View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by University of Northern lowa

Proceedings of the lowa Academy of Science

Volume 24 | Annual Issue Article 59

1917

The Morphology of the Thallus and Cupules of Blasia pusilla

Marguerite B. Rohret
The State University

Copyright ©1917 lowa Academy of Science, Inc.
Follow this and additional works at: https://scholarworks.uni.edu/pias

Recommended Citation

Rohret, Marguerite B. (1917) "The Morphology of the Thallus and Cupules of Blasia pusilla," Proceedings
of the lowa Academy of Science, 24(1), 429-445.

Available at: https://scholarworks.uni.edu/pias/vol24/iss1/59

This Research is brought to you for free and open access by the lowa Academy of Science at UNI ScholarWorks. It
has been accepted for inclusion in Proceedings of the lowa Academy of Science by an authorized editor of UNI
ScholarWorks. For more information, please contact scholarworks@uni.edu.


https://core.ac.uk/display/223008203?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://scholarworks.uni.edu/pias
https://scholarworks.uni.edu/pias/vol24
https://scholarworks.uni.edu/pias/vol24/iss1
https://scholarworks.uni.edu/pias/vol24/iss1/59
https://scholarworks.uni.edu/pias?utm_source=scholarworks.uni.edu%2Fpias%2Fvol24%2Fiss1%2F59&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.uni.edu/pias/vol24/iss1/59?utm_source=scholarworks.uni.edu%2Fpias%2Fvol24%2Fiss1%2F59&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarworks@uni.edu

Rohret: The Morphology of the Thallus and Cupules of Blasia pus'illa

THE MORPHOLOGY OF THE TIIALLUS AND CUPULES
OF BLASIA PUSILLA.
MARGUERITE B. ROHRET.
HISTORICAL.

First mention of the genus Blasia was made by Micheli Nov.
PL Gen. 1729. Linnzus recognized the genus and added . the
specific name pusilla in his Species Plantaram 1753 p. 1138. In
1759 Schmidel wrote his *‘Dissertatio de Blasia.”” Hooker 1816
called the plant Jungermannia blasia hut as this classification
is much too broad it is not used today. (iottsche® 1828 published
an account of the germination of the spores of Blasia pusilla.
Later Gronland published his investigations of spore germina-
tion in the leafy Jungermanniz, including Blasia in his discus-
sion. In 1833, Nees von KEsenbeck!® made some investigations
on vegetative propagation and erroneously stated that the bud-
receptacles (cupules) of Blasia are closed when young and open
at the top at a later period. An incorrect ficure of Hedwig’s
had probably given rise to this error. Hofmeister? included in
his work on The Higher Crytogamia, a short sketch of vegeta-
tive reproduction in Blasia, but some of his views are probably
as faulty as those of Nees von Esenbeck.™” ' :

The most comprehensive study of Blasia pusilla was the elassi-
cal work of Leitgeb' 1874. His work was mainly on the gen-
eral characters of the thallus, and on gemma formation. The
development of the gemme was treated in detail, following
closely the work previously done by Hofmeister. He also fig-
ured a few antheridia, several archegonia, and stages in the
development of the sporophyte. Further work on the species
was not reported until 1913 when W. E. Woodburn published
his paper on the spermatogenesis of Blasia pusilla.

THE THALLUS.

Blasia pusilla is a temperate zone liverwort of wide distribu-
tion. The species belongs to the Jungermanmniales, which includes
about 135 genera and over 3,500 species. This order of ITepatics
is divided into the two sections Jungermanniacee Acrogynwe and
Jungermanniaceee Anacrogyn®. In the first group the apical

Published by UNI ScholarWorks, 1917



Proceedings of the lowa Academy of Science, Vol. 24 [1917], No. 1, Art. 59
43 IOWA ACADEMY OF SCIENCE  Vor. XXIV, 1917

cell is given over to the formation of archegonia, which are ter-
minal, while in the seecond group, to which Blasia belongs. the
archegonia are formed on the dorsal side of the thallus from
seements cut off from the apical eell, so that apical growth is
not hindered. The subfamily Codonioidex inclndes eight ecnera.
of widely divergent variations, namely Pellia, Calyvcularia,
Treubia, Fossombronia, Noteroclada, Petalphyllum, Siniodon,
and Blasia. The genus Blasia, acceording to Schiftner® ineludes
but one species B, pusilia.

It is distinetly fransitional between thallose and foliose forms
of Tlepatics, having a flattened, elongate thallus, which lies
prostrate and firmly anchored to the smbstratum by rhizoids for
about three-feurths of its Tength. The apical regions are free
and grow somewhat inclined although the plants almost always
point down the slope. The thallus is characterized by dich-
otomaeus branchine aud has a broad midrib extending through-
out its entire leneth on the underside.  Along the midrib the
thallus lohes are inserted horvizontally and laterally.  They re-
semble leaves but are termed thallus lobes, not heing separated
from the midrih and from eaclh other.

This dorsi-ventral thallus is relatively simple, the tissue be-
ing for the most part composed of uniform cells with thin walls,
Chloreplasts are numerous in all the cells with possibly a few
more in the top layer than in the lower ones. No air-chambers
or pores were found. In cross section the thallus shows wing-
like extensions projecting out from the midrib, which is found
on the mderside. This midvib, slightly depressed on the dorsal
surface, and howed out on the veutral side. is ecight to twelve
cells in thickness and from the midrib to the point of lobe in-
sertion, the thallus narrows eradually to the margin of the
wines. which are one eell in thickness (1, fieure 84).

The only differentiation in the structure of the thallus tissue
was first noticed in eross seetion, where gronps of cells vary-
ing from nine to thirty-six in number stained more deeply than
the surrounding tissue. This differentiation sneggested a strand
of eells set apart for some special purpose, probably to function
in conduction. Conducting tissue has been reported in three
of the Anacrogyvnous Jungermanniales and nowhere else in the
Tiverworts. Sir William Hooker 1816 discovered the strands in
Jungermannia now Pallavicinia Tivellil.  Gottsche in 1864 de-
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seribes a similar strand in Symphyogyna sinnuate and Leitgeb
describes the cells of this strand in Symphyogyna and states that
Blyttia (Pallavicinia) and Umbraculum (Hymenophyton) have
similar strands.

In fresh young plants of Blasia the strands can barely be dis-
tinguished but in the old dead thalli they stand out on the sur-
face as white threads. This would indicate that the ecell walls

Fig. 84.—1, Cross section of thallus. 2, Cross section through conducting
strand.

are more resistant in the strand than in the surrounding tissue
and the few experiments tried only serve to emphasize this faet.
Upon the decay of the spongy thallus tissue these strands still
hold their shape and can easily be picked from the soil surface.
Drying has the same effect, entirely destroyving the soft portion
but leaving the threads unaffected.
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A weak ecosin solution was used to test the conduneting power
of these cells, hut the experiments were not wholly satisfactory
as the whole thallus took the stain. There was a marked dif-
ference in the degree to which the strand stained, as they be-
came much darker than the surrounding cells. But even this
would scem to indicate that more of the fluid was retained in
the strands than in the remainder of the thallus.

Generally, only two strands were found in a single thallus
but the number varies from two to five, depending on the
amount of branching. They are found laterally in the thickened
midrib of Blasia about equidistant hetween the dorsal and ven-
tral surfaces. Where the thallus branched the strand divided
egiving off branches to cach newly formed division. The angles
of the eell walls were quite sharp in the transverse section but
other markings were not found here (2, figure 84).

In the longitudinal section (3, figure 83) a greater difference
was noticeable. The eonducting eells, averaging the same in width
as those of the thallus, had a length three to five times ereater
and tapered to a point at each end. Cross walls in some speei-
nens run obliquely through these long tubes. The most strik-
ing characteristic was the peculiar markings of the cell walls.
The pits or depressions arranged irvregularly along the walls
are thin at the eenter and hordered hy heavy darkly staining
thickenings, giving the external appearance shown in 4. figure
85, These thickenings show at fairly regular intervals along
the wall in the prepared sections. Where the strands join the
spongy tissue on cither side, only the inside walls bear the mark-
megs.  The strands undoubtedly serve in a mechanical ecapacity,
heing provided with sueh strong walls, but it is doubtful if this
is their most important funetion. Tt does not seem consistent,
that a thalloid liverwort, attached by rhizoids for three-fourths
its Tength, would need such strengthening as the strands might
aive.  Ilowever. it is possible in the case of Blasia pusilla, that
the resistant cells aid in giving hody to the thallus upon which
are found the gemme receptacles and large sporophytes. Gottsche
fonnd that in Symphyogyna they had no councetion with the
“‘receptacles’” on which the sexual organs were seated.

These strand cells do not show nnelei, but simply a disinteg-
rated substance, probably protoplasm, as it took the stain as
readily and to abeut the same degree as the protoplasm in the
surrounding cells.
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In testing the plants in eoncentrated sulpluric acid, the thal-
lus was found to melt away quite readily in from one to three
hours, leaving the strands seemingly unaffected by the acid. At

I

Fig. §5.—3, Longitudinal section through conducting strand. 4, Enlarged
strand showing external markings.

28
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first the tissues of the thallus swelled considerably but soon
broke down and the residue assumed the consisteney of jelly.

The strands, freed from the acid, were stained and mounted
in balsam. They did not break down during the process but
remained rigid and resistant. The mounts showed the identical
markings seen in the prepared longitudinal seetions.

As most liverworts thrive only in moist habitats, the whole
surface, if close enough to the sub-stratum, might absorb all the
water needed or the thallus might be provided with rhizoids
which perform the saine function. With an inerease in speeiali-
zation in these forms, as erect hranches or parts raised above
the thallus surface, it would seem almost necessary to have some
sort of conducting system, more or less complex.

Chick and Tansley' say the following in regard to the three
liverworts having conducting tissue: ‘‘The three genera Palla-
vicinia, Steph., Symphogyna, Nees et Mont., and Hymenophyton,
Steph., differ in well-inarked characters connected with the po-
sition and investment of the sporogonium, and it is perhaps niost
probable that the striking character they have in common—the
possession of an axial strand—has developed independently in
each genus. The strand cells are formed, as might be expected,
by longitudinal division of the inner cells eut off from the seg-
ment of the apical cell and are differentiated very eclose to the
apex.’’

The Growth of the Thallus—The growth of the thallus pro-
ceeds by means of a wedgeshaped apical cell. This type seems
characteristic of the dichotomously branching forms, for the
cell can be divided into two seements alike in size and shape
and like the original apical cell. As cach segment cuts off seg-
ments from its inner face the two apical cells are pushed farther
apart, and the dichotomous hranching resnlts. ILeitgeh® says,
“The growth of the shoot results through the division of the
‘vertex cell,” which forms a four sided segment, eutting off to
right and left and dorsal and ventral sides. We find the same
method of growth in the segments of Aneura and Pellia and the
leaf-building segments of Fossombronia and Frullania. The
segments cut off from the right and left sides of the apical eell
develop the side leaves, while those ent from the dorsal and
ventral sides take part in developing the branches. Those on
the ventral side formm hair papillae and scales.”” Some from
the dorsal side form tlic sex organs.
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Ieutral  Differentiations.—The two-celled mmueilage hairs,
found on both sides of the thallus, originate from a superficial
cell which pushes out from the surface. This cell divides once
and the basal cell retaing its nucleus and chiloroplasts while the
outer one breaks down into a mucilaginous substance which
stains very deeply. These hairs usually turn inward toward
the apical cell, and form a protection for the growing point and
for the vounger sex organs which arve found near the apex. The
mueilage hairs do 1ot seem to be deciduous, for old ones are
found far back on the thallns after the erowing shoot has
clongated and fornmed new hairs at its tip.

The ventral side of the thallus develops smooth, unicellular,
colorless rhizoids.  These hairlike structures are merely out-
pushings of the epidermal cells along the midrib, which funetion
both as anchorage organs and water absorbers. They are often
so nmmevous that they form thick mats along the midrib, and the
plants can be Tifted from the soil only with difficulty.

The under leaves are sealelike appendages called amphigastria.
They are usually several cells in thickness at the eenter and one
cell thick at the margin. These seales have dentieulate margins
in contrast to the entire margin of the thallus. They ave ecasily
detached and may give rise to new plants. No doubt the amphi-
gastria are rudiments of the ventral row of leaves commouly
found in the leafy liverworts, and may assist in holding water.

We have a final veutral differentiation in the leaf auricles.
These appendages begin as plates of cells pushed out from the
lower epidermis of the thallus. Their marked ineurving pro-
duces a hollow, globular structure which heeomes filled with
Nostoe.  As the cells are pushed out a mucilage papilla is formed
at the outer margin which eradually curves inward. Another
mucilage papillla pushes out from an epidermal cell into the
hollow already formed. After the formation of the leaf auricele,
it is infected with Nostoe which finds entranee at the point
where the mueilage hair touches the thallus. In the yvoung
stages we find au aperture here but later the auricle is completely
closed. Seen from the top of the thallus the Nostoe colonies ap-
pear as tiny black spots imbedded in the tissue.

At the time Sehmidel'® studied Blasia there was some uncer-
tainty as to what the Nostoec might be. Sehmidel in his ‘‘Dis-
sertatio de Blasia’’ considered the auricles as antheridia and the
mdividual cells as sperms.
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Bischoff (1833) called the Nostoe colonies antheridia but a
few years later Nees von Isenbeek found the real antheridia
and called the Nostoe ‘‘Keimkornerknitehen.””  Hofmeister®
held that the organs were reproductive buds. basing his idea on
their analogy with what he called “‘the undoubted buds of An-
thoceros’’ developing in the same manuer. He says, It is well
known that nmmerous reproductive buds ave formed on the under
side of the stem of Blasia. The econtents of one of the inner
cells of the tissue of the stem (which cells are only separated
from the under side by a single cellular layer) become trans-
formed into a cell oecupying the whole cavity of the mother-
cell. This danghter cell changes into a roundish hody, composed
of small cubical cells which eontain numerous very small ehlor-
ophyll bodies of a dark bluish-green eolor. The cellular layer
of the under surface of the stem which covers the reproductive
buds becomes swollen to a hemisplierical shape by the inerease
in size of the latter. 1 have not seen these reproductive buds
develop into young plants.”’

Corda* figures the germination of the Nostoe cells and calls
them new plants of Blasia. These erroneous ideas were not cor-
rected until Leitgeb’s work was published 18374, e gave a good
deseription of the structure and origin of the peculiar chambers,
but failed to show the fully developed auriele. Coker® says,
““By pressing out the Nostoe he (Leitgeb) found that the colony
was penetrated by clear cells, which he correctly deduces to be
branches of the Blasia thallus that have arisen from the slime-
secreting hair that was present in the young stages. There
grows up from the floor of the ehanber a treelike structure with
a single trunk, and from the repeated ramifications of this tree
the whole colony becomes interwoven with cells which doubtless
serve to abstract nourishment from the algwe. This whole rami-
fying structure has in all probability come, as Leitgel thought,
from the subsequent growth of the slime-secreting cell. In
other cases of such symbiotic relationships, as Anthoceros, there
are, likewise, cells growing in from the host plant; but in all
such cases, so far as I know. these outgrowths originate, not
from a common base, but separatcly and at many points. The
striking arrangement of I3lasia seems to be confined to it alone.’’

The host plant cells no doubt take nourishment from the
colomies of alga and they may also serve as water reservoirs as

https://scholarworks.uni.edu/pias/vol24/iss1/59



Rohret: The Morphology of the Thallus and Cupules of Blasia pusilla

MORPHOLOGY OF BLASIA PUSILLA 437

do the mucilage hairs. That Nostoe is absolutely necessaryA to
the growth of Blasia has not been ascertained, but it is true
that small colonies are found in the young thalli very soon after
the germination of the gemmse,

The dorsal differentiations include the sex organs, the calyptra,
and the cupules, in which the asexual reproductive bodies arec
produced.

CUPULES. VEGETATIVE PROPAGATION,

Asexual or vegetative reproduction in Blasia pusilla is accom-
plished in two different ways. The amphigastria or underleaves
may become detached from the lower surface of the thallus and
give rise to new plants. These scales are loosely attached, easily
removed and well prepared to launch new thalli. The second
method is by means of asexual bodies ealled gemmse, which grow
in special receptacles on the thallus and upon being expelled
give rise to new plants.

The development of the cupule in which these gemme are
formed is extremely interesting. The initial of the cupule is a
dorsal segment of the apical cell and the mature cupule is located
rather near the apex of the plant. By repeated divisions vertical
to the plane of the thallus, the dorsal segment gives rise to a com-
pact cluster of cells just back of the growing point (5, figure
86). Activity appears then to be retarded in this region and
increased in the surrounding cells for they soon bulge up around
the compact region, forming a rim (6, figure 86). Cell division
is more rapid in the posterior part of the depression.

The development of the cupule of Blasia follows closely the
first few stages in the development of the Marchantia cupule
as given by Barnes and Land.! Here is the same compact tissue
whose cells fail to divide and thus allow the surrounding cells
to outgrow them. According to Barnes and Land.® ‘“‘In Mar-
chantia the upgrowth of cells at the rim of the depression be-
gins on the posterior margin but later extends completely around
the depression, so that at maturity the eup is circular and of
almost equal height on all sides. The.origin of the cupule of
Lunularia has been shown to be the same as that of Marchantia,
except that the development of the rim takes place only on the
posterior side of the gemmiparous region, which is also more
extensive. In some cases late in the development, a slight an-
terior elevation continues the line of the posterior rim and so
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siiggests the cireular cup of AMarchantia. The superficial origin
of the gemma is thus perfeetly clear.”’

At the point where the posterior part of the Blasia cupule
hegins to increase all resemblance to Marchantia ceases (7, 8,
9, figure 86). The tissne resulting from the accelerated growth
in Blasia ecovers the depression eomipletely leaving only a small
opening at the anterior end (10 and 11, fieure 86). Because of
this method of growth the resulting cavity is clongate and flask-
shaped. Papillate eells ave now found pushing ont from all
sides of the cavity and are soon cut off hy transverse walls.
These are differentiated either into mmeilage hairs, similar to
those on the thallus, or into the initials of the gemmee (12, fig-
nre 87). Farther division of the gemwa initials i3 carried on
first by transverse walls and later by vertieal walls, so that the
mature gemma is composed of a mass of from four to twelve
cells, resembling the antheridiun in its yonnger stages.

When the first gemma are mature, accelerated erowth in the
margin cells of the walls about the opening. forces the edges
upward forming a chimney-like tube at the anterior end of the
cavity (13, fieure 87). This tube attains a length of 1 to 2
mm. and varies from two to four cells in thickness. At the
apex the edges flare outward slightly, giving the tube a bell-
shaped opening.

AMost of the enpules were found on antheridial plants, although
in several instances they were found on archegonial plants,
where the archegonia hiad not been fertilized. The cupules ap-
pear later in the life cyele than do the sex orzans. Tieitgebh'®
held that they were antheridial pockets, for in one instance he
found a half grown antheridium at the posterior end of the
cupule. IIe tried to find other stages but was not sucecessful.
Cavers® thought the gemma receptacles were modified archegonial
receptacles since archegonia were sometimes found in them.

The writer is inelined to think that the eupules are especially
formed for gemma production and are not modified sex organ
receptacles. It 1s trme that the development of thallus tissue
is parallel to the development of the sex-organ covering, but if
these cupules were degenerate antheridial receptacles it scems
that the tissue development wonld cease when it had enclosed
the depression, instead of elongating to form the long necklike
extension.
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Leitgeb® says, ‘Gemmea grow into male plants and those bear-
ing flasks.”” The writer is not prepared to dispute this idea,

11.

Tig. 86.—5, Compact cluster of cells beginning cupule formation. 6, Up-

pushing of margin cells. 7-8-9, Stages in overgrowih of posterior portion of

cupules. 10-11, Early stages in formation of cupule neck.

until further investigation has been made, but is doubtful if
such is the case. The occurrence of flasks on the archegonial
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plants would probably be the hest argument against his theory.
In cultures which he made, gemma developed no further than
a vegetative body about six cells long and two to four cells wide,
in which instance it would be impossible to tell whether the
plants were male or female.

The Gemmae—The multicellular gemme are ovoid in form,
about .14 mim. at the greatest diameter. They are held in the
receptacle upon hyaline stalks, one cell in thickness, and in
some cases twice the length of the gemma,

Throughout the period of gemma development the mucilage
papillee have been seereting a slimy substance which is poured
out into the flask cavity. "The mature gemms, breaking from
their stalks, beconie imbedded in this viseid substance and are
ready for expulsion from the flask. Just how this is aecom-
plished has not beeu fully provem. Hofmeister? says, ‘‘The es-
cape of the buds is doubtless caused by the pressure whieh the
nunierous rapidly growing young buds neeessarily exert upon
the mucilaginous contents of their receptacle. which contents are
thereby in eonstant motion toward the openine in the neck.’”’
Beside the pressure of the growing gemms it is possible that the
entrance of water into the flask causes the swelling of the muei-
lage foreing it from the flask neck. This conelusion is supported
by the observation of drops of the exuded mucilage standing
at the tops of the necks, especially when the atmosphere was
moist, or when the dew was still upon the plants. After the
expulsion of the mucilage drop with its load of gemmse, they

“can easily be scattered.

It is probable that insects or snails might be responsible for
distribution of some of the genmnge through contact with these
slime globules filled with mature brood bodies. But doubtless
water splashing on the plant is the move efficient agency for
gemma dispersal, as the slime dissolves quickly in water.

These little asexual bodies grow very rapidly and produce
juvenile plants one to two mm. long in a few davs. Their growth
is extremely interesting and takes place while they are still
sticking to the dorsal side of the old thallus. Teitgeb was prob-
ably referring to these new plants, which are sometimes star-
shaped in their earlier stages, when he described the ‘‘stern-
schuppen’’ of Blasia. Goebel” says the following in regard to
the asexual reproduction of Blasia: ‘‘Blasia has two kinds of
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gemmee: the one is a nearly sphevical cell-mass produced in a
flasklike receptacle with a long neck; the other is a gemma-

77

o

Tig. 87.—12, Cupule showing development of gemmee. Greater develop-
ment of neck. 13, Mature cupule containing mature gemmsa ready for ex-
pulsion.

seale at the base of which there is to be seen at a very early
period of development the cell from which the new thallus pro-
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ceeds,—this gemma-scale arises upon the upper side of the thal-
Tus, especially upon shoots which bear neither sexual organs nor
receptacles for gemme. These gemma-scales require investiga-
tion especially in their biological relationships.”” No trace of
these secalelike appendages showed on the darsal surface of the
speeimens studied. In only one case were the gemmse found
germinating in the flask, and in this instance only a single
protuberance was pushed ont at the side. This flask was an old
thallus and the gemma probahly had been developed the fall
hefore. This is an exception to the usual procedure, however,
for the gemma are expelled at maturity, while young buds are
forming at the base of the flask. Conditions for germination are
not likely to be favorable when the hiood-buds are tightly
erowded together in the flask and surrounded by the viseid gel-
atinous substance produced by the mnecilage papille.

‘When gemmee are placed in a favorable situation. growth pro-
cceds by means of the end eell which develops into the regular
wedge-shaped apical cell already deseribed for this plant. In
the earlier stages of the thallus, the apieal eell builds up a
broad flat stem and the leaf-like lobes appear on opposite sides
of this expanded portion. In very early stages the plant looks
like a leafy liverwort having distinetly separated lobes set on

- the stemlike midrib apparently like leaves. 'The lobes must in-

crease in bulk lateratly for in the mature thallus they are closely
set together forming a more nearly thalloid plant. At the apex
of the voung plant, the lobes form a rosette aronud the growing
point. This arrangement is advantageous, as it affords protec-
tion for the bud.

Nostoe appears in the plant very soon after the gemmee ger-
minate. Often two or threa distinet colonies may be formed on
plants .25 mm. in length. It is possible that the Nostoe finds en-
trance into the flask and adheres to the gemme before they are
shied. Rhizoids develop early on these little plants and soon Dhe-
come long and much entangled.

It would seem that the young plants could not long thrive
perclied on the dorsal surface of the thallus but they do grow for
a time, probably upon nourishment stored in the gemma which
persists at the hase of eacl new plant. As the old thalli die
these new shoots are allowed to rest on the soil where they ma-
ture into vigorous well-developed plants. Further study will
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probably throw light on the question as to whether these plants
arc fertile or sterile. Material kept in the laboratory did not
prove very satisfactory for this study as conditions were not fa-
vorable for plant growth. The branches of the thallus had a
tendency to grow erect and spindling, with much smaller and
widely separated lobes.

Advantages of Asexual Reproduction. Cavers® says, ‘It
seems probable that in hoth Blasia and Cavicularia we have an
example of the replacement of spore production by asexual re-
production. Blasia is found more often with gemma flasks than
with fruits.”” In the recent observations of 13lasia, fruits were
found quite as abundant as flasks. This problem will make an
interesting study in connection with seasonal ¢hanges and the va-
riations in cnvironmental factors operating during these seasons.
Evans® has found in species of Metzgeria that commeae are not
likely to appear when the plant is growing luxuriantly.

Towever, it is the writer’s theory that vegetative reproduction
is a safeguard In tiding the plant over unfavorable periods. In
times of stress for the plant sexual reproduction would be a
much longer and more uncertain mode of propagation, than that
of asexual gemma. Sex organs are formed in the summer but
spores arc not shed until the following spring, while gemmea
may be fully developed and shed during most months of one
2rowing seasoll.

In the second place it seems likely that gemmneae are better pre-
pared to preduce a plant body quickly, than are the spores, be-
ing so much larger and so abundantly supplied with food. Mae-
vicar" savs, ¢“When a plant cannot obtain its normal amount of
nouwrishment and especially moisture, it will be smalter and weak-
er than the type, the stems being shorter and the leaves fre-
quently deformed. Fruit is not uneommo: in this form. The
other deviation is when the plant has a deficiency of light. Under
this condition it iy generally green or pale green, the stems ave
clongate and thin, the leaves distant and swmaller, and if it be a
thallose species the branches have a tendency to erow ercet. In
such plants fruit rarely occurs but gemmee are often abundant.”’
In this easce also it would seem that gemma production is ‘more
abundant nnder wunfavorable conditions. -
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SUMMARY.

1. Blasia pusille is a relatively simple liverwort having a
dorsi-ventral thallus with laterally inserted leaf-like lobes.

2. The growth of the thallus proceeds by means of the wedge-
shaped apical cell, characteristic of the dichotomously branched
forms.

3. The thallns shows distinet strands of thick-walled cells
functioning as mechanical and condueting tissue.

4. The conducting strand is composed of eclongate ecells, ta-
pering to a point at each end, and having pits scattered irregn-
larly in the thick walls.

5. Mucilage hairs are found on both sides of the thallus
massed at the apex for the protection of the growing region.

6. Rhizoids and scalelike amphigastria are found on the ven-
tral snrface of the thalli.

7. The leaf auricles also found on the ventral surface are
filled with Nostoe colonies.

8. Blasia is dioecious, the antheridial plants being more slen-
der and more deeply lobed than the archegonial plants.

9. Antheridia are found in two rows, one on either side of
the midrib.

10. Ten or twelve archegonia are formed near the apex of
the plant, the gronp surrounded by the upstanding side leaves.

11. Both archegonia aud antheridia arise from dorsal seg-
ments of the apical cell, and the initials are similar.

12. Vegetative reproductive hedies or gemma are developed
in cupules on the dorsal surface of the thallus,

13. These cupules have long tubelike necks from which the
gemmea are forced by the swelling of mucilage in the base of the
flask.

14. The gemmx of Blasia are multicellular. ecach cell contain-
ing a large nuclens and many oil globules.

15. The gametophyte of Blasia pusila ceeupies an interme-
diate position between the thallose and foliose forms of liver-
worts.

16. This study shows that the cupules of Blasia, whieh are
the most complex of the liverworts, are comparable to the
simpler ones of Marchantia and Lunularia.

DEPARTMENT OF BoTANTY,
THE STATE UNIVERSITY.
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