in the Gray Herbarium a single specimen collected by Maxi-
mowiczin Yokahama in 1862. This is quite distinct from any North American form known
to the author.
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tianum, var. nov., fronde sterili crassiore, segmentis ordinum omnium
latioribus rebus formae typicae iisdem, segmentis confertis imbricatis
ultimis spathulatis, fronde fertili crassa conferte paniculata segmentis
ultimis herbaceis complanatis 0.5-1.0 mm. latis, sporangiis flavis 1-1.8
mm. longis (exsiceatis) anguste apertis.

This variety is characterized by its thick and heavy sterile frond,
less finely divided than in the typical form, and with the segments so
crowded that they overlap one another. Though it is generally smaller
than the typical Botrychiwm wvirginianum, it occasionally reaches
large size, the largest specimen seen, having the sterile frond 18 cm.
long and 28 c¢m. wide. The pinnules are shorter than in typical
Botrychium virginianum, and tend to be ovate in form and the ulti-
mate segments are strongly spatulate. The fertile spike is relatively
short and stout, and in well developed specimens is very strongly
paniculate. Its ultimate segments are flat, foliaceous, and often 1 mm.
wide.

It is, however, in the sporangia that this form differs most greatly
from Botrychium virginianum. Indeed these organs resemble rather
those of Botrychium Lunaria than those of typical Botrychium vir-
ginianum. They are 1-1.8 mm. long when dried, and sometimes
exceed 2 mm. when fresh. When ripe, they are of a dark straw color
like those of Botrychium Lunaria. Before dehiscence the line of
fracture shows as a distinct paler band. In dehiscence they open but
slightly, and the valves never become recurved. When moistened,
they close again, regaining their almost spherical form (see fig. 6,
p- 208 D and E). Under the microscope the walls of the sporangia
appear very translucent, and the cells of the outer layer are seen
to be of regular quadrilateral or polygonal form with nearly straight
thickened walls (see fig. 6, p. 208, ).

So different is this fern from typical Botrychium virginianum, that,
were it not for the intermediate varieties discussed below, it would
certainly take rank as a distinct species. It grows typically in open,
grassy places, occasionally on exposed rocks or talus. It is almost
confined to the calcareous districts in the vicinity of the Gulf of St.
Lawrence, as is shown by the following list of the specimens in the
Gray Herbarium.

LABRADOR: limestone and calcareous sandstone terraces, Blanc
Sablon, Straits of Belle Isle, August 6, 1910, Fernald and Wiegand
no. 2356.
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NEWFOUNDLAND: grassy strand, Ingornachoix Bay, August 2,
1910, Fernald and Wiegand no. 2354; damp talus &f limestone sea-
cliffs, Point Riche, Ingornachoix Bay, August 4, 1910, Fernald and
Wiegand no. 2355; talus slopes of the marble region between Mt.
Musgrave and Humber Mouth, July 18, 1910, Fernald and Wiegand
no. 2353.

QuEBEC: cold calcareous walls of the Grand Coupe, Percé, Gaspé
Co., August 5, 1907, Fernald and Collins no. 795 (a very small and
immature plant); alluvial woods, Nouvelle, Bonaventure Co., July
19 and 20, 1908, Collins and Fernald; Grand Cascapedia River,
Bonaventure Co., July 12-15, 1905, Williams, Collins and Fernald
no. 1; meadows and swamps in the slaty region south of Bic, Rimouski
Co., July 25, 1907, Fernald and Collins no. 794 (type); Riviere du
Loup, July 24, 1908, A. A. Eaton no. 217; Little Metis, July 18, 1906,
James Fowler; Georgeville, July 5, 1905, .J. R. Churchill.

MAE: rich upland meadows, Cutler, Washington Co., July 3,
1902, Kennedy, Williams, Collins and Fernald; larch and arbor-
vitae swamps, Houlton, Aroostook Co., July 13, 1916, Fernald and
Long no. 12302.

Micuian: Isle Royale, Lake Superior, July 3, 1909, W. S. Cooper
no. 23 (a large but very immature specimen, which appears to be of
this variety, but cannot be identified with entire certainty).!

South of the region occupied by Botrychium virginianum var. lauren-
tianum, there is a second variety somewhat intermediate between this
fern and typical Botrychium virginianum. The sterile frond has the
somewhat ovate pinnules and the spatulate ultimate segments of the
var. laurentianum, though without the close imbrication of the seg-
ments which is characteristic of that variety. The ultimate segments
of the fertile frond are narrow (0.25-0.5 mm. wide) as in typical
Botrychium wvirginianum, but are thin and flat and more transiucent
than in that plant. The sporangia resemble those of var. laurentianum
except in their smaller size (0.5-0.8 mm. long when dried) and slightly
wider dehiscence. This also is an undeseribed variety,

Borrycrrom vircinianum (L.) Sw. var. intermedium, var. nov.,

* This list includes all the material of the Botrychium virginianum group from the region of
the Gulf of St. Lawrence with three exceptions, viz.: 1. Typical Bolrychium virginianum
occurs on Prince Edward Island as indicated by the following specimens: swampy Lariz and
Thuja woods, Tiginish, August 6, 1912, Fernald, Long and St. John no. 6679; springy larch
swamp, Bloomfield, August 7, 1912, Fernald, Long and St. John no. 6680; larch swamp,
Dundee, August 26, 1912, Fernald, Long and St. John no. 6681. 2. The following variety
occurs on Cape Breton Island, as noted on p. 211. 3. Three plants collected by Mr. Harold
St. John in September 1915, at Betchouam, Seignoiry of Mingan, on the south shore of the
Labrador peninsula (Geological survey of Canada, no. 90028) appear to belong to an unde-
scribed variety of Botrychium virginianum. They were, however, collected so late in the
season, and in such an over-mature condition that it seems best to postpone a description of
this form until better material can be obtained. As Mr. St. John hopes to visit the same

region again, in the near future, I have hopes that additional material of this form may soon
be available.

2 e el b b Sl A



s
;
:
3
£
:
3
¥
3

1017] Butters,— Studies in Ferns — Botrychium 211

segmentis frondis sterilis ultimis spathulatis, penultimis ovatis haud
confertis, segmentis frondis fertilis ultimis angustis complanatis,
sporangiis flavis ad 0.8 mm. longis.

This variety occurs in Nova Scotia, New England and northern
New York, and also in Illinois and Missouri. The following speci-
mens, in the Gray Herbarium belong to this variety:

Nova Scorra: hardwood forest, Indian Brook, valley of the Bar-
rassis River, Cape Breton Island, July-August 1915, G. E. Nichols
no. 1562.

MAINE: open springy meadows, Brownville, July 18, 1905, Knight
and Parlin no. 1913.

VermonT: Arlington, July 5, 1913, N. H. Blanchard no. 57.

MassacHUserTs: dry rocky upland woods, North Adams, June 25,
1913, Fernald and Long no. 8374 (N. E.).

CoxxecticuT: rich woods, North Guilford, June 22, 1906, G. H.
Bartlett.

NEw YORK: moist woods, Canton, June 25, 1914, Orra P. Phelps no.
47 (TypE); Pierrepont, July 10, 1914, 0. P. Phelps no. 48; moist woods,
Norfolk, July 7, 1914, 0. P. Phelps no. 50 (all in St. Lawrence Co.).

Iuuinors: rich woods, C. H. and D. bridge, Macon Co., May 21,
1915, 1. W. Clokey, no. 2387.

Missourt: rich woods, Monteer, May 26, 1907, B. F. Bush no.
4724; Whiteside, June 13, 1910, Jokn Dauvis.

BOTRYCHIUM VIRGINIANUM var. EUROPAEUM Angstrom is also some-
what intermediate in character but quite unlike the variety just dis-
cussed. The fertile frond is less finely dissected than in typical
Botrychium virginianum, and the ultimate segments are usually more
obtuse than in that plant, but they show little of the spatulate form
seen in var. laurentianum or var. intermedium. The pinnules arelanceo-
late, and tend to be strongly decurrent so that the pinnae are usually
merely pinnatifid. The sporangia resemble those of Botrychium
virginianum rather than those of either of the varieties just described.
They are somewhat larger than in the typical form (0.7-1.2 mm. long),
and slightly lighter colored, but with a distinct dark stripe along the
edge of the valves. Their dehiscence is wider than that of either of the
varieties just described, and nearly as wide as that of Botrychium
pirginianum, but usually without the strong recurving of the valves
seen in that form. The microscopic structure of the sporangium wall
is somewhat intermediate between that of true Botrychium virginianum
and that seen in the two varieties just discussed. Some irregular
cells with sinuous walls are always present in the outer layer of the
wall, but much of this layer is made up of nearly regular quadri-
lateral cells.

Like the majority of lowland plants common to temperate Europe

1 Herbarium of the New England Botanical Club.
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and North America, this variety is essentially a plant of the evergreen
coniferous forests. In America it is a plant of the Canadian zone,
and is confined largely to calcareous regions. In Europe it appears
to be very rare. There are specimens in the Gray Herbarium from the
Baltic regions of Sweden (Angermannland) and Russia (Petrograd
and Novgorod). It is also reported from Bohemia. The European
plant has conspicuously large sporangia, so also has the British Colum-
bian plant, which is an exact match for the Russian plant in all respects.
In the eastern United States the size of the sporangia is usually less
and there is a complete intergradation between this variety and typical
Botrychium nrginianum.

The following Americah specimens of this variety are in the Gray
Herbarium:

QueBECc: Montmorenci Falls, July 1, 1905, Jokn Macoun.

New Brunswick: St. Francis parish, July 29, 1900, E. F. Williams.

NeEw HamesHIRE: Randolph, July 15, 1804, E. F. Williams; ib.,
July 18, 1894, E. F. Williams (N. E.).1
; VER];C[ONT: rich woods, Westmore, July 24, 1903, R. A. Ware
N. K.

New York: Pierrepont, St. Lawrence Co., July 10, 1914, Orra P.
Phelps no. 48.

OntarIO: sandy woods, Nepigon House, Lake Nepigon, July 15,
1884, John Macoun; clay soil, Ouaman River, Hunder Bay district,
H. E. Pulling.

MonTaNa: Swan Lake near Flathead Lake, August 25, 1908, Mrs.
John Clemens (in part).

Brrrisa CoLumsia: rich soil, avalanche path, Emerald Lake, alti-
tude 4400 ft. (Rocky Mts.), July 1, 1904, C. H. Shaw no. 83; flood
-plain of Columbia River, Beavermouth, altitude 2400 ft., August
18, 1905, C. H. Shaw no. 1157; woods, Carbonate (upper Columbia
valley), altitude 3000 ft., July 8, 1904, T. B. Snyder in Shaw’s Selkirk
Flora no. 207; forest near mouth of Downie Creek (west slope of

Selkirk Range), August 7, 1905, C. H. Shaw no. 1106; New West-
minster, September 15, 1899, A. J. Hill.

Besides the varieties of Botrychium virginianum in eastern and
northern North America yet another one occurs in the far western
states. It appears to be a direct development from the var. europaeum,
and occasionally grows with that form. The sterile frond is exactly
like that of the var. europaeum, but the sporangia are peculiar. In
the species and its other varieties the sporangia are narrow at the base,
and when one of them is sufficiently wide open so that the inside is
visible, the narrow base appears as a funnel-like hole leading down
from near the middle of the expanded upper portion. In this western
variety, on the other hand, the base of the sporangia is very nearly
its widest part. This broad base is herbaceous, and appears like a

1This is a somewhat peculiar specimen, see below, p, 213.
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lobe of the ultimate segment of the fertile frond. When the spor-
angium has opened, an inside view has something the appearance of
the inside of a straw hat, the shallow crown of which is formed by the
wide lower part of the sporangium. The herbaceous base then ap-
pears as a dark spot in the middle of the open sporangium, correspond-
ing in its position to a lining in the top of the crown of the hat. The
sporangia in this variety are as small as in typical Botrychium vir-
ginianum, rarely over 0.7 mm. long and their walls consist of irregular
cells with flexuous walls, as in the typical form.

A single specimen of Botrychium wirginianum var. europacum from
the eastern states, that from Randolph, N. H., previously noted as
peculiar, shows a somewhat similar broadening of the base of the
sporangium, though to a smaller degree. In the size and the micro-
scopical structure of the sporangia it corresponds with the var.
europaeum. Otherwise the specimens displaying the peculiarity here
discussed are all western, and I am calling the variety

BorrycHruM VIRGINIANUM (L.) Sw. var. occidentale, var. nov.,
varietati europaeo similis sed sporangiis 0.5-0.7 mm. longis, basin
versus latioribus herbaceis late apertis.

The following specimens are in the Gray Herbarium:

MonTtAaNA: Swan Lake, near Flat Head Lake, August 25, 1908,
Mvrs. Joseph Clemens (in part).

Ipano: deep woods near the south end of Lake Pend d’Oreille,
July 28, 1892, Sandberg, McDougal and Heller no. 762 (type).

OrecoN: Hood River, April 1882, Mrs. P. . Barrett.

CavriForNIA: without locality, 1873, “ Maller.”

In Mexico there are two Botrychia belonging to the group now under
discussion. One of these occurs also in Central America and the
West Indies, and possibly also in the Andes. The other, apparently
confined to Mexico, has usually been considered as Botrychium vir-
ginianum, but it differs so much from the typical form of that species
in the form and cutting of the sterile frond, that it should be distin-
guished as a variety, Borrycarom vircinianum (L.) Sw. var. meri-
dionale, var. nov., fronde sterili haud ternata, pinnis basalibus eas
secundas parum superantibus, pinnulis ovatis ad basin cordatis vel
truncatis vel brevissime cuneatis pinnatifidis, segmentis ordinis tertii
approximatis obovatis seu spathulatis obtusissimis crenulato-serratis,
fronde fertili atque sporangiis iisdem Botrychii virginiani typici
similibus.

This ‘plant is evidently closely allied to true Botrychium virginianum
with which it agrees entirely in the character of the fertile spike and
the details of the sporangia except that the valves of the latter are
usually somewhat less recurved in dehiscence. It differs, however,
in both the form and the cutting of the sterile frond. The basal
pinnae are only slightly longer and wider than the second pair, so that
the frond is distinctly pinnate rather than ternate. The pinnules
are wider and shorter than in the typical form and are truncate or
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cordate, rarely very slightly cuneate at the base. They are cut into
obovate or spatulate very blunt segments, which lie so close to one
another that, at a little distance, the pinnule appears as if it were
nearly undivided.

In the Gray Herbarium are two excellent specimens of this plant:
Chiapas, Dr. Ghiesbreght, filices austro-mexicanae no. 252 (type);
in the San Migueleto Mountains, valley of San Luis Potosi, J. G
Schaffner, flora mexicana no. 943.

BortrycHIUM cIcUTARIUM (Savigny) Sw. Syn. 171 (1806). (0s-
munda cicutaria Savigny in Lam. Encyel. iv. 650, 1797). Ivar
Tidestrom has recently pointed out’ the identity of the Mexican fern
Botrychium brachystachys Kunze, and the West Indian fern Botry-
chium dichronum Undw. with the old species Botrychium cicutarium.
As has been pointed out several times, this species has a very short
fertile spike, but little exceeding the length of the sterile frond. It
also peculiar in having often a second sterile leaf present at the time =
of fruiting. It seems to be generally assumed that this second leaf
is the remaining sterile part of the fruiting leaf of the previous year,
but in a specimen in the Gray Herbarium which shows this second |
leaf, there is no indication that it ever bore a fertile spike. In this
species the sterile frond has greatly enlarged basal pinnae as in ordi-
nary Botrychium virginianum, the pinnules are lanceolate, acute
markedly decurrent at the base, and conspicuously cut about two
thirds of the distance to the midrib. The ultimate segments of the
fertile frond are flat and moderately broad. The sporangia are small -
(0.5-0.7 mm. long), and dark brown. Their dehiscence is narrow
with a slight recurving of the tips of the valves. '

_It1s not quite clear to the author whether this plant should be con-
sidered as a species or as a variety of Botrychium virginianum. The
differences between this form and typical Botrychium virginianum aré .
no greater than the differences between some of the North American
varieties of that species. On the other hand there is at present no
evidence of any intergradation such as is found between the various
North American varieties. It was long since given a varietal name

Botrychium virginicum B mexicanum Greville and- Hooker, Bot. Mis¢.
i, 223 (1833).

Specimens in the Gray Herbarium:

Santo DominGo: in woods near Constanze, 4000 ft. altitude,
February 1910, von Tuerckheim no. 2963; in woods, Tal Mingo, Province

of Barahona, 4400 ft. altitude, April 1912, Padre Miguel Fuertes no-
1540.

MEexico: Jalapa, state of Vera Cruz, 40004500 ft. altitude, 1894
C. L. Smith no. 2141.

GuaTEMALA: Volcan de Agua, 0. Salvin.

This plant is also reported from Jamaica and Panama, and either
this or a closely related form from Eecuador.

! Contrib. U. 8. Nat. Herb. xvi, 307 (1913).
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Key to the American species and varieties of the BOTRYCHIUM VIRGINIANUM
group.

A. Ripe sporangia straw colored, opening but slightly in dehiscence, their
walls composed of regular cells; pinnules of the sterile frond ovate
to lance-ovate, their ultimate segments spatulate.

B. Sporangia 1-1.8 mm. long, segments of sterile frond imbricated.
B. virginianum var. laurentianum.

BB. Sporangia 0.5-0.8 mm. long, segments of sterile frond not imbricated.

B. virginianum var. intermedium.
AA. Ripe sporangia brown, opening rather widely in dehiscence, their walls
composed, at least in part, of irregular cells with sinuous walls.
C. Fertile shoot much longer than the sterile frond, no additional
sterile leaf present at the time of fruiting.
D. Sporangia with conspicuously broad herbaceous bases.
B. virginianum var. occidentale.
DD. Sporangia narrow at the base.
E. Sporangia 0.7-0.8 mm. long, dark brown, concolorous, their
valves recurved in dehiscence.
F. Pinnules of sterile frond but slightly dissected, cordate or
truncate at base, valves of sporangia moderately recurved.
B. virgintanum var. meridionale.
FF. Pinnules of sterile frond much dissected, cuneate or decur-
rent at base, valves of sporangia strongly recurved.
B. virginianum.
EE. Sporangia 0.7-1.2 mm. long, their valves light brown with a
darker margin, valves usually not recurved in dehiscence.
B. virginianum var. europaeum.
CC. Fertile shoot but little longer than the sterile frond, an additional
sterile leaf present at time of fruiting.............. B. cicutaria.

Again, as in the case of Athyrium Filix-femina and its allies an
examination of the close technical characters of Botrychium virginia-
num shows that it is readily divided into natural varieties, and these
are found to have a distribution entirely in harmony with what is
known concerning the laws of the distribution of Phanerogams and
indeed, very similar to the distribution of the Filix-femina group.

Thus we find Botrychium virginianum occurring in the deciduous
forests of eastern North America, and again, in this case entirely
unchanged, in eastern Asia,— both in China and in Japan. Again
we find the European plant reappearing unchanged in the Pacific
northwest of America, and in this case occurring eastward across the
continent in the evergreen coniferous forests.

In Japan there is one local variation from the typical form of the
species (B. strictum), and in eastern North America there are at least
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two, and probably three such variants. As in the case of Athyrium
angustum, the lands about the Gulf of St. Lawrence are a region of
maximum departure from the ordinary type of the species.

As in the case of Athyrium Filiz-femina, Botrychium virginianum
var. europaeum undergoes a marked change in passing southward into
the Californian region and there develops the peculiar variety, Botry-
chium wirginianum var. occidentale.

Like the Filiz-femina group, Botrychium virginianum and its allies
have a typical boreal distribution, and all tropical forms of this group
have evidently come from the north. Thus in Mexico we find Botry-
chium virginianum var. and Botrychium cicutarium. The latter species
is also in the West Indies, and this or a closely allied species occurs for
some distance south in the Andes. In Asia, Botrychium lanuginosum,
considerably more aberrant than any of the forms yet mentioned,
occurs in the Himalayas, and in southern China, and thence south to
the hill country of southern India, Ceylon, and the Philippine Islands.

There is a single species of Botrychium in Africa, and that is said to
be a close relative of the last mentioned species, and hence a member
of the Botrychium virginianum group. This is Botrychium chamaeco-
nium, and it occurs in the mountains of Cameroon. It is the only
member of the group which is not either strictly boreal, or else in
tropical mountains with easy access to the north.

In one respect the Botrychium virginianum group differs in its
distribution from the Filiz-femina group. They present their most
complicated arrays of forms, not in Asia, but in eastern North Amer-

ica, and it seems probable that the latter region is the center of dis-
tribution of this group of plants.

ExprLANATION OF PraTE 123,

Figs. 1-2. European specimens of Athyrium Filiz-femina (L.) Roth:
fig. 1, pinnule of var. multidentatum (Doll) Milde, X 2}; fig. 2, pinnule of var.
Jissidens (Doll) Milde, X 5. L

Figs. 3-10. Athyrium asplenioides (Michx.) Desv.: fig. 3, pinna of typical
form, X }; fig. 4, pinnule of the same frond, X 5; fig. 5, mature pinnule of f. sub-
tripinnatum Butters, X 2; fig. 6, base of younger pinnule of the same form, X 5;
fig. 7, indusium of A. asplenioides, X 12}; fig. 8, detail of the margin of a
portion of the indusium, X 50; fig.'9, swrangium, X 50; fig. 10, spores, X 100.

Figs. 11-18. Athyrium angustum (Willd.) Presl.: figs. 11 and 12, pinnules
of fertile and sterile fronds, respectively of the same plant of f. typicum, X 5;
fig. 13, pinnule of var. rubellum (Gilbert) Butters, X 5 ; fig. 14 and 15, pinnules
of the fertile and nearly sterile fronds respectively of var. elatius (Link)
Butters, X 2; fig. 16, base of younger fertile pinnule of var., elatius, X 5; fig. 17:

margin of indusium, showing the ordinary type found in A. angustum, X 50;
fig. 18, spores, X 100.
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