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« Bei wenigen Gattungen unter den-grosseren
Meerespflanzen sind die Ansichten der Autoren .
tiber die Zahl der Arten so abweichend; wie bei
Phqsgano'n."—RUanch.

"More than 32 species of ‘Alaria have been described by various
writers since GREVILLE established the genus in 1830. Not a fow
of them have been reduced to synonymous positions of the others
and only about half of them are now admitted to be more or less
- valid. But the synonynﬁizations by different writers frequently do
not agree with. one another so that the true: number of valid
'épeeies is not yet satisfactorily fixed. The complaint made by
RuprRECHT seventy years ago. may still. be repeated by modern .
alofoloorlsts

The ambiguity of the specific 11m1tat1on of Alaria is un-
doubtedly due to the following facts; first, in most species the
stages of development as well as the habit of the plant are not
observed by the describer himself, thus different forms of one and
the same species due to the ages or conditions of the habitats
may often have been mentioned in separate and independent
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specific positions ; _sec,o.ndly,' collectors who know but little of the
variability of the forms are inclined to choose smaller specimens
" in the field as more suitable for herbaria.

The present writer spent a summer on the west coast of
Vancouver Island, B. C., and there he actnally observed and col-
lected various species of Alaria indigenous to the locality. A
_ half-year trip along the Kurile Islands iand. in Kamtschatka as
well as the botanizings on the coast of ‘Hokkaido '(Yessoj, where he
now lives, have also given him many opportunities of studying the
subject among living specimens. These two localities are the most
important fields for the genus, the majority of the species extant
being found there. ~He also paid special attention to the original
and the authentic specimens of the genus during his two years
travel in Europe, paying visits to the important herbaria. He now
considers himself ‘justiﬁed to undertake the enterprise of preparing
a monograph of this genus, a genus well defined from. the others
but very unclear within itself. o ' -

The present inonograph, however, must not be taken as an
exhaustive treatise. The species from the North Atlantic certainly
require more extended observation, and some from the north-west
coast of North America a careful revision with ample material.
It is simply offered as a suggestion with the hope that it may -
induce others to complete our knowledge on the subjeét.‘

In preparing this paper the author is under obligation to:
Prof. O. Norpstepr of Lund for the photographs of “J.. AGArRDH’S
type specimens, and to Dr. C. SxorrsBerc of Upsala for an anato-
mical examination of the type specimen of Alaria lanceolata KJELLM.
- Dr. F. C. E. BorceseN of Copenhageh has lfiridly shown me his
Faerdese collections and favoured me with various papers - written

by him on Alaria, and Prof. W. A. SercaeLL of Berkeley was



A:Monograph of the Genus Alaria. . ’ 3

generous enough to spare me w0 complete specimens of Alaria
valida Serom. et Kserim. I-am also indebted to. Dr. W. TraNz-
'SCHELL, in charge of the Herbarlum of the Academy of Smence
of Petroolad Prof. O. Juss of the Botanical Museum of Upsala,
Prof. C. A. M. Lixpmax of the Academy of Science of Stockholm,
Prof. 8v. Murseck of the Botanical Museum of Lund, Prof. N.
Wik of the Botanical Museum of Christiania, and Prof. H. H.
DrxoN of Trinity College, Dublin, who have given me . permission
to freely study the original or authentic specimens kept in the
herbaria of these institutions. To these gentlemen the author
desires to-express his sincerest thanks. »

General Morphology

The post embryonal frond -of Alaria is sharply different 1a,ted
into three parts, the holdfast, the stipe and the blade or lamina.
It is simple for the whole life, neither branches nor stolons being
"found in the normal forms. It is habitually -erect and no dorsi-
ventrality is indicated in the external appearance and in the
internal structure. "The stipe is percurrent into the blade running
in its median line and elevated equally above both surfaces. The
extension . of the stipe within the ‘blade is ealled midrib. '

The tissue elements of the frond are practically equal to those
found on other Laminariaceous members. The lacunae or mucilage
“canals which are common in most species of Laminaria are entirely
wanting in Alaria. A peculiar sort of glandular cell, which IV
have called mucilage gland, is present in all Alarias, at ‘least in
early stages of their development.

" The so-called cryptostomata are found in some species bub

1) Yexoo: On the Micilage Glands of Undaria. 1909.
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\‘va;nti.ng in others. They are different from those found in Fuca-
ceac, in structure and in mode of formation.

B The characteristic of the genus is the formation of the sporo-
phylls, as the generic name Alaria suitably expresses. The sporo-
phylls are small leaflets, each provided with a short but more or
~less sharply differentiated petiole at. its base.  They are disposed
pinnately or fasciculately on both édges of the terete or com-
pressed stipe. ) ' '

In minor points, the characters of the frond vary aecording
to the species; or it is better to say, the specific distinctions of
- Alaria lie on the minor diﬂ‘erénces of the characters. It is there-
fore a most important matter to ascertain if a character is con-
stant or variable, and consequently, reliable or unreliable for specific
distinctions. The observations given below will help to solve the
problem, and at the same time explain the standpoint on which
the present writer has arranged the species.

Stipe..

The stipe of the embryonal frond of Alaria is cylindrical. Its
greater part of thickness consists of septate(j filaments running
parallel and eompeictly arranged. The part is enveloped with a.
few layers of rectangular cells containing chromoplasts. Later on,
it adds to its length by stipo-frondal growth, until the frond
reaches the post-embryonal sta,gé. The upper half of the length
of the stipe at this stage is more or less compressed with round
edges, generally becoming cylindrical downwards. The structure
is mow more complicated than in the embryonal stage, and does.
not show much difference in its essential points from that of the
. other Laminariaceous members. The tissue eloments may be briefly
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- distinguished . into three kinds, the epidermal layer, the cortex and
‘the medulla. A ,

" In the cylindrical pai‘t of the stipe, the epidermal layer and
the cortex form concentric. rings when observed in cross sections
(Plate XVIIL, fig. 12). In the center of the circalar section tho
medulla of a compressed elliptical shape is found. Interposed
between the medulla and the cortex there is a zone of distinct
structure, sheathing, as it were, the former. It is clearly distin-
guished from the two parts by having large cells of irregular
arrangement and fibrous cells compactly. interposed among them.
Within this is the elliptical medulla with its major axis nearly
equal to the diameter of the said area. I will call -the_ arca,
¢ perimcdullary tissue ” for convenience’ sake. This tissue is the
‘main source of the medullary hyphae, agréeing with the similar
tissue in the stipes of Laminaria. The cells are remarkably thick:
" walled. When stained in a solution of aqueous anilin blue the
cell-wall gives a vivid differentiation of blue colour in shafp con-
“trast to that of the other parts. Similar result has been obtained
by WiLLe) by treating the tissue with chloriodide of zinc ‘(Plate
XVIIL, fig. 16). | ' o .

- The lé,r‘ge, thick-walled cells in the perimedullary tissue must
not be confused with the similar ones scattered in the medulla.
In the cross sections they appear very much alike. Longitudinal
sections, however, reveal the fact that the former are cylindrical |
cells forming continuous filaments of uniform diameter, and that
the latter are the swollen parts of the trumpet hyphae. Some of
the trumpet hyphae bécome thick-walled, as has been already
observed by WiLLe?, and .may assume a similar appearance, in

1) WiLe: Beitrige z. physjolog. Anatom. der aninar‘iaceen, p. 26, fig. 11. °
2) Wmnake: L c, fig. 37. '
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the cross sections, to the perimedullary cells. ‘Some’ other trumpet
hyphae, however, remain thin-walled .and may contain .a hyaline,
highly refracting,  cartilaginous substance on both sides of 'the
sieve plates. This substance turns yellowish in the dried speci-
mens, and stains deep  blue by aqueous anilin blue, proving in
every point the callus for ma,tlon observed by Svxes?) (Plato XVIII,
fig. 15, 16, 18). o :
The fibrous cells interposed between the la,l ge cylmducal cells
of the perimedullary tissue dlsa,ppeal by degrees towards the peri-
phery of the stipe, and the cylivdlical cells become at the same
time dlsposed in a more or less 1ecrula1, radial direction. Hence,
in tho cross sections, this part appears under the microscope like
a palenchymatlc tissue. |
" From the outer ‘part of the perimedullary tissue the cortex
begins quite abruptly. It occupies a greater part of the thickness
of the stipe and assumes the part of the xylem of a tree. The -
term cortex “does not at all express the true character of the
tissue but has been invariably applied to this part by former-
writers. It is marked by h‘airing cells of much smaller diameter
than the tissue lying just inside, and by having very few fibrous
cells. The inner part of the cortex has the cells generally irregu-
larly disposed and some fibrous cells may still' be found interposed
between ~ them. In the outer part, the ‘cells ‘become gradnally
regularly radiate -and n‘arrow-lumeﬁed_ until it passes quickly into
the epidermal layer. In the longitudinal sections, the inner cortex
differs from the ~outer by having the cells longitudinally elongat-
" ed but much undula,ting, while in the latter they are stretched
transversely (Plate XVIII, fig. 12).

1) Syxes:: Anatomy and - Histology of Macrocystis pyr zfera and Laminaria -saccharina, p.
320, Cfr. P1. XIX, fig. 19, 21 &e. -
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The cylindrical cells in the perimedullary tissue and.the- cells

of - the .cortex - have mumerots pits in their cell-walls. They are
soptated by thin middle-lamellae so as to hinder the free: passage
of cell-contents. Their " abundant presence in the cell-walls gives
a very irregular-appearance to-the forms of the cell-lumens, espe-
'cia‘lly when 'the ‘latter- are as narrow as in the cortical part. A
similar -structure has- been excellently illustrated by WiLreD) for
the cortical ‘part (** mechanische Gewebe”) of Alaria esculenta,
 Grev., and by McMirran® for that of the Plerygophora stipe.
' The ‘cortex and the epidermal layer appear as continuous, -
more or- less regulaﬁ radiating lines. The latter may be distin-
guished .from" the former by having cells of thinner membrane and
greater diameter and by the chromoplasts. The limitation of the
two parts is not sharp in the first-year fronds, but is sudden and
well-marked, together with an annual ring, "in ‘tho second-year
fronds (Plate XVIII, fig. 12).

WiLre?) also distinguishes four concentric zones in the struc-
ture of the stipe of Alaria esculenta of ¢ wenigstens vier Jahre
alten Exemplaren.” His « Zone 1.” corresponds to the epidermal
layer, «Zone 2" to the cortex, *Zone 3" to the perimedullary
tissue, and “ Zone 4 ” to the medulla in the above description.

. The mucilage lacunae, very common among Laminaria, are
éntirely . wanting in the stipe of Alaria. Instead of them there
are, at least in an embryonal stage of the frond, the mucilage
‘glands. They are found in the epidermal layer immersed at the
:dépth of a few cells, dispersed without anﬁr definite. order along
- the periphery. As the meristematic layer of ‘the .cortex lies in a

" 1) Wmig: Beitriige z. physiolog. Anatom. der Laminariaceen, fig. 14.  ~
. 2) McMmray: Observations on Plerygophora, P1. LXII, fig. 6-7. N
©- 8). Wmik: Beitriige z. physiolég. Anatom. der Laminariaceen, p. 17.. .
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much deeper places than the site of the glands, they are mever
in double rings in the 'stipes of the second-year fronds. 'The
glands - are not remarkably larger than the cells of ithe -epidermal
layer and hence less conspicuous when compared with the lacunae
of Laminaria. When the sections are stained .in fuchsin and -anilin
blue (agueous), hewever, the glands get blue-coloured, while ithe
contents -of the other .cells become bright crimsen red.

In the .complanated part of tho stipe, the .arrangemont of the
tissue elements is greatly modified in comparison to the cylindrical
péu*t, so as to be adapted for the shape and for ‘the future issué .
of s_porophyllé (Plate XVIII, fig. 13). The medulla is much com-
planated and stretched transversely, extending almost \thé whole
width. The -perimedullary tissue is here found as.a wvery narrow
area bordering around the medulla. The greater part of the thick-
ness of the stipe is occupied by the cortex. The cells -of the
inner cortex are uniform in diameter and much more :régular in
shape than in the .cylindrical part. In either marginal. part,
only a limited thickness -of the «cortex 1s allowed to «wccupy :the
narrow space between the .epidermal layer .and the perimedullary
tissue. The epidermal layer shows ne .practical difference in -both
pa,rts:

_ A point which requires attention in the structure of the com-
planated part of the stipe is that the boundary between the corti-
cal portion and the perimedullary tissue, 4. e. the innermost part
~ of the innercortex, .is sharply .demarcated by a layer composed of
compactly arranged, narrow-lumened, cylindrical cells. These cells
nﬁay be taken as:a modification of the cortical cells, as they -gently
pass into the form of the latter. This layer is not noticeable in
‘the cylindrical part but is much more . markedly ‘developed in ‘the
.midrib (Plate XVIII, fig. 15). In this respect, the :complanated
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) part of the stipe shows an intermediate character botween the two -
parts just answering to its position in a frond. |

In the two-year old stipo, the a.rrangemént of tissues above .
spoken of remains unaltered in both the complanated and the
cylindrical part of the stipe. But a new cortical ring appears
between the epidermal layer and the primary “cortex. In the
_cylindrical part it forms a continuous sheath of uniform thickness.
In the corhplanated part, it is markedly thickened on both margins,
-and wing-like ridges on the .edges' of the stipe are. accordingly -
formed. The midrib has no second-year cortex (Plate XVIII, fig.
12-14). | ' ,
I have used above the expressions * annual ring ” and * sccond-
year cortex” for the stipe of Alaria plants. WiLLe gives an
account of the structure of Alaria esculenta in detail in his Beitrige
'.'zpr physiologischen Anatomie der Laminariaceen, p. 17, and says: »
« wiefern wirklich auch das Vorkommen einer solchen Jahresring-
bildung bei noch dlteren Individuen von Alaria esculenta (L.) GREV.
moglich ist, kann selbstverstandlich nach Untefsuchung dieses- ver- .
hiltnisméssig jungen Materiales weder verneint noch bejaht werden.”
His material is said, a,ccording} to his estimation, to have contained _
four-year old plants. I agree with him that what ArEscmouG?!
remarked of Alaria ¢ truncus ima basi 3-4 annulis ornatus > should
not be taken as of the annual rings in a similar signification as
for the phanerogams. ARrEscHouG’s description should be taken as
simply 3-4 concentric zones of tissues seen in the cross sections
of the stipe. I have no doubt, ‘however, that the growth in thick-
ness of the stipe of a two-year old Alaria planﬁ_ is by virtue of
the secondary thickening of the pre-existing cortex. The demarca-

1) AIE‘)C‘HOUGZ Observations Phycologicae, V, p. 16.
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tion between: the old and new ' cortex, s alluded. toabove, is sharp
and clear, especially.” when we treat the séctiohs-in .a staining
material. - Tt may be. well called ¢ annual ring”  in agreement
with’ phanerogam taxonomists. . )

- The length- of the-,stipes varies. conmdem.blv a,ccordmcr to the
species and to the condition .of. place where the plant grows.
Alaria Pylaic Grev. is characterized by having the stipe several
inches or even more than. a;foot in length. But in most species
- of Alaria it- hardly -exceeds a few inches before the plant begins -
to bear sporophylls. ~ A typical stipe of Alm 4a is terete or cylin-
drical at the lowermost part just above the holdfast. It becomes
gently compressed upwards, more_or:less’ broadening .at .the same
time until it i3 suddenly narfowed hear the transition region. The -
first sporophyll appears.as, a lignlate proliferation at a point generally
above the middle point of the post-embryonal stipe. New sporo-
phylls are given rise successively above the older ones while the
stipe gains in length at. the transition point by stipo-frondal
growth. The lower naked part of the stipe later grows in thick-
ness; but keeps the length of the post-embryonal stage. In a
gigantic form such as Alaria ﬁstulbsc_x, several dozens of sporophylls
may be .already  formed . before .the lowermost one has become
soriferous. But in others, there aré not so many sporophylls at
one time. The oldest ones usually drop off before the plant
attains its ‘most vigorous state of growth. When the sporophylls
fall away, the greater.part -of the length of the petioles accompany
them, léaving but & small part as verruculose protuberances on
the marginsg of the stipe.. As the frond grows. farther and-the
stipe increases in length in the transition region, new sporophylls
are added successively above, and the lower part of the stipe
" becomes cylindrical, obliteratirig the - verruculose- protuberances.
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Alarza oc/zotenszs is. the. only example ifi. which the:petioles. of. the
dropped sporophylls 1ema1n permanently - attached -on* the stlpe
(Plate IIL,- fig. -1).* S o . :
- . In an advanced stage of development;, the scars of the dropped
sporophylls are. often hardly. perceptible, except in A. ochotensis..
Hence the: lower. part  of.the 'stip"e becomes much longer than in:
the younger stage. ' -Sorhe- writers distinguish the sporophyll-bearing
portion - of - “the .stipe from the naked, 'by calling them "rachis and.
and stipe res_pect_l,vdy. To a certain extent this dlstlnctlon..appeax_s
" to hold 'f gOOd’.'-'iljl:(" exterral appearance and ‘in internal structure
But the’ limitationi -of the two parts is gradual and unfixed-as may:
be granted from the above. elucidation. In the ‘present paper;
‘-theréfore," both ‘parts- are included under’ the: single term stipe.
The habitat of the -plant undoubtedly infierices the length of
the -stipe of ‘Alaria. In one and the same species, those individuals
found in water of less salinity, in a shaded pplace or in a deeper
water have longer "and slenderer stipes"tha.n'vthose in other condi-
tions. It is to be understood that the leﬁérth of the stipe; Lin any. . -
sefise, can not be taken as an 1mpor+ant character for. spemﬁc"
distinctions. ' ' o S

' Blade.,
Tn all species of Alarid the b]ade is s1rnple for the Whole life.
But the older partsof fully grown blades -are pmnately split, in
the mode characteristic to the genus. The general outline of thé
blade is linear with attenuate, cuneate or roundish base, and &
m1dr1b running longitudinally: on the median line "percurrent .from
the stlpe -The apex of the "blade begins to . wéar away. at an

early embryonal stage and the p1 ocess contmues as - the-—b]ade
elongates by stipo-frondal fnowth
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The length of the blade varies greatly according to the species.
Of A. fistulosa, Kserman?) .reports to have measured its largest
specimen in the Bering Sca at about 60 feet. Mivape? states that
it is said to be as long as 200-250 feet. I have measured a -
specimen about 85 foct long which was cast ashore on Shimuf
- shu Island, the northern extremity of the Kuriles. The breadth o-
the blade of this species attains nearly 8 feet. This species no
doubt has the largest simple blade in the vegetable kingdom. Ina
specimen of A. teniala I found the blade to be 3.5-5.0 cm. in
breadth and 3.70 meters in lenoth—recalhno a stripe of bandage.
In other species, however, the length of the blade, absolute or in
proportion to-the breadth, is much less than those two examples.
Generally,. the maximum breadth of a blade is at a pomt about
1/5-1/3 of the wholo length from éhe base. :

In most species of Alaria, if not in all, the blade splits pin-
nately, like a Musa lcaf, in the older parts. In certain species
there scems more or less differentiation of the tissue adapted for
this procesé; The cortical layers as well as the hyphal cells of
the. medullary layer of the blade run at large patently from ‘the
midrib, and the epidermal layer is composed of a:ngulate cells dis-
~ posed in less fixed direction. In A. fistulosa, A. macropteria, ete.,
the fine parallel wrinkles which give a marked feature to the older
portions of the blade, are principally due to the peculiar arrange-
ment of the medullary tissuc (Plate II, fig. 2). The mechanical
force of the waves acting upon the blade splits it in the resultant
direction of the hyphal colls. _

~ The segments of the split blade are rectangular, if the split-

ting is in the direction at right angles to the midrib, and more or

1) Kserrman: Om Beringhnfvets Algflora, p. 41.
2) Mivare: Laminarin Industry of Hokkaido, p. 52.
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less rhombic, if in an oblique direetion. In c%ertain species, how-
ever, those in the upper portions of the blade are curved or even
reflex, not unfrequentlyvl with subulate upper corner. A. augusta
shows a remarkable example of ’.ohisv (Plate XV, fig. 2). Very
likely this indicateé a partial growth in the segments still going
'on after they have been split.

Not only in” species of Alaria, but in most of the Lammarla-
ceous genera, the growth of the frond at an carly stage of develop-
ment. is displayed mainly lengthwise. ‘The full length of the blade
is attained while the frond is yet immature. How speedy this
growth is may be well imagined from tho fact that the enormous
length of the blades alluded -to above is completed within 3-4
months. In this stage, the blade is much narrower ,With, the
transition region more tapering towards the stem than in the adult -
form. When the growth in length has more or less retarded the
increase of breadth takes place as a secondary growth. The- pro-
cess 1is- most 1ema1kable in the transition 1emon, hence: tho form
of the blade undergoes a remarkable (,ha,ntro A blade whieh is
to have a roundish or cordate base in a matured plant may have
a cuneate or even attenuating one -while in its vigorous growth in
length. ) .

Another factor which influences the shape of the blade of a
Laminariaceous species is the movement of water in which it
grows. In a quiet bay the blade becomes much thinner and.
broader than on an open coast; and on an open coast, a plant
growing in a decper region has broader blades than one near the
tidal mar is.

The general sta.tement m\en a,bO\e holds good for most species

-1) Yexpo : Three New Marine Algae from Japan, p. 1C0.
Development of Costarit, Undaria, and Laminaria, p. T02.
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of Alaria. Describers of Alaria must be cantioned not to put much
stress upon the shape of the blade as a specific character unless a
number of matured forms from different habitats have been considered.

" In Alaria, the wearing away of the upper portion of the blade
_is comparatively quicker than .in other genera. In the matured
form with fully developed sporophylls the upper half of the blade
is in most cases already decayed. The general outline or the .
entire length of a blade is therefore frequently difficult to ascertain
The statement on these points can be conventional and must never
be regarded as of equal importance and exactness with that of
other characters. o '

" Certain species are defined as having thin'and soft blades, as
if the character were peculiar to the species. Not a few sterile
specimens of Alaria which I have seen in various “herbaria kept
under A. Pylaii GrEv. showed no important systematic character
to" justify the determination, except that the blades were thin and
soft. There is no need to mention that the blade of a young in-
dividual of a Laminariaceous species has a thinner and softer sub-
- stance. . The intabitants in quiet bays, espeeially where the salinity
of the water is below the normal, may have the blade thin and
soft during its whole life.”

The term membranaceous, papyraccous, coriaceous, etc., are
generally applied by systematists in qualifying the context of
foliose fronds of various algae. In the specific distinction of Alaria
these terms are also applied. Even in the adult forms and those
of similar habitat, the apparent context of the blade in a herbarium
specimen varies greatly according to the mode of preparation. The
specimens mounted directly from a living specimen, whether soak-
ed in freshwater or not, generally remain much thicker than those
" which have been first dried in thé air and afterwards soaked in
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freshwater. and: then mounted - A’ fistulosa, the largest form of " the
genus, has the- blade: enormously thick and practically leather-like
while. in its fresh. state.- But when mounted for a herbarium
specimen-in-the latter method related above, the blade turns 1nto
a thin and brittle papyraceous . substanee .

" "When a dried specimén is. sectioned and dlpped .in water 1t
swells. up much more than to its former natural thickness. 'In
such 'spécimens it is rather difficult to discern the true anotomical
~ character -of the frond. A comparison of the details of construg-
tion" of the "blades .of different species is therefore beyond-my
present enterprise. ‘In the present paper the distinctive terms are
still used, but very -‘cautiously.

. Midrib.

_ " The' term mldrlb as apphed “to the La,mmarlaceous frond i
sometlmes found to be used ambwuous]y The thickened area’
~ which rans lonvltudmally in the middle of the blade of Laminaria,
Ptery Jgophora and the hke, and the sharply defined longitudinal
elevatlon on the blade of Alari za, have been equal]y called midrib
by MoMrrax. ) SETCHDLL2) previously’ seems to have been reluc-
tant to adopb this usage since he chose to call the former “ a sort
of mdeﬁmte midrib ” and for a mmﬂar thlckened porblon of the
blade of Pleuroph yous, midrib ” in quotatlon marks. In my
former papels3) the area is termed meridional region.’ '

Quite recently OKAMURA4) pubhshed a paper treating of the .

1elat10nsh1p of Laminaria Pete1 seniana KJELLM Hirome undarios les

1y MCM:ILLAI\ Observations on Pterygophom, p- 737. 1902. - :
2) bEranLL Distribution of Ln.mmnrmcene, p- " 347. 1893 and Notes on Algae. I p. 123

- 1901

3). Yrxpo: Development of Costaria, Undam'a and Laminaria, p. 711
4) Oramurs: Undaria and its Specics, p. 269.
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- Yenvo and Undaria pinnatifida Sur. The first species has no true
midrib but a thick meridional arca, on which the sori limitedly
develop. Oxamura termed the area < fascia.” The other two
species have the troc midrib which remains absolutely sterile. . In
spite of remarkable morphological differences, he proposes to bring
them all under the single genus Undaria, extending its conception.
I hold, however, the view that thc midrib in the blades of Alaria,
Undaria and Hirome should be taken as a special organ of distinct
significance. The gradations of the soral localizations of-the three
species as illustrated by Oxamura may well indicate that they are
genetically related to one another, dircctly or indirectly, but.can

" not have more significance than that, in the modern principle of
systematic survey. ‘

' The true midrib has a well-marked structural difference from
the laminal part. The most striking point is the longitudinal
course of the cortical and the hyphal cells in the former, while
they run at large decussately or patently from the midrib in the
latter. In the meridional and the cxtra-meridional area of the
blade of 'Ltamz'wam'a, they run equally in fhe_longitudial direction
also in Laminaria Pelerseniana and Pterygophora californica. Hence
it is quite natural that the fresh blade of Laminaria tear longi-
tudinally, but. curiously the dried ones tear transversely.

- In Agarum Gmelini the thickened meridional area approaches
. in structure and in appearance to the true midrib; and more so
in Agarum Turneri. In this respect, the midrib of Agar@m may
be taken as a link showing intermediate characters between the
true midrib and the meridional area.

The typical midrib of Alaria is complanated with rounded
edges, clevated equally above both surfaces of the blade. The

cross sections, therefore, show an elongated elliptical shape with a.
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semiblade -extending horizontally from each ‘margin.

In young -fronds, ‘the midrib -slants towards  the ‘margins,
-';giviqg .a biconvex.shape to -the :cross -sections. Some. species keep.
this character .unchanged. But in .others, the .marginal .parts.
:gradually ithicken -as fhe_ frond -grows .up, eventually ‘to -form .
iperpendicular edges. The cross -sections are mow compressed
~rectangular. S

The thickness of -the midrib varies according to the' species as

well as to the age of the frond, often measuring 12 times as thick
- as the laminal part. The breadth .of the midrib in a blade is
mnearly -uniform from the base to the apex. In young post- -
.embryonal fronds, however, ‘the upper part.is naturally narrower
than the lower. . )

The tissue elements .and their arrangement in the midrib are

“wessentially equal to those of ‘the complanated part of the stipe,
cxcept -that there are no ‘mucilage glands in the former. The
-greater part of ithe thickness is oceupied by the cortical portion.
In other words, the elevation of the midrib above the blade is
mainly due to ithe remarkable development of ‘the cortical tissue
(Plate XVIH, fig. 14).. ' ,
The ‘structure of the cortical portion -is practically the same
in the midrib aéznd i_n the stipe. - In ‘the former, however, the cells
of the inner cortical portion are more thin-walled and greater in
diameter, uniformly cylindrical,. and run closely parallel in longi- -
tudinal -direction. In the cross sections, these cells show angulate
polygonal shape, with narrow -or scanty intercellular spaces, and
are disposed in compact, antie]inal'rows (Plate XVIII, fig. 16).
In the blade, the cortical cells are much more loo‘sely arranged and
take a decussate or patent course from the midrib as alluded to

above.
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The medullary layer in the isense as taken in the present
monograph i3 a very thin layer extending nearly the whole width
of the midrib. It is surrounded by the perimédallary tissue in
the manner related to for the complanated . part of the stipe. "’I‘he A
term medulla used by former writers for the central tissue of the -
Laminariaceous midrib comprises the medulla and the perimedullary
tissue together. In most species of Alaria, the layer is consider- .
‘ably thickened at a point near each margin of the midrib. For
convenience’ sake, T will call the point * marginal swelling of
the medulla ” (Plate XVIII, fig. 14, h). - '

The medullary layer in the midrib is built up of the same
elements as that in the stipe and the blade, s.c., trumpet hyphae
and fibrous cells. The proportions of the components differ some-
what according to the species, but in ‘most cases there are more
trumpet hyphae in the midrib than in the blade. The marginal
swellings of the medulla show great variation in form and tissue
elements characterizing the species to a certain degree. In some
species, in the cross sections of the midrib, they are narrow lanceolate
in shape, in others, ovate or nearly roundish; in some species,
they are composed of more frumpet hyphae and less fibrous cells ;
in -others, a narrow middle portion is composed of fibrous cells
only, 'a mixture of both surrounding it. Cfr. Plate XVIII, fig.
15, 16. o '

The part just overlying the perimedullary tissue, 4.e., the in-
nermost part of the cortical tissue, is composed of cells which re-
semble the cortical cells in shape but arc much smaller. The
differentiation of this layer is indicated in the complanated part
of the stipe, as has ‘been alluded to above. The thickness of the
medullary sheath, as it may be provisionally called, varies in

different parts of the medulla, being, in most species, much thinner
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“around the - marginal swellings. The relative thickness of the
_ medulla, perimedullary tissue, and the medullary sheath, and the
'compAa;ctneﬁésv or ‘looseness of the cells of these tissues, showl great
“variation- according to the species. S N
From the outer limits of the marginal swellings of the medulla,
~the hiedhllary _tissue‘ runs directly to the blade. Hence, the blade-
medullae in both semiblades. are pra,ctiéaﬂy continuous, with the
" midrib-meddlla interposed at the middle. The cortical tissue of the
- midrib, however, is sharply divided from that of the blade by a
special tissue intervening between them. This tissue is composed
-of thick-walled, small cells, and compactly fills ﬁp the spaces which
lie between the outer parts of the marginal swellings of the
'medulla and the epidermal layers at the outer margins of the
‘midrib.‘_"The term * spanning cortex ” is applied to this tissue in
‘the descriptive part of the species (Plate XVIIIL, fig. 14, k).
‘ Wirrel) gives in detail structural accounts of the midrib of
Alaria esculenta Grev. His description agrees in essential points
" with the observations stated above. What he calls « Assimilations-
" System » corresponds to the epidermis in the preéent Monograph,
 das mechanische System” to the corteéx, and the ¢ Leitungs-
. System ” to the medulla and the périmedullary tissue taken to-
gether. ' A
. The midrib of A. fistulosa® displays various peculiarities in its
“external appearance as well as in the internal structure.- -Its axial
part becomes intermittently hollow inside, and is clevated on both
surfaces so as to answer the cavities or bores. The outer edges
-of the .midrib are. not rounded or slant but sharply angulated,
already at the carly stage of development of the frond, and get

1) Wins: Beitriige zur physiol. Anatomie der Laminnariaceen, p. 24.
. 2) For a fullar account on the midrib of Alaria fistulose, see, KiBBE: Some Points in the
Structure of Alaria fistulosa. (Puget. Sound Mar. Station Publications, Vol I, No. 8. 1915).
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markedly prominent as the bores -are completed.  Plate I, fig. 4
- will speal better than description. '

The “boring is practically a lysigenetic .result,'ztaking place in
the axial region of the medulla at the post-efnbryonal stage.of the
frond. Disorganized -hyphal cells and the residual trumpet cells,
often filled with callus, arefound on.the inner surface of -the borcs.
The medullary tissue is poorly developed near along the bores but
‘markedly thickened at the marginal swellings. The périmedullary
tissue is absent along the bores but well developed in the com-
planated regions of ‘the midrib, and terrhinates at its marginal
~ elevations. The spanning cortex is also to be seen at each marginal
elevation of the midrib (Plate I, fig. 4).

The cortical portion of ‘the midrib of A. fistulosa is composed
of irregularly arranged parenchymatic cells. The greater part of
the thickness of the bore-wall is occupied by this tissue.

The shape of the cross section of the midrib ‘has often been
used as a distinguishing character of Alaria species. Repeated
observations on various species have taught me the danger of
adopting such a view. As stated before, the midrib is ;much com-
planated with sloping edges while the blade is yet young. When
the sccondary growth in breadth begins to take place in the blade,
its midrib gains the characters of a matured plant. By referring
to the figures in the accompanying plates (Plate XI, XIII, fig. 2-3)
the reader will readily understand to what degree the cross sce-
tions of the midrib of a species may vary. Certain species have
of course a peculiarity in their midribs and this peculiarity may

“be already perccived even in an early stage of development. A.
Jistulosa can mnot bc mistaken for others by its intermittently
hollow midrib. Yet, :the distinguishing of species of Alaria by
more cross sections of the midrib,—at least to put a great im-
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~ portanee on them,—especially” in immature specimens, is not ad- -
visable.-. Upon- this. ground: the present- writor mentions-A. lineais
StroMr. and” A: ﬁa‘gellm‘;’is‘ Stromr. under the * species doubtful,” -
réferring to the authors who held a-similar’ viow to STROMFELT.

Kyerimany) seems to have put too much stress on the breadth
of the midrib in déSCPibing his- species - from the Bering Islands.
"Some systematist went' too- far: in following his view tending to
valie -the breadth of the midrib above other- characters, eventually
resulting in an awkard' idéntification.

When' dried, the breadth of the midrib of Alaria decreascs to
a considerable degree. In some specimens I have observed it to
lose 80-50% of breadth on drying. The midrib of a dried speci-
mén of A. valide- SErcH. et KybLim. was 5 mm. in breadth. In
putting a part- of the midrib in freshwater I found it to expand
to-a breadth of 15 mm. I have not observed the species- in a -
living state and hence am-not' able to statc the actual contraction
of the midrib-by drying: Referring to the measurement given by
SETCHELL (22 mm.), Iithink the breadth regained by, soaking in fresh-
water not to be very far from the measurement inits fresh state.
_These examples:show that the: breadth of the midrib of Alaria
whien measared. in a‘dried specimen will often differ greatly from
that of the fresh specimen. _

Jonsson? illustrates-an interesting example in the difference
of: measnrements: of various parts of the frond of A. grandifdlia
J: Ac. by soaking and” drying. He remarks :—< These measure-
ments of- plants in' wet and dry- state prove that their tqotai length
is reduced 155§ by the drying process, the length of the lamina
11.5%,- the breadth of the lamina in onc case (A) 16:6%, in

1) Kserramax : Om Beringhafvets Algflora,
2) Jonsson: Marine Algae of Eist Greenlani, p. 22, footnote.
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another case (B) 21%, and the “length’ of . the stipes 22.56%: A
single measuring like this does not allow of aﬁy: general conclu: ‘
sion as to the mormal reduction by drying of the several species -
of Alaria, but as gencrally the descriptions do not state whether
the measures refer to living, soaked, or dried material, it never-
theless shows, that it is not justifiable to let -too small a differ-
ence of size (breadth or length) have worth as a character of
species, variety, or even of form.” JONSSON did not give anything
about the midrib. His statement here quoted may be said to apply
to the midrib, and in this case probably is of more importance.

Sporophyll.

The sporophylis of Alaria are small leaflets distichously
arranged on both edges of the stipe. They are always perpendi-
~cular, i.c., paratropic. They vary in'shape according to the species,
from narrow linear to moderétely broad ovate, ending with a
cylindrical petiole at the base. In some species the petiole is
sharply defined from the roundish or cordate base of the sporo-
phyll and in others gently passing into the cuneate base. Many
species have the base of the épbrophyll asymmetrical or hemi-
phyllous, but towards which direction the base grows broader is
not fixed even in an individual. The soft but tenaceous, slender
petiole is not stiff enough as to fix the direction. The number of
sporophylls on a stipe is also variable.. In some species they are .
‘comparatively few, in others numerous. A. fistulosa has the largest
number and may have several dozens on each side of the stipe.
(Plate I, fig. 1). T 4

In the species with a very short stlpe, the ﬁl st sporophy]l
appears at a point near the holdfast, but in those with a moderate-
ly long one, at about the middle of the length. The few early-
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formed sporophylls are distantly disposed, but the later-formed,
normal-sized ‘ones are moye approximate. They: . .are. alternate in
some species and nearly opposite in others. But such arrangement -
- can-bé discriminated only in the early-formed sporophylls, as the
. middle and  upper ohes are generally. quite close .together. - In all
species, new sporophylls appear successively above the older ones
as the stipe increases in its length at the tr'ansition'point. The
lower older ones drop -off one after the other leaving verrucose
scars on the edges of the stipe. In some species, however, the
growth in length of the stipe ceases before long, and the sporo- -
phylls are condensed to a limited point. A noteworthy exaniple -
of such is seen in A. angusta. In it the sporophylls, except a few.
early-formed ones, grow fasciculately from a point in an upper
part of the stipe, the point being much broader and more com-
pressed than the naked portion (Plate XV, fig. 1).

.. The sori cover the greater parts of both surfaces of a sporo-
phyll, leaving always a narrow border along the margin and
frequently & sterile membranous portion on the upper end.

After having examined a considerable number of specimens of
‘Alaria, the present writer has. come to the conclusion that one is
not justified in determining the species of Alaria, except in a few
cases, unless a specimen with fully matured sporophylls is before
him. The other parts of the frond serve of course .to help the
~determination but should never be used alone. Sterile speéimens
of Alaria from the North Pacific where various species oceur
simultaneously at the same place, are seldom determinable withf,
certainty. ‘ '

The value of sporophylls as a specific distinction of Alaria lies
in two points: a) their. general shape and texture; &) their dis-
position on the stipe. -
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a) Shape and. texture of: sporophyil:. In describing: tlie shape’
of sporophylls of Alaria, the term linear; ovate; obovato; ete., and’
their combinations: have been- applied ;. and for: the toxture; coria-
ceous, cartilaginous,. membranaceous;. ete. Generally speaking;. the
sporophylls of Alaria are. narrow and.thick: when the plant grows:
on a surfing rock or: near. the low- water: mark, and broad: and:
thin, when. in: a. quiet: cove or: in a.deeper' place: McMinnan?)
observes on Vancouver. Island that: Alaria nana:has much-broadér-
and more sporophylls  when. it is found at a- higher formation- on:
surfing reef. He attributes the abnormity of the form to its
‘adaptation to the cumaphytic. habitat.. The. fluctuation of the
morphological characters due to the difference of the habitats; how-
ever, is quite trifling in comparison to that due to the stages:of:
their development. ‘ '

A few of the earliest-formed sporophylls:are in most species:
different . in shape and size from those formed at vigorous growth
of the frond. They are generally smaller and shorter; and dis-
tantly disposed. Many: examples - may- be. given,. where:specimens
of various.species at such a stage. have been erréneously» identified
with Alaria Pylaic GrEv.

After a close study of the. development of sporophylls. in
various species I can safely divide Alaria into two sections,- Holo-
soria and Metasoria,” on account of .the changes of the appearance
“and texture of the sporophylls during. their growth :—

I. Horosoria. Sporophylls.of the species under this section
are in most cases thick and coriaceous from the beginning. Their
growth in length and breadth stops at a certain limit and then
the entire surfaces, except.the narrow borders, become- soriferous.
The sori begin to appear as-a continuous:patch on the lower half

1) McMiran: Cumaphytism of Alaria, p. 147.
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of length of the. sporophyll extending gradually towards:both ends.
The apex of the matured sporophyll is round and entire, and’in’
certain specieés a sterile portion may be left there. The gencral
statement given by SercmeLrl about the develdpmenﬁ' :of" the-
sporophylls of Alaria holds. good for. the. plants of: this section:
(Plate I, fig. 1) |

II. Merasoria. Sporophylls of the speoles under this*section
arc thin and membranaceous or papyraceous at.the beginning:. If:
the - hair-tufts or the l_nueﬂage glands: are present. in- the blade,:
they are also well developed.in the sporophylls. They are there--
fore functioning as a vegetative organ: Tater on, they increase in.
length by basipetal growth at a limited region. near the: petiole.
The newly formed portion is of much thicker. texture, and in some
species is remarkably broader or narrower than. the. thin. upper:
part. The latter part. wears away by  degrees from- t}'leia,-pei.-_
The. thicker part becomes soriferous. The - matured sporophylls
have generally certain portions of the thin and sterile foliolestill.
rcmaining. at.their. upper. end,. but not unfrequently are - entlrely
‘ _floe from it (Plate IX, fig. 1-3).

When there is ample material showing various stages of-
development of frond, the distinction above given is easily. recog-
nizable. If, however, we have 6nly very young or fully matured-
sporophylls in a specimen the matter is not so apparent. Very
frequently we meet with the fully matured - sporophylls of the
Metasoria entirely free from the non-soriferc_ms -portions.. In such
case one is apt to take. the plant to belong to the Holosoria.
With but a few exceptlons the matured- spor ophylls of the Holo-
soria have broad and rounded apices with ertire margins, while

1) SercEELL: On the Classification and Geographical Distribution of-the Laminarinceae, p
347, :
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those of the Metasoria, ‘more or less narrowed a,p1ces ‘with- roucrh
margins. -

Although the apical part of the sporophyll is variable in
appearance, as explained above, the basal part has a constant
character more or less specifically "distinct. In some species the
base tapers gently into the petiole, and in others is cordate or
round with sharply deﬁned petiole ; in some species it is asym-
metrical in a peculiar manner and in others alwlfays symmetrical.
By these characters of the sporophyll' together with its general
outline, we can often readily tell the species even in a spec1men
with the whole part of the blade withered away.

b) Disposition of ‘sporophylls on the stipe. - The various modes
of disposition of sporophylls arg expressed by .the terms pinnate,
distantly pinnate, fasciculate, ete., which shall be used and regard-
ed with utmost care. . Early European botanists to whom only A.
esculenta has been the familiar species, werc rather careless - in
describing the character. =~ J

RosenvexeEY) and Jonsson? are of the opinion that. the posi-
tion of the sporophylls is not of any systematic importance: As
_has been already stated, the early-formed sporophylls are disposed
on the stipe at much wider intervals than the later-formed ones.
Tt s therefore apparently right to agree with these two botanists,
when we cémpare diﬁ"erent-‘aged plants of one and the. same
species. But whén fully matured plants of the different ¢rue species
have been laid before us we can make out in each a more or less
constant character in the disposition of the sporophylls.

Alaria esculenta Grev., the type of the genus, -has the sporo-
phylls arranged regularly pinnate, with nearly constant intervals

1) ROSEI\'VENGE:-GrﬁnlﬂndS Havalger, p. 839.
2) Jonsson: Mar. Alg. East Greenland, p. 23.
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between the successive two; S0 also m A. preelonga KJELLM and
A. crassifolia Kserim.  In A. angusta KJELLM ‘the sporophylls are -

condensed to- a short, ]1m1ted lenoth of the stlpe, and. the_inser- . -

tions of the petloles _a;e_ fused tpgether to- form a narrow wing- -

like portion on either margin of the stipe. A. nana Scer. is un-
rivalled among-the ‘genus in having the sporophylls ascending. A.
Pylaii GREV.A_‘iS well -knovgn by having them at wide intervé,ls on
a long stipe. All other. species may boloncr to one of these ex- »
amples, or may have a certain peculiarity in the dlsposmon of the 4

spor ophvlls

Holdfast

In the early emblyonal stage of the frond, the holdfast of
Alaria is a simple scutellate body ﬁrmly attached to the sub-
stratum with its under surface. - It is better to call it hapter at such
stage. From all sides of the stipe just above the h‘Lptel arise
rhizines in an irregular whorl, furcating repeatedly towards the
periphery, each ramulet terminating in a shall hapter. New
" rhizines come out from the stipe above the older whorl as the ’
frond develops. The thickness and complicacy of the rhizines n-
crease in the new ones. The primary hapter and the early-formed
rhizines decay by degrees. In these respects the mode of for‘ma-
tion of the holdfast of Alaria fwrees with what has been hitherto
observed on various other genera of La,mmarlaceae

The rhizines of the holdfast are crenerally cylindrical in every
segment. In A. teniata Krery, and A. anguste KJELLM., how-
“ever, the principal ‘secr-ments. i.e., the seorménts directly connected
with the stipe, are stout and compressed and rhizines are very '
few in number and short in length (Plate XV, fig. 1). " The hold-
fast of A. fistulosa is- bullt up of mnumerable long, filiform rhizines,
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compactly interwoven together. Its general outline becomes tall

conical, measuring, in a full-grown specimen, 30-40 ¢m. in height
“and 15-20 em: in diameter at the base (Plate I, fig. 1). Except-

ing. these few cases, the holdfast of Alaria may be said to be as
‘.m the typical form of Laminariaces.

The tissue elements of the rhizines are quite simplé in com-
parison with the stipe. Their inner part is constructed of filiform,
less branching, narrow tubes, septated at various lengfhs; These
tubes ‘run longitudinally but undulating. In the axial part fhey
are somewhat loosely disposed, without any definite rule, but are
very compact around it. There is no apparent differentiation in
size or form in them and, so far as I have obsér\?ed, the trumpet
hyphae are entirely - wanting. The outer part agrees in important
points with the epidermal layer of the stipe, but is thinner. Cfr.
also, WILLE : Beitrdge z. physiol. Anat. der Lamin., p. 22. In
- some species, abundant mucilage glands are found there, even in
those species which lack them in the blades of the adult stage.

Crypiostomata.

The cryptostomata found in some members of Alaria are not
~ pit-form as in the ‘Fucaceous, plants, but shallow depressions of
‘merely one or two cells deep on the surface of frond. In A. esculenta

Grev., A. cr assy’olza Kserrm., A. grandifolia J. Aa., ete., they

appear as a compxcuous organ scattcred on the blade cspecially in
“an early post-embryonal stage of frond. In A. pralonga KJELLM.,
A, tenidte Kseuim., A. marginata P. et R., etc., they are entirely

wanting. It is, however, not advisable to separate all Alaria into -

two" groups, | cryptostomated and non-cryptostomated, and to place
too much importance upon” the organ for specific distinction is
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often misleading.? Kiyeriman? . once identified a plant from 'Al_a.ska
with A. lanceolata Kserzm. on account of the largeness and abun-
dance of ¢« the tufts of 1613g cryptostomata,” though in all other
.characters it appears to .mo to be referrable.to A. -dolichorhachis
Kierrm. o

Various opinions 1=egal'diqg the nature.and function of -erypto-
stomata- have.been expressed by different botanists. The opinions,
_however, have bheen -within the limit of the Fucaceous crypto-
stomata and did not take into consideration similar organs of the
othor familics. When the tufts of hairs found in Enceeliacez and
Laminariaccee are equally treated as cryptostomata, the nature and
function of the organ beoo;ne still more .inexplicable. MuRRAYY
says:—*“ A comp_fa;ris‘on of the Fucaccous ' conceptacle and crypto-
stoma, the Splachnidium conceptacle with its persistent initial -cell
and the formation of its hairs yiclding place to sporangia, the
-development of the Adenocystis cryptostoma in the heart -of its
sorus, ' the other . Laminarian crthostoma (Saccorhiza and Alaria)
apart from the sorus, tho cryptostoma of Hydroclathrus among its |
plurilocular spomnma and ﬁnally the cases of the hairs in Aspero-
coccus and the Cutleuaoeae and Dictyotacee—a comparlson of . these
cases, and of the evidence plainly furnished by them, points very
significantly” to a possible origin of cryptostomata.”

The development of eryptosﬂomata is now much clearer than
at the time when MurraY's work was published. For the full
knowledge on the behavior and further development of the * initial
cell ” in the conceptacle and cryptostomata of Sargassum filipendula
we owe to Miss Smons’ excollent paper.®) Her paper largely con-

‘1) WinLe: Beitriige z. physiol. Anat. Lamin’.,. p. 37.

2). Sauxpers: Harriman Alaska Exped, Algae, p. 426,
3) Murray: Phycological Memoirs, X, p. 63. A
4) Smons: Morph, Study of §. fllipendula.
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firms the obsena,tlons ‘made by Bowgr, VALIANTE, OLTMANNS cte.,
'thoucrh there are ce1tf11n pomts ab variance with them. The mode
"of formation of the * elyptostoma,ta, of Alaria has been fully
elucidated by Mugrav.) The present writer® observed parallel
cases in those of Costaria and Undaria.. We are now on safe
“ground when we say that the tufts of hairs feund in fronds of
Laminariacese are different from the cryptostomata -of Fucacez,
genetically and mmpholomcally MURRAY has aheady 1ecoon1zed'
the difference as he expresses he31tat1on in applying the term
cryptostoma,ta to ¢he tufts of hairs of Alaria.
. MuURrRAY points out in the above quoted lines a morphological
gradation of the cryptostomata of. Enceeliaceze, Cutleriacese and
’ chtyotaceae His idea- appears to me by far suggestive when we
take into consideration all other brown a,lvae which bear the hairs,
and the developmcnt of such plants. I shall take this opportunity
to eluudate briefly the embryonal stacros of Homceostroma lati-
folzum J. Ac.
- The primary stage of development of Homaostroma latzfolmm
J. Ac. is a discoidal monostromatic patch of parenchymatous cclls
(Plate XIX, fig. 5). Some of the marginal eollé eloncate prostrate-
ly to form the rhizoidal filaments. Meanwhﬂe, the patch becomes
polystromatic. Some of the surface cells elongate uprlcvht and
form confervoid bodies by successive transverse divisions. When
~there are about 20 cells in a confervoid body the basal cells grow
longer than diameter and the middle and upper ones more or less
complessed and bloadel‘thm height. Then a longltudma,l division
through the median line takes place in the compressed cells.
Further multiplications of cclls follow next to form a lirear, mono-

1) Mourray: L ec. .
2) YEexpo: Development of Costaria, etc.
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stromatic blade. A sort of segmeﬁt-atibh, as it were, can be seen
.in these stages (Plate XIX, fig. 9). Each segment indicates that
the cells ‘in ‘it 4re derived from the saﬁ_le‘ mother cell, as an areole
of the epidermal cells in an embryonal blade  of Laminariaces.?
| While ‘these processes are going on, the apica,l cell of the
confervoid body remainé single, but elohgates upwards, keeping '
the initial diameter. As soon as the linear, monostromatic blade
has ,b:aen' formed, the clongated apicai cell begins to :divide by
transverse septa and the resulting filament quickly gains its length
by basipetal growth (Plate XIX, fig. 8, 9). Tt shows all the
characters of the hairs peeuliar to the Phaeophycéae.' Something
quite similar was observed by Remvke? in the sporelings of Scyto-
“siphon pygmeeus. From the ﬁp{)ermc')sj: marginal cell of each seg-
ment there starts a- similar hair. Plate XIX, ﬁg 10 shows a
marginal’ part of a blade of about.3 mm. in length.. In if, hairs
at various stages of development are found in considerable number, .
but not in tufts. They are thicker .than the primary hair at the
apex of the blade but undoubtedly are.of the same nature. The
tufts of hairs on the surface of the blade, mentioned in describing
the species, come out in a much later stage. _ |
A filament résembling the apical hair of the treated plant is
delineated by Tmurr® for the sporelings of Stilophora rhizoides J.
Ac. It is to be remembered that the species is characterized by
having a single persistent hair at the ape;x of the frond.
Summing up the results hitherto obtained from the observa-
tions on the adalt forms of the Phaeophycez, we may distinguish
the modes of ' occurrence of the hairs and their relative positions

1) Yexpo: Development of Costia, ete., Pl LIV, fig. 19.
2) See.ExcLER und Prawrr: Pflanzenfamilien, Algae, fig. 139, c.
3) Taurer: Zoospores des Algues, PL 28, fig. 9.
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to the sporangia in the following manner :(—

1.

4.

Both hairs and spora'ngia. isolated, dispersed on the frond
without any definite.order; mo definite relation botween

their positions .of occurrence.

Striariacese, Dictyosiphonaces, Desmarestiacez.
Hairs more or less aggregated in tufts; sporangia more or

less localized into sori; no definite relation between their

positions of occurrence. ‘ ‘
Enceeliacese (Punctaria, Homaostroma, Phyllitis, etc.).

Hairs aggregated in tufis; sporangia only around the .

hair-tufts. ‘
Enceeliaceee (Asperococcus).

Hairs isolated, .or morc or less -aggregated; sporangia -at
the bases of the hairs, assuming the positions of branches.
Chordariacese, Spermatochnacea, Cutleriacese, ete.
Hairs aggregated in tufts, in small depressions on the
surface of frond ; sporangia localized to form the sori in

;a more or less deﬁnite part of frond ; no definite relation
between the positions of hair-tufts and sori.

Laminariacez (Alaria, Undaria, Agarum, ete.).

Hairs aggregated in tufts, in small pits on the surfce of

frond ; sporangia limited to the pits in a certain fixed
part of the frond. '

Fucaces.

From a birdseye view of the various modes of occurrence of

the hairs, and their relative position to the sporangia as arranged

above, we may trace the apparent gradations in the localization

of both organs from the isolated hairs and sporangia to the con-

ceptacles of Fucacez. Tf the view that the ontogeny repeats the

phylogeny is to be accepted, the observation on the hairs of the
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" embryonal frond of Homaostroma will illustrate the evolution of
Enceeliacese from a more primitive form such as Striariaces.

As for the cryptostoma of Fucace, it may be explained to
-be a sterile conceptacle according to BowerY) and Stmons?.. Or,
according to OrLrManns' view, the conceptacle may be a fructified
cryptostoma. But BarTon's®) view that “the two forms of con-
ceptacles are of equal antiquity, and were a later development in
the ancestors of the Fucacem than the reproductive organs,” may
be open to criticism. We know. very little, if anything, about the
ancestors of Fucacem. If, however, ontogeny rcpeats phylogeny,
the tuft of hairs in the apical pit of the sporelings of Fucus sug; '
_ gests to us to prefer the view that the cryptostoma is an important
végetative organ of the Fucaceous frond and that its develdpment
is earlier than that of the conceptacle..

MurraYS) says:—<1 am aware that ‘the hairs of the crypto-
stomata are regarded by many as adapted to absorptive and other
" nutritive functions. This may or may not be; there is no proof_f
of the matter, and probably more reasons to be cited against than
in favour of, such an opinion.” He has not treated the matter
further and we are not able to know what was his opidion re-
garding_thé functions .of the hair-tufts of Alaria. The view held
-by some botanists, that the hairs of the Phaophyeee are a pro-
tecting organ against the licht is undoubtedly derived from the:
accounts of the hairs of the Phanerogams. ‘This can be readily
denied when we consider the fact that the blades-of the Phaeophy-
‘cee which are habitually decumbent have the hairs developed on

1) Bowekr: On the Development of Conceptacles in the Fucacez, p- 37,
2) Smuowss: Morphol. Study of Surg. filipendula, p. 174. )
3) Ovrtmaxws : Beitrige zur Kenntnis der Fucaceen, p. 82.

4) Barron: On the Genus T'urbinaris, p. 223.

5) Mureay: Phye, Memoirs, X, p. 63,
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both surfaces equally rich, and.that in one and the same species
found eithér in shade or in light, the hairs show. no difference in
their number and size. o '

As mentioned above, the hairs in the Phaophycez make their
| appearance at a very early stage of development of the frond. .In
some member they are persistent, though the cells composing them
are constantly renewed by the basipetal growth; in others, they
are present while the frond is not fully matured or is in an em-
bryonal stage. In Homaostroma, as above observed, there arc a large
number of isolated hairs on the margins of the embryonal blade;
they drop off as the blade grows and the tufts of hairse appear on
the surface of the blade (Plate XIX, fig. 12). The renewal of the
hairs and their-shedding in the adult fronds are ample proof that
the hairs are not directly related to the reproduction. In a dilute
solution of life-staining material (for instance, 0.1% aqueous anilin
blue in sea-water) the hairs absorb the colouring matter without
plasmolysis taking place in the cells while the epidermal cells take
in no trace of it. There may be no direct proof that the hairs
- of the Phw®ophycem are absorptive organ, but there is nothing
against the view, so far as I am aware, in- explaining them as
‘adapted to it.D ‘ ' ' '

Whatever it may be in other families, the hair-tufts in the
Laminariaceous frond can safely be regarded as a sort of absorp-
tive organ. The appearance of the hairs on the frond begins at
an early stage of development.?) The hairs are in a most. vigorous
state of growth just before the formation of the sori. When the
plant has attained full mé,turitj', the hairs arec mostly broken off,

1) Remwvke: Kenniniss der Tange, p. 321.

WiLLE: Beitrige z. physiol. Anat. der inmin., p. 39.
2) Muourray: Phycol. Memoirs, X.

YexNDo : Development of Costariae, ete.
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Jeaving but aggregations of the small basal cells as dark -spots on
the blade. - -~ : ' -
Thus, the hairs .in-the_ fronds of La,mmarmcege appear to me
to. be-an abs01pt1ve organ as are the isolated hairs in the other
'Phaeophyceae They - are localized to form tufts more .or less; re-
sembling in appearance the cr yptostoma of Fucaceze. The  hair-
tufts of Laminariacez, chtyotaoeze Enooehaceze, ete., have been
proved to be genetically different. f1om the Facaceous cryptostoma,t(),
Hence, it should be animproper idea to regard the latter as. the
.most ‘advanced form of the hair-tufts. However much .thefy dlﬂ’er
from the other Phaeophyceous hans in - their _inode of formation,
they may - be. taken equally well -as an- absorptive organ. In °
Fucacee the sporangia -are localized in the hair-pits of a certain
part of the frond, called receptacle, the han -pits in the vegetative
parts are named cryptostomata, and. those in the 1eeeptacles con-
ceptacles. It is quite natural to meet with * the occasional appear-
ance of sterile representatives of sexual organs within the crypto-
stomata.”” ) .
In Alaria, the hair-tufts occur on the Whole area, of both surfaces -
of the blade, excepb the stipe, the midrib and the soriferous area of
the sporophyll. The transition region of the blade is usually devoid
«of them, perhaps because all the cells in the area are meristematic.
In most cases, certain areas of the blade along both sides of the
~.midrib are also free from them. As the frond develops further,
- the scars of thé withered hair-tufts are stretched in ‘the direction
of the expansion of the blade, 1.e., parallel to the clefts, resulting in
elongated elliptical flecks. The sporophylls of the Metasoria are
pr0v1ded with the hair-tufts while they are functioning as veweta,twe'
organs, if the blade of the respective frond has them (cﬁ P 25)

1) Smoxs: Morphol. Study of Sarg. filipendula,.p. 174, N
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In *“ non-cryptostomated ” ‘mémbers we often find minute dark
brownish spots in the upper portion of the frond. They very °
much resemble, in mode of occurrence as well as in anatomical
chalactels, the scars of the withered hair-tufts. In some cases
they are results of an accidental death of epidermal cells, the
space being ﬁlled_ up by quick multiplication of the surrounding
cells which continues as long as the part concerned extends as the
blade develops. In others, they are remains of the mucilage
glands, as stated below. While the frond is yet young, the nature
of such elliptical spots may be ascertained by the presence or
absence of the hair-tufts in other parts of the frond. But in a
matured and old frond in which no more functionate hairs are to
be found, we are often puzzled to determine whether the plant is
“ cryptostomated ” or ‘ non-cryptostomated.” This is especially
the case in the dried herbarium specimens.

From the above statements it may be readily granted that.
the presence or absence of the hair-tufts is often difficult to as-
certain in an old fragmentary specimen; and also that the length
or number of the hairs in a tuft is variable and hence of no ‘
specific importance. Yet when we are able to “collect a large
~number of specimens of a certain species it is always advisable
to make a careful observation of them. In some cases, we find a
few hair-tufts in the frond of a species which is properly “ non-
cr yptostomated ” in the typical form. Cfr. desc11pt1on of A. pre-
longa, p. 85.

Mucilage Glands.

The presence of the peculiar glandular cells in fronds of Lamz-
naria Peterseniana Kseriy. was first noted by OK&MURAI) who took.

1) OgramURA: On Laminaria of Japan, p. 98,
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them to be a kind of * excretory organ.” Mivase!) found a similar

organ in Undaria pinnatifida Sur., and the -prosent writer® in

Hirome undarioides YENDo. -Afterwards, I described the cells in
detail®) and expressed the view that these cells are mucilage glands.
- SauvacEAU® noticed quite similar cells in the embryonal fronds of
A. . esculenta, G_REV.’ and Wasv inclined to regard them as a reservoir
of fucosan grains, but stated at the same time that it is a notice-
able fact to find them in the lacunae-wanting members of Lami-
_nariacee. o a o »

-I-have also noticed the presenée of | the mucilage - glands in
various species of Alaria in’ the course of the present study. The .
glands have heen carefully examined on A. c}'assz'folia KyeLi, as
itS‘fresh- material is most easily accessible 4o me. S'WV‘AGE‘AU’S
observa,tlon on the glands of A. esculenta GRDV is by no means
exhaustive. The following remarks on those of A. crassifolia will
not be unnecessary for future investigators. on the subject.

The smallest specimen of A. - crassifolia with the mucilage
crland as far as I have observed, was 2.2mm. in total height.
The frond was lanceolate with a cylindrical stipe of moderate
length, and the blade measured 0.61 mm. at its broadest part.
The upper part as well as the marginal area of the blade remained
still in the monostromatiz state. The mucilage glands were mostly
found at the boundary between the monostromatic and the “poly-
stromatic area, in a few but irregular rows. Sarface views of the
glands were mostly circular, but some in the upper part of the
blade more or-less - longitudinally sttetched. The apartures of the
sfnél! circular glands were little more than the size of single

1) Ynmo Three New Mar. Algae from przm p. 102,
- 2) Yenoo: 1. -c.
3) Ymwpo: On the Micilage Glands of Un.]ana.
4) - SaUvAGEAU : Sur 'les “ Glandes a Mucilage ™ de certaines Lamiinaites, p. 12.
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epidermal cell, but those of the stretched ones nearly as large as’
two or three epidermal cells taken together. A number of the
glands have also been found on the surface of the stipe.
As the embryonal blade elongates - further by stipo-frondal
growth, the monostromatic part is eroded away by degrees. This
generally takes place when a frond has attained 6-7 em. in total
lerigth. At this stage, the mucilage glands are much denser than
in the preceding stage, and much larger in size and greatly elon-
gated. Very frequently, two, three or more of the elongated glands
are found confinuous together, forming a simple or ramified pas-
sage. -Sce Plate XVIII, figs. 9-11." The smiall-circular ones may
be seen riear the transition region only and along the very margins
of ‘the blade. The content of the gland is granular and colourless.
The glands in the stipe undergo no marked change ‘in their shape
and size. . ‘ N . ﬂ
When the frond has grown to measure more than 12 em. in
total length, the contents of -the older mucilage glands turn
into a dark brownish colour even in the living material. - In
general, the glands in the region-up to 20-30 mm. frem the fc’ransi-
tion region . are colourless - and granular ; but those in the-upper
parts of the blade,-except- the newly formed young ones, are all
brownish (Plate XVIII, figs. 8-10). | R
~ The:longitudinal stretching of the glands while yet young,
appears to follow the longitudinal elongation and the: multiplication
of the epidermal cells. This' can be concluded from the fact that
the disposition of the epidermal cells is not at all disturbed upon
or around the glands. But in the latei stages, generally after the
content has turned into a dark brownish mass, the -'g‘lénds gaiﬁ
in width and the epidermal cells around the opening become radi-
ately: disposed (Plate XVIII, ﬁg 9, a). ‘In' Undaria pinnatifida, the
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glands gain their size by expanding in all directions, ‘hence the
epidermal . cells have to be arranged radially at an early stage of
development ‘of the glands.) This difference may be easily ex-
plained from: the modes of growth in the two plants. In Undaria,

- the pinnae . extend in ‘area by the growths in length and width,

but: in Alaria; the embryonal blade grows much qulcker in lencrthA
than in width. - ‘

19 have already. mentioned the d1ﬁ’erence in’. number of the
glands in the marginal and the middle part of the flond of Undaria.
In the former part. ‘there are always more numerous g]ands than
in the latter.. In Alaria crassifolia, . the glands arc practically
limited to the margins of the. blade (Plate XVIII, fig: 8).

When the fronds.of A. crassifolia have attained . the length
of 50-60 cm. and the sponophylls make their appearance as small
ligules, there are very few glands, if any, to be found in the
transition. region or in -any other part of the blade. But in the
membranous sterile part  of the sporophylls, which are to be found
in a further advanced stage of frond, the mucilage glands are very
well developed. ‘ | . :

In A. fistulosa, the largest form among the genus, the glands
may be seen all-over the blade, except the midrib, even after the
numerous sporophylls have appeared.®) The glands of this species
aré not stretched longltudma,lly as in A. crassifolia ; those in the
transition region are nearly as round as those of Undaria, and -
those in the part about a meter or so above the transition point

1) Yexpo: On Mucilage Glands of Unduria, Plate XLVI, fig. 7.
2) Ditto, p. 614.
. 8) Miss Kmpe observes a peculiar sort of cells in the frond of Alwt¢ fistulose and re- -
gards them as a fungus. I am inclined to doubt her observation; she may have mistaken the
glindular cells as a parasite. (Puget Sound Marine Station Publication, Vol. I, No. 20 1916). In
her previous paper (the same Publication, Vol..I, No. 8. 1915) specially treating on the struc-
ture of Aluria ﬁstulosa she gives no account on the remarkable glands.
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-—the® part near the base. of the blade in' proportion to the whole
length, which measures 10-20 meters when the sporophylls begin:
to appear—are transversely stretched. Remember that the young
and sterile frond of this species may have:the blade 10-20 meters
in length and 20-30'cm. in breath, and when nearly maturéd the
blade is fully one meter broad. " This shows that the blade, after
it has completed or nearly completed its growth in. length, must
extend its breadth with an astonishing "speed.” More stretching in
the transverse direction than -in " the longitudinal, is naturally to
be expected. This is indicated by the disposition: of .the epidermal
cells and by the transverse stretching. of the glands. .
SercEELL and GARDNER stated in their joint work, Algae of
the North-western America, p. 276, that the stipe of A. fistulosa
“seems to be free from mucilage ducts, but the blade in both
forms (f. stenophylla Sercr. and f. platyphylla SETCH.) possesscs.
abundant structure of this kind, just under the outer layer of cells,
as  GuiGNARD has -indicated.” But so far as I have examined
Japanese imaterial I could not find true mucilage ducts in the-
frond of A. fistulosa. o
"I will take this opportunity to say a few words on GUIGNARD’S
observatlon dlrectly concer mno this subject. He" disproves “the
presence of the « cav1be mumfere in the frond of Undaria pm-
natifida SUR (_ Ulopte; i pmnatzﬁda KJELLM = Alaria pmnatzﬁda
Harv.). Tt will clearly be understood that the brownish spots
frosted all over the blade of this plant did not attract his atten-
tion. - He mentions two species of Alaria, A. esculenta GrEv. and
A. grandifolia J. Ag., as- lackmo the mucilage canals. He did not
examine the embryonal fronds of these spe(nes Lasbly, he pomts

out the presense of « -cananx mumferes trés gros et trés nombreux
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dans toutes les parties de la lame ” of A. ﬁstulosa.}j The remark
by SercmeELL and GaroNer refers to these lines.
GUIGNARD'S observation on the mentioned species have all been
-done on herbarium specimens. It is rather excusable that lic has
mistaken the mucilage glands of 4. fistulosa as the mucilage lacu-
nae, and overlooked the -similar but smaller cells in the fronds of
Undaria - pinnatifida. His statement disproving the conclusion by
Kreirmin® that Alaria plants  have no mucilage canals is thereforo-
to be re-disproved. , o ' o

In a fully matured “frond of A ochétensis YENDO the tra,nsmlon-
region is §o rich in the roundish glands as to turn the part of the
blade, when dried, into .a dark reddish-brown colour. In’the upper

. palt of the blade as well as in theé membranous sterile palt of the

sporophylls, the glands. are much eloncrated furcated - and armed
with short lateral .proce_sses, and a few of them are often fused
together (Plate XIX, figs. 2-3). The mucilage lacunde of Laminaria
oceur in some species, for example, Laminaria (mgustfata KsELLM., in
detached groups of incomplete network.® The mucilage: glands of
‘A. ochotensis approach in general 'aspect though of course " geneti-
~cally differing from, the mucilage lacunae of L. an Justata It is
too complicated for a fucosan reservoir. ' '

The mucilage glands of the other species of Alaria have more
or less fixed character in each. The three examples - described
above illustrate extreme cases of the ‘prinditive and well-developed -
state of the glands. Under the deser iptive part- some accounts of

the gland of each specles will be given, referring ‘to the.above
remarks. ' : ‘

1) GureNaRp: Observations sur Appareil Mucilére des Laminariacées, p. 43.
2) Kserimax: Handbok i Skandinaviens Hafsalgiora, p. 19.
- 3) -MivaBE: Laminaria Indas'ty of Hokkaido, Pla‘e 29, fig. 5.
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Monstrosities of ‘the frond.

L' Duplication of blade. In one of the specimens of A.

teniata Kserm. in. the Herbarium of the Hokkaido. Imperial
University, Sapporo,” one side’ of the blade is totally: doubled, thab
is to say, two semi-blades are present on one side of the midrib.
They are equal in shape and size and are -symmetrical with the
opposite, single semi-blade. A transverse section near the transi-
tion point shows the sheering of the medullary portion into equal
parts at its marginal swelling. The semi-blade is duplicated from
the ordinary crucial point between the midrib and the blade, with
a narrow but roundish sinus in the section. The spanning cortex
is found in the normal. position but not newly formed for the
inner side of .the semi-blade (Plate XVI, fig. 4). The two semi-
blades run parallel in the psual direction. They have the same
thickness as the’ single semi-blade and all elements of the tissue
are represented in due manner and proportion.
" 1T can not find any evidence explaining the cause of this
abnormity. “In the transition region there is no symptom of de-
formation, there sirﬁply being two ridges instead of one to indicate
the future development into two semi-blades. The terminal portion
of the frond is eroded so that nothing can be induced therefrom.
~ Kuckuck?) has observed the "duplicate blades in Laminaria
saccharina. Kirrian? ‘also notes * Fluoelblldunc of a. blade in
Lammm ia digitata. . : :

II.' Ramification of Stlpe In A. prelonga -KJELLM.' and A
~ lanceolata Kserim., we meet very often with a bifurcated " stipe.
The bifurcatidn a,lways takes place, as far as our material ‘shows,

1) Kuckuck: Bemerk, zur Mar. Algenveg. von Helgoland p. 248, fig. 18
2) Kmuan: Beitr. zur Kenntn.- der Laminarien, p. 472, ﬁg 26.
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at a point in the sporophyll-bearing region of the stipe, and is by
the mddian plane. Judging from a .very young frond which has.
a clearly divided stipe, the abnormity appears to. have been: caused.
by a certain influence at a point just below the transition point.
The frond dovelops further adding a length to.the stipe and -thus
shifting’ the affected "point further below the transition point.. In
all specimens with such abnormity the two arms are nearly -parallel
with very mnarrow. sinus and have equal values.  The sporophylls
may be found on the ‘outer edges only of the two arms of on
both ‘edges-as well, and "also below the farcation! (Plate IV, figs’
4, 5). Similar cases have also been reported’ by . SErcHELLY on
“A. esculenta “GrEV., collected by CorLiNs on theé coast of - New
England. In Some examples the sporophylls:are not particularly
different  in number and size from the normal form, bat.in many
cases, only a few of them, very irregular in size, are to be found.

The blades on the two arms, are not -especially - smaller than
the normal ones. In Jone-case, . however,. one of. the two blades
was destltute of its inner half, in splte of the mldub bemcr as
. 'bload as tha,t of the complete blade. ‘

1L ' Other monstrosmes Be51des the two kmds of monstro-
sities mentioned above there are varlous examples of def01 mation, -
but .of less 1mportance One of - the common cases is the spua.l '
tmstlncr of the spomphylls This is undoubtedly caused by a
checking of growth in one side of a sporophyll while the other
side develops at normal speed It may be due to an mternal
cause in the tissue of the. sporophyll or by an ammal ‘feeding on
the plant. In the Holosorla. the spiral turnlncr is mostly found
at the terminal portlons of the sporophylls

Bifurcation of a sporophv]l is also not 1arely met with. An

1) SETCHELL : Regenemhon among Ke]ps P 149,
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upper portion of a sporophyll divides into two segments with broad
“and round sinus. The resultant segments are sometimes of equal
value, but sometlmes one of them appears as if ramified from
the other.

Species which have in normal condition smooth blades, may
sometimes be found with transverse corrugation along both sides
of the midrib. FExamining closely we find generally in such case
numerous parasitic crustacea, mostly of species belonging to Gam-
* marids, living in the midrib. The little creature digs a labyrinthic
tannel through the medilllafy and subcortical tissue of the midrib.
This-~causes the retarding of the growth in length of the midrib.
As the blade is in no way infected by the parasite, ‘the unequal
speed of growth.in length of the two parts results only in the
corrugation. '

Development and Life History of Alaria.

The recent inves_tigatidné on the embryonal stagés of A. escu-
lenta GEEv. and some species of Laminaria by Drew,) Kivviax,?
Sauvaceau,? ete., have greatly changed the vicw hitherto held by
modem botanists on the life history of the Lammarlaceous plants.

- We are now aware- that the zoospores liberated from the unilocular
- sporangia of the sori of the Laminariacee do not directly develop
intQ- the well known, :la,rge forms 'of‘_fronds, ,bxit germinate into
microscopic protonema-like bodies. The latter are sexual and
dioeceous, . e., cither male or female gametophytes. From the
oogonium an embryonal frond starts which may develop into the

large form oo'mmonly known as a La,minariacoous plant. Thus in

1) Drew : Reproduction and En.rly Development of Lam. dz ,ztata
2 Kriuian : Beitriige zur Kenntn, der Laminarien. -
3) Savuvacesu: Sur les plantules de quelque Laminaires.
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the species investigated, very probably in all members of the
Laminariaces, there is an alternation of generation with the con-
spicuous ‘asexual form and the microscopic sexual. .

When 11 described ‘Hi'romé uﬁddﬁi(jidés : a:sv“—fa“'néwiépecies, I
between Undaria pznnatzﬁda SUR. and menama radicosa KIELLM.,;
in its habit, texture and propagating .ergans; and that an -explana-
tion of the genetic 161th10nSh1pS between them :thay be facilitated
if hybuds of Laminariaccous species have been proved possible:
tn the specific determination of other mcmbers of Taminariaces
The same is to be observed. The late discovery is from this point
of view highly interesting ‘and important. )

The eafly embryonal stages of the fronds of the Laminaria-
ceous plants have also been carefully studied by DrEw,? and by
KiLuian® on Laminaria digitata, by Sauvaceav?) on Lamindria
saccharina, and by myself® on Costaria Turneri and Undaria pin-
natifida. Of the later stages, there are works by BarBER,®) SET-
cueLL,”) ReinkE,® McMmoan,” Griees,'®) Kynm,) .ete., on various
species. By these studies. our knowledge on the development of
the frond of Laminariacese has been much amplified than in before.
There remain, however, some pomt% for further study on the life
history of .va,rlous species, if not of the majority. The question .

1) Yexbo: Three New Mar. Algae from-Japan, p. 102.

2) Drew: Reproduction and Early Development of L. saccharing and L. digitata.
3) Kmuian: Beitrige zur Kenntn, der Laminarien.

4) Sauvaceau: Sur les Plantules de quelq. Lam.

5) Yexpo: Development of Costaria, etc.

6) Barper: On the Structure and Development of the Bulb in L. bulbosa.
7) Sercmern: On the Life History of Sacchorhiza.

8) RENkE: Studien z. vergleich. Entwicklungsgeschichte der Laminarien.
9) McMinzax : Observation on Plerygophora. :
10) Grices: Juvenile Kelps and the Recapitulation Theory.
11) Evurs: Uber den Generationswechsel bei Laminaria digitats.
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whether Alaria sheds its blade periodically, for instance, appeals
to me to be yet unsettled. :

The gametophyte stages of A. cr asszfolza I have also’ studmd '
from living material collected in the field, Owing to a consider-
able number of stlanoexs always associated with the sporelings of
the plant; it was not easy matter to trace.the stages of develop-
ment in a satisfactory manner. The sterile fronds of Microsphar (?)_
Myrionema and Ectocarpus, which are found growing with the
sporelings, have been especially embarassing.  Unfortunately I could
not find ahy sporophyte directly starting from a gametophyte.

| The earliest stage of development of the sporophyte which I
observed was two-celled (Plate XVIII, fig. 4). The lower cell was
cylindrical, measuring 8¢ in diameter about 264 in length with the
basal end slightly crooked. It had no special content except fine
granules " and colourless  plasma. The upper cell was similarly
cylindrical  with roundish apeX, and measared 9¢ in diameter, 264
in length. Disc-shaped chromoplasts compactly lined the inner
surface of the wall, and a few highly refracting grains were
presént, In both cells the nuclei were not visible before staining.
As far as the blade is composed of a single layer of cells, the frond
in a more advanced stage is essentially similar to that of the cor-
responding stage I have observed in Costaria Turners.

In elucidating the development of Costm ia Turneri and other
Laminariaceous plants, IV have pointed out that :—the growth of
the early embryonal, monostromatic fronds is mainly due to the
activity of the subapical cells, and that of the later polystromatic
fronds, to the activity of the transitional region. 'Kmi1an’s? obser-
vation on the development of Laminaria digitata agrees with mine

- 1) Yexpo: Development of Costaria, etc., p. 713.
2) Kriax: Beitriige zur Kenntn. der Laminarien, p. 447
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in the iml')orta‘nh points in this respect. He d_istingliisheé a margi-
nal meristematic. tissue at the. tra'nsiti‘on. regioﬁ of the post-
-embryonal frond, by virtue of which the blade increases in breath.

 Sausaveau?) discredits the presence of any special tissue which
functions for the increase of breadth of the frond and says —
“ Le cloisonnement intercalaire dispersé est donc général ; il entraine
Taccroissement ed longueur et en largeur de la lame et il me péut'
étre question de méristéme marginal.” As far as I have obscrved
in the development of various species of Laminariaces, the growth
in length as well as in breadth of the post-embrydnal fronds 'is
due to the activity of the transition region. The region acts for
the addition to ‘the length df frond while ig its younger stages,
and then to. the breadth. Th@l"é is no specialization. of tissue for
either.. The same region acts for both, but more or less scparately
in time. ‘At the same time,’ hbwevei*, it must not be 0§erloo,ked
that the whole part of the blade widens and thickens in itself by
_cell-multiplication. The areolar arrangements of the epidermal
cells, and the changes of sliapes of the mucilage glands according
“to the part of frond, give positive evidence of this fact. Certain
differences in ‘the rate of cell-multiplication may be found accord-
. ing to thé parts. The undulation dr crispation of the margins of -
" the frond which is quite plane or less waving while young, is due
to the greater rate of growth along the margins after the length
of frond has been completed by ﬂ1e stipo-frondal growth. The
transverse wrinkles -along the midrib of Alaria and Undaria, the
undulations in the fronds of Costaria and certain Laminaria may
be explained in a similar way. The subulate and reflexed tips
of the split segments of A. angusta (Plate XV, fig. 2) can hardly
‘be interpreted unless a partial extension of the segments after the

1) SauvaceaU: Plantules de quelque' Laminaires, p. 19..
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splitting is admitted to have taken place (cfr. p. 11). ' Yet there
is no doubt that the principal growth of the fronds, in length and
in breadth, of the Laminariaccous algae results from the activity of
the transition region, where the meristematic tissues are located.
Soon after the precortical layers make their’appearance in the
transition region, the embryonal fronds of Alaria begin to reveal
some of the generic peouliarities in a primitive state, i.e.; 1), the:
mucilage glands frosted about the boundary between the monostro-
matic and the polystromatic area: 2), formation of the midrib.
These two peculiarities can be perceived when ‘a frond has attained
* the total length of 6-7 mm. In this respect the embryonal fronds
of Alaria resemble those of Undaria most. Both are, however,
cfiistinguishable by the difference of germinating seasons, formation
of the pinnules at the transition point and by the localities of the
species. " The embryonal fronds of Undaria appear ecarly in January
in northern Japan, and earlier in middle and southern, while those
of Alaria are found in March-May. In Undaria the formation of the
~ pinnules takes place at ‘the transition region soon after the blade
has grown to the length of 2 cm. or so. Sp'écies of Alaria are
[imited to the eastern coasts of northern Japan while Undaria is
limited to the west coast of the Hokkaido and to both sides of the
Main Island. But in the vicinity about the Tsugaru Strait, where
Undaria pinnatifida and A. crassifolia occur living together, separation
of the plants by the last mentioned point is of course unreliable.
The appearance of the ‘spb'rophylls takes place in most species
n June-July, varying according to the germinating time of the
sporophyte frond.” The first few sporophylls remain less developed
in size when compared with the successive upper ones (Plate IX,
fig. 1). New sporophylls come out continuously upwards on both
edges of the stipe till the later part of spring. Those sporophylls
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which appear early may be soriferous late in summer or early in
antumn, but the liberation of the zoospores begins, on an average,
in antumn between October and November.: They then drop off
‘from the petioles, leaving verrucose scars on the stipe. ‘Dum}g
winter, the’uppel sporophylls develop only a little. In early spring
_they” begin to develop quickly and the sori on them' ripen con-
tinnously until the entire frond is uprooted in the middle of
summer. The sporophylls which are formed at a later period in
the life of the frond remain undeveloped .and must follow the fate
of the frond, beeomino useless before they can exercise their
proper function (Plates IX and X). | | '

How, ‘then, does the blade pass throuorh the Wl]fltel ?  Does
Alaria shed 1ts blade peuodlcally ?

A. esculenta GRE. has heen the subJect of this d1scuss1on
among’ the Europcan a]crolocrlsts as the species is easiest accessible
to them for obsel vation. BORGESEND wrote a paper specially
devoted to the question and enumerates the views of rriaﬁy former
writers. Beside thosc mentioned by him, Dawsox TurNER? remarks
that Fucus esculentus is perennial, though he does not touch the
subject in question directly. RuprrcHT®) repeated the words * ein-
jahrige Exempldre in describing the North Pamﬁc Alaria. It
may be taken as evidence that he beheved the Alaria plant to live
. more than one year. SETCHELL and Garpyer in their joint work
1epo1t the presence of the *rings of crlowth in the stipe of A.
valida. RosenvenceS) does not actually say that Alaria is perennial,

but he illustrates the she_ddmg of the old blades in his specimens.

1) BorcEsuy: Note on the Question whether A. esculente sheds its Lamina, &c.
2) TurNER: Historia Fucorum, Tab. 117.

3) Ruprecar: Tange des och. Meeres, p. 355.

4) SercEELL and Gamroyer: Alg. N.-W. Amer, p. 278. :

5) RoSENVENGE: On the Mnrme Algae from Northeast Greenland, p. i13, ﬁg 5.
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Bororsen?D discredits the annual shedding of the blade and
sticks to the opinion that the blade of A. esculenta elongates con-
tinuously by stipo-frondal growth, its wupper part wearing by
degrees and s0 keeping nearly the same length. Parmrips? and
Orrmanns® are not very far from this view. _

Summing up the statements of the previous writers, I under-.
stand them to be classifiable briefly as follows:—

(1).‘ Alaria plant is perennial. .

Turner : Historia Fucorum. (on A. esculenta). 1809.

RuerecaT: Tange des och. Meeres. (on A. fistulosa and A.
sp.). 1850. -

?SpromErL and GHARDNER: Algae of N.-W. America. (on
A. wvalida). 1903. . _

(2). Alaria esculenta is perennial and sheds its blade annually.
Harvey : Phyc. Brit., I. (sporophylls also). 1846. v
JomnstoNE and Croarr: Brit. Seaweeds, III. (Sporopylls

also). 1859.
ArgscrouG : Observ. Phye., V. 1884.
Kseromay : Handbok i Skandinav. Hafsalgflora, 1. 1890.
Wik : Beitr. z. Physiol. Anat. der Laminariaceen. 1897.
Remvke: Stud. z. vergl. Entwicklungsgesch. der Laminari-
en. 1903. :
RosENVENGE : On Mar. Algae from N.-E. Greenland.  (on
A. grandifolia J. Ac.). 1910. |

(3). Alaria esculenta does not shed its blade periodically.

Prriips : Notes on Sace. bulbosa and A. esculenta. 1896.
 BorGESEN : The Mar. Algac of Faerdes. 1904.

1) BORGESEN: Note on the Question whether A. esculenta sheds its Lamina, &e.
2) Prrunres: Notes on Sacch. bulbosa and A. esculenta.
3) Orrmaxns: Morph. und Physiol. der Algen,
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Borcesen : Note on the question whether A. escutenta
sheds its Lamina periodically or not. 1904.
Ortmanns: Morph. und Physiol. der Algen. 1904.

In.various herbaria in Europe which I have visitéd, there was
no speeimeh of Alaria to give any evidence in support of the view
that the plant is perennial and sheds the.blade periodically. I
have.seen a single specimen with a constriction in the blade in
the Herbarium of Trinity College, Dublin. The specimen was col-
lected by NOL'J: and sent from SoxpEr under Laminaria Noltii Ac.
At the cohstricted point the bhlade becomes quite narrow, measur-
ing but a few millimeters on both sides of the midrib. =~ From this
‘point the blade expands to its normal breadth, more or less
~ abruptly upwards and comparatively gradually downwards. The
‘substance of the blade in the two parts has no marked difference,
therefore not justifying the view regarding the-upper part as hav-
ing grown at quite a different secason from the lower. The midrib
is in substance, thickness and breadth uniform throughout the
whole length. The statement made by Harvey in Phyec. Brit.,
Plate 79, about the regular change of the blade of A. esculenta,

however, seems not to have been derived from this specimen.
RosexvENGEYD gives photographs of two specimens of Alaria
from Greenland, each with a remnant of the old blade at the top
of the new. They may be taken as full proofs of the renewal of
" the blade of Alaria but not of the perennial existence of the plant.
On the'coasts of Japan, most Alaria attain their full maturity
in summer. The species which inhabit the comparatively warmer
waters, such as A. crassifolia and A. pralonga, discharge the
spores during July-August with the utmost vigor; and the fronds
are entirely washed away from the substrata before the ecnd of

1) RoseNvENGE: On the Mar. Alg. from N.-E. Greenland, p. 113, fig. 5.
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September. How the zoospores behave after they are freed from
the sporéphylls is not satisfactorily known to me.

. The question whether the zoospores of the Laminariaceous
plants rost for a certain peridd after liberation, or germinate soon
and pass a considerable time in the state of a-prof.-onema-like
body, is not yet satisfactorily solved.” The young sporelings of A.
crassifolia are met with between March and May. Late in March,
on the coasts about the- Tsugaru Strait, bunches of embryonal
fronds of this species may be found on rocks, barnacles, mussels,
other larger algae or on the sheaths of Potamilla myriopus in the
sublittoral region. Taking. one of - these bunches we find some
fronds already as large as 30-50 cm: in length' while some _are
microscopic, and even protonema-like gametophytes are still associ-
ated with them (Plate XVIII, figs. 1-3). This lack of uniformity
in the time of outsprouting may perhaps be due to the fact that
‘the spores are discharged during a considerable range of time, as
the sporophylls attain their maturity sﬁccessivély from the lower-
most upwards, and eventually the épores from the basal sporophylls
develop earlier than those from the upper ones. At least in A.
crassifolia, the maturing of the sporophylls takes place twice in
the life of the plant. 1 will treat of this further below. The
other species found in colder waters, ¢.e., in the northern part of
the Kurile Islands or in Sakhalin, are very likely similar in this
respect. Their fully matured fronds are found during August-
September, and the sporelings are mostly met with in April-June.
According to KseLrumax,) the blade of A. grandifolia is shed ab
Spitzbergen in winter. RosexvENGE?) observed the same in north-
eastern Greenland. |

1) Kssriman: Spitzbergens Thallophyter, II, p. 11.
2) Rosexvence: On the Mar. Alg. from N.-E. Greenland, p. 114.
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‘The first-year fronds of Alaria found in summer have general-
ly much narrower and thinner blades when compared with the -

“second-year ones. Some of them may have small spoerophylls
which become soriferous and discharge the spbres late in auntumn.?
The thin and narrow blade is ~worn away for the greater part of
its length.

In the following year, during March and April in the warmer
parﬁs and gradually later in tho colder north, the blade begins its-
sudden growth, and sporophylls of normal size make their appear-

ance above the smaller ones of the -preéeding year, quickly in-

| creasing in number éuecessively upwards. The sporophylls of the
precedihg year droE off one by one from below,'.leaving Verrucose
scars on the stipe (Plate X). The blade now built up is thicker
in substance and darker in colour than that of the preceding year.
The sporophylls attain their full maturity in the latter part of
spring and then the life of the plant terminates within a few
months. Thus it exists for two whole years, but not longer.

The life history alluded to above holds good, as far as I could
find, for all species found within our  boundaries. Even such a
gigantic form as A. ﬁstdlosa shows only a slight modification if
'a‘ny.i The marvelous size of the blade of this species is therefore
nothing but the result of the speedy growth during 5-6 months.

As far as I could refer to, full evidence for the perennial life"
of the Alari ia plants has never been positively given by any algo-
logist, although there have been many who describe them to be
perennial. WiLre? relates:—*Dass im Stipes ein sekundiires Léngen;
wachstam  vor sich geht, jedenfalls oben und " bis aunterhalb der

 4ltesten Sporophyllen, konnte mit Sicherheit an Exemplaren nach-

1) Wouie: Beitriige z. physiol. Anatom .der Laminariaceen, p. 16.
2) Wmie: L e
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geweisen werden, welche drei Reihen von Sporcophyllen hatten und
somit Wénigstens vier Jahre alt .gewesen sein mussten, da man
- wohl voraussetzen darf, dass Individuen von Alaria esculenta (L.)
Grev. keine Sporophyllen erzeugen, bevor sie wenigstens ein Jahr
alt sind.” There is no doubt that the -stipe of Alaria elongates
by the secondary growth. But how the * drei Reihen von Sporo-
phyllen ” could be distinguished in a matured form of A. esculenta
Grev. and how they could be applied for the estimation of the
age of an Alaria plant, I have no idea. '

Borcesex? denies the periodical sheddings of the blade of A.
esculenta. He states that * the leaf keeps on growing at its base
during the greatef part of the year, while the apex is continuously
so to speak worn away by the waves.” Ile seems to have omitted
to mention the life-length of the plant. But it may, be understood
from what he states that he thinks the plant perennial. In The
Algae-vegetation of the Féroese coasts he seems also to have said
nothing about the stages of development of A. esculenta GREV. in
different seasons, though he repeatedly touches on it in describing
its habit. In explaining Plate XIX of the work, he writes:—
among the Himanthalia are young Alaria esculenta, and .... "7 I
should like to know how young they were, whether sporophyll-
bearing or not. I agree of course with BOrGESEN in denying the
periodical shedding of the blades of Alaria, if he means by peri-
odical more than once in the whole life of a plant at certain fixed
intervals. It is a fact with our species’of Alaria that the first-
year blade is for the greater part worn away during the winter
and only a. certain -portion remains to be shed in the next early
spring. The second-year blade generally begins its growth with
less breadth than the base of the first-year blade and so the

1) BoreeseN: Note on the Question whether A. esculenla sheds its Lamina &ec., p. 200.
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demarcation -between the two parts is never difficult to recognize.

* The illustrations of the Greenland specimens given by ROSENVENGE

referred to above, point to this Stage. As the remnant of the

first-year blade is worn away as soon as the new blade has start- -

ed, at least on our coasts, a favorable opportunity must be caught
to observe the actual alternation of the blades. RosENVENGE ob-
ser\jed‘on the coast of Greenland that the lower part of the old
blade of A. grandifolia J. Ae. remained still unworn in summer.
BorcEsENY) has discredited the observation by Wire? who
writes, ‘“ dieses Endblatt fallt . jeden Herbst ab und wichst von
neuem heraus im Lauf des Winters.” He confesses that he has
“ only seen specimens from April to‘August and frorﬁ' October to
December : ”’
. by Mr. R. RASM.USSEN',‘DiI'eCtOP of the Faeroese High School. It is
very much to be regretted that he had no winter specimens, in-
dispensable forms for makihg a conclusive remark on the problem.
Granting the view of BOrGESEN as established from his obser-
vations on the Faerdese Islands ‘and strengthened by RASMUSSEN’S
note, and as true for Alaria plants in the North Atlantic, the dif-
ference between his view and that of the others may be condensed
to the question whether the renewal of the blades of Alaria is
‘gradual “or sudden. It will be wisest to answer the question
thus :— the renewal of the blades of Alaria may be gradual or
sudden according to the conditions of the place where the plant

grows.” -Still it is true that there is more evidence of” sudden. .

growth of the blade at a certain time of the year, than of the
uniform speed of growth throughout the whole year.
I will here take this opportunity to relate briefly the life

1) BOrGESEN: Mar. Algae of the Faerﬁes; p. 450.
2) Woik: Beitr. zur Physiol. Anat. der Laminariaceen, p. 7.

and he fills up this gap with observation bq the plant

)
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history of Japanesé speéies of Laminaria compared with that of
- Alaria. European botanists unanimously describe the annual shed- -
dings of the blades of Laminaria digitata, L. hyperborea, L. saccha-
- rina, ete., some ‘bel«ieving -and some assuming the plants as peren-

nial. As far as I could understand from the accounts of these
three species, there seems to me no actual proof to warrant the
~assumption that their life-length is more than three whole )ea,ls

| It may live over two winters, but not three.

About 16 species of Laminaria are found on the coasts of
Japan. Some of them are of great value for domestic use and -
export, and their life history and various other points have "been
closely studied. According to my own observations on Laminaria
Japonica Awmscr., L. angustata Kserim., L. ochotensis MivaBe and
L. longissima Mivasg, the discharge of spores from matured sori
takes place, as a rule, between August-November. The sporelings,
undoubtedlyw germinated from these spores, make their appearance
dminor January-February of the next year. The first-year blade
at its fall length in July-September is known to the fishermen as
* mizu-kombu  (water laminaria) on account of its soft and thin
substance. It may or may not be soriferous at the end of the
‘same autumn. Before the winter, the greater part of the blade is
worn” away and the entire frond practically ceases to develop”
further. In the carly months of next year, the transition region
is very active to form the second-year blade which is abruptly and
considerdbly broader when compared with the first-year blade.
The latter does not remain long upon the new blade, being only
«occasionally found by collectors. The second-year. blade now in-
creases in length with enormous speed, so quick in L. longissima
as to elongate 70 feet or more in less than 5 months. In July—
August the blade becomes soriferous and before the end of October
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the whole frond is washed away from the substratum. There is,
thercfore, very little difference in the life histories of Laminaria
and Alaria on our coast. :

The figure shown below is a diagram to indicate the life
histories of Alaria, Laminaria, Cestaria and Undaria, as found on

sl g e | Cet Wou Bl

b

iRy

4

k]
(“/?Tiué,' r}nﬂ',?i

A
Wourbee

z.l;')c‘.'

2]
o

LJLJ{M; A:c;

L

£
L
|

7

Akt !.ﬂ

L;Z;mx}/mu:a. e @i

9& et N ‘-@m an|Fod Az
N




58 : Vol. XLIIL, Art. 1.—K. Yendo:

our coasts. . It may givé some help to understand What:has been
alluded to above. )

Economic Use of Alaria.

The economic value of Alaria plants can not be spoken of as
great. In earlier times A. esculenta was eaten by the people of
Scotland, Ireland; Iceland, Faerdese Islands and Denmark. TURNER
writes in his Historia Fucorum, Vol. II, published in 1809 :—
© «This plant is much eaten in Scotland; the parts employed for
that purpose are the midrib, stripped of its membrane, which is
extremely sweet, and the thick part of the pinnae, which are called
Keys. These latter, however, are only brought to market when
thick and fleshy, never when thin and membranous. It goes by.
the name of Daberlocks. According to LicHTFoOT its proper season
is September; and he also observes, that it is recommended in
the disorder called a pica, to strengthen the stomach and restore
an appetite.” In Algae Britanicae, published in 1830, GREVILLE
says :—* The midrib of this plant, when stripped of the membrane,
and sometimes also the leaflets, are eaten in Ireland, Scotland,
Iceland, Denmark, and the Faroe Islands. It is called in Scotland
Badderlocks or Henware and in the Orkney Islands Hone;'zjware.
Dr. DrumMoND informs me that in some parts of Ireland it bears
the name of Murlins.” Printz!) relates that A. esculenta and Rhody-
 menia palmatq are two important food-algae in Iceland, where
they are cooked in milk or water with flour or groats added to
it. He speaks of the old Icelandic Saga in which these seaweeds
are mentioned. In Iceland the plant is called Bladtare or Butare.

At the present time, the use of A. esculenta as food appears

1) Prinrz: Lidt om Tange, (Tidsskrift for vore Nytteveekster, 1908).
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to have been abandoned in Europe, except in small localities.. The
Alaskan aborigins still appreciate, as I have been told from a
) Siwash chief, the matured sporophylls of .A. marginata and other
~ larger forms as a delicacy. I have seen the natives of Kamtschatka
eat the midribs of A. fistulosa. This has been already noted by
Ruerecar in Tange des ochotischen Mceres, p. 355 (1848). He
says :—* Nach WOSNESSENSKI ist sie (4. ﬁstulosd) den Kamtscha-
dalen (bei Javina), welche die Blattrippe essen, als « Kdusschisch »
bekannt, Ph. alatum in derselben Gegend und in Petropawlowsk
als «Kavam» oder «Kauan»: letstere wird gekocht ganz und .
mit verschiedenen Beigaben verspeist, die Blattrippe aber roh.”

In Japan, where numerous species of seaweeds are used for
food and other purposes, a considerable amount of Alaria is left
unused. This is principally due to the fact that other brown
algae, such as Laminaria and Undaria, much better in taste, con:
sistency, ete., are found in association with it. The Ainu in the =
southern Kuriles frequently use the matured sporophylls as food.

As a source of kali or iodine, the Alaria plants are not entirely
useless. The following table gives some of the analyses by Tur-
rENTINED) and by Mryana and KakrEara.? ' '

Species Location Potash (K; 0) Todine (I) Pot. Chlor. (KCl)

A. valida San Juan County 9.2 0.08 145
lanceolata ?  Symonds Bay 3.0 0.12- 4.7
lanceolata Sitka 3.4 trace - 5.4
fistulosa Kauriles 1153 0.010 -

" sp. Sakhalin 497  0.024 —
' preelonga * Akkeshi 7.78  0.125 —
prelonga Hamanaka 8.26 0.070 - —.

1) TourrenTiNE: The composition of Kélps, p. 220.
2) Mriyama and Kagmmara: Reports on the Kali Resources, p- 18
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Compared with other species of Laminariaéeaa, the valuable
contents, iodine and kali, are comparatively poor- in Alaria. ' The
”ke].p-burning of Alaria might pay fairly well only in such an ex-
traordinary time as during this great war, when the market price
of kalium chloride has become more than ten times as high as in
ordinary days. The value of Alaria as a resource of kelp is much.
discounted by the fact that sherever Alaria plants grow, there are
also found other Laminariaceous members which are richer in
iodine and kali. ' ‘ '

In short, Alaria plants have very little value as human food
or for kelp-ash. For manure they may bec used equally well as
other brown seaweeds, such as Sargassum, Fucus, etc.

Distribution and Habitat.

All species of Alaria are inhabitants of the northern colder
seas. The greatest number of species are found within a range
from about 42° N up to the arctic circle. On the Pacific coasts,
its southern limit is at Kinkwasan Island (38°17'N) on the west
side (A. crassifolia) and about the middle part of California (37° N)
on the east (A. marginata). On the west side of the Atlantic, no -
record of Alaria is known south of Cape Cod (about 41°30' N)
where A. Pylaii Grev. occurs; and on the east, A. esculenta GREV.
finds its southern limit on the coast of France (about 45°N). In
the Baltic Sea, Alaria is entirely wanting within the Kattegat.

In- Japan, Alaria is found on the Pacific as well as on the
Ochotsk coast. No species occurs in the Japan Sea. It may- in-
trude into the Sea a short distance only through the two enﬁx’axlces,
the Tsugaru Strait from the Pacific Ocean, and the Soya.' Strait
from the Ochotsk Sea. ‘
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The absence of Alaria in the Baltic Sea and in the Japan

. Sea is not to be explained as parallel examples.due‘to similar

physical conditions. Within the Kattegat the salinity and tempe-

rature lower quickly towards the Baltic Sea. In the Japan Sea,

on the contrary, both show higher figures than on- the Pacific

coast, as can be seen in the following tables.

I. Mean annual temperatures of sea-water at various_

parts of Hokkaido.

Pacific coast Tsugaru Strait Japan Sea coast
Nosappu' Akkeshi| Erimo | Esan |Fukuyama) Inao Suttsu Kn:m'ui Takashima
1911 66 | 59 | 56 | 108 | .138 | 129 | 118 |- 111 116
T 1912 51| 51 5.0 9.0 185 | 118 | 113 | 111 10.9
1913 4._4 46. 6.4 8.1 12.4 10.7 10.5 95 10.2
1914 59 71 7.9 10.0 14.4 12.6 121 | 107 12.2
1915 54 6.0 7.1 9.8 139 | -12.2 11.3 10.2 11.8
1916 66 6.8 81 | 106 143 128 | 121 11.2 11.9
II. Mean annual density of sea-water at various
. parts of Hokkaido.
Pacific coast Tsugaru Strait Japan Sea coasi
Nosappu Akkes]:;i Erimo | Esan |Fukuyama| Inno | Suttsu | Kamui | Takashima
1911 1.0239 | 1.0236G | 1.0235 | 1.0244 | 1.0255 | 1.0251 — 1.0255 1.0251
1912 241 237 235 242 256 253 — 252 250
1913 241 238 239° 243 256 || . 251 — 248 | 246
1914 244 242 242 248 256 - 254 — 247 246
1915 244 243 234 245 255 252 —_ 24§ 247
1916 243 241 237 248 257 255 | 1.0249 249 252

"In the above cited tables the 1ocaiities are arranged from the

eastern end of Hokkaido (Yesso Island) towards the west along

the southern coast, then passing the Tsugaru Strait, towards the
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north. Several species of Alaria are found about Nosappu, a few
about Akkeshi and Erimo, and one about Esan. At Fukuyama, ,
which stands at the western end of the strait or at the entrance
of the Japan Sea, usually no Alaria is found. At the above men-
_tioned places on the Japan Sea Alaria has never been collected.

Thus on the coast of Hokkaido where Alaria exists, the water
temperature is never above 11°C, and where it is entirely absent
the témperature is higher than that except in an unusually cold
year. The salinity of water is generally less on the Alaria-exist-
ing coast than on the other. That the lesser density of the water
is not an important factor for the existence of Alaria may be
observéd from the fact that Noéa,ppu, where more Alaria in species
~and in nﬁmbe; are found, has stronger salinity than the other
. two places. This view may be ‘more emphatically expressed when
we compare the Baltic and the North Sea.

The minimum température of seawater is much lower on the
Pacific coast of Hokkaido than on the Japan Sea side. At Esan
no record of water temperature below 0°C is known. 'At Erimo
in December-February it goes below this point very frequently,
and floating ‘ice carried from the north-east is not infrequent there.
On Feb. 26, 1915, -3.8°C has been recorded. On the coast
farther north-east of Erimo the temperature is still lower in winter
‘time and the shore is usually blockaded with a thick ice sheet
during December-February. At Nosappu, on March 7, 1914, the
water temperature near the surface went down as low ag —11.0°C.

In the Baltic Sea the freezing of the seawater along the coast
18 general during winter.?) It may take place on the Swedish
coast of the Kattegat. The Danish coasts and the open coasts of
southern Norway which are washed by the Bank Water and the

1) Kyun: Studien iiber die Algenora der Schwed. Westkiiste, p. 207.
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North Sea Water!) respectively, are free from ice. From the data
above stated we perceive that the physical conditions of the regions
mentioned of the North Atlantic and of the' North Pacific are just
opposite in relation to the existence ‘and non-existense of Alaria.
This apparent contradiction, however, may be easily explained
when we consider the origins of the waters of the Baltic Sea
~ and the Japan Sea. '

‘ The Baltic Sea may be compared with, or regarded as, an
extensive lake commﬁnicating with the Atla,l.ltic~ Ocean through the
Skagerak and Kattegat. The Sea is supplied with freshwater from
innumerable rivers. The ocean water known as the Jutland qurent
intrudes into the Sea along the Danish side of the straits. The
mass ‘of the intruding water is by no means large enough to have
an influence upon the physical characters of the Sea. The water -
of the Sea is practically supplied.by freshwater streams, the greater
number of which originate in the colder regions. Alaria, which is
an open-sea inhabitant, can never intrude into, or exist in, such a
freshwater lake. Especially the Swedish side of the strait is wash-
ed by this Alaria-lacking water.

The Japan Sea has two main currents. The more influential
one, known as the Tsushima Current, is a branch of the Japan
Current and runs into the Sea through the Tsushima Strait, travel-
lihg towards the north-east along the west coast of J apan. Through
the Tsugaru Strait a minor branch goes out into the Pacific Ocean
close along the southern shore. The remaining part continues to
proceed northward as far ‘as the Soya Strait where it ramifies
again into two parts, the major one bending eastwards through
the strait and the minor one keeping the original course intruding
into the Strait of Tartary.

1) Hiort and Grax: Hydrographic-Biological Invesfigations.
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The other current, known as the Tartar Cuarrent, is less in- ’
fluential in comparison with the Tsushima Cuarrent. It has its
origin at the Strait of Tartary and runs south-westwards along
the continental shore. This stream has a lesser salinity and a
colder temperature as may bo easily understood from the fact that
Vladivostock harbour is closed up by thick ice during winter while
Otaru Harbour on the same latitude has never suffered from that
trouble. ‘ . »

.. A certain amount of the water of the Pacific and of the
Ochotsk Sea flows into the Sea along the northern sides of the
Tsugaru Strait and the Soya Strait respectively. But these in-
flowings have little influence on the ‘physical conditions of the Sea,
compared with the influence of the Jutland Current along the

.. Danish coast upon the Baltic Sea.

The Tsushima Current which supplies, as it were, the principal
part of the water of the Japan Sea is a branch of the Japan Current.
The latter has its origin in the north equatorial current and is tropical
in its nature. As it travels north-eastward it deposits the spores
of the tropical algae on the coasts of southern Japan and also
carries the spores of the inhabitants of the latter further north-
wards. Alaria is neither a tropical nor a subtropica.l‘ plant. The
Japan Current and its branch carry, therefore, Alaria-lacking water
© into the Japan Sea. A
‘ The non-existence of ‘Alaria in the Baltic Sea and the Japan
Sea may now be easily explained. The two seas have no source
from which Alaria may be carried in, and they are not birth-places
of the plant.

Alaria Pylaii Grev. which is an inhabitant of the north-
eastern coast of North America has been recorded, though with
some doubt, from Spitzbergen. Thus the speéies may be taken
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as a representative of . the colder waters of the North Atlantic.
Its occurrence in Puget Sound and the Alaskan coasts,?) detached
and isolated localities for the distribution of the species, requires
a careful revision. If it could be proved positively, the spécies
would be the only one common to both the Atlantic and the
Pacific Ocean. .

Excepting the doubtful species above mentioned, each species
has a more or less fixed area of distribution. Out of 15 species..
ennumerated in this Monograph, 3 species. are from the North
Atlantic coasts and 12 from the Pacific. The Arctic Sea can by
no means be said to have been thoroughly explored. Yet it is
known that A. grandifolia J. Ac. flourishes .luxuriantly about Spitz-
bergen and A. Pylaii GREv. may very likely extend there. In the
Siberian Sea, A. dolz‘cﬁorhachis Kserrm. is found, .and this species
is known to extend into the North Pacific through Bering Strait.
From the Arctic coast of Alaska only one record of Alaria has
been known. The record is based upon one of RATHROCK’S sketche;s
of algae determined by Harvey as A. esculenta. In HArVEY's time
the specific limitation of A. esculenter was much -broader than at
présont, "so the accuracy of the sketch is rather to be doubted.
Yet it gives an evidence that certain spécies of Alaria exists on the
Arctic coast of Alaska. , o

It is a noteworthy fact that many of the species of the North
Pacific have very limited areas of distribﬁtion, while the North
Atlantic species, though few in number, have much wider distri-
bution. In the Pacific, A. fistulosa has the widest range of distribu-
tion, extending from the South Kuriles towards the north-west up to
Dall Island. Several others ar.e. quite local in occurrence. A com-
parison of the_‘_distributibn in the Atlantic and the Pacific is especi-

1) Reported by SauvNpers under A. fragilis.
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ally interesting when we refer to the debate of BORGESEN v. s. .
PorsiLp and SIMMONS concerning.the characters of the marine flora
of the Faerdes. But there seems no need to reopen this discussion.

The following table is prepared after consulting the former
records to show the distribution of the 15 species. The reader
has to be cautioned that in the species of Alaria there are yet
uncertain points regarding their exact limitations. |

North Atlantic Arctic E. coast of Asia. || W. const of N. Amer.
b . 2 o & T
cial BSAE| | 2% | B4 |5Eg| Zi5 | i
= = ,4 t% 7] 8 {77} = é’ g z <g e
A.. esculenta + + + e
Pylaii + + +? +
grandifolic +2 ] +
teeninta " 4 +
lanceolata +
ochotensis +
preelonga ' + +
macroplera v + + S
crassifolin . .. . . +
fistulosa + + + -,
ﬂam + .
(77775 2 | U IR R | I RV +
marginate || ... | ... 1 + +
angusicz ‘ +
dolichorhachis + ; + +

The observations on the nature of tho Baltic Sea and the
Japan Sea relating to Alaria ]éadAus' to think about the center of
distribution of the genus. From the above table showing the dis-
tribution of the species, considered together with the nature of the
currents which wash the IOCalities,'We are able to safely state that
the localities are directly or indirectly washed by the Arctic waters.
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We know very little of the algal floras of the Siberian Sea
and the American Arctic :Sea. - How many species of ‘Alaria may
be found in the regions and in what state of growth they may
flourish, is not satisfactorily reported. There are reasons, however,
to assume that we may not expect many species from there. Yet -
the supposition that the north circnmpoiar regions. might have
been or may be the center of distribution of Alaria has some
probabﬂiby: ' | ‘

Starting . from the above assumption I venture to say —Alaria
had its origin in the North Circumpolar Sea and migrated ,south-
wards into the Pacific and the. Atlantic Oceans as far as where -
the Arctic currents terminate ; the initial form gradually diverged
into the various present specics which flourish in a most vigorous
state about the southern limits of the Afotic currents.

In general, the formation in which Alaria plants are habitually
found is the sublittoral. They prefer the exposed coasts of steep
rocks. Very frequently they form a narrow belt fringing the low
water mark or within a few feet below it.  Usually, however,
~ they are associated with other algae, almost invariably with other
Laminariaceous mecmbers, and may thrive to a depth of 4-5
fathoms below the low water mark. ‘

~ The sp01*elings of Alaria germinate, except in the extreme
north, in early spring. They ave fourd in great abundance on
rocks, musseis, larger algae, etc., immediately below the low water
mark: A few months later, during the spring tide just following
the vernal equinox, the water ebbs so as to expose these sporelings
‘and young shoots to the strong heat of the sun. The majority are
-destroyed on this occasion, though many other plants _adapted to
such conditions may survive well. This is undoubtedly the cause
why Alaria plants are’ found at a certain depth below the ordinarj;
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low water level, the depth varying according to the tidal range of
the locality.

Up in the north, the germinating season is undoubtedly later

than in the south. The influence of the sun’s heat upon the algae
" at low tide is not sufficiently intense to harm them. Here the
plants may be found still flourishing, but not so well as in deeper
water, just above the water level during the lowest spring tides.
On the west éoast of Vancouver Island, where the tidal range
is as great as 25 feet at spring tides, the Alaria plants, as well
as other Laminariaceous members, are exposed to the air at ebb-
tide hours. This region is well known for the rich moisture in
the air during summer, so that mist and fog prevail for several
hours almost every day. The luxuriant growth of Alaria, which
is properly a sublittoral inhabitant, between the tidal marks in
this region is very likely due to this climatic circumstance. In
the southern parts of Kamtschatka and in the North Kauriles,
parallel examples might be met with.
_ BorceSEN observes at the Faeroese Islands that A. esculenta is
found as high as several feet above the lowest water mark at
several places, as the dashing waves can irrigaté the place. This
is also the case with other places in the world and with some
other species of algae. It is one of the ecological characters
common to those algae which are inhabitants of the lowest littoral
region and adapted to confront the surfs.

Tt is well known to the field algologists that Alaria plants are
rarely Jfoimd in quiet bays or in tide pools. An observation on
the tide pool flora made by Miss SKINNERY on the west coast of
Vancouver Island is highly suggestive and may contribute a posi-
tive record for this fact. She studied eight tide pools of various

1) Swinner: Observ. on the Tide-pool Veget. of Port Renfrew, p. 153,
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sizes and various heights above the low water .mark, on a ridge of
rocks which jutted into the sea sixty feet and was about thirty. feet
across its widest point. . Pool No. I at.the highest level was about
© 15 "feet above the low water mark ; and No. VIII at the lowest
was nearly at the low water mark. No specimen of Alaria was
found in the pools higher above the mark, and a few plants (species -
undetermined) were found * on the bottom in exposed positien
of pool No. VIII. From, the result obtained by her, and after
consulting the floral features of the region, it is ascertained that |
Alaria plants can not properly exist in quiet places, however well
it may be supplied with new water by constant irrigation.. Harvey?)
remarked on A. esculenta :—* The roughest water seems to be most
favourable.to its existence.” This is true for Alaria in general.

A few exceptional examples to the general statement above "
given, however, may also be mentioned. BORGESEN? observes on
the Faerée'se‘ Islands that A. Pylaii seems .to prefer somewhat
sheltered coasts, and Kserrman® also reports. its occurrence in tide
pools of the littoral formation in the Norwegian polar sea.

Describing the habitat of A. grandifolia J. Ac., KyELTarax®)
says :— The species is sublittoral, living generally at a depth of
2-15 fathoms. It is met with in the interior of deep bays as
well as on exposed coasts, in the latter case near the shore, some-
times, when the bottom is favourable, several miles off, TIt-is on
rocky bottoms that it attains its greatest size. Living sometimes
alone in rather great numbers, sometimes in accompany with other
Laminariacee, it constitutes an essential element of the formation

of Laminariacece on the coasts of Spitzbergen and the west coast

1) Harvey: Phyc. B.it., Plate 79.

2) BOrGEsEX: Algae Vegeta'ion of the Faerlese Islands, p. 754.
3) Kisernmaw: Algae of Arctic Sea, p. 215.

4) Ditto, p. 217,
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of Novaya Zemlya.” This description may be almost word for
word applied to the habitat of A. fistulosa in the North Pacific..
The fronds of enormous breadth and length reach the- surface of
the sea and then bend horizontally ; the hollow midrib serves as -
a buoy and the blade hangs down along it like a gigantic Musa
leaf. A large number of the plant are usually found aggregated at
some distance from the sea shore, choosing a suitable depth and
substratum for growth. In the South Kuriles the favourable site
is in waters of 5-7 fathoms depth and in the North Kuriles, a
little shallower. It is told by seal hunters that the densc aggre-
cation of the floating blades is a resting place for the sca-otters.
According to SercmELL and GarDNER,Y its hubitat on the coasts of
north-western Alaska seems to be about the same. Kierrmax?
simply remarks that it is gregarious in the lower part of the sub-
littoral region of the Bering Islands.

The two examples mentioncd qbovc, tell us the fact that the
spores of these species germinate in a much deeper place than the
others. .This does not mean, hoxerer;that they choose a calm
place for . their existence. Tliey are found, at least A. ﬁstulosa
as I have actually observed, in those places where the currents
are unusually swift. Their anchorage in déepor water may be
more probably an adaptation for their enormous length of frond,
in analogy to Nereocystis or Macrocystis. ‘

Systematic Position of the Genus Alaria.

The genus Alaria in the sense _taken by modern algologists
was established by GreviLLe in 1830 for Fucus esculentus L. Prior
to this, the plant was mentioned though not very precisely, under

1) SercmELL and GarpNer: Algae of N. W, North Amer., p. 276.
2) Ksmrruax: Om Beringhafvets Algflora, p- 41,
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Ceramium by Srackuouse in 1801, under Muscefolia. by the samo
author in 1809, under Laminaria by Lamouroux in 1813, under
Orgyia by Sracksousk in 1816 and under Phasganon by Gray in
1821. RuerEcuT has given a lengthy discussion on the priority of
the gerieﬁc name for the plant in his Tange des ochotischen
Meeres, p. 365, and he preferred the name Phasganon to others.
Gosr in Die Algenflora des Weissen Meeres, p. 77, revived the
Orgyia instead of Alaria and Phasganon.

Whatever the historical records of the plant may be, the name
Alaria as a genus under Laminariace is at present so Widely
adopted that any alteration would result but in confusion.

. Which species of Alaria was first known to science, is also a
‘much debated question. _In current refcrences Fucus esculentus in
Linng’s Mantissa published in 1767 is mentioned to have been the
first. RuprecET published the view that Fucus alatus described by
CarGILL in 1720 is undoubtedly the plant that LinNé meant by
Fucus esculentus, and should stand in place of it. He also points
out that Fucus pinnatus GUNNER (1766) and Fucus teres Goop. et
Woopw. (1797) are to be synonymized under it. In his Tange -
des ochotischen Meeres, therefore, the name Phasganon alatum is
adopted in ‘stead of Alaria esculenta. Gosr mentioned Orgyia pin-

nate  as a ino_re legal name than these two. Researches of old
literature and strict hold of the rule of priority might lead to the
view of RUPRECHT or Gopr. The specifie, as. well as the generic’
names adopted by these two writers, however, are pre-Linnean and
simply historical. :

The thorough. classification of Laminariaces we owe to
SErcEELL’S work published some twenty five years ago.: He
arranged the then known 19 genera of the family into tribes and
subtribes according to the probable affinities, mainly based upon



79 k ' - Vol. XLITL, Art. 1.—K. Yendo:

the morphological characters. Since that time there have been
added numerous species and genera to the family, counting today
29 genera including a few questionable or critical ones. Extended
observations on the anatomy and the development of the frond have
thrown much light on the family. SEeTcHELL's classification re-
quires, therefore, additions and amendments on various points.
Remnke’s Studien zur vergleichenden Entwicklungsgeschichte der
Laminariaceen, though a highly interesting and instructive paper,
does not add much in this line to SErcHELL'S view. According to
SErcHELL, and adopted by REINKE, Alaria is most closely related
to Pterygophora so that he has established for these two the sub-
tribe Alariee under the tribe Alariidese. Both are indeed sharply
distinguished from all other co-families by having the sori on the 4
leaflets situnated npon the stipe alone.

Under the same tribe SerceELL included Undaria, Ecklonia and
Eisenia group, under the subtribe Eckloniee. This classification is
undoubtedly derived from his incomplete acquaintance of Undaria

-at that time, as he complained of- the difficulty of getting its
material for study. He also put too much stress on the marginal
outgrowths from the blade of FEisenia.l) Recent observations on
Undaria by Oxamura and by the present writer giveb ample evi-
dence that it has less affinity with Ecklonia or Eisenia, while on
the contrary, the genus has a very close relationship with Alaria.

The sori of Undaria develop on the wing-like outgrowths on
both edges of the stipe and nowhere else. These oubgro;vths are
practically enormous extensions of the edges. The ruffle-like un-
dulations of the external margins result from the excessive growth
in length in the marginal parts. These undulated sporophylls, as
they are called, are at some distance below the transition region in

1) Szrcmewn: Post-Embryonal Stages of Laminariacee, p. 129.
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f. distans Miy. et Oxkam., qﬁite appr(;ximate in f. typica YENDO and
confluent with in f. narutensis YENDO.  Whatever the gradati_ons
may be in the separation of the sporophylls from the sterile blade,
the essential difference between the sporophylls of Alaria and Undaria
is in the degree of their diffcrentiation. In the former ‘they are.
separated into a number of petiolated leaflets?) while in the latter
they are continuous and directly confluent with the stipe edges.
Hirome undarioides YENDO shows a step more primitive in this
respect than Undaria. _ '

Alaria, Undaria and Hirome have the true midrib. There are.
costated members among the family Laminariacee, such as Agarum,
which, however, must by no means be regarded as standing near
to them. Plerygophora, which is acknowledged to have the closest
relationship with Alaria,. is not proﬁded with the true midrib.
Yet its presence in the threc named genera must never be passed-
over as merely incidental. ‘

The mucilage glands, again, "as far as has hitherto been ob-
served, are limited to Alaria, Undaria, Hirome, and Laminaria
Pelerseniana Kspury, The last mentioned species has neither mid-
rib nor sporophylls. " On the other hand, it has various peculiarities
to be counted under the genus Laminaria. OKAMURA’s idea to
comprise it in Undaria together with Hirome is hardly acceptible
before we have extended the limitations of the other genera of
Laminariacez. - .

Leaving L. Peterseniana Ksertm. aside for the present, the
three genera, Alaria, Undaria and Hirome, form a continuous series,
.and the genus Plerygophora stands near Alaria in another direction.

- SerceELL? holds the view that * the nature of the outgrowths

1) There are various degrees in.separation of the lenflets; compare 4. Pylaii (Pl VIIL, fig. 1)
with 4. macroptera (Pl II, fig. 1), and A. angusta (Pl XV, fig. 1). ’
2) SercEELL: Post-Embryonal Stages of Laminariaces, p. 126.
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from the blade of Fisenia are certainly most important > in generic
consideration of the Laminariacez. Upon this ground Eisenia,
FEeklonia and Undaria are associated in the subtribe Ecklonise under
the tribe Alariidese. If so, the marginal outgrowths of Eisenia
and Fcklonia must be .first compared with those of Laminaria
radicosa Kserim. The latter species shows in several points a
certain affinity with Hirome and Undaria, and more indirectly with
L. Peterseniana Kizrim. The relationship between FEisenia and
Alaria, if any, should be considered as most indirect, placing
Laminaria rac_licosa, Hirome, and Undaria between them.

™

-5 6
Lisenia & Eclclonia L. radicosa Hirome Undaric Alaria Plerygophora

A series of diagramatic figures to show the varieties of localization of sori
in various genera of Laminarincem,

Synoptical Key to the Species.

1. Matured sporophylls entirely soriferous .......... I. Holosoria.
A. Midrib interruptedly hollow........ A. fistulosa P. et R.
B. Midrib thoroughly solid. -
¢ Blade finely corrugated in the upper part.
Sporophylls dropped with petioles. . 4. macroptera (Ruer.)



Sporophylls dropped leaving petioles

on the stipe - ' a

3. Blade  smooth
Sporophylls- linear
Sporophylls cuneate
7. Blade finely striated in the upper -

, part ... A
2. Matured sporophylls bearing foliose -
sterile portions at the.apices............
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in the uppér part.

..............

‘A. Sporophylls pmnate

. Sporophylls disposed at great mter-

vals

......

A. Sporophylls disposed at regular

intervals, except the lower ones.,

Sporophylls
terete

very thick, almost

“ Sporophylls coriaceous with cuneate

A.

..................

Sp01oyhylls coriaceous, large, with

obtuse bases

ke Sporophylls very much approximate.

Sporophylls obliquely ascending. . .
‘Sporophylls patent

..............

B. Sporophylls fasciculate.

«. Rhizines cylindrical

............

B. Rhizines complanated and thick. .

Sporopbylls cuneate, soriferous part

broader than the sterile crown.. ‘A..
Sporophylls long cuneate

--------

LA
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. ochotensis.

. preelonga KJELLM.

. dolichorhachis KJsELLM.

. margz'natd P. et R.

II Metasoria.

. Pylaii GrEv.

. crassifolia KIELIMm. -

esculenta GREV.

A. @alzda SETcH. etKJELLM

nana SCHRADER.

. grandifolia J. Ac.

lanceolata KIELIM.

teniata KIELLM. -
angusta KIELLM,
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SPECIES.
Alaria fistulosa P. et R.
(Plate I, figs. 1-4.)

Illustr. Alg., p. 11, Tab. XVI.—J. Ac.: Spec., I, p. 144.—Ki1z. :
Spec. Alg., p. 579.—KserLMAN : Om Beringhafy., p. 49.—SAUNDERS :
Harr. Alaska Exped., Algae, p. 426, Pl. LVIL.—SgrcH. et GARDN. :
Algae N. W. N. Amer., p. 276.—Corrixs, HoLpeEN and SEercH.:
Phyc. Bor.-Amer., Fasc. B. No. XLIL—KiBBE: in Puget Sound
Mar. Station Publ.,, Vol. I, p. 43, fig. 1-33. )

= Phasganon fistulosum RupR. : Tange des och. Mecres, p. 355 e f.

?=Alaria marginata 3 muscformis P. et R.: Illustr. Alg. p. 11.

?=Alaria sp? KJELLMAN : Om Beringhafv., p. 42.

Definition of the species. - Root, at an early stage of develop-
ment, holdfast of dendritic ramification, soon issuing numerous,
branching, filiform rhizines successively above, the new rhizines
growing over and interweaving with the older ones, resulting in
general outline to a high conical mass.. Blade lincar, 10~25 meters
in length, 30-90 cm. in breadth, membranaceous and brittle, densely
glandulated, cryptostomata wanting, coarsely transversely corrugat-
ed along the midrib, margin entire, undulating, splitting trans:
versely to the midrib in the older part; base of blade gradually
tapering, tip of blade .... Stipe 20-50 ¢m. in length, terete and
verruculose below, 8-12 mm. in diameter, gradually complanated
~and slightly ‘broadened above, measuring 10-20 mm. in  width,
narrowed at the transition point;- lower half of the length naked,
upper half to the narrowed region bearing the sporophylls. Midrib
2-3 cm. broad, elevated above the blade on both surfaces with
sharp edges, the middle one-third of the breadth longitudinally in-
flated, showing an elliptical cross section, but septated at irregular
intervals, canaliculated along both sides of the inflation; these
peculiarities disappearing before reaching to the transition:point
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where tho midrib continues to the stipe below. Sporophylls holo-
sorie, numerous, compactly. disposed on both sides of the stipe,
adding new ones sﬁceessively above, oblong-obovate, or elliptical,
12-20 cm. in length, 2—4 cm. in breadth, cartilaginous, with well-
defined cylindrical peﬁoles ;' base of sporophyll obtuse or round,
generally asymmetrical, tip round. Sorus on both surfaces of each
sporophyll, in a continuous patch, oecupying the whole surface
leaving but a narrow border-along the margin sterile.

Remarks on the species. This is a very distinct and well
marked species. The much interwoven, tall conical or mitriform
holdfast and the hollow but septated midrib are unrivalled charac-
ters among the allies. The sporophylls are ovate-spatulate; con-
" siderable in number, and Adensely beset in a limited portion of .
the stipe. At the beginning of appearance, they are membrana-
ceous and obovate, very densely disposed on the margins of the
stipe, 4. ¢., in a manner quite different from “other species. The
blade may often attain more than 50 feet in length, 3 feet in
breadth, ‘decuésabely cloft like a Musa leaf. It is the largest form
of Alaria. -

The plant grows gregariously at a depth of 5-10 fathoms
below the low water mark. The upper parts of the blades, when
the tide is low, float on the surface of the water and afford a
resting buoy for sea-otters and other marine fur-animals.

SeErcHELL and GARDNER distinguished‘ two forme, f. platyphylla
and f. stenophylla, from the Unalaskan forms. But judging.from
- the descriptions and considering the Kurile specimens, the forme
proposed seem merely due to the state of growth, as has been
already observed by Kispe.D .

The specimen kept in the herbarium of the Botanical Museum

1) Kissk : Puget Sound Mar. Station Publ, Vol. I, p. 43. -
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of Upsala under Alaria sp ?, undoubtedly the plant mentioned in
Beringhafv., p. 42, appears to me to be a fragment of an abnormal
blade of A. fistulosa, although the characteristic hollow midrib could
not be ascertained in the spedimen.

In Ilustr. Alg., p. 11, Posters and RuprEcHT mention A.
marginata B museformis. The brief description of this forma does
not give any concrete idea of a distinct form of the plant. The
original, kept in the herbarium of "the Academy of Science of
Petrograd, is a poor specimen without sporophylls. SercHELLD-
notes that he recognized in the midrib an * evident symptom of
having been characteristically and interruptedly fistulose.”

KseLiman® remarks on the present specics: * Arten synes
mig vera ndrmost besligtad med A. teniata. Kostans grundform .
ar densamma.” I am rather astonished to read this statement.
In the herbarium of the Botanical Museum of Upsala there is a
young specimen of A. crassifolia Kserim. determined by KiELiman
as A. fistulosa. The above statement together with this identifica-
tion make me doubt the specific conception of A. fistulosa held by
KJELLMAN. - _

In the remark appendiced to the note on Orgyia pinnata, Gonr
mentions a specimen with hollow and septated midrib in the Her-
barium of the Botanical Museum of the University of Petrograd.
The specimen, according to him,. is from PosteLs -and has been
collected in a northern sea without exact locality. I have not
seen the specimen in the Herbarium. But it appears to me very
likely that it might have been collected in the North Pacific and
should be identified with A. fistulosa. .GoBr was tempted to neglect
the peculiarity of the midrib, saying :—* Ich fibre dieses Beispiel |

1) SercmELL: Critical Notes on Laminarincer, p. 11.
2) Kserrman: Beringhafv, Algflora, p. 42.

o
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an nur um zu zeigen, dass die Aufblihung der Rippe oder Stiel—
was eigentlich dasselbe ist—keinen irgend welchen specifischen
Werth erhalten kann.” It is to be regretted that he has not seeni
the specimens of the North Pacific Alaria in the Herbarium of
the Academy of Science of Petrograd.

Locality. Augustine Bay, Dall Island (FRYE) Wrangell Nar-
rOWs (SAUNDERS, Sercaerr and (*ARDNER) ; Douglas (JEUNE, SET-
cHELL) ; Juneau (SaunpERs); Glacier Bay (SAﬁND}]RS); Yakutat
Bay (SAUNDERS); Prince William Sound (SAUNDEI%S) ; Cook’s Inlet
(SaunpERs, Rice) : Kukak Bay (Saunpers); Kadiak Island (PosTeLs
- and RuerecaT, SAUNDERS SEToﬁELL) Bay of Unalaska (PosTELS
and RUPREGHT SETCHELL) ; Kyska Island (TOWNSE\ID and SETCHELL) ;
Bering Island (Kseirmax); Kurile Islands(!) ; Kushiro, Yesso (Mrva-
BE)(!) ; Kitami Prov., Yesso (MryasE) ; Sakhalin (Herb. A.C.S.%).

Alaria macroptera (Rupr.) nov. nom.
. (Plate TI, figs. 1-5.)

= Phasganon macropterum Rupg. : Tange des och. Meeres, p. 353.
= Alaria macrophylla MiyaBe: Lam. of Hokkaido, p. 56, Pl. 25.
=Alaria corrugata MiyABE: Lam. of Hokkaido, p. 55, P1. 24.
= Alaria esculenta latifolia P. et R.: Ill. Alg. p. 11. PL. XVIL
=Alaria esculenta pinnatifida P. et R.: Ill. Alg. p. 11. p.p.
= Alaria marginata P. et R.? in Herb Acad. Petropol.
?=Alaria laticosta SAUNDERS (non Kseoim.): Harr. Alaska Ex-
ped. Algae, p. 425, Pl. LV.
= Phasganon alatum var. latifolium Rupr. : in Herb. Acad. Petro-
pol. p.p.
' = Phasganon longipes RupR. : Tange des och. Meeres, P 3563.

- Definition of the species. Root, holdfast of dendritic ramlﬁca-
tion; blade "linear lanceolate, 3.0-4.5 meters in length, 25-30 cm.

* Agricultural College, Hokkaido Imperial University, Sapporo.
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in width at the broadest part membranaceous, richly transversely
corrugated, cryptostomata Wantm margin finely crispated, ‘splitting
in the older parts transversely to the midrib ; base of blade gently
tapering or acute when young, roundish or even cordate when old,
tip of blade narrowed above, pinnately split and usually worn
away. Stipe 5-12 cm. in length, cylindrical below in well develop-
ed and matured specimens, 4-6 mm. in diameter, terete and more
or less broadened. above, narrowed below the transition point,
lower half of the length naked, upper terete part bearing tke
sporophylls, but in the younger individuals subcompressed -or an-
cipitous till almost to the base. and bearing sporophylls fxom near
the base. Midrib complanated, 6-10 mm. broad, elevated above
the blade equally on both surfaces with round edges, continuous
with the stipe below. Sporophylls holosoric, 30-40 in number,
pinnately arranged on both margins of the terete part of the stipe,
a few lowermost ones more or less apart, but the middle and
upper ones close together, with the bases of the petioles fused
into a continuous narrow wing on each margin of the stipe, lan-
ceolate or linear-cuneate, 20-30 ¢cm. long, 3.0-4.5 cm. wide in the
broadest part ; base of sporophyll acute, often obtuse, very frequent:
1y oblique, ending in a cylindrical petiole ; tip obtuse with rounded
apex, or often round. Sorus in a continuous patch on both sur-
faces of each sporophyll, occupying generally the entire area of
the surface except a narrow border along the margin, but frequent- '
ly leaving an upper part sterile and membranaceous.

Remarks on the limit of variation. The present species attracts
the attention of the collector by its finely corrugated and very
long blade. This character, however, is often not remarkable in
some individuals, especially in the lower half of the length. In a
herbarium specimen, when the wupper portion has been cut off,



A Monograph of the Genus Alaria. ' ‘81

o

- this important® peculiarity is not recognizable. The shape of the
base of the blade is also variable as in many others, according to
the age of frond. In the young forms it is cuneate or acute, but in
the fully matured forms, rounded or even cordate, with the transi-
. tion point acute for a short length. The close arrangement of the
sporophylls also varies somewhat, being sometimes, especially in the
younger forms, more or less separated. The plant, there‘ore, seems
to have a tendency to approach A. prelonga Kierrw. ’
-The type . specimen in the Herbarium of the Academy of
Science of Petrograd has the sporephylls only partly soriferous.
The upper sterile- portion of each is thin and membranaceous,
" broader than the soriferous portion. This character suggests the
placing of the species under the Metasoria. But after éonsulting ]

the numerous specimens from our coast, which can not but be -

identified with the present species, I am strongly inclined to
dispose the species under the Holosoria. In some specimens, the
sporophylls are oblong linear, with both ends obtuse or rounded,
‘and in others very long linear, often nieasuring more than a foot
in length and only a few centimeters in breadth.

 Remarks on the synonyms. The present species- is easily re-
cognized and distinguished from the others by having a ﬁnely
plicated blade and large. spordphylls._ RuprecHT has already ob-
served the former character as he states * Querfalten am Blatte
ausgezeichnet, selbst am Rande der Fiedern.”?) The plication of
the margins of sporophylls, however, °is due to unequal con-
traction of the soriferous and sterile areas in drying: In the fresh
specimens they are simply undulating. The broad base of the blade’
is counted by RuprecHT as one of the specific charaeters[ This

has been regarded as of specific importance by MIvABE, SAUNDERS,

1) RouprecHT: Tavge des ochot. Meeres, p. 354.
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KsErimav,. ete.,:in  describing - their‘ species . listed .-above. The-
shape of the base of the blade, however, is of secondary importance.-
RuprecHr himself relates on Phasganon longipes” Rupr.:—* Kin
Rasen ‘mit 5 Exemplaren von der S. W. Kiiste . von Kamtschatka
~bei-Javina im Septémber gésammélt, erhielt Blitter mit mehr oder |
weniger deutlich eiférmiger Basis und ein Blatt, dessen unteres
Ende in den Stamm ausgezeichnet keilférmig und lang gezogen war :
hier konnten nicht zwei Arten gemischt scin, denn all iibrigén
Character war dieselben.” We have in our - herbarium many
specimens showing such variations as RuprecaT had noticed.
Having examined and carefully studied the original spccimens of
Phasganon macropterum Rupr. and Phas. longipes Rupr. in the her-
barium of the Academy of Sciences of Petrograd, I have not the
least doubt of the propriety of combining them into one species.
RuprecHT seems to have laid too much stress on the length of the
stipe, which is never a matter of specific importance but one generally
due to the habitat. A glance at the original specimen of Phas. macro-
pterum gave me the conviction that A. corrugata Mivase, which is
quite familiar to me, is another form which should be amalgamated
with that species. :
Savnpers identified a specimen from Kukak Bay with A.
laticosta KseLry. in spite of what Kseriman has said of the specimen :
“ the form, color and consistency of the blade, and the form, width
and rigidity of the sporophyll differ somewhat from this species.”.
These characters which KseLrman mentioned are all important
- specific ones, and yet Saunpers did identify his plant with KseLe-
MAN’S species. It might have becn because of the broadness of
the midrib of his specimen. As may be understood from what is
stated on p- 20 of the pl'eéent ‘p_aper, the breadth of the midrib
is variable and hardly of systematic value. The illustration of’
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SaunpERs’ specimen’ delineated ( by -himself (1.c., PL. LV) may be
referred to either the present or A..ochotensis.. His description for
his plant is so brief that I am unable at present to reach a con-
crete decision. But the fine corrugation of the blade, so excellent-
1y delineated by him, justifies the referring- of the plant to this
species, - The fact that in ‘his plant the scars of the dr opped
sporophylls are found on both'sides of the stipe till near the hold-
fast, point at the same time to the next speecies.

In Gronland Lam. och Fuc., J. Acarpr doubts Phas. longz‘pes
Ruer. to be equivalent with ‘his A. grandffolia, - On examining the -
original:of the latter a,t.Lund, I can not. agree with J. Acarpn’s
- view about the idéntity of these two species.

J. AGARDH seems to have regafded Phas. macropterum RupR.
as comparable with Laminaria Pylaii DE 1a Pyr. Cfr. Spetzbergens
Alger, p- 30. . However RUPRECHT'S species may cover more than
one. form of plant, no specimen referrable to A. Py ylaii is to be
found among the originals of Phas. macropterwm in the helbarlum .
~ of the Academy of Science of Petrograd.

The name ‘ Phas. alatum Rupr. var. latifblium.RUPR. has- prac-
tically the same limitation as’ A. esculenta latifolium P. ¢t R. After
careful study of the original specimens in Petrograd, the plants
ander this name are quite inseparable from those under Plzas._balatmn.
macropterum Rupr. and comprise A. Pylaiz Grev., A. prelonga
Kserom. and A.- macroptera in the sense taken in the present paper:

A - specimen from Petropaulowsk, Kamtschatka, bearing in
RuprecHT'S own handwriting the note: * Alaria marginaia P.R.?
est potius A. esculenta var. latifolia Tl. Alg.” is in the herbarium
of the Academy of Sciences of Petrograd. This is to be referred

to the present species. . _

Locality. Kurile Islands (Herb. 8. A. C.); Port Ochotsk
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(ReurecHt); Ajan Bay (RuprecHT); Petropaulowsk, Kamtschatka
(LuTke, Posters and RupkecaT); ?Kukak Bay (Saunpers, under
A. laticosta) ; Tonnaicha, Sakhalin(!). ‘

Alaria ochotensis sp. nov.
(Plate III, figs. 1-5; Plate XIX, figs. 1-3.)

Definition of the species. TRoot, holdfast of dendritic ramifica-
tion, with filiform rhizines. Blade linear-lanceolate, more than 2.5
meters in length, 25-30 cm. in width at the broadest part, mem-
~ branaceous, extremely thin when dried, finely transversely corru-
gated in the matured forms, frosted with numerous cryptostomata ;
margin -entire, undulated or crispated, splitting in the older parts
transversely to the midrib; base of blade acute from an early
stage of development, tip of blade narrowed above, pinnately split
and usually worn away. In the cortical layer of the blade, pecu-
liar, ramified glandular cells present, the content of which turns
brownish on drying, giving the blade a characteristic brown colour.
Stipe short, 3-4 cm. in length, terete or cylindrical below, gradual-
ly broadened and complanated above, narrowed agaih at the
transition point, naked for a short length near the base, bearing
sporophylls on the margins of the complanated part. Midrib com-
planated, with slanting edges, 0.7-1.3 cm. broaél, elevated above
the blade equally on both surfaces, continuous with the stipe
below. Sporophylls, holosoric, 30-40 in number, pinnately arranged
on both margins of the complanated part of the stipe, a few
lowermost ones more or less independent, but middle and upper ones
starting from a narrow continuous wing on each margin of the stipe,
adding new ones successively upwards, lanceolate or linear-cuneate,
© 10-15 cm. long, 2.0-2.5 cm. wide in the broadest part; base of
sporophylls acute, often obtuse, Very often oblique, ending in a
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cylindrical petiole which is persisteht on the stipe after the sporophyll
has dropped; tip obtuse or rounded. Sorus in a continuous patch
on both surfaces of each sporophyll, occupying generally the entire
area of the surface, except a very narrow border along the margin,
but frequently léaving the upper part sterile and membranaceous.

" Remarks on the affinity of the species. The present plant, has
some 1esemb1ance to A. dolichorhachis Kyerty. and A. lanceolata
Kseum,  But it may be readily separated from them by having
exbxemely thin, membranaceous, cmrucrated blade as well as a
peculiar kind of glandular cells. - In general appearance of frond,
it stands most closely to A. macroptera, so that I was rather un-
certain if it would not be better' mentioned under its varietal rank.
From that species, however, it may " be . distinguished by rich
cryptostomata and glandularcells in the blade, by non-approximate
sporophylls, and by the petioles of the dropped sporophylls re- .
maining attached to the stipé. _ :

The form conception of A. esculenta pinnatifida P. et R. taken
by the authors is rather difficult to understand. The definition
given in Ill. Alg., p. 11 is well applicable to -this species. But as
far as'I could understand from the original 'in the herbarium of
“the Aéademy of Science of Petrograd, as determined and arranged
by RuprecHT, there appear more than two distiﬁct forms under
the formic name. One of them, collected in Kamtschatka, has
certain resemblance to A. Pylaii. The others approach to either
A. macroptera or the present.

As remarked under -the preceeding  species, the plant which
SAUNDERS has idenﬁﬁed with A. laticosta KseLiM. seems to have
certain points comparable with this species.

. Locality. - Southern part of Sakhalin (K. MivaBe, Herb S.
A.C:); Aniwa Bay, Sakhalin (S. Murara) (1).
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Alaria pretonga KieLi.
(Plate IV, ﬁgq "1—5.)"

Om Berihghafv. Algft., p. 38;, vTa;b. 4,Aﬁg. i—ti.——DE ToNr : Syl].
Alg. II0, p. 330. ' L S :

. i = Phasganon alatum RUPR. : 'Taylge och. Mfcbr.,* p- 355, 359. pp
=Phasganon alatum var. latifolium RUPR. : Ditto, p. 355, p.p.
= Alaria esculenia. P. et R.: Ill. Alg., p. 11, p.p.
= Alaria yessoensis MivABE: Lamin. of Hokkaido, p- 54, P1. 23.
?= Alaria lanceolala Cor.L., HOLDEN et SETCH. : Phy( Bor -Amer.
‘ Fasc. B. No. XLIV.
Defirition of the species. Root, holdfast of dendritic ramifica-
tion. Blade linear, 1-7 meters, generally 2-3 meters in length,
10-13 ¢cm. in breadth, coriaceous, cryptostomata 'wa,nting, margin
. entire, splittinor obliquely to the midrib in the older parfs; base
of blade gently tapering; tip narrowed above, pinnately cleft and
generally roughly worn away. Stipe 3-12 c¢m. in length, sub-
cylindrical below, 2.5-3.0 mm. in diameter, gradually compresscd
above, measuring 3--5 mm. in width, but quickly narrowed at the
transition point; lower half of the length naked, upper and com-
pressed part, except the narrowed region, bearing sporophylls.
Midrib smooth, complanated, 5-13 mm. broad, elevated above the
blade on both surfaces with roundish edges, continuous with the
stipe below. Sporophylls, holosoric, 12-40 or often ‘more in num-
ber, pinnately arranged on both margins of the complanated part
of the stipe, a few lowermost ones at wide intervals, but middle
and upper ones approximate and regularly disposed, adding new
ones successively upwards, linear-oblong or linear, 6-20-30 cm. in
length, 1.5-2.5 cm. in breadth, with well deﬁned cylindrical petioles ;
base of ~sporophyll obtuse, very frequently asjmmetri'cal; tip
roundish or obtuse. Sorus or both surfaces of each sporophyll,
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generally - occupying the. entire surfice exceph a harrow border
along the margin. T

" Remarks ‘on:the limit-of variation.: - Although the shape of the
base of the-blade of most members of the Laminariacee varies
according to. the stage of development of the plant, the gradual
. attenuation, é.g., narrow cuneate shape in the present species is
quite - constant and remarkable. The substance of the blade is
coriaceous; -resembling a thick parchment -paper-on drying. A
remarkable character of the present species is- that the blade is
entirely wanting in crypto”stomatﬁ.as far as I could determine.

Some specimens may have numerous small holes in the upper
and older part of the blade, often-so numerous that the part gﬁins'
the appearance of a cribrous lamina. These perforations ‘become
‘smaller in size and less in number as we trace them downwards
and finally they may be reduced into mere brownish spots, very
sparingly distributed "on the blade. Under the microscope, these
brownish spots' show shallow depressions of the cortical part on’
either surface with a much distorted arrangement of the cortical
cells. I was not able to find any reason for calling the depre-s'sion‘
a cryptostoma: or hair-pit. The specimens from Hidaka Province,
however, have. had sparing cryptostomata showing- with other

- specific characters an intermediate form between the typlcal forms:
" of both A. prcelonga and A. crassifolia.

A typical form of the present species ‘has the  sporophylls
arranged at regular intervals as in A. esculenta and A. crassifolia.
The Shape of the sporophyll is lin‘ear, with a round or obtuse
apex and .an obtuse, very frequently asymmetrical, base. As al-
ready mentioned before, we sometime meet with an intermediate
form in the characters of sporophylls: between the present and- A.
crassifolia. In such case, the presence or absence wof.'.cr-ypt-ostomatab



88 ) - Vol: XLIIL, Art. 1.—K. Yendo:

and the shape of the base of the blade may be taken as the dis-
criminating characters. .

Remarks on the synonyms. Among the specimens under Phas.
alatum var.‘Zatifolium Ruer., preserved in the Academy of Science
of Petrograd, there are some from Javina, Kamtschatka. These
differ greatly from the rest by having leather-like blades and much
aggfegated sporophylls. Judging from RuprecHT's handwriting on
the specimen sheeﬁ, he seems to have had ample doubt on the
determination and to have at first supposed them to be a young
stage of Phas. marginatum Rupr. But I am inclined to consider
them to be referrable to the present species. The Petropaulowsk
. specimen of A. esculenta P. et R. as tfeated in Illustr. Alg., p. 11,
also seems to be joined here. '

The plant distributed _a,s—_ Phyc. Bor.-Amer., Fasc. B., No.
XLIV, was at first hesitatingly identified with A. lanceolata by
Sercrerrn.  Hel) referred it later to A. marginata P. et R. The
specimen in the copy I have secen was provided with compara-
tively few sporophylls set apart at regular intervals in the main
'part, some younger ones being aggregated at the upper. The
shape and substance of the sporophylls, as well as the arrange-
ment on the stipe, recalled more of A. pralonga Kserim. than any
other species. - It is to be questioned how SercHELL comprehended
A. prelonga Kserim. The informations concerning this species in
Algae of the Pribilof Island, p. 529 and in Algae of the North-
western Coast of North America, p. 274, are therefore not referred
to here. -

 Locality. Javina, Kamtschatka (RuremcEt); Petropaulowsk,
Kamtschatka (Posters and RuprecHT) ; Bering Islands (KsELIMAN);
South-eastern coast of Hokkaido, Japan (Herb. S. A.C.).

1) SercHELL: Critical Notes on Laminariacez, p. 11.°
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Alaria dolichorhachis KJELLM.
(Plate V.)

Algae of Arct. Sea, p. 2.7, PL 20-21, 25, fig. 11-18.—Id.: Bering-
hafv. Algfl,, p. 35.—Dzr Toxi: Syli. Alg. III, p. 328.—SErcH. et
GARD. : Alg. N. W. Amer. p. 272.
= Alaria elliptice KJELLM. : Alg. Arct. Sca, p. 221, Pl. 23, Pl.
25, fig. 25, 26.—Dg Tox1: Syll. Alg. ITT, p. 329.
= Alaria orispa KygLny. : Beringhafv. Algfl., p. 87, Tab. 3, fig.
5-7.—Dg Tox1: Syll. Alg. III, p. 330.
= Alaria musefolia J. Ag. in litt. Berb. J. Acarpr. (tantum
specimen Spitzbergensis).

= Alaria Pylaii J. Ac.: Bidrag till Kénredom Spct;bcrg Alger,
. p- 30.(non alior).
2= Alaria esculenta HARv.: Flora West Esk., p. 49 (sce. KyELL-
4 MAN). ' .
? = Alaria esculenta var. latifolia f. singularis Rupr. (Herb. Acad.
Petropol.).

Definition of the species. Root, holdfast of dendritic ramifica-
tion. Blade ovate- lanceolate, 1 meter or less in length, up to 40
cm. in width at the broadest part, thin, membranaceous, crypto-
stomata wanting; base of blade cuneate for a short length, abruptly
expanding Qupwards into a broad roundish shape. Stipe up to 20
cm. in length, cylindrical below, 3-4 mm. in diameter, tereté and
broadened above, narrowed below the transition point. Midrib
smooth,” 4-7 mm. broad, prominent with roundish edges. Sporo-
phylls, holosoric ?, .numerous, pinnately arranged on ktoth margins .
of the terete part of the stipe, a few lowermost oues at wide in-
tervals but the middle and upper ones approximdte and distinct,
long cuneate, attaining 20 cm. in length, tapering towards the base
into slender petiole, 2.0-3.5 cm.- broad near the rounded apewc ‘
papyraceous, with plicate margins. ‘

" Remarks on’ the affinity with other species. - KSELLMAN .'méntioried
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the close affinity of this species with A. esculenta f. typica®) -as
well as with A. Pylaii, ‘A. menbranacea and:A. -grandifolia J. Ag.
The rescmblance of this speeies to A. esculenta Grev. is merely
superficial. Both are readily distinguished by the disposition of
sporophylls and by other characters. With A. Pylaii Grev. and
A. membranacea J. Ac., as far as I understand these species, A
dolichorhachis KspLia has nothing to do.

A fully matured specimen of this species is not known to us
It can not, therefore, be ascertained ‘whether the species belongs
to the Holosoria or to the Metasoria. The type specimen of A.
* dolichorhachis is provided with sporophylls yet fairitly soriferous
So also A. crispa KJELLM. The sori appear to develop first in the
lower halves of the sporophylls and then spread gradually upwalds
In the specimen (No. 2101) under A. museefolia J. Aa. in the
Agardhian Herbarium, the sori begin to appear as an elliptical
patch at a point a little below the middle of the length of each
sporophyll. In both cases there is no sudden change of breadth
in the soriferous and non-soriferous part. These examples lead me
to ‘assume, after considering the other species, that the present

“species belongs to the Holosoria. R
- Remarks on the synonyms. TUnfortunately I failed to study the
type of A: elliptica 'in KserLman’s collection at Upsala. Its co-
type, collected at Pitlekay in July, 1849, was found in the
Agardhian Herbarium at Lund (specimen No. 2082). -Its stipe
measures about 6cm. in -length, with numerous, long, cuneate -
sporophyils closely pinnately disposed. The midrib is about 3 mm.
wide, much narrowed at the transition region.” The blade is an-
dulately plicated, acute at the base but abruptly broadened upwards.

1) Kserimax: Alg. Arct. Sen, p. 218. No reference whatever for this form-name is men-
tioned by the author. - He might have meant by it simply the typical form of A. esculente GrEv.
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“-"“)The’"s;;ecir'nen No. 2101, alludéd to above, ‘in the Agardhia'n
Herbarium, was collected at Spitabergen. during the Torell Expédi-
tion: and was compared by J. AcarbH with Laminaria musefolia
DE s Pyt In Bidrag till ' Kinnedomen af Spetzbergens Alger,
Tlllagg, howover, J. AGARDH does not O'IVG any account on thls-
. $pecimen. .~ He simply mentlons two speciés of Alaria therefrom,
A P Jl(ll& and A. esculenta, in the collectlon of the expedition. It
is qmte certain that the specnnen mentioned has been - treated -as
A. PJZan in the Bidrag. This speelmen is decidedly not apphca,ble
‘ to A. Pylaii Grev. It agrees very well with the figure of A. -
elliptica inAAlg. Arct. Sea, DPlate .23, fig. 2, but‘in a little more
advanced stage. -~ A still” slightly more ‘advanced. stage of this
spemmen is ekcellently replesented by the co- type of A. elhptzca
just mentioned above. ' ‘
In the Herbarium of the- Botanical Museum of '>Ups'ala, there
are two specimens as the | typo of ‘A. dolichorhachis Kieria. A
thud specnncn collected by SercmELL in Unalaska Bay is annexed
to them, determined by KserLiaax, but with a question mark. These,
-t three boloncr undoubtedly to one and the same species. I can not
find any reason to treat them specifically distinet from the speci-
mens of A. ellzptz-ca_found in the Agardhian Helbau,um. KJELTMAN
“himself observes a close affinity between A. elliptica, A. dolicho-
rhachis and A. prcelonga.l)‘ The last mentioned species, however, is
shai-ply distinguished from them. The descriptions - of tho other
two can hardly give us the distinctions justifyingﬁhéir separation
sp‘eo'iﬁc'a,lly. The déscribér'"emphdtieally states that the peculiarity
of the shape of the blade of A. elliptica is its unique character.
An examination of the 'typé of A. Llolicizorhachz‘s, in comparison
with the co-type of A. ellzptzca, and considering the vauat1on of the

1) EIELLMAN Algae Arect. Sea p. 222,
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shape of the blade of Alaria, leaves me with little doubt about
uniting the two species into one. '

' In describing A. crispa as an independent species, KsELLMAN
seenis to have put too much importance on the crispated base of
the blade as well as on the characters shown in the cross sections
of the midrib. These two points, however, as far as they concern
the present case, can hardly be taken as specific distiﬁctions. The
shape of the cross section of the midrib and the distribution of
the tissue elements shown in it, are to some extent variable, as
has been demonstrated before. The crispation of the base of the
blade is a character commonly met with in those Alaria which
“have a suddenly narrowed base. It shows that the growth of the
blade in length is much quicker than that of the midrib at the
transition region, and above this region the growth of the blade in
width is more vigorous than in length, the midrib keeping nearly
constant speed in the growth. in length. |

~ Comparing thé type specimen of A. dolichorhachis Ksero.
with the illustrations in the Algae of the Arctic Sea, I think I
have rcason to say that they are quite misleading though not un-
true. In the type, the sporophylls are much condensed within a
shdrt length of the stipe and have undulated margins; the blade
is crispated or plicated. Kserrmax himself has fully noticed the
resemblance of this species and A. crispa. The types .of these
two: are indeed inseparable. By merely consulting the illustrations
~of the former in Algae of the Arctic Sea and the latter in Bering-
hafvets Aloﬂma, his remarL on the affinity of both may not be-
properly understood. : :

- A specimen from’ Petlopaulowsk .with deformed frond is
kept in the herbarium of- the Academy of ‘Sciences of Petrograd

determined by RuprecmT as * Alaria esculenta var. latifolia forma
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sz’nguldris’.” This, very likely, - should be mentioned under this
species. o

KyELIMAN points out A. esculenta mentioned by Harvey in
Flora Esk., p. 49, to be probably referrable to this species. In
the herbarium of . Trinity College, Dublin, I could not find any
sbeoimen which might be ‘supposed to be the sgufce of -the in-
formation. I doubt if KsELrMax consulted RirmRoCK's sketches of
algae before making the remark. o '

Locality. Spitzbergen (J. Acarpn); Pitlekaj (Kyerimax); Kol-

jushin Isle (Kserimax); Bering Sca (Kseriman) ; Konyam Bay
- (Kserzmax); St. Lawrence Island (Kserrmax); Unalaska Bay

(SercmELL); Agattu Island (Sercmern and Townsexp); Petro-
paulowsk, Kamtschatka (RueprrcmT); Sakhalin (T. Mivake, Herb.
S.A.C).

Alaria marginatd Posr. et Rupr.
(Plate VI, fig. 1-4; Plate XIX, fig. 4.)

Tlustr. Alg., p. 11.—SercHeLL: Critical Notes on Lam., p. 10.—
CoLrins : Mar. Alg. Vancouver Isl, p. 110 (excl. var.).
= Alaria lanceolata Covrt., HoLDEN et SercH. : Phyc. Bor.-Amer.
No. XLIV. _
. = Alaria prelonga SETcH. et GARDN.: Alg. N.'W. Coast of N.
Amer., p. 274.
= Alaria cordata TILDEN: Amer. Algae, No. 241.—SAUNDERS :
Harr. Alaska Exped., Algae, p. 426, Pl. LVL.
= Alaria striata J. Ac.: in Herb. J. AGARDH.
= Alaria curtipes SAUNDERS: Minn. Bot. Studies, Vol. II, p.
561, Pl. 33.
= Phasganon marginatum RUPR. Tange des och. Meeres; p. 355.

Déﬁm'tion of the species. Root, holdfast, of dendritic ramifica-
tion. Blade linear, 2—4 meters in length, 15-30 cm. in breadth, thick
and coriaceous, finely striated when old, cryptostomata wanting,
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lnzirgin entire, splitting in the older parts of the blade- obliquely
or almost transversely to the midrib; base of the blade acute
with tapered end; tip. of the blade uﬁrrowed above, pinnateiy
cleft and generally roughly. worn away. Stipe short, 5-10 cm.
in length, subcylindrical below, 3-4 mm. in diameter, compressed
and .broadened upwards into a linear-cunecate form with the maxi-
mum breadth about 10-15 mm., narrowed at the transition point;
lower half of the length naked, upper and complanated part,
except the narrow region, bearing sporophylls. Midrib smooth,
complanated, 20-28 mm. broad, elevated above the blade on both
surfaces with slanting edges, continuous to the stipe below. Sporo-
phylls holosoric, 10-20 in number, pinnately arranged but closely
together on both margins of the complanated part of stipe, adding
new ones successively upwards, 20-27 cm. in length, 4-5cm. in
breadth, linear-oblong, more or less curved or sigmoid, with well-
defined, short, tercte petioles; base of éporophyll obtuse, round or
cordate, generally asymmetrical ; tip roundish or obtuse. Sorus
generally formed in a continuous patch on both surfaces of 'sporo- |
phyll, occupying the whole surface éxcept a narrow border along
the margin, very often a certain terminal portion of a -sporophyll
remaining sterile.

Remarks on the species. This species is easily distinguished
from the others by the peculiarities of the sporophylls. Their size
and substance are ample to tell the species. A. fistulosa alone may
be compared with the present in this respect, but their roundish
or cordate base is a character not duplicated in other specics,
The thick coriaceous substance of the blade and the complanated
broad midrib also show unmistakable features of this specics. A
conépicuous fine stria.ﬁon on the older parts of the blade must also
be mentioned as one of its remarkable specific distinctions. Briefly

-
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speaking; the striation runs obliquely ‘dscending from. the. midrib
towards the blade margins, without relation to the pinnate cleav-
ing. They are coarse at first, counting 10-12 streaks in 1c¢m. in
the ‘dried specimens. ~The streaks ramify towards the blade margins
'so as finally to nuniber 16-20 in'1¢em. The streaks are not con-
tinuous lines but are composed of small dots. - These dots are also
at regular inteivals. Hence another striation results, though much
more irregular, intersecting -with the ficst one. The general ap-:
pearance of such a portion” of the blade may be roughly compared
with the curved lines engraved on a watch-case by a rose-engine,
‘or with finely shagreened leather. ‘

- :Remarks .on the synonyms. The present writer actually observ-
ed and collected A. cordata Trpex at the type locality  with the.
‘establishier of the species herself. ‘So he may be permitted to say
“that his knowledge of the species is sufficient to  distinguish it
" from the allicd forms. On studying the type of A. marginata P.
et R. in the herbarium of the Academy of Sciences of Petrograd,
he was ab once ‘certain that both were one and the same species.
SercHELL -and GarDNERY remark that as far as the incomplete
description goes, A. marginata P. et R. seems to resemble A.
laticosta Ksgrim.” They further note that A. cordate TILDEN seemis
to have no character to ‘separate it from A. Pylaii Grev. This
undoubtedly resulted from either their unsatisfactory acquaintance
with a complete specimen of Miss TILDEN’s, or otherwise the non-
uniformity of the specimens in her exsiccate. '

"Harvey? reported the occurrence of this species about Fuca
Strait adjacent to Vancouver Island. Curious to say, the specimens

~ kept under this species in the herbarium of Trinity College,

1) SercEELu and GarpnEr: Algae of N, W. Coast of N. Amer., p. 275.
2) Harver: Notices of a Collection of Algae, etc., p. 165.
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Dublin, are all except one, Cymathere triplicata ; and the excepted
one is an inqdmplete specimen, which SercmerL?) has identified
with Pleurophycus Gardneri SETCH.

De Toni? states that ANDERsoN reported the present species
from the Californian coast, but this statement has been apparently
discredited by SAUNDERS. -

A specimen of the present species is found in the Agardhian
Herbarium at Lund bearing the name A. striata J. Ac. This
specific name originates undoubtedly from the fine striations on
the matured blades. J. AcarpH once brought A. marginata P. et
R. under A. esculenta® but afterward discarded this view.4)

SercHELL®) stated, after he had seen the original of A. margi-
nata P. et R. in Petrograd, that the plant he and GarpNER referred
to A. prelonga is really to be placed under A. marginata P. et R.,
and also that the plant distributed in the Phyc. Bor.-Amer., No.
XLIV under the doubtful name of A. lanczolata, should be referred
to the same species. He further expressed the view that A. margi-
nata P. et R. may probably replace both the names of A. prelonga
Kserm. and A. laticosta Kserrm. On examining the originals of
these two species at Upsala, I could by no means agree with
his view. The specimen in the ‘Phyc. Bor.-Amer., in_a copy I
have seen, was surely not of A. marginata P. et R. as noted under
the preceding species. There must have been some non-uniformity
in the exsiccatee. .

A close affinity between A. curtipes SAUNDERS and A. prelonga
Kyerrm. has already been pointed out by SauNpERs himself. )

1) SercreLL: Critical Notes on Lam., p. 10.

2) Dr Toxr: Syll. Alg. III, p. 332 °
3) J. AcarpE: Spec. Alg, p. 143.

4) J. Acarpr: Grénlands Lam. och Fue., p. 23.

5) SercmeLn: Critical Notes on Lam. p. 10.

6) Sauxpers: Harr. Alaska Exped., Algae, p. 561.
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SercHELL and GARDNER unhesitatingly announced the identity of
both species. But what these two writers meant by A. prelonga
KsELLM, ié, as may be understood . from * the remark alluded to
~-above, nothing but A. marginata P. et R. The figures sketched

by Saunpers in Minn. Bot. Studies, 1. c., Plate 33 show small
| specimens of the present species though not typical. It appears
- rather curious to me how he came to describe his plant as new,
considering that he had ‘already reported A. cordata TILDEN with
illqstration from Yaktat Bay. In Mar. Alg. of Vancouver Island,
p. 110, Corrixs follows SercHELL'S amendment of A. marginata in
bringing A. curtipes SavNpERs under it. But that he mentioned
A. nana ‘SCHR'AD_. in its varietal rank shows his ‘urifar"niliarity with
both species. ‘ . '

The spécimen distributed by Miss TizpEN as No. 521 American
Algac under A. curtipes, in the copy I have seen, agrees satisfac-
torily with A. walida Serc. et Kiserim. And, No. 241 of the
~same exsiccata under A. cordata TILpEN can safely be identified
with A. marginata P. et R. '

© Locality. St. Paul Tsland (Towssexp and Seromerr); Yaktat
Bay (Sauxpers); Kadiak Island (Sercmerr); Unalaska (POSTELS
and RuprkceT); Juan de Fuca Strait (Trupex); California (Bere-
GrEN and J. AcarpH, in Herb. J. Ac. under A. striata); Central
California (SAUNDERS).

Alaria Pylaii Grev.
(Plate VIL; Plate VIL, figs. 1-2.)

Alg. Brit. Syn., p. XXXIX.—Harvey: Alg. N.-W. Coast of N.
Amer., p. 165.—J. Ac.: Gronland Lam. och Fue.,, p. 24—Id.:
Spec., I, p. 143.—SercH. et GARDN.: Alg. N. W. Amer., p. 272.
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= Alaria Pylaii GREV. @ typica. RoSENV. : Gronl. Havalger, .
838.—Id.: Deux. Mém. p. 48.—Joxss. : Mar. Alg.
East Greenl, p. 21. ‘ ,
= Alaria Pylaii GREV. 8 membranacea Rosexv.: Gronl. Hay-
o alger, p. 839.
= Agarum Pyalii Bory : in Dict. Class. IX, p. 194.
= Laminaria Pylaii DE LA PyL: Flora Terr. Nouv., p. 29.
= Laminaria Despreauvii BorY : mscr. (sic. J. AGARDH).
=Alaria membranacea J. Ae. p.p. Grénl. Lam. och Fuc., p. 26.
= Alaria esculenta var. latifolia FARL.: Mar. Alg. New Engl,
p- 97. '
= Alaria tenuifolia Serch.: in Corr., HoLp. et SETCH. : Phye.
Bor.-Amer.,, Fase. B. No. XLV. — SErcH. et
Garpy.: Alg. N. W. Amer., p. 272. — Sgrch. :
Critical Notes on Lam., p. 12."
= Alaria tenuifolia SeTCH. f. typica SETCH. : in SETCH. et GARDN.
Alg. N. W. Amer., p. 273, Pl. 22.
=A4laria tenuifolia Sercn.’ f. amplior SercH. et GARDN.: Alg.
N. W. Amer., p. 274. .
=Alaria fragilis SAUNDERs: Harr. Alaska Exped., p. 425,
Pl 54. » ,
?=Alaria musefolia J. Ac. pp. Grénl. Lam. och Fuc. p. 23.
?=Alaria esculenta Dickie: Algae Southerland, p. 140. (sec.
ROSENVENGE). A
?= Laminaria esculenta var. remolifoliz De nA PyL: in Ann.
Sci. Nat. IV, p. 178, PL 9, Fig. E.

Definition of the species. Root, holdfast of dendritic ramifica-
tion. Blade linear, 1-? meter - in- length, 12-20? cm. in breadth,
membranaceous, frosted with cryptostomata, margin entire, undulat-
ing, splitting obliquely to the midrib in the older part ; base of blade
acute for a short length, suddenly expanding into an obtuse or even
cordate form. Stipe 17-50 cm.* in léﬁgth, terete below, 3-4 mm.*
in breadth in the dried specimens, complanated for the greater
part of the whole length, méasuring 5-7 mm.* in breadth, quickly
harrowed: at the transition point ; lower half of the length naked,

* The measurements with asterisks are from dried specimens:
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upper half bearing the 'Spb}‘ophylls, especially in the region near
the -base of the blade. Midrib s’mooth,"complanated,-- 4-6 mm.*
broad, often as broad as' 10 mm.,* elevated above the blade on
both surfaces with roundish edges. Sporophylls, metasoric, 20-30
of often more in number, pinnatelyﬂarrahgéd ‘on both sides of the -
stipe, the lower ones much separated, gradually more approximate
in the upper, adding new ones successively above, oblong-obovate,
or elongate-elliptical, 8-15 cm.* in length, 2.5-4.0 cm.* in breadth,
membranaceous, with well-defined, cylindrical petioles; base of
‘sporophyll obtuse or round, sometimes asynmietrical; tip obtuse or
round. Sorus on both surfaces of each sporophyll in a continuous
patch, generally occupying the lower half of the whole area, and
leaving a narrow border along the margin sterile. '
Remarks on the species. The earliest appearance of the specific
name Alaria Pylaii 'is in Greviie’s - Algae Britanicae- Syn. p..
XXXIX (1830)." The name is formed by transferring Agarum
| Pylaii Bory (1826?) to- the genus Alaria- which he had then'néwly
established. The specific limitation held by Bory or GREVILLE
was naturally quite ambiguous, as the specimens from which the
species has been described were very likely incomplete and sterile.
The name practically covered all the forms of Alaria from the
west side of the North- Atlantic. In 1840, Posters and RUPRECHT
reported three species of Alaria from the North Pacific, namély
A. esculenta, A. fistulosa and A. marginata. J.  Acarpr could not
but.acknowledge the marvelous plant A. fistulosa in his Spec. Alg.;
I, but doubtingly mentioned A. marginata under A. esculenta. At
this time, the Atlantic forms of Alaria belonged cither to A. eszu:
lenta or to A. Pylaii in the opinion. of the European algologists.
In the collection from Greenland, J. Acarpm first came in contact

* The mieasurements with asterisks are from dried specimens.
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. with various forms of Alaria and undoubtedly with astonishment.
.He determined certain forms as A. Pylaiv and - others he divided
into various new species. The concrete: knowledge of A. Pylaiz,
though still ambiguous, held by modern algologists, we owe to the
work of J. AGARDE “ Gronlands Laminariaceer och Fucaceer.” By
the rule of priority, however, we have to mention GREVILLE as
the establisher of the species. The specific limitation of course
has gradually undergohe much amendment and fluctuations since
GREVILLE’s time. ,
The ambiguity and uncertainty of A. Pylaii arose first of all
from the fact that the early algologists had an insufficient know-
ledge of the variation of the forms according to the stages of
development as well as to the condition of the place where the
plant. grows. In the second place, authentic specimens distributed
by the establisher of the species have not been uniform or else
some of the later referrers to the Species have not properly con-
- sulted the original specimens. The. original of Laminaria Pylaiz
was from Newfoundland. Specimens from Greenland, Spitzbergen,
Vancouver Island, B.C., &c., were identified with. it. Some of
these, howeyer, as it appears to me, have been so identified merely
because either the sporophylls were soft, membranadeous and dis-
tant, or the blade thin and its base round.
- In the first-year fronds .of A. esculenta Grev., A. pralonga
Kserim. and A. grandifolia J. Ac. (=A. oblonga KseLim.), ete., the
sporophylls are often oblong and distant. In such a stage, the
substance of the- frond is naturally soft and membranaceous and
the stipe very slender. It is not unlikely for a herbarist to refer
such a form, when the specimen has come from a colder sea of
~the North Atlantic, to A. Pylaii Grov. One might mistake with
excuse a specimen’ as illustrated by KseLimaw in- Alg. Arct. Sea,
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Pl 234-.ﬁ0' 1 under A. elliptica Kserrm. as a form of the present
species if- the specimen .had not been glowmo with a matured form
of A. oblonga KJDLLM '

Most species of Alari ia, as far as the observations of the
present writer extend, when grown in quiet water of less salinity,
are more.or less liable to have the stipe long, the blade thin,’ soft
and broad, the sporophylls thin, broad and few in- number, in a
greater.” dewree than I;he -species typically ought to have; in a
word, more or less approaching in the ceneral aspect the present
species. Thelefore, the collector should be warned when he has
found an Alaria resembling A. PJla% GrEV. to pay special atten-
tion to the condition of the place where it was growing.

Remarks on the s ynonyms. 1 have seen neither the or mlnal
specimen of Agarum Pylaii nor of - Laminaria Pyla#i De 1a PyrL.
J. AGARDH remarks in Spetzbergens Alger, Tilligg, p. 30, that he
thinks Agm um Pylaii Bory to be different from Laminaria Pylaii
DE ra PyL. and compares the ‘latter with  Phasganon macropterum
Rupr. It is now almost impossible to* decide the exact specific
limitations of the two. ; .

BorcesEND) announces that A. Pylaii is founded byf J. AGcArRDH
-from Bory’s speci,es:. The priority of the specific name, as alluded
to above, must be given to GrevirLE. The .modern specific con-
ception comes down since J. AGarpH has modelled from the Green-
land specimens. - He -has not based his opinion upon BoRY's speci-
mens, as he says Bory's Agarum Pylasi is rather a doubtful spemes
Cfr: Gronlands Lam. och Fucaceer, p. 24. One of the specimens kept
in the Adardhlan Helbarmm .at.Lund (No. 2094) bearing the name
“ Laminaria P Jlazz Bory ” is a young and sterile f01m not positively
determinable as to species (Plate VIII) Another spe(nmen (\Io 909 1)

1) BoreESEN: Mar. Alg. of the Faerdes, p 451, .
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- is a matured form -referrable to A. esculenta GrEv. with utmost
certainty. Again, Laminaiia Despreauxii Bory is represented in
the Herbarium by a single specimen, very likely.»on‘e of the speci-
mens distributed by Derise under the name. This specimen is
kept in the Herbarium in the species cover of A. Pylaii. Rue-
recET? has also ‘remarked that Laminaria Despreauzii Bory agrees
with Agarum Pylaii Bory. -Consulting the specirhen in theAAgé,rdh-
ian Herbarium, the plant is undoubtedly a fully matured, first-
year form of A. Pylaii GREV., with the sporophylls fully developed
and the greater part of the blade rubbed away (Plate III). ‘

A. membranacea J. Ac. mentioned in Groénl. Lam. och Fuc.,
‘p. 26, should undoubtedly be amalgamated with the present
species, as has been already stated by Rosenvexck.?2) The speci-
men from Greenland kept in the Agardhian Herbarium shows that
it is a young form with -thin and membranaceous ‘blade and a few
young and sterile sporophylls. On the other hand, however, some
of the specimens from Spitzbergen are inseparable from A. grandi-
Jolia J. Ag., while some others are comparable with the Greenland
specimens. The former circumstance has already been noted by
Kseiman® who states emphatically that the young individuals of
A. grandifolia J." Ac. collected in. Spitzbergen answer in all parti-
culars fo A, membranacea J. A¢. He goes as far as to say, alla
de unga skulle tillhora en art, men alla 4ldre utan ‘undantag en
annan.” He? also admits that A. membranacea has a certain re-
semblance to A. Pylaii GREv. o ‘

Laminaria musefolia De 1A Pyr is a species very. hard to
understand. The description and figure given by the author are

1) Ruprecar: Tange des och. Meeres, p. 338: -
2) RosENvENGE: Gronlands Havalger, p. 839.
3) EIELLMAN :*Spetzbergens Thallophyter, II, p. 12.
4) Ksernman: Alg. Arct. Sea, p. 216.
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applicablé to ‘morc -than one species’ in our -présent conception.
In the Agardhian Herbarium, it is representéd by a portion of a’
blade, cleft ‘decussately from the midrib, recalling -a  Musa leaf
(Specimen No. 2105). It may or may not be Alaria Pylaii Grev."
In. Grénlands. Lam. och Fucac.; p.: 23, J. AGARDH brings various
« species ” to synonymous positions with A. musefolia (DE 1A PyL). -
It is' a question how -far this- synonymization may be relied upon.
DE Tont) * entirely follows J. Acarpm’s view and further adds A.
esculentas f. musafolia ‘Kseuim. to the synonym list. Kiertasy
states. in Spetzbergens - Thallophyter,” II, p. 12, «“ Mellan -A. - esCulenta
och muscefolia &r skillnaden icke betydlig.” This is perhaps Why
he proposes the forma. But KJELrman’s specimen of f. musafolia- |
can never be compared with « L. musaefolza DE va PyL” in the
Agardhian Herbarium. The specimen from Sp1tzb01 gen (No 2101)
bearing the name is beyond' doubt to be identified Wlth A dolaclzo ‘
rhachis Kyerzar. o

A. tenuifolia SeTcH. and f. amplior are inseparable from the
Greenland form of A.:Pylaii. The spécimén’ collected by Lyarw
~at Esquimalt, Vancoaver Island, B. C.; identified by Harvey as A.
Pyldii Grev.-and now kept in the herbarium of Trinity College,
Dublin, is a young. individuaI with immatured sporophylls, but
satisfactorily agreeing with A. tenuifolia Serom. f. typica.  SETCHELL-
states in Fertilizer . Resources of the United States, p. 162, * A.
tenuifolia SeTcm. is to be distinguished by its long, flattened stipe,
~only moderately broad midrib, short and relatively broad sporo-
phylls and blade broadly cuneate at the base.” This statement.
holds equally- good for the ‘Atlanfic form of A. Pylaii GreVv. An
exalrgination ‘of the type specimen of ‘A. membranacea J. Ac. in-
duces us to come to the conclusion as SercmerL” who says that

1) Dk Toxr: Syll. Alg. III, p. 327.
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they are far from satisfying. Some of them are indeed difficult
to' separate from what J. Acamrpm calls A. grandifolia. Others (for
example, No. 2111), though- not fully matured, are hardly speci-
fically distinct from A. tenuifolia. o

SercerLL and GARDNERD in their joint work amalgamated A.
f'r'agzlzs SAUNDERS with A. Pylaii GREv. The author of the species?
notes that it ‘“differs essentially from the description of A. Pylaii
Gerev. in having a long stipe and the sporophylls few and distinct.”
_But what he points out as the peculiarities of his species are
nothing but those of A. Pylaiz' Grev. The author also quotes‘
Kserivan’s view on his plant, viz. . Dr. KJELLMAN compares thls
plant to HARVEY'S specimen labelled 4. Pylait Grev. from Van-

' couver Island, but he agrees that HaRVEY's specimen is distinct

from A. Pylaii of the Atlantic and Polar Seas and is an undescrib-
ed species.” But as above stated, HarvEY’s specimen does not
give any support to this view. It is to be stated here that the
description and figure of the species by SasuNDERs are to a great
extent applicable to A. elliptica Kserim. The latter species is in
‘my opinion the same  as” A. dolichorhachis Kyerim. and identical
with what J. Acarpr labelled A. muswfolia J. Ac. from the Spit'ié
bergen collection. Some of its forms resemble in a certain degree
A. grandifolia J. Ac. and to A. Pylaii GrEv. as well.

The synonymization of “A. esculenta var. latifolic ‘FarL. in the
list above given is wholly on the authority of SercHELL’S view in
Phyc. Bor.-Amer., No. XCIV.

Loéality; North-west coast of. Europe; Fardese Islands (Bor-
GESEN), Beeren Island (Kserimax), Tromso (Ksernmax), Finmarken
(KJELLMAN) : Greenland§ Hekla Havn (RosENVENGE), Smalsund

- 1) SercmEcLL and GarpsER: Alg. N. W, Amer., p. 278. o
2) Saunpers: Harr. Alaska Exped, Algae, p. 425. L
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(JONSSEN) Greenland side ‘of :Baffin Bay ; Julianshaab, Sukkertop-
pen, Jakobshavn, Claushavn (J. AGarpr): North-west coast of North
America from Unalaska to “Puget Sound; Kadiak Island, Orca
(Sercuerr), Kukak Bay, Prince William Sound Glamel Bay‘
(SAUNDERS), Vancouvel Island (LYALL HARVEY) :

Alaria crassifolia KJELLY:

(Plate IX, figs. 1-3 ; Plate X, figs. 1-3; Plate XVIII, figs. 1-18.):
Kseroar. och PErerseN: Om Japans Lamm, p. 276, Tab X, ﬁg A
9-12.—Dk Toxr: Syll.  Alg. III, p. 330.—Oxamura: On Lami-
naria of Japan, p.. 99.—MivaBe: Lamin. of Hokkaido, p. 54, PL -
23 (in Japanese). :

Definition of the. species. = Root, holdfé.s‘t of dendritic ramifica-
tion. Blade. linear-lanceolate; 0.5-1.5 meters ‘in length, 5-20 cm
 in breadth, membranaceous but leather-like when (ﬂd, richly frosted
with cryptdstomata; on both surfaces, margin entire, splitting ih
the older parts of the blade obliquely or almost transversely to-
wards the midrib ; base of blade generally acute, but dftenoabrllpt-_.
ly expanded at some distance above the transition point; tip of
blade narrowed above, pinnately cleft and generally roughly eroded
away. St1pe 4-15 cm. in'length, cylindrical below,:2-3 mm. in
diameter, gradually terete and broadened above, .measuring 3— 4:
mm. in width, but qtucldy narrowed at the transition pomt lower
half of the length naked, upper and compressed part except the
narrowed - recrionobea,rincr the Aspomph.ylls Midrib smooth, com-
pla,nated 2-6 mm. broad, elevated, often prominent. above the bhde
on both surfaces with angulate edoes, continuous to the stlpe be-
low.” Sporophylls, metasoric, numerous, pmna,tely arranged on:both
margins of " the complanated part of the stipe, a few lowermost
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ones at-wide intervals, but middle and upper ones approxinﬁate
and regularly disposed, adding new ones. successively upwards,
l_ong linear, 5-20cm. :in length, .with . well-défined cylindrical
petioles ; base of sporophyll ~acute”-or .obtuéo,’ very often asym-
metrical ; tip, when entirely soriferous, attenuate with obtuse apex,"
and when partially soriferous the upper sterile part often abruptly
expanded with round margin. Sorus generally formed in .a con-
tinuous patch on both surfaces of each sporophyll, occupying the
entiregisurface except a narrow border along the margin, resulting
in a considerable thickness of the sporophyll ; or often leaving
a sterile-portioﬁ ait:the‘ upper part of the sporophyll. - In the latter
" case, the upper limitation of the sori is gradual and faint.

Remarks on the limit of variations. The species is characterized
by having unrivalled thick sporophylls when. they become fully
matured. Mivase states, 1. ¢., p. 54, that the margins of immature
sporophylls are finely serrated. But this statement is resulted from
a false observation of the fine crispation of the sterile margins
frequently met with, certainly due to the greater growth of the
marginal parts than the soriferous area (Plate X).. .

In the mode of attachment of sporophylls” to the stipe, the
present species agrees exactly with A. esculenta Grev. While the
sporophylls have not-yet matured and the peculiarity of the species
is not conspicuously manifested, both species are hardly separable
one from the other.

Specimens from the type locality have generally the matured
spOrOph‘ylls enormously thickéned and frequently entirely _free
from the sterile portion, as illustrated by Kserrmax. Very often,
however, the upper part of some sporophyll is broadened and
remains sterile and membranaceous for the whole life. This aber-
rancy grows greater and greater as we trace the species towards
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the " eastern and the southern - coast,- cons1der1nor the type 1ocahty
as the center of ‘its distribution. : ;

Remarks on the relationship to ‘other. species.. The '.pl“es'erit"speci’es: ‘
has a close ‘resemblance in- many “respects to A. esculenta of the:
Atlantic coasts. If ‘both: had been found near each other, one
might well have been.taken as a variety of the cther.” The only
and marked distinction between .them -lies in. ‘the: considerable.
thickening of the matured sporophylls of the present species. - The
species, however, has only a limited area of distribution and can
not in any way represent in the Pacific the position of A. esqulentd.
in the Atlantic. a I -

The specimens collected - on the ‘coast of Hidaka Province
generally have the sporophylls much thinner and broader than the
typical form and the matured ones: apparently -holosoric. The
. characteristic arrangement of the sporophylls is obliterated in
them. They are to be determined as A. prelonga KIeLM.
better than as the presént, if the blades had not been frosted
Wlth rich cryptostomata. It is mnot soldom _to find a specimen
‘which appears to link the two species. This view is much
strengthened by the relative positions of their- distributive areas.
A. pralonga is found .in the southern part of Kamtschatka, and
then along the Kurile group as. far south as near Cape FErimo,
Hidaka Province, on the coast of Hokkaido. It there disappears
and in its stead the present plant oc(éupi_esh.the coasts further south-
westward. As the intermediate forms are usually confined to about
the crucial region of the two spemes one might be regarded as a
variety of the other due 0 the locality. = The typical forms of both,
however, are so-well marked that I can not bring them together
~ in our present conception of species. S
A parallel example may be given in Laminaria. The vicinity
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of Cape Erimo is 4 frontier of Laminaria longissima Mivasg,b a
Kurile species, and L. angustata Kserim. which ‘has exactly the
same distributive area as A. crassifolia. Both species of Laminaria
are very much alike, but are still distinct. : |
Locality. Hakodate (KIELLMA\’ and PETERSEN)(') Todohokke. -
(MrvaBe) ; Shitsukari (MrvaBe) ; Muroran (MIYABE) Urakawa (Mrva-
BE) ; Kamaishi, Rikuchu -Prov. (Y. Tanaka); Tashiro-jima, 'Riku-
zen Prov. (Y. Tawaka); Oma, Mutsu Prov. M. ‘ o

Alaria esculenta Grev.

(Plate XI, fig. 1- 3)

Alg. Brit., p. 25, Pl. TV.—~HoOKER : Bnt. FL II, p. 271.—ExerL.
Bor.: Pl 1759.—Kirz.: Phye. Gen., p. 347, Taf. 32, Fig. 1 (excl.
synon.).—HARv. : Phye. Brit. PL. 79 (excl. synon.)—Id. : Manual, IT
Edit., p. 29, Pl 3.—J. Aqa.: Spec. Alg. I, p. 143 (excl. synon.).—
Id.: Gronl Lam. och Fuc., p. 22.—STROMF. : Algenveg. Island Kuster,
p- 38. —KJELLM. : Alg. Arct. Sea, p. 212.—Id.: Handbok, p. 19.—
BoraEs. : Alg. Faerdes p. 448 (excl. var. pinnata).—Id.: Mar. Alg.
Shetlands, p. 5.—CoLr., HoLDp. et SETCH.: Phye. Bor.-Amer., Fasc.
D, No. XCIIT.—Rosexv. : Om Frem. Alger Jullands Ve:tk}sf p- 94.
= Fuous esculentus L. : Mantissa, p. 135. '
=Fucus esculentus Liygurr.: Flora Scot., Tab. 117.-—STACKH_.

Ner. Brit., Tab. 29.—TurNer: Hist. Fuc., Tab.

: 117. . o L

= Fucus. esculentus GuxN. : Acta Nidaros, IV, Tab. VIII, Fig. 1

= Fucus teres Goop. et WooDW. : in Trans. Linn. Soc., III, p.

140, L o -
= Fucus tetragonus’ Goop. et Woopw.: in Trans. Linn. Soc.,
ITI, p. 140.

= Ceramium esculentum Stackm.: Ner. Brit., p. X‘(IV _

= Muscefolia esculenta STACKH. : in Mem. Soc Mosc., II, p. 66.
- =Orgyia esculenta Stackw. :*Ner. Brit. Edit. IT, p. 98.

= Phasganon esoulentum GRAY : Arrang. Brit,, PIL I

1) Mivae: Lem, of Hokkaidd, p. 37, PL’4.
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= Laminaria esculenta LaMx.: Essai Thalass, p. 22. — Ac.:
Synopsis, p. 16.—Id. Systema Alg., p. 269.—Id.:"
- Spec. Alg., p. 110:—STROMF. : Act. Havn, 10, Tab.
F, fig. 2.—LyxeB.: Hydrophyt. Dan.; p. 23.
= Laminaria esculenta ieniata DE 1A Pyr: Flora Terr. Nouv.
’ in Ann. Sci. Nat.,, IV, p. 177. .
= Laminaria esculenta var. Noltii HorsEm.: Dansk Oekon.
Plant, II, p. 737. ‘ .
= Laminaria linearis DE LA PyL: Flora Terr. Nouv., p. 37.2
= Laminaria Noltii Ac. in litt.-(Herb. Trinity Coll., Dublin).
= Alaria musefolia KyeLryr. Algenveg. Murm. Meeres, p. 35.
— Alaria esculenta f. australis KyeLLy. : Alg. Arct. Sea, p. 212.
= Alaria esculenta f. muswfolia Kseriym. : L ec.
= Alaria esculenta f. pinnata Fosv.: Mar. Alg. Norw., I, p. 71 ‘
. (excl. synon.). i 4
= Alaria esculenta f. typica Borars.: Alg. Faeres, p. 449.
= Alaria -esculenta f. fasciculata Srl.our Algenveg. Island
Kuster, p. 38. -
= Agarum esculentum Bory : Dict: Class. IV p. 194.
?=Alaria esculenta HARYV.: in Smith. Inst. for 1867, p. 463.

Definition of the species. Root, holdfast "of dendritic ramifica-

tion. Blade linear-lanceolate, 1-6 meters long, 5-20 cm. broad,

' membranacedtls, frosted with ecryptostomata ‘on both ‘surfaces;
| margin entire, splitting in the older parts of the blade obliquely
towards the midrib; base of blade gently tapering below when

“youncr, acute in adults; tip of blade narrowed above, generally
pinnately cleft and roughly worn away. Stipe 8-20 cm..in length,

subcylindrical below, 2.5-3.0 mm. in diameter, gently broadened and

terete upvs;al’ds,,measuring 4-6 mm. in width, but quickly narrow-

ed at the transition point; lower half of the length naked, upper

half bearing the sporophylls. Midrib smooth, complanated, elévat-

ed above the blade eQually on both surfaces with angulate edges,

ccontinuous to the stipe below. Sporophylls, metasoric, numerous,

pinnately arranged on both margins of the complanated part of
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the stipe, a fow lowermost ones at wide intervals, but middle and
upper ones approximate and regularly disposed, adding new ones
sucéessively upwards, narrow cuneate, 5-15 cm. in length, tapering
gently into cylindrical petioles towards - the attachment point to
the stipe ; tip round or obtuse. Sorus in a continuous patch with
's'harp boundary on both surfaces of each sporophyll, occupying
lower half area of the surface except a narrow border along the
margin. ‘ : |

Remarks on the limit of variation. In Illustr. Alg., PosTELS
and RuprecHT distinguished various formee under the present .speéies,
viz., angustifolia, latifolic and pinnatifide. As will be stated below,
the specific conception taken by these authors is much wider than
as we now define the species. The three forfnae, therefore, must
be separated from tho present heading. What are meant by these
forme will be treated latér on.

Farrow mentions a variety of the present species, var. latifolia,
in Marine Algae of New England, p. 97. It has been referred to
A. Pylaii Grev, by- Sercuenn.  Cfr. Phye. Bor.-Amer., No. XCIV.

Kseriman distinguished two formee, f. australis and f. muse-
Jolia, and referred to some old descriptions under each name.
But the specimens collected by Fosuie at Lodingen and determined
by KiseLrmax as f. muswfolia, now kept in the Aga,rdhiah _Her-
barium, do not agree with the authentic specimens of Laminaria
muscefoliac DE 1A PyL in important points and are nothing but a
typical form of A. esculenta GREv. . .

 STROMFELT distinguished a form with densely aggregated sporo-
phylls under f. Sasciculata. BORGESENY) remarks that this form
comes ‘quite near to what he called A. esculenta f. typica. He
mentioned another forma, f. pinnata and refers to Fuous pinnatus

. 1) BoreEsEN: Mar, Alg. Feerdes, p. 449.
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Gusn. * Tt is to be remarked here that- in Tange des ochotischen
: Meeres p- 364, RuprecHT says: * Alari ia esculenta pmnatzﬁda Illustr.
Alg. p 11 vielleicht mit Ausschluss des synonyme von GUNNER,
ist die fiederformig emgesohnlttene Form,_ die wohl bei dem breit
—-als auch schmalbléittrioen Ph. alatwm und den iibrigen unsicheren
Arten vorkommen kann.” . ‘ | '
The plant undergoes various modlﬁcatlons in the shape of the
frond according to its environment. In some cases, when it grows
in ah open sea with comparati\}ely rough water and full- sanlight,
the blade becomes longer and the sporophylls generally approxi-
mate, narrower-and longer, as to agree with f. fasciculata - STROMF.
On the other hand, the plant: has some tendency- to approach A.
er asszfo ta - KJELLM., - especially when " the sporophylls are - entirely
soriferous and much thickened.” The _present writer holds the view
that these two species are very closely: related to one another, the
former inhabiting the ‘Atlantic and the latter the- Pamﬁc acqmrmm
more or less distinet local characters. '

Some authors regarded the general shé'pe ‘of a cross section

of the midrib as important enough for specific distinction. Rup-
RECHT, STROMFELY, GUNNER, etc., have mgentioned various species
“based on this character; .while otherwise they‘ma»y be taken as °
mere forms within the specific limitation of A. esculenta GREV.
BorcEsEN also applied. the character in separating A. esculenta and
A. Pylaii. He, however, notes that the jrouhg specimens of. A.
esculenta often have midribs which must propetly be called two-
edged. As this question: is not yet fully settled, I do not at
present attempt to amalgamate the two imperfectlylknown species,
A. lmeams Stromr: and A. flagellaris StromF., with the present

species. o

However the frond may vary in the shapé, the mode of
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’arrangementf_ of the sporophylls is nearly constant and unrivalled
in its regularity among the Atlantic members of the genus. When
tke sporophylls'ai"e densely aggregated, the plant may often show
a character comparable with A. grandifolia J. Ac. On the con-
trary, when they are widely separated, such as in an immature
specimen, the  plant inay often be taken as a form of A. Pylaii
Grev. In the present species the narrow cuneate sporophylls and
théir regular arrangement, with each petiole distinctly separated,
are well defined and most important characters for distinguishing
it from its allied species. ' _ _

Rem_arks on the synonyms. In tho sense of the old writers,
Fucus esculentus, now called Alaria esculenta, covers  almost all
species of what at present we bring under the genus Alaria. Even
to such a keen observer as Harvey, distinctions between various
specirhens accessible to him have not been regarded as important -
enough for separation into independent specific rank. In the
floristic lists of the North Pacific, written by early writers, there-
fore, the name Alaria esculenta is repeatedly mentioned. The
Pacific Ocean, however, does not produce this species so far as
~our present researches extend, hence the specific name in such
lists does not mean more than “ Alaria sp.”

When RuprecaT worked out Tange des ochotischen Meeres,
he distinguished three species of Alaria, viz,, A. esculenta, A. Sistu-
losa and A. marginata. He. chose, however, to call them by the
genus Phasganon instead of Alaria, and A. esculenta was .synony-
mized under PFPhas. alatum, %zvhich specific name he found iﬁ
CarciLL’s work. It is therefo_re quite natural that we find various
different species of Alaria, in our specific conception, from thé
North Pacific under the species cover of Phas. alatum in the her-
barium of the Academy of Science of Petrograd.  Two authentic



A Monograph of the Genus Alaria. 113

spe_ci-mens. from RuprECHT are now kept iri the Agardhian Herbarium
- at Lund, one annexed with A. predonga Kserim. and the other
with A. angusta Kserzm. In Gronlands Lam. och Fucaceer, p. 23,
J. AcarpE notes that RUPRECHT'S specimens come quite near A..
esculenta.” Another specimen distributed by RuprecET under’ Phas.
alatum is to be found in the Botanical Museum of Berlin, and to. .
me it seems to belong to A. valida SercH. et KJyELLM.

The name Fucus alatus established by CareILL in 1690 may
be the first botamcal name proposed for the plant This is why
RuprecHT - has chosen. to call the plant Phasganon alatum, and a
lengthy history of the name is given by him in his ‘Tange des
ochotischen Meeres, p. 266-377. To cast away the name Alaria
esculenta so commonly known .to us, giving the priority to a pre-’
Linnean ambiguous description, seems by no means acceptible.

- The name Fucus pinnatus GuwsN. is found | placed in & syno'
nymous pos1t10n under various specms by different writers. In
Gronlands Lam. och Fueaceer, p. 23, J. AcarpH refers to it under
A. musoefolia,- regarding it as a synonynj of Laminaria muscefolz'ci
De ra Pyu In Dlustr. Alg., p. 11, ‘Posters and RUPRECHT men-
tion the name under A. esculenta f. pinnatifida. This forma is dis-
Acussed by RUPRECAT in Tange des ochotischen ’Meeres, p- 364,
~under Phas. alatum var. pinnatifida, and he seems to hold the view
that the pinnately cleft blade is indifferent to the age of the plant
but is a peculiarity of the species or forma. In the. latter work:
~ he excluded GUNNER’s species as a synonym of the fbymd men-
tioned in Illustr. Alg. The original specimens in the herbarium
“of the Academy of Science of Petrograd show that they Aére to be
separated into more than two species, simply having the pinnately

cleft blades as a common character.
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- HarvEyY- thentions Fucus pinnatus Fr. Norv. as- a synonym
of A. esculenta Grev. The same view is adopted by the Scandi-
navian algologists “such as KseLrman,? Fosrig,3] BOorgESEN,%) and
Jonsson.®)  Gori®) also holds the same view. but chose the name
Orgyia pinnata instead of A. esculenta GRrEV. on account of priority.
He further stated that some of the specimens which he calls
Orgyia pinnata seem to stand very near. * f. snembranacea J.-AG.”"
This resulted in an ambiguous disposition of GoBrI's species in DE
Tonr’s Syll. Alg., TII, 'p. 327, in which Orgyia pinnata Gosr is
found in a synonymous position under A. membranacea J. AG.

The views enumetated above are so widely divergent from each
other that I am unable even to model a general character of the.
plant. I have not seen GuNNﬁR’s type spscimen nor any co-type
of it. 'GUNNER’s original description and illustration can not help
us to catch the exact specific characters in the modern sense.
It is, however, al-ino_st beyond doubt that the plant which GuxNeEr
has designated -as Fucus pinnatus, occurring on the Nprwegidu
coasts, must have been A. esculenta GREV. '

RUPRECHT seems to have believed that Fucus platy Jcarpus G’MEL‘
ﬂlustrated in Hist. Fuc., PL. XXXI, ‘might have been a,_ stipe of
A. esculenta or as he later calls it, Phas. alatum. But what GMELIN
has figured is undoubtedly a stipe of an old and decayed plant of
Thalassiophyllum clathrus. Specimens exactly agrecing with GMELIN’ $
figure may be found everywhere ‘on the coasts of the northern

1) Harvey: Phye. Brit. Pl. 79,

2) Ksernmax : Handbok, p.-29.

3)  FosLe: Mar. Alg. Norway, I, p. 71.

4) BorcesEN: Mar. Alg Frerdes, p. 448.
-+ 5) Jonsson: Mar. Alg. of East Greenl. p, 24.

6) Gosr: Alg. Weissen Meeres, p. 77.

7) Gosr simply mentions this form-namé without giving any hint as to which’ species this
- forma should belong. So far I could refer to, such form-name has never been proposed by J.
AcarpH for either A. esculenta or A. Pylaii.
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Kurlles and ‘Southern Kamtschatka “aftéf a stormy weather during
Anugrst-September; ‘ oo : o

Again, RupRECHT?2" consuiers Fucus Jimbriatus GMDL "Hist. Fue.,
PL -XXIXa, to: be referrable "to "A.: esculenta B laz‘zfolm P. et R.
But: judging from the ﬁcrure, I beheve that it may be Cy J7nfct/zcre
tmplzcata J..Ac. ' - '

. The original . specumen of A. esculenta f. muscefolic KieLim. in
the Herbarium of the’ Botanical. Museum of Upsala shows all the .
~characters .of A. esculénta. GrEv., so it is not worth menticning
under a special forma. In Spetz. Thall, II, p. 12, KserLimax states,
“ Mellan A. esculenta och musefolia ar skillnaden™ icke betydlig.”
By ¢ musafolia” KiseLman certainly means A. musafolia J. Ac.
As may be understood from. what has  been stated on p.. 91 and
102, A. '-musazfolia J. Agc. can mnot be identical with Laminaria
musefolia DE LA Py, a,nd shall be referred to A dolichorhachis
KJELLM The hmlta,txon of D& 14 Pyr’s spe01es seems to me to
\a,ry greatly as. the writers differ. This questlon will - be treated
under . Laminaria musazfolw DE LA PyL. -

. HarvEY mentions A.. esculenta from Alaska based on RaTHROCK’S
sketches of the a,lgze of Alagka. - SETCHELL and GARDNER mention
this reference under A. esculenta GREv.. In the Herbarium of
Trinity College, Dublin, there st no. specimen which could be
supposed as its- source.- HarveEy may have 1dent1ﬁed it sunply by
the’ ske_tch. It is-quite impossible to 1maorme to which species of
Alaria the sketch was referrable. In HARVEY s time, botanists had
ar poor knowledge .of the -Alaria- of the North Pacific. K-IE_I“;_LMAN_
hesitatingly referlfed to the information under A. dolichorhachis, as
noted ‘on p. 93. ‘ A i
- Locality. - Mototschikin Sharr, -Rogatschin ‘Bay, Nova Zembla,
(Kserimax, under A. - musefolia); Maaso : (KseLrman),” Svértholb.
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(Fosvie), Mehaon (Fostie), Mandal (WiLLE), Norway; Fano (ROSEN'-A'. ‘
VENGE), Denmark ; Roscoff, France (Sauvaceaux); Ferese Islands
(Ly~eByYE, BORGESEN, ete.); Iceland (LyNesyr); Shetland (Borce-
SEN) ; Clare Tsland (Corrox); Cumberland (HupsoN and HARVEY);
Anglesea and Isle of Man (Davies and Harvey); Durham and
Northumberland (Wixca and Harvey); Cornwall (Turner); North
coast of Devonshire (Mrs. Grirerrms and Harvey); Weymouth
(STACKHOUSE) ; Orkney (CrousTox) ; Angmagsalik (ROSENVENGE, tnder
A. flagellaris), Tasinsak (JONssEN under 'A. esculenta var. pinnata -
Kserim.), Greenland. o

Alaria valida SETcH. et KJELLM,
(Plate XII, figs. 1-3.)

In SercH. and- GArDN.: Algee N. W. Amer.,, p. 278, Pl XXI.—
SETCH. : Critical Notes on Lam., p. 11.—Id.: Kelps U. 8. and Alaska,
p. 163. ) : '

= Alaria valida f. longipes SETCH. ct GARDN.: Alge N. W,

' Amwer., p. 279. o
= Alaria curtipes TILDEN : Amer. Alge, No. 521.
= Alaria grandifolia CorrLins: Mar. Alge of Vancouv. Island,
p. 110.

Definition of the species. Root, holdfast of dendritic ramifica-
tion. Blade linear lanceolate, 34 meters in length, 15-25 em. in
breadth, coriaceous, cryptostomata wanting, margin entire, unduiat-
ing, splitting in the older parts of the- blade obliquely towards the
midrib ; basé of blade attenuated for a short length, soon expand-
ing upwa}“ds into an acute form. Stipe 6-10 cm. in length, lower
half cylindrical, 3-5 mm. in diameter, gently terete and broadened
above, but narrowed again at the transition point, the cylindrical
. part naked, the upper terete part bearing the sporophylls. Midrib
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_s:'ngoth, complanated, elevated above the blade equally on both:
surfaces - with ‘angulate edges, continuous to the stipe below,
Sp'or"ophylls meta;sorié, 8-15 in number, pinnately arranged on both
ones dlst.ant bu_t mlddlev and upper ones dlSposed a.t sho;t r,egula,,,l'
intervals, - adding new ones successively upwards, linear-lanceolate,’
15-50 cm. in length, 3-5 cm. in breadth, with'a well-defined, short,
terete petiole, margin undulate; baseacute’; apex “varying from
acute to roundish. Sorus. in a continwous patch on both surfaces
of each spbrophyll occupying neéarly the whole area of surface of
sporophyll eieept a narrow border along the margin and “often a
small portion of. the tip. . o
Remarks on the synonyhis. This species was first described by |
SercrELL under joint authorship with Kserimax in the paper cited
above. He reserved the identity -of the species ‘with A. marg‘z'nata
as a question. Afterwards, in Critical Notes, 1. c., he stated that
his examination on the type of A. grandifolia J. Ac. in the Agardh-
~ ian Herbarium convinced him - of the identity of A. grandifolia
and A. valida. The specimen distributed as Phye. Bor.-Amer.,
No. CV, under A. grandifolia’ J. Ac. by Corrins, HorpEx and
SETCHELL seems to have been placed by following this view. It
agreés well with the description given in Algae N. W. Amer., p.
278 Although it is noted on the label of the exsiccata: * The
plant here distributed are of longer form agreeing well with J.
Acarpr’s description and type specimen,” the specimen in the
copy I have seen shows a marked difference from any of the type
specimens of A. grandifolia J. Ac. The type specimens are dis-
tinguished by J. Acanpm into three formae Junior, intermedia and
"adulta. They are equally provided with long, narrowl_y cuneate
sporophylls.” The stipe is very stout, the largest one measuring
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45 el in “length, in dried state as’ thick as the middle. "ﬁnge.t',
¢ylindrical below and: gradually terete above. The.specimen in
the Phycotheca has the stipe cylindrical: nearly to -the .transition
region, hardly 3 mm.* in diameter, the sporophylls  are linear-oblong;
‘with. roundish bases dand ‘sharply. defined, - short -petioles. - In: the
shape and- texture of. sporophyll -the plant approached very much
A. marginata P. et R., but differed from it by havinga.distinctly
narrowed midrib _and inthe mode of- sporophyll xa,'rfangemeﬁt'.
I wrote my questions on these points to Prof. Sgrcmerr and re- .
quested him to spare. me ‘a typical specimen .of A. walida. " He
‘was kind enough to favour me with two well-prepared specimens.
They are quitc similar to the specimen .above remarked, hence
‘ I have no more hesitation in mcntidning the plant as ~a .valid
and well-defined species. In his latest work “The Kelps of the
United State and Alaska,” p. 163, SercreLL mentions A. walida
in an independent specific position. . AU
. The specimen distributed by .Miss Tizoex under Alaria curtipes
as American Algae, No. 521, in the copy I have seen, is to be
jdentified with the present species. SeTcHELL and GARDNERY com-
pared the description of A. curtipes SaUNDERS with A. prelonga
 Kserim. . Her specimen;,ho.Wever, does not agree with the - deserip-
‘ti_on,, and its sporophylls show the characteristics of the Metasoria,
_ Loc_alzjty._’ Unga, Alaska (Sercuerr) ; Whidby Island (GARDNER),

Alaria nana SCHRADER.
(Plate XIIT, ﬁcrs ;3)

Minn. Bot Stud III qut II, p. 157 Pl 24-26.

'1) SETcHELL and GARDNER ¢ A]gm K. W. Amer, P. 274-
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o i=Alarid pmlonga £.mana SETCH .in COLL Horp. .and SErca. :
T . Phye. Bor. -Amer, No. 1292.
o ‘__Alm'za margmata f' rana COLLINS Mar Alw of' Vﬂmouv
S "“""Island p 110 o

Deﬁmtzon of the speczes Root holdfast of dendutw ramlﬁca-
tlon Blade llneal lanceolate, 30-- 50 cm.. in lenoth, 6. 0 8.5 om. in
breadth, coriaceous, ﬁnely striated When old er yptostomata want-
ing, margin entire, splitting in the older palt Of the blade obllquelv
-to the midrib; base of blade acute, tip narrowed above, pinnately
cleft and generally roughly: worn away.: "-Stipe 4-8 cm. in length,
cylindrical at the base, terete or ,compressed above, measuring .
4-6 mm. in breadth, and more or less narrowed at the transition
" point, lower half of the length naked, upper half'be'ar’iho; the sporo-
phylls. Mldrlb smooth complanated 5-8 mi. in “breadth; elevated
above the blade equally on. both surfaces with roundish edges,
continuous- to the stipe below. Sporophylls metasoric, numerous,
often 40 or more, obliquely plnnately arranged on both marging
of the stipe, a few lower ones at wide intervals, but middle and V
upper ones approximate and regularly disposed, adding new ones
successively upwards, long-cuneate, 612 cm. long, 7-25 mim. broad,
with more_br less well-defined petiole§ base of Sporophjll tapering
or obtuse, generally asymmetrical ; tip obtuse or truncate, generally
irregularly dentated. Sorus, on both surfaces of each sporophyll,
in a continuous patch occupyinv the lower half of the surface with

obscure and fading boundary.

Remarks on the species. The present speoles ha,s a Well mark-
‘ed character making it readlly distinguishable from the others..
The sporophylls are always attenuated towards the base to form
comparatively long petioles, the lower side being more-developed

than the upper, resulting in ‘an_ oblique ascending base: This
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unique peculiarity has been passed”over by SemrapER. The re-
semblance of the species to A. prelonga KseLrum. is in the texture
of the biade and in the mode of the midrib,_ on which, however,
much specific importanée should not be laid. .The older part of
the blade is finely striated in the same manner as in A. marginata.

Locality. Port San Juan, Vancouver Island (ScuraDER) ; Lands

End, San Francisco. (SETcHELL).

Alaria grandifolia J. Ac.
(Plate XIV.)

Gronlands Lam. och Fuc., p. 26.—KJELLM. : Spetzberg. Thall. II,
p- 10.—Id.: Alg. Arct. Sea, p. 217.—Id.: Algenveg. Murm. Meeres,
p- 3b.—FosLie: Mar. Alg. Norway, I, p. 73.
= Alaria membranacea J. Ag.: (Specimina Spitzbergenses partim).
= Alaria membranacea XKyELLM. : Alg. Arct. Sea, p. 215.
= Alaria membranacea Fostie: Mar. Alg. Norway, I, p. 72
(excl. synon.).
= Alaria Pylaii var. grandifolia Joxss. : Mar: Alg. East Greenl.,
p- 21.—RosExV.: Mar. Alg. N. E. Greenl., p.
_ 112, fig. 5.
. =Alaria Pylaii 3 membranacea Joxss.: Mar. Alg. East. Greenl.
p.- 21.—Id.: Mar. Alg. Jan Mayen, p. 306.
= Alaria oblonga KyeLLM.: Alg. Arct. Sea, p. 220, Pl. 25, fig:
' 21-24.
?=Alaria esculenta EATON: List, p. 44 (sec. J. AGARDH).
- ?=Laminaria esculenta LixpL.: Bot. Not., p. 157 (scc. J. AGARDH).

~ Definition of the species. Root, holdfast of dendritic ramifica-
tion. Blade linear, a few or perhaps several meters in length,
20-30 cm.* in breadth, coriceous, cryptostomata wanting(?), margin-
entire, undulating, splitting in the older part of the blade obliquely
to the midrib; base of blade acute, often tapering. Stipe up to
125 em.* in length, cylindrical below, up. to 2 cm.* in diameter,
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gradually” broadened and terete or ancipitous upwards, 2-3 em.* in -
‘width, quickly narrowed at the transition point, lower half of the
length naked, upper half bearing thé sporophylls. Midrib smooth,
terete, olevated above the blade equally .on both surfaces with
roundish edges. Sporophylls metasoric, numerous, pinnately arrangéd
on both margins of the anticipitous region of the stipe, some lower-
most at wide intervals (6-10 mm.*), but middle and upper ones
approximate, adding new ones successively upwards, linear-cuneate,
30-60 cm.* in length, 3-7 cm.* "in breadth, tapering gently down-
wards into " cylindrical petioles; tip' of ‘sporophyll obtuse or
roundish ; margin undulating plicate. Sorus in a continuous patch,
on both surfaces of each sporophyll, occupying lower. half ared. of
the surface except a narrow border along the - margin, and fading |
downwards near the base. of the sporophyll. - -
_ Rema.rks on the synonyms. This is the second largest Alarza
hitherto known. It is specifically descrlbed_ as attaining an enor-
.mous size in every part, to such extenﬁ- as has never hitherto been
reported of other allied spocies. In Spetzbergens Thallophyter, II,
p- 10, KseLimaN reports the largest specimen he has measured :—
stipe, 125 cm. long, 2 cm. in diameter, bade over 100 cm. long, 30 cm.
broad, sporophylls 60 cm.-long, 7 em. broad. The largest specimen
of A. grandifolia in the Agérdhian Herbarium at Lund has the stipe
much shorter, but in other parts nearly the same ‘measurement.
The original specimens of the present species at Lund are not
many in number so that we are unable to trace all modifications
of fronds according to the age.-of the plant. Specimen No. 2256,
which is called forma adulta by J. Acarpg, is the most complete
one among the set. It has a certain resemblance to a fully grown
form of A. macr optera, but its sporophylls are long linear, taper-
mcr downwards, and _the. blade is. not .corrugated in the : wa,y
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© peculiar to tho latter (Plate’ XIV). Comparing the original with
A. oblonga Kserim., and judging from observations on the North
Pacific species, I am strongly inclined to believe that the latter may
represent a ~young stage of the present plant.” . The. differences
between: them are merely in substdnce of blade @nd. size.of :frond,.
which can never be considered specific. In the Agardhian Herbar-
ium; co-types of A. oblonga Kieim. and-A. macroptera. (RUPR.) are
joined together ﬁﬁndep .the .species.: cover. of the latter. But, as
above stated,  the typical form :of A:~maeroptera (RUiDR;) is easily
separated from A. oblonga KseLry., and eventually from the present.
It is not to be denied that RueprecuT. has distributed under Phasga-

non. macropterum RUPR. many .specimens. not. specifically uniform.
CIts co-type in Trinity College, Dublin, is more referrable to A.
dolichorhachis KyerLrm. than to any other.

Jonsson identified -some specimens from the east coast of
Greenland with the present species but mentioned them as a
variety of A. Pylaii J. Ac. .The limitation taken by him for the
latter species is the same as by RosENVENGE in Gronlands Hav-
alger; p. 838; hence, not exactly agreeing with GRrEvILLE or J,
AGARDH.. RoSENVENGE naturally followed the view in arranging
. his ‘specimens from the north-east coast of the same land. The
identifications by the two botanists appear to be quite correct, but
to bring A. grandifolia J. Ac. down to a variety of A. Pylaii Grev.
seems to be open to criticism. The limits of the varieties or the -
forms of A. Pyldz’i .have so far not been very clear. Yet I can
not readily acknowledge that the form within the specific concep-
tion of the present species may be diréctly related” with that of
A. Pylaii Grev. A discussion "on this matter is a dis_cussion on
the specific definition of A. Pylaw GREV. L

The same writer also mentions A. Pchm B membranaced
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Rosexv, s having been collected in the same region. : He témarks
the variety to be ¢ so closely .connected: with A.g Jramhfolza J. Ad.
* that accmdmv to our present knowledge -of these forms. they can
not. be said to ‘differ in anything, bt their:size.” - If he Taentions
in a varietal rank a’specimen which differed in” nobhing. but the
 size, it is in our conception naturally” to” be idenfified with the
type. Kserimax hag also emphatically stated that the young in-
dividuals “of ‘A..grandifolia collected in Spitzbergen’ all -agrée- with
A:-membranacea J. Ac. Cfr. Spetzbergens: Thallophyter, IL,- p. ‘12.
" Some of .the original specimens of the latter “at ~Lund. justify the
view of Jonsson and KserrLmaw, but some of them, gspecially: those
from Greenland, appearto:me “hardly distinct- from A. Pylaii’ GEEv.
The speciniens tigited by KrerimaN as A. membranacea in' Algés.
Arct. Sea, p. 2157 ate-to be brought under the present species.
“Locality. - Jan."Mayen (Jonssox): Norwegian coasts; Nord-
landen (Kserrwax),  Finmarken -(Kserrmax), -Maasd (KJELLMAN),
© Gjesveer (Kseriaax), Berlevaag (Fostie), Kiberg (Fosum), Kjolle-
fjord (FosLie) : Spitzbergen ; North Génse Cape (Kserraax), South
Génse Cape (KsELLMax) : Siberian Sea; Irkaipi (Kseriamax) : Green-
- land ; Tasiusak (Jonsson), Tiningnekelak (Jonssox), Nualik: (JoNs-
sox), "Kap Borlase Waren (JONSSO\I) Tkerasak (JONSSO\I) Cape
Blsmalk Peninsula (ROSENVENGE) '

Alaria angusta KieLi.
(Plate XV, ﬁg 1-4.)

. “Om Beringhafvets Alorﬂora, p- 33, Tab 3 ﬁg 1- 4-——DI TONI
~ Syll. Alg. III, p. 332.
= Alaria laticosta KJELIa. : Om Bermghafvnts Algﬁora, p- 40
S Tab. 6, fig. 1-3.—Dz Tox1: Syll. Alg.- I, p- 331
2= Alaria esculenta P. et R.: Illustr. A]g p. 11. p.p. )
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Definition of the species. Root, holdfast of hemiSphérical shape
in general outline, with the rhizines at first thick and complanated, -
and broadened outwards, soon ramifying quickly and irregularly,

each final segment terminating in a hapter. Blade linear-lanceolate,

1-2 meters in length, 4-8 ¢cm. in breadth, coriaceous, crypto-
stomata wanting, “margin entire, but splitting obliquely or almost
transversely to the midrib in the older part, outer bordef of seg-
ments often subulate and curved upwards; base acute or tapering,
not rarely more or less abruptly expanding upwards. Stipe 4-10
em.® in length, cylindrical below, 2-5 mm.* in diameter, terete
above, suddenly narrowed at the transition point. Midrib smooth,
complanated, 4-6 mm.* broad but sometimes as broad as 9.5 mm.*
in the dried specimens, prominent above the blade equally on both
surfaces with angulate edges. Sporophylls metasoric, numerous,
fasciculate, condensed to a broadened short length near the ﬁpper
end of the stipe, adding new ones upw{rards as well as between
the older omes, long, linear, 6-10-15 mm.* in breadth, 25-40 cm.*
in length, attenuated towards the base, ending in filiform petioles,
round or acute at the apices. Sori graidually fading towards the
apex of sporophyll.?) ' o

Remarks on the limit of variation. The present and the next
species have various peculiarities in common, so that one may be
taken as a variety of the other. Still, as both are pretty safely
separable from each other by the shapes of the sporophylls, I
c'hoose. to keep them both in specific rank. When yet young, a
few sporophylls are produced from the margins of the stipe more
or less apart. In such a stage of development, the .plant may be
taken as a yotng form of A. esculenta, A. preelonga, or the like.

1) The sterile, upper portions of thé'sporophylls_ remain in healthy condition for a
considerable time. In gome specimens-the portions are maculated in the manner of shagreen
leather. ’ '
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In the matured forms, however, the sporophylls of this species are
‘found limited to a short length of the stlpe near the transition.
point. The part of the. stipe which bears the fasciculate sporo- -
phylls is somewhat more broadened than the naked part. New 3
young sporophylls may grow not only successively above the other,
but often from a point between the older ones. This mode of
Tlocalization of the sporophylls should be distinguished from a con-
densed pinnation in which alarge number of the lower sporophylls
has dropped owing to age. KJseLrmaw, in defining the three species,
A. pralonga, A. lancedlata, and A,' laticosta, made no distinction
in the modes of disposition of the sporophylls and simply diagnosed
"« gporophyllis numerosissimis, fasciculatis,....” :
The size of sporophylls and blades, consequently the breadth
of the midribs are- variable in this species. This is perhaps due
more to the roughness or salinity of the water than to the age
of the plant. - KsELLMaN appears to have put too much stress- on
this sort of variation as to describe ,iﬁdividuals of. different size in
different specific 'posi_tion. |
- Remarks on the synonyms. 1 pfopose to -combine A. laticosta
Kserim. with the present. The former was established from a
‘ single. specimen cast ashore in the same localiﬁy as the latter. By
comparing the .type- specimens of both at Upsala and referring to
their descriptions I can not find out any marked difference "between
thenr except in the breadths of the midribs. -This.'is by no méans'
~of 'speoiﬁc importance as can be proved from the specimens at my
disposal. 1In the type specimens of A. -amgusta the midribs vary
from 4 mm. to 6 mm. in breadth in the dried state, while the
type of A. laticosta measures 9.5 mm. Kierrmax gave the measure-

ments from wet preparations.
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- :SauNpER’SD has identified a plant from Kukak Bay with A
laticosta.  Ho"quotes KIELLMAN’ S opinion on. his specimen. which
" reads; ‘ The form, color "and consxstency of the bla,de and the
form, width and rigidity of the sporophyll differ ‘somewhat from
this species.” "I do not understand how Saunprrs could dare
identify his’ §pecimen with' A. laticosta KseLrn, in.spite of such an
opinion from the author. The points mentioned by KserLMaX are
the important characters for specific distinction, and thé bleadth
of the midrib, on which SivNpERs seems to have put great stress,
is hardlyof specific importance as stated above. .. :
Thére are two specimens of Alaria, kept in the herbarium Of
the Academy of Science of Petrograd under A. esculenta, collected
by PosteLs in 1849. The locality is given as * Sifka'(ez_n St.
Paul ?)” in Ruprecar’s handwriting. ~ One of them is a big plant
with the blade about 6 feet in length, 3-4 inches in breadth, the
base a,ttenua,ti'ng, and the midrib prominent, 3—4 mm. in breadth ;
the é’tipe is hardly an inch " long, but provided w1th fascmulate,
numerous sporophylls of about a foot in lencrth and one third of
an inch in breadth. The other specimen has the sporophylls about
an inch in breadth and 5 inches in length. These are undoubtedly
_fhe specimens related to in Ruprecar’s Tange des ochotischen
Meeres, p. 360. I could not determine  them with accuracy bus
they seemed to me very likely to be referrable to thls spemes or
to A. lanceolata. “ '
Locahty Bermo' Tsland (KELLMAN) ;  ?Sitcha (Posters) ; Urup
Island and Etorofu Island, South Kuriles (K. Mrvase, Herb. S AC.).

1) SAU\DERS Hnrr Alaska Exped A]gfe, P 425,
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- ) Alaria teniata Kosris, -
© (Plate XV, figs. 1'-5'-)' '

Om Bcrlnghafveta Algﬂora p- 36, Pl 7; fig. 1-3.
= Alaria esculenta angust@foha P etR Illustr Alg, p. 11, D p.

Definition of the species. Root, holdfast of hemispherical - shape
in general ‘outline,’ Wit‘h the rhizines at first :thi'ck “and coﬁxplanated.
and broadened outwards, soon ramifying quickly a,ﬁd irregularly,
each final segment terminating in a hapter. “Blade linear or band-
f01m . attaining to 3.70 meters in lenoth but measuring 3.5-5.0 cm;
in the maximam breadth, * coriaceous, cryptostomata wanting,
margin entire, s_plitting "obli,quel'y. to the midrib in the older parts;
base "of blade  cuneate or attenuate; Stipe 5-6cm, in length.;
cylindricgl below, -2.5-3.0 mm. -in diameter, terete above, and sud-
denly' narrowed at the transition point. - Midrib smooth, complanat-
ed, 2- S‘m'm‘ broad, -prominent above the blade on ‘both surfaces
with angulate edges, contmuous to the stlpe below. Sporophylls
metasoric, numerous, fasmculatc limited to an - abruptly expanded
short - length “near ‘the upper  end of the stipe; adding new ones’
successively’ upwﬂards‘as ‘well as between the older ones, linear-
lanceolate, attenﬁated towards the base ending in filiform petioles,
acute or tapering at the apices. -Soras occupying a greater part
of the surface of sporophyll, leaving a terminal portion and a
narrow border along the margin sterlle '

Remarks on the species. After a” close study. of the 01101na.l
specimen of A. teniata KseLi. in the Botanical Museum of.Upsala.
I have little doubt of its identity with the Alaskan specimen of .
A. esculenta angustifolia P. et R: in the “herbarium of the Academy -
of Science of Petrograd. The limitation of f. angustifolia P. et R.
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~ taken in Illustr. Alg. is quite ambiguous even when we try to
draw a definite conception from -the original specimens. I'choose
therefore to take the specific name proposed by KieLrmax to the
present plant, PosteLs and RUPRECHT refer Laminaria esculenta
teeniata DE La PyL to then forma, ‘but this forma has been 1efe1red
by many algologists to A. esculenta GEEv.

Kseuiman relates (L e., p. 37) that he collected only one speci-
men of this species, cast ashore on Bering Island. The species,-
however, as already supposed by Kuserimawn, seems fairly common
in the northwestern Pacific as it is ;)fton found along the Kurilga )
Islands as far southwest as Hidaka Province in Hokkaido. As
stated by Kserrmaw, the plant, especially when sterile, considerab-
ly resembles the Atlantic species A. esculenta. The -sporophylls,
however, arc strictly limited to a short length of the stipe, 40-50
sporophylls aggregated within 6-8 mm. on each side. The same
writer remarks also that this species stands nearest to A. fistulosa.
He mentioned the = shapes of the midribs as the reason. This,
however, appears to me quite opinionate as has been already
pointed out on p. 78. '

In Fertilizer Resources of the United States, p. 162, SETcHELL
has provisionally combined A. anguste and A. crispa Kyerim. with
the present species. As SercHELL states in it, all these three species
have not been seen since the original collection. In our collections
the material is ample enough to conclude that A. teniate Kseriu.
is a good and distinet sp.ecies. It stands quite near the preceding
species as already stated, but the present plant has invariably
small sporophylls of lanceolate shape with acute or taperin‘g apex.

~ Locality. Bering Island (Kseriman); Kushiro Province (K.
Wapa, Herb. S.A.C.), Hidaka Provmce (K. Mrvasg, Helb S.A.C),
Hokkaldo ‘ :
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Alaria lanceolata KieLiy.
(Plate XVII, figs. 1-3.)

Om Beringhafvets Algflora, p. 39; Tab. 5, fig. 1-3.—Dr Toxi:
Syll. Alg. III, p. 331,
?=Alaria lanceolala SAUNDERS : Harr. Alaska Exped., Alagz, p.
426, P1. LIII.
. ?=Alaria dolichorhachis SErcH.: in CorL., HOLDEN and SETcCH. :
.. Phye. Bor-.-Amcr., No. XI.I. ‘
Definition of the species. Root, holdfast of dendritic ramifica-
tion. Blade linear-lanceolate, 1-2 meters in .length, coriaceo-
membranaceous, with cryptostomata except in lower portion,
margin entire, ‘more or less undulately plicated, base cuneate.
Stipe' very short, hardly a few centimeters in length, subtereté.
Midrib smooth, complanated, 4-7 mm. broad, slightly prominent.
‘Sporophylls metasoric, numerous, limited to a short length of the
stipe, but distinct; linear-cuneate or cuneate-spathulate, 6-10-15
mm. in breadth, 12-20 ¢m. in length, subcoriaceous. Sorus on both
surfaces of each sporophyll in a. continuous pa,téh,' generally oc-
cupying a greater part' of the surface, leaving a terminal portion
. and a narrow border along the margin sterile. _
Remarks on the affinity to other $pecies. This has been a rather
incompletely defined species. SAUNDERS, SETCHELL, CoLLins, ete.,
reported the present species from the northwest coasts of - North
America. ‘I am, however, of the opinion that the speéimeﬁs which
they have determined as this may be more safely referred to other
species, such as A. prelonga Ksgrim., A. marginate R. et R., or
A. dolichorhachis KsELim. - o
The present spzcies has some resemblance to A. angusta -
Kseuim., A. teniate Kseuw. and A. predonga Kreriw. It can be
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distinguished from them by the presence of cryptostomata in the
blade. In some specimens, however, they are often absent in a
lower portion, and in some old ones they remain simply .a
brownish dots on the blade, losing all the hairs from the very
base. Thus the distingunishing character is frequently unteliable.
In such case it may be separated from the former two species by
the holdfast, and from the last one by thesporophylls.

The illustration of Alaric delineated by Sauxpers as Harr. -
Alaska Exped., Alge, Plate LIII, under A. laticosta, is rather em-
barrassing for positive determination. "He does not give its full
description but simply remarks that his determination was after

receiving KsELrman’s opinion on one of his specimens and that it
s easily recognized by the tufts of *long cryptostomata™ richly
frosted on the surface of the blade. The type specimen of A.
. lanceolata Kserzar. has cryptostomata but not in such a way as to
count as a specific peculiarity ; and the density of cryptostomata
is never of specific importance. The species ‘s diagnosed to have
~ the sporophylls- fasciculate and the type specimen shows this
character very well. The illustration by -SauNDERS clearly shows
that they are condensed but pinnately arranged. In general ap-
pearance of frond, SaunDERs’s plant resembles A. -elliptica to a
certain extent. I have not noticed any cryptostoma in the co-type
of A. elliplica at Lund, and nothing .is stated by KjerLiman relat-
ing to this point. ‘

Locality. Sitcha Harbour (SAUNDERS) ; Glacier Bay (SAUNDERS) ;
Bering Island (Kserrman); North Kuriles(!).
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- Species Doubtful,
Laminaria ;nuswfolia DE ra Pyr.

Flora Terre 'Neuv‘e’, p- 31

I have not seen any reliable authentic specmaen of thls species.
In the Agardhian Herbarium at Lund there is a fragment of
- Alaria collected in Newfoundland and sent from Dt 1A Pyr under
Laminaria muscefolia. It is a part of the blade, cut off on both
. ends, without sporophyll or any other pzut which shows the

specific characters. : . '
In Gronlands Lam. och I‘ucaceer, p- 23, J. Acarpr refers to
~ the descriptions of Alaria by various former writers under Alaria
muécefolz‘a J. Ac., but mostly with ample doubts. Judging from
the specimens’ in the Agardhian Herbarium, J. AGARDH'S sPéeiﬁc
conception of A. musefolia J. Ac. seems to be very uncertain.
Several of them from the Atlantic coast of North America appear
to be satisfactorily identified with A. P chm "GREY. and one from
Spltzberrfen is, in my opinion, to be determined as A. dolichor hachis
Kserom.

In Fertilizer Resources of the United States, p. 163, SETcHELL
mentions A. musefolia J. Ac. in an independent specific rank and
assigns it to the Atlantic coast of North America, from Newfound-
land to Maine. This may perhaps mean a form which is treated
in the present Monograph under A. Pylaii GrEv. |

In 'Spetzbergens Thallophyter, 1I, p. 12, KJELLMAN remarks:—
« Mellan A. esculenta och musefolia &r skillnaden icke betydlig.”
This is probably the ground on which he reduced Laminaria
muéwfolz’a DE s Py to a forma of A. esculenta GrEv. Bub what
he understood by L. musefolia is not very clear to me. The type
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of A. esculenta f. muscbfolz'a Kserrm.,, Alge Arctic Sea, p. 212, is
a typical form of A. esculenta GrEv. *He-also mentions the species
in the list of algee from Nova Zembla. Cfr. Algenveg. Murman.
Meeres, p. 35. He regarded it as a northern form of A. esculenta
(Algee Arctic Sea, p. 213)

* I am inclined to supposé that DE 1 Pyr. meant by Laminaria
musefolic those individuals of Alaria which have the bladés trans-
versely cleft so as to resemble a Musa leaf, and by Laminaria
esculenm'var. platyphylla those. which have blades still young and

plain, without placing much importance on the other chai*actefs_.h

Alaria Delisii Grev.

‘Alg. Brit. Synop., p. 39.
= Agarum Delisii BORY : in Dict. Class., IX, p. 194.
= Orgyia Delisii TREVISAN : Nomencl. Alg., p. 28.

This species has been established on the material brought to
Europe by Drrse from Newfoundland. I did not see any authen-
tic specimen. RuPrEcHT doubts the species, thinking it referrable

to Laminaria esculenta var. remotifoliac DE 1A Pyr. Cfr. Tange des
ochotischen Meeres, p. 364.

"Alaria linearis STROMF.

Alg: Island. Xust., p. 38, Tab. II, fig. 2-3.

Alaria flagellaris STrRoMF.

Alg. Island. Kust., p. 42, Tab. II, ﬁg‘ 4-6.

The%e two spec1es described by STROMFELT are not satlsfactomly
known to me. The’ most important and distinguishing characters
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of these species seem to lie, as proposed: by STROMFELT, in the
shape. of cross section of the midrib. RuprEcaT has also taken a
similar point as an ‘important  character in' discussing Fucus tetra-
gonus and Fiicus teres, comparing them with A. eséulenta P.- et R.
BORGESEN -too, used | this . character in distingnishing his Feerdese
specimens into .A. esculenta -GREv. and A. Pylaii GrEv. What
systematlc value the rectangular or. ancipituous shape of the cross
sections of the midrib may have is very doubtful to me. BorcrseN
notés that young specimens of A. esculenta * often have a midrib
which must most properiy be called two-edged.”” This fact induces
me to suppose, as well as the fact .that A. fagellaris is known in
a sterile stage only, that the two species described by STROMFELT
~are really only one specics and also that they may be local forms
of A. esculenta GrEv. Tt appears almost safe to bﬁng A, linearis
- Stromr. down to a synonym of A. esculentac GrEv. There still
remains ‘a question about A. flagellaris.. Tt may. be regarded as a
~younger form of A. esculenta Grev., or referrable to A. Pylaii
GrEv., or a distinet form ‘or species.

"1t is to be noted that there .are- two distinct forms of the
cross sections of the midribs of the Atlantic forms of Alaria which
are passing under _Ai. esculenta GREV. One is decidedly rectdngular
and has a well marked spanning cortex and thick medullary
sheath, and the cartilaérinous content in the sieve cells is highly
developed. - The ™ other is elliptical or ancipitous elhptlcal in the
shape, the medullary sheath slightly broader than .in the remaining
‘part, the s$panning cortex limited to the crucial point- and the
«cartilaginous’ ¢ontent- of the trumpet liyphw, so- far- as I- have
‘examined, not recognizable. Experiences teach me that the anatomi-
“cal differences as here mentioned may not be of much’ importance
in the specific distinctions. Still, these two forms appear to me



134 Vol, XLIII, Art. 1.—K. Yendo: '

not to be due to the age of the plant, as they have been separa-
ble in the well developed and matured specimens. If we follow
- STROMFELT'S view, the latter should be referred to A. flagellaris.

The material of the -Atlantic forms of Alaria at my disposal
is limited in number and seems by no means to represent every.
possible form. I think it, therefore, better to-leave the point in
an unsettled state, for a future investigation by one who may
have material enough to command these forms. |

RosexvENGED determined thrce specimens from Grreenland as
A. flagellaris StroMr. Some of these were sporophyll- -bearing.
According to the measurements of the plants given by him, the
largest sporophyll was 40cm. in length. He remarks:— Cette
espbce parait étre trés voisine de I'A. Pylaii et de U'A. grandifolia :
reste & rechercher, si elle en est bien distincte. ” This mhy be
undelstood as assuring that his specimens are not referrable to A.
esculenta. Jowssox mentions Rosexvesce’s A. flagellaris under A.
esculenta var. pinmata (Guss.) Kserow., though without stating the
reason for doing so. ' '

To the above discussion, the observations of GoopeNouGH and
Woopwarp must be brought into consideration. In TURNER'S
Historia Fucorum, Vol. II, p. 120, it says :—* The excellent authors
of obser\_fabion'~upon the British Fuci have, in the Linnean Trans-
actions, divided F. esculentus into two speé:ies, to which they have
given the names of F. feres and F. tetragonus and they have point-
ed out such striking characfers of distinction hetween them, that,
were these only permanent, there could be no question of their
being sufficient to establish priority of this separation .... "7 8o
PurNER related the unseparablemess of two such forms. In my
opinion, what the two observels have mentioned as the distinc-

1) ROSEN\FLGF‘ Deus. Mém. Alg. Mar. Groen]n,nd, p. 50.
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tions between the two * species ”? are mostly the differences of the
. frond according to the age of the plant.

Species Removed.
Alaria amplexicaulis MARTENS,

Preus. Exped. nach Ost-Asien, Tange, p. 114

Alaria pinnatifida Harvey.
Character of New Alge, p. 329.

Both are synonyms of Undaria pinnatifida SURINGAR.
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elliptica Kjellm. .. 89,90,91,101,

) 104, 130.

esculenta Dickie. cor .. 98,
esculenta Grev. . . 7,9, 19, 26,
28 37, 40 43, 44, 49, 50,
54, 58, 60, 65, 66,71, 75,
- 87, 88,90,91, 96,99,100,
101, 106, 108, 111, 112,
113, 114, 115, 124, 128,

132, 133.

f. australis Kjellm. ..'109,110.

f. fasciculata Stromf. .. 109,110,111,

f. musefolia Kjellm. .. 103, 109, 110,
115,132. -

1. pinnata Borges.. .. 110.

f. pinnata Foslie... .. 109.

f. typica Borges. .. .. 109,110,

f. typica Kjellm. .. .. 90.

a. angustifolia P. et R... 110, 127, 127.
. latifolin P. et R. ..79, 83, 110,
115. ’
£. singularis Rupr... §9,92.
<. pinnatifida P. et R... 79, 85, 110,
m.
fistulosa P. et R. . 10,12, 20, 21,
22, 39, 40, 41, 50, 59, 65,
66, 70, 74,'76, 78, 99,
112,128.

f. platyphylla Setch. .. 40,77.

f. stenophylla Setch. .. 40,77.
flagellaris Stromf. .. . 21,111, 132,
flagellaris Rosenv. .. .. 116,
fragilis et forma. .. ..98,104.
grandifolia J. Ag. .. 21,28, 50, 52,

55, 65, 66,69, 75, 83,100,
102, 104, 112, 117, 120,
. 134. :
f. adulla J. Ag. .. °..117.
f. intermedia J. Ag .. 117.

f. junior J. Ag. .. ..117.
grandifolia Collins. .. .. 116,117.
lanceolata Coll., Hold. et

Setch. .. .. .. ..59, 86,93, 96.
Janceolata Kjellm. . 42,66, 75, 85,

125, 126 129,
lnnceo]nta Saunders-.. .. 129.
laticosta Kjellm. .. ..85,95,96,123,
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linearis Strémf... . 21,111, 132,
macrophylla Miyabe. .. 79.
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marginata P, et R?.. ..79. ' Fucus pinnatus Gunc.. .. ..71, 108, 110,
membranacea J. Ag. .. 90, 98, 102, | - ) 118,114,
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nana Schrader, .. .. ..2%,27,66,75, Desprenuxii Bory. .. 98,102 -
118. digitata Lamx. .. ..42,45,46,56.
oblonga Kjellm . .. ..100,101,122 esculenta Lamx. .. 709.
“  ochotensis Yendo. .. ..11,41,66,75, |- var, platyphylla De
83,84 ' la Pyl.. .. ..132
pinnatifida Harv. .. ..135. ~ var. remotifolia- De
prelonga Kjellm. .. ..27,28,36,42, Ia Pyl.. .. ..9§,132
51, 59, 66, 75, 81,83,86, var. teniata De la
87, 88, 91, 96, 97, 100, : Pyl. .. .. ..109,128.
107, 113, 118, 120, 124, esculenta Lindl.. .. 120.
125,129, var. Noltii Hornem. 109.
preelonga Setch. et Gard.. 93. . hyperborea Lamx. .. 56.
f. nana Setch. .. ..119. japonica Aresch. .. 56.
Pylaii J. Ag. .. .. ..89, 91, 101, linearis De la Pyl. .. 109.
’ ©o122. : : longissima Miyabe. .. 56,108.

a. typica Rosenv... ..98. : musefolin De la Pyl. 91, 102, 103,

B. membranacea Jonssen 720, 110,115, 131.

B. membranacea Rosenv. 98, 120. Noltii Ag. .. .. ..51109.

var. grandifolia Jonssen 720. ochotensis Miyabe. .. 56.

Pylaii (z.mv. . .: 10, 14, 24, 60, Peterseniana Kjellm .16, 36,73.

. ) 64, 65, 66, 69, 75, 83, 85, Pylaii Bory. .. ..10L .

90, 91, 95, 97, 110, 122, Pylaii De la Pyl. .. 83, 98, 100,
193,131,133, 134. ' 101.

striata J. Ag. .. .. ..9396. radicosa Kjellm. .. 45,74,

teniata Kjellm... .. ..12,27,28,42, | saccharina- Lamx. .. 42, 45,56,

. 66,75,78,127, . Museefolia esculenta Stackh. .. 108.

tenuifolia Setch... .. ..98,103. Orgyia Delisii Trev. .. .. ..132

f. amplior Setch, .. .. 98,103. esculenta Stackh .. .. 108.

f. typica Setch. .. ..98,103. pinnata Gobi. .. .. ..71,78,114.
valida Setch. et Kjellm. .. 21,49,50,59, | Phasganon alatum Rupr. .. ..71, 86, 111,

66, 75,97,113,116. - 112,113,114,

f. longipes Setch. et Gard. 116. var. latifolium Rup. 79, 83, 86, 88.

yessoensis-Miyabe. . .86 . var. macropterum

sp. Kjellm... .. .. ..76 . . Rapr. .. .. ..83.
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Plate L
Alaria fistulosa PosT. et RupER.

Basal parts of two matured plants to show the sporophyll-bearing
stipe and the holdfasts. X 3.

A matured sporophyll in natural size:. ,

A part of the blade of a comparatively young 1)l:xnt. X4

Cross section of the midrib. x 3.

(Figs. 1-3 after Mivape with a little modification).
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Plate IIL
Alaria macroptera (Rurk.)

Fig. 1. A second-year frond in natural size, with fully matured sporophylls ;
the upper part of the blade cut off.
Fig. 2. An.upper portion of the blade to show the fine corrugation of the
margins. Nat. size.
. Figs. 3-5. Cross sections of the midribs of various specimens. x5. In the
section shown as TFig. 3 the medulla and the perimectullary
tissue have not heen so distinct as in the others under the low
power lense; in the medulla the callus formation was especially
rich.  The midrib shown as Fig. 5 is abnormal in shape as well
as in the distribution of the spanning cortices on hoth margins.
The shape of the cross section recalls the fignre illnstrated hy
SETCHELL for Alaria valida.
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Plate III.

A

Alaria ochotensis sp. nov.

Plant in natural size, with the upper pat of the blade cut off.

Cross section of the midrib of a young frond from Jimtaki, Sakha-
lin. x5. ‘ |

Cross section of an upper part of the midvib of a matared frond
from Aniwa Bay. xb. '

Cross section of a lower part of the midrib of the same frond. x5.
This is to show an example that the shape of the cross sections
of the midrib varies even in one and the same individual.

Cross section of the midrib of a matured frond from Sorvenuiya,

Sakhalin. x 5.
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Plate IV.

Alaria predonga Kreno.

Fig. 1. TFrona in natural size, the upper part of the blade cut off.
Fig. 2. Cross section of the mjdrib of a young frond. x5.
Fig. 3. Cross section of the midrib of a matured frond. x5.

Tigs. 4-5." Two examples of branched stipes. Nat. size.

P W
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Plate V.

Alaria dolichorhachis KIELi.

Al

A young specimen of the plant in natural size. After KJELInax.
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Plate VL
Alaria marginata Posr. et Rupr.

Fig. 1. Basal part of o fully matured plant. Nat. size.

Figs. 2-4. Cross sections of the niidribs of a young, half-matwred, and a
fully miatured plant respectively,- the last figure showing one
half of the breadth. x 5. This species has the spanning cortex
poorly differentinted, sometimes not reaching to the epidermis as
shown in Fig. 4, and sometimes detached as in Fig. 3. The -
callus formation has been generally less frequently observed in

the marginal swellings of the medulla.
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Flate VIL
Alavia Pylaii Grev. ,

Frond in natural size, with the npper part of the blade cut off.
The specimen shown has the Dblade fully developed but the

sporophylls yet immature.
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Plate VIIL
« Alarie Pylaii Grev.”

Fig. 1. Specimen No. 2088 in the Agardhian Herbavium under Alawria Pylaii
J. A¢. On the specimen sheet there is a note in J. AcarDH's
handwriting, reading : “-Sukkeftolj)pen, BrraareN. Al Des-
preauxii Bory. L. Pylaii Derar. vix Bory. L. musefolic
var. remotifolic DEL.” o '

Tig. 2. Specimen No. 2094 in’ the same herbavium, bearing the name Lamin.
Pyluit Bory in:AcarpH’S handwriting. The specimen does not
show the characteristics of 4. Pylaii GrEv. but appearssto me
to be young”fronds of A. esculenta GrEv.

From photographs kindly supplied by Prof. O. Norps1EDT.
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Plate IX,
Alaria crassifolic KJELLM.

Fig. 1. A fuly matured, first-year frond in natural size.

Fig. 2. Part of the stipe of a fully matuved, seconcl—yeau" frond in natoral
© size. '

Fig. 3. A matured sporophyll with the sterile, membranaceous part still

«  attached at the apex. Natural size.



dour. Sci. Coll., Vol. XLIII., Art. 1, PL. IX.

K. Yendo. Alaria crassifolia Kjellm.



K. Yendo:

"~ A Monograph of the Genus Alaria.

)

Plate X.



Plate X.
Alaria crassifolia KIELLM.

TFigs. 1-3. Various stages of development of the sporophylls of the second-
year.fronds showing the metasoric morphological change. The
first-year sporophylls have mostly dropped off leaving the scars
of their attachment points as verrucose proceéses. Fig. 1, young
sporophylls as found at an early part of spring. Fig. 2, a more
‘advanced stage ; the basal parts of the sporophylls are markedly
thiéker. and “narrower than the sterile upper parts, and the

margins are finely crispated. All in natural size.
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Plate XI.

Alaria esculenta GREV.

Fig. 1. TFrond in natural size, with the upper part of the blade cut off.
The metasoric character of the sporophylls is not satisfactorily
shown in this figure. The gradual morphological changes of
the sporophylls as they become soriferous are essentially similar
to those shown in Plate X for A. crassifolic KiELLm.

Fig. 2. Cross section of the midrib of a young plant. x 5.

Fig. 3. Cross section of the midrib of a well-grown plant. x5.
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Plate XII.
Alaria valida KyeLiM. et SErcH.

Fig. 1. A matured plant in natural size, with the upper part of the blade
cut off. - )

Figs. 2-3. Cross sections of the mibribs. x 5. The midrib shown in Fig. 3
is dorsi-ventrally assymmetrical, and the spanning cortices at the
marginal ‘swellings of the medulla are distributed so as more or

less to show the abnofmity.
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Plate XIIL

Alaria nane SCHRADER.

A}
Fig. 1. A plant in natwal size, with the upper part of the blade cut off.

The specimen here shown is a complete form found in a rather
quiet water.- The species is habitually found on a swfing veef
" with the blade roughly torn away, and the holdfast is much
less ramified than shown in the figure.
Fig. 2. Cross section of the midrib of a plant about 22 cm. in total height.
The spanning cortex not yet differentiated. x 5.

Fig. 3. Cross section of the midrib of a matured plant. x5.
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Plate XIV.
Aiaria grandifolia J. Ac.

One of the type spee{méns in the Agardhian Herbarium, under f,
adulta J. Ac. (specimen No. 2256). Photographed by Mur.

- MarrssoN through the kindness of Prof. O. NorpstEDT at the
writer’s request. The metasoric character of the sporophylls is

satisfactorily shown. Scale in centimeters.
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Plate XV.
Alaria angusta KTELLM.

Fig. 1. Frond in natwral size. A second-year plaint with the sporophylls
not yet fully matured.

Fig. 2. An upper part of the blade of a well grown plant. The blade is
pinnately cleft with the apices of the segments recurved and

_ subulate. )

Figs. |3-4. Cross sections of the midvibs at the middle part of the léngth of
the Dlades. TFrom the specimens collected in the southern

Kuriles. x 5.
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Fig.

Fig.

Tig.

Fig.

‘.CT(

FPlate XVIL
Alaria teniata KIELLM.

Frond in natuwral size, with the greater part of the length of the
blade cut off. The metasoric sporophylls have the soral parts
evidently broader than the sterile upper parts.

Cross section of the midrib at a poin'ﬁ near the apex of the blade
which measures in dry specimen 369 em. in total lengﬂl and
2 cm. at the broadest part. x 5.

Cross section of the midrib at a point about 25 cm. above the transi-
tion point of the same specimen. X .

Cross section of tl,le midrib of -a frond with duplicated semi-blades.,
In the duplicated side of the midrib the spanning cortices arve
curved inwards and a tissue similar to them is found at the
sinus of the semi-blades.  The medullary layers of the latter
diverge at the outer end of the marginal swelling of the medulla
of the midrib. x5. . .

Cross section of the midrib after KsELIMAN. The tetragonal form

could not be found with our specimens. x 6.
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" Plate XVII.
Alaria lanceolata KIELLM.

Fig. 1. Frond in half natural size.
Fig. 2. Sterile sporophyll. Nat. size.
Fig. 3. Cross section of the midrib. x 6.

(All figures after KJELLMAN). -

N. B.—The figures can not be said to show the specific character ac-
curately. The specimens in my possession, which I identify with ‘the species,
are all too young and can not be shown as to represent the species in a

monograph. Hence, the original figures, though far from satisfying, are here
taken. » - -
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‘Plate XVIIL

AY

Alaria crassifolia KIELLM.

Tigs. 1-3. Gametophytes found in nature ; simple and sterile, branched and

antheridial, and branched and oogonial, respectively. X 450.

Tigs. 4-5. Sporelings with unicellular rhizoids. x 450.

Figs. 6-7. Monostromatic embryonal blades to show the cellular .armngemen‘o.

TFios. S-11.

Figs. 12-14.

At the stage shown in Fig. 6 the cells are still disposed in the
hyperbolic figure as bas been observed in a similar stage of
Costaria Turneri. x 450. .

Mucilage glands observed at a post-embryonal frond of about
15 cm. in total height. Fig. 8, surface view of a marginal part -
of the frond at about 5cm. above the transition region. The
glands are denser and smaller along the margin, rarer and
Iarger towards the midrib, and finally entirely absent. Beyond
the area here delineated mo gland could be seen. The glands
near the transition region are colowrless and granular, those ab
3—4 cm. above the transition region and upwards gain darker
brownish hue. x54. Fig. 9, A part of the same enlarged.
The epidermal cells overlying the glands are seldom disposed
radiately around a gland. x450. Fig. 10, cross section of the
blade at the same point. x450. TFig. 11, swface view of an
upper part of the blade with the four glands fused together but
still with the septal membranes between them. x 450.

Diagramatic figures of the cross sections of the basal cylindrical
part and the complanated part of the stipe, and the midrib
vespectively, of a two-year old plant. About x 10. a, epidermal
layer (limiting layer of SETCHELL); b, second year cortex; ¢,

- outer cortex -composed of radially disposed cells; d, inner cortex

composed of larger parenchymatic cells; e, perimedullary tissue ;
f, medullary sheath; g, medulla; £, marginal swelling of the
medulla ; &, spanning cortex.

Pig. 15. Puart of a cross section of the midrib of a matured frond, to show

the compact tissue of the medullary sheath about the marginal
swelling of the medulla; e, perimedullary tissue; f, medullary
sheath ; d, inner cortex. x 240. ) '

Fig. 16. Part of a cross section of the midrib of a matured frond, a point

Fig. 17-18.

about the median line, stained in an aqueous solution of anilin
blue. The cell-wall of the inner cortex and the hyphe stain
very pale, those of the perimedullary tissue deep blue, and the
calius of the trumpet cells in the medulla deepest. x 240.

Two trumpet cells; Fig. 15, thick-walled cells, treated first in
sulphuric acid and then in chloriodide of zine. Fig. 16, callus
formation, ‘stained in an aqueous solution of anilin blue. x450.
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Fig.
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Fig.
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Plate XIX.
Fig. 1-3. Aluria ochotensis sp. nov.

Parb of & cross section of the midrib: the parenchymatic tissue on
the left side is the innermost part of the inner cortex; the
thick-walled, large cells, with the hyphal strands traversing
through the intercellular spaces on the right, belong to the -
perimedullary tissue ; interposed between these two parts, a naip-
row area of the medullary sheath, composed of the fibrous cells.
x 240. ‘

Surface view of the blade at an upper part to show the distribution
of the mucilage glands in a square millimeter. x 54.

A mucilage gland seen from the swface of frond, through the epider-
mis. The arrangement of the epidermal cells overlying the
gland is more or less disiarbed but not under any fixed rule as-
in Undaria pimiatifida : no spscial pore for the gland is to be
seen. x 240.

Fig: 4. Alaria marginate Posr. et Rupk.

Cross section of the midrib showing a marginal swelling of the -

medulla and right half of the thickness of the midvib. In this
species the perimedullary tissue and the medullary sheath ave
slightly differentiated ; ~ the spanning cortex is also poorly
developed in comparison with the other spacies. X 240,

Figs. 5-12.  Homeostroma latifolium J. Ac.

Rhizoidal part of a young plant with embryonal shoots starting from
it. About x50. Somewhat diagrammatic.

Embryonal shoot of a single row of cells. x 240.

The same; a more advanced stage. The cells in the upper part of
frond are broader than height. The apical hair begins to
appear. X 240. -

The same; still more advanced stage. The cells in the middle and
upper part of frond are divided longitudinally and transversely
to form the monostromatic blade. The apical hair is elongated
and septated. x 240. :

A young monostromatic frond, with apical hair completed. The
marginal hairs arve issued prirwise from the upper corners of
“segments.” Each “segment” is one cell-areole initiated from
a mother cell. x 240. _ ' .

A part of margin of a blade of about 3 mm. in length ; young
hairs starting from the intervals of the older ones as the blade
“increases in length by cell-multiplication. x 240.

Cross section of a frond which began to be distromatic. x 240.

Surface view of the blade to' show the starbing of a haiv-tuft ; the
epidermal cells are divided into much smaller ones which
initiate the hairs. The hair-initiating cells are richer in
chromoplasts than the ordinary epidermal cells. x 450.
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K. Yendo. 1-3. Alaria ochotensis; 4. Alaria marginata Post.

et Rupr; 5-12. Homoeostroma latifolium. J. Ag.



