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CONTRIBUTIONS FROM THE BOTANICAL LABORATORY OF THE
JOHNS HOPKINS UNIVERSITY. No. x.

W. C. COKER.

(with plates i-xi)

In spite of the recent great increase in our knowledge of

spermatogenesis in many groups of gymnosperms, this part of

the life history of the Taxodieae remained, at the time this work

was undertaken, almost unknown. A short contribution by

Shaw ('97) on Sequoia had appeared In 1S97, ^"^ Arnoldi

('99^'^) has recently added two papers on the development of

the reproductive organs in Sequoia. These observers have

cleared up many salient points in the development of this genus,

but the group as a whole is still to be studied.

Taxodium itself, probably on account of its limited geograph-

ical distribution, has been greatly neglected by investigators.

Coulter on the histology of the leaf, Masters on the seedling,

Lotsy and Meehan on the knees, and Von Schrenk on the dis-

ease called ''peckiness" are among the fevv papers that have

been devoted, in whole or in part, tcy the study of Taxodium,

and none is concerned wath the development of the seed.

The present work was suggested by Dr. D. S. Johnson, to

whom I wish to express my gratitude for his unfailing kindness

and helpful advice throughout its prosecution, I also wish

^A dissertation submitted to the Board of University Studies of the Johns Hop-
kins University, June 1901, for the degree of Doctor of Philosophy.
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publicly to thank my brothers for their assistance in sending me
material at frequent intervals.

METHODS.

Collections of Taxodium distichiim Richard, the only species

studied, have been made for about three years, chiefly from

Hartsville, S. C, but also from Baltimore, Md., and New Berne,

N, C. Fixing has been done at the tree in all critical stages,

but fresh material, sent in tight boxes from Hartsville to Balti-

more, has frequently given good results. Flemming's strong

solution, chrom-acetic acid solution, alcoholic solution of picric

acid, saturated solution of corrosive sublimate in 95 per cent.
i

alcohol have all been used to some extent ; but a saturated

aqueous solution of corrosive sublimate (95 or 90 parts) and

glacial acetic acid (5 or 10 parts) has been generally used. The

latter gives results that are scarcely, if at all, inferior to those

obtained with the Flemming solution, while it is more satisfac-

tory than any of the other fluids mentioned. In searching for

protoplasmic connections between cells, Gardner's ('83) methods

were used, but only with fixed material. Potassium iodid and

chlor-zinc-Iodid were useful in determining the presence of

starch, and have been used throughout for this purpose, A
number of stains have been tried, but Flemming's triple has been

most used. Young cones were split, or the scales removed

entire. In older cones the ovule was removed and the nucellus

exposed by breaking off the lignified tip of the integument, or

the whole prothallium was take 1 from the seed. Sections 5-10 /i-

thick were made by the usual paraffin method.

THE STAMINATE CONE.

The staminate flowers are born on short branches which are

either simple or compound. If simple, these branches are

usually longer and more numerous than if compound. They
appear in the fall from near the tips of the branches of the same

year, and at the beginning of October or even earlier the young
staminate flowers may be seen in the axils of their scale-like

leaves. A longitudinal section of a sporophyll at this time

shows no distinction between primary archesporium and other
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tissue, all the cells of the lower part of the sporophyll being of about

the same size, and having dense contents. Soon, however, cer-

tain centrally placed hypodermal cells begin to divide by peri-

clinal walls and give rise to rows of cells as shown in fig, /.

The outermost cells of these rows, by a pcriclinal division, form

the one-layered tapetum and the inner layer of the sporangial

wall. By division of adjoining cells the tapetal layer is extended

completely around the sporogenous tissue i^fig. 2), and by Janu-

ary, or earlier, the microspore mother-cells are formed and ready

for their division in early spring. Chamberlain ('98) has reported

a similar stage during winter in the microsporangia of Pinus,

Cupressus, and Taxus. The cells of the whole sporophyll, with

the exception of the tapetum and the sporogenous tissue, con-

tain starch through the late fall and winter until renewed growth

in spring alters its arrangement. In the middle of November

the nuclei of the tapetal layer show a peculiar structure not

found at other times. They have a very coarse and wide-meshed

reticulum, upon which the chromatin is distributed in large

granules of very unequal size. There is no nucleolus. The

nuclei of the sporogenous tissue have several nucleoli and a

thinner reticulum than at a later stage.

No trace of an indusium-like outgrowth from the sporophjdl

is present for the protection of the sporangia, such as occurs in

Cupressus, Thuja, and species of Juniperus. During early stages

of development the cells of the upper part of the sporophyll are

completely filled with a peculiar homogeneous substance staining

bluish with gentian, which, as its subsequent histor}' shows, is

either a form of starch or an intermediate product in the forma-

tion of starch. It is not stained blue by iodin. At the stage

^^fiS^ ^» this substance is being replaced by starch grains of the

usual kind, and a direct relation in amount between the two is

evident, the starch appearing in proportion as the amorphous

substance disappears. The cells on the line of transformation

contain both starch and amorphous substances in proportionately

smaller quantities.

Before their division in the spring, the pollen mother-cells

become filled with starch, while the grains in other parts of the
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sporophyll are being rapidly corroded. The persistence of this

her-cells during division and its disappearancemo
as the exine is formed in the pollen grain agrees with what is

already known in cycads and conifers. The ripe pollen

grain contains no starch, nor is any found in the pollen tube

until it appears in the protoplasm of the central cell shortly

before the formation of the sperm cells. The number of micro-

sporangia on a sporophyll may be as many as nine, seven being

a common number. The wall of the mature microsporangium

consists of but two layers of cells on the exposed surface, and in

this respect Taxodium differs from the Abieteae, T^eae,

Cycadales, and Ginkgo, and agrees with the Cupresseae and

Gnetales. The cells of the outer layer of the wall have the

sides and inner faces strengthened by bands of cellulose, while

those of the inner layer are very much flattened and poor in

contents. The cells in the tapetum have very dense contents

and are shorter and thicker than those of the Inner wall. They

disorganize at about the time that the division occurs in the

pollen grains.

The division of the pollen mother-cells took place this year

(1901) in South Carolina on March 6th, and both divisions were

found on the same day, even in the same cone, but the stages

found in the same sporangium are not quite so different as

(
Changes

of the nucleus leading up to the first division were not

present in my material, but good preparations of all stages during

and subsequent to the metaphase of the first division show that

the phenomena are similar in all essential respects to those

described in detail by Strasburger ('00) for Larix.

The chromosomes, as arranged on the^^uclear plate, are

short and thick {fig. j). They stand at right angles to the axis

of the spindle, the fibers being attached to the inner ends. The

splitting begins at the point of attachment and in favorable

cases the line may be seen between the two halves in the as yet

unseparated outer limb. Very soon after the splitting is com-

pleted. and the daughter chromosomes begin to move to the

poles, the fibers are seen to be attached to the middle of the

11.
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bent chromosomes and the inner ends of the latter are com-
posed of four arms, lying side by side, and generally of the

same length {figs. 4-6). The second splitting has evidently

occurred and the arrangement is now just as in Larix as

described by Strasburger (*oo) . The chromosomes remain

thick and short as they approach the poles, and their number
can be easily determined to be either eleven or twelve. Eleven

are shown in fig. 6 in polar view, and at least this number could

be distinctly made out in other cases. Sometimes there seem

to be twelve, but on account of the crowding in such cases I

have never been sure of this number. Twelve chromosomes have

been found by Belajeff ('94) and Strasburger ('92) in the pollen

mother-cells of Larix etcropaea^ by Blackmann ('98) in pollen

mother-cells and oosphere of Pi?ius sylvestris^ by Juel ('00) in

the megaspore mother-cell of Larix sibirica, and by Chamberlain

('99) in the pollen mother-cells, endosperm, and jacket cells of

Piiiis laricio. It would thus seem from analogy that the number

of chromosomes in the pollen mother-cells of Taxodium is also

twelve rather than eleven.

The daughter nuclei {fig- f) before the next division enter

into a fairly well-developed resting stage. There is a distinct

reticulum, if indeed a rather coarse one, and the chromatin is

grouped in larger masses than in the reticulum of many resting

cells, approaching more nearly the condition already described in

the nuclei of the tapetal layer of the microsporangium in Novem-
ber. Strasburger ('00) describes such a condition in Larix, but

tries to bring it in harmony w^ith other cases by considering the

network as spun out from the chromosomes. His distinction is

not clear to me, and I think it must be acknowledged that the

daughter nuclei of the first division may, at least in some cases,

reach before their next division a relatively well advanced rest-

ng stage. From fig. 7 it will be seen that the cell walls of the1

mother-cell have not disappeared at the time of tetrad-formation.

In places the walls have begun to go to pieces, but in others

remain entire and in close contact with their neighbors. No case

was found where the final divisions were bilateral, as is some-

times the case in Pimis Laricio (Coulter and Chamberlain, '01).
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The connecting fibers of the first spindle produce a distinct

cell-plate, extending entirely across the cell before the nuclei

have begun to divide a second time. • On each side of the plate
T

the starch grains are densely crowded. The chromosomes of the

second division are single slightly curved rods, and are evi-

dently of about the same size as the halves of the double chro^

mosomes of the first division. The starch begins to disappear

during the second division of the pollen mother-cell, and is com-

pletely used up during the formation of the exine of the pollen

grains, which becomes quite evident in about three days after

the last division. The nucleus of the fully formed but yet

undivided pollen grain is evenly and coarsely granular and gen-

erally without a nucleolus {^fig^ 8).

About ten days after its formation the pollen grain divides.

The spindle is very small and the chromosomes are propor-

tionately longer than in the reducing division (^gs. g and /o).

This is the only division of the pollen grain, no sterile prothal-

lial cell being formed, and it separates at once the generative

cell from the tube cell. The former is flattened lens-shaped,

concave toward the inside, and furnished with a distinct Haiit-

schicht {^fig> a)' This division occurs a few days before the

pollen is shed, and it is in this condition that the ripe pollen

reaches the nucellus {Jig. 12). In the absence of any sterile

prothallial cells, Taxodium agrees with the Cupresseae and

Taxus, and differs from all other conifers and cycads. The

number of sterile prothallial cells in the pollen grain of gym-
nosperms has been determined in the following cases : two in

Ginkgo (Strasburger, 'g2) , Larzx eiiropaea (Strasburger, '84), Hf^<^

vulgaris (Belajeff, '93), Piniis silvestris (Strasburger, '92), Phius

Pumilio (Coulter and Chamberlain, '01)
; one in Ceratozamia

(Juranyi, '82; he occasionally found two in C.Jofigifolid), Zamia

(Webber, '97), Cycas (Ikeno, '99) ; none in Biota, Cupressus,

Juniperus (Strasburger, '92), Taxus baccata dindTum^QXWS (Bela-

jeff, '93)-

The great importance of correctly determining the number

of divisions in the pollen grain has not been overlooked, and

repeated sections, at all stages of the development of the pollen
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from the mother-cell stage to the sprouting of the pollen tube,

have been made from collections obtained in both 1900 and 1901,

and I think it certain that there Is but one division of the pollen

cell in Taxodium.
THE POLLEN TUBE.

The first indication of sprouting is given by the swelling up
of the generative cell into the tube cell, and by an increase in

size of both nuclei (/. The exine is usually thrown off

fig- In this figure the nuclei

of the pollen tube have not changed their position, the tube

nucleus lying immediately above the generative cell. The pol-

len tube contains no starch, either now or during its course to

the prothallium. As the tube advances, the tube nucleus moves
from its position over the generative cell and passes slowly down
toward the tip. Indications of branching are soon seen in the

{fig- fig
seems by its position to be bounded by an actual membrane,

but no indication of a cellulose wall was obtained, and if one is

present it is exceedingly thin and quickly dissolved. By zovw-

paring y?^5. 75 and 16 it will be seen that the sprouting does not

take place at any definite point in reference to the position of

the generative cell.

The division of the generative cell does not occur until sev-

eral {figs, 19-21) The
stalk nucleus soon loses its definite hold upon the protoplasm

around it, although immediately after the division [^fig, ig) it is

still bounded by a distinct protoplasmic sheath. The central cell

retains the characteristics which mark the generative cell before

division. It is furnished with a distinct Ha?itschicht ^nd has the

shape of a double convex lens. It will be noticed that imme-
diately after the division the stalk cell is larger than the central

cell. Belajeff ('91, '93) describes these two cells as being of

equal size in Taxus. In Junipems communis he ('93) finds the

outer cell to be smaller, while in Picea vulgaris the opposite is

true. There is not much difference in size in Pinus Laricio, as

figured by Coulter and Chamberlain ('91). It wHl thus be seen

that Taxodium agrees with Juniperus in the relative size of the

stalk and central cells immediately after their formation.
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Belajeff (^91, '93) describes the stalk nucleus as passing the

central cell as it wanders down the tube. Such a description

could hardly be applied in Taxodium when the tube is at right

angles to the axis of the spindle of the generative cell. The

stalk nucleus is as near the tip of the tube as is the central cell,

and they both wander down together until they reach the tube

nucleus {fig. 22). It will be seen from fig; 26 that the three

nuclei of the pollen tube can easily be distinguished at this

stage. The stalk nucleus is smaller than the tube nucleus, while

the protoplasm of the central cell is distinct from that of the

pollen tube. The stalk and tube nuclei now advance slightly

ahead of the central cell {^fig. 2j), and this relative position is

retained by the three nuclei throughout the subsequent history

of the pollen tube. In Jig ghtly

smaller than the tube nucleus, but the structure of the two is the

same. The male nucleus is very like the other two, its nucleo-

lus being slightly smaller.

The pollen tube proceeds to the prothallium without inter-

ruption; the growth, however, is much slower in the upper part

of the nucellus than in the lower. No particular tissue of the

nucellus tip is set apart to nourish or guide the pollen tube. All

of its cells contain more or less starch, but there is no grouping

of starch in definite areas. The pollen tube may reach the

megaspore before the formation of a cellular prothallium {Jig:

25). So early an approach of the pollen tube to the sprouting

megaspore has not been described in any other case, so far as

I am aware. Jager ('99) gives one figure of Taxiis baccata

showing a pollen tube almost in contact with a young prothal-

lium, and I have found that in Taxus baccata catiade?isis the

pollen tube may reach the level of the megaspore before the

latter has divided even once. One case was found in this plant

where the pollen tube has grown against and badly compressed

the megaspore before the latter had advanced far beyond the

sixteen-cell stage. It was so completely crushed that the stage

could not be exactly determined.

Fig. 26 gives the structure of the contents of the pollen- tube

at a slightly later stage than Jig. 25. The two free nuclei are
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now exactly similar and lie side by side immediately beneath

the central cell. The latter has increased greatly in size, as has

also its nucleus, and the protoplasm is seen to possess a radiate

structure. We find in the nucleus of the central cell a distinct

peripheral network, and a nucleolus, irregular in outline and evi-

dently of a compound nature. This kind of nucleolus, which we
here meet for the first time, will be found to occur also in the

nucleus of the central cell of the archegonium. In one case the

central cell was at the tip of the pollen tube, with the two free

nuclei behind it. One of the latter was pressed so closely to the

protoplasm of the central cell as to indent it slightly. Such an

abnormal relation between the generative and free nuclei has

been noted in Plmis Laricio by Coulter ('97).

The further chang^es in the central cell before its final division

mto the sperm cells are so remarkable and have been so neglec-

ted in other conifers studied that I shall go into them with some

detail. Fig. ^7 represents the central cell after it has reached

its full size. It is no longer spherical, but has become elliptical

in section, the long axis being perpendicular to the axis of the

tube. The protoplasm is seen to be radiating from the two

poles of the long^axis. At these poles are sometimes to be dis-

tinguished slightly more granular areas, from which the radia-

tions seem to diverge. The protoplasm is very dense, finely

granular and in thin sections can be seen to have a reticulate

structure. The faint areas at the poles of the cells will at once

suggest in position the blepharoplasts of Ginkgo, Zamia, and

Cycas. In reality, the resemblance is entirely confined to their

position. Dr. Webber has kindly shown me his preparations of

blepharoplasts in Zamia, and their intense staining and large size

make further comparison impossible.

The nucleus, which is about half of the diameter of the cell,

has rather abundant reticulum and a fragmented nucleolus. In

addition to these, there has appeared a finely granular material

which does not seem to differ in any respect from the linin

material in the ^gg nucleus to be described below. It is most

abundant around the nucleolus, but extends to all parts of the

nucleus. \x\ fig. 27 one of the free nuclei is seen closely appressed
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to the Hatitschicht of the central cell; the other free nucleus

does not appear in the section. This is about the latest stage at

which these free nuclei retain their normal structure. They

very soon begin to go to pieces, and the protoplasm of the

pollen tube at the same time begins to disorganize. It becomes

more homogeneous and retains more tenaciously the safranin

stain.- The nucleoli and chromatin of the free nuclei become

more or less broken up and collected into masses of different

size, a process which we shall see corresponds exactly to what

occurs in the nuclei of the jacket cells of the archegonium

shortly before its final division. Concomitantly with the disor-

ganization of the nuclei and cytoplasm of the pollen tube, there

becomes evident in the cytoplasm of the central cell a number

of bodies staining a deep red in safranin. They resemble exactly

the plastin granules that we have seen to appear at the disor-

ganization of the free nuclei, and that they are actually transferred

from the latter into the central cell seems possible. Fig^ 28 is a

central cell after the appearance of these granules. They are

arranged in a circular manner at some distance from the nucleus,

and it may be that this distribution is connected in some way

with the concentric arrangement of the fibers. At the time of

the appearance of the plastin granules in the protoplasm of the

central cell, there seems to be a distinct connection at the base

of the cell between its ng

material beneath it. Hirase ('95) describes large bodies lying

in the protoplasm of the central cell of Ginkgo between the

nucleus and the blepharoplasts. Webber ('97) confirms this

and says that in addition to the tw^o large bodies smaller masses of

similar material were observed in other localities of the cell-

He speaks of them as extra-nuclear nuclein. It is easy to com-

pare these bodies with those of Taxodium, They stain deeply

with safranin in both cases, the principal difference being that in

Ginkgo they are generally fused into two large masses which

occupy a definite position in the cell.

The disorganized mass of nuclei and protoplasm at the tip or

the tube never completely disappears before fertilization, and it

may appear in the tip of the archegonium above the protoplasm

t
»
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of the egg after fertilization, \n fg, 28 a nximhcv of scattered

starch grains have made their appearance in the cytoplasm of

the central cell. They retain their scattered position until

finally arranged into the dense starch sheath immediately

surrounding the nucleus of the sperm-cell.

Changes in the nucleus preparatory to the final division of

the central cell had already begun at the stage represented in

fig. 2y. In Jig. 28 these changes have proceeded still further.

The chromosomes are being prepared from the few thick con-

spicuous threads that are present. The linin granules have

become organized into a reticulum^ and this reticulum seems to

be arranging itself as if in the preparatory stages of spindle

formation-

No attempt was made to study in detail all stages of spindle

formation in the division of the central cell, but in ^f^, ^9, which

shows an oblique view of the spindle, the formation of its fibers

from the nuclear reticulum and the granular nature of the more

peripheral fibers seems evident. This formation of the spindle

from the fibers of the nucleus will be described in more detail in

the division of the ventral canal cell. Fig. jo shows a late

telophase in the division of the central cell, the connecting

fibers still being evident. A clear area is noticed on each side

of the cell plate, and this area later extends entirely around the

sperm cells. The starch and plastin material are collected at the

distal ends of the spindle, but after the separation of the two

daughter cells the starch becomes arranged in a dense sheath

immediately surrounding the nucleus {fig^ Jt). Just outside of

this sheath the plastin granules form a more or less complete

layer. Bej^ond them is found the clear area previously mentioned,

and the surface is composed of a distinct membrane which sharply

defines the sperm cells from the protoplasm of the tube. After

the formation of the daughter nuclei, they again begin to fill

with the linin granules or reticulum (the so-called metaplasmic

substance of Strasburger) until, at the time of maturity, they are

so dense as to make anj- distinction between the granular material

and chromatin reticulum very difficult. A small nucleolus,

however, can be dimly discerned {fig^ jr).
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The sperm cells are now mature, and fertilization almost

immediately takes place. I think it probable that the sperm

cells do not round themselves off completely until after the

bursting of the pollen tube, for although sometimes separated as

much as a quarter of their diameter from each other, I have never

seen them while still in the tube without a flat face on the inner

side. This remarkably complex structure of the sperm cell dis-

tinguishes Taxodium from any phanerogam hitherto described,

with the exception of Ginkgo and the cycads.

Recent work on the conifers, which in the structure of the

male gametophyte approach Taxodium, gives very little detail

as to the structure of the sperm cells. In Taxus Jager ('99)

mentions radial striae in the periphery of both the sperm cell

and its smaller, functionless sister cell, but gives no further

details of the protoplasmic structure. Arnoldi ('98) says that

in Qgphalotaxus the protoplasm of the sperm cells, which are

here of equal size, is densest around the nucleus. In his work

on Sequoia ('99) he gives no details of the protoplasmic struc-

ture of the sperm cells, but says they resemble those of the

Cnj^resseae, Blackman ('98) makes some interesting observa-

tions on the sperm cells of Pimis silvestris. He says: **It cannot

be doubted that cytoplasm also passes over into the oosphere,

for each generative nucleus in the pollen tube is clearly sur-

rounded by its own layer of cytoplasm, as can be observed in

the stage when the tube is already in contact with the oosphere."

Also, '*it may here be noticed that small bodies staining deeply

with fuchsin S may be observed in the generative cell proto-

plasm/' These, he says, resemble leucoplasts. **If leucoplasts

are really present in the cytoplasm belonging to the generative

cells, the general view that the male cell brings over no plastids

to the egg appears to be directly contradicted.*' This is the

only mention I have seen made of a distinctive protoplasm

belonging to the male cells in any of the Abieteae.

. Neither Belajeff ('91, '93) nor Strasburger ('79, '84) describe

the structure of the sperm cells of the Cupresseae in detail, but

in gross structure they seem almost identical with those of

Taxodium. Strasburger ('84) says that the pollen tube of Juni-
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perus contains very little starch at time of fertilization, and

,

thinks it therefore the more remarkable that the fusion nucleus

should be surrounded by so much starch. From comparison
(
I

4 with Taxodium, however, it seems probable that starch is also

present in the sperm cells of the Cupresseae and has heretofore

been overlooked. We shall see tfiat a comparison of the pro-

.
cesses of fertilization In the two cases strengthens this view.

The tip of the pollen tube has not been found to possess a

\
distinct pit, such as is described by Goroschankin ('83), Dixon

('94)1 and Blackman ('98) in other conifers. The w^hole tip of

the tube is furnished with a thinner cell wall than is found above,

a^d if any pit occurs it is rendered less conspicuous by the thin-

>'i

\

\

>

Jn

I

I-

%

I

ness of the adjoining wall.

THE OVULATE CONE.

In October of the year preceding the ripening of the seed,

the ovulate cones of Taxodium appear as very inconspicuous

axillary buds on shoots of the same year. They usually occupy

positions near the tip of the branch, and vary greatly in the

number formed. It has usually been said that the ovulate cones

are borne two or three together at the tip of branches which

have also produced, further down, branches of the staminate

inflorescence. While this is sometimes the case, and frequently so

in trees examined in Baltimore, in its more natural habitat the

ovulate cones are situated on branches of their own, and occur
m

in much greater numbers than described. As many as fifteen or

twenty mature cones have been found closely crowded on a fertile

branch, and while this is the exception, as many as eight or ten

are frequently grouped on vigorous trees. The ovulate cones

replace the dehiscent short branches. The latter do not

appear in the axils of all the scale leaves during the first year,

but in only about one-third of them. The next year they are

found in axils of leaves which were not occupied the previous

I

}'sar, but in following years they come from supernumerary
axillary buds, and in the more slowly growing parts of the tree

"lay appear year after year in the axil of the same scale leaf.

^^S'32 shows a megasporophyll collected October 3, 1899.

»
,
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In the axil of the sporophyll two swellings are present, the sec-

tion passing longitudinally through one of them. These are

the rudiments of the ovules which by January 4 {fig- 33) have

begun to show the first indication of an integument. Fig. 34
shows a sporophyll collected in Baltimore March 11. The ovule

has increased in size and the nucellus and integument are of

equal height. It seems that slow growth is continued all through

the winter months whenever the condition of the weather will

permit, A few weeks before the time of pollination, the placen-

tal outgrowth begins to appear as slight projections between

and at the sides of the sporangia. By April 8 {J^g- 3^) the

cushion has begun to show between ovule and scale, and by

April 22 [fig. J/) it has reached a considerable size. The fur-

ther development of the sporophyll is almost entirely confined

to its basal part where cushion and scale are indistinguishable,

and to the great extension of the cushion above and sidewise

as a protective covering to the ovules. The tip above the cush-

ion remains small and is soon much surpassed by the latter,

which by fusing with the scale above soon comes to inclose com-

pletely the cavity in which the ovules lie. The outgrowths are

not confined to the ovule-bearing scales, but are developed in

almost as great degree in the axils of the adjoining scales below

and at the tip. The number of fertile scales is usually about

ten. They are bounded beneath and above by scales differing

from them only in the absence of ovules. As the growth pro-

ceeds, the area of attachment of the ovules to the scale becomes

much greater in extent, so that when the seed is mature almost

the whole of its outer face is attached to the inner face of the

scale.

This is not the place for a discussion of the homologies of

the so-called placental cushion, and I shall confine myself to the

expression of my belief that it is a new formation for the pur-

pose of closing the opening between the scales for the protec-

tion of the ovules, and is not derived either from fused leaves or

from a second integument of the ovule.

At the time of pollination the tip of the integument is com-
posed of about three layers of cells, but immediately after pol-
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lination the inner cells near the tip begin to grow in at certain

points, and approaching the center almost completely close the

micropylar cavity (/f^. j;). There soon begins to appear in

the tip of the integument an irregular ring of lignified cells with

thick and pitted walls, which serves to strengthen this exposed

{fig

THE MEGASPORE,

The megaspore mother-cell cannot be distinguished from its

neighbors until shortly before pollination. It is the basal or

next to the basal cell of one of the distinct cell-rows which are

evident in the center of the nucellus, and is situated at the same
Jevel as the point of insertion of the integument {figs. 35, J?)-
In this respect Taxodium agrees with the Cupresseae and differs

markedly from Sequoia (Shaw, '96). At the time of pollina-

^

tion the megaspore mother-cell is slightly larger than the cells

immediately surrounding it. Only a single megaspore mother-
cell is present at this stage, but one case was found [fig. 50}
m which the nucellus contained two young prothallia, one of

which was larger than the other. Whether these were derived

from two mother-cells or from the same mother-cell is a matter

of conjecture. In this respect also Taxodium is seen to differ

from Sequoia, in which Shaw ('96) ''and Arnoldi ('99'') have

found it the rule for a number of prothallia to be developed.

Hofmeister ('51) mentions the occasional presence of two pro-

thallia in Pinus silvestris and Taxus baccata (confirmed since by

Farmer ['92] for Pinus and by Jager for Taxus), and I have

found two in Podocarpus and Taxus baccata canadensis. With
these exceptions the developmenT of more than one prothallium

has not been observed in the conifers.

The mother-cell increases slowly in size after pollination, and
'n about ten days the first division occurs. Fig. 39 is a mother-

cell shortly before its first division. It is abundantly supplied

With starch grains, as are also the adjoining cells for about one

layer. It will be seen that the nucleus is in synapsis, the mesh-
work being in a contracted mass near the nucleolus. Such a

synapsis is found by Juel ('00) at the same stage in Larix sibi-

^^^' He also mentions the presence of denser fibrous areas at
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either end of the cell near the nucleus. These areas are fre-

quently to be noticed in the megaspore of Taxodium, but I have

not been able to establish any definite relation between them

and the spindle-formation {figs. j8-4j). A slightly younger

stage is shown \n fig, j5, where the nucleus is of the usual struc-

ture and has not approached the tip of the cell, in which posi-

tion it is always to be found before the first division. Stages of

the first division are shown in figs. 40-42. The chromosomes

were not counted, but are evidently not far from twelve in num-

ber. This division cuts off a large lower cell and a much
smaller upper cell. The lower cell immediately prepares to

divide again. The second spindle is shown in fig. 4J, and in

fig. 44 the division is complete. The starch has begun to dis-

appear during these divisions, but some is present until the

conclusion of the second. Strasburger ('79) describes it as dis-

appearing in Larix europaea before the second division; the same

is true in Z. sibirica (Juel, '01) and Pinns Pumilio (Coulter and

Chamberlain, *oi).

The upper of the two cells formed at the first division does

not divide again, and its nucleus never reaches the resting stage,

or indeed approaches it. Fig. 42 shows the difference in the

nuclei of the upper and lower cells of the first division. The lower

is developing as usual, but the upper has formed no reticulum,

and in fact never reaches a more highly organized stage. Its

chromosomes remain fused and lumped, and soon present merely

a disorganized, homogeneous appearance. This history of the

upper nucleus is repeated in detail by that of the upper cell of

the second division. There are thus formed in Taxodium only

three cells from the division of the megaspore mother-cell, but

as the lower divides twice, it is in every respect the equivalent

of a pollen grain, as much so as if the upper cell of the first

division had divided, as is the case according to Juel ('00) in

Abies sibirica. Strasburger ('79) gives three, or seldom more,

as the number of potential megaspores derived from the mother-

cell in Taxus. He also gives the same number in Larix europaea,

but as Juel has found four in Z. sibirica it is possible that Stras-

burger may have overlooked one in Z. europaea. Coulter and



BOTANICAL GAZETTE, XXXVI PLATE I

\

i

»- '>-

t'

^1

Jt;]

t:. I<if'

8
-<.ti^ 9

-^lldS-^^

i,'

-.^^

10

19

^f

5/

f COKER on TAXODIUM



BOTANICAL GAZETTE, XXXVI PLATE II

\

-\ \

/

f

I

i

}

^ \

N
\

I

\

\

\

I

f

/

«c

/

25
26

**

.^

24
^

^ ' "^^

^

±

I

^

^^f

%^
i

%!

/
i

\
Cj

*
T

27

('• -

4 n

; :).

r.
J- A

•m
,

V
^>

^ -

\'. r

^
. ,^

:^
^ N.

^.-J

-;

m0

9
3

- r

/^

>.

^

«

. 1

\

*-^

>

J ^

-^ T'

ils'.

>
* /

^'V

r"
j.^

29
30 31

COKER on TAXODIUM



BOTANICAL GAZETTE, XXXVI PLATE III

32

41

WX^M.-f-

COKER on TAXODIUM.



BOTANICAL GAZETTE, XXXVI PLATE IV

COKER on TAXODIUM.



BOTANICAL GAZETTE, XXXVI PLATE V

59

COKER on TAXODIUM



BOTANICAL GAZETTE, XXXVI PLATE Vi

I

I - 1

f

f

I.

i

(

*" V* «,*«%
1

i

4 4

' 4-

- I

1

\
•

J

^ /
/

66

Y"

79

'\

/^l
. -I'V

1 -''
\

\

f^ ->*
"'

67

"V

I -^

70

71

,/?

73

'¥

<r>

T

i •

1^ % *

*- * H

4 f ^
i

V

. *>

? -.

68

' <!-

'*'.*'
\< %.

'

1

t\
,a ' rft

4

r
J

^:

^

'

>l

*. -

.
-7

I

. :]^.
1

I. .
1-'

'

ri *

- i

V V

< 1
I

^-
f *t

i r

V "-HP

r

/.-*

4 - ^ ' 4 75

4

A
%

69

72

\

76

^-^

r
'^.' V/

/

74

*
^

-J

1

80

r ^

<

1

r

78

#
1

^
f«

•v ''^v
/

^^

^"*^
'# *

)

/•^

v-^
^*

• N

«4*

f
\-

81
82

r4i

s

^

\
**<

-' ,* '

77

\

-^*

»
%

N

COKER on TAXODIUM



BOTANICAL GAZETTE, XXXVl PLATE VII

" ^ MA-^ , L

^ r

i I.
t

4 r

>
* ^

« A

. *.

*e

83

± --

%

/

1

.

\ - *
\

'
•

\ : $

.»

v"'
• -.f /

84

/
- ^

7

f %

V _

pi #

^ *.

r -
r

^- -

85

't

->

\

,

-s

Ii

I- \

i

\

r

y

4

±

86

_ %

\

., y>

I

k

V

1 ^ N.t

\

V

1

v\

89

'4<
^

X

':»*rf"^
.

L

•k

4 i
.

i

L

/ < -

r

d

I

i

/
\

87

y-

7
/

r^^
Ii

i

•^
.4

'•A

\

rcn

f?i \

>

m

^^^^

i/

L

\

-1* '

V I'

-1
i

A '

\

i \
1 t

. I

91

92

V

«

88

^
^

^ ^.-'

I^P

! \

\

90

li

i

^^ /

*^

K

97
98

9o

\ ;

99

COKER on TAXODIUM



BOTANICAL GAZETTE, XXXVI PLATE VIII

^'I^t
fe't'^

mm^i^^\

V^i

n .:

4* .1 , " ^'

J -. * -i-

r
-f . . Sv*

^

v<'
"^

'%i^:^.

103

r-
•^^ - 1.^-

105

o:

-- ^*,

106

1 > .*' 1 t

112

COKER on TAXODIUM



BOrAXICAL GAZETTE. XXXVI PLATE IX

(

I

\
r *

I

(if

f
>

"*

S)

^

113

_*

*T

/

l^

'>

^

!

'D'
^

-"rf

- \

1. **

lU

/ ^ '

\

pf/.r

1711

1 ^;/

\

VfH

vvu

b <i^

/

H. (

115

1

^

t

Sf>7)

\

.#
:.">

/

-/

-•'.,

I

• f

J ^

*,-

.Jf

) >

^

-f,

118

V V

;

/

/

f

r
1

^

i

^^

'
J"

\

3 ^

/*

>

\

/

V

^
^

/

# • £'^

/.

119

^

V-

i f^

'A

/-

' #

i

«%

•vV
^ J

120

i

/

IIG

'-

^

..:ir

» V,,

v::v V

^

V.

-' I
'

-T

._ _

» 4

121

_ » ^

^

122

%^

123

COKER on TAXODIUM



BOTANICAL GAZETTE, XXXVI PLATE X

.i-..

COKER on TAXODIUM



BOTANICAL GAZETTE, XXXVI PLATE XI

COKER on TAXODIUM



1903] GAMETOPHYTES AND EMBRYO OF TAXODIUM 17
_ F

Chamberlain ('01) also report four potential megaspores in Piims
Laricio, and Shaw ('96) has given the number as four in SeqiToia.

Ahnost nothing is known of the divisions of the megaspore
mother-cell in the Cupresseae beyond Strasburger's remark that

in Thuja the origin of the prothallium is essentially as in Taxus.

th

THE LARGE-CELLED TISSUE OR TAPETUM.

The cells immediately adjoining the megaspore mother- cell,

as before stated, contain starch {fig. 39). After the megaspore
IS formed and begins to increase in size, the number of these

dense, starch-containing, much enlarged cells is found to be
greater

{fig. ^5). "^^
fig- 39 the transition between the starch-

containing cells and the ordinary tissue around them is not very

abrupt, but '^n fig. ^5 the boundary between the two has become
distinctly marked. The larger cells are in close contact, their cell

walls are intact, and their nuclei are large and apparently per-

fectly normal. Indeed, one of them is dividing mitotically, and

ey are not infrequently found dividing at this stage. Fig. 46
shows such a cell in division. The spindle is placed centrally in

the cell— not at one end, as in the division of the spore mother-

^^11— and in one case a cell-plate is being formed. The chro-

mosomes were not counted, but the number is much more than

twelve. The division seems to be an ordinary typical one. The
cells immediately bej-ond the large-celled tissues are distinctly

flattened and seem to be crushed by the cells within. On the

lower side the nuclei of the nucellar tissue are frequently small,

deeply stained in safranin, and apparently going to pieces. In

one case at about this stage the nuclei in this position had

entirely disappeared for a distance of several layers beyond the

normal large-celled tissue. Fig. 47 shows the large-celled tissue

at a later stage. It has increased greatly in amount and the

cells, which are now slightly separated from each other, are much
more numerous. They retain the characters mentioned above for

a younger stage.

The nucellar cells bordering on this tissue now show unmis-

takable signs of disorganization. They are completely crushed

and broken up and are as strongly distinct from the large-celled
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tissue as the latter is from the mcgaspore. Fig. 48 is a more

magnified section of the same spore and tissue. A small amount

of granular material appears between the spore and the large-

celled tissue, but the inner walls of the latter are apparently-

intact. A few cases were found, however, where the innermost

of the large cells seemed to be partly broken up on the side

next the spore. At the stage shown \r\. Jig. 4g the existence of

so definite a layer around the spore is doubtful. The cells

adjoining the spore are still larger than others beyond them, but

in all cases that I have found they are more or less separated

from each other and approach in appearance the loosened

"spongy tissue " which has been described in other cases. In

later stages, however, there constantly occurs a single layer of

very large rectangular cells lying next to the megaspore, while

beyond those the ordinary nucellus-tissue is crushed and dis-

organized. Fig. 5/ . shows such a layer around a large spore

before the formation of the cellular prothallium. The large

cells seem perfectl)^ intact ; walls are present on both sides and

the nucleus is large, has an abundant reticulum, and is more

like what would be expected in an actively secreting cell than in a

rapidly disorganizing one. Figs. 52 and 55 show the same layer

at a later stage, just before the prothallium has reached its full

size. In fig. ^2 the wall of the megaspore has shrunken some-

what and the large cells have become more elongated and

slightly separated. The layer of large cells and two or three

layers of ordinary cells beyond it are always furnished with

starch during the growth of the prothallium ; the starch is con-

tinually accumulating in the further-removed cells as the inner

ones are being disorganized. The large-celled layer is also

destroyed at the last moment and the mature prothallium is sur-

rounded at its upper end with four or five layers of ordinary

nucellar cells. In the Abieteae the young germinating mega-

spore is imbedded in a loose tissue which resembles somewhat

e large-celled tissue just described in Taxodium. Its limits

are so distinct that Hofmeister ('62) mistook it for endosperm.
In comparing Strasburger's ('79) figures of such tissue in Pnuis

rix with my figs. 45 and ^7 in Taxodium, it will be seen

th

y
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that there is a great difference in structure in the two cases.

Moreover, this tissue in the Abieteae is always spoken of as dis-

organizing. Coulter and Chamberlain ('01) have an interesting

paragraph on this subject. They say: ** In our figure of a

mother-cell of Pimts Laricio imbedded in nucellar tissue, it is

apparent that it is surrounded by a rather definite zone of cells,

two to four layers in depth, which give evidence of breaking

down. After endosperm-formation is somewhat advanced, this

mteresting zone becomes differentiated into two distinct regions,

an outer layer of tabular, almost empty, cells, and an Inner region

of polygonal cells with densely staining contents." I do not

know of any case, however, where this layer is said to persist in

later stages. Strasburger ('79) describes a zone of more or less

disorganized cells around the germinating megaspore of Thuja.

I have examined growing sacs of Pinus, Larix, Thuja, Podocar-

pus, and Taxus in reference to this point. At the base of the

prothallium in Podocarpus and around the very young germi-

nating megaspore of Thuja there are cells which approach, in

appearance, those found in Taxodium. In fact, there are fre-

quently present around growing prothallia a number of swollen

free cells, which might be compared to such a tissue as I have

described in Taxodium, but in most cases these cells are not in

close contact with one another and their development can be

gradually traced from the ordinary cells of the nucellus. But I

have not studied any of these plants carefully enough to deny

the persistence in ihem of this tissue, and further observation is

necessary to decide the matter.

It is difficult to understand the constant occurrence of a defi-

nite layer of large, distinctive, undisorganized cells around the

growing prothallium in Taxodium, unless we ascribe to them an

active part in the nourishment of the young gametophyte, and
_

this I believe to be their real function. If this interpretation is

the correct one, the tissue in question may be considered as a

tapetum, which, instead of disorganizing at the maturity of the

spore, as is usually the case, has continued its growth to keep

pace with the developing prothallium which it continues to

nourish until mature. If we consider the archesporium as
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reduced to a single cell (the megaspore mother-cell) , the tissue

immediately around this cell must be considered as a tapetum,

and we have seen that it is probably by the division of this

tissue that the nourishing layer is formed. This cannot as yet

be positively asserted for the later stages, as all steps have not

been followed. The only other interpretation that seems possible

is that the cells immediately surrounding the megaspore represent

an originally archesporial tissue w^hich has given up its function

of spore-production and taken up the new role of nourishing the

young plant within. Of these two interpretations I consider the

first as much the more likely.

It is well known that the tapetum in the megasporangium of

Selaginella persists intact until some time after the sprouting of

the spores, which in this case are shed only after a considerable

growth has occurred. Should the spores not be shed at all, and

the tapetum contmue still further its growth and function, we

would have a condition paralleling that found in Taxodium.

DEVELOPMENT OF THE PROTHALLIUM.

We have left the megaspore to follow the surrounding tissue

through its subsequent stages. The growth of the germinating

megaspore is extremely slow during the first month after its

formation, having reached on April 29 only about the 32-celled

stage {Jig. 4y). Growth now becomes more rapid, and on

Ma}^ 6 it has reached the stage shown in fig, 4g. About the

beginning of June growth has stopped in the upper part and the

formation of cell walls begins. Fig. 25 shows a stage just before

the beginning of cell-formation. The pollen tube has already

reached the megaspore, which now contains an enormous

vacuole surrounded by a protoplasmic layer containing nuclei.

In this case the protoplasmic layer has collapsed.

The great size reached by the germinating megaspore before

the formation of cellular tissue seems to distinguish Taxodium
from other conifers thus far studied. The wall of the spore

was found to be furnished with pits. Figs, gj and g8 show
those pits in surface view at a time shortly before the formation

of a cellular prothallium. The manner of the formation of the

I
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first cell walls in the young gametophyte is shown \Vi fig. 24, and
I can confirm Mile. Sokolowa's observation, also recently

repeated by Ikeno ('98) and Arnold! {^00), that the inner sides

of the first cells are open. Mile. Sokolowa gives the name
''alveoli" to the ingrowing tubular cells of the prothallium, but

this term does not seem to have much to recommend it. It is

repeated by Arnoldi ('00) in his work on Sequoia.

In view of the supposed relationship of Taxodium and
Sequoia, it is of interest to compare the endosperm-formation
in the two cases, Arnoldi has described in some detail a

double process in Sequoia which he considers to have signifi-

cance from the phylogenetic point of view. The prothallial

region which is to bear the archegonia is formed in the usual

way by ingrowing open tubes, which finally meet in the center.

This area may be either in the center of the sac alone, or may
extend entirely to the tip. In the latter case, however, Arnoldi

considers the tip to be lacking. The tissue at the tip does not

form in the usual way, but it is produced by free cell-formation,

as in the endosperm of angiosperms. This free cell-formation

begins in the tips before the tubes appear in the archegonial

region. In Taxodium^ on the contrary, cell-formation usually

begins earlier at the tip, where archegonia are to appear, than at

the base of the prothallium, and firm cell walls are frequently

lacking in the lower parts long after they have been established

in the upper. In fact, cases are not infrequent in which the

lower part of the gametophyte is in an embryonic condition,

even after fertilization has occurred in the archegonia. In some
cases, however, firm cell walls seem to be formed almost simul-

taneously throughout the spore. In the upper part of the

prothallium it is always easy to see that cell-formation has

proceeded by the usual growing-in method.

^^K^ 55 shows prothallial tubes from near the tip of the sac

after their closure on the inner side. (Mile. Sokolowa [^90]

has shown that the closure occurs when the inner ends of the

tubes meet in the center.) Fig, 36 shows the first division of a

prothallial tube and the preparation for the second. By these

divisions there are formed rows of cells radiating from the
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center outward. Fig. 57 represents the whole tip of a pro-

thallium at the same stage as in fig, §6. Mile. Sokolowa

describes the nucleus of the open prothallial tube as remaining

at the inner end during its growth toward the center, but after

the formation of the closing walls the nucleus again moves back

to near the periphery of the cell. From^^. ^4 we see that the

first statement is true in Taxodium, at least during the very

young stages. Good preparations were not obtained by me in

older prothallial tubes before the closure. From Mile. Soko-

Iowa's figure of Juniperus, it seems that the mother-cells of the

archegonia behave in this respect just as the other cells of the

prothallium, and this is probably true in Taxodium also.

The prothallial formation in the lower part of the spore does

not appear to me to be different in essentials from its formation

above. It is only in the late development of cell walls, and not S

in their peculiar origin, that the difference consists. The lower

part, even after the formation of cell walls, continues to increase

in size long after the upper part has ceased to grow. In the

ripe seed the upper end of the nucellus is no larger than at the f

time of fertilization, while the lower part increases greatly in

size, the whole prothallium acquiring the shape of a slightly

dp„. . in

the prothallial tubes, nuclear divisions occur without the forma-

tion of cell walls, and there arises a multinucleate condition

{figs, 58^ 5p) . These nuclear divisions are generally, at least,

of the mitotic type. Jager (*99) describes a fusion of nuclei

in the prothallial cells of Taxus, but I have not found the
^

number of nuclei appreciably smaller in Taxodium even after the f

formation of the embryo.

k

i

DEVELOPMENT OF THE ARCHEGONIA.

The archegonia of Taxodium are disposed exactly as in the
|

Cupresseae. They form a compact group at the base of a com-
^

mon depression in the center of the tip of the prothallium.

Among the many hundred prothallia sectioned only three or

four were found in which any variation in this arrangement

occurred. In these exceptional cases there were several smaller
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groups of archegonia which were separated by a few layers of

prothallial cells. They were always situated at the tip of the

prothallium, but sometimes faced to one side.

^"^ fiS' 57 the initial cells of the archegonia are shown just

before the cutting off of the neck cell. The nucleus is situated

at the very tip of the cell and most of the protoplasm is collected

around it. A very large vacuole occupies the greater part of

the archegonium. In fig, 60 the neck cell is being cut off. The
nuclei in the central initials are preparing to divide. Their

nucleoli are fragmented, and although this nuclear division was
not followed in detail, the indications are that it is essentially

like that in which the ventral canal nucleus is cut off. Fig. 61

shows the neck divided once longitudinally. In fig. d^ the neck
cells are densely filled with starch and the amount of protoplasm in

the central cell has increased greatly, especially in the lower part.

In the occurrence of a single large central vacuole in the arche-

gonmm Taxodium resembles the Cupresseae and differs from all

other conifers so far studied. At this stage we first notice

slightly denser areas in the protoplasm at each end. The upper
lies very near the nucleus and is smaller than the lower, which

occupies a central position in the accumulated basal protoplasm.

The nucleus of the central cell at this stage is very like that of

the prothallial cells around it. In fig, 68 there has already

appeared around the archegonial group a distinct layer of sheath

or jacket cells. At the basal end of the group the angles between
the archegonia are filled by these jacket cells, which are at this

point generally larger than on the sides. This jacket is a con-

stant accompaniment of the archegonia in all gymnosperms with

the exception of VVehvitschia. Arnoldi ('oo) reports that in

Sequoia the layer isTncomplete, only certain cells acquiring the

distinctive characteristics of modified jacket cells. I have fre-

quently found in Taxodium a cell within this sheath, which in its

poverty of contenTs was easily to be distinguished from its

neighbors, and resembles closely the ordinary prothallial cells

around it. By far the larger number of the cells directly adjoin-

ing the archegonia, however, are modified in the usual way into

the nourishing jacket cells. The nucleus of the central cell, at
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the stage '^^
fig. 62, is larger than the cells of adjoining tissue,

but does not differ from them in structure. There is an abundant

peripheral reticulum, staining blue throughout with gentian

violet, and a nucleolus of compound structure, such as was found |

in the initial cell nucleus. In place of the single nucleolus there

is frequently present a central group of quite distinct granules

{^fig. 6f), All stages can be found between the distinct granules

and the single compound structure formed by their fusion. From

the nucleolus, or from the separate granules, linin threads extend

which place the nucleolar matter in direct connection with the

reticulum of the nucleus, and this I believe to be a constant

character in nucleoli of chromatin material. That this nucleolus

is largely composed of chromatin is shown by its subsequent

behavior. As already mentioned, the nucleolar structure is the

same in the prothallial cells and jacket cells, with the exception

that in these the central or nucleolar collection of chromatin is

quite inconstant in amount, the size of the nucleolus varying in

proportion as the red-staining granules of the reticulum are more

or less abundant.

The number of archegonia in a group varies greatly. Fig. 64

shows a longitudinal section through a group of at least thirty-

four archegonia, ten appearing in a single section. This is a

larger number than has been found in any other gymnosperm,

with the exception of Sequoia. The number is generally from

ten to twenty, but in poorly developed prothallia there may be

only a half dozen or less. Fig, 6§ is a cross section of a group

of seventeen archegonia.

The neck cell very soon after its formation divides by a

longitudinal wall into two cells of about equal size. This division

is followed usually by another in each cell at right angles to the

first, to form a tier of four cells {fig. g4). If the neck of the

archegonium is crowded or flattened, the second division may
occur in one or both of the two first-formed cells {fig, g3\ As

the archegonium reaches maturity, the nuclei of the neck cells

generally divide again, and walls may or may not be formed

succeeding this division. The walls when formed are very irregu-

lar in position. They are frequently somewhat inclined and
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s may or may not intersect the outer wall of the cell. In this way
outer and inner cells are frequently formed

{fig.
d(5), but two dis-

tinct tiers extending across the neck are never present. Figs,

^^» PJt 9^ show the diversity that may occur in the neck. The
cells are of unequal size and the number may vary from two to

sixteen or even more. Very soon after their last division the

neck cells begin to disorganize. They contain starch until the

beginning of their disorganization, which takes place somewhat
sooner here than in the jacket cells. Fig. 66 shows an archc-

gonium in which this disorganization is proceeding. There are

present at the tip of the protoplasm of the central cell a number
of bodies staining deep red with safranin, which may easily be

mistaken for fragments of a disorganizing ventral canal nucleus.

The last division, however, has not occurred in the central cell,

and these bodies are probably the transferred remains of the

broken-up nuclei of the neck cells. They are the first such

bodies to appear In the archegonium, and in this stage are very

conspicuous as a cap at its tip. This early transfer of nutrient

material from the neck cells is probably explained by the

advantage to be gained in having this transfer completed before

fertilization has disturbed the relations between neck and central

cell.

The jacket cells around the archegonia generally contain two

nuclei each at this time {figs. 67-69), but this condition may be

reached sooner. About the time that the ventral canal nucleus is

cut off, the nuclei of the jacket cells begin to disorganize in the

way already described in C^'cas by Ikeno ('98) and in
"^

mia by Arnoldi ('00). The network and the nucleoli resolve

themselves into a number of deeply staining bodies, which by
the disorganization of the nuclear walls come to lie free in the

cytoplasm
{figs. 71-74).

Immediately before fertilization there begin to appear in the

cytoplasm of the &gg the proteid vacuoles described in species

of Abieteae. Such /.
same structure that has been described in other cases, but they

are not very conspicuous or abundant in Taxodium. Arnoldi

( originate in some cases from the
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nuclei of the sheath cells of the'archegonium, and thinks he has

traced their entrance through protoplasmic connections in several

species of Pinus and in Abies sibirica. From his work on Dam-

mara and Cephalotaxus he is inclined to consider their origin as

the same inThese cases also. While I have not been able to

establish the existence of protoplasmic connections between ^g%

and sheath cells, the appearance in 7?^. 8j strongly suggests that

such connections exist, and the presence of pits in the wall of

the archegonium would also impl}'' their occurrence.

The two denser areas already noticed in the very young

archegonium i^fig. 62) have reached in fig. 6j a size and condi-

tion retained until the initial changes which bring on the division

into the central canal and ^gg nuclei. These areas are of dense

fibrous material, and are by far the most striking features in the

archegonium of Taxodium. They stain much more deeply with

orange G than does the surrounding cytoplasm, and from them

fibers radiate to the surface of the cell. It will be noticed that

the denser part is at the periphery of the mass, but the inner

part is also denser than the ordinary cytoplasm of the cell, and the

whole is composed of a complex of granular fibers. The upper

of these masses is the smaller and lies very near the nucleus.

Fibers can be traced passing from the cen':ral mass around the

nuclear wall, and they seem to be a continuation of the wall itself.

That these bodies are of the same nature as the so-called kino-

plasmic material, generally most conspicuous at the time of

nuclear division, is evident. They show the same structure as

the much less developed kinoplasmic areas already mentioned

in the megaspore. Such bodies have not heretofore been

described as occurring in such perfection m any case with which

I am acquainted. Kinoplasmic areas have been mentioned near

the nucleus at the time of its division in the archegonium of

'iga canadensis by Murrill ('00), and Ikeno ('98) has figured

such areas under the central cell nucleus of Cycas. Chamberlain

C99) gives one case where there are two such bodies near the

^^% nucleus in Pinus Laricio, and Blackman ('98) describes fibers

of this nature radiatin(r from the egrsr nucleus before fertilization.3 * * ^»o
In all these cases, however, the fibrous material is not nearly so

\

!
w

\

i
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conspicuous as in Taxodium, and in no case has a second kino-

plasmic body been noticed in the lower part of the archegonium,
I

\,
Just before the central cell nucleus prepares to divide the kino-

plasmic bodies undergo a marked change. They increase greatly

in size, the central part becoming thinner, until finally the denser

material, which has by this time become confined to a peripheral

position, is broken up into more or less separate groups. In the

upper end, one of these groups lying nearest the nucleus becomes

most conspicuous, while the others become less and less distinct,

their fibers finally arranging themselves into the immense aster

which radiates from the inner side of the nucleus. Fibers extend

around the nucleus from the center of the aster and merge insen-

sibly into the nuclear wall i^fig^ 78), The lower kinoplasmic

mass has also become broken up into separate parts, forming an

. incomplete ring, and during the activities in the upper part con-

nected with the cutting off of the ventral canal nucleus these

separated groups below become likewise extremely active and

fill the whole base of the archegonium with conspicuous figures

of various shapes, such as fans, asters, double asters, test-tube

cleaners, etc. In fact the whole kinoplasmic content of the

archegonium seems as if electrified. A few of these structures

are shown in y?^^\ po-92.

Chamberlain ('99) figures such radiations in the egg of Pitms

Laricio after the formation of the ventral canal nucleus, and con-

siders them as parts of the enormously developed spindle of that

division. In Taxodium, however, the kinoplasmic radiations in

the lower part of the archegonium are in no way connected with

the spindle above, although they are most active at the time of

Its formation. The function of these kinoplasmic masses is

obscure, and I can suggest no explanation unless it be that the

great length of the archegonia in Taxodium and the fact that it

IS principally at the end farthest away from the nucleus that they

are exposed to the sheath cells may make it advantageous to

have a more definite mechanism for the regulation of the entrance

of the plastic material at this end.

\To be concluded^
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nucleus is accompanied by two centrosomes ; but in the ^ggf

centrosomes were not identified positively.

In 1894 Farmer (8) reported a quadripolar spindle in spore

mother-cells of Pallavicinia. According to this account, the

chromatin of the spore mother-cell breaks up into sixteen chro-

mosomes, four of which are then conveyed simultaneously to

each of the four spores. In the same year Farmer (9), i"

collaboration with Reeves, described centrospheres in the germi-

nating spores of Pellia. In the following year Farmer (10)

'Published concurrently in the Decennial Publications of the University of

Chicago 10:327-345. 1903.

Figures in parentheses refer to literature cited at the end of the article.

MITOSIS IN PELLIA/

CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY.
XLIX.

Charles J. Chamberlain.

(with plates xii-xiv)

Just as an understanding of the gametophytes of the flowering

plants has been gained by a comparative study of the progressive

reduction of the gametophytes of the higher cryptogams, so, in

our opinion, the processes of nuclear and cell division in the

flowering plants will be understood only after an investigation of

these processes in lower forms ; and just as the pteridophytes
^

show the transitions which have cleared up the homologies of

the gametophytes, so, it seems probable, the Hepaticae, in their

modes of mitosis, show the transitions which will lead to a cor-

rect interpretation of mitotic phenomena in the flowering plants.

The Hepaticae, however, have received comparatively little

attention from cytologists.

In 1893, Schottlander (30)=^ described the sexual cells of

several liverworts, paying particular attention to spermatogenesis.

In the antheridia of Marchantia he found that the centrosomes

divide during the anaphases of mitosis, so that each daughter-

28 [JULY
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published a more extended paper dealing with spore-formation

and nuclear division in Fossombronia, Pellia, Conocephalus, and
several other forms. In most of these forms, centrosomes were
observed to play an important role in mitosis. The occurrence
of centrosomes in Pellia was confirmed by Strasburger (33) from
Farmer's own preparations.

In 1899 Davis (6) studied the spore mother-cell of Anthoce-
ros. In the two 'divisions by which the tetrad is formed from
the mother-cell, the spindle during the metaphase is flattened

at the poles and entirely lacks bodies which might be inter-

preted as centrosomes or centrospheres. The spore walls are

described as being formed independently of the spindle.

The following year Van Hook (38), with more favorable

material, confirmed Davis's statement that there are no centrosomes
m the spore mother-ceils of Anthoceros, but found the spindle

functioning as in Lilium m the formation of spore walls. In

the same paper Van Hook figured and described definite centro-

somes in the vegetative cells of the gametophyte of Marchantia.

In 1 90 1 Davis (7) made a detailed study of mitosis in various

phases of the life-history of Pellia. Centrospheres were found
during the early divisions in the germinating spore, but could
not be identified in the sporophyte or in later stages of the

development of the gametophyte.
At this time it hardly seems desirable to make a more

extended resume of the literature, since it is still too incomplete
and indefinite to warrant generalizations. In presenting our own
results, we shall occasionally refer to the preceding papers and
also to papers dealing with mitosis in other groups.

MATERIAL AND METHODS.

Most of the ma collected near Bonn
in M -Ibthal and in the Siebengebirge. Early in October the

spore mother-cells of Pellia are already quite deeply lobed, and

occasionally a sporogonium is found in which the spores are

already formed. By the middle of November nearly all of the

spore mother-cells have divided and many of the spores have

germinated. The winter of 1901-2, in the Rhine Province, was a

4
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very mild one, and germination proceeded with only occasional

interruption throughout the entire season. Material brought

into the laboratory at any time after the middle of November

developed much more rapidly than in the open, and would shed

the spores within a week or ten days.

Before placing the material in the fixing agents, the calyptra

was dissected away and about one-third of the sporogonium cut

off with a razor, thus freely exposing the spores. In a few cases

the mass of spores, held together only by the elaters, was

removed from the sporogonium, but while not nearly so many

spores were lost as might be anticipated, this tedious method was

found to be unnecessary, since the other process readily yielded

smooth sections as thin as 2 or 3 jit.

Several fixing* agents were used, but only two gave thoroughly

satisfactory results. These were chrom-acetic acid (0.8

chromic acid, 0.^'''' glacial acetic acid, 1 00'''' water) and a modifi-

cation of Flemming's solution (0,5^"" chromic acid, 0.5^"" glacial

acetic acid, i per cent, osmic acid 10*"*=, water 100''''). While

gm

achromatic structures stain more readily after solutions contain-

ing some osmic acid, equally good preparations were often

obtained from material fixed in the former solution.

Most of the sections were cut at 2 or 3/i, but sections 5/^, and

even 10 or i 5 /x in thickness, were used in determining the num-

ber of asters and in counting chromosomes.

Haidenhain's iron alum haematoxylin, with or without a slight

tinge of erythrosin, Congo red, or orange G, gave fairly satis-

factory preparations, but gentian violet proved to be so much

superior in differentiating kinoplasmic structures that safranin

and gentian violet, sometimes with the addition of orange G,

were used in most of the work. Sections were stained, usually

over night, in safranin (is™ safranin in lOO" of 50 per cent,

alcohol), then washed in 50 per cent, alcohol until all red color

was removed from the achromatic structures, and then stained

for one or two hours in gentian violet (saturated aqueous solu-

tion). From the gentian violet the preparations were trans-

formed directly to absolute alcohol, where they were quickly

dehydrated, the process being hastened by moving the slide to

>

1
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and fro in the alcohol. Clove oil was used for clearing. The
clove oil should be rinsed off with good cedar oil, otherwise the

gentian violet gradually fades. When orange G was used the

preparations were taken from the gentian violet, dipped a few

times in water, stained for one minute in orange, and then trans-

ferred to the absolute alcohol.

In studying the preparations glass globes, filled with various

solutions, served as ray filters and condensers. A light blue

solution of ammoniated copper sulfate was used for most of

the work, but occasionally a light violet solution of permanganate
of potash, imitating the gentian violet stain, gave a sharper dif-

ferentiation of the kinoplasmic structures.

While the work deals chiefly with the first three divisions of

the germinating spore of Pellia epiphylla, and in these divisions

is largely confined to the centrospheres, asters, and spindle,

mitosis was studied in other phases of the life-history of this

genus, and also in several other liverworts, among which were

Conocephalus, Marchantia, Aneura, Pallavicinia, Scapania, Lopho-
colea, and Porella.

The principal results of the investigation were presented in a

Vortrag before Professor Strasburger and the advanced students

<^f the Bonn laboratory in February 1902, and in July of the

same year a brief resume was presented before the botanical

section of the American Association ior the advancement of

Science.

THE SPORE MOTHER-CELL.

The spore mother-cell was observed in Pellia epiphylla, P.

^alycijia, Aneura mtdtijida, and in Porella platyphylla. In all of these

forms the nucleus occupies a central position during the develop-

ment of the lobes which are to become spores. It seems probable

that the nucleus is concerned in the formation of the lobes. We
found nothing to support Davis's (7) statement that the nucleus

lies in one of the lobes until shortly before the first division of the

niother-cell No quadripolar spindles, like that described by Far-

™^r (7) for Pallavicinia, were found in any of the above-mentioned
forms. On the contrary, the four spores in all these cases are

formed by two successive divisions, as described by Farmer (10)
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some substance, escaping from the nucleus into the cytoplasm,

causes this zone and acts as a stimulus to the formation of the

extra-nuclear portions of the achromatic figure. It is not impos-

sible that such a substance might actually take the form or a

centrosphere. (The origin of the aster will be considered when

dealing with the second division.) After the spirem has become

segmented into chromosomes the nucleus elongates and the

nucleolus appears very much vacuolated {fig- -?) At this stage

a pair of dome-shaped caps {^figs. j, 4) may be recognized at

opposite poles of the nucleus. These caps, which will be con-

sidered later, appear in transverse section as a delicate ring, but

a similar section of the completed spindle shows a dense mass ot

fibers {fig. 5).

f

and by Davis (7) for Pellia epiphylla. Unfortunately, no material

of Pallavicinia in this stage was available, but the striking resem-

blance of Farmer's (8) figures to the mitoses in deeply lobed

mother-cells of other Jungermanniales leads us to suggest, as

Davis (7) has already done, that Farmer (8) may have misin-

terpreted the quadripolar figure in this genus.

THE GERMINATING SPORE.

The first, second, and third mitoses in the germinating spore

of Pellia cannot be regarded as distinct types, for with diligent

searching one could select a series of mitoses at the second

division, or even at the third, which would be identical with a

series at the first division. In fact, we have used figs. 7, 8, and

ig of the third mitosis to illustrate also the same stages in the

first and second mitoses. Nevertheless, it is true that, in a great
1^

majority of cases, kinoplasmic activity is most energetic during

the first division, and that in succeeding divisions it becomes less

and less conspicuous, until centrospheres and asters cease to

attract any attention, and it finally becomes doubtful whether
^

they are present.

THE FIRST MITOSIS IN THE GERMINATING SPORE.

As the nucleus of the germinating spore increases in size pre-

paratory to the first division, the area immediately surrounding

it becomes comparatively free from starch grains and coarser

{plate XII, fig. /). It seems reasonable to suggest that

/
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During the early prophases the poles of the spindle are usually

rounded [Jigs, j, /, 6), but, as the metaphase approaches, the

caps {_^gs. J, 4) which have given the poles of the spindle a

rounded form become resolved into fibers, and the poles may
vary in shape from sharply-pointed figures, like that shown in

fig^ as those shown in figs
and 27. Spindles with three and even more poles are not very
rare. They do not originate like the multipolar spindles of the

spore mother-cells of vascular plants, but are preceded by the

bipolar condition or are formed through the influence of three or

more centrospheres or asters {figs, i6, 2j). During- the ana-

phases the poles of the spindle are sometimes sharp and some-
times indefinite.

In the prophases it is plain that the achromatic figure is made
up of the asters and two half-spindles [fig. 6). As the spindle

continues to develop, some of the fibers— the mantle fibers—
become attached to the chromosomes; the other fibers increase

in length until they reach the opposite pole, thus forming a part

of the central spindle.

While the poles are separated from each other, radiations are

easily seen, and they continue to be fairly conspicuous until the

spindle has reached its full length, when they rapidly disappear,

losing their staining capacity first at the peripheral ends, then

throughout their entire length, and finally becoming indistinguish-

able. When the metaphase is reached, the radiations have usually

disappeared
[fg. y) , and during the anaphases, while the chro-

mosomes are passing to the poles, it is very seldom that any
trace of radiations can be found. In the telophases, however,

e radiations reappear, but are not centered in any single point.

When the nuclear membrane begins to form, the radiations again

become indistinct and disappear as before. Just before the

spindle reaches its full length {Jig. d) the radiations often attain

their greatest prominence, sometimes appearing as extremely
coarse strands. In nearly all cases, even in very thin sections,

some of the rays can be traced from the pole of the spindle to

the Hautschicht. The diameter of the rays is usually greater at

It inrrpa^p in dfameter at the Hautschicht

th

O

^ *^'



34 BOTANICAL GAZETTE [july

also IS not uncommon* The rays are usually simple, but may be

branched especially during the earlier stages.

It is worthy of note that the radiations are most pronounced

and stain most deeply with gentian violet, while the nucleus is

elongating and its poles are separating from each other ; and,

further, that during this period many of the radiations connect

the poles with the Hautschicht, The explanation which we ven-

ture to suggest is that the radiations take an active part in sep-

arating the poles from each other. The fact that the radiations

disappear as soon as the poles have reached their widest separa-

tion supports this hypothesis. The reappearance of the rays in

the telophase does not seem to be so definitely concerned with

movement, because they again disappear before the nucleus

has perceptibly changed its position : still, it is possible that

there may be a slight movement in the nucleus toward the center

of the new cell. The reappearance, however, takes place as

the nuclear membrane begins to be formed, and it may be an

expression of kinoplasmic activity during the formation of the

Hautschicht surrounding the nuclear membrane, or the rays may

be contributing to the formation of the nuclear membrane itself,

which, we believe, is largely kinoplasmic in its nature.

THE SECOND MITOSIS IN THE GERMINATING SPORE, WITH REMARKS ON
APICAL CELL, ANTHERIDIA, NUCLEOLI, AND CHROMOSOMES.

The second mitosis is remarkably easy to fix and stain; so

that, while the first mitosis, if equally well prepared, might

show the early prophases with a little more clearness, our

material afforded a better study of these stages during the sec-

ond mitosis.

In studying the second mitosis, special attention was devoted

to the centrosphere and to the origin of the achromatic struc-

tures. The terms *'centrosome" and "centrosphere" are fre-

quently confused. Until much more is known about the origin

of these structures and their relation to each other, it is hardly

worth while to attempt any definitions. A typical centrosphere

as the term is used in this paper— is shown in fig. J 2. The

centrosphere consists of the same substance as the astral rays

and the spindle fibers. The elongated body toward which the
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rays converge in fig, 75 is also a centrosphere, and the densely

staining masses at the poles of the spindle \ri fig. d, although not

organized into a definite body, consist of the same material as

I centrospheres and, at an earlier stage in mitosis, may have had
a more definite form. We have not intended to represent a

centrosome in any of our figures. Bodies which have the super-

. ficial aspect of centrosomes are shown in figs. 14^ 16, and 77,

but here the sharply staining body at the center of the centro-

sphere is, without doubt, the cut end of an astral ray. The
structure at the upper pole in fig. g certainly looks like a centro-

sphere containing a centrosome, but such an appearance is so

rare that it seems safer to regard the sharply staining body as a

chance granule. Still, it is evidently just such a body as this

that Van Hook (38), in his recent study of Marchantia, inter-

prets as a centrosome.

In the very early prophases a beautiful system of radiations

becomes quite conspicuous. This system we regard as an aster,

comparable with the asters of thallophytes and of animals.

The system first appears as a few fibers converging to a point

Avhich is usually in contact with the nuclear membrane or very

near to it {figs, ii~ij), but, in some instances, may be at a

<:onsiderable distance from the nucleus {figs. 14-16). Persist-

ent search failed to reveal any body which could be identified

positively as a centrosome or centrosphere before the appear-

ance of the aster, and even after the appearance of the aster and

centrosphere, no centrosome could be distinguished. Granules,

like those shown in all the figures, were frequently found in con-

tact with the nuclear membrane after the nucleus had begun \.o

enlarge, and it is probable that some of the granules were cen-

trospheres, although no method was found for identifying them

before the appearance of the rays. Bodies which bear remark-

able resemblance to centrosomes [Jigs. 14, 16, 17) and which,

for a time, were interpreted as genuine centrosomes, proved to

be merely the cut ends of coarse fibers. Sometimes several

<ieeply staining points may be seen ; such an appearance might

easily be mistaken for a centrosphere containing several gran-

ules. In cases like those shown in figs. 14-n^ the "granules"
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are, without doubt, nothing but the cut ends of fibers. The two

centrospheres \vl fig. ly are practically alike, but the one at the

upper pole is represented in median section and the other in

surface view, the fibers in vertical view appearing as dots. How
ever, it must be admitted that occasionally the deeply staining

points are really granules
{fig^ g) , but the cases are so rare that

we have not regarded such granules as a functional part of the

mitotic mechanism.

After a study of the germinating spore had failed to show

any centrosomes, the nuclear figures were examined in other

phases of the life-history, particularly in the apical cell and its

younger segments, and in the developing antheridia. The

apical cell and the rapidly dividing cells near it are quite favor-

able for study. The character of the mitoses in this region is

represented in figs, g and lo. The lower pole in fig. g shows

the more usual condition, although the rays are frequently as

strongly developed as those shown at the upper pole, a consid-

erable number of the rays reaching to the Haiitschicht. A care-

ful examination of this figure will show that there is no definite

fig^ Uig

id) the spindle becomes sharply bipolar and the radiations dis-

appear

The antheridia were examined with particular interest because

Schottlander (30) had reported centrosomes during all stages in

the development of the antheridium of Marchantia, and Belajeff

(2) had found blepharoplasts throughout the development of the

spermatogenous cells of Marsilea. However, nothing which

could be interpreted as a centrosome was found in our material,

which furnished a series from the initial cell up to stages in

which more than thirty cells appear in a transverse section of

the antheridium. Unfortunately, the material showing the last

two or three divisions preceding the formation of the spermato-

zoid mother-cells was not satisfactory, and, consequently, no

positive statement can be made in regard to blepharoplasts,

although we should assume them to be present during the last

one or two mitoses.

In the germinating spore a differentiated area, already
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described as a centrosphere by Farmer (9), Strasburger (33),'
and by Davis (7), is often found at the center of the aster.

The origin and behavior of this structure, which we regard as a

genuine centrosphere, are rather puzzling. While we assumed
that it must appear earlier than the rays, and that the rays were

developed from it, the failure to identify the structure before

the appearance of the rays, and its frequent absence when it

might be expected to be present, led to a careful study of the

subject. The conclusion was reached that the centrosphere

gives rise to the rays, but that the rays may also contribute

materially to the substance of the centrosphere.

Although we have not been able to make any satisfactory

study of living material, we believe that appearances warrant the

theory that there is a streaming movement in the rays. Such a

eory is not entirely new to zoologists. If the theory be true,

when the streaming is toward the nucleus the centrosphere

would increase in size, while a continued streaming toward the

periphery would cause the centrosphere to disappear. In regard

to the origin of the rays, nothing more definite was determined.

Finely granular areas, showing a tendency to stain- with gentian

violet, were sometimes seen in earlier stages, but the actual

formation of rays or centrospheres from these areas could only

be surmised. These areas do not seem to differ essentially from

those which we (4) have already observed accompanying the

male nuclei of Pinus Laricio. In some of Miss Ferguson's (13)

figures of the same species and of Pinus rigida the areas approach

the form of definite centrospheres. The aster appears so sud-

denly that its mode of development is largely conjectural. In

a fully developed aster there is usually an increase in the

diameter of the ray at the centrosphere [figs. 13 and /d), and

occasionally a slight enlargement at the Haiitschicht. An enlarge-

ment of the ends of the rays, as shown in fig. 13, is just what

should be expected if there is a streaming of material. The

variability \n the size of the rays and their irregularly granular

character also favor the theory that they are lines of streaming

material. The tendency of small nucleoli or microsomes to col-

lect on the rays, as pointed out by Schaffner (27) in his study

^ '
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of Lilium, and as is familiar to all who have seen mitoses in the

embryo-sac of Lilium and similar forms, is another argument in

favor of this theory.

The asters arise at opposite poles of the nucleus, but not-

simultaneously. Serial sections of a large number of nuclei

were examined before this conclusion was reached. We can

hardly understand Davis's (7) statement that in his studies he

'*has never found a nucleus with a clearly defined solitary aster

beside it. This is a very important point and the search was

persistent." In our own preparations of the second and third

mitosis we never found anything but the solitary aster in the

earliest stages. In studying this point, reconstructions were

made from thin sections, and series were cut thick enough to

include the entire nucleus. It is true that the first aster does not

usually reach its fullest development before one appears at the

opposite pole. In figs, 14 and 75 and also in fig, ig (third

division) there is only one aster. However, the second aster

usually appears before development has proceeded so far. In

spite of the fact that the two asters do not arise simultaneously

we can confidently support Davis's (7) conclusion that the two

asters do not arise by the division of a single one. We found

only two preparations in which the asters were less than 1
80*^ apart

except in case of tripolar figures, which were not very rare {fig^-

16— third pole not shown— and 2j). In early stages the two

poles usually differ from each other in appearance, one pole being

rather pointed and the other comparatively blunt {figs. 21

24,25). Cases \\kcfig.21 indicate that the blunt pole has been

the last to develop. At this stage, neither pole is sharp, both

being more or less rounded. The dome-shaped prominences or

"caps," as they may be called, are by no means easy to interpret.

In some cases the cap looks like a mere extrusion of the nuclear

membrane, while in others the nuclear membrane is still intact

after the caps have become quite conspicuous. The rounded

ends indicate considerable pressure from beneath. That the cap

is something more than a structure built up by fibers radiating

from the aster is shown by its appearance and by the fact that in

transverse section it presents a continuous line. The cap becomes

i

I

i
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finely granular and suggests a delicate membrane being resolved

F into fibers, rather than a membrane being formed from fibers

KfiS' 4)' I^ our opinion the cap is a delicate layer— a sort of

Hautschicht—immediately surrounding the nuclear membrane.
Were it not for the fact that the nucleus retains its form and seems

to be surrounded by a membrane even after the caps have become
quite conspicuous, we should conclude that the cap is only the dis-

tended nuclear membrane. At first the space between the cap

and the surface of the nucleus is filled with a fluid in which no

fibers or granules can be detected, but later, after the nuclear

membrane has broken down, a dense mass of spindle fibers appears

and occupies the space between the two caps. The caps do not

seem to be different from those seen in the root tips, as described

by Nemec (24), Schaffner (28), and others.

The rays of the aster do not penetrate the caps, but are closely

applied to them. The aster exerts a strong pull, as may be seen

during the period of elongation, although the elongation is due,

m some degree, to pressure from within.

As in the first mitosis, the spindle in early stages consists of

two half-spindles
[fig. 26). Until the caps become resolved

into fibers they keep the spindle rounded {fg. 26). The caps

generally break up into fibers during the metaphase or early

anaphases, and the poles of the spindle may then become blunt

or irregular {Jig. 2^). Occasionally the caps keep the poles of

the spindle rounded even after rather late anaphases have been

reached
{fg. 28)

.

The polar radiations generally disappear at the end of the

prophases, are absent during the metaphase and anaphases, and

reappear in the telophase (Jigs. 26- 2g). That portion of the

spindle which lies between the two caps is undoubtedly nuclear

in origin. It consists of a very dense mass of spindle fibers which

appear with remarkable suddenness {fig. 20; cf.fig. j).

From observations on the nucleolus, we feel sure that this body

contributes considerable substance to the growing chromosomes.
As the chromosomes increase in size, the nucleoli become more
and more vacuolated, and material which resembles that of the

nucleoli is often found adhering to the growing chromosomes.

h-_
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After the chromosomes have reached their full size, the nucleoli

fragment, the fragments usually staining with gentian-violet.

Soon the entire nuclear cavity becomes filled with granular matter

staining with gentian- violet, and at this period^ the central

portions of the spindle appear suddenly as the granular matter

disappears. A few early spindles were noted in which this central

portion did not seem to consist of sharply defined fibers. While

such an appearance is often due to faulty methods, the sharply

defined fibers in other figures in the same preparation favor the

inference that these undifferentiated portions represent stages in

the transformation of nucleolar matter into spindle fibers. In our

opinion, these phenomena support Strasburger's (33) theory that

the nucleolus contributes some of the material for the spindle.

Observations on the chromatin were merely incidental, but it is

certainly safe to say that Pellia, in spite of the small size of its nuclei,

is a favorable object for such study. As has just been mentioned,

the nucleolus probably contributes something to the substance of

the chromosomes. Although the chromosomes are small, they

can be distinguished very early and seem to lose their identity

much later than is usually the case. Mitoses in the venter of the

archegonium show a longitudinal splitting of the chromosomes

before the breaking down of the nuclear membrane, while in the

germinating spores the splitting occurs much later.

The number of chromosomes in the gametophyte, as counted

in the germinating spores and in theactively dividing region of the

thallus, is eight. This number, however, is far from being constant.

Both Farmer (10) and Davis (7) report occasional irregularities.

In the present study, a few nuclei were found with only seven

chromosomes, and nine chromosomes were counted in more than

a dozen cases
{^fig. 20). Long spindles upon which the chromo-

somes are irregularly arranged are not infrequent, and it seems

probable that such a mitosis might result in an unequal distribu-

tion of the chromosomes, and thus account for variations from

the typical number [fig. 8).

THE THIRD MITOSIS IN THE GERMINATING SPORE.

While considerable attention was given to the third mitosis,

an extended description is hardly necessary. Prominent asters
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^S* ^9) ^'^^^ those of the two preceding mitoses are often

present, but they are frequently absent, and the caps appear

with only a few radiations {Jig. 18) or even none at ail.

There are no radiations in the metaphase {Jig. 7). In short,

it is possible to select from the third mitosis a series of

stages identical with a typical series from the apical region of the

thallus. At the fourth and succeeding mitoses the resemblance

to the usual vegetative divisions becomes more and more pro-

nounced, while asters and centrospheres become correspondingly

rare.

THE CENTROSOME PROBLEM,

The centrosome^ problem is one of extreme difficulty, and

perhaps the difficulty is greater for the botanist than for the

zoologist. At least, the difficulties are different in the two cases.

That there are in animals well-defined centrosomes which func-

tion as organs of nuclear division, all investigators agree, and

animals or tissues in which centrosomes do not occur are regarded

as exceptions. The existence of the organ is not a serious

problem
; rather, the more recent investigations have sought to

establish the permanent or transitory character of an organ which

all admit to be present during mitosis. In plants, on the other

hand, even the existence of a centrosome is a problem which

must be considered separately for the different groups.

It is of interest to note that centrosomes in plants were first

observed in diatoms in 1886 by H. L. Smith (31). When
Guignard in 1891 published his classic paper on fertilization,

botanists at once accepted the results and confirmatory accounts

appeared. Strasburger (33) found centrosomes in Larix, Hum-
phrey (18) in Psilotum, Mottier (22) in Delphinium, Schaffner

(26) in Alisma and Sagittaria, Campbell (3) in Equisetum, Lauter-

born (21) and Karsten (20) in diatoms, and other investigators

reported centrosomes in various forms ranging from the algae up

to the flowering plants. In fact, the centrosome seemed to be

as universally present in plants as in animals. Belajeff (i) and

^In referring to flowering plants no attempt has been made to distinguish between

centrosomes and centrospheres. In describing mitosis in liverworts some writers have
used these terms indiscriminately.

'
'

'
*

'

;
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Farmer (n), however, failed to find centrosomes in Lilium. At

the same time Strasburger (35), directing a remarkable group of

investigators, attacked the problem in all the principal groups of

plants. Those who studied thallophytes found centrosomes,

but those who studied pteridophytes and spermatophytes not

only found no centrosomes, but, in tracing the origin of the

multipolar spindle, they found conditions which seemed to pre- .

elude any such bodies. Just as the discovery of centrosomes »

was followed by confirmatory accounts, the multipolar spindle

and the non-existence of centrosomes in the vascular plants

received immediate confirmation. Guignard, Schaffner, and others

still continued to find centrosomes in flowering plants, although

these bodies, as represented in the figures, became noticeably less

conspicuous than in earlier accounts. In Guignard's (15) recent

studies of fertilization no centrosomes are represented in the

figures, and no reference to any such structures is made in the

text, even during the stage at which the famous ''quadrille of

the centers" was formerly (14) described. The fact that the

great majority of cytologists, with the most approved technique

and provided with apochromatic immersion lenses, fail to find

centrosomes in flowering plants, added to the fact that the mode
of spindle-formation both in reproductive and in vegetative cells,

does not require the participation of a centrosome, makes the

evidence overw^helming that the centrosome, as an organ of

division, does not exist in this group.

In regard to the pteridophytes, the evidence is similar, but not

nearly so extensive. The blepharoplasts of pteridophytes and

gymnosperms will be considered later.

In the mosses the centrosome problem has received no serious

attention, doubtless on account of the small size of their nuclei.

Whether there is even a blepharoplast or not still remains to be

determined.

In the liverworts, no centrosome is found at any stage in the

life-history. However, in Pellia and Conocephalus, and perhaps

in all forms with such extensive intrasporal development of the

gametophyte, a centrosphere appears during the early divisions

in the germinating spore, but even in these few divisions thf^
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centrosphere is very transitory, not persisting from one nuclear

division to the next, and appearing only irregularly during the

division with which it is concerned. Still, this transitory centro-

sphere is a functional part of the mitotic figure during the first

two or three divisions. In PelHa, at the fourth division, the

centrosphere may or may not appear, and in subsequent divisions

it was only rarely that we could identify the body at all.

Among the thallophytes, sharply defined centrosomes have
been described by competent observers who are thoroughly

familiar with all phases of the centrosome problem.

In the fungi, judging from Harper's (i6) work on various

ascomycetes, a centrosome is present during the period of free

nuclear division in the ascus, when it functions in the formation

of the spindle. After the period of free nuclear division, the

centrosome behaves in a very peculiar manner in forming the

young wall of the ascospore.

The centrosome has received more attention in the algae than

in the fungi. In papers by Farmer and Williams (12), and by

Strasburger (34), centrosomes are described in the oogonia and

segmenting eggs of Fucus.

During the early segmentations of the fertilized tgg, Stras-

burger (34) was able to observe the division of the centrosome

and to trace its continuity from one cell to another. In the

development of the oogonium, however, no such continuity

could be recognized. In the large apical cell of Stypocaulon,

Swingle (37) found that the centrosome divides, giving rise to

the two centrosomes from which the spindle is developed. He
was able to recognize the centrosome even during the resting-

stage of the nucleus. In the tetraspore mother-cell of Dictyota,

Mottier (23) found comparatively large and somewhat elongated

centrosomes. These bodies divide and, at least during divisions

in the tetraspore mother-cell and in the early divisions of the

germinating tetraspore, persist from one cell-generation to

another. They develop asters and play an important part in the

formation of the spindle.

Lauterborn (21) figures conspicuous centrosomes in Surirella

and other diatoms. Karsten (20) also describes centrosomes in
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diatoms, and his beautiful preparations, which it .was our pleasure

to examine, show these bodies as sharply defined as in most

animal mitoses. Both Lauterborn and Karsten agree that a

centrosome, or at least a body derived from it, becomes cylindri-

cal or ring-shaped, and functions as a spindle during mitosis.

The centrosonies of diatoms stain intensely and are not sur-

rounded by a centrosphere. Lauterborn found centrosomes even

during the resting condition of the nucleus and cell, but Karsten

was not able to identify the body positively until the radiations

began to appear. Davis (5) describes a centrosphere, but no

centrosome, in the tetraspore mother-cell of Corallina, The

centrospheres give rise to the spindle, and consequently play an

essential part during nuclear and cell division. No centro-

spheres could be recognized during the resting-stage of the

nucleus.

Thus it appears that in many of the algae well-defined centro-.

somes are present, at least during certain phases of the life-
|

history, and that the centrosomes may divide and persist from

one cell-generation to another, while in other algae the centro-

some does not show such a degree of permanence. In the algae

which we have mentioned the centrosomes are not surrounded

by a clear area. In Corallina it is to be noted that there is no

centrosome, but only a centrosphere. In none of the algae

have centrosomes been traced throughout the life-history of the

plant. In some fungi centrosomes are present during the mitoses

concerned in the development of spores. Among the Hv'erworts

we doubt whether there is, at any period in the life-history, a

centrosome like those described for the thallophytes. The cen-

trosphere, appearing and functioning during only a few mitoses,

has replaced the functional centrosome.

The polar radiations which are often conspicuous during

mitosis in pteridophytes, gymnosperms, and angiosperms are

of the same nature as those of thallophytes and bryophytes, but

in the higher groups (and, possibly, in most mitoses in the lower

groups) a definite centrosome, or even a centrosphere, is lacking.

Centrosomes and centrospheres in vascular plants have been

described and figured so frequently by such competent observers
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that he would be rash, indeed, who would claim that all such

accounts have no foundation except in perverted imagination and

preconceived theories. That theories suggested by the accounts

of zoologists and supported principally by misinterpretations of

plant structures have caused exaggeration in the drawings and

descriptions of botanists is probably true. While we believe that

most of these centrosomes are to be interpreted as chance gran-

ules, nucleoli, pieces of chromosomes, etc., still we see no reason

why a centrosome or centrosphere might not occur occasionally

through atavism. The finely granular areas which have been

noted during spermatogenesis in Coniferales, and the similar

areas which are often seen in angiosperms, are, in our opinion,

vestiges representing historically the centrosphere as it appears

during the early mitoses in the germinating spore of Pellia.

The blepharoplasts described for various pteridophytes and

gymnosperms are, in our opinion, to be interpreted as centro-

somes. It seems to be true that in Ginkgo (17), Cycas (19) and

Zamia (39) they appear only in the body cell and in the

spermatozoids. In Marsilea, however, Shaw (29) traced

another cell-generation farther back, and in the same genus

Belajeff (2) found blepharoplasts even during the earlier stages

in the development of spermatogenous tissue. But granting

that the blepharoplast appears during only one or two cell-genera-

tions, this does not seem to be a valid argument against its

centrosome character, for in Pellia the centrosphere is clearly

distinguishable during only a few mitoses, and even in the mul-

ticellular thallophytes, if the centrosome should prove to be

present throughout the life-history, it is at least much more

conspicuous at some phases than at others. Plants furnish

numerous illustrations of the gradual reduction, and even the

disappearance, of organs during phylogeny. Most botanists

admit that in the earliest sporophytes all the cells were sporoge-

nous; but, during phylogeny, portions of the sporogenous tissue

became sterilized until the sporogenous tissue finally became

much limited in extent and now appears only during a few cell-

generations. During such reductions, functions of cells or

organs may become completely changed, as in the case of the

them
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t

elaters of liverworts, which are, historically, sporogenous cells

and often develop like sporogenous cells, even up to the spore

mother-cell stage. In the formation of the ascospore, the function

of the centrosome is not the same as during the mitotic divisions

in the ascus. Other examples might be cited.

That the function of the blepharoplast is somewhat peculiar

must be admitted. Radiations, however, and spindle fibers,

which are often the most conspicuous accompaniments of cen-

trosomes and centrospheres, are actively concerned in movement

and are not essentially different from the radiations or cilia of

blepharoplasts. In form and function centrosomes present so

much diversity among themselves that the peculiarities of the

blepharoplast need occasion no surprise. One has only to com-

pare the typical spherical centrosome with the rod-like centro-

some of Dictyota, the hollow cylindrical spindle of some diatoms,

and with the centrosome which forms the Hautschicht of the

ascospore- '

We should conclude, therefore, that centrosomes, centro-
\

spheres, and blepharoplasts are historically related, and with

their radiations, spindle fibers, and cilia are only different mani-

festations of kinoplasmic activity, movement in all cases being

the principal function,

Pellia, with the prominent aster and centrosphere of its ger-

minating spore becoming less and less distinct in succeeding

mitoses until a condition is reached resembling that which pre-

vails in the flowering plants, presents in its own life-history a

great reduction of the aster and the disappearance of the cen-

trosphere.

I am deeply indebted to Professor Strasburger for his kindly

courtesy and helpful suggestions during my work in his labora-

tory,

SUMMARY.
i

I. The principal part of the work deals with the first three

divisions in the germinating spore of Pellia epiphylla. We have

not intended to attack the excellent work of previous investi-

gators, but rather have attempted to extend a little farther a

knowledge of the phenomena of mitosis.
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2. A centrosphere, but no centrosome, is very prominent

during early prophases of the first mitosis in the germinating

spore. The centrosphere is not present at all during the subse-

quent stages of mitosis. An aster is also conspicuous during the

early prophases of the first mitosis, but disappears before the

metaphase is reached. Radiations reappear during telophases.

The aster is believed to be concerned in separating the poles of

the spindle ; the radiations during the telophase may be con-

cerned in forming the nuclear membrane or a Haiitschicht about

the nuclear membrane. In the second and third mitoses, the

centrospheres and asters become more and more indistinct, and in

succeeding mitoses the centrosphere becomes indistinguishable,

and a few irregular rays replace the aster.

3. The rays are believed to be lines of streaming material,

consisting of the same substance as the centrospheres.

4. Centrosomes, centrospheres, and blepharoplasts are believed

to be the same structures historically, being only different mani-

festations of a common kinoplasmic activity,

5. No centrosomes or centrospheres were found during mito-

ses in the apical region of the thallus or in developing antheridia.

It was not determined whether a blepharoplast occurs toward

the close of spermatogenesis.

6 Hautschicht

nuclear membrane. The central portion of the spindle is believed

to be derived in large measure from the nucleolus.
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EXPLANATION OF PLATES XII-XIV.

All figures were made with a Bausch & Lomb camera lucida, Zeiss

apochromatic immersion objective 2"'" 1,30 N. A., and Zeiss compensating

ocular 12; magnification, about 1,500 diameters. All figures are from Pellia

^piphylla Raddi, except 7?>^. 7, 2, 11, and 12, which are from Pellia calycina

Nees.

PLA TE XI

L

{Figs. i~8, mitoses in germinating spore ; /-6 first mitosis, 7 and 8 third

mitosis; Jigs, 8 and /a, mitosis in apical region of thallus.)

Fig. I. Area about the elongating nucleus has become rather free from
starch grains and larger granules. Asters and caps are present.

Mo. Bot
1004.
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Fig. 2. Peculiar aster at upper pole ; the papilla indicates that it is pull-

ing upon the nuclear membrane.

Fig. 3. The cap is very conspicuous and the nuclear membrane is still

intact.

Fig, 4. A cap just beginning to break up into fibers. A transverse section

at this stage shows a ring.

Fig, 5. Transverse section of fully formed spindle.

Fig. 6. Mitosis in late prophase; the spindle is evidently made up of

two half spindles: radiations conspicuous; definitely formed centrospheres

are lacking.

Fig. 7. Metaphase of third mitosis ; no radiations or centrospheres are

present. Figures of first mitosis are the same at this stage.

Fig. 8, Irregular mitosis (third mitosis) in an unusually large spore, sug-

gesting how nuclei with an irregular number of chromosomes might be

formed.

Fig. 9. Mitosis near apical cell; caps prominent and radiations reaching

to the Hautschicht ; at the upper pole is a granule resembling a centrosome.

Fig. 10. Anaphase in mitosis near the apical cell; no asters or centro-

spheres are present.
FLA T£ XIII.

{Figs, 11-17, second mitosis; 18-20, third mitosis in germinating spore.)

Fig. II. Very early prophase.

Fig. 12. Centrosphere and radiations.

Fig. 13. Very prominent centrosphere and radiations. The centripetal

ends of the radiations have a pseudopodium-like aspect and suggest that the

radiations are lines of streaming material.

Fig, 14. Centrosphere in which the cut end of a fiber resembles a centro-

some. There is no centrosphere or aster at the other pole.

Fig. 15. Irregular, elongated centrosphere with prominent aster; no

centrosphere or aster at the other pole.

Fig. 16. Tripolar spindle, the third pole not shown. The cut end of a

fiber resembles a centrosome. The pull upon the nucleus is evident; upper

aster at some distance from the nucleus.

Fig, 17. The two centrospheres are practically alike, but the upper one is

shown in median section, while the lower one appears in surface view, the

fibers having the appearance of granules within a centrosphere.

Fig. 18. The more usual appearance of an early prophase at the third

mitosis
;
prominent caps, but no centrosphere or very definite aster.

Fig. iq. An exceptionally prominent centrosphere and aster at the third

mitosis; no centrosphere or aster at the other pole.

Fig. 20, Transverse section of mitotic figure at the third mitosis; ]ust

before the splitting of the chromosomes, showing nine chromosomes.
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PLA TE XIV.

{Figs. 2i-2g, second mitosis in the germinating spore.)

Fig. 21. Cap more prominent at upper pole ; nuclear membrane intact.

Fig. 22. Nuclear membrane has broken down at the poles, but is still

^ intact at the sides of the nucleus.

Fig. 23. Tripolar figure.

Figs. 24, 25. Lower cap much broader than the upper; the granular

matter within the nucleus is derived largely from the nucleolus and stains

with gentian violet.

Fig. 26. Late prophase; the achromatic figure evidently consists of two

half-spindles.

Fig. 27. Spindle very broad at the poles ; a rather common form at this

stage in the first three mitoses ; no radiations or centrospheres.

Fig. 28. The caps have kept the ends of the spindle rounded for an

unusually long period; no centrospheres or radiations.

Fig, 2g. Telophase; radiations, but no centrospheres have reappeared.

\



NEW WESTERN PLANTS. I.

A. D. E. Elmer.

Agropvron spicatum pubescens, n. var.—A tufted subalpine

perennial. Culms slender, 4^"" high, cinereous pubescent below

the joints. Blades mostly involute, soft pubescent on both

sides, pointed, averaging i
"^^ in length, divaricately disposed;

sheaths pubescent, shorter than the internodes ; ligule very

short. Spike j^-io^"* lo^g? glabrous or sometimes glaucous;

spikelet flattened, 5-7-flowered; glumes abruptly terminated by

setaceous points, lower 8^"^ ^ong, 3-nerved, upper 9™"" long,

usually 5-nerved ; lower palet 5-nerved toward the apex, bearing

a slender divergent awn; upper palet equal in length, slightly

scabrous on the nerves above the middle, emarginate ;
stamens

3, anthers 3"""^ long.

This variety (number 1 158) was collected by the writer at an altitude of

1000 "" on Mt. Stuart, Kittitas county, Washington, in July, 1898. Type

specimen is in the herbarium of Stanford University.

Festuca arida, n. sp.—A loosely tufted fibrous rooted annual,

turning purplish at maturity. Culms varying from 3-13 "^^ ^^

length, geniculate at the lower joints, striate, nearly glabrous.

Leaves 1-5 ''"' long, involute, smooth outside, canescent inside;

sheaths exceeding lower internodes, margins overlapping, smooth,

the upper one inflated and partially inclosing the young inflor-

escence; ligule very minute, brownish. Panicle at maturity

exserted, divaricately branched ; rays usually single, ridged,

puberulent ; spikelets few, secund, sessile, 6°'"' long, 2-3-

flowered from near the base
;
glumes entirely smooth, unequal by

I """j lower sharply acuminate and i-nerved, upper 3-nerved,

6°*°^ long; lower palet 5-nerved, nearly 6"^"^ long, ciliate with

long and dense hairs over the entire back, bearing an awn 5™"*

long ; upper palet of equal length, rather broad from the middle

toward the base, acuminate toward the apex, hyaline except the

two nerves which terminate in fine bristle-like points ;
anthers

I

I

1

%

\
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very short ; seeds 4™™ long, brown, lanceolate, grooved on one
side.

In habit this plant resembles F. microstachya Nutt. from which it is

separated by its dense evenly ciliate lower palet, and from F, 7nicrostachya

ciliata Gray by its glabrous glumes. This species (number 2196) was col-

lected by Professor L. F. Hendersoft at North Yakima, Yakima county,

Washington, May, 1892. Type specimen is in my herbarium.

Festuca idahoensis, n, sp.— Apparently a perennial, from

creeping rootstocks. Culms striate, shining, 7-9 ^"^ high,

2~3"jointed. Cauline leaves few, filiform, those of the sterile

shoots equaling or exceeding the culms, striate, glabrous beneath,

involute, less than 0.5 "'^ in diameter, canescent inside ; sheaths

loose, striate, smooth, the throat abruptly constricted at the leaf

base
; ligule a brown narrow fimbriate band. Panicle ovate,

7-12'^"' long ; rays 2, spikelet-bearing from below the middle;

spikelets few, loosely 3-4-flowered, lo"""^ or less long; glumes

glabrous, broad, 3-nerved, upper 4™^ long and obtuse, lower

acute, 3"^"^ long; lower palet broadly lanceolate, obscurely

5-nerved, 6 """^ long, bearing a scabrous awn 3
""" long; upper

palet equal in length, quite broad, 2-nerved, slightly bidentate

at the apex ; each of the 3 anthers 3 ™™ long ; styles 2, distinct,

upon the obovoid ovary.

This fescue grass is distinguished from F, rubra L., which it resembles^

by its extremely long filiform leaves. It was collected by Mr. Z, R, Abrams,
in Smith's Valley, Shoshone county, Idaho, July, 1900. Type specimen

(number 688) is in Mr. Abrams* herbarium.

Bromus magnificus, n. sp.—A scattering perennial, with

creeping rootstocks, bearing few slender woolly fibrous roots.

Culms 1-3 «5 tall, shining, erect, with 6-9 densely pubescent

joints. Blades flat, scabrous on the ^^ig^s, 7^°™ wide, the larger

ones 3 ^^ long, upper surface puberulent with few bristle-like hairs,

lower surface glabrous, apex acuminate ; sheaths soft, equaling

the internodes, conspicuously striate, entirely covered with long

soft retrorse hairs; ligule brownish, 2^^ long. Panicle not

drooping, pyramidal in outline, 25^^ long, nearly the same
in diameter at the base ; rays 2-3, long and slender, subtended

a circle of fine hairs, pendulously flexuose, l-2-branched

from the middle, scabrous near the distal ends ; spikelets soft,
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2-3 cm
jQj^g^ flattened, attenuate toward the base, 7-9-flowered

;

glumes unequal by i '""^j upper one 8 """^ long and 3-nerved, lower

I -nerved, pubescent, both acuminate with a point 1°^"^ long;

rachilla pubescent ; lower palet pubescent around the base and

on the sides below the middle, the upper half becoming scabrous,

12"^"^ long, prominently 3-nerved and often with minor ones

between, bearing a straight scabrous aw^n 5
"""" long ; upper palet

shorter by 3 """", long-ciliate on its 2 nerves; stamens 3, their

anthers nearly 3 ^^ long ; styles 2, from below the bristle covered

callous cap.

This magnificent Bromus was found by the writer only in a small shaded

boggy district near Port Angeles, Clallam county, Washington, August, igoo.

I have the identical species duplicated in a specimen from Yes Bay, Alaska,

collected by Mr. T. Howell, in 1885, number 1722 A. Professor C. L. Shear in

his revision of the genus refers Howell's specimen to B, sitchensis Bong.,

from which it is at once separated by its pilose nodes, sheaths, and spikelets.

It is most nearly related to B. pacificus Shear, from which it differs in its

much larger size, the smooth lower surface of its leaves, the lax panicle whose

rays are not secund, the slender-pointed glumes, and much shorter upper

palet. Type specimen (number 1957) is in the herbarium of Stanford Uni-

versity.

Panicularia multifolia, n. sp.—A v^^eak subaquatic perennial,

with slender creeping rootstocks bearing fibrous roots at the

nodes. Culms generally reclining, 9-12-jointed, rather soft in

texture, "j-^^"^ long. Blades all cauline, as many as there are

joints, flat, glabrous on both sides, finely scabrous along the mar-

gins, the largest ones 14'^"' long and lo"*"^ wide, gradually

diminishing in size, all acuminately lanceolate; sheaths glabrous,

the upper ones exceeding the internodes; ligule 3™°" long, hya-

line, becoming lacerate. Panicle ovate, S-S*""" long by S*"""
wide

at the base, strict; rays 2, rigidly flexuose, smooth or slightly

scabrous, with 3-5 spikelets, branched from below the middle;

spikelets not compressed, 3-5-flowered, falling extremely early,

the largest ones 5
"^"^ long; marginal apex of the persisting glumes

hyaline, s.ubequal, lower 1^°" long, upper broadly spoon-shaped;

lower palet conspicuously 5-nerved, obscurely scabrous on the

margin and the nerves, 3°^°^ long, broadly elliptical, the hyaline

apex subtended by a narrow brown band; upper palet a trifle

^

\

\
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r

mm

mm

shorter, scabrous on the two nerves, notched at the apex, sides

hyaline;, anthers a little longer than o.s""""; styles 2, separate,

inserted on the glabrous ovary.

This Panicularia was discovered in a subalpine open boggy place in the

woods of the Olympic mountains (elevation 1,000""), Clallam county, Wash-
ington, August, I900. It is at once distinguished from P, paucifiora (Presh)

Kuntz, by its slender many jointed leafy stem, the uniformly small rigid

panicle, and the very early falling of the flowers, leaving the glumes still

attached. Of this rare species the type specimen (number 1939) is in the

herbarium of Stanford University.

Panicularia flaccida, n. sp.—A tall perennial, from slender

creeping rootstocks. Culm 1-2°^ high, smooth and shining,

5-7-jointed, rather soft and reclining. Blades as many as there

are joints, flat, finely scabrous on both sides, flaccid, 12-15

wide, averaging 2'''^ long, lanceolate acuminate, with a strong

midnerve from the base; sheaths a trifle shorter than the inter-

nodes, glabrous, many striate; ligule membranous, hyaline, 2-^
long, ultimately becoming lacerate. Panicle lax, subpendulous,
I 5-20*^"^ long, 9-15 ^"^ in diameter; rays 2, 3, or 5, usually branched
from or below the middle, slender, lax and flexuose, slightly

scabrous on the ultimate branches; spikelet 3-5"'°' long, com-
pressed, 5-7-flowered, soft in texture

;
glumes persistent after

the breaking up of the flowers, the upper half hyaline or in age
entirely so, nerveless, glabrous, the lower 1°^™ long and obtusish,

the upper a trifle longer and ladle-shaped; rachilla 5°'°' long,

terminating in a rudimentary flower; lower palet broadly ellip-

tical, finely scabrous on the conspicuous 5 nerves, 2.5""™ long,

the upper margin hyaline; upper palet 2 """^ long, rather broad,

obscurely scabrous on the 2 nerves above the middle, apex
with a shallow notch ; stamens 3, with anthers 0.5°''^ or a trifle

longer; styles 2, distinct.

This grass is separated from P. pauciflora (Presl) Ktz, by its taller, more
flaccid habit, pale color, and the larger lax panicle. It was collected by
myself in a shaded boggy place in the foothills of the Olympic mountains,

Clallam county, Washington, July, 1900. Type specimen (number 1940) is

m the herbarium of Stanford University.

Poa laeviculmis Williams,^ n. sp.—A robust, densely tufted,

"In a recent communication from Professor W, J. Spillman, Agrostologist of the

bureau of Plant Industry, U. S. Department of Agriculture, concerning this grass, I
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glabrous, glaucous perennial, 7-10'^"' high, with linear, plane, or

mostly involute leaves, and exserted rather densely flowered

panicles 1.5-2^"^ l<^^g- Culms glabrous throughout; sheaths

glabrous, shorter than the internodes ; ligule firm, truncate, 1-2°'°'

long ; leaf blades rather firm, usually involute, at least when dry,

scabrous only on the margins, those of the culm 1-2^"^ long,

3_4mm
^{(je, those of the innovations often 3^°^ in length.

Panicle lanceolate, 1.5-3'''^ in diameter, pale or purplish, rachis

nearly glabrous, branches erect or ascending, fasciculate, rather

densely flowered, scabrous, the lower ones 5-7^"^ l<^ng. Spikelets

lanceolate, 6-10"^™ long, 4-6-flowered; empty glumes lanceolate,

acuminate, 3-nerved, scabrous on the keels, the first 3-5-4

long, the second somewhat longer; flowering glumes lanceolate,

acute, about 5
^'^ long, faintly 5-nerved, minutely punctate

scabrous throughout, basal hairs entirely wanting. Palea about

equaling the glumes, ciliate scabrous on the keels.

Type specimen collected at Steptoe, Washington, C. R. Vasey, number

3026, June 25, 1900. Numbers 3034 and 3028, G. R. Vasey, June i, from the

same locality, are referred here, as well as number 2421 A, W. C. Cusick,

Wallowa county, Oregon, June, 1900. Number 3028 Vasey cited above is a

very glaucous form with plane leaves, but otherwise like the type. It is

closely related to Poa nevadensts, but is distinguished by its more robust

mm

habit, and glabrous leaves and culms. In Poa nevadensis the culms are

decidedly scabrous below the panicles and the leaves are very scabrous.

From Poa ampla this species is distinguished by its more strict panicles, more

numerously flowered spikelets, and absence of a rootstock.

Puccinellia rubida, n. sp.—A densely tufted biennial, from

numerous fibrous roots. Culms few, erect or geniculate below,

blender, 2-3^"* long, smooth, naked from the middle, usually of
Art\

^ dark red color. Leaves very numerous from the base, 3-7

long, mostly falcate, strongly involute, smooth and glaucous on

the outside, scabrous along the edges, rigid and pungently

pointed, cauline ones 2 or 3, very short ; sheaths longer than the

internodes, smooth, glaucous green to purplish; ligule I'^^'long,

received a copy of Mr. T. A. Williams' diagnosis of this species. Professor Spillman

kindly suggested that I include it for publication in this article, with an explanation

that it has been in manuscript for some two years and would have been published

sooner had it not been for Mr. Williams' death.
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/ entire, obtuse, decurrent on the margins of the sheaths. Pur-

plish panicle ovate, 3-7''°' long; rays 2-4, unequal in length,

ascending, scabrous toward their distal ends, branched beyond
the middle; spikelets usually 3-5-flo\vered, 5

"""^ long, narrowly

lanceolate to linear, upon thickened purplish pedicels; glumes

obscurely nerved, glabrous, purplish, lower broadly obovate and

a trifle longer than i"""", upper 2.5"''" long, 3-nerved at the base;

lower palet obscurely 3-5-nerved, of the same purple color

except the brown hyaline tip, obtuse, averaging 3"'"" long,

broadly elliptical; upper palet at least equal in length, bifid,

slightly scabrous on the 2 nerves above the middle; stamens 3,

the anthers linear and nearly 2'"'" long; rachis thickened at the

insertion of the flowers, puberulcnt, terminating in a rudimen-

^

tary flower, each of the joints about 1.5"'"' long; styles 2, with

rather short and sparsely plumose stigmas, inserted separately

upon the glabrous ovary; lodicules present.

This grass is certainly closely allied to the genus Poa, in distinction from

f which it is chiefly characterized by its linear spikelets, shorter and very

unequal glumes; it also bears a strong resemblance to the genus Panic-

ularia, from which it is at once distinguished by its obscurely nerved glumes

and palets. It is unlike P, lemmoni (V.) Scb, in its smaller size, purplish

culms and panicles, appressed and fewer flowered spikelets. Mr, Wm. C.

Cusick collected it in a moist alkaline meadow at Cold Spring on the Burns-

Prineville road of Crook county, Oregon, June, iqoi. Type specimen

(number 2621) is in my herbarium.

Sitanion albescens, n. sp.—A cespitose annual or biennial, with

smooth or sparsely woolly cord-like roots. Culms many, 1-2'^°'

high, erect, striate and glaucous green below the spike, barely

exceeding the uppermost sheath. Blades numerous, coriaceous,

crowded below the middle of the stem, rigidly involute, smooth

and light green on the outer surface, ridged and cinereous pubes-

cent on the inner side, slightly scabrous along the edges, usually

slender and ascending, 3-8^^ long; sheaths overlapping, striate,

smooth, glaucous green, persistent and marcescent near the base,

open at the throat; ligule 5
^"^ broad, frequently produced on

the sides into callous tips. Spike 7^°" long, barely exceed-

ing the leaves, breaking up readily at its nodes, light green

^hen in flower but soon turning purplish-gray; internodes of
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cm

rachis 3-4"^°^ in length, much flattened, with or without a

cinereous pubescence on its edges ; spikelets usually 2 at each

joint, though frequently one of them is entirely sterile, 3-4

long including the awns. 1-3-flovvered; glumes 5-7, generally

entire, 7""™ long, 1-3 striate, smooth or finely pubescent, gradu-

ally tapering into a slender scabrous awn 3*="" loi'ig which is

strongly recurved in age; lower palet nerveless except toward

the apex, 7-10"^"" long, coriaceous, smooth or pubcrulent, finely

scabrous on the nerves above the middle, extending into an awn
2-3 cm long; upper palet %^^ long, the two nerves smooth or

slightly scabrous toward the bidentate apex ; stamens 3, anthers

2"""* long; styles 2, from the apex of the ciliate callous cap of

ovary; caryopsis short, stipitate at the base, smooth, plump,

with a groove on the side of the upper palet.

This species was collected in the valley north of Ellensburg. Kittitas

count)% Washington, by -^/r>^ fl7^//<f^. June. i8g8. It is distinguished from

S, glabrum Sm. by its more cespitose habit, and usually by its slender rigidly

involute leaves, whose sheaths are overlapping. Type specimen (number

670) is in Mr. Whited's herbarium.

Sitanion ciliatum, n. sp,—A tufted annual or biennial from

strong rigid roots usually covered with a woolly matrix. Culm
I_2cm high, striate and cinereous pubescent just below the

inflorescence, strictly erect, clothed at the base with marcescent

sheaths. Leaves numerous from sterile shoots, convolute to invo-

lute, averaging 7^^ in length, pungently pointed, upper surface

glaucous and finely scabrous on the striae, lower surface covered

with a close cinereous and usually with a longer ciliate pubes-

cence; cauline leaves flat and broader; sheaths at least equaling

the internodes, open at the throat, the lower ones cinereous and

ciliate pubescent, the uppermost one cinereous pubescent and

loosely including the culms ; llgules very narrow, on the sides

often developed into callous protuberances, decurrent down the

sheath margin as a hyaline membrane. Spike 7'='" long, densely

virgate, purplish brown at maturity, readily breaking up at the

joints; 2 spikelets at each joint, one of which is frequently

sterile, 3-4^™ long including the awns, 1-3-flowered; rachis

joints 3-4^^ long, compressed, smooth or with sparse cilia along
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the edges; glumes 4-6, bifid to the base, narrow, 1-3 striate,

nearly smooth toward the base, scabrous on the nerves, about

io^°" long, gradually tapering into a scabrous awn 3-4*^'° long

which is strongly recurved in age; lower palet %^^ long, puberu-

lent or scabrous on the 5 nerves, extending into a scabrous

purplish awn 3-4^^"" long; upper palet equal in length, finely

scabrous on the 2 nerves above the middle, bidentate ; anthers

of the stamens 2'"''' long; styles 2, from the ciliate callous cap

of the ovary; the two lodicules conspicuous; seed G""™ long,

pointed at the base, grooved on the side of the upper palet.

It is quite similar to S, albescens Elm., but may be recognized by the

cmereous and ciliate pubescence of the sheaths and leaves. They may be

found to intergrade, yet it seems best to recognize them as two forms. Mr,

Ktrk Wkited collected it on dry rocky hills west of Wenatchee, Chelan

county, Washington, June, 1901. Type specimen is in my herbarium.

Sitanion strictum, n. sp.—A densely tufted annual or biennial,

with cord-like roots covered with a woolly matrix. Culms strict,

2-4^"^ high, pubescent or nearly glabrous below the inflorescence.

Leaves erect, conduplicate to involute, slender, sharply pointed,

striate, villous on both sides, lower surface greenish, upper paler;

sheaths equaling the internodes, striate, soft pubescent, usually

overlapping, the upper ones loosely inclosing the stems, the

basal ones persistent and becoming marcescent; ligule nearly

obsolete. Spike light green, subflexuose, generally much exceed-

ing the upper sheath, 7-11'='^ long; spikelets 2 at each joint,

1-3-flowered, the lower flower usually fertile, 4-6^"" long includ-

ing the awns, readily breaking up at the joints; rachis 4""" long,

compressed, shining straw color; glumes 6-^, entire or parted

from near the base and of different lengths, scabrous along the

hyaline margins and on the strong ridge-like nerves, gradually

extending into a slender scabrous awn 4'=°' long ;
lower palet

puberulent for the lower two-thirds, scabrously 5-nerved toward

the apex, 10'°'" in length, generally bearing 2 short bristle-like

awns at the point of insertion of the slender scabrous awn 3-5

long; upper palet equal in length, scabrous on the 2 nerves

toward the apex, terminating in 2 unequal bristle-like scabrous

awns; stamens 3, anthers 2 «" long; the 2 styles distinct; ovary

cm



6o BOTANICAL GAZETTE [july

with a ciliate callous cap ; caryopsis 6'"'" in length, plump, i

pointed at the base, longitudinally grooved on the side toward

the upper palet.

This species has been confounded with 6". villosum Sm., from which it is

separated chiefly by the character of the leaves. In typical S. villosum Sm.

the basal leaves are short, flat, and rigid ; the cauline ones are also rigid, flat,

tapering from the base to the pungently pointed apex, and they are usually

divaricately disposed. This species is far more common throughout the

plains of eastern Washington, while S. villosum Sm. was discovered on rocky

exposed points along the Snake river. Type specimen was collected by the

writer at Parker Station, Yakima county, Washington, July, 1898, and is in

my herbarium.

Hypericum bryophyturn, n. sp.— A loosely tufted subaquatic

annual, with smooth fibrous roots. Stems densely covered with

foliage, glabrous, 2-5^"^ long, rather weak, procumbent and

branched near the base. Leaves opposite, obtuse, ovate to

oblong or obovate, entire, larger ones 5°"™ long and almost as

wide, sessile, ascending, attached by a broad base, usually much

overlapping, glabrous or glaucous on both sides. Flowers soli-

tary or rarely cymosely disposed, small, barely surpassing the

upper pair of leaves ; the 4 sepals persistent, distinct, ascending,

glabrous, usually obovate, 3
""^ long'; petals 4, very thin, shorter

than or equaling the calyx, deciduous or soon withering, deep

yellow, elliptical or obovate, delicately nerved, with a fine fringe

of hairs along the upper edge, otherwise smooth ; stamens numer-

ous, equaling the corolla, separate, anthers orbicular; styles 3

distinct, persistent, slightly exceeding the stamens, terminated

by small capitate stigmas; capsule septicidally dehiscent, tricar-

pellary, many seeded
; seeds light brown, cylindrical, 0.5 """^ long,

puberulent, longitudinally striate.

This is a strictly alpine species, which in its native place is invariably

associated with mosses, to which it bears a strong resemblance. It has

frequently been referred to H, anagalloides C. & S., which has usually a

lower altitudinal range and from which it differs in its smaller size, more

numerous leaves, and fewer flowers. I collected it above timber line in the

Olympic mountains, Clallam county, Washington, August, 1900. Type speci-

men (number 2833) is in the herbarium of Stanford University.

Orthocarpus olympicus, n. sp.—An erect annual, 2-3^'° high.

Stems smooth, slightly angular, usually dark brown on the

J
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angles, fastigiately 1-5-branched from above the middle, branches

sparsely pubescent. Lower leaves entire, ascending, lanceolate,

deciduous, the larger ones 4^"^ long, plainly 3-nerved from near

the base, puberulent on both sides, the uppermost with 2 narrow

lateral lobes. Spike erect, 2^°° in diameter, cylindrical, not rigid,

usually compact ; bracts short petioled, membranous, finely his-

pid on the edges, elsewhere puberulent, apex of the upper ones

rose-purple and nearly truncate, attenuate at base, with reticu-

late veins between the 3 nerves, scarcely exceeding i
^"^ long

and only i ^^ wide including the sharply acuminate lateral lobes
2_5nim long; flower short peduncled, in the axil of the bract;

calyx 7°"°^ long, somewhat saccate, hyaline except the 4 long

ciliate nerves which terminate in delicate scabrous points i
""""

long ; corolla tubular, bilabiate, 12°'°' long, constricted just

below the middle and bent upward, only the tips dull purple,

conspicuously 12-nerved around the base; lower lip broadly

obtuse, with 3 obsolete barely apiculate lobes, faintly canescent;

upper lip slightly exceeding the lower, triangular, obscurely

canescent, with a short blunt recurved apex; stamens 4, inserted

on the corolla tube, mostly inclosed by the upper lip ;
anthers 2,

oblong, 2-celled, the lower cell nearly equaling the upper; style

equaling the stamens, the small stigma terminal; capsule puberu-

lent, obovoid, loculicidally dehiscent ; seeds not numerous,

arranged on a central placenta, falcate, plump, 1.5
"^"^ long, with

narrow irregular corrugated wings.

This species was collected by the author in the Olympic mountains,

Clallam county, Washington, August, 1900, at an elevation of 1000 to 1500"*.

It seems to be rare, and in my opinion it is wholly unlike O, imbrkaius Torr.

in its smaller, less coriaceous, and broadly obtuse or truncate bracts. Type

specimen fnumher -yen \\ i^ in the herbarium of Stanford University.

Herbarium of Leland Stanford Junior University

bfr-*5^
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POSITIVE GEOTROPISM IN THE PETIOLE OF THE
COTYLEDON.

(with one figure)

In a former paper' on the geotropic responses of young hypocotyls

and the cotyledons of some monocotyledons, I showed that the down-

ward curves they execute are in response to stimuli received by the

root tip. This note is to report the same phenomenon in yet another

category of stem-organs— in the petiole of the cotyledon.

The accompanying figure shows a seedling of Aesculus

Callft Whe
tures to elongate are these petioles, and in whatever position

the seed is lying they grow enough to bend in such a way

that when the active growth of the root begins it is

directly downward. I have observed the germination of

the seeds in all cardinal positions and found this true,

whether the curve was alike in the two petioles or was

accomplished by more rapid growth of either one.

The analogy to the positive geotropism in cotyledons

and hypocotyls is close enough to convince one that these

petioles act under the influence of the root tip. Measure-

ments of the growing region corroborate this view. In a

rather advanced seedling, whose root was already 7™"* long

at the beginning of the experiment, the growing region

was more than 15""™ long. It was placed horizontal and left

29 hours, and by that time the tip was aimed almost verti-

cally downward. The most considerable elongation was in

zones 6-8, but it amounted to 3"^"" (measured midway

between the convex and concave sides) between the 10™"" and 15

lines. The curve began about the 14'"'" mark, and had the least radius

at about 12"'"*, but continued toward the tip into zone 6.

In this case there was evidently an apical growing region, consist-

ing partly of root and partly of shoot, which curved where it grew.

Likewise in both root and shoot the curvature was at first more largely

mm

'Box. Gaz. 31 : 410. 1901.
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in the shoot, while before the close of the 29 hours the zone of most
rapid elongation had moved forward into the root. So far as con-

cerned its geotropism it behaved as if all root. In older roots the

growing region is shorter, as would be expected in correlation with

their being decidedly more slender, and the curve is correspondingly

nearer the tip. As the cotyledons serve solely as a food store, they

remain in or on the ground, where the seed germinates, and there is

no later growth with negative geotropism, such as occurs, for instance,

I
in the hypocotyl of Lupinus.

A hypocotyl is practically absent in the Aesculus seedling, the

\ root beginning hardly a millimeter below the insertion of the petioles

J of the cotyledons. The lower part of these petioles, however, grows

f more or less firmly into a tube by the coalescence of their margins.

The curve may occur in this tube, as in the figured and measured

specimens, or in the upper ends where they are usually separate. The
tube entirely surrounds the plumule, and the curve is ordinarily far

enough up in the petioles so that the lower end of them with the

enclosed plumule is brought into the vertical line with the root.

The plumule being below the curve, and already in the vertical

line, when it grows it does not escape from the petiole-tube by grow-

ing out of the top of it, but out through its side. It does not have to

force this passage, which it could hardly do. But at the height where

It is to escape, and on that side, there is a vigorous but strictly local-

ized growth, without a corresponding elongation elsewhere in the same

^one. The result is the same as when the two guard cells of a stoma

with rigid, fast ends enlarge ; they spread apart in the middle. In the

^ame way the two petioles pull, or rather push, apart, opening a wide

<^rack, often two or three times as wide as it need be, to permit the free

growth of the plumule. What stimulus determines this remarkable

localized growth I do not know.
This buckeye is very abundant here, and its large seeds with pow-

•erful roots make it an inviting subject for any work on the pressure

exerted by the growing roots, or involving their mutilation. For these

ordmary experiments on geotropism, reported here, it is well adapted,

because it can easily be marked accurately, and especially because of

the ease of fixing the position. The cotyledons are so large and heavy

that it is only necessary to make plane the proper side and put the

needling down on that surface in a dish containing a little water. The
plane of the cut surface determines the inclination of the growing

^^gion. If older seedlings are to grow downward, the cotyledons

i
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are cut in the same way and then placed on pedestals. When the

whole active part of the seedling is under water growth ceases, but in

moist air they do very well. Seeds kept some months in the very dry

air of the laboratory refuse to germinate.

—

Edwin Bingham Copeland,

Stanford University^ California,

CONTRIBUTIONS TO THE BIOLOGY OF RHIZOBIA.

III. NOTES ON THE WINTER AND EARLY SPRING CONDITIONS OF
RHIZOBIA AND ROOT TUBERCLES.

The major observations here recorded were made during the winter

and early spring of 1893 and 1894; incidental observations were also

made during subsequent winter seasons. The object was to obtain

more definite information regarding the permanency of leguminous

root tubercles and the viability and natural resistance of rhizobia to

low temperatures, more especially low temperatures with frequent

changes to higher temperatures as in the winter months of the central

states, Illinois in particular. Sudden changes of temperature, though

not necessarily fatal to life, have a pernicious effect upon low organ-

isms. The effects of temperature and other climatic conditions become

gradually less with increase in depth of soil. The organisms found in

the surface soil are most directly exposed to the pernicious climatic

changes.

From the following table of mean monthly averages for the months

of November, December, January, February, and March, 1902-3, with

a list of coldest days of each month, it will be seen that the variation

in temperature was considerable. Very cold weather
(

F.) did not continue for more than a few days at a time.

10^ to 15

Month

November
December
January .

.

February .

March . . .

.

Min. ° F.

25

19
20

15

32

9

9
3
6

9

Max. - F.

52. I

38.4
39-7
33-9
55-6

Mean " F

37.3
30.0
29.4
24.7
43-5

Coldest days '^ F.

6,

6,

21,

5,

10,

10,

It

2,

II,

14.

3,

12,

3,

12,

16, 18, 18.

5. 6> ^'

12, 10, 12.

3. 7, 8.

16, 21.

8, 9

The humidity during the months indicated was somewhat above

the average for the state of Illinois. The ground was covered with

J
and March

Soil covered by snow banks was not frozen at any time. The open

unprotected soil was frozen to a depth of about eighteen inches during

January, February and the early part of March.

^
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The prevailing opinions held have been that leguminous root

tubercles are destroyed at the close of the seasonal vegetative period

and that the cytoplasmic and albuminoid contents of rhizobia are

absorbed or assimilated by the host plant. Upon examining the roots

of Trifolium pratense late in November it was found that the tubercles

present were normal in appearance. Microscopic examination showed

that rhizobia (-^. mutabile) were present in smaller numbers than during

the summer months. The highly refractive spoioids (fatty particles)

were more plentifully present and more distinct. Since the tubercles

were intact the question arises, what became of the missing rhizobia?

It is highly probable that through lack of nutriment they became

famished and finally died. Most organisms present reacted very

feebly with the usual cytoplasmic stains, indicating a reduction in the

cytoplasm. In such rhizobia the above mentioned sporoids were very

distinctly visible and took the stain readily. Each organism showed

from one to five such sporoids, more usually one in the neck portion

and two or sometimes three or four in the body of the Indian club-

shaped rhizobia, and quite generally occupying a position next to the

cell-wall. They are not uniform in size and form. They stain a

reddish brown with iodin tincture and are very clearly shown in an

aqueous solution of corrosive sublimate. Infecting threads (Infections-

faden) are present in apical areas and show no special modifications.

In some tubercles they seemed to be wholly wanting. When present

they are usually very distinct for several reasons, because of the lesser

abundance of rhizobia and also because of the greater thickness of

the cellulose wall. They are almost entirely empty, containing only a

few small motile forms of the rhizobia. The walls of the filaments

attain their maximum thickness late in the fall of the first season ; the

following season they do not increase in thickness, though they become

refilled with motile rhizobia, finally rupturing the wall or escaping

through breaks already existing. Thus they again refill the cells with

mature, greatly modified, non-motile rhizobia. During the second

year's growth of the tubercles, the filaments often disappear entirely.

They may be destroyed or assimilated by the rhizobia or by the host

plant. In some instances the filaments become separated from the

cell-walls because of the tension due to the growing cell. The separa-

tion may take place in any part of the threads, but more commonly

where they unite with the cell-wall. During the second season the

partially emptied infected area of tubercles again becomes tensely

filled with mature rhizobia, through the multiplication of organisms
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found in the infecting threads which are found in the apical areas of

tubercles and in the cells just within the phellogenic layers. Additions

to the growth of the tubercles are also made at these points. The

starch, which was deposited just outside of these meristematic areas in

the fall of the year, is now again assimilated by the host plant.

It is evident that perhaps about one-half, or somewhat less, of the

rhizobia existing within the infected areas of tubercles are killed

during the unfavorable winter conditions. Freezing alone does

not kill them; it is rather a combination of conditions, the lack of

food supply perhaps being the most important. The tubercles and

soil examined were taken from near the surface of the frozen ground

when the temperature was from — io° to — 2o°F. Cultures were

made from the tubercles as well as from the soil by the usual plate isola-

tion methods. The growths showed the presence of rhizobia and other

soil bacteria. Streak and stab cultures were also made from the infected

area of tubercles. A careful examination of growths and culture

media at the point of inoculation show^ed a number of impoverished

tubercle organisms which had evidently lost the power of dividing.

These stained very feebly and the cell-wall was partially destroyed,

having a roughened perforated appearance. Soil cultures showed the

presence of rhizobia, besides numerous soil bacteria.

Examining tubercles which were more deeply situated, about one

foot below the surface of the soil, showed that the destruction of rhi-

zobia had been less and the number of dead but not destroyed rhizobia

was also less, which would seem to indicate that cold was also a factor

to be considered in the killing of rhizobia. It seems probable that

rhizobia of tubercles below the freezing depth develop and multiply to

some extent, though the tubercles do not increase in size, as is indi-

cated by the tensely filled glistening appearance of such tubercles. A
careful examination of a number of such tense, brittle tubercles showed

that they contained numerous rhizobia imbedded in a large amount of

a mucilaginous substance. The cells of the infected area were loosely

united and almost spherical in form. The contents of these tubercles

require further study.

The observations were made chiefly upon tubercles of Melilotus

alba^ Trifolium pratense, and T. repens, and the conclusions with refer-
w

ence to these plants are that root tubercles are mostly biennial, the

tubercles attaining their full growth during the first year and gradually

dying and decaying toward the close of the second year,^ With the

*New tubercles are, of course, added each season along with the development of

new rootlets.
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death and decay of the tubercles most of the contained rhizobia also

die, but some escape into the soil and serve to infect other roots of the

same host species. No comparisons were made between summer and

winter soil to determine the comparative number of rhizobia present.

It is, however, highly probable that the conditions are much as with

the rhizobia of summer and winter tubercles. The tubercles of annuals,

like the bean, pea, Spanish pea, etc., die and decay at the close of the

vegetative period and many of the contained rhizobia escape into the

soil. Many are no doubt killed and assimilated by the host plant shortly

before the close of the vegetative period; according to some authori-

ties during the seed- and fruit-forming period of the host plant.

The following are the conclusions based upon the observations

recorded :

1. A considerable number of rhizobia of biennial and perennial

plants forming root tubercles are killed during the winter months.

2. Root tubercles of perennial herbaceous legumes attain their full

growth during the early part of the first season.

3. Most root tubercles of perennial herbaceous legumes die and

decay at the close of the second season, returning only a part of the

contained rhizobia to the soil. Many of the rhizobia are assimilated

by the host plant during the period of fruit development.

—

Albert

ScHNEiiiER, California College of Pharmacy j San Francisco.
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BOOK REVIEWS.

Bacteriology.

The American edition of Miiir and Ritchie's well-known Manual of

Bacteriology, edited by Dr. N. McL, Harris, is a worthy representative of

American bacteriology.^ The manual, designed primarily for medical students,

has been greatly improved by Dr. Harris by additions at points where the

previous English editions were lacking. The increase in size to octavo and

the introduction of a number of new illustrations, including some pho-

tomicrographs of excellent typographical execution, add much to the general

appearance of the book, while the enlarging of the chapters on methods

brings the manual nearer to the student as a source of practical information

on laboratory technique.

The importance of sanitary bacteriology is recognized by the introduction
m

of a new section on "Bacteria in air, soil and water." The increasing scope

of bacteriological examinations in preventive medicine would perhaps war-

rant even more extensive consideration than is accorded to the subject. The

chapters on the special diseases have been revised to include our more recent

knowledge of bacterial etiology and diagnosis, and the theories regarding

immunity are set forth in so lucid a manner that the student should obtain a

most excellent working basis for further study.

As in previous editions, the style of the manual is interesting and the

reader is more than ever impressed with the author's conception of bacteri-

ology as an organic part of pathology and medicine.— E. E. Irons,

MINOR NOTICES.
Von Wettstein^" has recently published a second paper on Neo-

Lamarckian principles in relation to Darwinism. His position is a some-

what intermediate one between these extreme schools, whose views are

discussed in relation to one another and to the mutation theory of DeVries.

— B. M. DAVIS.

Trees and Shrubs, number 2, by Charles S. Sargent,^ was issued in May,

1903, and contains illustrations of two species of Guatteria from Central

"MuiR and Ritchie, Manual of Bacteriology. 8vo. pp. xx + 565. New York:

The Macmillan Company. 1903. $3.50.

Wettstein, R. von, Der Neo-Lamarckismus und seine Beziehungen zum Dar-

winismus. pp. 30. Jena: Gustav Fischer. 1903. Ml.
3SARGENT, C. S., Trees and shrubs, pt. II, pp. 51-99. /Zr. ^6-jo. Boston and

New York : Houghton, Mifflin & Co. 1903. $5.00.
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America, descriptions and plates of eight new species of Crataegus, one of

Malus, one of Solanum, one of Picea, and a new hybrid Cornus. There are

also illustrations and descriptions of thirteen other species, previously

described elsewhere.— C. R. B.

The Charales of the province of Brandenburg have been described by

Holtz** in an account of 136 pages which is well illustrated. This volume is

one of a series that is to treat the cryptogamic flora of this region. The
account of the general structure of this group is very clear, the notes on

distribution are full, and the arrangement good. It seems to be an excellent

piece of work of its character.— B. M, Davis.

RiNGLE AND Kenoyer have attempted to meet the demand on the part

of district-school teachers and high-school pupils for a simple means of

determining the local spring flora.5 The addition of laboratory hints, out-

lines of morphology, and directions for the preparation of an herbarium,

makes it more than a manual, but its subject-matter is wholly inadequate if it

is supposed to comprehend the entire botanical knowledge of the high-school

graduate.— J. M. Westgate,

As A companion book to Otir Native Trees Miss Keeler^ publishes a

similar work on shrubs. The work contains very excellent descriptions of nearly

all the native northern shrubs and many common cultivated ones. Accompa-
nying each description is a well-made half-tone illustration of the form. In

many instances so good are these figures that they are sufficient to identify

the plants. Each description contains many interesting facts about the habits

of the shrub. A very simple key Isgiven by which one who is not a profes-

sional botanist may identify them. Indeed, the book is intended for the

amateur, the lover of nature, and those interested in landscape gardening.

—

H. N. Whitford.

The Leguminosae collected in the states of Michoacan and Guerro in

Mexico during the years 1898 and 1899 by Eugene Langlass^ have been

elaborated by the late Marc Micheli.^ The purpose of Langlass^'s explora-

tion was mainly horticultural and the collection of dried plants for the

herbarium was purely incidental. Moreover, his collections of all kinds were

primarily of the plants having some interest for the horticulturist, or of impor-

tance from the point of view of agriculture or forestry. In spite of this, the

^HoLTz, L., Characeen. Kryptogamenflora der Mark Brandenburg, Vol. IV,

Parti, pp. vi-l-136. Illustrated. Leipzig: Gebriider Borntraeger. 1903.

sRiNGLE, W. E., and Kenoyer, L. A., Students' botany of eastern Kansas. Svo.

pp. V+ 213. Topeka: Crane & Company, 1903.

6 Keeler, Harriet L., Our northern shrubs and how to identify them. Svo. PP
XXX + 521. ph, 203. fis^ 33' New Vork : Charles Scribner's Sons. 1903.

^MiCHELi, Marc, Leguminosae Langlasseanae recolt^es dans les ^tats Mexicains

de Michoacan et de Guerro pendant les annees 189S et 1899, par Eugene Langlass^,

M(5m. Soc. Phys. d'Hist. Nat. Geneve 34. 245-294. /A. 5<?. 1903.
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number of novelties which M, Langlass^ brought back is rather remark-

able and indicates the richness of the country in new forms. In the Legu-

minosae, represented by 237 numbers, M. Micheli finds 26 new species

and a new genus, Goldmania, the latter described by Mr. J. N. Rose, of

the U. S. National Museum, while many other of the species listed have only

recently been published from collections of American botanists. The novel-

ties are illustrated by twenty-eight elegant lithograph plates.— C. R. B.

A CRITICAL ACCOUNT of the algae of northwestern America by Setchell

and Gardner® has appeared as one of the admirable publications of the

University of California, In this paper of 250 pages, with 10 plates, are

listed all the known species of algae, excluding the diatoms and desmids,

found north of Cape Flattery to the region of Kotzebue Sound in the Arctic

coast of Alaska. The authors have had access to a large number of collec-

tions, many of them gathered by government parties and other expeditions,

and have themselves visited much of the region. They have handled,

therefore, probably the largest amount of material ever brought together

from this region.

The species are enumerated under the most generally accepted (!lassifica-

tion, with explicit references to all the specimens examined, and with critical

notes on their conditions and peculiarities of structure, habit, and distribution.

A large number of new species and forms are described and figured.

Although attention is called to them by printing the names' in heavy type, the

taxonomic compiler must laboriously pick them out from the main body of

the account. A list of these new species properly indexed would have

obviated this difficulty.

The authors have refused to change names or upset well-established

nomenclature by the application of arbitrary rules, " holding that a name

which has been recognized for a quarter of a century, or thereabouts, is to be

considered fixed and not to be unsettled simply because another may have

been proposed earlier, but hitherto neglected for good or even for no real

reasons."— B. M. Davis,

NOTES FOR STUDENTS.
Kny^ finds in three plants {Lupinus albus^ Lepidium sativum, Vtcia

saiivd) that diffuse daylight retards the growth in length of soil roots, while

darkness is advantageous to it.— C. R. B.

Zeiller describes "^ the occurrence of species of Zamites, Sphenopteris,

and Pagiophyllum, from the Upper Jurassic of the province of Catalonia in

« Setchell, W. A., and Gardner, N. L., Algae of northwestern America. Univ.

Calif. Pub. Bot. i : 165-418. ph. 17-27. 1903.

9 Kny, L., Ueber den Einfluss des Lichtes auf das Wachsthum der Bodenwurzeln.

Jahrb. Wiss. Bot. 38 : 421-446. 1902.

"Zeiller, Rene, Sobra algunas impresiones vegetales del Kimeridgense de

Santa Maria de Meya. Memor. Real Acad, cienc. y artes Barcelona.
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Spain. Two wqv! s^p^cx^s, Pityophyihimjlexile and Pseitdoasterophyllites Vidali,

are likewise figured and described. The first is considered, as the name indi-

cates, to represent fossilized leaves of a species of Pinus, The second after

a process of exclusion, the author is disposed to regard as of cupressineous

affinities.^ E. C. Jeffrey.

In Comptes Rendus de TAcademie des Sciences, Paris (March 30, 1903),

M.C. Queva gives an account of the structure of the rootlets of Trapa natans^^

These are of particular interest because they present the only case known
among the phanerogams of a monarchous root. Roots of this type have in

the past only been known for the lycopods (unless the rather doubtful case of

Ophioglossum be also included), and indeed are almost diagnostic of the

radicels of that group.—E. C. Jeffrey.

From an extended study of protoplasmic streaming in plants, carried

out by Ewart," it appears that these movements are produced by the energy

of surface tension, this being made available perhaps, by the action of elec-

tric currents transversing the moving layers. Such currents could be main-

tained by chemical action in the protoplasm. The movement does not

depend directly upon oxygen access, for species of Chara and Nitella con-

tinue to exhibit motion for six to eight weeks in entire absence of free oxygen.

— Burton E. Livingston,

From internal structure and by comparison with specimens having

the exterior preserved, Weiss '^ identifies a reproductive branch of a

lepidodendroid found near Stalybridge, England, as belonging to the well-

known species Lepidophloios fuUginosus, and constituting its reproductive

branch. The identification is of interest, xioX only because it reveals the

nature of the reproductive main axis of Lepidophloios fiiliginostis^ but also

because the axis in question differs from other axes of the genus in having a

biseriate instead of a quincuncial arrangement of the cone-scars.— E. C
Jeffrey.

The curiously modified leaf-members, found in a few living ferns, ^. ^.,

Tiemitelia capensiSy but occurring much more commonly in fossil genera,

were examined by Potoni^'* from the physiological and morphological stand-

points. He concludes that the structures in question are water-absorbing

organs, and are specialized pinnae or pinnules as the case may be. The

aphlebia or modified pinnae of Hemitelia capensis have been compared by

"QuEVA, C, Structure des radicelles de la macre. Compt. Fend. Acad. Sci.

Paris 136:826-7. 1903.

^EWART, A. J., On the physics and physiology of protoplasmic streaming in

plants, Proc. Roy. Soc. London 69:466-470. 1902.

^3 Weiss, F. E., A biseriate halonial branch of Lepidophloios fuliginosiis. Trans.

Linn. Soc. London Bot. II, 6:217-235. ph, 23-26, 1903.
9

'^PoTONiE, H., Zur Physiologic und Morphologic der fossilen Farnaphlebien.

Ber. Deutsch. Bot. Gesells. 21 : 152-164. //. <S. 1903.
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Goebel, in regard to their physiological function, with the whole leaf-organ

of the Hymenophyllaceae, and the present author suggests that the aphlebia

of fossil ferns are to be similarly interpreted.— E. C. Jeffrey.

The conditions governing the germination of the spores of the brown

rust of bromes {^Puccinia dispersa Erikss.) have been closely studied by

Ward.'^ This rust is an excellent example of a parasite very closely restricted

to certain species of hosts, yet forms were found bridging over widely sepa-

rated sections of the genus. It is interesting to know that these uredospores

retain their vitality for long periods, month-old spores germinating readily,

and certain forms after sixty-one days. But the conditions governing the

germination of uredospores are very uncertain, for there are internal factors,

such as the age of the spore-bearing mycelium and degree of ripeness,

beside the external factors of temperature, aeration, moisture, etc.— B, M.

Davis.

Palladine and KoMLEFF^'^have determined that the respiratory energy

of cut etiolated leaves of Vicia faba placed in solutions of cane sugar is

greatest when the solution has a concentration of about 5 per cent. This

fact seems not to depend upon sugar assimilation, for the latter increases

with the concentration at least as far as a 20 per cent, solution, the highest

concentration tested. But the respiratory energy is greatest when there is

the largest amount of insoluble proteid substances present in the leaves, a

condition attained in a 5 per cent, solution of cane sugar. When the leaves

are transferred from one concentration to another respiration is augmented

with decrease and diminished with increase of concentration. This supports

the view that foods are not directly consumed in respiration.— Bukton E.

Livingston.

"The aecidium as a device to restore vigor in the fungus" is the sub-

ject of a short discussion by Professor Arthur,^^ who believes that the aecidium

with the accompanying spermogonia represents the original sexual stage of the

rust. It appears that wheat infected from aecidial spores will produce teleuto-

spores (black rust) much more quickly than if the infection be through uredo-

spores, and it is well recognized that the black rust is more injurious to the

wheat than the red rust. Hence the author regards the aecidiospore as more

virile than the uredospore, since it produces a more vigorous and harmful

parasite. The question, however, suggests itself whether this added virility

has really any connection with the organ called the aecidium. It is possible

*5\Yard, H. M., Further observation on the brown rust of the bromes, Puccinia

dispersa, and its adaptive parasitism. Ann. Mycol, i : 132-151. 1903.

"5 Palladine, W., and Komleff, A., L'influence de la concentration des solutions

sur Tdnergie respiratoire et sur la transformation des substances dans les plantes. Rev.

G^n. Bot. 14 : 497-516, 1902,

'7 Arthur, J. C, The aecidium as a device to restore vigor to the fungus. Free.

Soc. Prom. Agric. Sci. 23 : 1-4. 1903.

' *
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that the mere change of host (wheat to barberry and back to wheat) may give

to the rust that variety of life conditions which is generally beneficial to every

organism, in contrast to monotony of food and environment,— B. M. Davis.

Ikeno^^ has continued his studies on spore formation in Taphrina which

were first reported in Flora 88:229. 1901. He finds essentially the same
conditions in several species that he described for Taphrina Johansoni.

There is always the fusion of two nuclei in the ascus preliminary to spore

formation. The chromatin material in the fusion nucleus may split up into a

number of fragments, which become scattered in the cytoplasm by the disso-

lution of the nuclear membrane and organize very small nuclei. Or,

division may proceed more regularly through successive halving of the

chromatin, sometimes accompanied by simple mitotic phenomena. There is

generally at the end extensive multiplication of the nuclei by fragmentation

and division of the spores by budding. No asters were discovered to cut

out the spores as in the higher Ascomycetes, but the cytoplasm seems to

gather more densely around the nuclei and form the spore wall. There is

, no evidence in the ascus of cleavage by constriction.

—

-B. M. Davis,

^ The large proportion of the seeds of the darnel {Lolinni temulen-

tUDi) are infected with a fungus which causes the development of a substance

(lolium) with toxic effects upon man and certain carnivorous animals, but not

^
mjurious to pigs, cattle, or geese. This interesting parasite has been recently

studied by PVeeman.^^ No spores are known, and the fungus apparently pas-

ses from one generation of the host to the next with the seed. It does not

^

appear to harm the darnel ; on the contrary, the infected seeds seem to be

larger and better developed than those free from the fungus. Infected seeds

,
germinate very well. There is, therefore, the possibility of an advantage to

the host, but this is not positively known. The relationships of the fungus

have been much discussed, but in default of spore fructifications the conclu-

sions are mere speculations. The invasion of the young seedling from the

coats of the seed and the later appearance on the ovaries is smut-like, but

there are also points of resemblance to ergot, and especially to an ergot that

frequently attacks Lolium in England.— B. M. Davis.

A MEMOIR on Todea, of the same admirable character as former works

of the senior author on ferns possessing at the same time fossil and living

representatives, is published by Seward and Ford.^ The anatomy of the

mature stem of Todea barbara, T stiperba, and 7". hymenophyiloides is

'^Ikeno, S., Die Sporenbildung von Taphrina-Arten. Flora g2:i-3l.//x. /-j.

1903.

'* Freeman, E. M., The seed-fungus of Lolium temulefttttm L., the darnel.

Phil. Trans. Roy. See. London B. 196: I-27, ph, 1-3. 1903.

^Seward, A. C, and Ford, Svbille O., The anatomy of Todea with notes

on the geological history and affinities of the Osmundaceae. Trans. Linn. Soc.

London Bot. IL 6: 237-260. //j. ^7-jo. 1903.

I

ri 4 1. -^-^ A. .
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described. The results of Faull in the two former species are in the main

confirmed. The last species is of interest because, like Osmunda cin7iamo7neay

it has an internal endodermis surrounding the pith in the adult ; but unlike

the latter this does not appear in the young axis. The figures and descrip-

tion of the authors leave some room for doubt as to the entire accuracy of

of this statement, for they do not follow the central cylinder to a sufficient

height in the sporeling to exclude their having missed the first appearance

of the internal endodermis. An admirable resume of the fossil Osmundaceae

is given, from which it appears how unsatisfactorily meager is our knowledge

of this interesting group of ferns, particularly on account of the paucity of

specimens from the Mesozoic,^—^E. C. Jeffrey.

Various periodic phenomena in connection with the growth and devel-

opment of plants are well known. Many of these depend upon conditions at

present wholly unknown and are designated, therefore, as autonomous. As

illustrations may be cited the grand period of growth, the variation in the

length of internodes and often of interfoliola (by which Mlinter long ago

designated the spaces between the pinnules on the common petiole). Tammes"
has endeavored to determine the influence of the presence or absence of

leaves upon some of these periodic phenomena. Thus he finds that if all

leaves be removed from an annual shoot the periodicity in the length of the

internodes is not disturbed, the elongation of the cells only being inter-

fered with, so that the internodes remain shorter than in the living shoot.

But the removal of one or more leaves does disturb the periodicity. Certain
H

internodes have less length than in the normal shoots. One would expect

that each leaf would affect only the growth of those internodes adjacent to it,

but this is not the case, internodes above as well as below the removed leaves

being influenced. Often more strikingly than the annual shoots the interfo-

liola show a similar effect from the removal of leaflets.— C. R. B.

LiDFORSS ^ has investigated the geotropic response of some spring plants

whose geotropism is influenced by variations of temperature. These are

almost exclusively plants which conclude their development before the

warm season. He finds that many of these shoots at lower temperatures

are diageotropic, while at higher temperatures they are apogeotropic. This

he considers a typical case of dynamic anisotropism. Somewhat similar reac-

tions, however, may be due to changes in temperature alone. In general

those shoots whose geotropic reactions are influenced by alterations of tem-

perature are more or less epinastic at lower temperatures, but this epinasty,

which reaches its maximum a little above zero, disappears completely at tem-

peratures above 20 degrees. At low temperatures darkness may also affect

^n^AMMEs, T., Die Feriodicitat morphologischer Erscheinungen bei den Pflanzen.

Verhandl. Konigl. Akad. Wetens. Amsterdam, II. 9 : no. 5. 1903.

=" LiDFORSS, B., Ueber den Geotropismus einiger P^riihjahrspflanzen. Jahrb. Wiss.

Rot. 38:343-376. pl.3' 1902.
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geotropic reactions, so that shoots diageotropic in light become apogeotropic

in darkness.

Lidforss holds that the term '* psychrocliny/' introduced by Vochting,

includes a series of phenomena which doubtless have the same ecological

importance, but are in no wise equivalent physiologically. Unless the term

be reserved as a physiological one for those cases in which temperature

actually produces a modification of the geotropism, he thinks it should be

abandoned.— C. R. B.

A NUMBER of Bulletins of the United States Agricultural Department

deserve brief mention.

Von Schrenk®3 discusses among other subjects the relation of water to

the decay of timber, how timber is seasoned, seasoning tests with lodgepole

pine and oak, and tests with telephone poles.

Graves and Fisher ^"^ treat of the woodlands of southern New England.

Improvement cuttings, reproduction cuttings, platting, pruning, protection

of the woods and other subjects are well handled.

In another bulletin Vox Schrenk^s has investigated the cause of the blue

color of dead wood in Pinus ponderosa (which he finds due to the blue fungus,

Ceratostomella pilifera (Fr.) Winter), the effect of coloring on the value of the

wood, the reason for the decay of wood and how prevented, and whether it

would be possible to use the dead wood before it decays. The bark beetle

{Dendrocfomis ponderosae) spreads the fungus, therefore it is recommended

that the dead wood be removed at once, for standing beetle-infested trees

serve to spread the insect.

Herty^^ shows that an improved method of turpentine orcharding will

increase profits sufficiently to warrant its adoption by any turpentine oper-

ator.— H. N. Whitford.

Van WissELiNGH, in his earlier papers upon karyokinesis in Spirogyra,

devoted his attention to the nucleolus and the nuclear net-work. In the

fourth paper=7 of the series he deals with the nuclear membrane, the spindle,

and the walls of the vacuole. Spirogyra triformis, a species with thin walls

=3 Von Schrenk, Hermann, assisted by Hill, Reynolds, Seasoning of timber.

Bull. No. 41. Bureau of Forestry, U. S. Dept. of Agric. pp. 48. ph. 28. Jigs. 16, 1903-

^Graves, H. S. and Fisher, R. T., The woodlot : a handbook for owners of

woodlands in southern New England. Bull. No. 42. Bureau of Forestry, U. S. Dept.

of Agric. pp. 89. //. 4, fig, 30, 1903.

''^VON Schrenk, Hermann, The "bluing'* and the "red rot" of the western

yellow pine, with special reference to the Black Hills forest reserve. Bull. No. 36.

Bureau of Plant Industry. U. S. Dept. of Agric. pp. 40- P^^- ^4- 1903-

^'^Hertv, C. H,, a new method of turpentine orcharding. Bull. No. 40. Bureau

of Forestry, U. S. Dept. of Agric. pp. 43. pis. 13, figs. 3. 1903.

'7W1SSELINGH, C. VAN, Untersuchungen iiber Spirogyra, Vierter Beitrag zxir

Kenntniss der Karyokinese. Bot. Zeit. 60: 115-138. //. 5. 1902.
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and loose, delicate chromatophores, was chosen for study. Material was

fixed in Fiemming's solution and afterward treated with a strong solution of

cliromic acid (40 per cent.), which dissolved successively the cytoplasm,

karyoplasm and nucleolus, but did not dissolve the spindle fibers. Sections do

not seem to have been used.

During the earlier stages of karyokinesis the nuclear membrane is entirely

resorbed. The spindle is derived from the granular cytoplasm about the

nucleus and consists of but one kind of fibers, the two different lengths of

fibers and the two opposite groups described by Strasburger for Spirogyra

polyiacniaia not appearing in S. triformis. The spindle fibers do not grow

through the nuclear membrane as described by Strasburger. The spindle is

at first multipolar, but becomes bipolar. There is no diminution in the num-

ber of spindle fibers during karyokinesis, but after karyokinesis the spindle

fibers become resolved into cytoplasm. The spindle fibers resist the action

of chloral hydrate and so are easily distinguished from cytoplasmic strands.

The walls of the vacuoles are also made visible by chloral hydrate. During

karyokinesis the walls of the vacuoles with some cell sap press between the

spindle fibers and appear within the spindle. Between the two halves of the

nuclear plate a number of plasma strands are formed inclosing the spindle

fibers, but there is no persistent, closed connecting tube as described by

Strasburger for S, polytaeniata.—Charles J. Chamberlain.

A NUMBER of fossils, brought together by the late Sir William Dawson,

have been described by Penhallow."® The first lot are from the Lower Cre-

taceous of Queen Charlotte islands, and the Upper Cretaceous of Port McNeil,

Vancouver island. Several ferns are described, among them a new species,

Osimindites skidegaiensis, from 'Skidegate Inlet, Queen Charlotte islands,

which is referred to at length in connection with a fuller subsequent descrip-

tion. Of gymnosperms there are species of Cycadites, Zamites, Ginkgo, and

Sequoia. In Sequoia langsdorfii (Brongn.) Heer, the wood is described for

the first time, although the foliage and fruit have long been known. The

wood is of special interest because like that of S, sempervirem, the living

species which so closely resembles S. langsdorfii, otherwise, it contains

resin-canals such as are in general confined to the woody tissues of the

Abietineae. The second lot of material is from the early Eocene of Blind

Man river, N. \V. T. of Canada, and includes a number of ferns, an Equi-

setum, and several gymnosperms. Several monocotyledonous and dicoty-

ledonous species are also described and figured.

In another paper ^ Penhallow gives a fuller description of the fossil

Osmi^ndiles siid^ga/ensis, mQntioned \n the article referred to above. The

^Penhallow, D. P., Notes on Cretaceous and Tertiary plants of Canada.

Trans. Roy. Soc. Canada II. 8:31-91. 1902.

''Penhallow, D. P., Osmundites skidegatensis. Trans. Roy. Soc. Canada

11. 8:3-30. 1902.
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account is based on the study of material collected by Dr. F. C. Newconibe
from Alliford Bay, Skidegate Inlet, Queen Charlotte islands, and is illustrated

by a number of photographs and photomicrographs, which testify io the

admirable preservation of the fossil. The author concludes that the fossil

represents a plant of the general habit of Osmufufa regalis, but is much
larger than any of the species of that genus found in North America. Inter-

nally it resembles Osmunda on the one hand and Todea on the other; but

the resemblance seemed on the whole to be closer to Osmunda than Todea,
so the fossil is included by the author in the genus Osmundites.— E. C.

Jeffrey.

Haberlandt sums up the present data of the statolith theory of ^to-

tropic preception,3° prefacing his paper with a short historical account of the

development of the same theory for animals. He answers certain objections

' which have been raised and contributes some new support to the theory, which

now seems reasonably established for a considerable number of plants.

Starch-bearing cells of the root cap in roots and of the starch sheath in stems

(which is present in the majority of phanerogams, although Fischer, investi-

/
gating too old portions of the stem, found it often wanting) are the preceptive

organs, except in certain cases, where the geotropism is limited to the

nodes, or where sharply differentiated groups of cells with movable starch

grains replace the absent starch sheath. The preceptive apparatus is found

to have degenerated in stems which have lost their geotropic sensitiveness,

• and to be lacking in organs which show no reaction to gravity. In general

the root caps of apogeotropic climbing roots either contain no starch grains

or non^motile ones. In orthotropous organs the protoplasmic membranes

next the lower and upper transverse walls of the preceptive cells are not sen-

sitive; only the membranes of the tangential longitudinal walls are irritable,

and especially that of the outer wall in apogeotropic organs and that of the

inner wall in positively geotropic organs. Whether both tangential walls of

the same cell are sensitive is uncertain. In the nodes of grasses there is no

ground for admitting this. The protoplasmic membranes on the radial walls

are probably not sensitive. Any process which removes the starch from the

starch sheath at the same time stops geotropic response, which, however,

may begin again when the starch is regenerated. Czapek's demonstration of

this in roots, from which starch disappeared when they were inclosed in plaster

casts, is now supplemented by Haberlandt's experiments in removing starch by

subjecting plants to low temperatures and then bringing the protoplasm into

a condition of sensitiveness by raising the temperature. Until some hours

have elapsed and starch grains have begun to appear, the geotropic sensitive-

ness does not manifest itself. Further experiments show that the action of

gravity as a stimulus rests upon the static pressure of solid bodies. Further-

3^ Haberlandt, G., Zur Statolithentheorie des Geotropismus. Jahrb. Wiss. Bot.

38 : 447-500. /^. J. 1902,
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more the time occupied by the fall of the starch grains through the cell fluids

to the new position, which may be designated as the migration time, is shown

to be usually less than half the presentation time. The migration time may

be diminished by repeated mechanical jarring, in which case the presentation

time IS correspondingly diminished. It seems probable to the reviewer that

subjecting plants to centrifugal action might reduce the migration time to a

minimum and so demonstrate more clearly this relation.— C. R. B,

The sexual organs and the development of the ascocarp of Monascus

are described by Barker 3^ in a paper of especial interest in relation to the

problems connected with coenogametes among the Phycomycetes and

Ascomycetes, A filament develops terminally an antheridium. Immediately

below this cell the ascogonium is formed, whose growth pushes the anther-

idium to one side. Both sexual organs are multinucleate (coenogametes).

They fuse by means of a small process put forth from the antheridium.

After fertilization the ascogonium becomes divided by a cross wall, the ante-

rior small cell remaining in connection with the antheridium, and the pos-

terior, named the "central cell," developing the ascocarp.

After fertilization the central cell becomes invested by a growth of hyphae

from below. The central cell now increases greatly in size, and the next

change is the development of ascogenous hyphae in a little depression at one

side of the central cell. The ascogenous hyphae gradually fill the interior

of the ascocarp, eventually forming small eight-spored asci. The central cell

plays a curious part in the later developments of the ascocarp. The growth

of the ascogenous filaments so presses upon it as to force its wall inward,

giving it the shape of a bowl. The ascogenous hyphae thus appear as an

internal development, but their origin is plainly external. Later the contents

of the central cell disappear, and its walls become cutinized, so that they
r

actually form a hollow sphere around the ascogenous hyphae. Since the

latter break down with the ripening of the spores, the mature ascocarp has

the appearance of a simple sporangiumlike structure, which it is not.

Barker regards Monascus as a very lowly ascomycete, with relationships

rather nearer to the Gymnoascales than to any other group. A number of

points in his general discussion are treated in a note that follows my paper

on Oogenesis in Saprolegnia.^*— B. M. Davis.

3' Barker, B. T. P., The morphology and development of the ascocarp in Monas-

cus. Ann. Bot. 17 : 167-236. ph. 12^ 13. 1903.

^BoT. Gaz. 35:344. 1903.
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NEWS.
Dr. M. Westermaier, professor of botany in the University of P>ei-

burg, died on May i.

Dr. J. M. Greenman has been^ promoted to an instructorship in botany

at Harvard University.

Dr. Joseph E. Kirkwood, instructor in botany in Syracuse University,

has been promoted to an associate professorship.

Dr. C, Arthur Hollick will spend the summer in Alaska in paleo-

botanical investigations under the auspices of the U. S. Geological Survey,

At the June convocation the University of Chicago conferred the degree

^

Ph.D. upon three candidates in botany, Harry N. Whitford, George M. Hol-

ferty, and John F. Garber.

Dr. Raymond H. Pond has been appointed professor of botany and
/ - pharmacognosy and director of the microscopical laboratories of the School

of Pharmacy of Northwestern University.

M. Fr, Crepin, the director of the Royal Botanical Garden at Brussels,

died April 30, at the age of seventy-two. He has been incapacitated for

more than a year by illness. M. Th, Durand, the curator of the herba-

rium, has been appointed director.

The work on Pte^-idophyia and Spermatophyta oi Southern California, by

5amuel B. Parish, which the Southern California Academy of Sciences pro-

posed two years ago to publish as volume II of its Proceedings if a sufficient

number of subscribers could be obtained, will not be published on account of

lack of support for the undertaking.

Dr. Gustav Radde, imperial councilor and director of the Caucasian

Museum, died recently at Tiflis at the age of seventy-one. He has been

widely known as a student of the oriental flora. One of his last important

works was Grundziige der Pfiatizenverbreitung in den Kaukasusldndern,

reviewed in this journal in April 1902.

On April id, at the age of seventy-five, the venerable mycologist. Dr.

Andreas Allescher, died suddenly of apoplexy at Munich. On retiring from

active teaching in the Konigl. Kreis-Lehrerinnen-Seminar he devoted the last

five years of his life to the elaboration of the Fungi Imperfect! for Raben-
horst's Kryptogamen-Flora^ a task which happily he completed before his

death.

The formal opening of the new Lake Laboratory building of the

Ohio State University, recently erected at Cedar Point, Sandusky, Ohio, took

place Thursday, July 2, 1903. Addresses were given by Professor C. J.

^903] 79
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Herrick, of Denison University, President of the Ohio Academy of Sciences;

by members of the Board of Trustees and of the Faculty of the University;

and by Professor Herbert Osborn, Director of the laboratory.

Science announces that Professor F, E. Lloyd, of Teachers College,

Columbia University, left June 13, by the steamer **Caribee/* for the island

of Dominica, where, in the company of Mrs. Lloyd, he will spend the summer .

in the study of the flora. The expedition is under the auspices of the New

York Botanical Garden, and the systematic collections will become a part of

the garden herbarium. Professor Lloyd has received, a grant of §200 from
.

the Esther Herrman research fund of the Scientific AUiance of New York, to

aid him in the collection of tropical Rubiaceae to be used in the furtherance

of his researches in the embryology of that order.

In April 1903 appeared volume i, number i, of a monthly quarto review,

entitled Flora and Sylva. The aim of this periodical is to illustrate in color

and by good engravings new, rare, or valuable herbaceous plants, trees, and

shrubs, fitted for the English climate, and to show appropriate and picturesque

planting of grounds and garden design. The typography and paper are

sumptuous ; the colored plates, two in this number, are well executed chromo-

lithographs. The illustrations in black are apparently wood engravings, the

character of the paper preventing the use of half-tones. In this number

articles on the hardy bamboos in England, on new daffodils, on the genus

magnolia, and a revision of the genus Calochortus, with shorter articles on a

variety of subjects indicate the general scope of the journal. The editor is

Mr. W. Robinson, the author of The English flower garden. Flora and

Sylva promises to be a worthy addition to the horticultural literature of our

day. No yearly subscription price is indicated; but the single number is

marked "price half-a-crown."

The report of the officers of the New York Botanical Garden for 1902

shows that the number of herbaceous species grown in the Garden is about

3000. Grading operations and making of paths have still interfered with the

extension of the planting of shrubs and trees, but the fruticetum contams

over 530 species, the salicetum about 50 species, the arboretum about 300

species, and the viticetum about 60 species, A great increase has been made

in the collections of plants cultivated under glass, which now number nearly

6000 species. The approach to the museum building and the public con-

servatory were completed during the year. The library has increased by

nearly 2000 volumes and now consists of about 1 3,000 bound volumes. 67,000

specimens have been recived for the museum and herbarium. Forty-three

students, including graduates of thirty-one different colleges and universities

have been granted the privileges of the museum, library, and laboratories

during the year, in addition to numerous visiting investigators from other

institutions. Many explorations have been carried out by members of the

staff, to which over $4000 has been devoted. The report is an interesting

account of the progress of this great institution.
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InetrumenCfi, Violins, Flutes, MandoUnB, Guitars,
Banjos, &c. Lyon & Healy and "Waahburn" la-
etrumente are In use everywhere and are Bold by
leading music dealers. Ask for **Dept. G" Catalog.
Illustrated, mailed /ree. It's a money-saver,
LYON & HEALY, . 38 Adams St*, Chicago, IB.

The World's Largest Ilnsle Hoiue. Sell, ^^KTerflhltig Voown in Siule.**
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Do You Want a
Genuine Bargain
in a Piano?

We hare hundreds of Upright Pianos returned from reiitin(
which must be disposed of at once. These pianos include
SteiDwajrs, Knabes, Fischers, Sterlings and other well known
Bftkes. Many cannot be distinguished from new, yet all ftre
•ffered at a great MB «» m^ mm dUcount. Upright,u low as 9100. Also rJ i| beautiful new ITp-
rimhu at tm, |p mm i 113^,1150 and nfts.
k magnificent in- ^ M « «^ 211 strnment at »2«0,
fully equal to many "^ * - - ^^^ pianos. Easy
Bionthly payments accepted- Freight Is only about $5. Write
ftt once for complete list and full particulars. You cen make »
treat saying hy secxiriug your piano from us. llyery piano war*
mited as represented, "A Piano Book/* free. Write today.

> 'rs

38 Adams St., CHICAGO.
Vidd'a lATftft music bovM ;mU **STorythinfknown la

Rare Oi Vi ms
Largest and finest collection on thl8 continentFine catalogrne ffree) containing 50 fac-simlle
labelfl in colore and Biographies of all thenoted makers. List and particulars of Soloinstruments from $50 to 110.000. Monthlj
£Sr^®J?i®i°^^

be arranged. Violins sent on

LYON ^ HEALY.^^'^

d.
'-^"^

^1^^- -^^i"'-
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'Of all Inventions,

the alphapet and
the printing press
alone excepted,
those inventions
which abridj^e
distance have
done most for the
civilization of our
species."—

MacauLEV

\
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ROAD
SAS

PEKFECTION IN TBA>SPOBXATlO>
IS FURNISHED BY THB

CHICAGO & ArTQ TNT K ATT>WAY

The heaviest steel rails, laid
01J

a «)adbe^

of crushed rock, make its tracKf

smoothest. Over this dustless highway a

run the most palatial trams m the wor
^

-tlie acme of luxury and com^"

AMERICA'S MOST TOMIAR RAIIWAY-JUSTIY TERM"

'THE ONI-Y WAY"
BETWEEN

Chicago, St. L«ul», Kan.»» C"y »»<! P^l"*--

GEO. J. CHARLTON. Gen. Pas. Agt.. Chicago. lU.

-i <L. r ^ * -mt ^H



YOU ASK WHY

t

est beans only are used.

xtra care exercised in blendinjj.
*

ocoa shells and dirt are removed.

dulterations not permitted.

Use of most Improved machinery,

tandard of merit • our watchword.

ndless watchfulness during manufacture:

CostmmoreIMn others.

OnceIried -^alm/s used
CRDCtRS EVERYWHERE.

T

THE most artistic and durable color c^^gcX^ On shingles
are produced with Shmgletint, which is a scientific

combination of linseed oil, coloring- matter, creosote,

and the necessary drying agents.
Among the many shingle stains offered Shing-Ictint is

conspicuous not only for its superiority, but because it can
be called for by its distinctive name, thus offering the con-
sumer protection against inferioi goods offered for the

same purpose.
When buying Shingle Stains it will be worth your while

to ignore the " just as good " argument and insist upon
Shingletint.

STAINED WOODS AND DESCRIPTIVE LITERATUKE SEKT FREE
UPOK REQUEST.

BERRY BROTHERS, Limited,
Varnish Manufacturers,

NEW YORK PHIlADttPHIA CHICAGO ST. LOWS
BOSTOS BALTIMORE CINCINNATI SAN FRANCI500

Factory and Main Office. DETROIT,

Ride ACOCK-HORSE to Banburv Cross,
iO SEEAFINt LADYUPONAWHITL H
KfNCS ON HER FINGERS.AND BELLSONH
oHt SHALL HAVE MUSIC WHEREVER SHE

r

THE

FOUR-TRACK

NEWS

AW ILLUSTRATED MAGAZINE
OF TRAVEL AND EDUCATION

^) ms THE fOND MOTHER IN NURSERY RHYME
lOHER GLAD INFANT.THE WHILE KEEPING- TIME;

^ND SO CAN ALL MOTHERS WITH TlNEfUL REFRAIN ,

\\m\ IN THEIR INFANTS,WHOSE HEALTH THEY MAINTAIN.'

IHROUGH

NRS.WiNSLOWS SOOTHING SYRDP
T OVER FIFTY YEARS SOLD
MIUIONSOF MOTHERS IN THE NEW WORLD AND OL

4fi

One hundred twenty or more pages,

every one of which is of human

interest, and every article is illustra-

ted. There is no better magazine

of travel for teachers and pupils than

The Foi4r Track News,

Published monthly by

George H. Daniels. Fifty cents

a year, single copies five cents.

Sold by news dealers everywhere,

or address the publisher,

No. 7 East Forty-second Street.

New York.

^"^^ '-^^^^^^^^^^^^5^-^^^^^^i^f^J^ICi^2^^^ I
-- \ ^-1 jV ^'. r-^ - " ^_r_: f-, ix -*vc
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Photographic Perfection
is attained by making' your neg-atlves on

ANSCO: THE NEW DAYLIGHT LOADING FILM
and your prints on

CYKO; THE PAPER THAT PRINTS AT NIGHT
ANSCO and CYKO have no ppors in Keeping- Quality and in
itude of Exposure and Developnnt-nt.

Trial Dozen 4x5 CYKO and Developer. 20 cents.
ANSCO films are made under the celebrated Goodwin Tatent

and are adapt+*d for Kf>dak'R, buir&-fvpa and all Film Cameras.
CYKO Manual and ANSCO Booklet sent on application.

THE ANTHONY SCOVILL CO.
122-184 Fifth Ave., New York. Atlas Block, Chicago

,TheFoxTypewriter
Has Displaced More Good Typewriters than

any other Typewriter made

^
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Any Typewriter that can do this must embody prin-
ciples that stand for economy.

Cast aside any prejudice you may have
and investigate the Fox,

Simply because you have always used a certain type-
writer does not prove by any means that that par-
ticular one is the best. Newer methods combined with
the ideas which have given durability are what is de-
manded, and this is what the Fox is.

// unites the good of the Old with the Best
of the New.

The Fox Typewriter is the most economical to buy
from any standpoint. It gfves the best service, and the
longest service, and is the most satisfactory writing
machine for general office use on the market today.

Our free trial plan will enable any responsible person
or firm anywhere to give the Fox Typewriter a thorough
tnal without expense. New catalog mailed on request.

Fox Typewriter Co.. Ltd.
560-570 Front Street, Grand Rapids, Michigan

Correspondence
Study

The University of Chicago
Through the University Extension

Offers Instruction by correspondence in many Academy.

College, Graduate, and Divinity departments, including

instruction in

PHILOSOPHY HISTORY

SOCIOLOGY SEMITIC

LANGUAGES CHURCH HISTORY

BIBLICAL LITERATURE
COMPARATIVE RELIGION. ETC.

Degrees are not granted upon work done wholly by corre-

spondence, but credit will be given for courses when com-

pleted by examination at the University, and thus the time

of residence required for a degree may be shortened.

Work may be commenced at any time

THE

I

Special circulars will be sent on application to

CORRESPONDENCE- STUDY DEPARTMENT
THE UNIVERSITY OF CHICAGO

CHICAGO

Special circulars explaining the work of the LECTURE-

STUDY DEPARTMENT of the University Extension will

be sent on appbcation.

Trains a Day
i& tHe

ana C H. (Sh D. Rx

Only Hours
from

CHICAGO
to

CINCINNATI
BY OAY, Parlor and J>ir%ir*^i

BY NIGHT, Palace Sleepi**^
and Compartment Cars

CHAS. H. ROCKWELL, FRANK J. REED

Traffic Manager.
.Sf^^rO

''
^^'

200 Custom House Place, CHICAbu.
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-THE NAME IS EVERYTHING."

Estcrbrook
absolute

s:uarantee of its excellence

Inflexible

Accountant's

and
Over

rm

y5

u u

No. 322.

Pen. Fin

150
otter styles

every pnr
stationers

Accept no

o 1 n

varieties of

nit
[pose. All

have them,

substitute.

L ~ . , n

The Esterbrook steel Pen Co.

VTorks, Camden. N. J. 26 John Street. N. Y.
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rom Point / Vilew
THE

EMiNGTON Typewriter
IS THE BEST INVESTMENT

It leads in durability, reliability,

permanent excellence of work,

adaptability to all classes of work,

ease, speed and convenience of

operation, and economy in service.

Remington Typewriter Co.
+

327 Broadway, New York
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Traveling by Daylight

ON THE

WABASH LINE
Affords all the comforts to

be had in the most luxu
rious homes or in the best of

hotels. Nothing is wanting
to complete one's happiness,
and the days pass only too
swiftly.

The Parlor and Obser
vation-Cafe Library Car
features on the Wabash
trains, together with the
Free Reclining ( hair Cars
and Dining Cars, have
become widely known and
rery popular.

Through Cars are run
between St. Louis and Chi-
cago, Kansas City, Omaha,
New York, Boston. Los
Angeies, San Francisco,
Denver, Portland, Ore.,

Minneapolis and St. Paul;

between Chicagt and Buf-

falo, New York, Boston and
Montreal : between Kansas
City and Buffalo, and St.

Paul and Lus Angeles.

C. S. CRANE
GenM Pass'randTkt, \geflt,

ST. LOUIS MO.
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Carbon LETRR
Book
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&,

^ati^
w

A ^>.
->,

. .-M-
k\'0

•T i^i^t'.

s\

V .
:-'

^m^^

Copy Your Letter While You Write
BY USING THE

CARBON LETTER TAB
Letter Copying Made Cheaper, Cleaner, and More Convenient

100 Letters and 1 00 Copies in Each Book. Bound in Board

Covers with Carbon, Ready for Use

(8M X ii), Killed or Plain -
- - - -

C6x95^), Ruled or Plain ..----
Sent postpaid on receipt of price

Note

5. D. CHILDS CO.
Hanufacturins: Stationers

Send for our Catalogue of Office Supplies 140-143 MONROE 3T.. Chlcafo

FINANCIAL BOOKS
Pub'..tied by

THE UNIVERSITY CHICAGO PRESS

m%

A book which every business and
professional man should read

By J. LAURENCE LAUGHLIN 53 cents postpaid

The Second Bank of the United 5tates
r

By Ralph C. H. Catterall» of the Department 0/His-
tory^ Cornell University

5tiv-|. 538 pp., 8vo, cloth, net, S3.00; postpaid, $3.20

Legal Tender

A History of the Greenbacks
Wth SpMlal Reference tu the Economic ConseQuenpes of Their Issue

^j' Wesley Clair U\tqh^i.\., 0/ the VfPartmeni of Polit-

ical Econofny^ University of Cali/ornta

xiv ^ 578 pp., 8vo, cloth, net, ^.00: postpaid, $4-25

A STUDY IN ENGLISH AND AMERICAN MONETARY HISTORY

xviii+ 182 pp., 8vo, cloth, net, $2.00; postpaid, $2.15

By SOPHONISBA p. Bkeckinridge, o/ihe Department 0/Political Science, University of Chicago

For sale by booksellers or the publishers^ Sendfor Catalogue

CHICAGO, ILLINOISTHE UNIVERSITY OF CHICAGO PRE5S
-OJ-T^^ -

I ^
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Forty years ago the school-teacher had to get along
as best he could with ioreign-made pencils; now
things are changed, and he has the privilege of using

Dixon American
Graphite Pencils

in all the schools under his charge.
These pencils are not the result of an inspiration,

but are the product of much care, thought, and
study in order to provide just the right kind of a
pencil for the many kinds of educational work.
They are used in all the leading scientific and

technical schools in the country, and are recom-
mended by the drawing professors. They have
strength and durability of lead, combined with
absolute smoothness and accuracy in grading. Send
for illustrated color catalogue. It will help you.

JOSEPH DIXON CRUCIBLE COMPAinT
JERSEY CITY, N. J.

IN YOUR

COAT

SEW THIS*'^*^'^'^*^*^**^'^*^***
Put an ordinary *!•^PWi^p collar button in +

li^ Km w I \^ Ea the rear or center 'T

button holeof the *r

cuff, slide it into***
the front circular j*
opening, — push *£
it back to regu- ^
late the Cuff—an V
inch or two or ***

simply a white edge can be shown,

THE CUFF WILL STAY
WHERE YOU PUT IT.

You take your coat off and hang- it up, T
the Cuffs will require no attention until T
they need laundering One pair for every T

, coat you own and happiness will be yours for TT a dime. Price locts. a pairor 50cts. for 6 pairs, TTby mail, postpaid. Address,
j|

^ WOODMAN CO., Box 2872, Boston. Mass. %

1

C00LNE55
WITH COMFORT

^

Absorbent
and

Protective

Special Weights for Summer

The Ideal Wear for Hot Weather

ALSO

^ ^ X ^ ^ S^S p i$ ^ f7 P

CO^ ^ r^- ^ O?"
5. < _^ (^ r>

O' ^ ^ ^ ^ =5" SQ ^ o
a^C5COcoX^a?x^aT -^ ^ y f>

X ^ ^

Illustrated Catahgne Fret

n ^-

Dr. Jaeger's S. W. S. Co.'s Own Stores

NEW YORK: 306 Fifth Ave., 157 Broadway
BROOKLYN: 504 Fulton Street
BOSTON: 330-232 Boylston Street

PHILADELPHIA: 1510 Chestnut Street
CHICAGO. 83 State Street

AGENTS IN ALL PRINCIPAL CITIES

Put "yOXLT

Ivinks
it\to xotir

Cuffs
witH tbe

EARL BVTTONER
A practical device which saves time and temper. Used and

endorsed by thousands. Nickel. 10 cents; Sterling 5ilver,

50 cents. Sent on receipt of price.

ALPHA MFG. CO.. is> Milk Street, BOSTON, MASS,

l^Katis "

Dans'

PROVE
thatDaus'"Tip-Top''
Duplicator is the best,

simplest, and cheap-
est device for making

100 copies from Pei\-^vritten and
30 copies from Xy'peivritten original

we are willing to send a complete *'Duplicator" without deposit
on 10 days' trial.

No mechanism to get out of order, no washing, no press, no
printer's ink. ITie product of 23 years' experience in Duplicators,

Price for complete apparatus, size No. i, $7.50, subject to the trade

discount of 333^ per cent., or $^*00 i^et.

DVPI^ICATOR Co., Datis Bia^.. Ill JoHt\ St., New TorK



TRADE KA?*K
nEGlSTEPEO

FLORIDA
Refaseaffaabstitates.

fVto*

Fifty
•5TyLES

t. DaulE.Wirt
AlL Yountain1>en
Ak^ORADDRESS. BLOOMSBURG.

wHY not use a clean Fountain

Pen, one that will write and

write always, without skipping,

blotting, or scratching?

The above Fountain Pen is and

has been sold on its merits all over

the world for sixteen years, and is

unconditionally guaranteed.

^/ye f fHAMMOND" Typewriter
(NE^V MANIFOI^DKR)

"TKe Greatest Typewriter of tHe Two HetnispKeres 99

Judge a machine by its work

Hammondwork is incomparable

The Hammond Typewriter was origi-

nally intended for high-class trade—
people who wished the best. The excel-

lent work, interchangeable type, visible

writing, and ease of operation, place
the Hammond in a class all by itself.

Durability proven.
fact.

^,

Brancb offices in all principal cities. Representatives everywhere

\MMOND TYPEV/RITER COMPANY
FACTORY AND GENERAL OFFICES

:

Sgtli to 70th Sts., East River, New York, N. Y., U. S. A.
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C. & N. W. Ry.)

KE:NOSHj\, IVISCONSIN.

Health -Resort;
of the highest grade, conducted upon a mopt lib-
eral scale, and affording every facility for the
successful treatment of chronic diseases. Beau-
tiful grounds (im acres) with half mile Lake
Michigan frontage. Cool summers; no malaria.

For illustrated prospectus address

N. A. PENNOYER, M.D., Mgr.
CHica^o Office* 70 State

Dr. Pennoyer's hours 2 to 4 Tucs^days.

Telephone Central 500

St.

Compartment Sleepers

Standard Open Sleepers

Palace Parlor Cars
Table d'hote Diners

Luxurious Day Coaches
Are some of the many features

of a trip over the

FOUR ROUTE
CHICAGO TO

NDIANAPOLIS
CINCIN NATI
LOUISVILLE

AN SOUTH
Ask for Tickets via the "Big Four."

J. C. TUCKER, G. N. A.,
238 Clark St.. Chicago.
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All history recorded inink

but liistory does record a

betterinkthanCARrmS INK

livAll Kinds

Use the

Middle
J.

Joirvt

IdirvPen
or\e op m?>.i\y Forms

' •TRADE HARK

gudj^sjAteed by

AAWaiermdJi & Co.
Dept. G,

22. Thajnes Street

me MARK OF

3M)TUUS

suPEHiORmr

Newark A^A for C&.te^o^ F
-^att.'.fl^'



:*r.

^
_±_^_lJ_

*

xP

*

j^^^

\

\B

.^

U

f^^

-'-C

.^-*

1^

i'V^
L*-^

- 4
^'^^

^̂
-"

^

Don*t let the heal of summer undermine your strength,

enervate your system and lay it open to the inroads of

isease. Keep your blood cool and full of life by tak-

ing a small glass of Pabst Malt Extract before each

it's The "Best" Tonic, both in name and reality.

women— at all times, every-

mea
men, and for

where

—

Pabst Malt Extract is a builder of health,

strength, vigor and vitality. mvalids and conva

K-

cents, and for those enfeebled by age, it is both meat

rink— a tonic that enriches the blood,

quiets the heart action, steadies the nerves

and renews the wasted tissues of the body.

4

ES^

».̂i-

.'Ll*

^

V'
"^^

%

t!%

^
+^

^

DCTRACTO*^ i

Si?ff*^^ P T^p^aj^^ftp^-^ti^ ,. ___VK|A^- --

^-OSr,^H-

1

^/. I
.et '.^

'J^

r
i-K^- ^

^"r^-ifltte-i-^S.-n-.

-Y

For fifty years I have been more or less an
invalid—the doctors say my blood had not sufficient

red corpuscles to give me strength. For the past

fifteen years I have used Pabst Malt Extract, The
"Best Tonic/* and it hsis always given me re-

newed strength and vigor. The fact that I am
now seventy-two years old and am enjoying

better health than when I first began to

lake your Malt Extract makes me commend
it heartily to my friends and to those whom I

have cared for in my work as a practical nurse.

I know of no better Tonic for those suffering

from general debility, or for convalescents.

J. M. SHORT, 464 East 55th Street, Chicago.

Avoid cheap imitations—lacking the
strength and purity of Pabst Extract— they are frequently adulterated
and usually harmful— your system
demands THE BEST— and Pabst
Malt Extract is the ''Best** Tonic—
The proof lies in the using.

^*-i.

( J

/

i

I
SBB^Pt"

aconcentbateo /m

Kl^(l^*^^^
-^¥

^^f

i^-'

Send Your Name and Address for Our Booklet

j»j*-^

wts
PABST EXTRACT DEPARTMENT
MILWAUKEE. wIS., U.S. I4ILWA
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PHotogfrapKic

LENSES AND SHUTTERS
- '

4x5 V\as.\\gvci2Lt/-6.8

ACTUAL SIZE
5x7 has same size mount

Sold 'Round tKe "World
are made by the oldest and best equipped lens making estal^Iishnient

in America

Bausch S Lomb-Zeiss Anastigmats and Plastii^mats

with Volute Shutters

Regularly Furnished High Grade Cameras
When buying your camera this year see that it is equipped with one of our superb !e^w^.^»

making it possible to do every kind of photography, and the best photography with one outfit.

If your camera has a Bausch & Lome lens or shutter you can compete for the

$3,000.00 for Photographs
which is offered absolutely without reserve to users of our lenses and shutters. Sendfor Booklet,

Catalog of Prism Field Glasses, Microscopes, Projection Lanterns on request.

BauscK Lomb Optical RocKester, N« Y
NEW VORK

25th St. and Broadway
BOSTON

120 Bovlston St

CUICAGO
Wabash and Monroe Sts.

our acation

ora

f

TOURIST TICKETS FOR HALF FARE
A Colorado trip this year will cost very little,

are going to sell round trip tickets from Chicago
for $^0, From St. Louis $25, Practically half
fare. This will enable people of moderate
means to spend their holiday in the de-
lightful Colorado country. Special
tickets will be sold July i to 10 for

even less than named above.

We

\t^

-L .'

ff.

HERE is a popul
that prices in Colorado
are inflated — that it

costs money "every time you
move."
This notion is not correct.

You can live in Colorado com-
fortably and well for a mod-
erate sum. At the hotels,
boarding houses and ranches

you can secure excellent quar-

ters and capital fare for from

$8 to Sio a week and upward.
Our Hand-Book of Colorado

tells all about it. Send for a

copy. It's free.

P. S. EUSTIS.
Passenger Traffic Manager,

C. B. & Q. Ry. Co.

209 Adams St., Chicago, 111.
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^y^A'^T^itSMZ^iL^-'

'^?T*S'.



i

m*._j^

-^_.
"i^

*^-

HTT^_i_ ^^ I
_

I

No other soap leaves such a sense of freshness

and cleanliness as Lifebuoy Soap. Use it any

way you wish and you will find has unusual

#

and exceptional properties. It not only cleanses (

like magic but also safeguards the health, as

disinfects— purifies, at the same time. Buy
cake and use it all uo and if not all we say

1-

a

of|

(

)
dealer will promptly refund purchase money
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Its Reputation does not Depend upon "Talking Points

It is Offered to the Public upon its Record of Result!

Accomplished. Nothing save an Actual Test can be

More Satisfactory to the Patient than the Testii^ony

of Eminent Medical Men who have

in

epe2.tedly

I;'ht's Disease, AlbuminuriiTested its Merits
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STUDIES IN SPINDLE FORMATION.
Anstruther a. Law son.

(with plates XV AND XVI

)

w

historical.

The evidence produced from the researches of the last few

years' proves quite conclusively that a centrosome as a spindle-

forming organ does not exist in the higher plants. Too few

forms, however, have been worked out in sufficient detail to

allow of any definite conclusions as to whether or not these

plants have any common uniform method of spindle formation.

Of the types that have been thoroughly examined, the following

have been recorded :

In 1 897 Osterhout investigated the spindle in the spore mother-

cells of Equisetum. The first indication of a spindle in these

cells is the formation of a felted zone of kinoplasmic fibers sur-

rounding the nucleus. These fibers grow out from the nuclear

membrane and assume a radial position. By the fusion of their

free ends these fibers form a series of cones, and upon the break-

ing down of the nuclear membrane the cones unite at their apices

in two groups to form the bipolar spindle.

In i8g8 the writer investigated the development of the spindle

in the pollen mother-cells of Cobaea. Here it was found that,

as division approaches, a dense granular cytoplasmic substance

' Belajeff {1894), Byxbee (1900), Davis (1899, 1901), Debski (1897), Farmer (1893,

1S95), Guignard (1898), Juel (1897), LawsoQ (1898, 1900), xMottier (1897 a, b,)

Nemec (1898, 1899), Osterhout (1897, 1902), Smith (1900), Strasburger (i8g6, 1897,

1900), Webber {1897), Weigand (1899), Williams (1899).

81
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forms a complete zone about the nucleus. The nuclear wall dis-

appears, and the central part of the cell becomes filled with a

network of kinoplasmic fibrils, in which the chromosomes lie.

This network grows out into several projections, which become

the primary cones of the multipolar spindle. These cones no\^

unite at their apices into two groups and thus form the bipolar

spindle.

In 1899 Williams describes for Passiflora a process somewhat

resembling that which occurs in Cobaea. Upon the breaking

down of the nuclear wall, there is a large kinoplasmic network

formed in the central portion of the cell. This network of fibrils

projects outward at various points and becomes cones, which,

uniting at their apices in two groups, form the mature spindle.

In 1900 the writer investigated the spindle in Gladiolus.

Here, as in Equisetum, the first indication of the spindle in the

mother-cell is the formation of a felted zone of kinoplasmic

fibrils surrounding the nucleus. But instead of the fibrils taking

on a radial arrangement, as described for Equisetum, the zone

grows out at irregular intervals in the form of sharp pointed

projections, which are the primary cones of the spindle. The

nuclear wall remains intact until the cones are fully developed,

and upon its breaking down the cones collect by the fusion of

their apices into two groups, when the bipolar condition is

reached.

Byxbee (1900) has recorded the following method for the

development of the spindle in the pollen mother-cells of Lavatera.

The meshes of the network close to the nuclear wall pull out in

a direction parallel to the wall, forming a felt of fibrils about the

nucleus. The cytoplasm now collects in a dense granular zone

about the nuclear membrane, as it does in Cobaea. Upon the

breaking down of the nuclear wall, there is formed a central

mass of fibrils in which the chromosomes are suspended. This

central mass of fibrils grows out into several projections, bringing

about the multipolar condition of the spindle. Two of the cones

become more prominent than the others, which they absorb, and

the bipolar figure is thus produced.
Smith (1900) has wforked out with considerable detail the
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development of the spindle in the spore mother-cells of Osmunda.
In this case the spindle originates from a zone of kinoplasm

which surrounds the nucleus. The granules in the kinoplasm

arrange themselves in rows, concentric with the nuclear wall, and

are finally massed on opposite sides of the nucleus. From these

masses two cones of fibrils are developed, which become the two

cones of the spindle. As there are only two primary cones

developed, the spindle is bipolar from the first.

Osterhout (1902), in his recent work on Agave, records the

following series of events leading to the formation of the spindle

in the mother-cell. During the early stages there is developed

a cytoplasmic membrane outside of the nuclear wall. This he

calls the ** spindle membrane," and he regarded it as a unique

structure. There is no weft of fibrils formed, but the spindle-

forming fibrils are radial from the bei^inning, and are attached to

both the nuclear and spindle membranes. From these radial

fibrils the cones are developed, and these, by fusing into two

groups, bring about the bipolar condition. Probably the most

remarkable observation that Osterhout has recorded is that the

second spindle formation differs entirely from the first. Accord-

ing to his observations, the spindle-forming fibrils of the second

division are found in close contact with the nuclear wall, and

their free ends radiate from it. They extend outward into the

cytoplasm, and by the union of their ends form a series of cones.

These fuse at their apices into two groups and form the bipolar

spindle in much the same fashion as in Equisetum.

From the observations of the writers described above it is per-

fectly obvious that there are considerable differences between

the methods of spindle formation. It is also evident that there

are certain important features which are common to nearly all of

them. It would seem that there are several distinct types of

spindle formation, but the differences between them are too

great, and the number of forms worked out in detail are too few
to allow of any generalizations. The number and character of

these types can be determined only by additional observations.

-It IS to this end that the following^ studies are recorded.
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METHODS.

These were essentially the same as those used in my work on

Cobaea and Gladiolus. As full details are recorded in these

papers, it will be unnecessary to repeat them. It is onjy neces-

sary to add that the material was all fixed in the field, and by

far the most satisfactory results were obtained by using Flem-

ming's weak solution of chromic-osmic-acetic acid as a killing

agent, and the triple stain, safranin, gentian, and orange G.

THE POLLEN MOTHER-CELLS OF IRIS FLORENTINA

,

The young anthers of the common garden Iris furnish very
|

good material for the study of spindle formation. If conditions

are favorable and the material is fixed in the field, immediately

after being detached from the plant, all the stages in the forma-

tion of the spindle of the first division of the pollen mother-

cells maybe observed in a single anther. As the anthers at this

stage are very large, many sections may be obtained from one

of them. Previous to the formation of the first spindle, the

nucleus of the mother-cell is very large, containing one or two

nucleoli and the chromatin thread. The cytoplasm appears to

be a reticulum, the threads of which are more or less granular.

In the immediate neighborhood of the nuclear wall, the cyto-

plasm is more dense than at the periphery, but this dense region

is not as sharply differentiated as that described by the writer

for this stage in the pollen mother-cells of Cobaea and Gladiolus.

Numerous small spherical bodies, probably oil globules, were

found distributed irregularly through the cytoplasm.

While the chromatin is yet in the spirem stage, the cytoplasm

immediately in contact with nuclear membrane becomes differ-

entiated into a distinct weft or felted zone of fibrils. This weft

appears at first to consist of a few delicate but very distinct fibrils,

which stain blue with the gentian violet, in contrast to the slightly

orange color of the rest of the cytoplasm. They do not radi-

ate from the nuclear membrane, but lie more or less parallel to

it. When followed along their course, they were found to lose

gradually their affinity for gentian violet, and to terminate in the

regular orange-colored threads of the cytoplasm. This indicates
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that the kinoplasmic threads are nothing more than modified

threads of cytoplasm, which have lost their reticulated and gran-

ular character and have become more distinctly thread-like.

I'ig. I shows one of the early stages in the formation of the

weft, which ultimately develops into the spindle. Even in stages

earlier than this, the fibrils were sharply differentiated, both in

their structure and staining properties, from the surrounding

cytoplasm. The fibrils gradually increase in numbers, evidently

at the expense of the reticulum of the cytoplasm, and soon a

fibrous zone of considerable thickness completely surrounds the

nuclear membrane j^^. 2. As far as the development of this

zone- is concerned, the process is identical with that which occurs

in Gladiolus (Law^son, 1900). In-GIadiolus, however, the chro-

mosomes were already formed when the weft was developing,

while in Iris the chromatin is yet in the spirem stage.

Fig. 2 shows the appearance of the fibrous zone when fully

developed. Up to this time it increased in thickness almost uni-

formly, but it now grows outward at irregular intervals. Two
projections are shown \n fig. 2. The meshesof these outward projections are shown ir

formed by the interlacing fibrils of the weft become elongated

in the directions in which the fibrils are growing, that is, in the

direction of the projection. These outgrowth's of the fibrous

zone are the first indications of the primary cones of the so-called

multipolar stage of the spindle, and the threads composing them
converge toward their apices.

During the development of the cones the chromatin assumes
the form of distinct chromosomes, and the nucleoli become
vacuolated.

The development of the cones is not only brought about by
the pushing out of the original weft at certain intervals, but they

apparently increase at the expense of the cytoplasm into which
they project. Fig. j shows one of the cones projecting into the

cytoplasm, and the outermost fibrils converging to its apex are
,

continuous with the fibrils of the cytoplasmic reticulum. Fig. 4
shows the cones at a later stage; the larger cone is much more
sharply defined. It has lost much of its reticulated appearance,
and its fibrils are more independent of one another, except

/

/
4

r
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where they converge at the apex. There is apparently no defi-

nite position for the projection of each cone. They may be

separated by considerable distance, or again there may be two or

three quite close together {Jigs, 5, 6). The number also seems

to vary, although there are always more than two formed. Cross

sections always show three or four. Fig, 6 shows three on one

side, and an indication of a fourth on the opposite side of the

nucleus. This figure also shows that the growth of the various

cones is not simultaneous.

One of the striking features of the cones is the remarkably

sharp point with which each one terminates. These sharp-

pointed apices extend outward as the fibrils composing the cones

elongate, and they indicate the outermost points at which are

taking place the changes which bring about the transformation

of the cytoplasmic reticulum into spindle-forming fibrils.

As in Gladiolus, the nuclear membrane persists until the

cones have almost attained their maximum development. In

fiS' 7 ^ portion of the nuclear wall remains, and several of the

cones have fused together before the nuclear membrane entirely

disappears. This fusion, however, probably does not begin until

the nuclear wall begins to break down. When this is accom-

plished the chromosomes become attached to the fibrils at the

base of the cones. During and after this stage the collecting

together of the cones was very noticeable.

By the time the nuclear wall has entirely disappeared, and

all the chromosomes are connected with the fibrils, the cones

unite at their apices into several groups
{fig. 8). Here three of

these groups are represented, which are the product of the union

of several primary cones. The space that was occupied by the

nuclear sap is now filled with a complex of delicate fibrils, and

all of the chromosomes are connected with fibrils which extend

to the apex of one or other of the cones. By further union of

(J^^
to two. M
fibrils composing the cones were of the same general character,

but in the following stages there is a differentiation of the fibrils,

according to the part they take in the mature spindle. We have,
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for instance, those that are connected with the chromosomes,
those that extend from end to end of the spindle, and those

that extend laterally outward with their free ends projecting

into the cytoplasm. These are known as the connective, con-

tinuous, and mantle fibers respectively.

The spindle having now reached the bipolar condition, and
the connective fibrils from the respective poles having become
connected

(/<
take up their characteristic position at the equator, and the for-

mation of the spindle is complete.

The series of events leading to the formation of the spindle,

as here described for Iris, agrees in every essential detail with

those which occur in Gladiolus.

THE POLLEN MOTHER-CELLS OF DISPORUM HOOKERI.

The anthers and pollen mother-cells of Disporum are not as

large as many other liliaceous types that have been used for the

study of spindle formation ; nevertheless, they form an extremely

interesting subject. When properly fixed in the field, the various

stages in the formation of the first spindle of the mother-cell may
be readily obtained.

In the resting condition of the mother-cell, the nucleus is

centrally situated, but as division approaches it is invariably

found near one side. Before any kinoplasmic differentiation

takes place, the chromatin has broken up and assumed the

form of definite spherical chromosomes, of which there are but

eight. The first evidence of spindle formation is to be found

m the transformation of the cytoplasm in the immediate vicinity

of the nuclear membrane. At first, this change takes place in

much the same manner as described above for Iris. There are

in the beginning but a few short threads, which when followed

outward are found to be continuous with the reticulum of the

surrounding cytoplasm, but they have lost the granular char-

acter and stain blue with the gentian violet. These threads

mcrease in number and gradually form a distinct weft, which

appears to form more abundantly on one side of the nucleus

than on the other; that is, it is much more evident on the side

i^j.



8S BOTANICAL GAZETTE [august

of the nucleus farthest away from the cell wall {fig. 12), While

the beginning of the weft resembles that described for the stage

in Iris, it soon takes on a very different form as it increases in

size. Instead of the meshes running more or less parallel to the

membrane of the nucleus, they elongate more at right angles to

it {figs. 12, 7j). The fibrils composing the weft stain deep blue,

while the peripheral cytoplasm stains slightly orange. If, how-

ever, we follow the individual fibrils outward, they gradually

lose their property of staining blue and stain slightly orange.

They are, in fact, strictly continuous with the more granular

threads of the cytoplasmic reticulum. They therefore seem to

be nothing more than transformed threads of cytoplasm.

As already stated, the growth of the weft is not uniform; it

is much more conspicuous on one side of the nucleus than on

the other. This irregularity is carried still farther as the

weft increases in size. The meshes elongate much more, the

individual fibrils which form them lengthen considerably, and

their individuality becomes much more pronounced. As the

weft now increases, it does so by several projections, which

terminate in sharp points, so that we have distinct cones formed

{fig> 14)1 in much the same manner as they are formed in Iris.

These cones at first vary considerably in number and size, and

are invariably much more numerous on the side of the nucleus

away from the cell wall {fig, /^) . From a careful study of the

development of these cones as they project into the cytoplasm,

there seems to be little doubt that the fibrils composing them

are transformed directly out of the reticulum of the cytoplasm.

This is particularly evident in the earlier stages, where there is

no sharp differentiation between the ends of the fibrils o£ the

weft and the surrounding threads of cytoplasm, the one passing

into and apparently being continuous with the other.

As the cones project outward, they terminate in very sharp

points and extend over half way to the cell wall opposite {figs-

14, 75). During the entire process of their development the

nuclear membrane and the nucleolus persist. There is no evi-

dence of the breaking down of these structures until the cones

are fully developed. As soon as the cones cease growing out-
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I

ward, the nuclear membrane disappears rapidly, and the ends of

the fibrils at the base of the cones become attached to tlie

chromosomes.

The sequence of events which leads to the bipolar condition

of the spindle is essentially the same as that described for Iris.

Upon the breaking down of the nuclear membrane the apices of

r^ certain of the cones move toward each other and form several

groups of cones. These in turn unite still further, until we have

the characteristic so-called multipolar spindle. Fi^^. 16 shows

I

a stage approaching the bipolar condition. The connective fibers

i
which attach themselves to the chromosomes" become more

sharply defined than the other fibrils, and appear to be thicker

,

in the region of the chromosomes, as if they had already

begun to contract. By the time the chromosomes have arranged

themselves at the equatorial plate, the cones have united into

! two groups, which are the poles of the bipolar spindle. The
mature spindle does not show the free mantle fibers which are

so characteristic of Cobaea, Gladiolus, Iris, and many other

forms. There are a few delicate continuous fibrils, which extend

from pole to pole. The connective fibrils are much coarser than

the continuous ones, stain more deepl3% and are much more
clearly defined. In the bipolar stage of the spindle, these fibrils

appear to be much thicker in the region of the chromosomes,
which suggests that they have not begun to contract, but that

the chromosomes imparted the stimulus to contract. This con-

dition of the fibrils is shown in^/?"^. //.

As the chromosomes (eight in polar view) approach the poles,

the connective fibrils shorten and thicken, and by the time they

have reached the poles the connective fibrils have disappeared

entirely
; the continuous fibrils, however, have increased in

numbers. Having reached the poles, the chromosomes unite

^nd form a mass of chromatin at each end of the spindle.

Nuclear sap is now secreted, and a membrane is formed about
each daughter nucleus.

The daughter nuclei are small, and the various stages in the

development of the spindle of the second division w^ere difificult

to follow. The early weft stage, however, w^as observed, as well
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as the later multipolar stages, which show clearly that the

process of spindle formation in the second div^ision is essentially

the same as in the first.

THE POLLEN MOTHER-CELLS OF HESPERALOE DAVYI,

As in Iris and Disporum, the first indication of spindle

formation in the pollen mother-cells in Hesperaloe is the dif-

ferentiation of the cytoplasm In the immediate neighborhood of

the nuclear wall into a distinct weft of fibrils. This w^eft is very

small at first, but as it stains blue very readily when the triple

stain is used, it can be clearly distinguished. The fibrils run

almost parallel with the nuclear membrane, even at the beginning

of their formation, and they keep this position until the weft has

reached a considerable thickness. In this respect it is almost

identical with Gladiolus and Iris, but differs slightly from Dis-

porum. Fig. i8 shows the weft faiily well developed. It

encreases uniformly and completely surrounds the nuclear

membrane. As in Iris and in Disporum, there is no sharp dif-

ferentiation between the outer fibrils and the reticulum of the

surrounding cytoplasm. It would seem that the cytoplasm loses

its granular structure, becoming more distinctly threadlike, with

meshes parallel to the nuclear wall, and stains blue instead of

orange.

Following the same series of events that occur in Gladiolus,

Iris, and Disporum, the weft soon ceases its uniform growth and

proceeds to grow out at irregular intervals in the form of pointed

projections. The meshes of the weft in these outward growths

are no longer parallel to the nuclear membrane, but are elongated

in the direction of the projections. Fig. ig shows one of these

projections. It also shows that the fibrils of the developing cone

pass into the threads of the surrounding cytoplasmic reticulum,

suggesting that they grow at the expense of the cytoplasm. As

the cone pushes outward, the meshes elongate proportionately,

and the fibrils composing them become much more sharply

defined. As in Iris and Disporum, there appears to be no definite

number of cones formed ; there are usually four or five to be

seen in section.
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As the apices of the cones approach near to the cell wall, tlie

nuclear membrane breaks down, and the space once occupied by

J
the nuclear sap becomes filled with the ingrowing fibers of the

base of the cones i^fig. 20'). By the time the nuclear wall has

disappeared, some of the cones unite at their apices. This union

continues in the same fashion as that described in Gladiolus,

Iris, and Disporum, Fig, 21 shows a condition in which the

nuclear w^all has entirely disappeared, and five cones are seen in

section. Some of these cones are evidently the result of the

union of several primary cones. By the time this stage is reached

the fibrils have become long independent threads, converging to

the apices of the cones, and many of them have become attached

to the chromosomes.
A

The fusion of the cones is probably a very rapid process, as

the multipolar stages were only obtained from material fixed in

the field, immediately after being dissected from the plant. They
are never found as frequently as the bipolar stage.

Fig. 22 shows the cones uniting into two groups, pointing in

opposite directions. Before fusing, the cones point outward in

all directions, so that in a section few of them show {fig, 21),

but as they collect in groups a median section shows many more
m the same plane. When the bipolar condition is finally reached,

the usual three sets of fibrils are sharply differentiated. The
connective fibrils are clearly defined and appear to be thicker in

the region of the chromosomes. The continuous fibrils extend

unmterruptedly from pole to pole and are much finer than the

connective fibrils. Extending laterally from the poles, numerous
mantle fibrils are to be scen^ with their free ends projecting into

the cytoplasm
{fig. 2j).

As shown by the series of figures, the process of spindle

development in the first division of Hesperaloe is essentially the

same as that described for Gladiolus, Iris, and Disporum. On
account of the scarcity of the material, the development of the

ypmdle for the second divisions was not observed,

THE POLLEN MOTHER-CELLS OF HEDERA HELIX.

Ironi the above description, it seems quite evident that there
IS a very striking resemblance in the method of spindle forma-
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tion in Gladiolus, Iris, Disporum, and Hesperaloe. As these

types are representative of related families, it is not surprising

to find such a resemblance. This method of spindle develop-

ment, however, is not peculiar to these families, as the follow-

ing descriptions of the conditions existing in Hedera will show.

The young anthers containing the pollen mother-cells of

Hedera helix are extremely small and difficult to handle. But

after being fixed in the field and imbedded, the difficulties are

mostly overcome, for the mother-cells stain very easily with the

triple stain, and the various stages in the development of the

spindle of the first and second division are readily obtained.

The mother-cells in Hedera are much smaller than the lilia-

ceous plants, but the nuclei are relatively much larger. As

division approaches, the amount of nuclear sap is very great, and

as a result the nucleus occupies one-half the space of the cell.

Before any kinoplasmic differentiation takes place, the cyto-

plasm presents a uniform granular reticulum, but this appears to

be slightly denser in the vicinity of the nuclear membrane, sug-

gesting the condition that exists in Cobaea and Gladiolus. As

soon as the chromatin has segfmented to form the chromosomes,

the cytoplasm in contact with the nuclear membrane becomes

differentiated into a thin weft of fibrils, which stain an intense

blue. The development of the weft is essentially the same as

that described for Gladiolus, Iris, Disporum, and Hesperaloe. It

consists at first of only a few threads, which interlace with each

other and run more or less parallel to the nuclear membrane.

The fibrils nearer the membrane stain a very deep blue, but those

farther out stain less, and as they merge into the surrounding

orange-staining cytoplasm, they are slightly granular and are no

longer to be distinguished from the reticulum of the latter (//.

24). The origin of the fibrils of the weft is apparently due to

the change in the structure of the threads of cytoplasm, as

described in Iris, Disporum, and Hesperaloe. As in these plants,

the weft is uniformly thick in the early stages of its formation,

but it soon develops projections at irregular intervals, producin

the primary cones of the multipolar figure {^fig^- ^5^ ^^)'

As the primary cones grow outward, the fibrils composing

cr
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them no longer run parallel to the nuclear membrane or interlace

with one another. They become long independent fibrils, pro-

jectmg more at right angles to the nuclear membrane and con-

verging at the apices of the cones. Figs. 26 and 2y show
several of these cones, nearly full}^ developed.

As the cones approach the completion of their development,
the nuclear membrane suddenly disappears, and the fibrils at the

base of the cones come in contact with the chromosomes. The
fusion of the cones proceeds until there are two groups [Jig. 28).

The chromosomes are very numerous, and the mature spindle is

j

consequently very wide at the equator. The usual connective

and continuous fibrils are to be distinguished, but the mantle
fibrils do not appear until the chromosomes begin their migra-

tion to the poles.

fig^

2g that the formation of the first spindle in Hedera is similar to

that which occurs in Gladiolus, Iris, Disporum, and Hesperaloe
in every essential particular.

In his work on Agave, Osterhout describes two distinct types

of spindle formation in the two divisions preceding the develop-

ment of the pollen. In the second division the spindle origi-

nates in a way that is absolutely different from that in the first.

There is no weft surrounding the nucleus in the early stages, but

mstead there is a series of fibrils which radiate out from the

nucleus, with their free ends projecting into the cytoplasm,

^uch a stage as this does not occur in the first division, and it is

remarkable that two conditions so essentially different could be
round in two succeeding generations of cells. With the idea of

ascertaining whether any such difference as this existed in the

two succeeding divisions of the mother-cell in Hedera, a very

careful examination was made of every stage in formation of the

second spindle. This proved quite conclusively that the spin-

dles of the first and second divisions are formed in identically

the same fashion.

Very little time elapses betw^een the first and second divis-

ions. As soon as the first spindle reaches the bipolar stage, the

chromosomes move to the respective poles and unite, forming
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two masses of chromatin at opposite sides of the cell. While

this is taking place {fig- Jo) numerous long mantle fibrils extend

from the sides of the masses of chromatin and at the same time

the continuous fibrils increase in number. The mantle fibrils,

however, are not confined to the lateral position on the chroma-

tin mass, but radiate from all sides of it. These radiating fibrils

persist for a considerable time, even after the chromatin has

secreted a nuclear sap and surrounded itself with a membrane.

Fig. J I shows two mature daughter nuclei, with the chromatin in

the spirem stage, each surrounded by a distinct membrane. The

continuous fibrils between the two nuclei begin to disappear in

the equatorial region of the cell, and each nucleus is completely

surrounded by a system of radiating fibrils with their free ends

projecting into the surrounding cytoplasm. When first observed,

the writer mistook this condition for the radiating stage that

Osterhout has figured in the formation of the second spindle in

Agave. The two conditions are strikingly alike, but a careful

study of the stages immediately preceding and following this

showed conclusively that the radiating fibrils were the remnants

of the first spindle and not the beginning of the second. As

shown in the next stage {Jig, J2), these radiating fibrils and the

continuous fibrils disappear completely, and take no part what-

ever in the formation of the second spindle. As fig. J2 illus-

trates, the resting period of the daughter nuclei is a very short

one. The chromatin breaks up into chromosomes before the

last of the continuous fibrils have vanished.

The first evidence of the beginning of the new spindle is the

transformation of the cytoplasmic reticulum close to the daugh-

ter nuclei into a weft of fibrils completely surrounding each

nucleus {fig, jj). In every detail the series of events that leads

to the formation of the second spindles is identical with that of

the first. Almost every stage in the sequence was carefully

examined, and the second was found to be a duplicate of the

first series. It will therefore be only necessary to mention the

critical stao^es.

At first the kinoplasmic zone increases uniformly in thick-

ness, and its fibrils run more or less parallel to the nuclear wall-
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Very careful search was made for the radial condition described

by Osterhout for the second spindle in Agave, but nothing like

this was found. The fibrils are never radial at this staije.

Having reached a certain thickness the weft no longer

increases uniformly, but grows out at irregular intervals from

the primary cones of the spindle in identically the same fashion

as it does in the formation of the first spindle {fig. 24).

SUMMARY.

1. In Iris the formation of the spindle is initiated by the

transformation of the cytoplasmic reticulum close to the nuclear

membrane into a weft of kinoplasmic fibrils, which forms a

complete zone about the nucleus.

After increasing to a certain thickness, the zone projects out-

wards at irregular intervals, forming a series of cones which ter-

minate in sharp points.

The cones apparently develop at the expense of the cyto-

•plasmic reticulum into which they project, and as they grow the

fibrils composing them lengthen and converge at the apex.

During the complete formation of the primary cones the

nuclear wall persists.

Upon the breaking down of the nuclear membrane the cones

fuse until there are two groups of them pointing in opposite

directions.

The points at which the cones forming these groups meet at

their apices become the poles of the bipolar spindle.

2. In Disporum the first indication of the spindle is the for-

mation of a weft of kinoplasmic fibrils which partially surrounds

the nucleus. As in Iris, the fibrils composing the weft are

formed by the transformation of the cytoplasmic reticulum.

Unlike Iris, the meshes of the weft do not run parallel to the

nuclear membrane.
The weft increases irregularly, forming several projections

which become the primary cones of the spindle. As they grow

outward the cones become sharp-pointed and their fibrils are

sharply defined. It is very clear that the kinoplasmic weft is of

cytoplasmic origin.
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After the cones have developed the nuclear wall breaks down,

and the cones unite in two groups to form the bipolar spindle.

3. As in Iris and Disporum, the spindle in Hespcraloe origi-

nates from a weft of kinoplasm. The latter completel}' surrounds

the nucleus and is of cytoplasmic origin. As in Iris, the fibrils

of the weft run parallel to the nuclear membrane.

By growing out at irregular intervals the weft develops a

series of sharp-pointed projections which become the primary

cones of the spindle.

As the nuclear wall disappears, the cones collect in two groups

and fusion at their apices brings about the bipolar condition.

4. In Hedera, as division approaches, the cytoplasm close to

the nucleus becomes changed into a weft of kinoplasmic fibrils,

which orms a zone completely surrounding the nuclear mem-

brane.

This change in the form of the cytoplasm proceeds at

intervals in such a way that the kinoplasmic zone appears to

grow out in the form of projections. These projections terminate

in sharp points and become the primary cones of the spindle.

As the cones grow outward the fibrils composing them become

more sharply defined, elongate, and converge at their apices.

The events that follow are essentially the same as those in

Iris, Disporum, and Hesperaloe.

The method of spindle formation of the second division is

a duplicate of the first.

5. While the various methods of spindle formation described

for the higher plants differ in certain respects, the resemblances

between others are sufficiently great in warranting a classifica-

tion of them. The following classification of the types is there-

fore suggested ;

Type I, represented by Gladiolus, Iris, Disporum, Hesperaloe

Hedera, Osmunda.

Type 2, represented by Cobaea, Passiflora, Lavatera.

Type 3, represented by Equisetum.
Type 4, represented by Agave.

Stanford University,

California.

f
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' EXPLANATION OF PLATES XV AND XVI.

The figures were drawn with the Abb6 camera, Zeiss apochromatic

immersion obj. 12"*™, 1,30 ap,, compensating ocular no. 6.

PLATE XV,— Figs. i-ii. Iris floreuiina.

Fig. I. A pollen mother-cell; cytoplasm in contact with nuclear mem-

brane transformed into a weft of kinoplasmic fibrils, forming a narrow zone

surrounding nucleus.

Fig. 2. Slightly older stage; kinoplasmic weft of considerable but not

uniform thickness, preparatory to forming primary cones of spindle.

Fig. 3. Older; outward projections of the weft developed Into a distinct

sharp-pointed cone. Fibrils composing the cone no longer parallel to the

nuclear wall, but directed outward and convergent at apex of cone.

Fig. 4. Like /^. J, but also shows that cones do not develop simul-

taneouslv.

Fig. 5. Two cones nearly fully developed; a third beginning.

Fig. 6. Three primary cones of about the same size. Up to this stage

nuclear wall is intact^ taking no part in formation of kinoplasmic weft;

nucleolus also persistent and now vacuolate.

Fig. 7. Nuclear wall and nucleolus have partly disappeared; fibrils at

base of cones have grown inward and some have joined chromosomes.

Fig. 8. A characteristic multipolar figure; the three cones have evidently

resulted from the union of several primary cones.

Fig. 9. Somewhat older stage showing further fusicn of cones at their

apices.

Fig. 10. Cones have united into two groups with their apices pointing m
opposite directions, indicating the position of the bipolar spindle.

Fig. II. Mature spindle.
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FLA TE XV,— Figs. X2-17. Disporum Hoekori,

Fig. 12. Spore mother-cell showing transformation of cytoplasm into

a weft of kinoplasmic fibrils not parallel to the nuclear wall.

V Fig. 13. Later development of kinoplasmic zone; the weft not uniform

but much more abundant on one side of nucleus.

Fig. 14. Weft in the form of irregular sharp-pointed primary cones;

j
their fibrils very much elongated and convergent.

j^

Fig. 15. Fibrils forming cones more independent of one another and more
'

sharply defined.

Fig. 16. Nuclear membrane gone ; cones united at apices; fibrils joined

with chromosomes; the latter taking position at the equator.

Fig. 17. Mature bipolar spindle.

PLA TE XVI.— Figs. 18-23. Hesperaloe Davyi

Fig. 18. Pollen mother-cell, showing formation of kinoplasmic zone quite

uniform in thickness.

Fig. ig. Later irregular outward growth of kinoplasmic zone ; the meshes

composing it point in the direction of the outward projection or primary cone.

Fig. 20. Nuclear wall breaking down ; inward growth of fibrils from the

base of the cones with which the chromosomes are now in contact.

Fig. 21. Typical multipolar spindle after entire disappearance of nuclear

membrane.

Fig. 22. Cones collecting in two groups and uniting at their apices so

X
as to indicate position of bipolar spindle.

[
Fig. 23. Mature bipolar spindle.

PLA TE Xy/I,— ViGS. 24-34. Hedera helix

Fig. 24. Young pollen mother-cell showing early stage in the formation

of kinoplasmic weft.

Fig. 25. Later stage of kinoplasmic zone, indicating by one-sided growth

the beginning of one of the primary cones.

Fig. 26. Four more fully developed primary cones in the same plane;

fibrils composing them much more clearly defined and convergent.

I

Fig. 27. Somewhat older stage with several cones in the same plane;

1
fibrils very clearly defined and cones almost fully developed.

[
Fig. 28. Nuclear wall gone; chromosomes in contact with spindle fibrils;

I
cones partially united in two groups indicating future position of bipolar

(
spindle.

\

Fig. 29. Mature bipolar spindle. As there is a large number of chro-

mosomes, the spindle is very wide at the equator.

:

Fig. 30. Chromosomes at the poles of spindle; nuclear wall not yet

I formed around daughter nuclei ; many continuous fibrils between the daughter

I

nuclei; also a series of short radiating mantle fibrils, which extend out in all

-directions from the masses of chromatin.

I
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Fig. 31, Daughter nuclei with membranes; chromatin in spirem condi-

tion; continuous fibrils disappearing midway between the daughter nuclei;

system of radiating fibrils persistent.

Fig. 32. All fibrils of first spindle have disappeared; chromosomes of

daughter nuclei ready for second division.

Fig. 33. New weft of kinoplasmic fibrils forming a zone about each V

daughter nucleus, the first indication of spindles for second division.

Fig. 34. Weft growing out from one of the daughter nuclei to form pri-

mary cones of second spindle.

i

t

I

rii
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THE EMBRYO SAC OE CASUARINA STRICTA.

CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY.
L.

Theodore C. P^ r v e.

(with plate XVII

)

Ii^ the examination of the embryo sac of Asclepias (2) the

writer was impressed with the long resting period of the egg

between its fertilization and its first division. The difficulty of

distinguishing a fertilized from an unfertilized egg suggested that

in some cases in which fertilization was reported to take place

after the division of the endosperm nucleus, an error had crept

in, an unfertilized egg being mistaken for a fertilized one. If

there is fertilization after endosperm division, the fate of the

second male nucleus is an equally interesting cjuestion. This

suggested a reinvestigation of the sac of Casuarina, the results of

which are here presented.

The admirable paper of Treub (5) on Casuarina appeared in

1 89 1. In a review of it by Chamberlain (i) in 1896, five years

after it was published, the following suggestive statement is made :

I have been deeply interested inCasuarina's embryo sac without antipodals,

as I have been studying Salix and for more than a year was unable to discover

any trace of antipodals. Howxver, Salix has antipodals, as someof my prep-

arations now prove. Some slides also show the fushion of polar nuclei to

form the endosperm nucleus. There is no doubt that the antipodals of Salix

are very transitory, but they are formed nevertheless. It may be that Casuarina
uas antipodals of this evanescent character. Since the technique betrayed by
Treub's figures and text could be greatly improved, I should be glad to see

the Casuarina sac studied again in much greater detail, in order that Treub's

conclusion may receive additional confirmation or be corrected,

A resume of the more essential features of Treub's paper is as

follows: The species studied were C, stiberosa, C. Rtonphiana, and
<-• glauca. The pistillate flowers are naked, occurring in the
a-^ds of small bracts that form a cone-like cluster. Each pistil

consists of two carpels whose inner surfaces soon fuse along
1903]
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their lower part. Lateral placental outgrowths divide the ovarian

cavity into two loculi, but from this central placenta two ovules

usually arise, both of which, except in rare cases, form in the

same loculus. The funiculi are curved dow^nward so that the

ovules lie with the chalaza in the base of the loculus and the

micropyle toward the style. Several hypodermal cells (**primary

mother-cells"), possibly archesporial in nature, become deeply

situated on account of their owm transverse divisions and form a

multicellular sporogenous tissue, sharply differentiated laterally,

as in pteridophytes. Later it is also well differentiated toward

the micropyle, but not in the region of the chalaza, where a strong

** intercalary growth" takes place, suggesting the origin of spo-

rogenous tissue from cells not arising from the primary sporog-

enous cells. Of the sporogenous cells,' some function as spore

mother-cells, some remain small and are soon resorbed, while in

some species others become trachcids, recalling the formation of

elaters among the liverworts. Those that function as spore

mother-cells divide, each forming a row of four. Thus with

pteridophytic sporogenous tissue, there is spermatophytic arrange-

ment of megaspores. Some of these enlarge, forming embryo

sacs, as many as a score of sacs being counted in a single

ovule. They elongate more or less antipodally, some even

penetrating the chalaza to the funiculus. Differing from almost

all other spermatophytes, the functionless megaspores of Casu-

arina are not resorbed, but remain among the fully developed

embryo sacs. Whatever the number of ovules in an ovary, only

one is fertilized. The sacs in the unfertilized ovules enlarge,

become binucleate, but form no antipodal prolongations. In the

fertilized ovules not all the megaspores that enlarge form pro-

longations; those not centrally placed are often arrested early.

In the fertile ovule only one sac is fertilized.

The formation of cells within the sac was not definitely

traced,^ but developing sacs with one nucleus, and sometimes

with two nuclei, were found. A certain nucleus, of unstated

'Treub applies the term "sporogenous" cells to the tissue both before and

after the formation of megaspores.

^ It will be remembered that this work was done twelve years ago.
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origin, near the micropylar end, is itself the ^^g, or develops the

sex apparatus of one to four cells, usually three, one of which is

the tgg. The others (synergids), it is thought, are homologous
with the neck cells of gymnospernis and pteridophytes. Treub
draws this conclusion from their origin from a single micropylar

cell with cellulose wall, and from their appearance. There are

no antipodals.

This was the first case of chalazogamy reported. The passage

through the chalaza is facilitated by the presence of the pro-

longations of the sterile megaspores, into which the tube enters,

leaving them to reach the ^gg apparatus that is to be fertilized.

It is stated, however, that the tube never enters the fertilized

sac, but becomes attached to it at some point between the ^gg
apparatus and the antipodal region. Sometimes a nucleus was

observed in the tube, but never more than one.

The ^<gg remained unchanged for some time before its fertili-

zation. The exact moment of fertilization was not determined,

but before it occurred the formation of a large number of endo-

sperm nuclei had taken place, even as many as fifty. This con-

clusion was based on the fact that sacs were found which formed

endosperm before the pollen tubes reached them.

Casuarina thus shows a megasporic sporogenous tissue remind-

ing one of the pteridophytes, a number of embryo sacs suggesting

gymnosperms, and ''synergids" suggesting the canal cells of

gymnosperms; and it was unique in the route of the pollen tube.

These considerations led Treub to believe that the Casuarinaceae

are intermediate between angiosperms and gymnosperms.

The species that I studied was Casiiafijia stricta Ait. The

material was collected in California from introduced trees by

Mr. Albert C. Herre and identified by him. It was killed in

chrom-acetic acid; but unfortunately the pieces were large, and

hence the killing was not rapid enough to catch cells in mitosis.

Only the pistillate cones were secured. The ovaries were care-

fully teased out with needles and sectioned in paraffin. Longi-

tudinal sections ^ y^ thick and stained with safranin and gentian-

violet were found to be the most satisfactory. The work was

almost all done at night. Light was obtained from a gas lamp
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provided with a Welsbach mantle, and passed through an eight-

inch globe filled with a half-saturated aqueous solution of copper

sulfate. In this connection I wish to acknowledge my obliga-

tion to Mr. Alexander G. Ruthven and Miss Myrtilla M. Cook

for assistance in the preparation of slides, etc.

The young cones, about 5*""^ long, are covered with what

appear to be hairs, but upon examination these prove to be the

ends of the filiform carpels. The ovaries are flattened laterally,

in contrast to the adaxial flattening of the wings in Pinus. The

carpels show numerous crystals in a stratum of cells near their

inner surfaces, a condition quite similar to that figured by Treub

in Casiiarina suberosa. The origin of the placenta was not

traced, but the ovules arise laterally from a central placenta near

its base, as Treub has reported in other species.

The two integuments arise normally {figs, /, 2, 18) and leave

a micropylar opening to the nucellus. About the time of their

origin one would expect to find the archesporium. In the

hypodermal layer at this stage there are certain cells {fig. J, ^)

which may be interpreted as archesporial, but such an interpre-

tation rests alone upon the form and size, and the relation of

cells in that vicinity to each other later; the usual stains would

not differentiate the cells either by darker stain or by showing

larger nuclei. From fig, 4 it seems that the archesporial cells

divide by walls parallel to the surface. Possibly this is the

division into primary wall and primary sporogenous cells, but

there is only the evidence of other plants, which is insufficient.

Mitosis in the succeeding divisions of cells b, fig. 4, showing

presence or absence of reduction in chromosomes, would settle

it, but no spindles were found. However, by further division of

cells ^ or ^ or both, in^^. 4, a stage likey?^. 5 is reached. More

transverse walls and greater elongation result in rows of cells

being formed {fig. 6), of which the outer ones form the wall tis-

sue and the inner ones the sporogenous tissue. The general

arrangement of cells in rows, and the relative position of spo-

rogenous tissue with regard to sterile tissue in comparison with

the same in other spermatophytes, especially in the anthers, and

in Selaginella, lead me to surmise that cells a and b oi fig. 4 g'^^^
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rise, respectively, to wall tissue and sporogenous tissue. Th
occurrence of massive sporogenous tissue, as reported by Treub,

is an indubitable fact. Its limits are well defined laterally by
the larger cells and larger nuclei of the sporogenous tissue. At
the ends it grades more or less into the surrounding parenchyma,

and the cells near the microple appear younger than those

toward the chalaza. I am inclined to believe that the nucellus

as it elongates carries with it the primary sporogenous cells, each

of which leaves behind by its own division a train of sporoge-

nous cells. The formation of sporogenous tissue near the chalaza

from other than sporogenous cells, as suggested by Trcub, was

not observed, and is believed not to occur in C. stricta. Accord-

ing to Treub, some of the sporogenous cells absorb others, but

nothing of the kind was found in C, stricta. Either this species

differs from those studied by him, or the absorption of sporoge-

nous cells has been confounded with the absorption of mega-

spores. C. stricta forms no tracheids in the sporogenous tissue,

agreeing in this with Treub's report' for C. stiberosa. The cells of

the sporogenous tissue are several times as long as wide [fig- 6),

while later, when the embryo sacs begin to form, only approxi-

mately isodiametric cells are apparent. This makes me believe

that Treub was right in his statement that the formation of four

niegaspores occurs here. A further reason for my conclusion,

and a stronger one, is that later groups of four in a row are

recognizable {figs. 8, g, 10),

The differentiation of megaspores begins quite soon after

their formation. Usually one of each group of four starts, but

sometimes more {figs. 10, 14). Many get no further than an

enlarged nucleus, while others reach various stages of develop-

ment, up to an apparently fertilizable sac. A row of four, as in

fig. 10, certainly presents a strong argument, if any further argu-

ment is required, for the megasporic nature of the cells compos-

ing such a row in angiosperms. The sterile megaspores are not

^11 resorbed ; but some certainly are, and it seems to me that

most of them are. The number of sacs reaching maturity varies

greatly in different ovules, but ranges from two to twelve. These

are mostly those of central location, forming an axial core in the

megasporic tissue.

I
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The embryo sac passes through the normal i, 2, 4, and

8-celled stages i^figs. g, 10, 14, 75). These stages were not all

seen in sacs which eventually become fertilized, for among so

many sacs which reach maturity one cannot tell which will be

the favored one until it is approached by the pollen tube. How-

ever, if one finds all these stages in embryo sacs arrested in vari-

ous degrees of development^ one may with reason conclude that

the one later fertilized passed through the same stages, espe-

cially since some which remain sterile reach a development equal

to that of the one later fertilized, so far as could be determined.

As many as twelve, each having a fully developed e,gg appara-

tus, were found in a single ovule.

Within well-developed sacs three cells are organized at the

micropylar end, forming the egg apparatus {figs. 14, 16, ly). In

fig, 14, C, the cells have not yet collected definitely enough to

make it certain which will form the egg apparatus. It is sur-

mised, however, that three of the cells a—d will function as

such; e is probably the antipodal polar. From figs. 10, 14, 15,

16, I can see no escape from the conclusion that the egg appa-

ratus is normal in its origin. These figures are not exceptions

chosen here and there to prove a point. They can easily be

duplicated. Fig. 16 is indeed the type of a fully developed sac

in this species. An examination of the egg apparatus in figs, /J,

i6y ly shows that there is considerable variation in the form of

the cells composing it in the different sacs. The egg itself can-

not be distinguished from the synergids in most cases. Some-

times cases occur showing less than three cells in the eg

apparatus, but these are few in number, and it seems to me do

not warrant a conclusion that Casuarina is different in this

respect from other angiosperms.

Normally there are three antipodals. Comparing y?^^. 10 and

T4, the latter is evidently the older group of megaspores. What

cr

IS seen \n fig, 14^ C, is jusi

opment of a normal sac.

(/) are collected in a de

o fig
are collected in a depression in the antipodal region, just

as one might expect, and about them is massed a quantity

of protoplasm almost, if not completely, separated from the rest

^^
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of the protoplasm of the sac, strongly suggesting the separation

of these cells by a wall. Comparing novf Jig. 14, C, \vith_/5>. ij,

a slightly older sac, the antipodals in the latter certainly cannot

be questioned. The whole sac is typical enough of angiospcrms
to serve as a conventional prefertilization sac. However, as has

/. In

the older sacs {figs, i6, //, 20) these antipodals resemble the

unabsorbed megaspores very much, and could easily be mistaken

for them. This might account for their reported absence, unless

other species differ in this respect from C. stncta.

Sometimes, however, no antipodals were found [Jig. 21), and

the reason for this may be considered. Some of the sacs develop

long antipodal prolongations {figs, 14, ly, 20), and these do not

always ai)pear at the same time. Fig. 11^ a shows one already

under way when the sac is in the 2-ceIIed stage, and 4-celled

stages were also found showing the beginning of antipodal pro-

longations. Fig, Tj may be developing one at a, although that

certainty. In a case like fig. it, when thecannot be said with

sac reaches the 8-celled stage and the antipodals settle at some
point, where will they likely be found? If they seek the antip-

odal end, they will likely slip into the antipodal prolongation

and perhaps be found somewhere within that. At least such a

thing seems quite possible. The antipodal prolongations, how-

ever, are long tortuous tubes, very much entangled with their

fellows. It is almost impossible to trace a definite one to its end

with certainty. Much more is it difficult to determine the num-

ber of nuclei within, when above and below it are scattered

unresorbed undeveloped megaspores. There are nuclei within

these prolongations in some cases in which antipodals are want-

ing, but I was not certain of the number in any case. However,

in one case there were three cells {fig, 14, D, h, i,j) at various

distances down the tube. If in this sac the polars had already

united, all the nuclei are accounted for. Sometimes, however,

the antipodal prolongations are not formed until late in the his-

tory of the sac {figs. 14 C, ij). If it occurs after the antipodals

have become inclosed by walls and perhaps adhere to the wall

of the sac {fig. 16, a), their presence in the body of the sac
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notwithstanding the presence of an antipodal prolongation, is

'explained. Thus I believe we have the solution of the antipodal

problem in Casuarina. Some of the antipodal prolongations I

grow so long that they penetrate the chalaza, occasionally pas- ^
sing slightly beyond it into the funiculus.

The location of the polar nuclei is quite various. Like the

antipodals, they seem occasionally to pass into the antipodal

prolongations [Jigs. 14 D, 77), and are lost in the maze of tubes.

Sometimes only one was found (y%". 16, e), but in this case the

polars may have fused and this is the endosperm nucleus. The

sac then, except for the antipodal prolongation and its conse-

quent effect upon the location of the antipodals and the endo-

sperm nucleus, seems to be normal in its development.

Only one pollen tube penetrates a flower, hence only one

ovule is entered and only one embryo sac in that ovule is fertil-

ized. The favored sac was in all the observed cases near the

micropylar end of the megaspore group. The pollen tube enters

the ovule as Treub has stated (5). Coming down the central

placenta [Jig-. 18), it wanders somewhat in the region where the

funiculus has its origin, as though the attractive influence, or

whatever it is that guides it, were not sufficiently strong to guide

it with certainty. The tubes again frequently branch just before

entering the chalaza (/^. 18, b). Sometimes the branches reach

the surface, as Treub sa3^s, and he suggests two possible reasons

for the branching: {a) for aeration; this is suggested by their

often reaching the surface; {b) for holdfasts to anchor the tube

firmly before it makes its entry into the nucellus. Neither of

these appeals to me very strongly, and for the latter I see no

reason at all. The cause is probably the same as that which

causes wandering at the point of entry into the funiculus.

The tube seems to enter the prolongation of one of the

embryo sacs and thus finds an easy passage through the chalaza.

The plugs of cellulose in the tubes at intervals, as reported by

Treub, are quite rare in C. stricta, and when present are short,

resembling more a thick transverse wall than a plug. In the

maze of tubular antipodal prolongations I was not able to follow

the pollen tubes with certainty, and cannot therefore say whether
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the end is separated from the main body, as Treub claims, or

not. When it approaches the sac that it ultimate!}' fertilizes, it

is sometimes free {fig. 20), and sometimes apparent!}^ within the

prolongation of the very sac whose egg apparatus it is destined

to reach [fig, 21), I doubt whether there is any fixed path

within the nucellus for the tube. It probably follows the path

of least resistance so long as it leads in the direction whence
comes the guiding stimulus, whatever that may be.

The sperms were observed near the chalaza in several prepa-

rations, as small rounded nuclei accompanied by the tube nucleus

\figs, 18, iq). They were again seen, still spherical, in the tube

near the sac about to be fertilized {fig^ 21), and here too the

tube nucleus was close behind them. This nucleus is easily dis-

tinguished from the sperms by its comparatively large size. In

fig. 20 the sac, which is evidently quite near the point of fertiliza-

tion, shows only two antipodals, and there is one nucleus mis-

sing in the egg apparatus. The nuclei / are probably the two

polars. It would be possible to regard these as two endosperm

nuclei, but no reason for doing so appears.

Fig. 21 is a case of ** double fertilization.*' In this the tube,

or its contents, apparently entered by way of the antipodal pro-

longation. The sperms are crescentic bodies, one slightly larger

than the other. The two polar nuclei have not yet united. I

see no reason for any other interpretation of the two polars ; if

they are endosperm nuclei, w^e hav^e a unique case in the fusion

of a sperm with endosperm. Which of the three micropylar

nuclei is the egg I cannot say, but it is probably the one con-

taining the larger spherical nucleus, or that containing the elon-

gated nucleus. No antipodals are in evidence, but they are

probably in the antipodal prolongation. The sperms evidently

elongate within the sac or very near it, as in Asclepias (2).

I am convinced that no such endosperm formation before fer-

tilization occurs as Treub thought, and my reasons are as follows:

1. The cases of fertilization observed {figs- 20, 21) show no

endosperm.

2. The pollen tube sometimes enters the ovule before the

embryo sacs are ready for fertilization. In one case pollen
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J (3) has brought to

light the same resting period in the ^^g of Piper medmm. He
figures a sac with twenty-two endosperm nuclei in cross-section,

already walled off, and the ^%^ still undivided. In the same

paper he says of Heckeria umbellata that the embryo sac becomes

filled with cellular endosperm before the egg divides. It is only

fair to add, however, that fertilization was not observed in these
.

species, but the appearance of the c^^ leaves little doubt of its

fertilization long before it divides.

5. The fact that Treub found a definite wall about the ^gg in

tubes were found in the funiculus before the division that results

in the four megaspores, and at various times tubes had passed

the chalaza while there was no sign of endosperm in the sacs.

Usually when a tube gets close to the sac its penetration is

rapid, and Treub says its growth within the nucellus is rapid.

It seems, then, that there would not be time for a great develop-

ment of endosperm between the time of the entry of the tube

into the chalaza and its entry into the sac.

3. Inferring the exact time of fertilization from the presence

of pollen tubes is not conclusive. Anyone who has tried to

distinguish a pollen tube in the confused strand of tubular antip-

odal prolongations will readily understand the difficulty of

determining without a doubt what is tube and what is sac.

Even if tubes are seen, it is not an easy matter to tell whether

they are young or old, and it must have been much more diffi-

cult with teased preparations.

4. Very little was said or known twelve years ago about the

retarded division of the ^%%. Now it is known that the angio-

sperm ^^g often rests for a time after its fertilization, while *

the formation of endosperm begins at once. It was the writer's

good fortune to study such a phenomenon in the embryo sac

of Asclepias (2), in which the exact time of fertilization was

observed, and the t,g^^ rested after fertilization until the endosperm

had passed its l6-celled stage. If the exact time of fertilization

had not been seen, one would have been apt to judge the resting

fertilized ^gg to be an unfertilized one, and would have been

inclined to say that endosperm division took place before fertil-
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most cases suggests a post-fertilization stage. The rounded form

of his figures of eggs also suggests the same.

Unfortunately, the material at hand showed no embryos nor

endosperm, the oldest showing that the pollen tubes had reached

the sac. It would have been quite interesting to note the con-

dition of the ^^g during endosperm development. But if one

supposes that Treub mistook a fertilized ^gg for an unfertilized

one— a thing which might even be possible w^th the technique

of today, to say nothing of twelve years ago— and if he further

mistook a discharged pollen tube for an undischarged one, the

formation of endosperm before fertilization would be eliminated

from his own account. It will be recalled here that he himself

could not be certain about seeing nuclei in the pollen tube

except in a few cases, and in no case is more than one sug-

gested. From the size of the tube nucleus {fig. 20, t) one is

led to conclude that he saw it rather than a sperm.

A summary of my results with C, stricta, as compared with

Treub's with C, Rtimphiana, C. glatica, and C, stibcrosa, may be

stated as follows:

There is agreement as to the bilocular ovary, the presence of

two ovules in an ovary and both in the same loculus, the pres-

ence of two integuments and a micropyle, the upright ovules

that arise laterally from the central placenta, the multicellular

archesporium consisting of a hypodermal plate of cells, the mas-

sive sporogenous tissue, the division of each spore mother-cell

to form four megaspores, the numerous mature sacs in an ovule,

the long antipodal prolongations of the sacs, the fertilization of

only one embryo sac in every ovary, and chalazogamy.

There is disagreement as to the origin of the sporogenous

tissue, in C, stricta all of it arising from the hypodermal arche-

sporial plate, while Treub believes that some sporogenous tissue

near the chalaza does not arise from this plate; as to the resorp-

tion of sporogenous cells, which Treub claims, but I was not

able to observe; as to the sequence in the formation of the

embryo-sac structures, which differs in no way in C. stricta from

the sequence usual among angiosperms; as to the character of

the egg-apparatus, which differs in no way in C, stricta from that
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of other angiosperms; as to the presence of antipodals, which

are certainly present and normal in number in C.stricta; as to

the relation of endosperm formation to the time of fertilization,

Treub reporting much endosperm before fertilization, and in

C, stricta fertilization clearly taking place before endosperm-

formation.

Sioux City, Iowa.
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EXPLANATION OF PLATE XVIL

All drawings were made with a Bausch & Lonib camera lucida, f , i, i^

(oil) objectives, and nos. i and 2 oculars. The figures have been reduced

one half, but the original magnifications are given.

Castiarina stricta Ait.

Fig, I. Young ovule: ;;, nucellus ; /, inner integument; /, loculus with-

out ovule. X 207.

Fig, 2. Ovule: n, nucellus; <?, outer integument; /, inner integument.

X 140.

Fig. 3. Nucellus about same stage as in fig. 2; a, cells which may be

archesporium. X 1366.

that a

G. 4. Nucellus With hypodermal periclinal wall-formation, suggestmg

may be primary wall cells, and b primary sporogenous cells. X 1366-

G. 5. Nucellus, suggesting that interior cells r arise from hypodermalFig. 5. Nucellus, suggesting that interior cells

cells at apex, x 1366.

I

The additional facts, not observed by Treub, are the occur- |

rence of "double fertilization/' and the presence of two sperms,

spherical in the pollen tube and crescentic in the sac.

My thanks are due to Professor John M- Coulter and Dr.

Charles J. Chamberlain for valuable assistance in the prosecution

of the work and in the publication of the results.
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Fig. 6. Nucellus : s, massive sporogenous tissue within^ with well defined

lateral limits. X 900.

Fig. 7, Spore mother-cell about to divide, showing chromatin threads

;

the cells are longer, the section is diagonal. X 19S0.

Fig. 8. Row of four megaspores ; ;«, micropylar end. X 1950.

Fig. g. Row of four megaspores, the middle ones enlarging; w, micro-

pylar end. X 1950.

Fig. 10. Row of four megaspores in various stages of embryo sac for-

mation ; ni, micropylar end. X 1950.

Fig. II. Two-celled embryo sac; antipodal prolongation {a) already

begun, X 1950.

Fig. 12. Two-celled embryo sac; ^'^, micropylar end; no well defined

antipodal prolongation. X 1950.

Fig. 13. Four-celled embryo sac; a, possibly beginning of antipodal

projection. X 1950.

Fig. 14. Row of four megaspores derived from one spore mother-cell

and older than those \nfig> 10 ; m, micropylar end ; A, arrested megaspore
;

B, megaspore probably arrested after some internal cell division, but now

disintegrating; C, 8-celled sac ; a, b, c, d, will probably form ^^^ apparatus

and micropylar polar; e, probably antipodal polar; /, antipodals with sug-

gestion of wall formation; D, 7 or 8-celled sac with antipodal prolongation:

hy i,j, probably antipodal and polar or endosperm cells. X 1950-

Fig. 15. Eight-celled embryo sac; a, antipodal; p, point where antip-

odal projection may be expected to arise; po^ polar nuclei. X 1950.

Fig. 16. Typical embryo sac without the long antipodal prolongation; e,

endosperm nucleus; a, antipodals. X 1950.

Fig. 17. Embryo sac with more elongated cells in egg apparatus; only

two antipodals found; a, polar nuclei or one endosperm and the other antip-

odal. X 1950.
F

Fig. i8. Pollen tube approaching the nucellus; b, branch of tube; dot-

ted line bounds sporogenous tissue. X 140.

Fig. 19. Part oi fig. 18 enlarged; /, tube nucleus, s, sperms. X 1366,

Fig. 20. Pollen tube just having reached the embryo sac
;

pt, pollen

tube; /, tube nucleus; s, sperms; a, antipodals; p, polars,one nucleus in egg

apparatus and one antipodal missing. X 1950.

Fig. 21. A case of double fertilization; s, sperms; antipodals not found

in this preparation. X 1950.
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ON THE GAMETOPHYTES AND EMBRYO OF
TAXODIUM.

CONTRIBUTIONS FROM THE BOTANICAL LABORATORY OF THE
JOHNS HOPKINS UNIVERSITY, No. i.

W. C. COKER.

(with plates i-xi)

{Concludedfrom p, ^7)

FORMATION OF VENTRAL CANAL NUCLEUS.

MuRRiLL ('00) has recently described in Tsuga a peculiar

method of spindle-formation in the division of tlie central cell of

the archegonium. He finds a kinoplasmic area in contact with

the inner side of the nucleus just before its division. Fibers

begin to grow from this area into the nucleus, pressing before

them the nuclear wall. They gradually extend until they come

to occupy the greater part of the nuclear cavity, and are then

joined by similar fibers which have come in from the opposite

pole to form the prophase of the spindle. These observations I

cannot confirm in Taxodium. Figs. y6-go show this division m
detail. As already stated, fibers pass around the nucleus from

the kinoplasmic areas or aster and merge insensibly into the

nuclear wall. The nuclear wall is frequently considerably drawn

in at a point opposite the kinoplasmic body {^figs. yd, y8) ,
but no

strong fibers can be seen extending from one to the other at this

point. In fact, this collapse is generally more noticeable in the

early stages of preparatory changes. Murrill ('oi) finds such

fibers, which he concludes have caused the depression of the

nuclear wall.

The arrangement between aster and nucleus at this time may

be best compared to that between the car of a balloon and the

bag above it, the ensheathing fibers of the nucleus terminating in

the aster representing the ropes around the balloon connecting it

w^ith the car below. Fig. y6 shows the beginning of the changes

in the nucleus w^hich lead to the formation of the spindle.

114 [AUGUST
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Synapsis has occurred, and the nuclear reticulum forms a

dense tangle near the nucleolus. The latter can now be dis-

tinctly seen to be of compound structure, and from it threads

can be traced into the network. Fine threads also connect the

conspicuous central tangle with the nuclear walls. Such a

synapsis stage is described by Murrill in the nucleus of the cen-

tral cell of Tsuga. \xi fig, y2 the reticulum has begun to move
back into its original position. The nucleolus is now distinctly

fragmented into a number of granules of apparently equal size,

which gradually become more and more separated into a broken

ring or coiled thread [^figs, "/S-So). These granules retain the

deep red stain characteristic of the nucleolus In previous stages.

The ring, or thread, is now broken up more and more into sepa-

rate parts and distributed near the periphery of the nucleus {figs.

81—84) ^^d the reticulum of the nucleus begins to arrange itself

for the formation of the spindle {figs, Sj-Sj). The fibrous con-

nections between the reticulum and the nucleolar thread are to

be noticed at all stages of its distribution.

> The red-staining granules derived from the nucleolus have

not lost their identity at any stage. They become gradually

ifig- more and

more the characteristic structure of the chromosomes. The fibers

of the reticulum draw together at different points of the nucleus

-and certain centrally placed ones become distinguishable as

spindle fibers, while the mantle threads pass gradually into the

unmodified reticulum of the nucleus. The granular nature of

the spindle is evident even at so late a stage as fig. 86. The

nuclear wall has meanwhile disappeared, but its position is indi-

cated by the arrangement of the fibers until the anaphase stage

of division
{fig. 8y). The chromosomes, as they are drawn

-apart, are of the usual V or U shape {fig.Sy). The transforma-

tion of the nucleolus into the chromosomes may be followed

without interruption through its whole course, not only by reac-

^ tions in staining, but in serial development.

Chromatin nucleoli have frequently been described, but prin-

'Cipally among the lower plants. Strasburger ('00) in his recent

^work devotes considerable space to the discussion of the part
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played by the nucleolus in the formation of the spindle. He
reviews the present knowledge of the subject, and while acknowl-

edging the chromatin character of the nucleolus in a few cases,

expresses himself as strongly inclined toward the view that in

the higher plants at least it is of kinoplasmic or spindle-building

material. Nucleoli of chromatin character have been described

in Corallina by Davis ('98), in Spirogyra by Mitzkewitsch ('85),

in Bignonia by Duggar ('99), and in a number of other plants.

That the nucleolus of the central cell in Taxodium is directly

transformed into chromosomes seems to be evident from the

figures given, and I think we may be equally sure of the intra-

nuclear origin of the spindle. The kinoplasmic mass at the tip

of the ^spindle seems to serve merely as a point of attachment

for the spindle fibers, its numerous radiations making a firm

foundation for the orientation of the spindle, as suggested by

Murrill ('01).

The nucleus of the central cell, just before its division, is

generally situated not far from the tip of the archegonium, but

it is often found as much as a third of the way down. In such

cases the central vacuole, which is now much smaller, lies

nearer the base of the archegonium. The wall of the nucleus is

at the very surface of the cell {^figs. 66, y8), and it is often

impossible to distinguish any protoplasm between nucleus and

surface. In Jigs, 88 and 8g there is to be noticed in the center

of the spindle a broad zone which is cornposed of numerous

granules. In Flemming's triple this zone stains a deeper violet

than the other parts of the spindle, and occupies the position at

which we might expect to find a cell plate. No cell plate is

formed, however, and the whole spindle fades away into the

cytoplasm of the cell. At the surface end of the spindle shown

M The daughter nuclei are

formed in the centers of these asters [Jig. 88), and as they

increase in size the kinoplasm is collected more and more on

the sides toward the spindle (/igs. 8g, go). In this way the

eg-ff and ventral canal nuclei are both furnished with a tuft

of kinoplasm on their inner faces. Other tufts may be located

at different positions around the egg nucleus {Jig. go), but in
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later stages the ^^^ nucleus is nearl}' always furnished with

but a single tuft on the side toward the base of the arche-

gonium. The spindle may be situated in every position in

reference to the axis of the archegonium, parallel
{^fig. 8y), per-

pendicular [fig. 88), or inclined [Jigs. 86, 8g), but the inner

pole is always located in the center of the aster. The spindle

may extend eith^^r up or down from the inner pole, and the

ventral canal nucleus may thus be placed either above or below

the egg nucleus {fig. Qi). The archegonium to the right in

fig. g2 shows a ventral canal nucleus situated hearer the base

than the tip, and in the archegonium to the left the ventral canal
«

nucleus occupies a nearly central position, the egg nucleus lying

even lower. It is only rarely that the ventral canal nucleus is

situated at the very tip of the egg. Such a position is shown in

fiS^' ^7 ^^d go.

This formation of the ventral canal nucleus in any region

other than near the tip of the archegonium has not been

described in any other gymnosperm so far as I am aware. This

peculiarity in Taxodium seems to be an acquired character for

the protection of the ventral canal nucleus during fertilization,

for, as we are to see later, it is to play a part in the subsequent

history of the ^gg. In most gymnosperms the ventral canal

nucleus is furnished with a certain amount of protoplasm of its

own which is distinctly separate from that of the egg. Arnoldi

('oo) lays stress on what he calls the absence of a ventral canal

cell in CepJialotaxus. He considers the ventral canal cell lacking

because no wall is formed between the ventral canal nucleus and

the egg. In this case, however, a certain amount of protoplasm

becomes disorganized around the ventral canal nucleus, and

swelling up is said to burst open the neck of the archegonium.

If this is the case, the disorganizing protoplasm may be con-

sidered as belonging to the ventral canal nucleus, and a ventral

canal cell could not strictly be said to be absent.

In Taxodium, however, not even a cell plate is formed, and

the ventral canal nucleus lies perfectly free in the cytoplasm of

the egg without a distinct protoplasmic area of its own. A
ventral canal cell in the strict sense is therefore lacking here.
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From Strasburger's ('79) account it seems probable that this is

equally true in the Cupresseae. Ikeno ('01) has well remarked

that the important point is the division of the nucleus and not

the separation of a small amount of protoplasm from the ^g%,

Arnold ('99) denies the occurrence of even a ventral canal

nucleus in Sequoia.

The ventral canal nucleus remains closely applied to the sur-

face of the ^^^ and is somewhat flattened or compressed. It

does not go through the peculiar changes which occur in the

egg nucleus before fertilization, but having reached the condi-

tion shown in Jig. go does not develop much further until after

the fertilization of the ^^%. It is furnished with a chromatin

reticulum and an evident nucleolus. The ventral canal nucleus

has usually been described as undergoing disorganisation soon

after its formation, sometimes reaching a resting condition, but

generally never developing further than the first stages of this

condition (Blackman, '98; Ikeno, '98; Murrill, '01, among

Others). Chamberlain ('98) figures a well-developed nucleus

in the young fertilized archegonium of Pimis Laricio^ which

closely resembled the ^g^ nucleus and wTiich is, as he sug-

gests, in all probability the ventral canal nucleus. Very

recently Ikeno ('01) has described a large nucleus in the tip of

the egg of Ginkgo and called it a ventral canal nucleus. He also

calls attention to the possibility that a persistent ventral canal

nucleus may have been mistaken for the extra male nucleus

among previous observers. It has also probably been figured as

the functional male nucleus.

The position of the ventral canal nucleus in Taxodium at

some protected place on the side of the archegonium has pre-

served it from destruction during the entrance of the sperm cell,

and as the fusing male and female nuclei approach the base of

the archegonium the ventral canal nucleus begins to extend into

the center, and by amitotic division it usually gives rise to the

several nuclei of different sizes which occupy the upper half of

the ^g^ {figs. loy, 112). If the ^g% is not fertilized, the ventral

canal nucleus generally remains unchanged in its original position

{fig^ loj), but it not infrequently increases in size and moves

1

\
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nearer the center of the egg at about the time that those of the

fertilized archegonia are dividing amitotically. In these cases it

does not divide, but increasing greatly in size comes to resemble

the egg nucleus just as in the case described by Chamberlain

'98) {Jig. 114). Indications of amitotic division maybe some-

times seen in the ventral canal nucleus in unfertilized archegonia

{fig- nj)f but such cases are rare. The development of the

ventral canal nucleus in fertilized archegonia is not the exception,

but the rule. In almost all cases in which there is a procmbryo
present there are to be found in the upper part of the archcgo-

nium a varying number of nuclei of different sizes which have

been derived from the ventral canal nucleus (^gs. iij, 116),

In some cases, as would naturally follow when the ventral canal

cell is cut off far down the archegonium, the nuclei deriv^ed from

it may occupy a position near the base, and consequently

the proembryo. Fig. 118 is such a case. Here, the ventral

canal nuclei are sharply distinguished from the nuclei of the

embryo (only one of which is shown) by the entire absence of

the starch sheath characteristic of the latter. The ventral canal

nuclei are usually separated from the proembryo by a distinct

area of disorganizing protoplasm, but they themselves seem to

retain a part of the protoplasm at the tip of the archegonium

which is not disorganized until much later (Jig, iz6).

DEVELOPMENT OF THE FEMALE NUCLEUS.

The female nucleus in its fig^

88 and 8g, It develops more rapidly than the ventral canal

nucleus and goes through the peculiar changes of structure

which have already been described in more or less detail by

others. The chromosomes spin themselves out into a reticulum

which is apparently often arranged in a spiral form [Jig. 8g). A
nucleolus begins to appear early. At the stage of fg. 8g the

nucleus is not yet furnished with a distinct membrane, but in Jig.

go the wall has appeared. There is first seen at this stage a

finely granular substance which has been called metaplasmic

substance by Strasburger and some recent workers. From the

subsequent behavior of this substance, itwould be better described
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as kinoplasm than as metaplasm, but as the former word is over-

(
I

from which it does not seem to differ. It is at first entirely dis-

tinct from the reticulum, and is only very slightly stained in

Flemming's triple. The nucleolus increases in size and the linin

granules become more abundant as the nucleus develops. The

reticulum still remains perfectly distinct from the granular sub-

stance and stains a bright red in safranin. The nucleolus is

of quite a different character from the nucleolus of the central

cell previously described. It becomes larger and larger until,

at the time of fertilization, it is very conspicuous {fig* 100).

When deeply stained, it seems to be entirely homogeneous, but

on washing out a fine alveolar structure is to be seen. This does

not in the least recall the irregular compound nucleolus of the

central cell, and from the entirely different behavior of these

two nucleoli during cell division it is evident they are of a differ-

ent nature. The large nucleolus of the ^^g nucleus may be

called the plastin nucleolus, while that of the central cell is a

chromatin nucleolus. The plastin nucleolus of the egg nucleus

seems to loose its stain more easily at one time than at another,

as it is frequently found almost colorless. This loss of staining

quality may be due to fluctuations in the amount of plastin

material inclosed in its honey-comb-like structure during the

active stages of development. This seems more probable, as it

is often found when unstained in a collapsed condition, a distinct

but thin shell being always present.

At the time of fertilization the female nucleus may vary con-

siderably in its structure. Sometimes the linin material remains

finely granular up to the time of fertilization. In such cases it

is easily distinguishable from the chromatin reticulum, which on

account of the huge size of the nucleus is now relatively scarce.

The large plastin nucleolus is always present and is not connected

in any way with the reticulum. This is another character which

distinguishes it from the chromatin nucleoli already described.

It is more frequently the case that the linin substance of the

nucleolus, before the entrance of the male nucleus, has become

grouped into an abundant reticulum, upon which granules of
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various sizes are deposited [Jig, loi). The larger of these linin

granules take the red stain, and thus become indistinguishable

from the chromatin masses of the nucleus. At no stage in the

development of the egg nucleus is it without a distinct reticulum.

Whether the chromatin reticulum contracts to form separate

chromatin masses or whether it remains as the coarser part of

the reticulum shown in Jigs, too and 10 1 seems uncertain.

Chamberlain ('99) and Blackman ('98) have minutely

described the development of the female nucleus \n Pi?ius Laricio

and Piniis sylvcstris, respectively. The former describes the com-

plete^sappearance of the nuclear reticulum at two stages of the

development of the nucleus. At the time of fertilization the

chromatin is all grouped in the center of the c^g nucleus, the

remainder being occupied by the finely granular linin substance.

This condition would not be so different from the case in Tax-

odium if the chromatin reticulum of the latter should resolve

itself into chromatin nucleoli before the organization of the linin

substance into a distinct reticulum. Such a condition, however,

has not been found. In the mature egrsr nucleus the number of

small nucleoli which take the red stain with safranin is some-

times no larger than could be supplied by the chromatin of the

nucleus, but when the linin substance becomes collected into

large granules, which is not at all unusual, they also take the red

stain and cannot easily be distinguished from the chromatin

nucleoli. Their color, however, is usually a more purplish red

than is the case wuth the chromatin nucleoli, and if the washing is

continued the}' are the first to lose the reddish stain.

FERTILIZATION.

We left the pollen tube after describing the formation of the

male cells. The divisions of the central cell of the archegonium

( and of the central cell of the pollen tube occur simultaneously,

or almost so, in every case observed, and in this respect again

resemble the Cupresseae (Strasburger, '79). Fertilization occurs

in a very short time after the completion of these divisions. As

stated in my previous note, both sperm cells may enter one

archegonium, but this is by no means ahvays the case, in fact
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not generally so; and when it does occur it maybe considered

as a failure to secure the results aimed at. When several pollen

tubes have reached the archegonial group (as many as five have

been noticed) the entrance of two or more sperm cells into an

archegonium is not unusual, but when the number of tubes is

only one or two it less often occurs. Pollen tubes sometimes are

so abundant that all cannot pass into the depression above the

archegonial group. Some then remain in different positions

around the tip of the prothallium, and are often to be seen

unchanged after their more fortunate neighbors have fertilized

the archegonia. The central cell of such pollen tubes often

divides at the same time with those over the archegonia, but In

some cases where they are small and badly nourished the central

cell does not divide at all.

In addition to the one or two sperm nuclei that enter the

archegonium the disorganized remains of the stalk and tube

nucleus with their surrounding protoplasm are also swept in,

along with what is left of the neck cells. Prothallial nuclei are

also sometimes thrown in, and quite a collection of such hetero-

geneous material may often be seen in the archegonial tip abov^e

the protoplasm of the ^%%. Most observers who have described

the discharge of extra sperm nuclei or vegetative cells into the

fertilized archegonium have made no distinction betw^een entrance

into archegonium and entrance into egg. Webber ('q7) says that

several spermatozoids may enter a single archegonium in Zamia,

but that only the one that is used in fertilization actually enters

the cytoplasm of the ^g^, the others remaining above and free

in the cavity of the archegonial tip. Ikeno ('oi) calls attention

to this point, and finds that in Ginkgo the supernumerary sperma-

tozoids do not enter the cytoplasm of the egg, but remain dis-

tinct from it, even if actually pressed into its surface. He also

mentions the possibility that certain nuclei in the tip of the

archegonia, that have in previous cases been described as derived

from the sperm cell, are probably the results of amitotic division

of a persistent ventral canal cell. These observations of Webber

and of Ikeno I can positively confirm in Taxodium. The super-

numerary sperm cells remain separate from the cytoplasm of the
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^gg"* ^"d maj^ be long distinguished as they slowly disorganize

{figs. 104, no).
The functional sperm cell in its course to the eg^ nucleus is

1^ shown in figs, 100 and loi. Its protoplasm becomes intimately

connected with that of the ^g'g, but its identity is not lost at any

stage. The starch sheath still remains in close contact with the

sperm nucleus, and as its boundary touches the wall of the female

nucleus it spreads around it more and more, while the sperm

nucleus in its center finally comes in contact with the nucleus of

the egg {fig, 102). This starch sheath of the sperm nucleus

furnishes the sheath which is characteristic of the fusion nucleus.

Strasburger has several times spoken of the sudden appear-

ance of starch in the fertilized egg of the Cupresseae, In his

Neue U7itcrstichung€7i (1884) he expresses surprise at this, because,

as he says, the pollen tube here contains very little starch before

fertilization. His description in JUiniperus of the starch sheath

appearing around the fusion nucleus immediately after its forma-

tion and the subsequent behavior of the two may be applied

almost word for word to Taxodium. It seems probable, there-

fore, that starch may yet be found in the male cells of the

Cimresseae.

The sperm nucleus before contact with the female has the

same character as was noticed in the pollen tube. It is difficult

to distinguish it from the protoplasm around it, but a central

nucleolus and a scarce reticulum may be made out in the dense

substance that completely fills the nucleus. When the sperm

cell enters the ^gg its nucleus is not more than a fifth the diame-

ter of the egg nucleus {fig^ 100), but during its course to the

latter the sperm nucleus enlarges somewhat {fig- loi), and just

after contact the diameter of the two nuclei is about as one to

two. The male protoplasm, with its inclosed starch, now com-

pletely infolds the egg nucleus until it becomes evenly distribu-

ted around it {figs. 102, loj, /05) . The structure of the sperm

nucleus begins to change immediately on contact with the egg

nucleus. The linin substance becomes arranged into a reticu-

lum staining deep blue with gentian, while the nucleolus seems

to break up into a number of smaller granules which lie more or
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less grouped, but frequently scattered in no definite position.

They were not found to be definitely located near the point of

contact between the two nuclei as described by Blackman ('98)

and Chamberlain ('99). The fusion nucleus begins to move to

the base of the archegonium, and its male and female elements

can be easily distinguished until the base is nearly reached {fig^

106^. This passing of the fusion nucleus to the base of the

archegonium before division occurs has been described by Stras-

burg^er ('79, '84) in Juniperus and by Jage r ('00) in Taxus.

The partition between the two nucleidoesnotentirelydisappear

until immediately before the first division. Fig. iig represents

the two nuclei just after the disappearance of the separat-

ing wall.. The parts derived from each are still distinct, the

denser part being the male. The reticulum of the sperm nucleus

is arranged in a more or less radiating way, and that of the e

is also becoming thus arranged. The large plastin nucleolus of

the ^^^ nucleus may be found in all stages of fusion. In addi-

tion to the reticulum and plastin nucleolus there are also present

numbers of chromatin nucleoli in each half of the nucleus. The

spindle of the first division is derived entirely from the reticulum

of the fusion nucleus.

The structure of the male or sperm cell of Taxodium and its

behavior during fertilization are worthy of especial emphasis.

The presence of large quantities of starch around its nucleus and

the transfer of this starch, together with its protoplasm, to form

a distinct layer around the ^g^ nucleus, which later becomes

separated from the protoplasm of the ^^^ in the base of the

archeganium to form the greater part of the young embryo, are

peculiarities not as yet described in any other organism, and

they seem of sufficient interest to receive attention in any com-

parative study of sexual cells.

All observers who have studied fertilization in the gym-

nosperms seem agreed that the male nucleus slips from its proto-

plasmic sheath as it approaches the ^gg nucleus and leaves it

behind near the point of entrance. If the case is as they think,

Taxodium is an exception here.

In his well-known work on chromatophores, leucoplasts, etc.,
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A. F. W. Schimper demonstrates the presence of plastids in

the ^gg cells of plants. Taking the occurrence of starch as an

indication of the presence of leucoplasts, wc find that most of

the plastids of the proembryo of Taxodiuni are furnished by
the male cell. Occasionally a few scattered starch grains may
be seen in the archegonium before fertilization, but as a rule the

egg protoplasm is entirely free from them at maturity. Chro-

matophores or leucoplasts might of course be present in the ^^^
without the occurrence of starch, and as such bodies arc rather

difficult to demonstrate without special methods, their presence

cannot be denied. Blackman's ('98) observation of leucoplasts

in the male cell of Pinus has already been referred to.

THE EMBRYO.

Fig. 120 shows an early stage in the formation of the spindle

of the first division. The reticulum has become less coarse, the

larger granules seeming to become transformed into smaller ones

which characterize the fibers of the spindle at this stage. The
outlines of the fusion nucleus are still quite distinct, and its fibers

pass into those of the spindle imperceptibly. The chromatin has

become arranged on the more homogeneous fibers in the center,

and form ill-defined, much-elongated bodies which are not yet

grouped into a definite plate. It will be seen that the spindle is

multipolar at its origin. Stages of older spindles were not found.

The plastin nucleolus derived from the ^gg nucleus does not

disappear during the spindle formation or during division of the

nucleus. It is general!}- inclosed in one of the daughter nuclei,

but is sometimes left free in the surrounding cytoplasm. The
two daughter nuclei of the first division are first separated a con-

siderable distance {fig. 121), but later approach nearer and are

surrounded by the same starch sheath (Jig. iij)^ Their struc-

ture is very similar to that of the ^gg nucleus before fertilization,

a plastin nucleus, a chromatin reticulum, and a large amount of

finely granular linin material being present. As the fusion

nucleus approaches the base of the archegonium, it maj- rotate

so that the part derived from the sperm nucleus lies nearest the

base of the archegonium [fig. io6\ The large vacuole of the
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egg becomes broken up into smaller ones as the fusion nucleus

approaches it, and in some cases almost disappears ; often, how-

ever, the distinct starch-containing protoplasmic sheath of the

fusion nucleus or its daughter nuclei is surrounded on both sides

by large vacuoles
{^fig- aj)-

The two daughter nuclei of the first division very soon pre-

pare for the second division. Fig, 122 shows such a nucleus in

an early stage of mitosis. The chromatin is arranged in distinct

rods, the linin granules have formed the reticulum, and the large

plastln nucleolus is conspicuous. Fig, i2j represents a late

anaphase in the spindle of the second division. The number of

chromosomes is evidently greater than in the division of the cen-

tral cell. At this time the distinctive protoplasm of the pro-

embryo has filled the base of the archegonium and is becoming

more and more distinct from the ordinary egg cytoplasm above

it. During this division and the one following, the plastin

nucleolus is frequently left outside of the daughter nuclei, and

may be broken up into several parts which lie free in the cyto-

plasm. Fig. 124 gives the usual arrangement of the first four

nuclei of the proembryo. They lie tetrad-fashion in the base of

the archegonium, and a narrow zone of disorganizing protoplasm

is beginning to appear above the starch-containing sheath around

them. The cytoplasm is arranged in radiating lines from the

nuclei. ^^ fig- 126 the third division has taken place. Several

plastin nucleoli are present in the cytoplasm. In fig. 125 the

four nuclei of the second division are arranged in an unusual

manner. They lie in one plane at the base of the archegonium

and are bounded above by a large vacuole.

Spindles of the third division do not have any definite

arrangement in reference to each other or to the axis of the

archegonium, but their position seems to depend a good deal

upon the width of the archegonium. After the formation of the

daughter nuclei, however, these become arranged as fig.
ii(>'

Two are situated side by side at the base, and six lie above them

in one plane. While this is the usual arrangement, it is not

uncommon to find only one at the base, while the other seven

are arranged above it. In a few cases there were three below
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and five above. An abnormal /.

Here two of the eight nuclei produced b}^ the third division

have not joined in the formation of the basal group, but remain

some distance above, quite separate from the proembryo beneath.

> Two nuclei are at the base in this case, as usual, but the number
above is only four, thus making up the total eight. All these

r

nuclei are in division. The section is somewhat oblique, so that

the base of one of the upper cells is shown above the two basal

cells.

After the cells are arranged as mentioned, they become

separated from each other by delicate cell walls, the upper tier

remaining open at the top. The fourth division now takes place
* almost simultaneously in all of the nuclei. The axes of the

, spindles in the upper tier are parallel with the axis of the archc-

» gonium
{^fig. I2y), There is thus cut off from the upper cells

an equal number of nuclei which lie free in the cytoplasm of the

egg and form the rosette [fig. ^^q)- Cell walls are produced

by this division and the middle tier is now completely closed

{fig, I2g). B}^ referring to fig. i2y it will be seen that the

starch is all grouped in the base ends of the upper tier of open

cells, and that the lower poles of the spindles are imbedded in

it. When walls are formed all the starch is inclosed in the

middle tier with the exception of a few scattered grains in the

tip cells. The spindles in the lower cells lie at right angles to

the ones above, and form a tier of four cells, or of six in those

cases where three original cells have been arranged at the tip, or

only two where there is but one tip cell. The middle tier now
elongates into the suspensors [fig. ^Jj), the nuclei and most of

the cytoplasm appearing at the lower end. Further division in

the tip cells does not occur until the suspensors have greatly

elongated.

• The formation of the embryo proper shows much varia-

tion. The suspensors from a single archegonium only rarely

remain completely united at their tips, but usually separate more

or less. The supernumerary suspensors are left behind at

various positions, so that at the time of the first division of the

tip cells the number of suspensors and tip cells is usually the

«
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same. Each tip cell divides independently of the others, even

when they are near together, and different stages of development

are found in embryos from the same archegonium. Generally

the tip cells are separated by the spreading or unequal growth

of the suspensors. Fig. 14J shows two embryos from the same

archegonium, each with its own suspensor. In fig. 144 the

embryo and suspensor shown are situated at a considerable dis-

tance from an} others.

' Figs, 140-142 are serial sections through a group of embryos

from one archegonium. There are four in the group, only three

of which are shown. It will be seen that the growth in each

proceeds independently, and some of them are more advanced

than others. In Jig. ijg a two-celled and a three-celled embryo

are represented. The first wall is almost always inclined and

produces two cells generally of unequal size. The second wall

arises in the distal larger cell, and is nearly at right angles to

the first. The following divisions cannot be systematized by

any rule, but, as will appear from the figures, are irregularly dis-

posed. Fig. ij§ shows a suspensor bearing two embryos on its

tip. It was teased from a prothallium and mounted whole. Fig.

ij6 is a more magnified view of its tip ; the two embryos are

proceeding each on its own course in spite of the close contact

of their original walls. In fig, 146 the more advanced embryo

seems to be formed of three distinct parts which may be inter-

preted as derived from three separate tip cells which proceeded

alone in their development for a time, but being closely associ-

ated have united to form a single embryo. In fig. 145 a single

suspensor bears a single embryo. The embryonal tubes have

appeared, but are not quite so much developed as in fig. 14^-

In fig. 14J is shown the most advanced stage obtained of the

young embryo. The embryonal tubes are very numerous and

extend about four times farther up than is shown in the figure.

They have completely filled the space previously occupied by

the suspensor, of which no trace can be seen at this time. Three

abnormal embryos are shown in figs. ijo-ij2.

From this description it will be seen that the development of

the embryo of Taxodium differs from all other conifers. In
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Taxus (Jager, '99) and Cephalotaxus (Arnoldi, '00) there arc

more than ei^ht free nuclei present before cell formation, and
the tiers are not so definite as in Taxodium. In the Cuprcsseae

(Strasburger, '72) the tiers are at first composed of single cells,

while in the Abieteae only one tier is first formed which then

gives rise to four by successive divisions. Coulter ('97) and

Coulter and Chamberlain ('01) have described peculiarities in

the number of embryos formed from one archegonium, and in

the relation of suspensors to embryos in Pimis Laricio, which are

not unlike the diversities found in Taxodium.

SYSTEMATIC POSITION OF TAXODIUM.

The family Taxodieae as arranged by Eichler is acknowl-

edged a tentative one, and when we compare the gamctophytes

of Sequoia and Taxodium, the only two genera of this family in

which this part of the life history has been followed, we are

impressed, not with similarities, but with divergencies; and it

becomes at once apparent that, if gametophytic characters are of

any consequence in classification, the group as it now stands is

an artificial one and must be rearranged. The points of diver-

gence between Taxodium and Sequoia are so striking that to

retain them longer in the same group would do violence to

taxonomic principles. In the large number of functional mega-

spores and prothallia present in its sporangia Sequoia Is markedly

primitive, and In the arrangement and number of its archegonia

it is, so far as known, stii generis. Its male gametophyte is

imperfectly known, the young stages being quite unstudied.

In the preceding pages attention has been called in passing

to certain of the more evident structural similarities between

Taxodium and the Cupresseae, and for the sake of brevity they

will not again be rehearsed here. It is sufficient to say that

Taxodium agrees with the Cupresseae in all gametophytic charac-

ters that seem to me of much taxonomic importance, and I think

it evident that such essential agreement with the Cupresseae on

the one hand and such fundamental divergence from Sequoia on

the other must necessitate the removal of Taxodium from its

connection with the latter and its Insertion in th'e former family.
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Such a change will require us to discard the name Taxodieae

and combine the remaining genera of the family into some ten-

tative group of another name until further study shall make their

Position clear.

SUMMARY.

The staminate cones begin to develop in September or Octo-

ber, and by winter the pollen mother-cells are formed. In spring

starch is removed from the cells of the sporophyll and stored in

the mother-cells, where it remains through their divisions and

disappears in the pollen grain as the exine is being formed. The

exposed wall of the microsporophyll is but two layers thick.

The reducing divisions in the pollen mother-cells resemble

those in the Larix and the reduced number of chromosomes is

probably twelve. There is a fairly well developed resting stage

after the first division in the mother-cells.

About ten days after the reducing division a division of the

pollen grain occurs which separates at once the generative cell

from the tube cell. No sterile prothallial cells are formed.

From two to three weeks after pollination, when the pollen

tube has grown some distance, the generative cell divides into

the central cell and stalk cell, and these move down toward the

tube nucleus. The pollen tube reaches the prothallium earlier

than in any case previously described, sometimes even before

the formation of a cellular tissue in the latter.

The arrangement of the nuclei in the pollen tube is the same

as in other conifers.

The central cell has a distinct Hautschicht of its own and

resembles in outline that of Taxus and the Cupresseae. It

divides simultaneously with the division in the central cell of the

archegonium, and the two sperm cells thus formed move apart

slightly. They are furnished with a dense layer of starch around

the nucleus, a peripheral finely granular layer often containing

globules of plastic material, and a Hautschicht. Its nucleus is

densely filled with granular material and has a coarse chromatin

recticulum and a nucleolus.

The ovulate cones also begin their development in early fall

and continue growing slowly, as the weather permits, through
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the winter. At the time of pollination the single megaspore

mother-cell may be distinguished. It is filled with starch, as are

also the tapetal cells around it. Two reducing divisions occur,

but only three cells are formed, the upper of the two first pro-

duced not dividing again. The lower of the two potential mega-

spores resulting from the second division in the lower cell

develops into the female gamctophyte, the two upper cells dis-

organizing.

As the spore develops in sprouting, the tapetal cells around

it grow and divide, and disorganizing the nucellar cells around

them pass the nourishment to the prothallium within. How
long this tapetum persists is not certain, but it probably lasts

until the prothallium is mature.

The archegonia are arranged as in the Cupresseae, The

number of the neck cells vary from two to sixteen or more. The

central cell is very long and contains two conspicuous kinoplas-

mic areas, one at the upper end near the nucleus and the other

in the lower end beneath the large central vacuole. When the

^ ventral canal nucleus is cut off the upper of these masses takes

part in the division, while the fragmented lower one fills the base

of the archegonium with peculiar figures.

A ventral canal nucleus is cut off just before fertilization, but

it is not separated from the cytoplasm of the egg and after fer-

tilization moves back toward the center and divides amitotically.

It probably assists in nourishing the embryo.

The spindle of the ventral canal cell division is almost

entirely of nuclear origin, and the chromosomes are derived

largely from the nucleolus. The egg nucleus contains a large

.^

amount of granular material, but a chromatin reticulum is

always present. This granular material is largely used in the

j

formation of the spindle of the fusion nucleus.

Fertilization occurs about the middle of June, and two or

more sperm cells may enter an archegonium. Only one, how-

ever, becomes fused with the egg cytoplasm. As a rule one pol-

len tube fertilizes two archeofonia.

The sperm cell with its starch, protoplasm, and nucleus

passes through the cytoplasm of the tip of the egg and reach-
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ing the female nucleus enfolds it. Its starch is uniformly dis-

tributed around the fusion nucleus and passes with it to the base

of the archegonia to be included in the cytoplasm segregated

off as the proembryo. The larger part of the cytoplasm of the

^g^ takes no direct part in the formation of the embryo, but is

digested and used by the latter in its growth.

The first division occurs after the fusion nucleus has reached

the base of the archegonium.

Eight free nuclei are formed, which arrange themselves in

two tiers, the upper of which generally contains six, the lower

tw^o. Cell walls are now formed, but the upper side of the upper

tier is left open. This open tier now divides by walls at right

angles to the long axis of the archegonium into the rosette of

free nuclei above and the suspensors below. The two cells of

the lower tier divide at the same time by walls parallel to the

long axis of the archegonium, and thus four cells instead of two

are produced in one plane.

The suspensors as they elongate may. or ma}' not separate,

and thus one or several embryos may be formed from one arche-

gonium.

It is thought that the family Taxodieae as now composed is

an artificial one; that Taxodium itself must be removed to the

Cupresseae, leaving Secjuoiaand perhaps other as yet imperfectly

known genera of the present family Taxodieae to be included in

a family of their own under another name.

NOTE.

k

Since the completion of this work in May, igoi, several papers

have appeared bearing more or less closely on certain points here

taken up. Miss Ferguson's two papers on fertilization, etc., in

Pinus (Annals of Botany, 1901), and Arnoldi's Beitrlige zur

Morph, de Gymn, V. (Bull. Soc. Imp. Nat. Moscow, No. 4, 1900),

dealing with fertilization, embryo formation, etc., in the

**Sequoiaceen,*' are important, and would have been referred to

frequently in the text had they appeared before this work was

handed in. Miss Ferguson confirms Blackman's ('98) state-

ment that the sperm cells of Pinus are furnished wuth a cyto*

r

4
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plasm of their own, though the outline of the cell seems to be

neither so regular in shape nor so definite in outline as in other

groups of gymnosperms. She finds no starch in the male cells,

although much is present in the pollen tube. Miss Ferguson

also suggests that the ** spongy '' tissue is useful in nourishing

the prothallium, and brings out other interesting points, which

must, however, be passed by here.

Arnoldi, in the communication mentioned, finds starch in the

sperm cells of Sequoia, Cryptomeria, and Taxodium, and notes

its transference to the embryo. He also considers necessary

the removal of Taxodium (and several other genera) into the

Cupresseae; but on certain points of fact in developmental pro-

cesses our work does not agree.

In the recent Belfast meeting of the British Association ]\Ir.

Harold Wager presented a paper on the function of the nucleo-

lus, in which he is reported as finding that **this body, in the

cases examined by him, appears to be intimately connected with

the nuclear network, and contains chromatin material which con-

tributes directly to the formation of the chromosomes" (Nature

67 : 20. 1902). These results are of interest in connection with

my conclusions.

The University of North Carolina,

Chapel Hill, N. C.
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EXPLANATION OF PLATES I-XL

The abreviations used are : sf^ stalk cell or stalk cell nucleus; gr, genera-

tive cell
;
ptn, pollen tube nucleus ; cc, central cell of pollen tube ; set, scler-

enchymatous cells; vcn, ventral canal nucleus; en, egg nucleus.

PLA TE /.

Fig. I. Median longitudinal secuon through young microsporangium

;

primary archesporium evident as rows of cells. X 400.

Fig. 2. Microsporangium in October ; tapetum differentiated. X 300.

Fig. 3. Spindle of first division of microspore mother cell. X 800.

Fig. 4. Anaphase of same, showing four limbs to chromosomes. X ^00

Figs. 5-6. Chromosomes seen from poles as they approach them; eleven

iny?^. //. X 800.

Fig. 7. Spindle of second division; mother-cell walls not yet dissolved.

X 800.

Fig. 8. Microspore before first division; cell wall not shown. X 800.

Figs. 9-1 i. Successive stages in first division of microspore. X 800.

Fig. 12. Pollen grain on tip of nucellus, exine split off. X 800.

Fig. 13. Pollen grain beginning to germinate, exine split off and genera-

tive cell swelling out. X 800.

Fig. 14. The same; young stage of germination. Y. ^oo.

Fig. 15. Tube nucleus moving down. X 500.

Fig. 16. Different relative position of generative cell and pollen tube

than in above. X 500.

Fig. 17. Indication of branching in pollen tube. X 500.

Fig. 18. Generative cell just before commencing to divide. X 800.
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Fig. 19. Generative cell immediately after division. X 800.

Fig. 20. Pollen tube with three nuclei. X 280.

Fig. 21. Central and stalk cell of same tube more magnified; stalk cell

protoplasm beginning to merge into that of pollen tube. X 800.

Fig, 22. All three nuclei moving down, and close together. X 400,

Fig. 23. Pollen tube slightly older; stalk nucleus has passed central

cell and lies by tube nucleus from which it differs in its smaller size ; May 15,

igoo. X 400.
PLA TE If.

Fig. 24. More developed pollen tube ; stalk and tube nuclei alike- X

235

Fig. 25. Tip of ovule; pollen tube has reached megaspore in which no

cell walls have yet formed. X 26.

Fig. 26. Tip of pollen tube that has reached the prothallium; nuclei in

usual position. X 400.

Fig. 27. Central cell of pollen tube shortly before division; one free

nucleus shown. X 800.

Fig, 28. Central cell preparing to divide; free nuclei and protoplasm of

pollen tube disorganizing. X 400.

Fig. 29. Spindle of division of central cell. X 800.

Fig. 30. Telophase of the same. X 400.

Fig. 31. Sperm cells separated from each other. X 400.

PLA TE llL

Fig. 32. "Mcgasporophyll with the axillary megasporangium rudiment

just beginning to show; Oct. 3, 1899. X 95.

Fig. 33. The same; integument beginning to appear; Jan. 4* 1900.

X95.
Fig, 34. Little older megasporophyll and ovule ; March 11, 1900, Balti-

more. X 95.

Fig. 35. The same; ready for pollination ; megaspore mother-cell not

yet divided; March 31, 1900. X 80.

Fig. 36. Longitudinal section of sporangia and sporophyll ten days after

pollination; placenta now beginning to appear above the ovule; April 3,

1 90 1- X 36.

Fig. 37. Sporophyll and ovule about three weeks after pollination;

micropyle closed and placenta becoming prominent; April 22, 1900. X 36.

Fig. 38. Megaspore mother-cell before division. X 800.

Fig. 39. The same; in synapsis, X 1030.

Fig. 40, The same; spindle of first division. X 950.

Fig. 41. The same; older spindle of first division. X 950.

Fig. 42. The same; wall being formed. X 950.

Fig. 43. The same; spindle of second division. X 950.

Fig. 44. Megaspore with the two disorganizing spores above. X 950-

\
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PLA TE IV,

Fig. 45. Megaspore before first division; distinct zone of large cells

around it. X 400.

Fig, 46. Two cells of the large-celled tissue in division. X 800.

m^ Fig. 47. Germinating megaspore in middle of large-celled tissue; April

29, igoo. X 70-

Fig. 48. Enlarged section of the above-mentioned tissue. X 400.

Fig. 4q. Longitudinal section of entire ovule five weeks after pollination.

X36.

Fig, 50, Ovule showing two prothallia, X 70.

Fig. 51. Longitudinal section showing nucleated cytoplasm of wall layer

of megaspore, large-celled tissue^ and nucellus cells, X 400.

Fig. 52. Large-celled layer around somewhat older prothallium. X 280.

Ftg,53. The same; after-formation of prothallial cells. X 280.

Fig. 54. Young stage, ingrowing cells of prothallium. X 280.

PLATE V.

Fig. 55. Prothallial tubes, after closure of inner ends. X 280.

Fig. 56. Two-celled stage of the same. X 280.

Fig, 57. Tip of young prothallium showing group of archegonium initial

cells. X 70.

Fig. 58. Prothallial cell becoming multinucleate. X 400.

Fig. 59, The same with five nuclei. X 400.

Fig. 60, Formation of neck cells in archegonia. X 280,

Fig. 61. Older archegonium ; neck cell divided. X 280.

Fig. 62. Still older archegonium ; kinoplasmic areas beginning to appear.

X 280.

Fig. 63. Nucleus of central cell of archegonium at same age as above.

X 400.

Fig. 64, Group ot archegonia showing ten in one section, two pollen

tubes above; somewhat diagrammatic. X 70.

Fig. 65. Cross-section of group of archegonia, showing seventeen. X85.

PLATE VL

Fig. 66. Archegonium showing kinoplasmic masses in central cell; after

entrance of plastic stuff from neck cells. X 280.

Figs. 67-69. Jacket cells in normal activity. X 800.

Fig. 70. Spindle in jacket cell at time of fertilization, X 800.

4j^
Figs. 71-74. Stages of disintegration of nuclei of jacket cells. X 800.

Fig. 75. Lower part of archegonium at time of fertilization showing pro-

teid vacuoles. X 800.

Figs. 76-82. Successive stages in division of central cell of archegonium
;

fi^' 76^ X 400 ; Jigs, 77-^^' X 800.
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PLATE VTI,

Figs. 83-90. Successive stages in division of central cell of archegonium ;

figs, 8j-8g, X 800; fig. go. X 280.

Fig. 91. Group of archegonia after formation of ventral canal nuclei.

X36.
Fig. 92. Two archegonia of same group slightly more magnified. X 70.

Figs, 93-96. Neck cells seen from above. X 400.

Figs. 97-98. Surface view of megaspore wall showing pits; after forma-

tion of young prothallium. X 800.

Fig. 99. Pits of same wall in section. X 800.

PLATE virr.

Fig. 100. Sperm cell just entering cytoplasm of archegonium tip; its

nucleus barely visible in dense starch sheath around it. X 800.

Fig. loi. Sperm cell protoplasm just touching egg nucleus; sperm

nucleus not yet in contact with t^g nucleus, X 800.-

FiG. 102. Sexual nuclei in contact; sperm cell protoplasm beginning to

inclose the ^gg nucleus. X 400.

Fig. 103. Later stage of fusion. X 400.

Fig. 104. Supernumerary sperm cell in tip of archegonium. X ^oo,

Fig. 105. Later stage of fusion; starch sheath completely inclosing the

not yet entirely fused nuclei. X 400.

Fig. 106. Archegonium at the stage above; fusing nuclei moving down

and large vacuole broken up. X 70.

Fig. 107. Egg and ventral canal nucleus in tip of an archegonium that

did not get fertilized, X 280.

Fig. 108. Ventral canal nucleus at tip of an archegonium of same group

as above which has been fertilized and has a two-celled embryo in the base. X
280.

Fig. 109. Ventral canal nucleus in another fertilized archegonium of

same group ; it has grown out into the protoplasm and is beginning to divide

amitotically. X 280.

Figs, 110-112. Successive stages in growth of ventral canal nucleus in

fertilized archegonia ; all with young embryos in base ; extra sperm cell lying

in tip of archegonium in 1 10. X 400.

PLATE rx.

Figs. 113-114. Ventral canal cells in archegonia that missed fertiliza-

tion; others in group have been fertilized. X 280.

Fig. 115, Amitotic division of ventral canal nucleus. X \oo.

Fig. 116. Archegonium with 8-celled embryo at base; wells are formed

between the cells, but upper cells open above ; here there are seven cells in

upper tier and only one below ; canal nucleus at tip ;
disorganized layer

above embryo. X 400.
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Fig. 117. Archegonium with two-celled embryo near base ; ventral canal

nucleus in division above, and second sperm cell free in tip. X 280.

Fig. 118. Ventral canal nucleus divided, lying at base of archegonium in

contact with two-celled embryo, only one of the nuclei of which is shown

;

embryo surrounded by its starch sheath, X 400.

Fig. iig. Late stage of fusion of sperm and ^^^^ nuclei. X 800.

Fig. 120. Spindle of first division of fusion nucleus ; large plastin nucleo-

lus unchanged, X 800.

Fig. 121. Two daughter nuclei of fusion nucleus, immediately after

division. X 800.

Fig. 122. Preparation for second division. X 400.

Fig. 123. Spindle of second division. X 800.

PLA TE X.

Fig. 124. Four-celled embryo'; nuclei in usual position, two above and two

below arranged tetrad fashion. X 280.

Fig, 125. Embryo of same stage as above, nuclei all arranged at base in

one plane. X 280.

Fig. 126. Spindles of third division ; plastin nuclei in protoplasm. Y. 2%q.

Fig. 127, Eight-celled embryo, six cells above and two below ; the upper

are dividing, the lower preparing to divide. X 280.

Fig. 128. Abnormal embryo, cut a little obliquely; two of the nuclei

have not joined in the tier formation, but have remained a little distance

above, and in dividing only one is shown ; the other lies beside it in another

section. X 280.

Fig. I 2g. Sixteen-celled embryo in three tiers; six cells in rosette, six

suspensor cells, and four below. X 280.

Figs. 130-132. Abnormal embryos. X 280.

Fig. 133. Sixteen-celled embryo after suspensors have lengthened con-

siderably, X 280.

Fig. 134. Cross-section through a group of seven suspensors. X 400-

Fig. 135, A single suspensor carrying two embryos which are developing

separately. X 29.

Fig, 136. Tip of above suspensor with its two embryos more magnified.

X 400.

Fig. 137. A two-celled and a three-celled embryo, each on its own sus-

pensor. X 280.
PLA TE XI,

Fig. 138. Two four-celled embryos; there are four embryos in the group

K and four suspensors; three of the embryos are four-celled, and one about

six-celled, x 280.

Fig. 139. A three-celled and an about eight-celled embryo ; four embryos

in group and three suspensors- X 280,

Figs. 140^142. Three consecutive sections through a group of four

i



I40 BOTANICAL GAZETTE [august

embryos hung by three suspensors ; the fourth embryo does not appear in

these sections, X 280.

Fig. 143. Two embryos, each on its own suspensor ; they are from the

same archegonium; there are two others in the group. X 280.

Fig. 144. One embryo on one suspensor, off to itself. X 280.

Fig. 145. Older embryo on much enlarged tip of suspensor; embrjonal

tubes beginning to appear. X 280.

Fig. 146. Apparently three embryos of a group uniting to form a single

embryo; embryonal tubes conspicuous. X 280.

Fig. 147. Older embryo; embryonal tubes extend up about four times

as far as shown. X 280,

?

1
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THE OCCURRENCE OF TWO VENTERS IN THE ARCHE-
GONIUM OF POLYTRICHUM JUNIPERINUM.

The interesting phenomenon of a double venter in the archegoniuui

of Polytrichiifn junipcrzuum was observed, in material sectioned and
studied by the writer, in a course of comparative morphology and

embryology of plants under the direction of Dr. Margaret C. Ferguson,

of Weilesley College.

The archegonium illustrated in the accompany-

'^'^S figure shows two distinct venters, the lower

venter containing two nuclei, which probably rep-

resent the egg cell and the ventral canal cell. The
upper venter has doubtless been developed from

the first neck canal cell and contains but a single

nucleus. Directly above, in the neck of the arche-

gonium, is the nucleus of the second neck canal cell.

Previous to the time that these observations

were made, no similar phenomenon had been noted

as occurring in the archegonium of the Musci, but,

while preparing this note for publication, the

February number of the Botanical Gazette ap-

peared, in which the "occurrence of two tgg cells

in the archegonium of Mnium" was described by

Coker.*

There are two opinions held today regarding

the origin of the neck canal cells. According to

Campbell,* the neck canal cells are derived from

the terminal cell cut off from the mother-cell of ^iase of archego-

the archegonium, while Gayet^ maintains that, in nium of Polytrkhum

the Musci as in the Hepaticae, the terminal cell jt<niperint4m showing

does not give rise to the neck canal cells, but that ^^^ veneers.

^CoKER, VV. C, On the occurrence of two ^^g cells in the archegonium of

Mnium. Box. Gaz, 35 : 136. 1903.

^Campbell, D. H., Mosses and ferns 194. 1895.

3GAYET, L. A., Recherches sur le developpement de Farchegone chez les

Muscin^es. Ann. Sci. Nat. Bot. VIIL 3 : 161-258. 1897.
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they are derived from an initial cell cut off from the mother-cell of

the oosphere. It would seem from the recent observations of two

tgg cells in the archegonium of Mnium and of Polytrichum that the

neck canal cells are potential egg cells, and as such argue for Gayet's

theory that the egg cell and neck canal cells have a common origin.

—

Mary C. Bliss, Wellesley College,

POLYEMBRYONY IN GINKGO.

In the Botanical Gazette 34 164, July 1902, I published a short

note on the polyembryony of Ginkgo. Since polyembryony is of rather

comuion occurrence among the gymnosperms, its frequency in Ginkgo

becomes a point of some interest. Through the kindness of Dr. George

T. Moore and Mr. Carl Kellerman, of the Department of Agriculture,

1 have secured a number of seeds of the Ginkgo. A careful examination

of two hundred specimens give the following results: 12 per cent, were

without embryos, while 2 per cent, showed two small^but well-formed

embryos in each seed. In the cases of polyembryony the embryos

averaged about one-third the length of the single embryos. With one

exception, the double embryos were approximately the same lengthy in

this case one embryo was about twice the length of its fellow. The
single embryos showed great variation in length, but the short ones

were always thicker than the long ones. One embryo had three well-

developed cotyledons. — Mel. T. Cook, De Pauw University, Green-

casthy Tnd,



CURRENT LITERATURE.
BOOK REVIEWS.

Plant physiology.

Professor G. J, PEiRCE,of Stanford University, has elaborated lectures

upon plant physiology which he has been giving in the University into a text-

book/ less extensive than Pfeffer*s treatise, and more full than Null's treat-

ment in the Bonn text-book. This is published in attractive form and will be

found of interest both to the general reader and to students. The book differs

from the Text-book ofplant physiology by MacDougal, in that there are no

laboratory directions, the author believing that the laboratory manual and

the text should be divorced. The only English work with which the book at

all competes is the Vegetable physiology of Professor J. Reynolds Green.

Peirce's book shows strongly the impress of Pfeffer's Physiology ^ and to

him the author makes ample acknowledgment. One who reads the book

carefully will be impressed by the clearness of style and the vigor of pres-

entation, as well as by the freshness of much of the matter and the modern

point of view from which the author regards his subject. The book is

characterized by two features ; first, an endeavor to state the phenomena of

plant life in the terms of physics and chemistry; and, second, by the clear

recognition of the fact that very many plant phenomena cannot yet be ade-

quately stated in these terms, and the consequent acknowledgment that they

are at present not sufficiently known. This makes the book stimulating to

the studentj for many lines along which research will be profitable are pointed

out to him. In many ways the book is a decided advance upon any English

text which has come to our notice.

After recognizing fully the value of this work, its originality, its vigor, its

clearness, its stimulating statements of the incompleteness in our knowledge,

and its probable marked usefulness as a text-book in colleges and schools,

there remains the less pleasant task of pointing out some of its shortcomings.

After an introductory chapter, the first topic is respiration, and here we

think the author has adopted an unfortunate theory which does not agree with

the observed phenomena. The whole treatment is based upon the theory

that foods of various kinds are directly oxidized to furnish energy. This is

plainly derived from Pfeffer, and of course should be stated as a theory ; but

the other yiew of respiration, which, in our judgment, is much more probable

because in closer harmony with the facts, is not even mentioned.

In the chapter on nutrition which follows, there is no adequate treatment

"Peirce, George James, A text-book of plant physiology, 8vo. pp. vi-|-29i,

fiss. 22, New York : Henry Holt and Company. 1903. ;52.oo.
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of the mode of absorption of gases, which is repeatedly spoken of as though

it were merely their diffusion from the external air into the intercellular spaces.

We are glad that Professor Peirce adopts the view that the food of all

plants consists of complex carbon compounds ; but he does not always in his

terminology distinguish between foods and the materials out of which green

plants may construct foods. Assimilation is very properly distinguished from

photosynthesis. The treatment of the latter might have been somewhat

extended with profit. It would have been especially desirable to include

some notice of the work of Friedel (iQOi) on extracellular photosynthesis,

especially as that work was confirmed in the autumn of 1902 by Macchiati.

It would seem that the chapter on absorption and movement of water
r

might have been advantageously placed at the beginning of the book, since

such processes are fundamental to an understanding of respiration or nutrition.

The discussion of absorption, transfer, secretion, etc., are in the main clear

and in accordance with modern physical notions, though there are some slips

that should be corrected in later editions, such as the definition of osmotic

pressure. In the treatment of transpiration and the movement of gases, how-

ever, the author has not freed himself from older and untenable ideas. This

is well illustrated by the sentence; **It may easily happen in temperate

regions that the plant takes in more water and more salts than it really needs,

and that while the former evaporates, the latter accumulate in useless forms

and quantities, with or without chemical change." Similarly, the account of

gas exchanges in the intercellular spaces is open to serious criticism.

We fear that readers will be somewhat puzzled in the chapter on growth

by such contradictory statements as these: ''Growth is a process dependent

upon the formation of new protoplasm'' (p. 165); '*The second stage in

rowth .... consists mainly, if not wholly, in the absorption of water

(p, 167), On page 166 we have the formation of new protoplasm and new

cells described as "the first zxiA fundcDnental stage in the process of growth;

while on page 174 we are told, "Cell division .... does not constitute an

essential part of the process of growth."

The treatment of the subject of irritability is distinctly novel and interest-

ing. For the student, however, it lacks a logical presentation of the phenom-

ena of irritability which are common to all its manifestations. The chapter

on reproduction, which in many physiological books is merely an account of -

the morphological phenomena, is noteworthy in being almost purely physio-

logical, and it makes very obvious how little we yet know about the physiology \

^ ^

cr

ri

of reproduction. In this connection the author lays more stress upon the

results of Klebs than future study is likely to justify, since Klebs omitted all

consideration of the effects of osmotic pressure in the solutions with which

he was working. It is not unlikely, therefore, that his conclusions will be

profoundly modified when this factor is taken into account. Certainly the

work of Livingston. Greeley, and others, points strongly in this direction.

That the topic digestion is nowhere treated is certainly a noteworthy omis-

¥
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sion. Only as an incident in the chapter on nutrition is it mentioned that

foods temporarily stored in the chloroplasts must be transformed before

removal, and implications of the same kind occur in connection with the

general subject of the transfer of foods. But nowhere is there any discus-

sion of the important part which digestion plays in plant life, nor any account

of the agents by which it is accomplished.

It would not be difficult to point out minor inaccuracies here and there

in Professor Peirce's book, nor unfortunate modes of expression; an illustra-

tion of the latter, and one very common in physiological writings, is repeated

many times when he speaks of natural "laws" as though they were objective

and efficient agents.

Professor Peirce's book contains so many excellent features that it is

unfortunate to have it marred somewhat by sins of omission and commission.

But all these matters may be rectified in future editions without fundamentally

changing the character of the book, which will be useful to students, par-

ticularly if they have access to other books; and nowadays no student ought

to get his physiological information from one source.—C. R. B.

Diffusion and osmotic pressure.

The role of diffusion and osmotic pressure in plants, by Dr. Livingston, is

a well-made and attractive-looking volume of i4g pages, constituting one of

the Decennial Publications of the University of Chicago.^

For several years the need of a concise, yet sufficiently detailed, state-

ment of the facts and modern theories of diffusion and osmosis, on both

the physical and the physiological side, has been felt by every student and

teacher of physiology. Such a volume has now appeared.

Dr. Livingston has divided his book into two parts, one dealing with

physical and the other with physiological considerations. In the first part we
have Matter and its states, Diffusion and diffusion tension, Liqui^d solutions.

Ionization, Osmotic phenomena, Measurement and calculation of osmotic

pressure ; and in the second part Turgidity, Absorption and transmission of

water. Absorption and transmission of solutes, Influence of the osmotic

pressure of the surrounding medium upon organisms.

After stating briefly the theories of matter, the author proceeds to the

consideration of the diffusion of gases, liquids, and solids, and then in the fol-

lowing chapter discusses in a lucid manner the difficult subject of solutions,

using this opportunity to repeat and apply the teachings of the preceding

chapter on diffusion, and showing his regard for the needs of the student by

defining such terms as normal solution, gram-molecule solution, and gram-

equivalent solution.

^Livingston, Burton E., The role of diffusion and osmotic pressure in plants.

Decennial Publications of the University of Chicago, Second Series, Vol. VIIL 8vo.

pp. xvi+ 149. University of Chicago Press. 1903. ^1.50.
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A brief discussion of the ionization of gases and of solutes in solution

opens the way for a very satisfactory presentation of the general subject of

osmosis, wherein the osmotic pressure of non-electrolytes, electrolytes and col-

loids is treated, and the means and methods of measuring and calculating the

pressure are set forth with appropriate formulas.

Having laid a foundation in the physical, the author proceeds to the still

more difficult physiological. To this part nearly a hundred pages are given.

Only a few of the more striking topics can be mentioned here. Plasmolysis

is shown to be not a matter of simple interpretation, as one would infer from

literature generally, but a thing to be judged only after the permeability of

the protoplasmic membrane is known. To determine the permeability various

tests are detailed. The action of the protoplasmic membrane and the main-

tenance of turgidity in spite of permeability are two of the most interesting

because most difficult theoretical discussions. It is evident that the author

inclines to the solvent theory as applied to the action of the membrane in

osmosis. In the chapters on the absorption and transmission of water and

solutes, the means of lifting the sap to the tops of trees, and the means of

exudation from water-pores, nectaries, etc., receive due consideration. These

most difficult questions are not, as is too often the case, dismissed with the

statement that there are no satisfactory explanations, but carefully and

clearly the principal experimental results are recorded, their bearing pointed

out, and their insufficiency noted. The pumping action of osmosis and the

tensile strength of water are given as both probable means in the lifting of

sap to great heights ; while a change in the permeability of the protoplasmic

sac is given as the possible cause of the beginning of excretion by water-

pores and nectaries.

The last chapter represents in large measure original work by the author.

Here are summarized his well-known experiments on the morphology of algae

as influenced by the osmotic pressure of the surrounding medium. The work

of Loeb, Massart, Rothert, and others, on the effect of osmotic pressure on

irritability and in inducing parthenogenesis finds appropriate mention.

In the book as a whole there is little to criticise adversely, and much to

praise. Possibly the author pushes the theoretical a little too far sometimes,

as, for example, in his explanation of the rise of a solution in a thistle-tube

used as an osmometer. But it is better to state an insufficient hypothesis

than to ignore all. In the reviewer's opinion one of the merits of the book is

its abundance of theories clearly and boldly stated, while at the same time it

points out the strength and weakness of each.

Pedagogically the treatment is excellent. The parts are well arranged,

everything is mteresting, a basis for the physiological is laid in the physical, r

there are copious citations of literature, and there are many suggestions as to

problems for research. In the opinion of the reviewer Dr. Livingston has

produced an excellent treatise.— Frederick C. Newcombe. ^

i
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White rot.

In a sumptuous volume of 300 pages, embellished by 24 elegant

double colored plates, the Hungarian Department of Agriculture has pub-

lished a detailed account of Dr. Gy. de Istvanffi's studies on the white rot of

the grape {Coniothyriwn Diplodielld)? The first part of the work is devoted

to a minute description of the development of the disease, and the reactions

induced in the host plant by the fungus. Of the latter the author dis-

tinguished four stages or degrees of injury occurring on the stems of Ameri-

can vines. The most interesting of these is the phenomenon termed ''com-

plete girdling'* which is described at great length. The results produced

are similar to the effects of artificial girdling. Further, the results of studies

of the fungus in cultures and of artificial infections are described.

The most interesting part of the work is that which deals with the effects

of various toxic substances on the fungus. A few examples are briefly given

here. Vigorous mycelium from pure cultures was not injured by being

immersed for 24 hours in a 2 per cent, copper sulfate solution, or in Bordeaux

mixture made of 2 per cent, copper sulfate and 2 per cent. lime. When
again transferred to nutrient solution the mycelium developed fruit in 18 to

20 days. On the other hand 2 per cent, cuprammonia or a mixture containing

0.192 per cent. Ca (HS03)2 and 0.018 per cent. SO2 proved fatal.

Again, parts of stems covered with pycnidia were plunged in various

mixtures with a view of killing the spores in the pycnidia. When immersed

in this way for 24 hours in a mixture of 0.288 per cent. Ca(HS03)2 and 0.04

per cent. SOo the spores were killed. The same results were obtained with

10 per cent, sulfuric acid and with 10 per cent, sulfate of iron. When the

stems were merely sprinkled wMth the same liquids the spores remained

uninjured.

Further, spores developed in must containing i per cent, copper sulfate

solution, only slightl}' in 2 per cent, solution, and not at all in a 3 per cent,

A 0.3 per cent, solution of the calcium sulfite-sulfurous acid mixture proved

fatal. These experiments were performed with a view of finding a method

of combating the disease. The effect of such easily soluble and highly

poisonous substances as the sulfurous acid mixture on living vines remains

still to be determined.

It is remarkable that a work treating a serious fungous disease from an

economic standpoint contains no record of field experiments for the control

of the malady. The author's suggestions for combating the fungus are based

mainly upon theoretical considerations and are for the most part impracti-

cable, when not wholly at variance with long established principles of con-

trolling fungous diseases,

3ISTVANFF1, Gy, de, ]^tudes sur le rot livide de la vigne {Contotkyrium Diplo-

dieUa\ Ann. Inst. Ampelologique Royal Hongrois vol. 2. pp. \\\-\- 2^6%, figs, 12,

./A. ^^, double, colored. Budapest: Publications du Ministre Royal de 1'Agriculture

de Hongrie. 1902.
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While the work is an excellent anatomical study of the fungus and its

relation to the host, it contains little to elucidate the life-history of the fungus

in nature, which, as the author remarks in the first chapter, is the only basis

upon which defense is possible.— H. Hasselbring.
\

MINOR NOTICES.
h

The account of Eucalyptus obliqua L'Her., which is figured on four I

plates, forms part II of Maiden's Critical revision of the genus Eucalyptus,

— C. R. B,

Engelmann has recently published the fifth fascicle of Dalla Torre and

Harm5*s Genera Sipkonogamarum,^ including genera numbered 5 ^ ^3 ^^

6491.— C. R, B.

Volume 3 of the botanical series of the Field Columbian Museum is to

be wholly devoted to Plantae Yucatanae by Dr. C, F. Millspaugh.^ Dr.

Millspaugh has been studying the plants of the insular, coastal, and plains

regions of Yucatan for several years and has collected personally in this

region. He has now begun the enumeration of the flora of the Antillean

portion of Yucatan, which may be described as embracing roughly the por-

tion of the state of Yucatan lying north of latitude 19° 30'. Fascicles will

appear from time to time, as opportunity permits, without regard to the

natural sequence of the orders, though they will be complete as far as the

knowledge of the species permits. As a basis for the most important specific

distinctions Dr. Millspaugh has selected the fruits and seeds, believing that

these vary less than any others. Each species is illustrated by an inset ;

figure, somewhat after the manner of Britton and Brown's Illustratedflora. 1

These figures are admirably drawn by the author or by Miss Agnes Chase;
j

unfortunately many of them have been sadly marred in the printing. If the

copy which has reached us is a fair sample, we can only express surprise that

the Museum should accept and issue such press work. It is extremely f

unfortunate that the excellent work of the author should be sent out in so

unworthy a dress.— C. R. B.

NOTES FOR STUDENTS.
G. K. Lemmon describes in an out of the wav place ^ a new lily. Liliion

Kelleyanum, found near King's river. California, of which we make note that

it may not escape attention.— C. R. B.

^ Dalla Torre, C. G., and Harms, H., Genera Siphonogamanim ad systema

Englerianum conscripta. Fasc. 5. pp. 321-400. Leipzig: Wilhelm Engelmann^

1903. J/. 4.

5 Millspaugh, C. F., Plantae Yucatanae: plants of the insular, coastal and

plain regions of the Peninsula of Yucatan, Mexico. Field Columbian Museum, Bot.

Ser. 3:1-84. Illustrated. 1903.

•5 Sierra Club Bulletin 4:9. 1903.

I
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Karl Rudolph has investigated the development of the spines of Opun-

tia missourietisis' and finds them purely epidermal and axillary outgrowths,

not at all homologous with leaves or branches.— C. R. B.

LuTZ, after experimenting with certain fungi, suggests ^ that alkaloids in

plants may be utilizable as plastic material when there is present an adequate

supply of nitrates. So also a plant needs carbohydrates in excess before it

can utilize asparagin. Lutz directs attention to the fact that certain plants

{f'S*-, aconite and belladonna) are rich in alkaloids when they grow in poor

soil, but poor in alkaloids when cultivated in gardens, or when found in a soil

rich in nitrates.— C. R. B.

Messrs, Seward and Arber have critically examined a number of palm

seeds from the Lower Tertiary of Belgium, England, France, and Italy.^

The conclusion is reached, that they all belong to a single extinct species,

Nipadites Burtini Brong. It is interesting, that at the present time a mono-
typic genus, Nipa frjiiica7is, prevails in the Sunderbunds and in other south-

ern Asiatic and Malayan deltas. The authors are of the opinion that the

presence of Nipadites Burtini, together with other tropical forms of vegeta-

tion, in the early Tertiary beds of Europe make it extremely probable that a

very much warmer climate prevailed at that epoch, than is now found in the

same regions.— E. C. Jeffrey,

Benecke, in an investigation of the formation of oxalic acid in green

plants, ""^ finds that maize plants form oxalates or not according as he supplies

bases for combining with the oxalic acid. If nitrates be supplied, oxalate is

produced
; if ammonia salts [e, g.y sulfate) be used, no oxalate is formed. In

other plants (Oplismenus, Fagopyrum, Tradescantia) he only succeeded in

modifying the amount of oxalate by the culture conditions. The formation

of raphides by Tradescantia was independent of external influences and could

only be affected by the supplj?- of calcinm. In algae (Vaucheria, Spirogyra)

no such relation could be determined. A useful summary of physiological

literature of oxalic acid is given.— C. R. B.

Habitual polyembryony in Euphorbia dulcis Jacq. {purpurata Thuill.)

was described in a preliminary announcement" about a year ago. The full

paper, '^^ with figures, confirms the previous observations. The more extended

^Rudolph, Karl, Beitrag zur Kenntiiiss der Stachelbildung bei Cactaceen.

Oesterr. Bot. Zeits. 53:105-109. //. /. 1903.

Lutz, L., Sur le role des alcaloids envisages comme source d'azote pour les8

10

vegetaux. Bull. Bot. Soc. France 50 : 118-128. 1903.

9 Seward, A. C, and Arber, E. A. N., Les Nipadites des couches Eocenes de

la Belgique. Mem. Musee Roy. d'Hist. Nat. Belgique 2:—. 1902.

Benecke, Wilhelm, Ueber Oxalsauiebildung in griinen Pflanzen. Bot. Zeit.

61^: 79-110. IQ03.

*'See Box, Gaz. 34: 153. 1902.

IIegelmaier, F., Zur Kenntniss der Polyembryonie \on Euphorbia dukis ]3.C(\,IB

{purpurata Thuill.). Ber. Deutsch. Bot. Gesell. 21 : 6-19. //. 2, 1903.
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investigations show that about three-fourths of the ovules contain more than

one embryo. A considerable percentage qf the pollen is sterile and fertiliza-

tion was not actually observed, although it probably occurs in many cases.

Pollination is not necessary for the production of adventitious embryos, at

least not for those coming from the nucellus. Whether an embryo would

develop from an ^^^^ of Euphorbia without fertilization was not determined.

Professor Hegelmaier withdraws his earlier statement that polyembryony, as

found in Euphorbia, might lead to apogamy,— Charles J. Chamberlain.

Irregular ^iitoses in pollen mother-cells and the consequent formation

of imperfect pollen have already been noted in several sterile hybrids. In

Cythtis Adami^'^ a hybrid between Cytisus Laburnitni L. and C piirpiiretis

Scop., the development of the pollen is regular, but abnormalities which

result in steriHty are found in the ovule. After the integuments are quite well

developed, a region at the base of the nucellus, rich in protoplasm, begins to

grow with great rapidity, so that the nucellus is soon forced out through the

micropyle. Often no megaspore mother-cell can be detected ; sometimes a

larger cell with shrunken protoplasm and a few nuclei indicates' that a

mother-cell had begun to germinate, and occasionally when the nucellar

growth is not particularly extensive, a normal embryo sac may appear. In

both the parents the development of the embryo sac is regular,— Charles

J, Chamberlaix.

Zacharias has published another paper ^'^ on the chemistry and structure

of the nucleus. The present contribution deals with the contents of the

nucleus, exclusive of the nucleus and nuclein-containing structures. Pollen

mother-cells of Larix, Iris, Hemerocallis, and other forms weVe investigated.

Material was examined in the living condition and also after treatment with

various reagents, but sections do not seem to have been used. In dealing

with nuclei in division after the nuclear membrane has broken down, the

special term, nuclear cavity {Kernrauni), is used, because the sphere of

influence of the nucleus may not be the same as when the nuclear membrane
is still intact. The writer believes that Nemec's statement that the spindle

fibers consist of plastin is too general. Plastin may be present in some

cases, while in others it will be lacking. In the living cell during nuclear

division the nuclear cavity, with the exception of the chromosomes, appears

as if filled with a homogeneous fluid, in which movable thread-like structures

may appear between the separating groups of chromosomes. Zacharias

believes that his own investigations, as well as those of morphologists, show

that definite spindle fibers have not yet been demonstrated in the living cell,

and that it is possible that the structures seen in fixed material may be arti-

facts.

—

Charles J. Chamberlain.

'3TISCHLER, G., Ueber eine merkwurdige Wachsthumserscheiuung in den Samen-

anlagen von Cytisus Adami Poir. Ber. Deutsch. Bot. GeselJ. 21 : 82-89. //.J. i^^i-

^4 Zacharias, E., Ueber die *^ achromatischen" Bestandtheile des zellkems. Ber.

Deutsch. Bot, GeselJ. 20:298-320. //. 16, 1902.

>
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ASTRUC has brought to a conclusion hrs work on the acidity of plants.'^

t He finds that in non-succulents vegetable acids are made chiefly in the young

parts ; that is, in the particular regions of cellular activity, of maximum tur-

gescence, and of oxidation. These acids are neutralized or etherized little by

^

* little, as has already been shown by other observers. These facts serve to

explain the distribution of relative acidity in plants, which gradually dimin-

ishes as the development of the organs advances. In succulents, on the con-

trary, the acidity depends upon slight changes in the external conditions, and

these make comparisons sometimes difficult. Thus, the free acids in the Cras-

sulaceae present within a single day enormous variation both in formation

and in distribution, so that it is quite impossible to lay down any absolute rule

for the occurrence of acids in different leaves of even the same plant. From
a great number of experiments, however, Astruc has concluded that the for-

mation of greater or less amounts of malic acid during the night depends on

photosynthesis during the day, and is intimately related to respiration and to

the greater or less value of the internal respiratory ratio during the niirht.

Incidentally he notes a somewhat remarkable fact, that oxygen is not fixed by

the cell when the protoplasm is anesthetized by ether or by chloroform. Dur-

ing the day malic acid diminishes in amount under the influence of respira-

tion and photosynthesis, but if the normal conditions for the plant are

changed, that is, if there intervene external causes capable of influencing cell

activity, these causes will also influence acidity. Thus sectioning of leaves

or changing the constituents of the atmosphere enveloping the plant will

induce notable changes in the processes of acid formation or destruction,

C. R. B,

The development of the sexual organs and fertilization in Picea excelsa

are described in a recent article by Miyake.^^ The pollen grain at the time

of shedding, about the second week in May, contains two disorganized pro-

thallial cells, a stalk cell, body cell, and tube cell. The tube begins to form

a few days after pollination, and the body cell at once passes into it and

divides, giving rise to two male nuclei. At this division the beginning of a

cell plate appears at the equator of the spindle, but it soon disappears and

no wall is formed; consequently the two male nuclei lie free in a common
mass of cytoplasm, and there is no formation of two cells, as described by

Strasburger, Belajeff, Dixon, and Coulter. The pollen tube does not branch.

The development of the archegonium is very much as in Pinus. In the

neck of the archegonium there are 4-8 cells with 2-4 cells in a row. There

are usually four archegonia to each ovule, but the number varies from two to

seven. During the growth of the egg no passage of nuclear material from

"5Astruc, M. A., Recherches sur Tacidite vegctale. Ann. Sci, Nat. Bet. VHI,

17: 109. 1903.

'* MiYAKE, K., On the development of the sexual organs and fertilization in Ftcea

excelsa, Ann. Bot. 17 : 351-372. p/s. 16-1 j, 1903.
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the jacket cells into the egg could be detected. The ventral canal cell is

formed about a week before fertilization, which, in the neighborhood of

Ithaca, occurs about the middle of June. No walls are formed in the proem-

bryo until it has reached the eight-celled stage. Strasburger described

walls at the four-celled stage, and other writers have described walls at the

four-celled stage in Pinus.

The antheridial cell of Strasburger (third prothallial cell of Belajeff) is

called the central cell by Miyake, who regards it as the equivalent of the

central cell in the antheridium of pteridophytes. The body cell of Stras-

burger is called the generative cell. Strasburger refers to the two male cells

as generative cells. The terminology is confusing and we are not sure that

the present writer has been entirely consistent.

—

Charles J. Chamberlain.

Plant hybrids have received but little attention from cytologists. It

is known that various species of a genus usually have the same number of

chromosomes and that the pollen of sterile hybrids usually have imperfect

pollen. Rosenberg'^ has been fortunate in finding a hybrid between parents

which differ from each other both in the number and size of their chromo-

somes. This hybrid is Drosera ?'ofundifolia X longifolia. D. rotundifoHa\\^s

twenty chromosomes in the sporophyte, this number appearing in the stem,

leaf, and root. The chromosomes are short and easy to count. In the pollen

mother-cell the number is always ten. In D. longifolia the vegetative tissues

show forty chromosomes and the pollen mother-cells twenty, just double the

numbers in the other species. The chromosomes are also distinguished by

being somewhat smaller than in D, rotundifolia.

The hybrid is easily recognized by external characters, but is also dis-

tinguished by its chromosomes. The mitoses are not different from those of

the parents except in the number of chromosomes and the consequent varia-

tion in the shape of the spindle. In the sporophyte thirty chromosomes, the

sum of the gametophyte numbers of the two parents, was counted in the

root, stem, and leaf. In a few cases forty chromosomes appeared in the

tapetal cells. In the pollen mother-cells fifteen chromosomes is the domi-

• nant number, but twenty often occur, and occasionally mother-cells with ten

are found. All three numbers 'have been found in the same anther. The

megaspore mother-cell was not investigated.

The relative number of chromosomes in the parents and hybrid support

the theory that the chromosome is a permanent organ of the cell. The fact

that three kinds of pollen grains are formed has its bearing upon Mendelism.

Professor Rosenberg will continue these investigations.^ Charles J.
Cham-

berlain.

In the first of a series of studies on the anatomy of ferns, entitled
*

"La masse libdroligneuse el^mentaire des Filicin^es actuelles et ses prmci-

'7 Rosenberg, O., Das Verhalten der Chromosomen in einer hjbriden Pflanze.

Ber. Deutsch. Bot. Gesell. 21 : uo-119. //. 7. 1903.
i
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paux modes tragencement dans la fronde," Bertrand and Cornaille'^ describe

and discuss, from the taxonomic and anatomical standpoint, the consti-

tution and arrangement of the fibrovascular strands in the leaves of various

living orders of ferns. They point out that the petiolar bundle-system

of ferns is composed of various combinations of units which they denomi-

nate "divergents/' Each divergent consists of a protoxylem group placed
t

anteriorly, /. e., toward the upper surface of the frond, and two wings of

metaxylem growing out of this posteriorly, /. e„ toward the lower surface

of the frond. The wood so constituted is typically covered, both dorsally

and ventrally, by layers of phloem. The petiolar bundle-systems of the

various groups of living ferns may either be gamo(hvergent, consistinLr of a

number of divergents more or less completely fused together, or dialydiver-

gent, where the divergents are more or less completely separated from each

other. In addition the bundle-system as a whole may present various degrees

of complexity in the curvatures presented by a line drawn so as to connect

all the bundles in a given petiole, etc. The authors point out that there are

two striking differences between the petiolar fibrovascular system of the ferns

(or Megaphyllides as they term them) and that of the cycads ; for in the

latter the fibrovascular units corresponding to the divergents, instead of

having two wings as in the ferns, are monopolar, and further the protoxylem,

instead of being placed anteriorly and toward the upper surface of the leaf

is posterior and next the lower surface of the frond, being thus centripetal as

in the lycopods. The authors are of the opinion that there should, as a con-

sequence of these differences, be a good deal of reserve in the matter of

deriving the cycads from a filicineous stock, as is the almost universal tend-

ency at the present time.— E. C. Jeffrey.

The formation of the spores in Rhizopits nigricans ^axd, Phycomyces nihus

is described by Swingle in a recent BnUetin^^ of the Bureau of Plant Industry.

Pure cultures were obtained, the material was fixed, sectioned, and stained,

according to the most approved cytological methods. The paper deals

especially with the mechanics of the peculiar cell division found in these

sporangia, and with the nature and functions of the vacuole. It is of interest

to note that the four genera of the Mucorineae which have now been care-

fully investigated, Pilobolus and Sporodinia studied by Harper, and Rhizopus

and Phycomyces studied by the present writer, differ considerably in the

formation of their spores. The following is Swingle's own summary of the

process

:

^® Bertrand, C. E,, and Cornaili.e, F., Etude de quelques caracteristiques de la

structure des Filicinees actuelles. Travaux et Memoires de TUniversite de Lille 10:

1902.

''Swingle, Deane B., The formation of spores in the sporangia of Rhizopus

nigricans and Phycomyces nitens, U. S. Dept, of Agric, Bureau of Plant Industry,

BnII.57. pp. 40, //y. 6. 1903.
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1. Streaming of the cytoplasm, nuclei, and vacuoles up the sporangio-

phore and out toward the periphery, forming a. dense layer next the sporan-

gium wall and a less dense region in the interior, both containing nuclei.

2. Formation of a layer of comparatively large, round vacuoles in the

denser plasm, parallel to its inner surface.

3. Extension of these vacuoles by flattening, so that they fuse to form

a curved cleft in the denser plasm; and, in the case of Rhizopus, the cutting

upward of a circular surface furrow from the base of the sporangium to meet

the cleft formed by these vacuoles, thus cleaving out the columella.

4. Division of the spore-plasm into spores; in Rhizopus. by furrows push-

ing progressively inward from the surface and outward from the columella

cleft, both systems branching, curving, and intersecting to form multinu-

cleated bits of protoplasm, surrounded only by plasma-membranes and sep-

arated by spaces filled with cell sap only; in Phycomyces, by angles forming

in certain vacuoles containing a stainable substance and continuing outw^ard-

into the spore-plasm as furrows, aided by other furrows from the columella

cleft and dividing the protoplasm into bits homologous with and similar to

those in Rhizopus, and separated by furrows partly filled with the contents

of the vacuoles that assist in the cleavage.

5. Formation of walls about the spores and columella, and, in the case of

Rhizopus, the secretion of an intersporal slime.

6. Partial disintregration of the nuclei in the columella.

—

Charles J.

Chamberlain.

An excellent account of the sexual processes in Plasmopara alpina

Johans. by Rosenberg ^'^ adds another form to the list of Phycomycetes which

are now receiving so much attention.

Plasmopara conforms in all essentials to the condition in Peronospora and

Albugo. The oogonium contains at first about forty-five nuclei, which num-

ber is doubled by the first mitosis. AH of these pass into the periplasm

excepting one, which remains in the ooplasm near a coenocentrum. There

is then a second mitosis, affecting almost all of the nuclei. The nucleus in

the ooplasm divides, forming the female nucleus, which remains close to the

coenocentrum, and a sister nucleus that passes to one side and breaks down.

Thus proximity to the favorable conditions around the coenocentrum deter-

mines the selection of the functional gamete nucleus here as in others of the

Peronosporales and in the Saprolegniales.

The antheridium contains at first about five nuclei, which are increased to

ten or twelve by mitosis. One male nucleus is introduced into the egg and

fuses with the female.

Of especial interest are Rosenberg's views on the significance of the

mitosis in the oogonium and antheridium. The author considers these as

^Rosenberg, O., Ueber die Befruchtung von Plasmopara alpina. Bib. Svensk.

Vet.-Akad. Handi. 28:—. [1-20. //5. 2.] 1903.
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comparable to the tetrad divisions in higher plants, meaning the two mitoses in

the spore mother-cell. The nucleus passes through a synapsis condition before

the first mitosis. The spindle is intranuclear with small granular bodies at

the poles as in others of the Peronosporales. In the second mitosis the

spindle is less distinct, as Stevens noted in Albugo. The number of chromo-
somes appears to be about the same in each mitosis. Rosenberg regards the

synapsis as indicating a reduction of the chromosomes, in agreement with the

generally accepted history of the spore mother-cell, and considers its ])resence

in relation to the two mitoses as establishing analogies with these events.

The reviewer has recently discussed the behavior of the nucleus during

gametogenesis in the Phycomycetes^' and regrets that he could not have

included Rosenberg's views in that account. However, his opinions are not

changed by these results. It is not established that synapsis has any relation

to reduction phenomena in the thallophytes, and it is also being reported

among higher plants in tissues where there is no reduction. The number of

mitoses in the gametangia of Phycomycetes is quite variable. There is only

one in the oogonium of Saprolegnia and in certain species of Peronospora

and Pythium. This mitosis is probably a phylogenetic reminiscence of times

when many gametes were formed in these gametangia. A second mitosis is

probably merely a continuation of the tendency to multiply the nuclei and

would be carried farther if nutritive conditions allowed. The second mitosis

is more likely to be found in the ooplasm, because that portion of the cell is

unquestionably better nourished, which explains its entire or partial absence

in the periplasm. There is excellent evidence that the second mitosis is

' weaker in kinoplasmic material than the first, thus showing the effect of unfa-

vorable conditions in the cell.

This is not saying that reduction phenomena may not take place just pre-

vious to the mitoses in the gametangia of Phycomycetes, but comparisons

\

between these mitoses and the events in the spore mother-cell are not likely

to have much value in establishing the supposition. To the reviewer the

probabilities seem all against the existence of reduction phenomena previous

to gametogenesis in plants, for it is more natural to expect it either imme-

. diately after the sexual act or at the end of a sporophyte generation. The

proof must come through studies of the nucleus at various periods of ontogeny

and the evidence will accumulate slowly. We do not know of any better

forms for such investigations than some of the Peronosporales, unless they be

certain Chlorophyceae which have not received their fair share of attention

in the cell studies of recent j^ears.— B. M. Davis.

^ RoTHERT has studied the effects of ether and chloroform on the sensibility

of microorganisms.^ Knowing that narcotics affect the various functions of

I

=' Davis, B. M., Oogenesis in Saprolegnia. BoT. Gaz. 35:339-342. 1903-

"RoTHKRT, W., Ueber die Wirkung des Aethers und Chloroforms auf die Reiz-

bewegungen der Mikroorganismen. Jahrb. Wiss. Bot. 39:1-70- I903- The title is
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higher animals differently according to the concentration and duration of

action, so that the effects can be arranged in a graded series, he proposed to

himself the solution of the question whether a similar gradation in narcosis

existed among plants and the protozoa, in which the differentiation and

division of labor has not gone so far. If, for example, their sensitiveness to

external stmiuli could be suspended more easily than other vital phenomena,

it would be possible by partial narcosis to make them insensitive (/, e.y to

produce anesthesia), without at the same time suppressing those functions

(growth, movement, etc.) by means of which a visible reaction could be

executed. Thus an important means of analyzing irritable reactions might

be secured.
r

After securing suitable material (a matter of great difficulty), tests were

made (i) by putting organisms into vials containing water with known per-

centages of the narcotic, with precautions against its evaporation ; (2) by

using mounted preparations, the cover being supported, in which were intro-

duced Pfeffer's capillary tubes (for chemotaxis) or air bubbles (for aerotaxis) ;

or (3) by means of hanging drop cultures in a moist chamber. The criterion

for the existence of sensibility was the accumulation of the individuals in

definite regions.

Naturally, though not the chief aim, many observations were made on the

effect of narcotics on motility. The resistance of nearly related organisms

is very different ; e. ^., one form of Bacterium icrmo ceased to move in 20 per

cent. ether-water,^3 while many individuals of another forrn, apparently the

same species, resisted a saturated solution of ether for five hours. Similarly

Goniian pectorale has its movements slowed by 2.5 per cent, ether-water and

wholly stopped by 20 percent.; whereas Chlamydomonas spJ movtATiox\Xi'2X\y

in 20 per cent, ether-water and was only stopped by 60 per cent. Individual

differences are also noticeable.

Rothert found various forms in which the osmotactic, chemotactic, aero-

tactic, or phototactic sensitiveness could be suspended by the narcotics, while

movement was not. Thus in one form of B. termo, chemotaxis and aerotaxis

were only slightly reduced by moderate concentrations, while osmotaxis was

completely checked. In Bacillus ^^/wi*// chemotactic sensibility was stopped

by chloroform but not by ether.

A curious reversal of phototactic reaction occurred with chloroform, both

in Chlamydomonas, which cannot be anesthetized, and in Gonium, which is

easily made insensible. These organisms, which were reacting negatively,

inappropriate to the paper, for Rothert specifically says (p. 15): "The question as to

the influence of narcotics upon the motility of microorganisms I did not consider the
^

object of my investigations." Nor are the researches confined to ** microorganisms,"

as this term is commonly used, though all the forms studied were microscopic.

=3/. e., a 20 per cent, solution of a saturated solution of ether in water at room
|

temperature; similarly designated in other cases.

I

k
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immediately upon treatment with weak chloroform-water reacted positively.

In other words, the critical intensity of light (/. e., the point at which a given

organism will not react) was raised by the chloroform, so that what they fled

from before, they now sought. This effect disappears gradually, and the

faster the weaker the chloroform. Ether produces no such effect. Imme-
diately after a phototactic organism recovers from a dose of ether or chloro-

form, its reaction is always negative. If normally positive, the reaction is

reversed; if normally negative, the reaction is intensified; /. e,, the critical

intensity of light is lowered.

The results reached by Rothert regarding the specifically different sus-

ceptibility of related forms to narcosis are quite irreconcilable with the

statements of Overton, who holds^^'* that this susceptibility depends on the

grade of differentiation of the cells, as indicated by the rank of the organism.

Even individual differences were found by Rothert to be great.

It is found to be characteristic of the anesthetic effect of ether and

chloroform on microorganisms that it depends only upon their concentration

and not upon the duration of their action. Anesthesia appears instantly and

disappears as quickly. No solution which is too weak to effect anesthesia at

once will produce it by prolonged action. Some observations indicate that

solutions too weak to produce complete anesthesia will diminish the degree of

sensitiveness to stimuli. The effect of these narcotics on movement, however,

is quite different; for this depends both on their concentration and the dura-

tion of their action.

This paper adds valuable data to our present knowledge of the narcosis in

plants, for which previously we have been chiefly indebted to Overton.

—

C. R. B.
1

=*<Studien liber die Narkose. Jena. 1901.



OPEN LETTERS.

Flora of St. Croix.

I HAVE, quite by chance, just come across The flora of the island of St.

Croix, published by C. F, Millspaugh in the Feld Columbian Museum Bot.

Series, Vol. I, no, 7, which was issued at the end of last year. In Mr. Mills-

paugh's work no notice whatever is taken of the species published by Mr.

Paulsen and the writer in a floristic appendix to our work ''Om Vegetationen

paa d'e dansk-vestindiske Oer;" though Mr. Millspaugh in his introduction

gives a complete translation of the lines from Urban*s *' Bibliographia"

dealing with our work; "In a floristic appendix six phanerogams new to the

Danish islands and Rostrup's fungi and lichens are listed."

We are" thus led to believe that the author has not taken the trouble to

read our paper.^ Nor has he apparently made himself acquainted with the

additions to Urban's " Bibliographia/' which occur in later numbers of the

Syrnbolae Antillanae, The result is that none of the species of phanero-

gams, fungi, and lichens published by us have been included. The author

also gives a short list of algae, containing, according to his typography, spe-

cies new to the island. But hardly any of them are really new, as almost all

of them, and several others, are mentioned in my short paper, *'A contribu-

tion to the knowledge of the marine algal vegetation of the coasts of the

Danish West-Indian islands." I have, moreover, distributed some St. Croix

algae in Wittrock and Nordstedt*s exsiccatae, and in Phycotheca Amer.-bor.

It is of course of great interest to have the new finds in St. Croix pub-

lished, but this could have been done as an appendix to the flora of the

islands. But when Mr. Millspaugh sets out to give a complete list, we are

justified in expecting that everything published regarding the flora of the

islands will be included.— F. Borgesen.

It is distinctly stated on page 459 of the publication referred to that it

only includes the work of the Rickseckers, checked by the only published

general list of the island flora, viz., Eggers's. It was not the intention to

include scattered lists. All of Urban's publications which were available up

to the date of sending in copy were made use of.— C. F. Millspaugh.

'Bot. Tidskrift, 1898, and Revue Gen. Bot., 1900.
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NEWS.

Dr. B. E. Livingston has been granted a research scholarship by the

New York Botanical Garden, where he will spend some months on leave of

absence from the University of Chicago.

Homer R. Foster, for the past five years professor of botany in the

University of Washington, has resigned to take up commercial work in con-

nection with a large hardwood lumber firm in Chicago.

Charles J. Brand, who for the past year has been assistant in plant

economics at the Field Columbian Museum of Chicago, has been promoted
to the position of assistant curator^ department of botany, in that institution.

Mr. Brand is a graduate of the University of Minnesota.

Mr. C. G. Llovd, of Cincinnati, seems to have been elected a member
both of the German Botanical Society and of the Botanical Society of France.

Though the Germans print the name L. G. and the French C. J., it is doubt-

less our well-known mycologist who is intended in both instances.

The French National Society of Agriculture has awarded a gold

medal to M, Lucien Daniel for his researches on grafting; a silver medal
to M. Paul Parmentier for his TraitS de botanique agricole; and a bronze

medal to M. Th. Husnot (best known as a bryologist) for a book on Les

pres et les herbages.

The Botanical Garden of Buitenzorg has begun issuing still another

publication, entitled Icones Bogonienses^ in which are to be described and
figured new or little-known species of the Dutch possessions, or species culti-

vated in the garden. Four fascicles have already appeared, and others are

to be published at irregular intervals.

The herbarium of the late Alexis Jordan has been acquired by the

Catholic University of Lyons. The duplicates are to be sold, at prices varying

from 20 fr. to 12 fr. per 100, according to the completeness and quality of the

sets. The best will contain from 7,000 to 12,000 species. Applications may
be made to Professor Roux, rue du Plat, Lyons, France.

Edmund P. Sheldon and M. W. Gorman have undertaken a botani-

cal expedition to the ** Three Sisters," snow peaks of the Cascade range in

Oregon. These mountains, unnamed and for the most part unknown, are all

over 10,000 feet high, and the obsidian cliffs, glaciers, and waterfalls of the

region are said to be wonderful. It is likely that the trip will yield a large

number of interesting plants.
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The Vermont Botanical Club held its ninth annual field meeting at

Arlington and Manchester in southern Vermont on July 3 and 4. There was

a good attendance, includmg visiting botanists from Minnesota, New York,

Massachusetts, and New Hampshire. The weather was ideal and the ascent

of Mt. Equinox, under the guidance of Judge and Mrs. Loveland Munson,

was a delightful mountain climb which afforded much of botanical interest.

This club now has about one hundred and sixty active members.

Dr. H. G, Timberlake, assistant professor of botany in the University

of Wisconsin, died suddenly on July I9 at the age of thirty. He was taking

a bath and seems to have slipped on the curved bottom of the enameled tub

and fallen over the side, striking his head violently on the floor and rupturing

a cerebral artery. Death occurred before a physician could reach him. Dr.

Timberlake had recently been promoted to an assistant professorship and was

married on June 30 to Miss Violet Slack, an assistant in the department.

The Committee of Organization for the International Botanical

Congress at Vienna plans to have the meetings on Juhe 13-18, 1905, giving

the mornings to addresses and discussions of topics of present importance

(a morning to some one subject), and the afternoons to the nomenclature

problem. The morning of the fifteenth will be reserved for a meeting of the

Association Internationale des botanistes. A great botanical exposition is

planned, at the time of the Congress, in the palace at Schonbrunn ;
and

excursions, botanic and scenic, before and after the Congress, will be

arranged.
F

It is proposed to organize a society for horticultural science, the object

of which shall be more fully to establish horticulture on a scientific basis.

The membership will naturally be made up of the horticulturists of the exper-

iment stations and of the U. S. Department of Agriculture, together with

other scientific men whose work has a horticultural bearing. The meetings

will be held in connection with those of some kindred society, as the Ameri-

can Pomological Society or the American Association for the Advancement

of Science- Any botanists interested are requested to address S. A. Beach,

Horticulturist, New York Agricultural Experiment Station.
F

With the tenth volume the Anntiario del Real IstiUito Botariico

di Roma, founded by Professor R. Pirotta in 1884, comes to an end. In

its place there is to appear the Annali di Botanica, which will be published

in small fascicles in order to avoid the long delay of a more voluminous

journal. The new publication will include not only original researches in all

fields of botany, but also analytical reviews of important papers and syn-

thetical reviews of current questions. Particular attention will be given to

the history of botany in Italy and to making known all facts regarding the

Itahan flora. The first fascicle was published on May 15, and the second on

June 30.

1
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Preachers, students, bank-
ers, brokers, literary workers,
reporters, editorial writers, ac-
countants, actors and persons
of intense mental concentra-
tion, can strengthen their
whole system, and greatly in-
crease their capacity for men-
tal and physical labor, by the
use of

Acid
Phosphate

Horsford's name on every GENUINE package

MENNEN'Sj
BORATED TALCUM

|

^ ToileJ Powd»r
EUICHTFUL AFTER B»THI"C,

^'a luxury after 5HAVIHC.

^eauiities and Presenfcs the Comfliexion

k p««th. «1W f.r raCn-T HEAT. CHAfDW «^ SOm.~-

««nil .fflictiona of the skin- For «« bl«l*r«J
^•^^f^'''^

fe^l it h» .o «iuat. R*i>.ov« all odor o£ F*"=P^V^ ^
MERNHTS (the original). TlitUa higher "'P'^- P*™^
wmUen substitnu*. Jml there is a "»^ '"''j'- .^JTT

CEBMAWO WtliWEW CO.. Or» "««- 8t . «H^»". "-

ENMErS VIOLET TlLCUi

\
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AND FIND Nothing injurious
OR OBJECTIONABie IN ITS CO^IPO-

FOR TWO SCORE rEARS

Genteef Americans have cared for

their teeth with no fear of Acid,

Grit or other injurious substances

BY THE USE OF

SOZODONT

frequently follow the Fall house

opening, due foul and

disease-breeding matter developed

during Summer.
Piatt's Chlorides poured into

waste pipes, sinks and closets,

also sprinkled at>out the cellar

and suspected places insures in-

stant disinfection.

alts
The Odorless Disinfectant

A colorless liquid; powerful, safe and cheap;

endorsed by over 23,000 physicians ; sold in

quart bottles only, by druggists and higb-

class grocers everywhere. Prepared only by

Henry B. Platt, New York.
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A HUNGRY man is not discriminating as a rule
—almost any food invites his palate. The owner
of a fine piano, if he lacks the ability to produce

the music he loves, is like the hungry man in one respect—he is not inclined to be critical at first.

Since the introduction of the

ANGE
iano

% us
yer

others have been brought forward which give something,
but not the artistic performance which he desires later.
Not one of them can be Successfu'lly compared with the
ANGELUS, because the Government patents protect the
two most important features of this wonderful instru-
ment. They are the two devices which permit the person
playin|; the piano by means of the ANGELUS to dupli-
cate pianists. The ANGELUS alone detigrhts the
critical music lover as well as the music-hunirrv
one. * ^

Tlie Phrasing I^ever
and the Pistons

which soften the Bass or the Treble independently of each
other (thus bringing out the melody, while subduing the
accompaniment) give the human touch and the finger
effects impossible with any other piano player.

So important are these two distineuishing' features
that after you have investigated them for yourself, no
other piano player would be admitted to your home at
half the ANGELUS price, $250.00.

»T^r^°" ^^" P^^y ^^y P^^^o with the aid of the
ANGELUS.

Send for handsome booklet, mailed free, or call
on one of our agents—best music stores tkrongkotit
the country.
Bahimore: Juel^ & Co.
Boston: C. C. Harvey h. Co.
Chicag-o: Geo. P. Bent.
Cincinnati: The W. G. Wood-

mansee Piano Co.
Cleveland: J. T. Wamelink &

Sons' Pi^no Co.
Denver: _ Knight-L-ocke Piano

Co.
Galveston: Thomas Gogrgan &

Bro.
Kansas City: Carl Hoffman

Music Go.
Los Angeles: The Bartlett

Music Co.

Minueapolis: Foster & Waldo.
New Orleans; Junius Hart

Piano House.
New York: J. hn Wanamaker.
Omaha: A. Hospe Co.
Philadelphia: John Wana-

maker.
Pittshurg^: S. Hamilton.
San Francisco: Sherman Clay

&Co.
Syracuse: S. Rosenbluom &

Sons.
Washington: Juelg: & Go.
And other local agencies

throughout the country.
J. Herbert Marshall. Regent House, Regent St., London^

THE WILCOX & WHITE CO.
Main Offices and Factory,

Established 1877

Mer'kkn, Conn., U. S. A.

ORCHESTRA
Instruments, Violins, Flutes, Mandoline, Guitars,
Banjos, &c. Lyon & Healy and * 'Washburn" la-
struments are In use everywhere and are sold by
leading music dealers. Ask for "Dept. Q** Catalog,
Illustrated, mailed /rec. It' s a money-saver.
LYON & HEALY, • 38 Adams St., Chicago. IIL

Tli» World*^ Lmrgest Husic lloase. SelU ^^EferjUiiog Koown in Slasic**

Do You Want a
Genuine Bargain
in a Piano?

Wehavehundredsof Upright Pianos returned from rentiaff

wbich must be disposed of at once. These pianos include
Steinways^ Knabes, Fischers, Sterlings and other well known
makes. Many cannot be distinguished from new, yet all are
offered at a great
u low as flOO. Also

rights at «12S,
A magnificent in*FROM

discount. Uprighti
beautiful new I7p>
$135, tl50and$I&5.
stniment at 1290,

tiOO pianos. Euffully equal to many
monthly payments accepted. Freight Is only about $5. Writ*
aft once for complete list And full particulars. You can makt a
fr«at saving by securing your piano from us. Every piano war*

ranted as represented. "A Piano Book/' free. Write today.

LYON
38 Adams St., CHICAGO.

Vvld'i larfest oiiuic booao • ulX "ErvrythEnfknown iD

Rare Old Violins
Larceeil and finest collection on this continent
Fine catalogue ffree> containing: 50 fac-eimUo
labels in colors and Biographies of all the

noted makers. List and particulars of So
Instruments from $50 to $10,000. Monthly
payments may be arranged. Violins sent on
seven days examination. Formal CertiflcaW
of Genuineness with each Instrument.

LYON & HEALY. ''vS^

Trains a Day
via tHe

ana C. H. (Kb D. Rx«

Only Hottrs
£rom

CHICAGO
to

CINCINNATI
BY DAY, Parlor and Dining

A^Y NIGHT. Palac« Sl^epi<^^
ancl Com3iartsn«nt

CHAS. H. ROCKWELL,
Traffic Marrag-er,

200 Custom House Place,

FRANK J. REED

Gen, Pass. Agt.

CHICAGO.

\
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TRISCUIT, the
F

highest achievement

known to the science

of food production,

is made possible by

that other ' gre at

achievement, the ap-
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TRISCUIT is unexcelled as a
Pli*^ation of electricity; for Triscuit

food for children, because it con- ^^ ^'^^^^^ ^"^ h^ked by electricity,

tains all the elements of Whole
Wheat, which go to properly nour-

ish the whole body. Wheat con-

tains the properties to make bone,
teeth, muscle, in fact every part

of the body.

TRISCUIT
IS

NATURE'S FOOD
BY

NATURE^S PROCESS

WITH COCOA OR OTHER DRINK

AS 1 BREAD OR TOAST

TRISCUIT is a neat compact

form of filamented wheat, its shape

and size making it convenient to

be carried wherever you may go,

and to be used at any time.

Triscuit is an all day food for

everj'body, and contains the prop-

erties for sound teeth, perfect di-

gestion, and an entirely healthy

Composed of the whole wheat ^^^^. j,^ accord with Nature's
berry, God's perfect gift to man. , .^

Not touched by human hands

during the process of manufacture. Triscuit can be used as a Bread,

Cleaned, filamented, formed and Toast, Wafer or Cracker- Delicious

baked by electricity. with Cheese, Fruit, Preserves, 'etc.

Placing Triscuit in warming oven a

a few moments will renew crispness.,.

SEND FOR DESCRIPTIVE BOOK LET (FREE.)
r

Tlie Natural Food Company,

THE moat artistic and durable color effects on shingles

are produced with Shin^letint, which is a scieniific

combination of Hnseed oil, coloring matter, creosote,

and the necessary drying agents.^

Among the many shingle stains offered Shingletmt is

conspicuous not only for its superiority, but because it can

be called for by its distinctive name, thus offering the con-

sumer protection against Inferior goods offered for the

same purpose.
When buying Shingle Stains it will be worth your while

to ignore the "just as good " argument and insist upon

Shingletint.

STAINED WOODS AND DESCRIPTIVE LITERATURE SENT FREE
UPON REQUEST.

BERRY BROTHERS, Limited.
Varnish Manufacturers,

NEW YORK PHIlADELPflU CHICAGO ^^: .

';Sf|'2rjcr«
BOSTON BALTIMORE CINCINNATI SAN FRANCISCO

Factory and Main Office, DETROIT.
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Photographic Perfection
is attained by making- your neg-atives on

NSCO: THE NEW DAYLIGHT LOADING FILM
A*^ and your prints on

'HE PAPER THAT PRINTS AT NIGHT

^ ^ ^ ^^n ""i
^^^''^

I"
Keeping Qualil r an.l in

ANSCO a:^'rf ^K. Development.

Latitude of ExpSfeW^* «k. *> and Developer, 20 cents.
Trial Dozen 4x5 GTh^ 'be celebrated Goodwin I'atJnt
ANSCO films are tnarfe'AW^w "* and all Film Cameras.

and are adapted for Kodak's*;- fejilfiS^j-^. ^t on application.
CYKO Manual and ANSCaBiM^W»»^ ^,

THE ANTHONY (^ §€0>.\^^'
122-124 riftb Ave., New Tork, Aii&& ^l-^r^

*^^*°
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"Fox" Keyboard
Universal arrangement of letters, 39 keys writing 78

characters, with double comma and double period, shift

key on either side of the keyboard, locking on right side
and unlocking by pressinsir either shift button.

Notice how much more convenient this arrangenjent
is, than any other. Combined with the short key dip
and light touch of the "Fox/* it gives greater speed
and easier action than is even attempted on other writ-

ing machines.
It is only one of the features which place *'tHE

FOX" in a class by itself.

Our free trial plan en-
ables anyone, anywhere
to prove this assertion.

Catalogue mailed on re-

quest.

Fox Typewriter Co.

LTD.,

560=570 Front St.

ORAND RAPIDS. MICH.
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CALIFORNIA

The GRAND ARMY OF THE REPUBLIC and the TRi^WS MISSISSIPPI COM-

MERCIAL CONGRESS very low round trip rates to the PACIFIC COASX make it Cxieaper

to go to the coast than to stay at home.

Between August 1st and 14th round trip tickets will he sold as follows :
-

Chicago or St. Paul to San Francisco of Los Angeles, going or

returning (in one direction) via the

PACIFICNORTHERN
and Seattle, Tacoma and Portland

Chicago to North Pacific Coast points, via direct lines

and Northern Pacific -----
St. Paul to North Pacific Coast points and return -

$50.00
$45.00

Go and see PUGET SOUND and the COLUMBIA RIVER, revel in the cool Pacific

Ocean breezes and scenery, and VISIT YELLOWSTONE PARK, Northern

Pacific trains run direct to the Park en route to and from Seattle, Tacoma, and Portland.
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"THE NAME IS EVERYTHING.

'

Estcrbrook
pen

guarantee

Bank No.

pen

an absolute

excellence

and Corre

Over 150
other styles

every pur'

stationers

Accept no

A lead-

Bu siness
jspondence.

varieties

suit
pose. All

have them,

substitute.

The Esterbrook steel Pen Co.

Works, Camden, N. J. 26 John Street, N. Y.
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'Of all inventions,
the alphapet and
the printing press
alone excepted,
those inventions
which abridge
distance have
done most for the
civilization of our
species."——Macauley

\*

ROAD
NSAScm

PERFECTION IN TRANSPORTATION
IS FURNISHED BY THE

CHICAGO & AI.TON RAIT.TVAY

The heaviest steel rails, laid on a roadbed
01 crushed rock, make its tracks the
smoothest. Over this dustless highway are
run the most palatial trains in the world
the acme of luxury and comfort.

AMERICA'S KOST POPULAR RAILWAt-JOSTLY HRilEO
ih WAY

BETWEEN
Chicaco, St. LouU, Kansas City and Peoiia.

Geo. j. Charlton, Gen. Pas. Agt.. Chicago. III.

THIRTY YEARS AGO the advent of the

REMINGTON
created the typewriter industry.

EVER SINCE the Remington has been

recognized leader among
writing machines,

TODAY its supremacy Is unquestioned.

SOLID MERIT is the foundation of its

enduring rule.

REMINGTON T^'PEWRITER COMPANY
327 Broadway, New York

W ^oi— jm^ v\jc

THe Ball arin^

NSMORE

r¥—" >

Let us show you the improvements

by which the DENSMORE DOES
MORE than any other typewriter.

Catalogue for the asking.

DENSMORE TYPEWRITER CO.,

309 Broadway, New York
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Copy Your Letter While You Write
THE

CARBON LETTER TAB
Made Chea-ter, Cleaner, and More

Not

100 Letters and lOO Copies in Each Book. Bound in Board
Covers with Carbon, Ready for Use

(SJ^x ii), Ruled or Plain

C6x95i), Ruled or Plain -.--.-
Sent postpaid on receipt of price

. CHILD5
flanufacturinff Stationers

Send for our Catalogue of Office Supplies I40-I43 MONROE ST., Chicago

Compartment Sleepers

Standard Open Sleepers

Palace Parlor Oars

Table d'hote Diners

Luxurious Coaches

Are some of the many features

of a trip over the

FOUR ROUTE
CHICAGO TO

INDIANAPOLIS
NCI NATI
LOUISVILLE

AN SOUTH
Ask for Tickets via the '* Big Four."

J. C. TUCKER, G. N. A.,
238 Clark St., Chicago,

The No. 4

Modern" Middle-Joint

Fountain Pen
Made and Guaranteed by

Waterman
Sold everywhere at $3

AITHFULLY adapted to the needs of

critical users, and superseding the old

style construction heretofore used so largely

by professional and business men at $4,

It will soon be a far cry, back to the user of

the risky form of a fountain pen that brings

the fingers in contact with the ink jomt.
^— The $2 Middle -Joint (two sizes smaller) is

also a wonderful value, but the great Comfort

is in a big, strong pen; and it is mighty com-

forting, too, to own it a dollar less than tne

price of a "has-been-the-best" pen.

If the local dealer has not a good

assortment Modern" r

write

|ri4_.41

Dept. G.

WATERMAN & CO.

22 Thames St., NEW YORK

Dan
tfiatDaus'-'Tip-Top"

TO PROVE ssrd^^* ^^ * *X.^^ M^
est device for making

100 copies from Pei>-written and
50 copies fs^om Typewritten orirfin»*

are willing to send a complete ''Duplicator" without deposit

on 10 days* trial.

No mechanism to get out of order, no washing, no P':^^^'
^^

printer's ink. The product of 23 years' experience inUupnca

Price for complete apparatus, size No. i, $7-5o, subject to tnc

discount of 33^ per cent., or $^*00 »»*»*-

F£Lix C. Davs Duplicator Co., dbus Bia^., iii joK» St., NewYo'*
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Forty years ago the school-teacher had to get along
as best he could with foreign-made pencils; now
things are changed, and he has the privilege of using

Dixon American
Graphite Pencils

in all the schools under his charge.
These pencils are not the result of an inspiration,

but are the product of much care, thought, and
study in order to provide just the right kind of a
pencil for the many kinds of educational work.
They are used in all the leading scientific and

technical schools in the country, and are recom-
mended by the drawing professors. They have
strength and durability of lead, combined with
absolute smoothness and accuracy in grading. Send
for illustrated color catalogue. It will help you.

JOSEPH DIXON CRUCIBLE COMPAIfY
JERSEY CITY, N. J.

Preserve Your

Have them bound in Cloth

or Leather, It will improve

the appearance of your

Library at a small expendi-

ture. The University of

Chicago Press has a well-

equipped job bindery and

will be pleased to quote

prices 4- -^ + -^

The University of Chicago Press

Mf£. Dept, Bindery ChicagO

COOLNESS
WITH COMFORT

Absorbent

Protective

Special Weights for Summer

The Ideal Wear for Hot Weather

ALSO

«̂&

^ ^^
CO- ^ ^ - $

^ ^ O" ^' o? £* «7 .T ^

Illustrated Catalogue Free

Dr. Jaeger's S. W. S. Co.'s Own Stores

NEW YORK: 306 Fifth Ave., 157 Broadway
BROOKLYN: 504 Fulton Street .

BOSTON: 230-232 Boylston Street
PHILADELPHIA: 1510 Chestnut Street

CHICAGO; 83 SUte Street

AGENTS IN ALL PRINCIPAL CITIES

'*The Nation's pleasure ground and sanitarium.
>»

THE

ADIRONDACK

MOUNTAINS

The lakes and streams in the Adiron-

dack Mountains arc full of fish ; the

woods are inviting, the air is filled with

health, and the nights are cool and rest-

ful. If you visit this region once, you will

go there again. An answer to almost

any question in regard to the Adiron-

dacks will be found in No. 20 of the

"Four-Track Series," "The Adirondacks

and How to Reach Them;" issued by the

NEW YORK CENTRAL
A copy will be mailed free on receipt of a two-cent

stamp, by George H. Daniels, General Passenger Agent,

Grand Central Station, New York.



The aniver-sal Perfume
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Ihe Handkerchief

oilet and Bath.
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WHY not use a clean Fountain

Pen, one that will write and

write always, without skipping,

blotting, or scratching?

The above Fountain Pen is and

has been sold on its merits all over

the world for sixteen years, and is

unconditionally guaranteed.

CAe "HAMMOND" Typewriter
(NEMT manifoi^di:r)

"THe Greatest Typewriter of tKe Two HetnispHeres *f

Judge a machine by its work

Hammondworkis incomparable

The Hammond Typewriter was origi-

nally intended for high-class trade—
people who wished the best. The excel-

lent work, interchangeable type, visible

writing, and ease of operation, place
the Hammond in a class all by itself.

Durability proven
matter of fact

Branch offices in all principal cities. Representatives everywhere

THE HAMMOND TYPEWRITER
FACTORY AWD GEWBRAL OFFICES :

69th to 70th Sts., East River, New York, N. Y., U. S. A

;

j^^lix T^4^_ --^ -t-^i- - -_ - - ij - _



Established 1857 Incorporated 1889
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(Between Chicago and Milwaukee on
G.&N. W. Ry.)

KE^NOSHA, IVXSCONSIN

Health -Resort;
of the highest grade, conducted upon a most lib-
eral scale, and affording every facility for the
successful treatment of chronic diseases. Bean-
Uful grounds (100 acres) with half mile Lake
Michigan frontage. Cool summers; no malaria.

For illustrated prospectus address

N. A. PENNOYER, M.D.,
CHica^o Office* 70 State St.

Dr. Pennoyer's hours 2 to 4 Tuesdays.

Telephone Central 500

Put yot»r

Links

Afluent ink will not make a fluent writer,

but fluent writers demand fluent inksr

CARTLR*S
always flow5 easily whether
your thoughts do or not

OEiYV I niO Put an ordinary t
^^P%# j^%P collar button in

IN YOUR

in.to you

Cuffs
COAT

With tHe

gARL BUTTONER
tn^^^^u 1^^'^^ "^^'^^^ s^^es time and temper. Used and

\ocJ^ ^ thousands. Nickel, lo cents; Sterling Silver,

A! DH A
"^ ""^ receipt of price.

'^LPttA MFQ. CO., 151 Milk Street, BOSTON. MASS.

the rear or center
button holeof the
cuff, slide it into j*
the front circular *»*

opening, — push j*

it back to regu- j*
late the Cuff—an Jinch or two or '*'

simply a white edge can be shown.

THE CUFF WILL STAY
WHERE YOU PUT IT.

You take your coat off and hang it up, T
the Cuffs will require no attention until T
they need laundering One pairfor every T

coat you own and happiness will be yours for T
a dime. Price locts. a pairor 5octs.for6 pairs, T
by mail, postpaid. Address, T
WOODMAN COm Box 2872, Boston. Mass. «{•

*

Correspondence
Instruction

stu-

^bc xaniversity of Cbicago
offers advantages for non-resident

dents through its Correspondence-Study

Department which cannot be surpassed.

Degrees are not granted upon work done
wholly by correspondence, but when the

courses are completed at the University,
credit is given so that the time of required residence for the Bachelor and Doctor's degrees is

g^erially shortened. The work offered includes courses in Theology, Philosophy, History,
t'eoagogy, Sociology, the languages, Literature, and Mathematics,

Circulars giving detailed information may be had by addressing

THE CORRESPONDENCE-STUDY DEPARTMENT,
The University of Chicago, Chicago, 111.

r- * * #h
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Hot days and sultry night
Lack of enere*v m d that means
dency Worry kills—work d
Pabst Malt Extract, The "Best" Tonic, soothes tired

nerves, gives you
helps stop worry, and makes work

It builds UD and braces ud-

d strength and

It is more th

" I am using Pabst MaU Extract and find it

splendid for the nerves, and for want of appetite
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THE VEGETATIOxN OF THE BAY OF FUNDV SALT
AND DHvED MARSHES: AN ECOLOGICAL STUDY.

CONTRIBUTIONS TO THE ECOLOGICAL PLANT-GEOGRAPHY
OF THE PROVINCE OF NEW BRUNSWICK, NO. 3.'

r

\V. F. Ganong.

(with sixteen figures and maps)

At the head of the Bay of Fundy, in the Provinces of New
Brunswick and Nova Scotia, occur extensive and diversified salt

marshes. In places they merge into fresh-water bogs; elsewhere,

and for most of their area, they are reclaimed from the sea and

in a high state of cultivation, or are in process of reclamation;

and some parts remain still in their natural state.' Correspond-

ing with these marked differences of conditions are striking dif-

ferences in. the vegetation; and the constant operations of diking,

flooding, etc., allow all gradations of conditions, and hence of

vegetation, to be seen. There is here offered, therefore, an

unusually favorable opportunity to investigate some phases of

the dynamical relations of plants to their environment, particu-

larly the effects of soil and water upon their forms and sizes,

upon the determination of the kinds that occur in such places,

and upon the succession of one kind by another. In the pres-

ent paper are contained the results of the observations I have

'No. I. Upon raised peat -bogs in the Province of New Brunswick. Trans.

Roy. Soc. Canada IT. 3'*:i3i-i63. 1897.

No. 2. A preliminary synopsis of the grouping of the vegetation (phyto-

geography) of the Province of New Brunswick. Bull. Nat, Hist. Soc: New Bruns.

5:47-60. 1903.

The present paper was presented in abstract before the Society for Plant Mor-

phology and Physiology at the Yale meeting, December 28, 1899.
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been able to make upon these subjects during some eight weeks

of field work in the summers of 1898, 1899, and 1901, together

with such a summary of the origin and development of the

marshes as seems necessary to an understanding of the present

subject.

Literature and other sources of information.

From the present, or indeed, from any, point of view, there

is practically no scientific literature upon the vegetation of these

marshes. A very brief list, of but six species, of the plants

characteristic of the wild salt marsh was given by Goodwin in

1893, and references to a species or two occur in some of the

papers later to be cited; but further there is nothing. Upon the

geological origin, structure and economics of the marshes, how-
\

ever, there are valuable publications to be mentioned later. .As I

to the literature of salt marshes in other parts of America, this
j

also is scanty, Shaler, in two or three of his works, has given

brief descriptions of the mode of formation and economics of

those of the Atlantic coast of the United States, and, recently, ;

valuable contributions have appeared by Kearney, by Harsh- ^

berger, and by Lloyd and Tracy. There are references to salt I

marshes in Warming's and in Schimper's well-known general
;

works, and there are papers on the salt marshes of Europe by

Warming, by Flahault and Combres, and by others, and there is

a synopsis of those of Germany in Drude's work.

Any account of the changes in vegetation brought about In

the process of reclamation of the sea-bottoms in the Netherlands

would be of interest in this connection, but such I have not

found, nor have T been able to see a paper by Theen on the

diked marshes of Schleswig-Holstein, mentioned by Drude

(p. 390). Upon bogs, into which the marshes often merge,

there is of course an ample literature, partly summarized in the

first paper of this series. All of the works above-mentioned

will be referred to their proper places later, and are cited in full

in the bibliography at the end of this paper,'

*In the marsh country there are residents who are experts in all matters pertain-

ing to the economics of the marshes, and from several of them I have obtained most

valuable information, which I wish here gratefully to acknowledge. I am particu-

larly indebted in this way to Mr. W. C. Milner, of Sackville, President of the Misse-

1,
J

LL',,
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The distribution and extent of the marshes.

The marshes now under discussion possess, as will later be shown,

peculiarities which clearly differentiate them from the ordinary

salt marshes so common everywhere about the mouths of tidal

rivers in this country and in Europe, and hence are of a type

rare if not unique. The ordinary marshes are also abundant in

this region (though of small extent), particularly along the

Gulf of St, Lawrence shore. Others, more like those we are

-considering, occur in the Bay of Fundy at Annapolis Basin, at

Musquash, at Pisarinco, at St. John, at St. Martins, at Martins

Head and elsewhere, sometimes diked and sometimes not. But
in their complete and perfect form, the Fundy salt marshes are

confined to the two heads of the Bay, i, e,, to Minas Basin and

Chignecto Bay; and they are largest and finest in the latter.

Their extent and distribution are very clearly shown upon the

surface geology maps of this region, and, for Chignecto Bay, in

the accompanying map {^fig. /)- In Chignecto Bay they begin

at Rougie (or Petit Rocher), just west of Cape Enrage, and

thence extend irrregularly to the Shepody River ; they occur in

places along the Petitcodiac and Memramcook Rivers, and reach

their perfection of size, economic value and scientific interest at

the head of Cumberland Basin, whence they radiate up the val-

leys of the several small riversofthat district, the Tantramar,Aulac,

Misseguash, LaPlanche, and (to a lesser extent) the Nappan,

Maccan and Hebert. Largest of all is the combined Tantra-

tnar-Aulac marsh, shown in detail upon the accompanying map

{fig. ^), and it is this, with the Misseguash marsh and the She-

pody marsh, that I have studied.

The total area of the marshes with the related bogs is only

approximately known. In 1895, Mr. Chalmers, of the Geologi-

cal Survey, after a careful computation, estimated 34»300 acres

of diked and undiked marsh in New Brunswick, of which Q,ioo

acres were in Albert county west of the Petitcodiac, and 25,200 in

Westmorland north of the Misseguash. Mr. Monro, a profes-

guash Marsh Co.; to Mr. Howard Trueman, of Point de Bute; and to Mr. William

Fawcett, of Upper Sackville. Mr. F. A. Dixon, of Sackville, has aided greatly by

"Collecting for me seeds of many of the marsh plants.
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sional surveyor who was engaged upon all of the principal sur-

veys of these marshes, estimated in 1883 that the diked marsh

(the undiked is comparatively insignificant in quantity) on the

Nova Scotia side of the boundary contained 12,600 acres, while

New Brunswick had on the Tantramar. Aulac and Misseguash,

Fig. I.— Sketch map of the marsh country, showing (dotted) the distribution of

the principal marshes. The area enclosed by the quadrangle is shown enlarged

19,400 acres. Of still unreclaimed bog lands (everywhere

underlaid by marsh), there were on the LaPlanche 1,000 acres,

on the Misseguash 3,700 acres, and on the Aulac and Tantramar

4,000 acres. Thus there are about 40,700 acres of marsh and

bog about Cumberland Basin, of which 25,000 acres belong to

New Brunswick, and i 5,700 acres to Nova Scotia. Their approx-

imate extent in this vicinity, and the relative amounts of wild
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and reclaimed marsh and boo-, tocrether with the outlines ofO' ^"'Cj

these marshes, may be gathered from the accompanying map
{Jig, 2) drawn to the scale of two miles to an inch. The marshes

on Minas Basin are much less in area than those on Cumberland
Basin, but in the aggregate there are at the head of the Bay of

Fundy not far from 70,000 (or as Hamilton estimates, 80,000)

acres of marshes and bogs, of which by far the greater part is

diked and under cultivation. The extent of the diked marshes

t may be yet better understood when it is stated that, according

to Shaler, the entire area of all of the diked salt marshes of the

eastern United States does not exceed 5,000 acres.

The characteristics of the marsh country.

The country around Cumberland Basin is of ancient

(Palaeozoic) formations, rounded into low smooth hills and

ridges separated by radiating ri\^r valleys. Among the ridges

lie the marshes, seemingly level as the sea; and, like it, they fill

bays, surround islands and are pierced by points. Seen from

the neighboring ridges, the marshes have an aspect characteristic

and beautiful. They are treeless, but are clothed nearly every-

where with dense rich grasses in many shades of green and

brown, varying with the season, with the light, and even with

the winds. For the most part the merging of the colors is

irregular; but in places, owing to the different treatment given

by different owners to their land, or to the presence of fields of

grain or pasture-lots, there is something of the checkered

appearance usual in highly cultivated land. The frequent ditches

marked by denser growths, the rare fences and the occasional

roads or railways are other signs of the operations of man.

Towards the sea are narrow fringes of unreclaimed marsh,

poorer in vegetation and generally duller in color, while farther

back the green of the marshes gives place to the brown and

gray of the bogs, which are further distinguished by irregular

shrubbery and trees, and many little lakes. Nobody lives upon

the marshes, but scattered upon them are many great barns, all

of one and the simplest pattern, unpainted and gray from the

weather, standing at any and every angle. These barns are

one of the distinguishing features of the marshes, and give to
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them a suggestion of plenty which is a true index of the eco-

nomic condition of this region, for here are the most prosperous

and progressive farmers, and the most thriving country towns m
eastern Canada. Especially characteristic of the marshes are

the tidal rivers which have helped to build them. As is well

known, the sea here shows a great range of tides, even to over

forty feet.3 The tidal rivers, winding in the most sinuous

courses through the marshes, at times run full to their bordering

dikes, loaded with brownish-red mud; but the fall of the great

tides sends their thick currents tumultuously out, to leave but tiny

rills between deep gaping gashes of slippery mud gleaming in

the sunlight. Thus too are extensive flats laid bare about

Cumberland Basin. The suspended mud gives both to the rivers

and to the sea a dull-red color which is a striking and a charac-

teristic feature of the scenery of the marsh country. Not all

of the rivers, however, are red, for from some of them the sea has

been shut out by ingenious dams, and In each of these the banks

are clad with dense green grass to near the bottom of the bed,

along which winds a small fresh-water stream.

When one goes upon the marshes from the upland, he is

likely to think them misnamed ; for instead of the soft bottom

and the rank growth associated with the word marsh, he finds

everywhere a soil as firm as the upland itself, and, on the

reclaimed parts, a growth of the finest grasses, luxuriant but

not coarse. Indeed, a near view of the reclaimed marsh shows

scarcely anything different from the best of fine-soiled upland

grass land.

The marsh country is beautiful to look upon, and in addition

there hovers over it the charm of a long and varied history.

It was a part of the ancient Acadia and inherits the memories of

3The height of the tides in this region is popularly exaggerated. Careful

measurements have given for Cumberland Basin a range of 38 feet for neap and of

45.5 feet for spring tides. Exceptional tides have had greater range, and the great-

est on record (the Saxby tide of 1S69) had a range of about 70 feet. The tides at the

head of Minas Basin are ordinarily somewhat higher than in Cumberland Basin.

Fuller particulars may he found in the Admiralty charts, in a " Report .... on the

construction of a canal between the Gulf of St. Lawrence and the Bay of Fundy/'

Ottawa, 1S74, and in a Report on a "Survey of tides and currents in Canadian

waters," by W. Bell Dawson, Ottawa, 1899.

\

\
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that picturesque but ill-fated country. The student in his
w

wanderings meets with many a reminder of the ancient regime.

The geological origin of the marshes.

An understanding of the origin and formation of the marshes
IS so important to the interpretation of some of the pecuh'aritics

of their vegetation, that a somew^hat full account of it is needful

here.

The subject was first touched upon by Lyell (in his Travels

111 North America, 1845), t)ut received its first systematic discus-

sion from Dawson (in his Acadia?t Geology, 1855, repeated in

later editions). Subsequent accounts, with some additional

facts, arc given by Monro (1883), t)y Chalmcrs(l895), by

Trueman (1899), and in more popular fashion by Dixon (1S99);

while an extremely good synopsis of the whole subject has been

contributed by Eaton (1893). From the point of view of the

tidal action in their formation there are papers by Hamilton

(1867), by Matthew (1880), and by Murphy (1886), and of

course scattered references by others.

The central fact in the formation of the marshes is this: they

have been, and still are being, built in a subsiding basin out of

inorganic red mud brought in from the sea by the rush of the

tides, whose height is the determining factor in their height.

Practically no part of their mass has been built from detritus

brought down by rivers, wdiich in this region are altogether

insignificant in volume ; nor has vegetation, either marine or

land, helped to any appreciable extent to build them. I believe

no observer of the mode of their formation could doubt that

they would be as high and wide as they are today had never a

plant grow^n about or upon them. It is these two facts, their

formation out of a purely inorganic mud brought in by the sea,

and the lack of cooperation of plants in their building, which

differentiate them from the salt marshes so common elsewhere

about the mouths of tidal rivers.

Whence, then, comes this great store of rich mud? On this

all students agree; it is from the red Permo-Carboniferous sand-

stones forming the sides and bottoms of the channels between

the marshes and the Ba^^ of Fundy. These soft rocks are
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rapidly eroded by the strong tidal currents, which, in their

onward rush to the northeast, carry the detritus whirling in

suspension, to drop it as their force is checked by their quiet

spread over the marshes at the highest tides. Thus, the sea

bottom supplies the materials, the rush of the tidal currents the

power to remove, carry and lift them, and the quiet of the

waters at the turn of the tide the condition allowing them to be

dropped. In this way the sea is building up the land, perhaps

on a greater scale here than elsewhere on the globe.

^

The quantity of mud needed to form the marshes has been

immensely great. Not only do they cover many square miles,

but borings show that they can be as deep as eighty feet at least ;

^

and moreover, the marsh mud extends also everywhere under the

bogs and shallow lakes clear to their utmost bounds. To supply

this quantity, the channel to the bay (Chignecto Channel) must

have been enormously widened and deepened, and hence it must

have been very small when the process began. The sea has

quarried out the channels, and the marshes are the debris. This

process has been aided, or, perhaps more properly, has been

allowed, by the recent subsidence of this region, of which the

indisputable evidence is found in the buried forests well known

to exist at several points under the marsh much below high-tide

level,^ Dawson first described the stumps of a beech and pine

forest, the wood still sound, rooted on Fort Lawrence Ridge,

thirty to thirty-five feet below high-tide level. Chalmers and

others have described other cases, particularly stumps laid bare,

over thirty feet under the surface, in the ship-railway dock,^ and I

•The power of these tidal currents in eroding the underlying rocks has been weU

set forth by Matthew, in his "Tidal erosion in the Bay of Fundy/'

s Chalmers, Geological Report 1885, M, 129 : according to the same investigator

however (^^ cit. 41) this depth appears to be so great in consequence of a fault at this

place. He apparently means that the downthrow took place while the mud was

accumulating. The depth of 150 feet assigned to the mud at this place by Trueman,

is based, as he informs me, upon the recollection of a resident as to the depth of the

boring described by Mr. Chalmers. The official figures of the latter, however, make

the depth somewhat under 80 feet.

^The ship-railway, a great work designed to transport vessels across the Isthmus

of Chignecto by rail in lieu of a canal. Though over three-fourths finished, work

upon it has been suspended and is unlikely to be resumed.

*
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have myself seen such stumps in position. The soundness of the

wood shows how recent the subsidence must have been. Another
fact important in this connection is the presence of a bed of

peat twenty feet thick under eighty feet of marsh mud, as shown

by a boring at Aulac described by Mr. Chahners. The same

observer has also found that in other places the marsh mud is

underlaid by post-glacial clay containing shells of species still

living in this region, though in clearer and quieter waters than

now prevail in Cumberland Basin, and that this clay merges with-
F

out break into the marsh mud. Grouping together these facts,

the history of the marshes would appear to have been as follows.

At a Comparatively late post-glacial period, the land must have

stood much above its present level.^ At that time the present

Cumberland Basin was a shallow lake around which peat bogs were

growing ; it received the waters of the seven small rivers still

flowing into it, and emptied by a single narrow fresh-water chan-

nel along the course of the present Cumberland and Chignecto

Channels.^ The subsidence of the land (the same which has

drowned the lower valleys of the St. John, St. Croix and other

rivers of this region), allowed the tide to creep farther and

farther up this channel until it reached the lake above, which it

converted into a brackish, and later a salt, lagoon. At first the

water would not be very muddy nor the tidal fluctuations great

in the lagoon; but as the land continued to sink, the currents

would become more powerful, erosion more active, and the water

so muddy that marsh formation would begin around the margin

of the basin and at the head of tide on the rivers. Thus, grad-

ually, the conditions of the present day were brought about.^

7 Not necessarily over So feet, the greatest known depth of the marsh mud, and

even much less if Chalmers (Report, 41) is correct in ascribing a part of this depth to

post-glacial faulting.

^The depth of the channel to the sea is consistent with this view. The best

Admiralty chart (No. 354, "River Petitcodiac and Cumberland Basin") gives the

least depth over a rock bottom as sH fathoms at extreme low tide, or about 80 feet

below high tide. A deeper channel may however exist in the mud or sand on either

side of the rock bottom.

' An important question arises as to wiiether this subsidence is still in progress.

The evidence is conflicting, and the various students of the subject are not agreed, I

believe it is still in progress for these reasons : first, it is still going on in other parts of
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1

The mode of formation of the marshes.

So much for the origin of the marshes as a whole ; we con-

sider next the actual process of marsh-building by the sea. It

may best be observed along the tidal rivers, which play an indis-

pensable part in the building of the greater marshes. At ordi-

nary tides the rivers do not overflow^ their banks nor reach the

dikes at all. But at the spring tides every month they rise

higher, the waters rush more swiftly, and, gathering up yet more

mud from banks and bed,^"" overflow the banks, and, unless

stopped b}' the dikes, spread abroad over the marshes. When
the water thus leaves the channels, however, its speed is at once

checked, and soon it comes to entire rest: it can no longer carry

its burden of mud, and drops most of it. The water leaves the
|

rivers so muddy one can see scarcely an inch or two into it ; it

returns, a few minues later, fairl}^ clear. The thickness of mud
deposited at a single tide varies from a small fraction of an inch

on the higher places, to several inches on the bottoms of lakes

which have been opened by canals to the tide.

The powerful tidal currents in the crooked rivers cause con-

stant and rapid changes in the soft muddy banks, and all the

phenomena of the wandering of rivers in a flood plain may here

be seen upon an unusual scale. In fact the marshes are really

the flood plains of the tidal rivers, though built by materials

Acadia (as shown in Bulletin of the Natural History Societ}^ of New Brunswick

4=339); and second, everywhere outside of the longest-built dikes the marsh is

built up higher, even to two feet or more, than it is inside the dikes. Since the marsh

was built as high as the tides could reach before it was diked, the land must have sunk

to allow it to build so much higher now, even allowing for some sinking of the marsh

through the removal of its mineral matters with the crops. Further, the ease with

which the tide floods old marsh when admitted, building it up a foot or more, seems

explicable only in this way. A case is known on the Tantramar marsh where a large

ditch diked upon both sides was neglected, when it filled itself up with mud to a

height of two feet above the surrounding marsh.

^*^The percentage of mud in the water is not so great, however, as it appears and

as popularly supposed. To the eye it seems often to be little more than *' liquid

mud." By use of a graduated measuring glass on the end of a long cord I have taken

samples from the bridges at various places, which, after settling, allowed the percent-

age of mud to be determined exactly. I have found the greatest amount in the rivers

emptying out at low water, when it rose to an extreme of 4^, and it ranged at other

times and places from that downward. At flood tide I have nowhere found it reach-

r^ing 2%
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carried up their course instead of down. This wandering of the

rivers explains many marsh phenomena otherwise very puzzling,

such as the occasional miniature cliffs in the high marsh, and the

layers of peat or blue mud (both formed only in presence of

fresh water away from influence of the tide), exposed by canals,

or even by the river itself, which thus reaches places formerly

far removed from it."

When the waters spread over the marsh, they of course drop

most of their mud, and particularly its coarser parts, on and

near the banks, thus building- the marsh higher there than else-

where. Hence the drainage of the fresh water, falling on the

marshes as rain or draining upon them from the upland, is

obstructed, and it tends to accumulate in the lowest places, viz.,

those farthest from the rivers, and hence near the upland or in

basins between rivers. This fresh water allows the develop-

ment of a fresh-water vegetation which initiates the formation of

true bog, a point of immense importance in the ecology and

economics of the marsh-vegetation. Again, at the head of tide

in the rivers, the incoming salt water meets the outgoing fresh

water and drops its sediment. Thus the rivers are tending

always to dam themselves up at the contact of salt and fresh

water, and they would doubtless do so completely were it not for

the scouring out of the channel by the fresh water when the tide

is out. The heads of the rivers, too, show another important

phenomenon, viz., the level of hig^h tide is higher there than at

their mouths owing to the tendency of tidal rivers to pile up

their waters on account of the inertia of their rush.^^ It hence

comes about that the marsh is actually higher at the head of a

river than at its mouth and the highest part of a marsh is at the

"It explains also the presence of concentric lines of old PVench dikes at Pros-

pect Farm on the Aulac, and probably elsewhere, and the fact that the Misseguash is

not now in the same position at Pont a Buot which it has on the very detailed maps

of Franquet in 1754. It leads also to the occasional abandonment of pieces of marsh

too small to be kept diked profitably.

"Mentioned in all works on tidal rivers. I have been told, as a good example of

it, that the railroad levels show the high-tide level of the Petitcodiac to be higher

at Salisbury than at Moncton ; and Dixon and Trueman mention that at the big

oxbows on the Tantramar, at very high and rising tides the water pours back over the

neck into the river again.
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head of the tidal parts of its rivers. This is finely shown by the

levels taken on the Misseguash by the engineers of the Marsh

Company, of which a condensed compilation is given herewith

(j^A- j)' Where the heads of the rivers wander, as they are

particularly liable to do on account of the struggle between the

fresh water and the dam at head of tide, a large part of the

marsh may be thus elevated at tide-head, and in consequence the

drainage above it is greatly obstructed. This results in a great

accumulation of fresh water, with a consequent formation of

immense bogs; and thus have originated the great bogs at the

heads of the Tantramar, Aulac, Misseguash, and LaPlanche.

A ^ ^-^ 1, M . .
-.- I "..' • ''..-
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Fig. 3.— True levels on marshes and bogs determined by spirit-level; condensed

from the plans of the Misseguash Marsh Co. Marsh is dotted and bog is shaded.

The horizontal line is average high water in Cumberland Basin. Breaks in the marsh

are where the levels ran along the river. Vertical scale 40 feet = I inch; horizontal

% inch =one mile. A, from the Misseguash River near the railroad to Round Lake

{fig. 2), Bf from the La Blanche River near the railroad to Long Lake ; C, from

Cumberland Basin to Long Lake.

Bogs therefore exist along the margin of upland, between rivers

in the same basin, '3 and at the heads of rivers. Their extent,

and their position relative to the cultivated and salt marsh may

be learned from the accompanying map {Ji^'. 2). In a general

way the head of tide on the rivers, that is, the highest part of

the marsh, marks the transition from marsh to bog; above this

point, the rivers are fresh-water streams meandering through

bog and expanding here and there into lakes.

The merging of the marsh into bogs is of course very gradual,

and it is a well-known fact that the marsh mud extends every-

'3 0E which a perfect example occurs in the '* Sunken Island " between the Tan-

tramar and the Aulac {fig. 2),
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where beneath the bog, even beneath the great bogs at the head
of the tidal rivers. Soundings through the bog are easily made,
and they show that the depth of the surface of the marsh mud
from the top of the bog increases from nothing at the head of

tide down to 6 or 7 feet away from the high part. Not enough
soundings are available, however, to prove whether or not the

slope is gradual from the high marsh to the extreme heads of

the bogs, but so far as they go the soundings show this to be in

general the case. This is confirmed by the water levels in the

canal of the Misseguash Marsh Company. Where the canal

True Leuel
iSoJid and
raised A

Line oj hlqf^est bi

Cumberlan
Basin

Fig. 4, — Ideal longitudinal section the marshes from sea to upland, to illustrate

their origin.

passes through the highest part of the marsh near Black Island,

the surface of the mud in July was nearly three feet abov^e the

water level ; two miles up the bog, however, with a very slight

current in the canal, the surface of the mud had dipped under the

water, and the slope between the two points was perfectly

gradual. It is fair to conclude therefore that the surface of the

mud slopes away continuously from tide-head to the extreme

distal margin of the bog. The question now arises, why this

slope, which carries the bottom of the bog much below high-

w^ater level? No doubt the answer is to be found in the sub-

sidence of the land already spoken of. Each part of the under-

bog mud must at one time have been the tide-head and the

highest part of the marsh ; the newer tide-heads would be nearest

the present one, and they would be progressively older, and

hence have been carried deeper by the subsidence, the farther

they are from the present one. This condition is diagrammati-

cally represented in fig. 4.
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The origin of the great bogs is thus made plain, but why are

they mostly of the floating type ? They are in fact almost

entirely of this kind, though in places they are solid, and even

approximate to the raised or Hochmoor iy^t. They quake when

one walks upon them, and a stick thrust through them penc-

trates from one to four feet of moss, then goes through a foot

or two of water and soft organic mud before reaching the solid

marsh mud. The foot or two of water seems to be fairly con-

stant everywhere except in the shallowest parts, while the thick-
r

ness of the mat of floating moss increases from the shallower

towards the deeper parts, as illustrated diagrammatically in

fig, 4, The levels {fig^ j) also show that the surface rises as

the bog grows thicker, as is to be expected. It is a general rule

in bog-formation over large basins that the floating bog is the

first stage, and this is followed, as a result of growth and com-

pacting, by solid bog, which in turn is succeeded by the raised

or Hochmoor type. It may be a fact, therefore, that the float-

ing character of these bogs is due to their youth— they have

not yet had time to form the solid and raised types except on

their oldest parts, around the margins and at the heads of the bog

rivers, where such types do in fact occur. On this explanation

one at first thought attributes the numerous lakes to places which

the bog has not yet overgrown. But this explanation is in

several respects not satisfactory. The facts seem to show that

the growth of bog has been continuous from the upland outward

to the marsh. Moreover, the lakes are always deeper than the

surrounding bog. It seems, therefore, that there must be some
F

positive factor tending to keep them open.'^

** Possibly it may be connected with the presence in those places of a sufficient

-supply of salt to prevent the formation of the strongly salt-shy (halophobous) bog vege-

tation. As the efflorescence of salt on the mud thrown up from deep in the bog by the

dredgeof the Misseguash Company shows, some salt still exists in the mud beneath the

bog water. This must be slowly dissolved out by the bog water, and the solution

would settle towards the deepest places, which are the lakes, and might accumulate

there to an extent sufficient, when stirred up by the waves, to keep them open of vege-

tation. The meaning of the deeper places over which the lakes lie is not so plain, but

probably they represent in part portions of old river channels. This possible presence

of some salt in the bottom water of the bog cannot, of course, explain the floating

character of the bog, since the lower layers of vegetation are dead and unaffected by it.

A physiographic fact of some interest about the lakes may here be mentioned.

I

"1
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1

Economics of the marshes.

I. Crops and prices.—When reclaimed from the sea the marshes

are wonderfully fertile, and in this respect they are unsurpassed,

if they are equaled, by any land in eastern Canada. They are

not, however, equally good for all crops, but are best for grasses

and grains, to which consequently they are almost entirely given

up; root crops will grow upon them, but not to advantage. They
form also extremely rich pasturage, and to some extent are used

for this purpose. The grasses which grow upon the best parts

are the usual upland English hay grasses, which become very

tall, very dense, and of very superior quality, luxuriant but not

rank, producing easily three tons and upwards of the best hay

to the acre. In less well drained places, coarser grasses grow,

but these too are of good value. No attempt is made to take

two crops a year, though some farmers allow their cattle to

fatten on the rich aftermath. No fertilizers of any sort are

placed upon the marshes, and the only cultivation consists in an

occasional plowing, on an average once in ten to fifteen years,

when a single crop of oats is sown, after which the land is brought

at once into grass again.

The fertility of the marshes depends upon two, perhaps upon

three, features. First there is the presence of the substances and

conditions necessary for the perfect nourishment of the crop, as

shown by its luxuriance. Second, the fertility is extremely

lasting. The best marsh may be cropped w^ith unlimited yield

for decades together without any return to the soil. There are

places on the Aulac, which are known absolutely not to have

been renovated in any way since 1827, and are believed not to

have been treated in any way for fifty and perhaps a hundred

and fifty years before that, which are bearing today crops as

bountiful as ever. There is on this river, at Prospect farm, a

small triangle, known not to have been even plowed for over

forty years, which has never ceased to bear a luxuriant crop of

the best English hay grasses. These are of course among the

Some of them are in contact, particularly on their northeastern margins with the uplands

and have there gravelly beaches. This is no doubt correlated wnth the prevalence of

strong southwest winds in the region, which cause a surf on the northeast shores

unfavorable to the development of bog vegetation.
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best places ; but there are parts, particularly on the marsh longest

reclaimed, which show more or less exhaustion. '^ Such marsh

may have its fertility largely restored by fresh mud brought in

by the sea when allowed behind the dikes. Third, the water con-

ditions of the marsh soil are such that the vegetation is some-

what less affected by dry seasons than is that of the uplands,

and a bad hay year for the uplands is not so bad for the marshes.

The causes of all these peculiarities in the marsh fertility will be

discussed later.

The result of this combination of good qualities is, naturally,

to give the marshes a high value. Marsh situated near the towns,

and well-placed for drainage, is w^orth upwards of $180.00 to

$200.00 per acre; there are large areas valued at $100.00 an

acre, while prices range, of course, from these downwards.

Mode of '£>
The original marsh as

built by the sea bears a sparse vegetation of typical salt marsh

plants, of which only a few of the grasses, and these to a limited

extent, are useful. To reclaim this marsh three things are

( out most of the

salt, (3) to provide for the removal of the fresh water falling as

rain or draining from the upland. The sea is shut out by dikes

of the usual sort. These are triangular in section, built of the

marsh mud itself, often with a core of stakes and brush. Against

the open sea they may be six feet high, and they are protected

from the wash of the waves by lines of stakes or piling and

loose stones ; but along the rivers they are much lower, for up

the rivers the marsh itself is progressively higher. The removal

of the salt takes place naturally by action of the falling rain,

which washes it through the drains into the sea. It requires

three to four years in newly reclaimed marsh to do this suf-

ficiently to allow the more useful grasses to grow, and during

this time there is an entirely natural succession of plants accom-

panying the freshening, whose kinds and sequences will presently

be discussed. To allow the rain-water to drain off is all-impor-

tant, not only for removal of the salt and for proper aeration of

^5 This is not to be confused with degeneration through bog-formation on account

of defective drainage, a common but morphologically very different phenomenon.

m
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the soil, but also to prevent the ever-present tendency to for-

mation of bog plants. This drainage is accomplished by a sys-

tem of open ditches, which, small and only a foot or two deep
away from the rivers, are much larger and deeper near them,

partly to give a fall and partly because of the greater height of

the marsh there. At the outlets of these ditches on the rivers

the fresh water is allowed to drain out by an arrangement that

does not allow the tide to enter, namely, by placing under the

dike a wooden '^sluice" in which hangs a "clapper," hinged at

the top and inclining outwards toward the river at the bottom

(7%'- S)' When the tide is out, the pressure of the fresh water

Surface of Mn-r^

Sluice Ticttom of
yi^tcK

Fio. 5. —-Diagrammatic cross-section through the marsh from tidal river to

upland, showing a sluice.

opens this; when the tide rises its weight tightly closes it. Of

course the fresh water then accumulates in the ditches, but never

for long, for the sluice is not far below high-water mark. These

sluices and clappers last indefinitely, apparently preserved by some

antiseptic action of the salt water. A sluice of this kind is used

not only in the ditches but frequently in a dike thrown across

an entire river, as in the case of the Aulac. The entire structure,

dike and sluice, is then called an **aboideau," and such a river

is said to be '' aboideaued."''^

A word introduced by the Acadians from Saintonge, France, where it Is stiil

used in the form aboteaii. Its origin is fully discussed in the New Brunswick Maga-

zine I ; 225, 226, 284, 340, and 3:218. Naturally some other peculiar uses of words

have grown up in the marsh country. Thus, the word tide is used for the salt water

itself, and one often hears " let the tide on the marsh." Also the word is used con-

stantly as a verb, as ** They intend to tide the marsh," u •?., to let the salt water on it,

and " It was tided last year." The word ditch is used also as a verb. A large section

of marsh surrounded by a single dike is called "a body." In Nova Scotia, the word

dike Is applied to the marsh itself (no doubt abbreviated from "diked land"), while

the dike is called the "running dike," but the usage in New Brunswick is as in this

paper. The word marsh itself is rather a misnomer and is said locally to do the

countr}' some damage by giving an unfavorable impression of its character.

16
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The process of flooding a piece of land that has degenerated

through cropping, or through bog growth as a consequence of

neglect of drainage, is simple. The dikes are broken down at

convenient places, and the tide is allowed to flow at will over

the old marsh. Bog vegetation is killed immediately by the

salt water, and it, as well as the entire marsh surface, is soon

covered with several inches to a foot, or even more, of new mud.

This requires from oxxc to three years according to the situation

of the marsh.^7 The dikes are then rebuilt, ditches are opened,

the vegetation goes through its usual cycle, and in from two to

four years it is again bearing rich English hay. This flooding,

however, is by no means as extensively used as it should be, for

many owners are unwilling, or cannot afford, to lose all return

from their land for several years. Sometimes an attempt is

made to flood and obtain crops simultaneously, by admitting

only a little tide at a time, or by admitting it only in late autumn

after the ground is frozen, when the grasses are little injured

by it. Rut such compromises are considered not to pay in

the end.

The struggle with the fresh water is incessant, and is the

greatest care and expense of the marsh farmer. Poor drainage

soon leads to the replacement of the valuable English hay by

the less valuable sorts, which in turn yield to yet coarser kinds,

the series ending in the appearance of useless sphagnum mosses

and bog plants. Abundant and intelligent ditching is the only

remedy. Farmers differ so much, however, in willingness or

ability to face this problem, that areas alongside of one another

under similar natural conditions with but a ditch between differ

greatly, one bearing the richest English hay, and the other only

the coarser kinds. *^

'7 It seems remarkable that no attempt has been made to hasten this process by

utilization of the powerful currents of the rivers to turn wheels which could pump the

water and mud upon the land. Such wheels are used in other countries for irrigation

purposes.

*^ There is, however, another difficulty, much more serious, which greatly hampers

"both the struggle with the bog and the renovation of old and exhausted marsh. The

dikes are built and maintained at the common expense of a large number of owners of

marsh land, and enclose a huge **body" of marsh. Owing to differences of location

and of treatment, some parts of such a body come to need tiding while others do not, and

^u r k
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So much for the reclamation and renovation of the marshes.

In addition there has grown up within a century a most impor-

tant practice of reclaiming and converting into marsh both the

lakes in the bogs and the bogs themselves. Its principle is

simple, though the practice is by no means so. Canals are dug
from the tidal rivers into the lakes, wherebv the latter are

drained and the tide is allowed to enter with the rich mud. In

this w^ay a lake may be entirely filled with mud and become the

richest of marsh, and this has been done in the several lakes

shown by the red lines on the detailed map [^fig- 2). After the

lakes have been thus reclaimed, the surrounding bog is attacked.

The salt water turned upqn the bog kills at once all vegetation,

which compacts, sinks, becomes covered with marsh mud and

gradually comes into rich marsh. Immense areas have thus

been reclaimed on the Tantramar system, as shown upon the map
above cited, and the process is steadily going on, while a sys-

tematic attempt is being made by the Misseguash Marsh Com-
pany to reclaim on a large scale the lakes and bogs on the

Misseguash. In such operations the most constant care is need-

ful to prevent the canals from damming and filling themselves

up, and this is mainly accomplished by utilizing the outward

rush of the fresh water to scour out the channels. The great

aim, therefore, is to secure the greatest possible "rush of tide

up, and of freshet down." There are marsh farmers who have

become very expert in lake and bog reclamation, to their own
profit and the good of the community. I believe this process

of reclaiming bog, here practiced, is entirely unique.'^

An important feature of the economics of the marshes is the

aboideaued rivers, already explained, of which the Aulac is by

, there are all gradations between. Disputes then arise among the owners of the body

as to the course to be pursued, which often go so far that nothing at all is done, and

great stretches of marsh suffer so severely as to become of little value. This is most

markedly the case on parts of the Shepody marshes, large areas of which, capable of

the highest development, are lying nearly ruined through the inability of the owners

to co-operate for the common good. It would seem proper for the local legislature to

interfere in such cases, where not only the interests of some owners are concerned, but

also the prosperity of the neighboring region.

*®The process is more fully described in the papers by Crawley, by Goodwin, and

^y Trueman, cited in the bibliography.
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far the best example. An aboideau, shutting out the tide while

allowing drainage of fresh water, recovers at one operation,

without the expense of river-dikes, all the marsh along the river

above it, and also the banks of the river and much of its bed,

both of which, but especially the banks, produce the very richest

of hay. At first sight it might seem wise to aboideau all rivers

at their mouths, but when it is remembered that no land above

the aboideau can be renewed by the tide, nor can any bog or

lake be reclaimed, it will be seen that an aboideau is only profit-

able on streams w^hich have no bog nor lake at their heads, and

.which have a soil so deep as not to need renewal. This is true

of many smaller streams heading against upland, but of none of

the rivers excepting the main Aulac. An aboideau upon the

Tantramar would have prevented the reclamation of thousands

of acres which are now productive. Naturally, therefore, there

is much jealousy of aboideaus upon the part of those who own

inferior marsh or bog above them, and the words of a local

writer,^^ who calls them ** the curse of our rivers," reflect a

21common opinion

^Mr. \Vm. Fawcett, of Upper Sackville, in newspaper articles.

"The marshes were first reclaimed by the Acadian French, who began the work

in 1670 and continued it, raising much grain, until expelled by the English in 1755-

They developed the methods of reclamation (of marsh, but not of bog)£till in use, and

many of their old dikes are still to be seen. The extent of their operations is well shown

upon several maps of the time (particularly on "A large and particular Plan of Chig-

necto Bay," 1755), and its limits are marked by the fine dotted line drawn on the accom-

panying detailed map {fig, 2), The lands lay vacant from 1755 to 1760, after which

they were regranted to New Ehglanders and English, and their settlement and
V

reclamation has continued steadily to this day. In 1827 the Aulac was first success-

fully aboideaued, as were later the Misseguash and the La Planche, though from both

of the latter the aboideaus have since been removed. No attempt was made to

reclaim bog and lake until early in the last century, when a farmer of Upper Sack-

ville, Toler Thompson, whose name is justly held in high honor in the vicinity, after

long study of the tidal currents and bog levels became convinced that the lakes could

be filled and reclaimed. It was long before others could be convinced, but finally a.

canal was dug from the Tantramar into Rush Lake (yf^,^) which quickly became rich

lAarsh. Later Goose Lake was recovered, and later Log Lake (which required fifteen

years to fill with mud), while Long Lake, Ogdens and others are now being filled, and

thus the system initiated by Thompson is adding immensely to the wealth of this

region. On the Misseguash little had been done, but five years ago a company

" The Misseguash Marsh Company" was organized to attempt to do with ample

capital, systematic methods, and favorable legislation, what had been done piecemeal
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One other phase of the economics of the marshes remains to

be mentioned. They are absolutely healthful. No malaria nor

other disease is known about them. There is a local tradition

that men have died from drinking^ the ho% water; but I am told

by a local physician that cases of typhoid fever are referred to

and that these were probably contracted in quite another way,
r

The importance of the ecological study of the marsh vegetation.

From a systematic or floristic point of view these marshes are

of slight botanical interest. They contain no species that arc

peculiar to them, out of range, or otherwise remarkable. The
plants of the unreclaimed marshes, and also of the bogs, are

those ordinarily occupying such situations in this part of America,

while the fully reclaimed marsh is but a good hay meadow,

bearing grasses altogether like those abounding on the culti-

vated uplands round about. Yet from another, namely, the

ecological point of view, the marsh vegetation is replete with

scientific interest, for the marked gradations of physical condi-

tions of soil and water within a limited space, and, owing to

artificial changes, within a limited time, allow us a rare chance

to trace upon a large scale the effects of those important condi-

tions upon the plants, and to draw some conclusions as to the

nature of the adaptation of the one to the other. It is necessary,

first of all, to study carefully these, and other, physical factors

to which the plants must respond; then we may trace the

responses in the plants.

The factors determining the ecological features of the marsh

vegetation.

The principal ecological factors, as arranged in Schimper's

comprehensive work, PflanZ€7igeographic atifphysiologischer Griind-

lage^ are the following : Water, temperature, light, air, soil, animals

on the Tantramar. This company is now vigorously at work, and it is hoped that

their efforts to convert the thousands of acres of useless bog on this river into produc-

tive marsh will be entirely successful.

The best account of Toler Thompson and his work that I have seen is in an

article by Judge Botsford in the Chignecto Post in January, 1886. Another valuable

article on the history of marsh reclamation is that by Mr. Howard Trueman in the

St, John Sun in late December, 1897.
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(including- the aggressive maii). To these should be added

another of great importance, geography of the basiJi.

Water,—Of all the factors determining plant form and dis-

tribution, this is the most important. We consider first the pre-

cipitation of the marsh country. No records are available for

the immediate vicinity, but It may be inferred from the amount

in places surrounding the region. Thus, according to the rain-

fall map published in 1S99 to illustrate the presidential address

(by T. C. Keefer) before the Royal Society of Canada, the mean

annual rainfall is: at Moncton, N. B., 44.96'"; at Truro, N. S.,

43.28 ; at Charlottetovvn, P. E. I, 41.45, while at St. John, N. B., it

IS 47.38^". The marsh country, lying at the head of the Bay

of Fundy, and directly in line with it, probably has less rainfall

than St. John, but more than any of the other localities ; and

hence we may fix it conservatively at 45^"^.

As to its distribution through the year, the only available

records are for St. John, where it is as shown in the following

table, '* for a long series of years," supplied to me by the

Dominion Meteorological office at Ottawa

:

Jan. Feb.

3-93

Mar.
1

Apr. May

1

3.66

June July
1

Aug. Sept. Oct. Nov. Dec. Total

5-55 3.80 2.50 2.72 3-29 4.64 3-08 4-13 4-71 5.16 47-17'"

p total rainfall, this table

represents proportionally, no doubt, the distribution of precipita-

tion through the year at the marshes.

It thus appears that the marshes have a precipitation ample

for the development of an abundant temperate-region vegetation,

and that it is distributed fairly evenly through the growling sea-

son of the year.

As to prevailing humidity of the atmosphere, there are no

records available even at St. John. But since there is much

cloudy weather, no little fog and mist, almost insular conditions,

and very constant southwest winds blowing over the entire

length of the Bay of Fundy, the humidity must be rather high.

Turning to the influence of water in another way, Its mechanical

effects, several points are to be noted. One is the very impor-
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tant result arising from the abundant precipitation in connection

with the poor drainage, leading to the formation of the immense
bogs later to be considered. The presence of ground water in

soil is usually important, but it here plays little or no part, as

will be pointed out later. Another effect is in the scattering

of seeds by means of currents. It would seem that the tidal cur-

rents in the rivers must form efficient disseminators of the seeds

of at least the salt-plants. I have made a test of this by
bringing back from the marshes several samples of the newly-

deposited marsh mud, which the next spring were given very

favorable conditions for the germination of any seeds in them,

but no plants appeared. It may be that none were present in

summer, and autumn samples might give a different result.

There is, however, another mechanical effect of the tidal currents

of considerable importance, namely, although they have built up

the marshes entirely, they keep the river banks so constantly

shifting, laying down mud in some places and scouring it out in

others, that no vegetation is able to gain a foothold below the

quieter zone near high-tide marks, excepting in the case of the

curious sedge bogs, which I do not entirely understand; and these

great banks are bare of all plant life excepting an occasional

diatom swept from the sea. These banks and flats must be the

largest areas barren of life in all northeastern America.

Temperat7ire,— Next in importance to moisture as an ecologi-

cal factor, is temperature. I have been unable to secure a copy

Mean highest
Mean lowest
Mean temperature
Mean daily range

.

Absolute highest.

.

Absolute lowest. ..

January February March

28.2 27.

9.0
IS.6

9-

18.

19.2 17-

So.o 49-
21.0 15-

6

7

7

9
o

April

Mean highest. . . .

Mean lowest
Mean temperature
Mean daily range
Absolute highest .

Absolute lowest.

.

34-3 46.4
1S.3 30.8

26.3 3S.6
16.0 15.6

52.0 71.7
10.0 12.0

May June July

57.2
40.4
48.8
16.8

75.0
27.0

64.4
4^.3

lb. I

86.7
35-0

68.8

53-2
61.0
15.6
88.

9

41.0

Septemberl October 'November December Year

48.9
32.7
40.8
16.2

88.

g

21.0
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of the records kept in Sackville in the marsh country, and must

turn therefore to those of St. John. The above table, based on

the averages for a long series of years, is supplied by the Dominion
w

Meteorological Office at Ottawa. Owing to well-known local

conditions, the summer temperatures average lower, and the winter

higher at St. John than elsewhere in the province, and this cor-

rection must be applied to the table to make it of use in estimat-

ing the conditions of the marsh country.

It is important to note further, that on the marshes them-

selves the snowfall is said not to be great, and often for con-

siderable periods in winter the ground Is bare. This condition,

combined with the strong winds that prevail there and the total

lack of shelter on the marshes, makes the winter conditions

unusually unfavorable for vegetation, which must consist of

plants able to endure such trvino- conditions. For this notrymg conditions.

arrangement is better than that of the grasses, which largely

retreat to or under the ground in winter. On the other hand, at

times in summer, the marshes, lying at sea level and completely

unshaded, receive so strong an insolation as to become very hot,

though this is never long continued.

Light,—The latitude of these marshes is 45° 50' to 46'', from

which the amount of light they would receive if unshaded by

clouds, etc., and with a clear atmosphere may be estimated. But

the full amount is much diminished by cloudy weather. No
records of cloudiness are kept nearer than St. John, where the

percentages for a long series of years are as follows:

Jan, Feb. Mar, April May June

62

July

&3

Aug. Sept. Oct,

58

Nov. Dec,

53 54 60 55 61 62 53 60 59

Year

58

Probably the cloud percentage for the marshes is not very

different from this, though it would be less rather than more,

say 50 per cent, for the year, 55-60 per cent, for the summer

of the light aremonths. No records whatever for intensity

available. It is important to note, however, that the marshes,

perfectly level and unshaded, receive the full value of what light

th

i

ere is.
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Air.-— Here as elsewhere, chemically the air is hardly an

ecological factor; at all events it is not a differential factor.

Atmospheric pressure on the marshes, lying at sea level, is of

course at its maximum, but the daily fluctuations of the barome-

ter, as Schimper remarks, have no known effects upon the form

or distribution of vegetation. Mechanically, however, as it

moves in winds, the atmosphere is here important. Unfortu-

nately no official meteorological records are available for direc-

tion or velocity, but a record of another kind is visible and

unmistakable, namely, the wind effects upon the vegetation.

As I have elsewhere pointed out," the trees and shrubs on the

neighboring ridges and in places on the margins of the bogs are

strongly bent to the northeast, and show a great development of

branches on that side, with an abortion on the southwest. This

IS caused by the very strong southwest winds which prevail

here, as the residents agree, during most of the year, a phe-

nomenon resulting from the position of the marshes in relation

to the Bay of Fundy'. This great bay lies northeast and south-

west, and is of the form of a huiye funnel. Wide at its mouth,

It narrows between w^alls of increasing height (300 to 700 feet or

more) towards its head. At Cape Chignecto the northern

branch, with which we are concerned, continues and ev^en intensi-

fies this funnel character, ending finally in the low-lying marsh

country. The great w^inds here are due to very much the same
causes as the great tides. Every wind from a southerly direction

IS thus brought into a southwesterly course, condensed, strength-

ened, and poured over the low-lying marsh country, and the

vegetation must be of a kind to endure it, for which nothing is

better than the grasses.

It might be expected, as a result of the prevalence of these

vvmds, that dunes would be formed on the unreclaimed marshes.

There is, however, not the least trace of this, chiefly because the

mud when laid down by the tide hardens as it dries, allowing the

wind no hold upon it.

The constancy and strength of the winds on the marshes
must greatly promote evaporation (transpiration) from any

^BuII. Nat. Hist. Soc. New Bruns. 4: 134.
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vegetation there, not only in the summer, when an abundance of

water is usually available for the vegetation, but in those critical

periods of winter and early spring, when, owing to the low
,

temperature of the soil, water is not readily absorbed.

Another important influence of wind upon vegetation consists '

in its effects upon cross-pollination and dissemination. Obviously

the conditions are particularly favorable for wind-pollination on

the marshes (and by that very fact somewhat unfavorable for
4

insect-pollination), and the same is true for wind dissemination.

We shall see later how much the vegetation is influenced by

these factors.

\To be continued.^
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t- GEOGRAPHIC DISTRIBUTION OF ISOETES SAC-
CHARATA.

CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY.
LL

George Harrison Shull.

(with map)

While making a study of the aquatic vegetation of Chesa-

peake Bay for the U. S. Bureau of Plant Industry during the

summer of 1902, I located several new stations for Isoctcs sac-

charata Engelm. This species has had an interesting history,

and as our knowledge of its range has greatly increased within

the last few years, I have thought it desirable to publish the

accompanying map showing the exact distribution as now known,
to give a detailed account of its history, and to discuss briefly

several problems which have presented themselves for solution.

For a quarter of a century Isoetes saccharata Engelm. was
known only from its type locality on the Wicomico River and
from the Nanticoke, which empty into the bay by a common
mouth opposite and a little north of the mouth of the Potomac.
Far up the Wicomico, about a mile below the town of Salisbury,

aryland, the plant was first discovered by William M. Canby
in 1863. The material was submitted to Dr. Engelmann, who
was at that time the highest American authority on the genus,

and was first described by him in Gray's Manual, 5th edition, p.

676, 1867. In 1874 Canby found a second station at Seaford,

Del. Not until 1888 was it collected at a third station, when it

was found by Vasey and Coville near Alexandria, Va., in Hunt-
ing Creek, a tributary to the Potomac. The material obtained

here was not recognized for some years as identical with Canby's

material, and was referred by Theo. Holm to Isoetes ripana

Engelm.^ The next year Coville found it at Mount Vernon on
the Potomac, but this collection seems to have been overlooked

M
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' Proc. Biol. Soc. Washington 7 : 132. 8 Ap 1892
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by Holm, and was not published until in 1900, when it was men-

tioned in the Sixth List of Additions to the Flora of Washington.^

Not until 1893 were specimens recognized as Isoetes saccharata

Engelm. secured away from Canby's stations on the Wicomico

and Nanticoke Rivers. In this year T. Chalkley Palmer discov-

ered it near the western end of the Delaware and Chesapeake

Canal in Back Creek, a tributary to Elk River, nearly 140

north of the type locality. During the next two years he dis-

covered it at several other points in both Elk and Sassafras

Rivers. These collections formed the subject of an interesting

account published in the Botanical Gazette in i8q6.3

The only new stations which have been published since

Palmer's account are given in the Sixth List of Additions to the

Flora of Washi?igto?i,'^ where, besides the reference to Coville's

Mount Vernon station above mentioned, two new localities are

recorded for the upper Potomac. Along with the publication of

these stations were given the descriptions of two new varie-

ties: var, Palmeri A. A. Eaton, based upon Palmer's material

from Lloyds Creek, Sassafras River ; and var. reticulata A. A.
A

Eaton, based upon several collections, including that of Vasey

and Coville (1888) from the Hunting Creek station, Alexan-

dria, Va.

Since the publication of Palmer's paper on Isoetes, that col-

lector has located several new stations which are here published

for the first time. The most notable of these, and the only one

outside of the Elk and Sassafras Rivers, is about 25"" north of

the Havre de Grace light at the mouth of the Susquehanna River,

and therefore at the very head of the bay.

I believe these are all the localities known for the species

before my collections of the past summer. My work was limited

almost entirely to the west side of the bay, and my collections of

Isoetes saccJiarata were made in the western tributaries and along

the shore of the northern part of the bay, my most northern sta-

tion being only 500"" from Palmer*s Havre de Grace station, thus

making the circuit about the head of the bay virtually complete.

" Proc. Biol. Soc. Washington 14:49. 19 Je 1901.

3 BoT. Gaz. 21 : 21S-223. 1896. ^ Loc, cit.
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Explanation of Map of Chesapeake Bay.— Adapted from Coast Chart number 37b

of U. S. Coast and Geodetic Survey, and McGee's Drainage Map of the Middle Atlantic Slope

(U. S. GeoL Survey, Seventh Annual Report, pi. JT-) Stations for /soefes sacckarata Engelm. are

iocated at the points in which the index lines cut the shore lines.

So far as could be determined, the index lines are perpendicular to the portion of the shore

occupied by the Isoetes.
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It will be seen then that within the last ten years Isoetcs sac-

charata and its forms have been traced from its original station

completely to the head of the bay. Wicomico River is yet the

most southern station known, but it is not improbable that a care-

ful exploration will result in its discovery in the fresh-water

estuarine portions of the more southern tributaries of the bay.

For the sake of completeness and to facilitate further study

of the several colonies now known, as well as to serve as an

index to the map, I insert the following list comprising all the

known stations, WMth such data as I have been able to gather

. regarding each. The figure preceding each name agrees with

.

.
the corresponding station as indicated on the map. In each

case the station is at the point in which the index line intersects

the shore line.
i

I. Salisbury, Md.— On a label in the herbarium of G. Engel-

mann, St. Louis, Mo., now in the Missouri Botanical Garden, the

type locality is described thus:^ **Shores of Wicomico River,

one mile [1.6^"*] below the town of Salisbury, eastern shore of

Maryland, on gravel, covered by a thin layer of mud deposited

i

by the tide
; alternately covered and exposed by the tide

Growing in the society of

aaunitea L.V Hemi
]

themoides (Mi Wettst.) etc.;

first found Sept. 15, 1863. VVm. M. Canby." This label, which

i
bears the date September 8, 1S66, evidently belongs to a type

1
specimen. In a letter to the writer, Canby explains that the

I

original station is a sandy or gravelly slope on the south side of

the river.
I

1

In September 1895 T. C. Palmer, in an attempt to visit the

;
type locality, found the species growing at Williams Point on

the Wicomico River.

2. Seaford, Del., is situated at the confluence of the north

and south branches of the Nanticoke River, and only 5*"" below

the head of tide water. A label in the Engelmann herbarium,

^A similar but somewhat ambiguous description of the type locality occurs in

Engelmann's paper on "The Genus Isoetes in North America." Trans, St. Louis

Acad. Sci. 4:382. 1S82.
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belonging to one of the original specimens from this station

reads: ** Muddy and gravelly shores of Nanticoke River near

Seaford, Delaware. Wm. M. Canby, Wilmington, Del., August

1874." That this was the first collection at this station is shown

by the fact that duplicates in the U. S. National Herbarium and

in the Herbarium of the Field Columbian Museum bear the state-
I

ment that it is **a new station." The area occupied by Isoetes

at this place is located ** nearly opposite the town, a little above

it, in fact. The space there is not very large, perhaps lOO

(30".

3. Back Creek, tributary to Elk River, eastern shore of Mary-

land. This station is on the south shore of the creek about 3^"^

from the western end of Chesapeake and Delaware Canal and

nearly i^"" below Chesapeake City. The first collection was

made by T. C. Palmer in August 1893. He made further col-

lections the following year and published a short statement in

the Botanical Gazette. 7

4. Piiiey Creek Cove is a broad indentation in the north shore

of Elk River 9-1 1^"' from its mouth. On August 13, 1894^

T. C. Palmer collected Isoetes saccharata, just below the mouth of

the small stream which empties at the northeast angle of the

cove. This station was also mentioned with the last in the

Botanical Gazette.

5. Tozvn Point is the upper angle formed by the confluence of

Bohemia River with Elk River, into which it flows from the east.

About 500"^ north of this point Isoetes was collected on July 31,

1S96, by T. C. Palmer. A specimen from this collection in the

National Herbarium gives the habitat: "Tidal tract; gravel

nearly bare." This station has not been previously recorded.

6. Cabifi Johns Creek empties into Elk River from the south-

east about 5
^'^^ above the mouth of the latter. A specimen in

the National Herbarium bears the data: "July 21, 1896. Cabm

John's Creek, Elk River. Tidal tract
;
gravel covered with mud.

Collector T. Chalkley Palmer." This collection has not been

published heretofore*

7. Lloyds Creek is a large shallow cove on the south shore of

*5 William M. Canby, in a letter. ^Bot. Gaz. 20:32. 1895.
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I

the Sassafras River, about 6^"" east of Howells Point, and is

nearly cut off from the river by a sand spit. On the south shore

of this shallow bay, almost due south of its mouth, a very inter-

esting collection of Isoetes was made by T. C. Palmer, August

12, 1895. The habitat as described on a label in the National

Herbarium is characterized by *' reddish sand capped lightly with

mud." The material departed in a marked degree from typical

/. saccharata Engelm., as was pointed out in the collector's

interesting contribution in the Botanical Gazette in 1896 (/. <:.).

In 1900, A. A. Eaton made this material the basis of his new
variety /. saccharata Palmeri. In a letter to the waiter, Palmer

states that at none of his other stations does the Isoetes grow
in such abundance as at Lloyds Creek.

8. Turners Creek empties into Sassafras River from the south

about 4^^"^ east of Lloyds Creek. On the south shore of

Sassafras River just below the mouth of Turners Creek, a station,

published here for the first time, was located by T. C. Palmer,

July 18, 1897.

9. Hiinfmg Creek empties into the Potomac River from the

west immediately south of the city of Alexandria, Va. The
highw^ay from Alexandria to Mount Vernon is graded for some
distance into the shallow part of the creek from each side, and

crosses the middle part by a long bridge. The original station

is a gravelly bed near the bridge on the right side of the embank-

ment as the bridge is approached from the Alexandria end. The
first collection at this place was made by George Vasey and F.

V. Coville, July 22, 1888. It has been visited several times

since, a recorded visit^ having been made by W. R, Maxon,

September 22, 1900. Maxon also collected at this station, Sep-

tember 7, 1901, a specimen of this date being placed in the

National Herbarium. The writer secured specimens from the

same place August 11, 1902, and also found it on the same side

of the embankment which leads from the opposite end of the

bridge toward Mount Vernon. These areas are not large, but

the material is fairly abundant. The soil consists of pebbles

covered with a layer of mud and the principal companion plant

8 Sixth List of Additions to the Flora of Washington. Loc. cit.
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is Eriocaidoii septangiilare With. The material collected at the

Alexandria end of the bridge by Vasey and Coville, and Maxon's

1900 collection along with Steele's Anacostia material, soon to

be mentioned, were made the basis of the naw var. reticulata A.

A. Eaton.

10. Mount Verno?i^ Va,, is on the west bank of the Potomac

abovit 1 1 ^^ south of Alexandria, Va. A specimen in the National

Herbarium, collected at this place, bears the data :
** Mt. Vernon,

Va., July 4, 1889. Shore of the Potomac at the foot of the Mt.

Vernon estate, Collector F. V. Coville." The collector describes

{i?i litt?) the station as being *'at the slope immediately in front

of the house and therefore a hundred yards or more (100"^

north of the boat landing. There was a considerable area here

in shallow water covered with Isoetes. The soil was gravelly."

11. Notley Hall, Md,, is on the east shore of the Potomac

River, nearly opposite the mouth of Hunting Creek, Alexandria,

Va. A specimen in the National Herbarium was collected at

this place by F. V. Coville in 1S94.

12. Four Mile Run, Va.—This creek enters the Potomac

from the west about midway between Washington, D. C, and

Alexandria, Va. Its lower course forms a wide bay, along

the south side of which the banks are being eroded by wave

action, which carries away the finer material, leaving a gently

sloping tide-beach of mingled sand and gravel, on which Isoetes

grows luxuriantly. The first collection at this station was made

by E. S. Steele, August 5, 1898. The writer visited this place

and made collections on August 22, 1902.

13. Anacostia River crosses the District of Columbia east of

Washington, D. C, and empties into the Potomac River just

south of that city. On September i, 1900, E. S. Steele dis-

covered Isoetes **on the southeast bank of the Anacostia River

nearly opposite the Navy Yard, perhaps a half [one-fourth]

mile below the Navy Yard bridge." 9 This collection forms a part

of the type material of var, reticulata A. A. Eaton.

14. Sugar Loaf Creek is a small stream which empties into

Gunpowder River, western shore of Maryland, from the north,

5 In a letter to the writer.

1
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at a point about 600"" northeast of Gunpowder station on the P.

B. & W. R. R, On the small rounded point between Sugar Loaf

Creek and Gunpowder River, I found Isoetes saccJiarata on Sep-

tember 2, 1902. The specimens were abundant but of small

size, owing to the fact that they grew in a moderately dense

colony of Scirpits americamts Pers., among which I have rarely

found Isoetes elsewhere. Other associates of Isoetes at this

station were Lilaeopsis Imeata (AIx.) Greene, and Eriocanlon scp-

tangiilare^\\\\. The soil conditions were typical— gravel covered

with a thin layer of mud.

15. About 500™ above the mouth of Sugar Loaf Creek, on

the east shore of Gunpowder River, I located another colony of

Isoetes the following day, September 3, 1902. The specimens

at this place were growing in a bed of sand only a few square

meters in extent and were very thrifty.

16. Havre de Grace Light is on a small point on the west shore

of the Susquehanna River at its mouth. The most interesting

of T. C. Palmer's unpublished stations for Isoetes is a small area

just north of this light house, near the pier. His collection at

this point was made August ly, 1898, and is at present the

northern know^n limit of the species.

17. Havre de Grace Park is alonor the shore of the bav, south-

west of the Havre de Grace light. It descends to the bay by a
r

Steep bank, and below this bank, among the pebbles which pave

the beach, I found the species growing abundantly, July 19,

1902.

18. Nearly i
''"' west of the last, on the curved shore, known

as the "knee" of the bay, Isoetes saccharata also grows, though

not in such abundance as at the park station. I collected at this

place also July 19, 1902, this being my first collection.

X. By this sign I have marked two points on Bush River at

which single small specimens were found. The fact that these

two specimens were seen indicates that its absence in notable

quantity is due to unfavorable habitat, and not to barriers to its

entrance. Although Bush River was explored from its mouth

almost to the head of tide water, I did not see a single spot where

I really expected to find it. The specimens found were evidently
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choked by the density of the Scirpus americanus Pers., among

which they grew. Where the shores were free from Scirpus, as

they were for stretches north of Bush River station, P, B. & W.

R. R., and at the mouth of Otter Creek, they were composed of

pure gravel, subject to shifting with the action of the waves.

y. I have indicated thus the location of a welUgrown speci-

men found floating in the bay at the mouth of Furnace Creek

over 3**^"^ from the nearest knowm colony.

It appears from this list of known stations that hoetes saccharata

has a general distribution in the fresh water portions of Chesa-

peake Bay and its tributaries, but is at present unknown from

any other locality. If it has a wider distribution,' our ignorance

of that fact is not entirely due to lack of observation, for Dela-
m

ware Bay, which furnishes the most accessible suitable habitats,

has been explored by students of the genus, with the result that

several stations have been located for Isoetes riparia Engelm.,

but not a single specimen of- /. saccharata Engelm. has been

found.

If the last named species is indeed limited to Chesapeake

Bay, it will be of interest to consider the causes to which the

restriction may be due. Endemic species hav^e a peculiar interest

in their bearing upon problems of biogeography. A cosmopoli-

tan distribution is evidence of a high degree of adaptability to

variation of habitat, and is also evidence either of an old species

or of efficient means of dispersal. On the other hand, a species

which is limited to a single locality is either a remnant of a once

more widely distributed form, or it is a relatively new species

which has arisen in the more or less isolated region to which it

is now limited. In the first instance it has been protected by

the barriers which surround it, or by peculiarly favorable con-

ditions for its growth from the extinction which has overtaken

the species in other regions; in the second case it has been pre-

vented by barriers from spreading beyond the region of its

origin. Cosmopolitan species seem to deny the existence of

barriers, while local species not only confirm their existence but

give a clue to the nature and position of these barriers. As

biogeography has to do preeminently with barriers, it is evident
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that species of local range are of the greatest importance in

solving the fundamental problems of geographic distribution.

From this brief discussion it will be seen that there are two
essentially different kinds of endemism. In one the species is a

remnant, in the other it is a beginning. To the former of these

the term relict cndi^mxsm has been applied;'^ to the latter I shall

apply the term ifntial endemism." Relict endemism is illustrated

by such classic examples as the Sequoia of western North America
and Ginkgo biloba L. of eastern Asia. Initial endemism is perhaps

best exemplified by numerous endemic species of oceanic islands,

though it does not follow that all endemic species of oceanic

islands are initial.

It is obvious that many difficulties will be encountered in

determining whether any local species in question is a relict or an

autochthon. It is also obvious that we may have initial species

of a relict genus, though not the reverse. After examining the

nature of the barriers which limit the distribution of Isoetes sac-

^harata I shall suggest to which class of endemic species it

probably belongs.

It will have been noted in examining the map, or in looking

•over the descriptions of the several stations, that even within the

narrow confines of Chesapeake Bay, this species is not generally

distributed along the shores, but occurs only here and there in

closely limited areas, the largest of which is perhaps less than

100"" long. This extreme localization within its range is due

solely to the requirements of its habitat. The chief conditions

necessary for its success are the following:

^) It is limited to tidal beaches, which fact restricts it to a

narrow zone, never more than a few meters wide along the shore

It requires fresh water, never occurring in water of more

than slight salinity. South of Spesutie Island the rivers have a

'^Drude, O., Handbuch der Pfianzengeographie 125. Stuttgart: J. Engelhoni.

1890.

" An initial species is called an autochthon and autochthon endemism might be

used in contradistinction to r^/^V/ endemism. Drude {pp. at, p. 124) refers to such

species as it

forms
times called vicarious endemism, but the significance of vicarious in this connection

JS too obscure to commend its adoption.



196 BOTANICAL GAZETTE [septemuer

section near their mouths too salt for the growth of Isoetes, and

this salt water section of the rivers becomes longer as we pro-

ceed toward the mouth of the bay. This isolates the suitable

habitats in one river from those in neighboring rivers.

^) There must be sufficient stability of the soil of the shore

to resist the action of the waves, and at the same time sufficient

fineness of the soil particles to supply the needs of the plant

without requiring an extensive root system. With one excep-

tion all the colonies visited by me grew on beaches characterized

b}^ rather coarse gravel set firmly in a matrix of sand, and cov-

ered over with a thin film of mud. The exception was found at

my upper station on Gunpowder River, where a small but unusu-

ally luxuriant colony grew in a bed of sand. In this place the

shore was protected from severe wave action by a zone of Ziza/na

aquatica L., and I have no doubt that this circumstance alone

made it possible for Isoetes to retain its hold at this place.

In Engelmann's manuscript notes, the following statement is

accredited to William M. Canby : "I don't find any Isoetes

{idparia, Engelmanni, valida, or saccharata) in pure mud or pure

gravel ; they always grow in mud which is deposited on gravel

beds either by the tides {riparia and saccharata) or by rains which

wash it down {^E7igelma7mt diUd valida)''

Isoetes saccharata also requires that competition with other

plants be slight. It is never found forming colonies of such

density that it crowds itself, and its most frequent companion
#

species have the same scattered habit. Only at my lower station

on Gunpowder River have I found an exception to this. Here it

is in competition with Scirpus americaniis Pers. and is evidently

suffering in the conflict. It would no doubt be entirely excluded

by the Scirpus if the latter were as robust and densely set as is

usual for that species on fresh water beaches.

When we consider the number of apparently essential elements

in its habitat and the fewness and smallness of the areas in which
4

all these elements are present, it is eas}^ to understand the

extreme localization of the species. But every restriction or

habitat increases the difficulty of successful dispersal, and we may

well ask how the species has succeeded in finding the places, often
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SO widely separated, which are adapted to its successful growth.

Not only are difficulties presented by the requirements of its

habitat, but there are factors in the life-history of Isoetes saccha-

tata which are not favorable to rapid dissemination over wide

^ areas. Heterospory is ox\^ of these. If spores are carried by
any agency, microspores and megaspores must be lodged at the

same place or the sporophyte itself must be carried. Besides,

there seems to be a tendency in the species to dioecism,^^ and in

proportion as this tendency is manifest the difficulties of dispersal

are increased.

The means of dispersal upon which this and other species of

like habitat may depend are several. The most important means
must always be the water currents, because these are always

acting at the time and place of spore production. Moreover,

the chances are very good that the spores so carried may be

lodged along some shore line where a new colony may be formed.

In times of storm the waves may tear up whole plants from their

anchorage in the littoral gravel and carry them far away to leave

them finally stranded on some beach which may be adapted to

the growth of the spores thus transported. Late last summer
the writer saw a thrifty specimen of Isoetes saceharata floating in

Chesapeake Bay, loo'" east of Stump's Point, at the mouth of

Furnace Creek at the head of the bay, over 3^"^ from the nearest

known station for the species, though possibly much nearer to

some unknown station.

It is conceivable that biotic agencies might also occasionally

serve as means of dispersal. Especially, from the observations

of Charles Darwin and others, we might expect birds which

frequent the shores to carry the spores occasionally on their feet

or on their beaks, and as they move from one shore line to

another, the spores so carried would be left in a new place favor-

able to growth. A. A. Eaton [iJi litt,) tells me that ducks are

exceedingly fond of the spores of Isoetes, and that the lamellae

of their beaks are especially fitted to retain them until washed

%

12 1>I'ALMER, T. C, 1896, he, cii, A. A. Eaton looks upon dioecism in this species

as of rare occurrence, in which case it would be of slight importance in this connec-

tion.
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out in another locality, and he thinks that this has been perhaps

the efficient means of their dispersal.

A third possible method of dispersal is transportation of

spores by the wind, but it is evident that successful dispersal by

this means must be very rare. In the first place, the wind could

only secure spores to carry after they had been stranded on the

shore at high tide or in times of storm. Besides, the winds

almost invariably blow across the shore line instead of parallel

with it, so that the likelihood of the spores being stranded in a

place adapted to their development is very slight indeed.
* As the distribution of Isoetes saccharata appears to be limited

by the confines of Chesapeake Bay, while the agency of birds

and of the wind are not so limited, these agencies must be

assumed to be relatively inefficient. For, if the waterfowl pro-

vided efficient means of dispersal, we should expect to find the

species following the chief lines of migration as far as there

were suitable habitats for its growth. As these lines of migra-

tion run parallel with the Atlantic coast, this would specially

favor the transportation of I. saccharata into Delaware Bay and

of /. riparia Engelm. into Chesapeake Bay. Our failure to find

evidence of any such transportation is peculiarly striking when

we bear in mind that the Back Creek station for /. saccharata is but

little more than 16^"" distant from the nearest point on Delaware

Bay, while the known stations on Chesapeake Bay are in some

instances separated by distances of more than 80

We must conclude from these facts, '3 I think, that water cur-

rents supply the only efficient means of dispersal for this species,

and that these have supplied the means by which new colonies

have sprung up in more or less distant areas. But even water

currents could scarce be adequate to carry the spores from one

'3This entire discussion is based on \}x^ ^.^-^Mxti^Won ^2X Isoeies saccharata ^.r\.^

I, riparia are really distinct species, as they have aJways been considered. In some

of its forms /. saccharata approaches so nearly to /. riparia that the suggestion is not

far that they are ecological varieties of the same species. Too little is known, as yet,

about ecological varieties, to make more than a suggestion permissible. It is

obvious that successful transportation from the one bay to the other may have taken

place any number of times, if in each case the ecological conditions were such as to

produce from the spores of a single specimen, /. riparia in Delaware Bay and /

saccharata in Chesapeake Bay.

km
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Station to the mouth of the river in which it occurs, thence up or

down the coast to a neighboring river, and up that river to the

fresh-water portion near the head of tide water. Such a trans-

portation, if at all possible, must depend upon the most excep-

^ tional of circumstances.

Probably a truer explanation is found in relation to the geo-

logical history of the bay. It is believed by some geologists*^

'that the region about Chesapeake Bay is now sinking, and it Is

certain that it has recently sunk after a period of elevation. In

fact, It seems to have been elevated and depressed several times

in its Pleistocene history/s

The position of old shore lines with their sea cliffs and ter-

races gives evidence of the amount of subsidence of the land at

each period of sinking, but no evidences remain as to the height

to which the land rose during each period of elevation. The
present elevation of the land is such that the water of the bay
IS fresh to Spesutie Island, about \.^n kilometers below the mouth
of the Susquehanna River. During periods of greater elevation

the water was fresh further to the south. When the land was so

elevated that the water was fresh at the mouth of the Potomac
River, favorable habitats along the shore of the bay must have

been occupied by the progenitors of the hoetcs saccharata colonies

U'hich now occur in the upper estuarine portion of the tributary

rivers. As the land sank and the rivers were ponded farther

and farther from their mouths, new areas became adapted to the

growth of Isoetes, and n^w colonies were formed. Simulta-

neously the colonies furthest down stream were destroyed by the

advance of salt water. In this way there came to be, instead of

a single colony or group of colonies at the head of Chesapeake
Bay, as many distinct colonies as there were ponded tributaries.

So long as the land continued to sink, the successful reproduc-

tion was on the up-stream side, and destruction followed pari

passu on the down-stream side until the present condition of

widel}' separated colonies was brought about. In periods of

'^CooK, George H., Geology of N. J. 1868:343 et seq,

*5 McGee, \V J, Am. Jour. Sci. 35 : 463-466. 1888. Darton, N. H.. Bull. Geol.
Soc. Am. 2: 450. Ap 1891. Shattuck, George B., Am. Geol. 28: 100-105. Ag 1901.
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elevation, the reverse process must have taken place, and the

many distinct areas must have been merged again into one.

This may have taken place as often as the bay has been up and

down, and certainly has happened as often as the bay has risen

and fallen since Isoetes saccJidrata entered it.

^ Just how or when Isoetes entered Chesapeake Bay is, of

course, impossible to say, except that, according to this hypothesis

of its dispersal, it must have been introduced before the last

sinking of the coastal plain.

From what has been said of the requirements of its habitat

and the means of dispersal of Isoetes, it will be seen that the

barriers between Chesapeake Bay and Delaware Bay and between

both of these and other fresh tidal waters, are of such definite char-

acter as to render these bays virtually islands of water in oceans

of land. As we find Isoetes saccharata nowhere else than in

Chesapeake Bay and Isoetes riparia nowhere else than in Delaware

Bay, it seems fair to assume that neither of these species ever

existed as such outside of the body of water to which it is now
limited, and that we have here examples of initial endemism
entirely comparable with that so common upon oceanic islands.

These two species are closely related and probably stand to

each other in relation of parent and offspring; but which is the

parent and which the offspring may not be easy to decide. Or

perhaps they were the offspring of a common parent different

from both. The nearness of this relationship was emphasized in

the recognition of the two varieties, Isoetes saccharata Palmeri A.

A. Eaton and /. saccharata reticntata A. A. Eaton, both possessing

characters intermediate between Isoetes saccharata Engelm. and

Isoetes riparia Engelm. The significance of these forms will be

increased rather than lessened if they should prove to be unten-

able as varieties. For if these varieties are shown to be simply

stages in the development of a polymorphic species, the greater

range of variability which must then be admitted as a character of

/. saccharata Engelm., coupled with the fact that those variations

in several different features are in the direction of Isoetes riparia

Engelm., would make almost certain the inference that an

extreme variation of /. saccharata had become somewhat fixed

through its isolation in Delaware Bay.
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Careful cultures will be necessary to demonstrate conclusively

the polymorphism of Isoetes saccharata Engelm., but that seems

at present the most satisfactory explanation of the following

facts. My attention was called both by A. A. Eaton and T. C.

Palmer to several futile attempts which had been made to secure

typical material from the type locality. It appears that the original

description was written from a form which is of very rare occur-

rence. Even the co-type material did not agree with the type,

and the Wicomico station has been visited several times since,

but no typical material has been. secured there. The infrequcncy

of the recurrence of the typical form is well shown by the fact

that my collection from Hunting Creek, Va., appears to be the

first material collected since 1863, which agrees in its spore

characters with the type material. The striking fact here is

that my collection of typical /. saccharata Engelm. came from

the type locality of .variety reticulata K. A. Eaton. This colony

is only a few square meters in extent and a considerable number

of specimens had been collected there by Vasey and Coville in

1888, and by W. R. Maxpn in igoo and 1901. Every one of

those specimens appear to have been var. reticulata. I collected

at the same place perhaps a dozen specimens, every one of which

was typical /. saccharata. The only plausible explanation of

these facts, it seems to me, is that the identical plants which had

been var. reticulata at the time of the previous collections, were

last 3'ear typical /. saccharata.

Another similar circumstance which lends support to this

explanation is that E. S. Steele's collection at Four Mile Run in

1899 ^vas nearly typical /. saccharata, whereas the considerable

number of specimens secured by me in 1902 from the same spot,

all showed extremely well-marked characters of var. reticulata

A. A. Eaton.

I have no such striking facts against the validity of var.

PalmeriK. A. Eaton, since I visited no Palmeri station, but much
of my material from the head of the bay was intermediate

between /. saccharata and var. Palmeri, as was also Coville's

Mount Vernon collection. T. C. Palmer found the same condi-

tions at Cabin Johns Creek and Town Point in Elk River. If

^
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Isoctcs saccharata should prove to be polymorphic, as these facts

suggest, the result will be of interest in its bearing upon such

species as /. echinospora Durieu and /. velata A. Br., whose

numerous intergrading forms have proved so baffling to syste-

matists.

By way of summary, then, Isoetes saccharata Engelm. has been

located in a number of tributaries of Chesapeake Bay from the

the Potomac and Wicomico Rivers to the head of the bay.

The species is conceived to be autochthonous in Chesapeake

Bay, and to bear toward Isoetes riparia Engelm. the relation of

parent to offspring.

Its present distribution is explained by the geomorphic move-

ments of the coastal plain.

Certain facts are presented which suggest that the species is

polymorphic, and that the varieties Palmeri A. A. Eaton and reticu-

lata A. A. Eaton are untenable.

I take pleasure in acknowledging my indebtedness to Wm.
M. Canby, F. V. Coville, T. C. Palmer, E. S. Steele, and W, R.

Maxon for notes on their several collections of Isoetes saccharata

Engelm. and its forms; to Dr. J. N. Rose for data from U. S.

National Herbarium, and Dr. Wm. Trelease for data from the

Herbarium of the Missouri Botanical Gardens, and from G.

Engelmann's manuscript notes; also to Miss Veva M. Browerfor

notes on the Nanticoke River at Seaford, Del. But I am under

special obligations to A. A. Eaton, who has kindly examined all

my material and has encouraged me with suggestions and criti-

cisms on the discussions involved in this paper. To all of these

I wish to express my sincere thanks.

The University of Chicago.
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A SKETCH OF THE FLORA OF SOUTHERN
CALIFORNIA.

S. B. Parish.

The name ** Southern California" is here restricted to a terri-

tory somewhat less extensive than that to which it is sometimes

applied ; but even as here limited, to the five southernmost

counties— Los Angeles, San Bernardino, Riverside, Orange, and
San Diego— it includes one quarter of the area of the whole

state, and exceeds in size the great state of Ohio. It has an

area of 40,889 square miles (over 100,000 sq. kilometers). Its

greatest breadth, from north to south, is 210 miles (336^"^

and from east to west 282 miles (451 ^"'). It lies between

32° 30' and 35° 40' north latitude, and between 37° 15' and 42""

longitude west from the meridian of Washington. Its western

boundary is formed, for the greater part, by the Pacific Ocean,

but partly by the counties of Ventura and Kern, and these two

counties, together with Inyo, bound it on the north, while for a

short distance on the northeast it touches the state of Nevada.

The river Colorado separates it on the east from Arizona, and

on the south it adjoins the Mexican state of Lower California,

i Before proceeding to a consideration of the flora of this

I region it is desirable to speak briefly of the physical character of

its surface, and of its climate, since these are the most important

influences by which the development and distribution of its plant

population have been determined.

OROGRAPHICAL FEATURES.

The region is one of mountains, whose ramifications embrace

numerous valleys of greater or less extent. The main axis of

upheaval is a continuation of the Sierra Nevada. It enters

>' our region at Ft. Tejon, in which neighborhood the Coast

Range unites with it; and it extends in a course from northeast

to southwest, culminating in the twin summits of San Bernardino

and Grayback, respectively 10,100^^ (3.080"^) and 11725^'

1903] 203
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(3,575 "") above sea level. The mountains between these limits

are generally called the San Bernardino Range. ^ It is made up

of the Sierra Liebre and Sierra Pelona, between Tejon and Sole-

dad Passes ; the San Gabriel Mountains, with the peaks of San

Gabriel, 6,232^* (i^QOO""), San Antonio, 10,120^^ (3.085
m

and Cucamonga/ 6,500^^ (i»98o"^), between Soledad and Cajon

Passes; and the San Bernardino Mountains proper, between

Cajon and San Gorgonio Passes.

North of Soledad Pass the mountains are comparatively low,

but rugged and broken. An important cross range, the Santa

Monica, maintaining an altitude of 2,000 to 3,000^^ (600-900""

stretches from San Fernando Peak, 3,793^^ (1,156"^), to the

Pacific Ocean at Point Duma, But south of Soledad the

mountains become higher, towering up abruptly, from a valley

base 500 to 1,000^^ (150-300"') above the sea, to a ridge line

having an altitude of 5,000 to 6,000*"' (1,500-1,800"'). From
the desert they present a less lofty appearance, since on that

mside the base altitude is 3,000 to 3,500^' (900-1,066

Grayback throws out an important spur, in the direction of

the main range, towards the Colorado River. This may be

known as the Chuckawalla Range, although that name is often

restricted to its further extremity. It separates the Colorado

and the Mojave^ Deserts.

The low San Gorgonio Pass separates Grayback from San

Lcinto Mountain 10,805^^ (3>993'")» an air-line distance of someJa-

twenty miles. The mountains here spread out, their course

changes, and is less defined. But regarding the line which

divides the watershed draining into the Pacific from that which

drains into the desert, its direction is found to be about 10°

'First by Blake in Pac. R. R. Rep. 5. He also suggested the name ** Peninsular

Range" for the mountains extending from San Jacinto into Lower California, but this

name, although appropriate, has failed to find acceptance.

^This was a troublesome name to the early explorers. It is Quiqual Gungo

Pac. R. R. Rep. 4: 38; Quiquai-mungo ibid. 5^: 80; and Kikal Mungo ibid. 7 : 8.

31 use the spelling long current in California. While only the Spanish orthog-

raphy of an aboriginal name, it harmonizes with such Spanish names of the region as

Tejon, Cajon, etc. The U. S. Board on Geographical Names has adopted the form

"Mohave," but this should not be allowed to supersede a well-established local usage.

The name was first printed by Fremont in 1844, who spelled it "Mohahve."

of
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south of east. Here it is the desert face which is precipitous,

its base, for the most part, not exceeding 500" (iSO"") above

sea level, while upon the other side San Jacinto overlooks a

confusion of ridges and lesser peaks.

A main cross-range from San Jacinto parallels the San Ber-

nardino Mountains at a distance of about forty miles. It com-
prises the Palomar Mountains + (summit 5,800 *"S i,/65'") and the

Temescal Mountains, whose terminal summit, Santiago Peak,^

has an altitude of 5,675^^ (^730
Valley from the coast region.

Further south Cuyamaca Mountain, 6,500*"^ (1,980*") high,

dominates a rugged region of high ridges and narrow valleys.

In default of a better name the entire chain, from Tcjon Pass to

Cuyamaca, may be called the Nevadan Range, since it is, in

truth, a part or a continuation of the Sierra Nevada.

THE DESERTS.

The topograph}' of the desert region is less accurately known.

It comprises tw^o distinct divisions: the Colorado Desert and the

Mojave Desert. The former, stretching southeastward from

San Gorgonio Pass to the Mexican boundary, is a great valley,

180 miles (288'''") long, and ^O to 50 miles (50-80'''") wide.

In its center it sinks into a deep depression over 25'j*^ (76

below sea level,^ the dry bed of what has been m prehistoric

times first an arm of the sea, and later a fresh or brackish lake.

In this depressed area, and notably near Salton, volcanic forces

yet manifest themselves in "mud volcanoes" and extensive

solfataras.

The lower part of this desert, toward Yuma, and in the New
ver region, consists largely of pebble-covered clay plains and

^Also known as Smith Mountains.

s Sometimes called Saddleback, or Santa Ana peak. In 1861 Dr. Whitney gave

it the name Mt. Downey, which fortunately has never been accepted. This whole

range is often called the Coast Range, but it has no connection with the true Coast

Range of California.

*The following are the altitudes in feet at stations on the Southern Pacific Rail-

way where it crosses this depression : Seven Palms, 5S2; Indio, —20; Walters, —195;

I>os Palmas, -253; Salton, -263; Flowing Well, 5; Tortuga, 1S5. The total dis-

tance, in a straight line, is about 80 miles (130^"*).

m
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shifting sand hills, and has an altitude of 150 to 400^^ (45-120""

The area of the Colorado Desert has been estimated at 9,000

square miles ( I4,400^^^"').7

The Mojave Desert lies on the north side of the San Bernar-

dino Range, and its continuing spur, the Chuckawalla Mountains;

eastward it stretches to the Colorado River, and northerly to

and beyond our boundary lines. Its greatest length, east and

west, measured in an air-line, from Gormans Station, at the head

of Antelope Valley, to the Needles on the Colorado River, is

about 130 miles (210^"^). Its width, north and south, from the

mountains which form its southern rim to our northern boundary,

varies from '^o to 6q miles (48-96^"^). No estimate of its area

appears to have been made. Within our limits its altitude is

much greater than that of the Colorado Desert, being 2,000 to

3,500^^ (660-1,067"") , but beyond them it also sinks, in Death

Valley, below sea level.

Its whole surface is cut up by short isolated ranges and ''lone

mountains," which are surrounded by sloping mesas, or enclose

basins whose lowest portions are occupied by *'dry lakes." Some
of these are level expanses of hard, elastic clay, smooth and bare

-as a racetrack, and bordered by a narrow belt of nitrcphilous

vegetation. Receiving the scanty storm water that rolls down

from the bare hills about them, they at times may be transformed

into tenacious mud, or even be covered by a few inches of water.

Or the floor of these basins may consist of what prospectors call

'* self-rising soil," a deep bed of loose alkaline powder, slightly

crusted over, into which foot and wheel sink wearily; or, again,

it may be covered with a snowy incrustation of soda salts.

The highest mountain of the Mojave Desert is Ivawatch,

6,290^^ (1.917")* on the northern boundary of San Bernar-

dino county. Some twenty miles southwest is Pilot Knob, 5,5^5 *

, a noted landmark, as its name indicates. Mt.

Manchester, near the Needles, is 4,570^' (1,448'°) high. But

M »

7This is for the part of it within the United States; beyond the boundary it con-

tinues to the Colorado River and the head of the Gulf of California. Its width on the

Colorado River is fully 75 miles (lao*""").

J
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situated on the eastern border of the desert, and extending some

75 miles (120^"^) in a NNE and SSW course, culminating at the

south in Mt. Edgar, 6,350^' (i^QSS"^

DRAINAGE SYSTEMS.

A country such as I have described, if in a region of abundant

rainfall, would abound in limpid lakes, and in living streams,

some of which would be of considerable volume. But far other

is the case under the arid conditions which here exist. Even
the streams rising in the high mountains of the San Bernardino

range are infrequent, slender and inconstant; and of still less

importance are those which drain the mountains to the south.

In seasons of unusual precipitation they become raging torrents,

and at such times the larger streams may carry their waters to

the sea; but ordinarily their volume is insufficient to reach their

nominal mouths, while in summer they dwindle down to thin

rivulets which repeatedly sink and reappear in their wide sandy

beds.
»

The San Gabriel Mountains give rise on their desert slopes to

Rock Creek, ^ which ventures beyond their base only in wet

weather. On their seaward side they are drained on the west

by the Los Angeles and San Gabriel Rivers, and on the east by

Lytle Creek, a tributary of the Santa Ana.
The San Bernardino Mountains furnish the waters of the

most important streams of the whole region. On the northern

watershed the Mojave River has its source in Holcomb Valley,

at an altitude of 7,000 f'
(2,134'"). It flows 75 miles (120

in a northerly direction, and then turning to the east continues

for 60 miles-(96'''") further, the distances being measured in an

air line, but following its -meanderings its length is fully 200

I miles (320'^'"). In its course it disappears eight times in its sandy

channel, leaving it entirely dry for long intervals, and is finally

lost in Soda Lake (alt. 1,1 16^*, 340'^""), a flat, elliptical depres-

sion some 70 square miles (112^''''™) in area, occasionally flooded

a few inches deep with water, but usually whitened with alkaline

efflorescences. The eastern drainasre of these mountains forms

km

O
8 This is the ** Johnson's River," of Blake, Pac. R. R. Rep. 5:30 ^t ^^Q-

f
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the Arroyo Blanco, or Whitewater, a strong stream which is soon

lost in the sands of the Colorado Desert.

The Santa Ana River carries the seaward drainage, and has

an airline course of 85 miles (136^"^), in a southwest direction,

to the ocean, which, it is said, its waters have been known to

reach in hitrh floods. In ordinary stasfes it sinks soon after dis-
ci JO

emboguing from the mountains, and reappearing after ten miles

(16^"") carries more or less water nearly to Santa Ana.

San Jacinto Mountain gives rise to a stream bearing the same

name, which follows a southwest course to Elsinore Lake. Its

channel, however, is only intermittently supplied with surface

water. The Santa Margarita, the San Luis Rey, the Sweetwater,

and some lesser streams, drain the mountains of San Diego

county, and have a character similar to those already described.

The Colorado River, which touches the border of the state,

does not receive from it a single tributary, great or small; but

an abandoned channel, the so-called New River, carries the

waters of the Colorado, in times of great floods, into the south-

eastern part of the desert and to the Salton Sea.

GEOLOGICAL FORMATIONS.

The great mountain axis consists principally of granitic forma-

tions, and such is the prevailing character of the subordinate

ranges. There are occasional outcroppings of limestones, but

always of limited area. A range of Tertiary hills, conglomerates,

sandstones and shales, beginning near Pasadena, stretches to the

Santa Ana River, where it is divided by the granites of the

Temescal Mountains, a narrow arm continuing along their north-

eastern base, while a wider one (10-18 miles, 16-29^°") turns

toAvard the coast, which it reaches at San Juan, and follows it

thence to the Mexican boundary. A less important Tertiary

formation skirts the southern base of the San Bernardino Moun-

tains from Santa Ana Canon to the Whitewater, occupying an

area of 30 miles (48^"") in length by i to 5 miles (i.6-8^""j ni

width. The same formation also appears in the Palos Verde:>

hills, and on the islands off the coast.

The San Fernando Plains, the wide expanse of fertile country

>
L

1

\



IQ03] FLORA OF SOUTHERN CALIFORNIA 209

between Los Angeles and Santa Ana, the San Bernardino, San

Jacinto, and many smaller valleys are Quaternary and Recent.

They include sandy and gravelly mesas, as well as rich loams,

ferruginous clays, and black adobe. Almost without exception

they contain soda salts, from the small percentage which increases

fertility, to the excess v/hich forbids the growth of all but a few

specialized plants. Recent formations also prevail throughout

the Colorado Desert.

The formations of the Mojave Desert are less well known.
The mountains are, for the most part, granitic, the intervening

mesas and valleys being of recent deposition.- Evidences of

former volcanic activity are exhibited in places. This is most

marked in the country between Point of Rocks and Bagdad, on

the Santa Fe Railway, an air-line distance of some So miles

(130^"™). Here the rocks are metamorphosed, and often display

commingled bands and patches of reds, blues, greens, purples

and yellovvs.9 The mesas are strewn with scoria, the hilJs have

black lava caps, fissure lines are seen, and lava streams may be

traced for miles. Not less than a dozen volcanic cones are

known in this region. One of the largest is 450^^ [.^iT^^ high

and 3,000^^ (914"") in diameter at base; the extinct crater at the

summit is 750^' (228™) in diameter and 150^* (45"") deep.

The Providence Mountains limit this volcanic area on the east,

but northward other less known centers exist.

CLIMATIC CHARACTERISTICS.

Southern California possesses a variety of climates, but

throughout the larger part of it aridity and high temperature are

the dominant features. There are few, if any, absolutely frost-

1 less localities, but there are many where only light frosts ever

occur, and which may be quite untouched for several successive

years. At altitudes below 1,500^' (457°") the midwinter tem-

perature rarely falls below 25"^ F. (-4^ C.)» ^"d the same alti-

tude marks the ordinary limit of even light snowfalls.

But ascendino- to his-her altitudes a different climate and a
o ^^ "*o

cooler temperature is soon reached. Thus at San Bernardino

*This peculiar coloration gave the Calico Mountains their prosaic name, in refer-

ence to their variegated tints.

1
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(ij075^S 328"") in the five years 1895-9 the highest point reached

by the thermometer was 110° F. (43° C.) and the lowest 23° F.

S'' C.).'^ At Little Bear Valley, 5,150^* (i.SSg""), in the

adjacent mountains, distant about 12 miles (20^"") in an air line,

the extremes during the same years were 93^ and —2° F. (34

and —19 C.).'°^ That is, a temperature was reached in summer

in the valley 17° above that of the mountain, while the winter

temperature lacked 21" of falling so low. At Big Bear Valley,

6,500^^ (1,981 "") a temperature of — 14° F, (
— 25.5'' C.) has been

observed," frosts occur in midsummer, and ice sometimes forms

on an August night. No observations have been made at greater

altitudes, but it is evident that at 10,000 or 12,000^^ (3,000-3,600

very low temperatures must be reached. These lofty summits

are white in the winter months, and on their northern slopes the

snow fields often linger late into summer. After a winter of

unusual accumulations some slirunken remains may even persist

into a second season." Even at altitudes as low as 6,000-7,000*^

0-2,130™) there are sheltered canons where snow banks yet

linger at midsummer.

Contrary to common opinion, recorded observations establish

the fact that lower temperatures are reached at stations in the

desert region than at places having the same altitude on the sea-

ward side of the mountains. '3 A great difference is shown also

at the other extremity of the scale. The highest temperatures

recorded on the coast are Ss'^-ioo" F. (30-38° C.) ; further

back from the sea ioo°-ii2'' F. (38-44'' C.) is reached; but at

stations in the deserts records of Ii5°-I28^ F. (46-53° C.) have

been made.^*

The annual precipitation is very unequal in amount, not only

in the different regions, but in the same region in different years.

As an example of yearly variability the rainfall at Los Angeles

'°From the Records of Dr. A. K. Johnson.

^°^ Records of Arrowhead Reservoir Co. " Records of the Bear Valley Co.

Mean annual snowfall at Little Bear Valley 1895-9.73'" (1,854^""^); greatest

single snowfall, 39'^ (990"^^"). Records of Arrowhead Reservoir Co.

'3 At Victor, in the Mojave Desert, altitude 2,713 ^ (828 "^) killing frosts occur in

August.

^*At Mammoth Tank, July, 1887, 128' F.; July, 1884, 126° F.

12
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of 32.25'" (819^"^) in i86g may be compared with that of

4.83'" (122"^"^) in 1898. In the desert region the rainfall is

always very small, and in average seasons is greatly exceeded

by that of the cismontane region, but years of extreme drought

have occurred in which the difference was less marked.

' The appended table exhibits the normal amount of precipita-

tion at places whose records extend over a period of more than

fifteen years. The average for the three intramontane stations

IS 14.95
in
(380 mm

), or about five times that of the desert station.

>

NORMAL PRECIPITATION.

Altitude
Years

OF
Record

Monthly Precipitation Yearly
Precipitation

Stations
1

Least Greatest

Feet Meters
r

In. Mm, In. Mm.

102

53

15

In. Mm,

Los Angeles
San Diego
San Bernardino . .

Yuma

270
12

1,075

140

84.1

3-6
327-6
42.7

21

42
29
16

T
o.i

0.3
T

T
2.5
7.6
T

4.0
2.1

3-6
0.6

18.

1

9.8
17.0

3-2

1

460

249

432

77

N early as great a disparity exists between the rainfall of the

intramontane and the Nevadan regions, but data from the latter

are few and not easily obtained. A partial means of compari-

son is afforded by the following table. The seasons are from

The distance of the two stations in an air-line is

^- ft

July to June,

about 12 miles (20^"^); the difference of altitude is -4.0/5

(1,242'").

PRECIPITATION FOR SIX SEASONS, 1 893-94 TO 1 898-99.

Stations

• San Bernardino ^-^ I>075
UtUe Bear Valley's 5,150

Altitude

Feet

Pkecipitation*

Greatest Least

Meters

328

1,570

In.

20. 9S
60.61

Mm In.

533
1,542

7-49
19-79

Mm

190

502

Mean

In. Mm

II .61

33-08
295
S40

The rainfall at the mountain station is nearly three times

'^Dr. A. K. Johnson's record. ^5 Arrowhead Reservoir Co.'s record.



212 BOTANICAL GAZETTE [SEPTEMBER

that of the subjacent valley. The seasons of greatest and

least rainfall were synchronous.

But for the purposes of the present inquiry the extreme of

moisture and drought to which plant life is exposed is of as

great importance as the average amount of rainfall ; and the dis-

tribution in time of this amount is a factor of equal value.

Again it will be found that in these respects the desert vegetation

is at a disadvantage. Throughout the deserts total yearly rain-

falls of 1.5 to 4*"
( 38-101 '""') are the rule, and at some stations

a whole year may pass with absolutely no measurable precipi-

tation. But this small amount is so evenly distributed through

the year as to produce much less effect, certainly for annual

plants, than if it were concentrated in a few months. The table

below shows the normal distribution of rainfall throughout the

year at two desert stations, compared with that at two stations

on the coast.

NORMAL MONTHLY PRECIPITATION IN INCHES.

Stations

Keeler
,

Yuma
San Diego
Los Angeles

cs

8
16

21

B
01 V̂

b

0.2 0.4
0.4
1.6

C8

3-9

0.6
2.1

4.0

0.2
0.2
1 .0

2.2

0.3
O.I
I.O

1.3

%
c
s

0.4
T

1

0-3
0-3

0.2
T
0.1

>*

3

0.1

0.1
0.1
o. I

T

cm

<

0.2
0.4
0.1
0.1

0.3
0.1
0.1
T

o
O

0.3
0-3
0.3
0.7

>
o

0.4
0-3
1.0
1.6

u

Q

0.4
0.6
2.1

3.7

H

3-3

18.

1

It here appears that the scanty rainfall of the desert stations

is quite evenly distributed through the whole year, while at

San Diego 9.1 inches out of the total 9.8 inches, and at Los

Angeles 17 inches out of 1 8.1 inches fell during the growing

season between November and May. That is, over 95 per cent,

of the total rainfall at these places comes at a time when, owmg

to a lower temperature and a more declined sun, it is not subject

to rapid evaporation, and avails most for the growth of vegeta-

tion. On the other hand almost all the desert rainfall may be

regarded as ineffective by reason of its equal distribution.

It must be remembered, howxver, that all our recorded obser-

vations were made at stations in the open deserts, whereas

had they been made in the cafions of the circumscribing moun-

tains, somewhat more favorable results would have been obtamea-
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The rainclouds hug the mountains, and in winter one often may
pass from the bright sunshine of the desert valleys through mist

' and drizzle to heavy showers by ascending for a few miles some
canon leading up the mountains. Hence it is in the canons that

the botanist learns to expect the most abundant and varied vege-

tation.

The desert mountains are also the scenes in midsummer of

"cloud-bursts," or violent thunderstorms. These discharge in

a short period and over a limited area a great quantity of water,

and for a few hours the parched canons are filled with rushing

torrents. I have found a measurement of but one of these

* "cloud-bursts," and that only partial. At Campo on a day in

August, 1891, there fell in such a storm 16^"" (406 "'°') of rain,

before the gauge was washed away, prev^enting a complete

measurement.

On the seacoast the aridity of the atmosphere is modified by

frequent fogs and damp air-currents from the sea; and these

ameliorating influences extend their benefits, in a less degree,

inland, but do not pass beyond the mountains to modify the

dryness of the desert air, while the strong winds almost con-

stantly blowing there, produce a further desiccating effect.

PHYTOGEOGRAPHICAL AREAS.

It will readily be understood, from the preceding account,

that the region under consideration consists of three divisions,

differing from one another in both topography and climate.

Consequently each of these will be found to possess a distinct

and characteristic flora, and to constitute a separate life area.

In its relation to the biological divisions proposed by Dr.

Merriam'^ the entire territory may be regarded as a part of the

Sonoran province, in the midst of which arise two isolated peaks

belonging to the Boreal province. A scanty Arctic flora occupies

the summits of these peaks, and beneath it a diligent study can

disentangle the Hudsonian and Canadian zones. This has been

worked out very carefully and thoroughly by Mr. H. M. Hall/7

'^Merriam, J. Hart, N. Am. Fauna 3:20, map 5; National Geo. Mag. 6:229;

Yearbook U. S. Dept. Agr. I897: 203.

'7 Hall, Harvey M., A 'botanical survey of San Jacinto Mountain. Univ. of

Cal. Pub. Bot. 1:1-144.
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for San Jacinto, one of these mountains; the other, San Bernar-

dino, yet awaits such detailed study.

But as might be expected from the position of the mountain

chain, narrow and between two hot and arid districts, the zonal

differentiation is not here carried out to the extent, or with the

distinctness, that is exhibited in mountains more favorably

situated, and of greater area. Indeed, the commingling of the

Hudsonian and Canadian with the Neutral (^Pmzis po?iderosa) belt

is a marked feature of these mountains.

While, therefore, in a detailed study the separation of these

zones may be preserved advantageously, it is more convenient

for the purposes of a general view to unite the whole pine belt,

which I propose to do under the name of the Nevadan area.

Above it the Arctic flora is feebly represented ; and by it the

remaining territory is divided into two life-areas. The Desert

area comprises the deserts north and east of the Nevadan Range ;

the district between that range and the sea may be designated as

the Cismontane area.'^ It remains to consider the character and

limits of these several divisions, and of their subdivisions.

THE ARCTIC-ALPINE ZONE.

As has been stated already this zone is represented only on
E

the summits of the two highest mountains, Grayback and San

Jacinto, And it is but the scanty vestiges of an Arctic flora

that lingers on these lofty summits, much scantier than their

altitudes would justify one in expecting, even taking into con-

sideration that this is the southern known limit of the Arctic

flora on the North American continent. The summit of Gray-

back is flat and consists of porous decomposed granite, unfavor-

able to the growth of plants. San Jacinto is more fortunate,

having on its precipitous northern face some steep, shaded

canons, preserving perpetual snows. But for all that, it does

not exceed in species its less favored neighbor. A single species,

Rafiiinctdiis Eschschollzii, has been found on both peaks, Arenaria

hirta verna and Anteujiaria alpina have been collected on Gray-

back, while from San Jacinto Carex Preslii and Oxyria digyna

'^This has been designated usually as the Intramontane area, but the present

term seems preferable.
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have been added to the short list. Further explorations may be

expected to increase it, but not greatly.

•THE NEVADAX AREA.

> The lower limit of this area coincides with that of Pinus

ponderosa. On cismontane slopes this is seldom below 5,000^*

(1,524"") altitude; but on the opposite side the influences of the

desert force it up to 6,000^^ (1,828"'), and even to 7,000^^

(2,133 "") above sea level. This region contains the only real

forests in the entire territory, and while these are far inferior to

those in the damper and cooler parts of the Pacific Coast, they

are by no means insignificant, either in extent, or in the size and

variety of the trees which compose them.

As already stated the zones which I have included in this

area are much confused. Perhaps the best marked is the Hud-
sonian, which we may consider as indicated by the presence of

Pimis fli J

and Santa Rosa peaks, and it should be found on one or two

other high summits. As a zonal index its proper limit would be

between g,ooo or 10,000 to 12,000^^ (2,750-3,650™), But

under favorable conditions it descends 1,000-2,000''^ (300-
600 "") lower into the Canadian, and in at least one instance an

isolated Hudsonian ** island" occurs at 6,500^' (1980™), well

down in the Neutral or Transition zone.'^

The Canadian zone, which may be taken as indicated by Pinus

Murrayana, is even less definitely marked. This pine is not

uncommon in places as low as 6,500^* (i^qSo"")* but it is better

developed in moist valleys 1,000-2,000^^(300-600"') higher,

and becomes more abundant as one ascends, until it mingles

with the limber pine of the superior zone.

But the most important zone is the Neutral, or Transition;

and it is the only one represented in the greater part of the

Nevadan area. The principal tree throughout this zone is Pinus

pofiderosa. Its lower limits have been specified, and its upper

limit may be placed at 8,500^^ (2,590""), or occasionally, and

under favoring conditions 500-1,000^' (150-300^) higher.

''For an account of this see "The Flora of Snow Caiion, California," by the

writer, in Plant World 4 : 227.
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With this Species is intermixed a considerable proportion of

Abies concolor, Libocedrits decurrens, Pi?ms Lambcrtiima and some

P. ponderosa Jcffreyi, without zonal differentiation, except that the

Abies is more abundant and of greater size toward the upper

limit, at 7,500-8,000^* altitude (2,286-2,438""

On each slope of the mountain there is, beneath the Pine or

Neutral zone, an intermediate, or true Transitional zone. The

one differs entirely from the other, each possessing plants pecu-

liar to itself and also representatives of the superior and the

inferior zones. On the desert side this zone is nearly crowded

out, and is present only in a narrow strip, between 6,500 and

7,500^* (1,980-2,286"") altitude, along the northern slope of the

San Bernardino Mountains, and reaching from Bear Valley some

fifteen miles towards Cajon Pass. It is indicated by an abundant-

growth of Jtmipertis Califor?iiais and Cercocarpus ledifolitis. It is

much intruded upon by the plants of the zones above and below

it, and within its limits may be seen in juxtaposition such incon-

gruous species as Finns ponderosa and P, mojiopliylla^ Abies eofi-

color and Yucca brevifolia.

Of this transitional character, also, is the belt of Pseudotsitgd

tnacrocarpa and Pi?ius Coidteri, extending along the cismontane

flank of the Nevadan Range, at 3,000-4,500^* (9I5-It370

altitude. The former is more abundant at the northern part of

the belt, and the latter at the south, where it occupies a position

similar to that of the closely allied P. Sabiana in the foothills of

central California. To the north Pinus Coidteri is commoner on

the lower ridges within the P. ponderosa zone.
»

The following table shows those genera which, in our terri-

tory, are found only, in the Nevadan area.^"" Genera w^hich are

abundant and widely distributed are in small capitals ;
those

local and rare in italic,

^In this, and in subsequent tables of regional distribution those genera are

omitted which are represented by endemic species only. Want of space prevents an

extension of this investigation to the species of such genera as have representatives in

more than one area, but its extension to these would be found to reinforce the conclu-

sions reached. In determining the sources, or geographical affinities, of the elements

composing the floras of the different areas, regard is had, not to the distribution of the

genus as a whole, but of the particular species under consideration.

m
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GENERA FOUND ONLY IN THE NEVADAN AREA.

Exclusively Nevadan

LiBOCEDRUS
Danthonia
Hemicarpka
Veratrum
Iris

Corallorhiza

Castanopsis
Spraguea
Lervisia

Heuchera
Fhiladelphiis

Hetero^aiira

Sphsenosciadium

Heracleum
Pyrola
Chimaphila
Sarcodes
Rhododendron
Brianthiis

Cycladenia

Boschniakia
Kelloggta
Heniizonella
Hulsea
Ka ilia rdella

Boreal

Athyrium
IVoodsia

CVSTOPTERIS
Cryptogramma
Abies
Alopecurus
Glyceria

Puccinella

Trisetum
Luzula
Smilacina
Actcea

Barbarea

Pterospora
Geuin
lIVI'ERlCaM
Circoea

llippurus

Myriophyllum
Gentiana
Poiemonium
Lappula
Taraxacum
Crepis
Hymenopappus
Arnica

In the first two columns are placed those genera which, as to

the species by which they are here represented, belong exclus-

ively to the flora of the Sierra Nevada; in the last two those

which have a more or less wide distribution throughout the

whole Boreal province. But it is to be noted that every genus,

without exception, has for its representatives in our flora the

identical species which are found in the more northern parts of

the Sierra Nevada. Moreover, with the exception of eight of

the Nevadan genera and three of those of wider distribution,"*' all

belong in the so-called Neutral or Transition zone.

From a consideration of this table it is evident that the flora

of these southern mountains coincides with that of the general

Sierra Nevada, of which it is physiographically a part. And so

far as its position in the phytogeography of North America is

indicated by distinctive genera, the Transition zone is prepon-

derately Boreal rather than Sonoran.

THE DESERT AREA.

The Desert area consists of two very distinct subareas : the

Mojave subarea, which includes all the country to the north and

^ast of the San Bernardino and Chuckawalla Mountains ; and the

Colorado subarea, which consists of the great desert valley

between the Chuckawalla Mountains and the southern prolonga-

ai Namely: Castanopsis, Phiiadelphzis, Pyrola, Chimaphila, Bryanihits, Cycladenia,

^osc/miakia, Raillardella, Athyrium, JVoodsia, Cryptogramma.
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tion of the main range. These arc locally known as the Mojave

and the Colorado Deserts. ^^ These two subareas have many

plants which are common to both, but each possesses also a dis-

tinctive flora. These characteristics, so far as they relate to

genera, are exhibited in the subjoined table.
I

GENERA PECULIAR TO THE DESERT AREA.

Colorado Subarea

Northeastern Element

Astephanus

Southeastern Element

Wedelia
*Argythamnia
Ayenia
*Beloperone
Boerhaavia

*Cailiaudra
*Cercidium
Chlaris

'^Condalia

Dicoria

*Fagonia
Fouquiera

*Hibiscus
*Horsfordia
*Hoffmanseggia
*HoFMEISTERIA
*Hyptis
*LeptochIoa
Alarfynia '

*01neva
*Park.insonia

Pedis
*Peucephyllum
*PaIafoxia

*Porophyllum
Sesbania

* Triadia
Tribubis
T' •

nxis

*Washingtonia

Mojave Subarea

Northeastern Element

Actinella
Amsonia
Atrichoseris

*Bouteioua
Cleomella
*EUROTlA
Forestiera

Glossopelalon
Glyptopleura
KuCHIA
Lygodesmia
Monoptilon
Phellopterus

PURSHIA
Stanleya

*Salazaria

*Syntrichopappus

Southeastern Element

Canotia
Coleogyne
Fallugia
Psiiactis

Both Subakeas

Northeastern Element

Anisocoma
Gravia
Piptocalyx

Triea rdia

Southeastern Element

Acamptopappus
Achyronichia
Baileya
Bernarclia

Cladothrix
Hilaria
*Krameria
*Larrea
Mohavia
Nolina
Tuamnosma
Trichoptilium

Indefinite

Calycoseris

Chyiisma
*Dalea
Ephedra
Petalonyx
Psathvrotes
Sphaeralcea

It appears by this table that the desert genera fall into three

nearly equal groups : namely, those which are found only in one

or the other of the two subareas, and those which occur in both
r

"The region bordering the Colorado River is too little known to permit exact

statements regarding it. There are reasons for believing that the Colorado subarea

should include the interval between the river and the eastern slope of the Providence

Mountains.

1
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of them. I have separated the genera of each group into two

sections; a northeastern section for those whose extensions are

Into Nevada, Utah, and the Great Basin life-area; and a south-

eastern section to include those whose extensions of range are

into Arizona, and towards or into northern Mexico. There

remains a group in the third column whose affinities cannot be

stated definitely, mostly- because represented by more than one

species which have diverse ranges. Genera which are repre-

sented by species which also extend into the peninsula of Lower
California are distinguished by an asterisk,

its only extension in that region.

Wash

It is to be noted that Astephanus, the single northeastern

genus peculiar to the Colorado subarea, is known from a single

collection. All the others are southeastern, and all but ten

extend into Lower California. On the other hand Canotia and

Fallugia, two of the southeastern plants of the Mojave subarea,

are found only in the Providence Mountains, which may belong

to the Colorado subarea. Only four of the peculiar Mojavan

plants have been reported from Lower California.

Like geographical affinities are exhibited by the different

species of certain genera which are differently represented in

each subarea. A longer list than the following might be com-

piled, but these examples must suffice.

DISTRIBUTION OF CERTAIN DESERT SPECIES.

Colorado Subarea

Agave *deserti

Aster OrcuUii
Cassia *Covesii
Coldenia canescens

*PaImeri
Dalea *Emoryi

Farryi

*Schottii

Mojave Subarea

*spinosa
Gilia *bella

*SchoUii
*tenuifolia

Lupinus arizonicus

Pentstenion ambiguus
Phacelia micrantlia

Fsathyrotes *raniosissima

Agave utahensis

Aster tortifolius

Cassia armata
Coldenia Xuttallii

Dalea Fremonti
polydenia

Gilia dichotoma
Matthewsii
setosissima

Lupinus brevicaulis

Pentstemon glaucus

Phacelia Ivesiana

Psathvrotes annua
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All the species in the Colorado column have southeastern

affinities; all those in the Mojave column have northeastern

affinities. In the former, ten out of sixteen extend into Lower

California; in the latter, none.

The distribution of the desert flora, and fauna as well, is not

known, as yet, with sufficient exactness to permit positive state-

ments. But facts already accumulated indicate that in the

Colorado subarea the Lower Sonoran flora, which extends over

the entire desert area, is very slightly modified by any other.

The Mojave subarea, on the contrary, shows a marked influence

from the Great Basin life-area. The limit to which this extends

appears to be defined by the Chuckawalla Mountains.

While it is true that, within our territory, the general eleva-

tion of the Mojave Desert considerably exceeds that of the

Colorado Desert, a difference having an undoubted modifying

effect on their floras, yet the precipitation, the temperature, and

other conditions of the two subareas are very similar. And the

conclusions at which we have arrived would be strengthened were

the investigation to be extended so far beyond our limits as to

include the depression of Death Valley. Hence it may be

inferred that the difference in the character of the two floras is

only in part due to climatic causes, but is largely influenced by

the topography of the region. In the one case a current of

migration was able to pass up, encountering no physical barriers,

from Arizona and Lower California into the Colorado Desert

;

in the other a current from eastern Utah and Nevada would meet

no considerable obstacle until it reached the San Bernardino

Range and its continuation.

The distinctness of the two subareas is further evident from

a consideration of the zonal distribution of their respective floras.

Much remains to be learned before these zones can be delimited

accurately and finally; but sufficient data are at hand to permit

their general disposition to be outlined, leaving the details for

completer knowledge.

The Larrea belt, which is considered as indicating the limits of

the Lower Sonoran, is present in both deserts. But however

useful this shrub may be as the biological index of larger
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divisions, it is of less iniportance in the study of smaller areas.

Within these narrower limits it is probable that more than one
subzone maybe traced, but much fieldwork must be done before

this can be accomplished satisfactorily. There are indications,

however, in the Colorado Desert of a subzone below the Larrea,

whose limits appear to be traceable by the growth of Atriplcx

polycarpa. But for the present the Larrea zone maybe taken as

a whole, and considered as extending over all parts of the two

deserts below 3,000*' altitude (915""

Above the Larrea, the zones of the two deserts, although

analogous, are indicated by entirely different plants. In the

\ Mojave Desert the first zone above is that of Yucca brcvifoUa.

This belongs properly between 3,000 and 4,000^^ (9i5--i,220

altitude; occasionally, however, it descends 500^' (^SO"") lower,

or again carries its characteristic species as high as 7,000 ^*

(2, 1 33°*)- I^ its normal limits Junipenis califormca is mingled

with the Yucca, but does not accompany it far above them. The
principal belt of this zone, beginning at the upper end of Ante-

lope Valley, follows the base of the San Bernardino Range to

Warrens Wells, and thence, along the Chuckawalla Mountains,

at least to Virginia Dale. A less important belt extends from

Daggett to Pilot Knob.

Above the first named Yucca belt is the Pinon zone, marked
by the presence of Pimis mojiophylla, having an altitudinal breadth

between 4,000 and 6,000 ^ (1,220-1,830'"). It also begins in

Antelope Valley, and extends, but with considerable interrup-

tions, from Gormans Station to and beyond Warrens Wells, and

possibly even to Virginia Dale.

In the upper end of Antelope Valley the orographical confu-

sion which there exists has given rise to a curious phytogeograph-

ical anomaly. Here Pinus Sabiniana, Querciis Doitglasii, and Q.

Wislizeni, trees characteristic of the western slope of the Sierra

Nevada throughout central California, coming through Tejon

Pass, find themselves on the eastcnisXo^c of that range, and the

unusual sight is presented of desert foothills clothed with an

almost unmixed growth of scrub-oaks. Here, too, are found

Aescuhis califor?iica, Balsamorkiza deltoidca. Gilta tricolor, Layia
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heterotncha and Colliiisia Torreyi, which have entered through the

same gate to share the anomalous position of the oaks.

In the Colorado Desert the Yucca zone is replaced by a well-

defined zone of Agave deserti^ which, in an almost continuous
r

.belt between the altitudes of 2,500 and 4,000*"' (760-1,220""

-stretches along the desert slopes of the mountains from San

Jacinto Mountain to and beyond the Mexican boundary. The

plants of that zone, with inconsiderable exceptions, are quite

distinct from those of the corresponding Yucca zone of the

Mojave Desert, although it has the same altitudinal limits, and

other physiographical conditions.

Above this Agave zone there is a little known Pifion zone.

It begins southeast of San Jacinto and extends to El Toro

Mountain, above Toros, its upper limit being about 5,000^

{1,525"") above sea level. Possibly, in the little-explored

mountains between El Toro and the Mexican line, other traces

of this zone may connect it with the extensive nut-pine forests

of the peninsula. At its upper end this belt is mainly composed

of Pinos mofiophylla, while on El Toro, P, Parryana has sup-

planted it.=^

=i These two species appear either to coalesce, or to hybridize, in this belt.

Specimens may be found in which there are, on the same twig, sheaths containing two,

three, or four leaves.

[7b be concluded^
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A GALL UPON A MUSHROOM.
While collecting fungi in one of the gorges in the neighborhood

of Ithaca, September j2, 1902, I found two specimens of the common
Omphalia campanella affected by a gall insect. Every fungus collector

is familiar enough with the destruction of his choicest mushrooms by
insect larvae, but in every case that has been recorded, so far as I can

determine, the effect of insect attacks has been exclusively destructive.

However completely the fungus may be riddled by larvae, there is ordi-

narily no growth-response whatever on the part of the plant.

Omphalia campanelia Batch.

Fig. I. Half of pileus affected by gall insect, showing normal gills and gall

viewed from below.

Fig. 2. — Same viewed from the side.

Fig. 3.— Same showing the appearance of the vertical section.

Fig. 4. ^Vertical section showing the path of the larva within the gall.

Here we have a very different condition of affairs, as the accom-

panying figures will show. The normal pileus of O. campatulla is very

thin, in fact less than 1™'" in thickness, and with gills attached the

entire structure is inside 3"'"", as a rule. Here, in contrast, we have

a w^hite mass, homogeneous in section, about 8""" in radial diameter,

6 inm
in thickness, and some 12 J

mm j^ length. Around the ends of

the gall, w^here it adjoins the normal tissue, the even under-surface is

broken, as represented in figs, i and j, the folds and wrinkles repre-

senting gills w^hose original nature becomes more evident as they

approach the normal tissue. The effect upon the upper surface is

sh o /.
deforming that half of the

In this the gall causes a marked enlargement,

pileus. The two galls were much alike

1903] T
J
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in general appearance. There were five larvae in the two together.

One of these is sketched in the figures as it was fixed and remained in

the opening of its hole. The larvae were determined by Mr. W. .\.

Riley, of the Department of Entomology of Cornell University, as

dipterous larvae of family Mycetophilidae. Further identification was

impossible, and since an attempt to cultivate them resulted in the loss

of one and the larger part of one gall, the remainder were killed and

fixed for study.

To see what changes had occurred in the tissues, portions of one

gall were imbedded in paraffin and sectioned for comparison with

Ouiphalia canipanella Batch

Fig. 5.— Camera lucida sketch of normal hyphae.

Fig, 6.— Camera lucida sketch of hyphae from the gali.

sections of a normal Omphalia gathered from the same place. Camera

lucida sketches of portions of these sections look at first very much

alike. The intercellular spaces are reduced somewhat and the hyphae

appear swollen. Measurement of the diameters of a large number 01

hyphae gives a marked contrast. The average of forty measurements

of diameters of cells in the same microscope field was, in the normal

tissue, about 7/^; in the gall the average was between 9 and lo/i \fis^'

J, and d). These figures show the stimulating effect of the attack of

the gall insect. It has in this case not only produced a relatively very

large growth, but has caused a very noticeable increase in the average

size of the hyphae (nearly one-third). Hyphae of normal size occur

among the swollen threads of the gall, and larger ones are found in the

normal tissue, but the averages are strikingly different. A stimulus

which is to produce so marked an effect, both in obliterating the lamel-

lae completely and increasing the size of the hyphae themselves, must be

applied to the mushroom before gill formation has taken place, else its

effect would be destructive, not constructive. It would seem, then, that

in these cases the eggs must have been laid very early, so that the abnor-
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mal growth kept pace with the larvae, which are comparatively large for

so small a mushroom. The hole traced out \n fig, 4 appears to repre-

sent the habit of the larva. It has been suggested that most gall insects

produce hollow or chambered abnormal growths, and that this may not

be a form which habitually produces galls. It is of course possible

that the eggs were laid very early and that this stimulus produced a

gall, whereas had they been laid later the mushroom would have been

destroyed in the ordinary way. The argument that this is a true gall

insect would be the size of the gall, and of the larva producing it

(5-6™'" at least). Larvae as large as these could not work in the ordi-

nary Omphalia pileus because the flesh is too thin and would not offer

sufficient food and protection, which is always sought by the insect in

laying eggs. It is at least interesting to find such a gall in a group of

plants where such a growth has not been reported in our literature.

This note, perhaps will bring similar cases to light.— Charles Thom,
Cornell University, Ithaca, N. V.

SELECTED NOTES. IL— LIVERWORTS.

DuMORTiERA.— Although the genus Dumortiera has as a whole

become greatly reduced in the structure of its gametophyte from the

typical Marchantia form, and has, generally, hardly a trace left of the

complex chambers and nutritive outgrowths characteristic of the group,

there are certain species which show, normally or occasionally, enough

resemblance to the typical form to leave no doubt that its simplicity

is secondary, acquired through retrogressive development from more

complex members of the Marchantiaceae. Of the several species of

Dumortiera there is only one in which traces of dorsal chambers have

been described. This is D, irrigua L., which was studied by Leitgeb'

from herbarium material only. At the growing point on the upper

surface he finds and figures quite distinct chambers, without, however,

a very definite mouth opening. The upper covering of the chambers

becomes broken and disappears more and more on the older part of

the thallus, until finally only the basal parts of the chamber walls

are left as reticulations on the surface. Leitgeb also mentions '' kiirze-

ren oder langeren Haarpapillen" which occasionally arise from the

surface of the thallus and represent the cell rows which fill the air-

chambers of Marchantia. Campbell {Mosses and Ferns) finds no trace

of any such complexities on the thallus of D, trichocephala from the

* Untersuchungen liber die Lebermoose, Heft 6, iSSi.

f
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Hawaiian Islands.' He says: "No indication of lacunae can be seen

either near the apex or farther back, the whole thallus being coniposed

of a perfectly continuous tissue without any intercellular spaces."

Schiffner^ describes two species of Dumortiera from Java, Z>. tricho-

cephala and D. veliiiina. Of the first he says : "Frons oberseits ohne
m

oder nur mit zerstreuten Papillen ubersat." In neither species does

he mention the presence of any trace of air chambers or reticulations.

In the possession of numerous papillae on the upper surface D,

veliitina shows itself to be less reduced than D, trichocephala,

Z. Kamerling^ gives a figure of D, hirsuta which shows the upper

surface thickly covered with unicellular papillae. He refers to Leitgeb's

work on D. irrigtia^ but does not mention finding any trace of chambers

in D. hirsuta. My own observations on the last-mentioned species,

which grows rather abundantly in two situations around Chapel Hill,

bring out the presence in some cases of air chambers in the young

parts of the thallus, which closely resemble those in Z>. irrigua.

Our species, like others of the genus, grows in wet, springy places

where the water is constantly trickling through, and it evidently requires

more moisture than any other members of the Marchantiaceae (with

the exception of Riccia) that occur in this region. Z. Kamerling,^ in

his classification of the Marchantiaceae according to biological types,

has considered Dumortiera with good reason as typically hygrophilous,

and there seems little doubt that the loss of its air chambers is due to

its semi-aquatic life.

The spot where Dumortiera is most abundant here is a gentle

rocky slope on the north side of a well-wooded hill, where spring water

is constantly oozing out and keeping the thalli saturated. Plants from

this place show no air chambers. The other spot where Dumortiera

has been found is under a series of overhanging rocks that have been

hollowed out so as to form caves 8 to 12^ deep. At the base of

these caves the liverwort grows on the damp porous sand, where the

water never seems to accumulate so as to cover the plants. Specimens

from this situation can be plainly seen with the naked eye to be retic-

ulated over the entire surface, as shown in fig. /, which is from a

' See also Campbell, The systematic position of the genus Monoclea. BOT. Gaz.

25:272-274. 1898.

3 Die Hepaticae der Flora von Buitenzorg. Leiden, igco.

*Zur Biologie und Physioiogie von Marchanticeen. Pp. 73» Z^^- 4- Munclien,

1S97.
1

5 0a cit. p. 38.
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photograph. From sections made through the growing point it could

be seen that in the younger parts the air chambers were about as per-

fect as in Marchantia. fig It will be

noticed that the pore at the top is not so definite as in typical cases,

but in every other way the chamber is perfect. There are several cells

projecting from the

floor, which contain

chromatophoresand

are no doubt the

homologues of the

filaments filling the

chambers of Mar-

chantia, as remarked

by Leitgeb. These

papillae are not dX

all abundant, but are
Fig. I.— Dumortiera hirsuia. Two thalli of natural scattered here and

size; from a photograph.
there, and often per-

sist in the older parts. They were never found to form chains of

-cells, as in more complex thalli. As they become further and further

Fig. 2.— The same. Section through an
air chamber. X246.

Fig. 3,—The same. Wall of

chamber an older part with a few

cover cells still attached. X 246-

removed from the growing point, the air chambers become less perfect,

the roof cells become torn apart, and many are thrown off, until only

{fig Finally,

on the older parts, only the basal cells of the partition are left to form

the reticulations seen in fig, /.

It will be seen that we have in D. hirsuia chambers and papillae

\

\
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which almost exactly resemble those found by Leitgeb in D, irrigua.

They show beyond a doubt that the thallus of Dumortiera has been

derived from more complex forms. It seems probable that the com-

parative darkness of the caves where the plants are found was the

factor that induced the formation of the papillae, and that the absence

of surface water was favorable to the development of the air chambers.

The "delicate appressed pubescence*' mentioned by Underwood

(Gray's Manual of Botany) as sometimes present on the upper surface
r

of D, hirsuta is no doubt the remnants of the air chambers here

described.

In his work on the mycorhiza of the Marchantiaceae N. Golenkin^

could find no trace of fungus in Dumortiera, although he demonstrated

it in Preissia, Marchantia sp., Fegatella, and others. I have looked

carefully for mycorhiza in Dumortiera, but in no case was any found

in the thallus cells. Fungus threads were often seen running up inside

the rhizoids, but they were never traced into the living tissue. There

is no difificulty in finding abundant mycorhiza in Fegatella.

Blasia pusilla L.^The symbiotic relation of Blasia and Nostoc

has often been noted, and Leitgeb {pp. cit. Heft i) has given a very

good description of the structure and origin of the peculiar chambers

of the Blasia thallus in'^which the Nostoc lives. He failed, however,

to get a preparation showing a section of a fully developed chamber

with contents, and does not give a drawing that shows the contents.

By pressing out the Nostoc he 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. As the origin of the branched cells ramifying

through the Nostoc is so peculiar, I give a drawing {fig. 4) that illustrates

this point in a mature Nostoc chamber. There grows up from the floor

of the chamber a tree-like structure with a single trunk, and from the

repeated ramifications of this tree the whole colony becomes inter-

woven with cells which doubtless serve to abstract nourishment from

the algae. This whole ramifying structure has in all probability come,

as Leitgeb thought, from the subsequent growth of the slime-secretmg

cell shown in fig. j, s.

This cell, in the young stage shown, projects upward into the

"Blattohr,'' as Leitgeb calls it, while at the opening at the base on one

side the Nostoc enters- This opening is soon closed, and as the cavity

*Die Mycorhizaahnlichen Bildungen der Marchantiaceen. Flora 90: 209-220,
i

A //. 1902.
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grows larger and the Nostoc multiplies, the tree-like upgrowth is pro-

duced. 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 separately and at many points. The striking and
beautiful arrangement in Blasia seems to be confined to it alone.

Sphaerocarpus terrestris Smith.— I have found this liverwort

abundantly at Chapel Hill, N. C, Selma, N. C, and Florence, S. C.

Active spermatozoids were obtained in April of this year from Chapel
Hill plants, and it is probable that they are liberated during the greater

I

Fig. ^.—^ Blasia pusilla. Section of a large Nostoc

chamber. X 166.

Fig. 5.— Section of a

young chamber. X 250.

part of the growing season, as sporophytes of all ages can be found at

almost any time-

It is the sterile cells of the sporangium, however, that I wish espe-

cially to mention. They are so peculiar in appearance and behavior

as to deserve more attention than they seem to have received. These

cells, though probably the homologues of the elaters of higher forms,

do not bear the least resemblance to them. They are round, have

clear cell w^alls, and contain a good number of bright green chloro-

phyll granules. These granules retain their bright color almost to the

time of the ripening of the spore. They then fade slightly to a yellow-

ish-green, but are still distinctly colored and not the least corroded

when the spores are quite ripe. If a ripe black sporangium is crushed

under the microscope, these green cells at once attract attention as

being totally different from any other sterile cells in the sporangia of

either liverworts or ferns. They no doubt carry on photosynthesis to

the last moment.
An attempt was made to keep these sterile cells alive on wet filter

i
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paper, in the hope that they might divide; but, although they remain

green and intact for more than a week, a gradual fading set in and

they finally died. Perhaps they would behave differently in nutrient

solution, but I have not yet tried this. Leitgeb {pp. cit.^ Heft 4) also

failed in his attempt to sprout these peculiar cells.

In conclusion I wish to express my hearty thanks to Professor

Alexander W. Evans for the loan of valuable literature.— W. C. Coker,

University of North Carolina, Chapel HilL



CURRENT LITERATURE.
BOOK REVIEWS.

An English class book of botany.

The examination system of the higher educational institutions of Great
Britain seems to. dominate the writing of English text-books. Some such

^

announcement as the following may be found in the preface of most of them :

"This work is primarily intended to meet the requirements of students who

I

are preparing for the Intermediate Scientific B.Sc. and Preliminary Scientific

M.B. examination of the London University, or for the Advance Stage exami-
nation of the Board of Education. But students who intend sitting for other

exammations, etc." This shows how heavy a responsibility rests upon the

men who set these examinations, and if the subjects and methods they demand
be not the ones best suited for training a student in botany— why, so much
the worse for the student ! The book before us' consists of four parts. Part i

(280 pages) is a description of the structure of plant "types," including the

sunflower, bean, elm, mare's-tail, water-lily, maize, yucca, pondweed, pine,

selaginella, two ferns, polytrichum, pellia, fucus, ulothrix, spirogyra, vauche-

na, haematococcus, agaricus, pythium, mucor, eurotium, yeast, bacteria,

physcia
;
part 2 (130 pages) is concerned with special morphology and classi-

cation of angiosperms, under which are the flower and inflorescence, pollination,

fruits and seeds, and about sixty pages giving the characters of the orders of

angiosperms
; part 3 (cut off with 65 pages) treats of the ph}siology of plants,

while part 4(16 pages) is a running glossary of descriptive terms. The text

is reasonably accurate, though by no means flawless, and the book is certainly

compendium of information upon the topics which it treats. As the types

are studied in the reverse order from their evolution, a philosophical presen-

tation is practically impossible. Some tables of homologies are given, but

the student must hold the facts by sheer strength of memory. The illustra-

tions, "especially drawn for the work," are for the most part extremely crude

and some are quite ludicrous. One can hardly imagine that the delineator of

a section of a developing ovule {fig. 84, II) and of physcia (Jig. /jo) ever saw

these structures. The book is not one that will be of service to American

students, though it may be helpful to those who are obliged to sit for British

examinations.—C. R. B.

Protoplasmic

A BRIEF ABSTRACT of his extensive work upon this subject was communi-

cated to the Royal Society in February last by Dr. Ewart. Through the gen-

'MuDGE, G. P., andMASi.EN, A. J., A class book of botany. l2mo,pp. xvi -f512.

^^s. 22S. London: Edward Arnold. 1903. 7/6-
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erous financial aid accorded by the Royal Society he has been enabled to pub-

lish the full treatise at the Clarendon Press."" Dr. Ewart's observations upon

protoplasmic streaming have extended over eight years. The treatise shows

complete familiarity with the somewhat extensive literature bearing directly

upon this topic, and the prolonged study has enabled him to review much allied

work, both physical and physiological. In these days, when hasty publication

is too frequent, the author's mature consideration of his theme and the con-

templation of it from many sides may be taken as an example worthy of imi-

tation.

Some conclusions of this book have already been stated in the notice of

the preliminary paper.^ The study of streaming itself has brought Ewart to

consider so many other aspects of cell physiology that it is not possible to

summarize his conclusions without repeating the three or four pages in which

he concisely does this. It must suffice to say that he discusses the influence

of various external agents (including an extensive study of chemical, mechani-

cal and etherial stimuli) on streaming; the relation between it and the other

functions of the cell ; the sources of energy; the influence of viscosity, and

the ways in which this is modified by various agents; the analogies between

streaming and molecular contraction ; the transmission of stimuli and the rate

of propagation ; the existence of nerve fibrillae as claimed by Nemec ;
the

movements of chloroplasts ; and finally the theories of streaming.

Typographically the book is issued in the same style as the classical text-

books of Sachs, DeBary, Pfeffer, and others, falling below their high standard

onl}- in the figures, which are reproduced from rather crude drawings. It

would have been worth while to have a good draftsman put these into proper

form. One dislikes to see unsightly illustrations in the midst of fine letter

press.—C. R. B.

Biological philosophy.

Seemingly almost all the fundamental problems of modern biology are

at least touched upon in a curious work which has recently appeared from the

hand of Krafean.-* The book is of a decidedly philosophical nature and is

designed as a sort of introduction to broad and deep scientific thinking, its

field is to some extent similar to that of Pearson's Grammar of Science, but

the present work deals almost entirely with the facts of botany, and the method

of treatment as well as the ideas expressed are quite different trom those of

the Grammar. In KraSan's felicitous illustrations and comparisons of thmgs

seemingly dissimilar {e, g., of the animate with the inanimate, etc.), is found

'Ewart, Alfred J., On the physics and physiology of protoplasmic stream-

ing in plants. Imp. 8vo. pp. viii -|- 131. ^^5. 77. Oxford: Clarendon Press. I903-

'See Box. Gaz. 36 :7I. 1903.

-^KraSan, F., Ansichten und Gesprache liber die individuelle und specifische

.Gestaltung in der Natur. 8vo. pp. vii-f-sSo. Leipzig; Wilheltn Engelmann. 1903-

M, 6.
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much to remind the reader of the Weissnichtwo Professor of Things in Gen-
eral

;
for students who have difficulty in seeing a number of sides to the same

question the book will surely be an inspiration. Among the topics discussed

are: the relation between material and form throughout nature; metamor-
phosis and substitution

; the relation of species, variety, and race
;
phylogeny;

paleobotany, etc.

The work has an almost medieval smack; after a few introductory pages
* t

It IS written entirely in dialogue, which may make it tedious for him who is

only after the kernel of the nut. There is no doubt, however, that the reader's

mterest is held by these curiously learned dialogues of Fritz, Hans, and the

other Students, albeit the ludicrous will occasionally arise Xo obscure the sci-

entific— B. E, Livingston.

MINOR NOTICES.
Trees, shrubs, and vines^ is a book designed especially for New

Yorkers, and to them it maybe useful. Though it professes to describe these

plants in all the northeastern United States, this part is distinctly inferior and
secondary. The greater part of the book is devoted to lists of "these three

growths" and to "rambles*' in Central Park, whose glories are fully exploited.

To a brief description of native trees, shrubs, and vines 172 pages are devoted,

and nearly half as much more to the foreign species grown in Central Park.

The descriptions are too brief, lacking in contrasts, and often maddeningly

comparative. Species of the same genus are often widely separated. The
keys are worthless; e. g., one of the chief distinctions is "widely distributed

within territory" and "found only on frontier"— exactly the kind of informa-

tion that one endeavoring to name an unknown tree is unlikely to possess.

If the book sailed under true colors it would be more commendable; but

Judged according to its title it is far inferior to others of like purpose.—C. R. B.

NOTES FOR STUDENTS.
Dude/ studying both fungi and higher plants, finds that the replace-

ment of oxygen by purified hydrogen can be withstood by spores and seeds for

a long time (in seeds fifteen to fifty days), but that their germination is much
delayed. The vegetative tissues are injured irreparably after an hour or at

most a few hours, the younger being most easily killed; yet meristematic

tissues endure the hydirQ^Qn for three to five days. In all conditions a higher

temperature accelerates the action.— C. R. B.

Dr. B. Longo^ holds that the pollen tube is the only channel by which

the embryo of Cucurbita can receive nutriment, because of the marked cutini-

sParkhurst, H. E., Trees, shrubs, and vines of the northeastern United States.

1 2mo. pp. viii-|- 451: Illustrated. New York : Charles Scribner's Sons. 1903. $1.50.

•^DuoE, Max, Ueber den Einfluss des Sauerstoffsentzuges auf pflanzliche Organ-

ismen. Flora 92:205-252. 1903.

^LoNGO, B., La nutrizione dell' embrione delle Cucurbita operata per mezzo del

tubetto pollinico. Annali di Botanica 1:71-74. 1903-
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zation of the cell walls in the chalazal region and of the nucellar epidermis,

which is completed while yet the embryo is spherical. The only pervious

point is at the tip of the nucellus, where the pollen tube forms a globular

swelling and sends branches through the inner integument which extend into

the outer. These branches collect the food from the integuments, which are

in communication with the nutritive tissues by the vascular bundles, and

through the pollen tube it travels to the embryo.— C. R. B.

Vines finds® that Buscalioni and Fermi had anticipated some of his

studies upon proteolytic enzymes, having determined in 1898^ by a different

method entirely the rather extensive occurrence of such enzymes. In this

second paper Vines summarizes their results and contributes further data.

He shows that the antiseptic used may influence greatly the digestion (which

explains Mendel and Underbill's results with papain); corrects Buscalioni

and Fermi's determination that dahlia roots are proteolytically inactive; and

finds an enzyme in Cravtbe tnariti?na which belongs to the erepsin group of

proteases.— C, R. B.

In a series of researches on the physiology and morphology of alcoholic

ferments, Hansen '° shows that in beer cultures Saccharomyces spores may

develop into sporangia without vegetative division. They simply enlarge enor-

mously and develop new spores in their interior. The maximum and minimum

temperatures for growth as well as for sporulation in a number of species of

Saccharomyces are given. Temperature does not seem to affect the formation

of spores directly; the latter are formed with full access of oxygen and fail

to be formed in its absence. Many special variations in the behavior of

the different species are noted. Lack of nutriment checks growth, and under

certain other conditions may appear to lead to spore production, but it is not

itself a cause for this. Several other fungi are considered. Among other

points, it is noted that Mucor produces zygospores under the same general

conditions as those under which it. produces sporangia, but that zygospores

need more oxygen for their formation.— B. E. Livingston.

Spindle formation at the first division of the pollen mother-cell of

Larix europaea DC. has been described in great detail by Dr. Allen." Late

in October the pollen mother-cells are easily distinguished, but division does

not occur until the following spring. Five stages in the formation of the

spindle are described, viz., the preradial stages, the radial stages, formation

^ Vines, S. H. Proteolytic enzymes in plants, II. Annals of Botany 17:597-

616. 1903.

9 Buscalioni and Fermi, Studio degli enzimi proteolytici e peptonizzanti dci

vegetali. Annuario R. 1st. Bot. Roma 7:99. i8q8.

^'^ Hansen, E. C, Recherches sur la physiologic et la morphologie des ferments

alcoholiques. Compt. Rend. Labor. Carlsberg 5:69-107. fi^s. 4^ 1902,

"Allen, C. E.,The early stages of spindle formation in the pollen mother-cells

of Larix. Ann. Botany 17: 281-312. ph, 14-15. 1903.
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of the felt, the multipolar spindle, and the completion of the spindle. The
conclusion is reached that, from the very early prophases, there is present in

the cytoplasm a distinct fibrous system which, in conjunction with another set

of fibers of nuclear origin, forms the spindle. The fibers of an early reticu-

lum become arranged into a radial system ; this in large part passes into an

extra-nuclear felt, and the fibers of the felt form the extra-nuclear portions

of the spindle. The fibers are something more than lines of force or expres-

sions of strains or stresses. They are organs with distinct chemical and

physical properties which determine their power to do particular kinds of

work. No centrosomes were observed at any stage in mitosis.— Charles

J. Chamberlain.

H. O. JUEL'= has recently studied the development of the megaspore in

Casuarina, basing his results upon material of an undetermined species col-

lected in Algeria in January 1901, and material of C. quadrivalvis collected

at Naples in March of the same year. The principal results are as follows

:

Each of the numerous embryo sac mother-cells, by two successive divisions,

gives rise to four megaspores. The cells of the archesporium are dis-

tinguished by their larger nuclei and 'denser contents. The first nuclear

division in the megaspore mother-cell is marked by the usual synapsis stage

and by a reduction in the number of chromosomes. The number of chromo-

somes at this divison was not determined definitely, but was not less than

eight nor more than twelve, while the number in sporophytic cells was about

twice as large. Bodies of kinoplasmic aspect appear at or beyond the poles

of the spindle during the mitoses which give rise to the four megaspores, but

these bodies are not regarded as centrospheres. They resemble the dense

areas which have been described in various gymnosperms. The later stages

were not studied, but the writer remarks that in regard to the development

of the embryo sac, the entrance of the pollen tube and the formation of the

embryo, he can only confirm the account of Treub.— Charles J. Chamber-
lain.

«

The reinvestigation of the fossil, Williamsonia gigas Carr.,^^ was

suggested by Wieland's researches upon Cycadoidea, and there seems to be

Considerable resemblance between the two forms.

According to the present account, the structures in IVilliamsonia gigas

which have been described as "male flowers" are really the axes of ovulate

strobili from which the layer of ovules has become detached after maturity.

The staminate structures were probably comparable to those described by

"JUEL, H. O., Ein Beitrag zur Entwickelungsgeschichte der Samenanlage von

Casuarina. Flora 92 : 284-293. // 5. 1903.

'3LIGNIER, O., Le fruit du Willtamsonia gigas Carr. tt les Bennettitales. docu-

nients nouveaux et notes critique. M^moires de la Soci^t^ Linneenne de Normandie
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Wieland for Cycadoidea ingens. The fruit of the Bennettitales should be

considered, not as a flower, but as an inflorescence.

A diagram showing the relationships of great groups is submitted. From

the Protopteridea, the ancestors of the Filicales, is derived a stock which

becomes differentiated into two main lines, the Salisburiales and Cordaitales.

At an early period the Cycadales were derived from the Salisburiales

and, later, the Coniferales came from the same stock. From the Cordaitales

at an early period came the Bennettitales and, later, the Gnetales and Angio-

sperms. More must be known of the life history of fossil forms lying between

pteridophytes and gymnosperms, and also of fossils in these two groups,

before a satisfactory diagram of relationships can be constructed,— Charles

J. Chamberlain.

According to the investigations of J. Brzezinski, ^^ the canker

disease of trees, long attributed to Neciria ditissima, is never caused by this

fungus, which, in the opinion of the author, is merely a saprophyte on dead

portions of the bark. Inoculations from pure cultures of Nectria failed to

produce the disease. The author regards certain bacteria which he found

growing in the wood as the true cause of the injury. Three species are

described, viz.. Bacterium niali, B.pyri, and B. coryli, growing respectively

on apple, pear, and hazel. They differ but slightly in cultural characteristics.

Inoculations of B. ma/z 2Lnd B.pyri'xn the wood of apple and pear, respec-

tively, produced discolored areas which gradually extended for a period of

several years, forming darkened lines in the wood. In three instances only

were small cankers produced on apple trees. The author regards the canker

wound merely as one of the external manifestations of the bactenosis

from which the tree is suffering. The disease may manifest itself also as

general bacteriosis causing a sickly appearance of the whole tree and pro-

ducing chlorosis in pear trees. Further, irregular knots on the limbs, a form

of twig blight, and root knots are regarded as manifestations of the disease.

The twig blight seems to resemble the disease produced on young apple

twigs by Bacillus amylovorus Burrill, The root knots referred to are

"crown galls."— H. Hasselbring.

Paul discusses the functions of the rhizoids of mosses and announces cer-

tain conclusions, *5 which the writer has held and taught for a number of

years, as a result of his observation of the structure and development of these

organs. Paul brings no experimental evidence, but relies on more extensive

data of the same kind. He holds that the chief function of rhizoids is

anchorage; as accessory functions he recognizes (i) the capillary storage and

conduction of water by felted rhizoids, and (2) the absorption of water and

*'» Brzezinski, J., Le chancre des arbres, ses causes et ses symptoines. Bull.

Acad. Sci. de Cracovie 1903 : 95-143, pis, 2-8,

^5 Paul, H., Beitrage zur Biologic der Laubmoosrhizoiden. Bet. Jahrb. System.

32:231-274. 1903.
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solutes as by any other part of the body. The support for this view is found

in the fact that where anchoring organs are most needed there they are

developed, and with evident adaptations in form and length of filament to

surface and texture of substratum. In epiphytic and rock species they are

best developed; in streaming mosses they form a dense tuft with strongly

thickened walls, probably variable according to speed of current ; but free

floating species have no rhizoids. Paul questions the existence of saprophytic

mosses, holding that of such species most grow well also on other sub-strata

;

that the solution of vegetable membranes by rhizoids is improbable; that

penetration is made possible by the pioneer activity of other organisms; and

that the nutritive activity of the protonema and leaves is adequate. He
finds no evidence that the rhizoids of rock species in any way attack or

destroy the rocks by secretions. What disintegration they produce is by hold-

ing water. He expressly disclaims denying absorption of water and solutes

by rhizoids, but holds that this is only such (or even not so much) as other

parts of the body do. No secretions by rhizoids dissolve the substratum.

Rhizoids are therefore by no means equivalent physiologically to root hairs.

C. R. B.



NEWS.

Dr. G. M. Holferty has been appointed instructor in botany in the

high school of St. Louis, Mo.

Dr. J, F. Garber has been appointed professor of biology in the state

normal school at River Falls, Wis.

Mr. H. H. York, assistant in botany at De Pauvv University, has been

appointed fellow in botany in the Ohio State University for 1903.

Professor J, H. Schaffner, of the Ohio State University, spent the

summer vacation continuing his special studies on the flora of Kansas.

Dr. T. C. Frye, professor of biology ad interim in Morningside College,

Sioux City, Iowa, has been appointed professor of botany in the University of

Washington.

Mr. Edmund P. Sheldon has been appointed superintendent of the

Oregon State Forestry exhibit for the Louisiana Purchase Exhibition at St.

Louis in 1904.

Dr. H. C. Cowles is conducting a party from the University of Chicago,

which is engaged in ecological work in Arizona. The party will examine the

aspects of both desert and mountain floras.

Dr. Augustin Gattinger, author of a flora of Tennessee and for many

years the most active collector in the state, died in Nashville July i8, at the

age of seventy-eight. He was a native of Munich.

Professor Henry G. Jesup, for twenty-two years professor of botany

in Dartmouth College, died June 15 at the age of seventy-seven. He retired

from the active duties of his post four years ago and was made professor

emeritus.

At the LTniversity of Minnesota A. M. Johnson has been appointed

scholar in botany. Miss Catherine Hillesheim has been appointed assistant

on the Geological and Natural History Survey, vice Otto Rosendahl who has

entered the University of Berlin.

In the University of Missouri E. H, Favor, assistant in botany, has been

transferred to the department of horticulture; Howard S. Reed, of the

University of Michigan, and Charles Brooks, of the University of Indiana,

have been appointed assistants in botany.

The new tropical laboratory at Paramaribo, of which an account

was given by Professor F. A. F. C. Went in the June number of this journal,

wU be under the direction of Dr. C. J. J. van Hall, who has been appointed

238
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inspector of agriculture for the Dutch West Indies. Dr. van Hall has been

botanist at the Phytopathological Laboratory Willie Commelin Scholten at

Amsterdam,

Professor W. A. Kellerman and Assistant O. E. Jennings conducted

the botanical work of the Ohio State University Lake Laboratory at Sandusky,

Ohio, in July and August. Twenty-five students were enrolled. During the

latter part of August and early September Professor Kellerman made exten-

sive collections of fungi, especially the parasitic species, on the Cheat Moun-
tains, Randolph county, West Virginia.

The organization of the Society for Horticultural Science recently

proposed has been decided upon. The proposition met with a wide, enthu-

siastic, and almost unanimously favorable reception, not only by horticultur-

ists, but also by a considerable number of botanists and other scientists. The
need of the society is keenly felt and the time appears ripe for inaugurating

the new movement. An attendance of at least thirty of those interested is

assured for the first meeting, which is to be held in connection with the

annual meeting of the American Pomological Society at Boston. Professor

L, H. Bailey will preside. A preliminary meeting for organization and con-

ference will be held in the rooms of the Massachusetts Horticultural Society

September 9,

Mr, Cyrus G. Pringle, who last year accepted the position of keeper

of the herbarium of the University of Vermont, started from that institution

the first of August upon his nineteenth consecutive annual collecting journey

to Mexico. Since his return last February he has installed his herbarium at

the university and distributed to other herbaria over 30,000 sheets of plants,

including his Mexican collections of igoi and IQ02, and that made last Janu-

ary in Cuba. The Mexican collection of 1902 was an especially rich one.

Of the 280 species collected for the first time fully one-fourth were new. He
will this year continue his explorations of the southern Andean system of

Mexico, taking with him one or two assistants. Dr. J. N. Rose, of the

National Museum, plans to join him wnth another assistant in September.

On account of an unexpected veto by the governor of the appropriation

for the New York State College of Forestry, the trustees of Cornell Univer-

sity, at which the college was located, have announced the suspension of this

work. The action of the governor is one that cannot be justified from any

point of view. A flourishing college had been organized at which several

hundred students were in attendance, forestry work upon the reserve in the

Adirondacks had been well begun, contracts had been entered into with

important wood manufacturing companies for a supply during a term of

years, and the whole country was looking to this college with great interest as

a well-managed scientific undertaking. We hope that the friends of the

college will make known the influences which have brought about this curious

action of the governor. It would appear that the trustees of Cornell Uni-
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versity might have minimized in some way the injurious veto. Their action

in immediately abandoning the Forestry College seems scarcely justified by

their public letter.

The exploration operations of the New York Botanical Garden in the

West Indies have been prosecuted with greater vigor in 1903 than during

any previous season. Dr. N. L. Britton and Mrs. Britton made one expedi-

tion to the province of Santa Clara in Cuba, accompanied by Mr. J. Shafer,

custodian in botany of the Carnegie Museum, Pittsburg, and a second accom-

panied by Mr. Percy Wilson, of the Garden ; Professor F. S, Earle has

visited Cuba, Porto Rico, and Jamaica ; Dr. M, A. Howe made an extensive

collection of marine algae along the coast of Porto Rico; and Mr. George

V. Nash, accompanied by Mr. Harry Baker, made collections along the north-

ern side of Hayti. Dr. D. T. MacDougal spent July in Jamaica investigating

the facilities afforded for botanical investigations of all kinds by the labora-

tories and plantations at Cinchona. Professor L. M. Underwood, of Columbia

University, also made extensive collections in Cuba and Jamaica by the aid

of funds from the Garden and the Hermann Research Fund of the Scientific

Alliance: and Professor F. E, Lloyd, of Teachers College, Columbia Univer-

sity, operated on a similar basis in Dominica. Ail of these expeditions were

so carried out that the results accruing to the Garden consisted of living

plants, museum and laboratory material, and herbarium specimens. Other

collectors visiting this region also furnished material to the Garden. Mr.

Percy Wilson made an extensive visit to Honduras to obtain herbarium and

museum material, while Mr. L. R. Abrams, of Stanford University, is making

an investigation of the flora of southern California by the aid of the Garden-

Mr. R. M. Harper, a student of the Garden, has spent the summer in

worK in Georgia.

field

On September i Mr. R. S, Williams, who has been appointed collector

for the Garden for the Philippines, started for Manila for the purpose of

beginning explorations planned to extend over a series of years.

Miss A. M. Vail, the librarian of the Garden, attended the auction sale of

the Jordan botanical library in Paris in May, from which over seven hundred

volumes were secured for the library.

Dr. Arthur HoUick carried out some investigations of the Cretaceous flora

of Long Island for the U. S. Geological Survey early in the year, and spent

the summer on detached duty for the same bureau, making an investigation

of the fossil flora of the Yukon district. Professor F. S. Earle made a sur-

vey of Porto Rico in March for the U. S. Experiment Station Bureau, and

Dr. D. T. MacDougal, as a member of the Advisory Board of the Carnegie

Desert Laboratory participated in the surveying tour of Mexico and the

southwest during February, which resulted in the location of that institution

at Tucson, Ariz.
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Preachers, students, bank-
ers, brokers, literary workers,
reporters, editorial writers, ac-
countants, actors and persons
of intense mental concentra-
tion, can strengthen their
whole system, and greatly in-
crease their capacity for men-
tal and physical labor, by the
use of

Acid
Phosphate

Horsford's name on every GENUINE package.
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BORATED TALCUM

Toilet Powder
clichtful after bathihc,

, 'a luxury after shavwc.

'peautifies and Preserves the CcmqleiioB'

A poriiiv* r^lW for PWOLT HEAT. CHAfWG »i^^MK^

f«rt It h» BO «iual lUroov^m ill odor o( P^'^TfV^^
EMIErS (the origiaal). % little higher in pnce, p«rh»«- ««
vortUen «batitate&, bat lh«T« ia a "** ^^^ '*- *^
•V Wiltd for 2% r*REL Avqpn HAUtflA wm

.^f-??^V

r mwwq TOf Z?> runt ativi! w* —..——'— ' * J

M.-I ENNErS VIOLET TALCUK KK

J-"
-*

"^x

-r

^ihK

I haVe m/!»de /I careful
Chemical ^nalvsis of

forf/ien>et/f,

AND FIND Nothing injurious
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ANDFOR TWO SCORE YEARS

Genteel Americans have cared for

their teeth with no fear of Acid,

Grit or other injurious substances

BY THE USE OF

SOZODONT

"\

frequently follow the Fall house-

opening, due foul and

disease-breeding matter developed

during Summer.
Piatt's Chlorides poured into

waste pipes, sinks and closets,

also sprinkled about the cellar

and suspected places insures in-

stant disinfection.

Via,tts

The Odorless Disinfectant

A colorless liquid; powerfulj safe and cheap;

endorsed by over 23,000 physicians; sold in

quart bottles only, by druggists and high

class grocers everywhere. Prepared only by

Henry B. Platt, New York.
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LISTENING AND PLAYING
Think what the ANGELUS offers. You hear

a pianist play with rare technique and skill—the
result of years of hard work— and then, even
though you do not know a note of music, if you
have an ANGELUS, you can reproduce the per-
formance in your own home-

Note for note, now slow, now fast, now the air
predominating and the bass subdued, now the
bass ringing out and the thrills soft and clear—
the ANGELUS responds to every demand of
piano playing. These sympathetic changes which
the ANGELUS permits are impossible with any
other piano-playing instrument. The PHASING
LEVER does it.

The ANGELUS ORCHESTRAL contains
sweet-voiced flute, violin, 'cello and bass reeds
adding a charming accompaniment to many de-
lightful compositions. These are also exclusive
advantages of the ANGELUS.

Is not this instrument worth more than $2jo.oo
toyou ? Send for handsome book, mailed free,
or call on our nearest agent.

Baltimore: Jueig & Co.
Boston; C.C. Harvey & Co.
Chicago: Geo. P. Bent.
Cincinnati : The W. G.

Woodmansee Piano Co.
Cleveland: J. T.Wamelink
& Sons* Piano Co,

Denver: Knight- Locke
Piano Co.

Galveston: Thos. Goeean
& Bro,

Kansas City: Carl Hoff-
man Music Co,

Los Angeles: The Bartlett
Music Co,

Minneapolis: Foster &
Waldo.

New Haven, Conn.! The
Treat & Shephard Co.,
837 Chapel St.

New Orleans : Junius Hart
Piano House.

New York: John Wana-
maker,

Omaha: A. Hospe & Co.
Philadelphia: John Wana-

maker.
Pittsburg; S, Hamilton,
San Francisco : Sherman

Clay & Co.
Springfield, Mass, : M. V.

Conway, 354 Main St.

Syracuse: S. Rosenbloom
& Sons.

Washington; }n^\z & Co,

And other local agencies
throughout the country.

Regent House, Regent Street
London.

WILCOX & WHITE
Established 1877

Main MERIOEN.CONN.,lJ.S.A.

ORCHESTRA
InetrumentB, Violins, Flutes, Mandoline, Guitar*
Banjos, Ac. Lyon h Healy and "Waehburn" In-
struments are In use everywhere and are sold bf
leading music dealers. Ask for '*Dept. Q" Cataloc
Illustrated, mailed /ree. IV e a money-saver.
LYON & HEALV, - 38 Adams St., Chiato, OL

Th» ITorld'i Largest noslcHoue. 8«IU »*KT«rjtliiQg Kbovb In iMJi,**

Do You Want a

Genuine Bargain
in a Piano7

We have hundreds of upright Pianos returned from renting
which must he disposed of at once. These pianos include
Steinways, Knabes, Fischers, Sterlings and other well knoirB
makes. Many cannot be distinguished from new, yet all are
offered at a great ^h m/^ ^^ b m discount. UpriEhli
M low as 1100. Also ^T[ mM beautiful new tJp-
rlffhte at 1125, Wk BC |135.«l&0atid$l».
A magnificent in- M \M IWI stniment at $290,

fully eQual to many ^
$400 pianos. Emj

monthly payments accepted. Freight Is only about $5. Writ*
at once for complete list and full particulars. You can make a
ffreat saving by securing your piano from us. Every piano war-

d as represented, "A Piano Book/' free. Write today.ranted as represented.

LYON
38 Adams St., CHICAGO.

VKld'a larfest miule houa; aoU "ETorythlngknown laIMi^''

HEALY

Rare Old Violins
LarReBt and finest collection on this continent
^ine catalog-ue ffreej containingr &0 fac-eimiio

labels in colore and Biographies of alHhe
noted makers. List and particulars or sop
Instruments from $50 to $iaO0O. Monthly
payments may be arranged. vioHnB sent on

eeven days examination. Formal CertiDcftw

ot Genuineness with each inetrument-

LYON & HEALY, "ciSS

Trains a Day
via tKe

nd C. H. (Si D. Rr

Only Hours
from

CHICAGO
to

CINCINNATI
BY DAY, Parlor a»«l I>i»*»^

BY NIGHXe Palace Sleepi»^

CHAS. H. ROCKWELL, FRANK J. REE^
.

6en. Pass. Agt. |
Traffic Manager, «,TroArn \

200 Custom House Place, CHICAGO. h

r.'i .
. .«
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Beware of its shrewd imitators—our
name and trade-mark label must appear on

the mattress if it is ''felt^ A mattress is not
' felt" if it is not an Ostermoor.

Send For Our Free Book
a handsome volume of 96 illustrated pages telling
about the Ostermoor—its sizes and prices—its
virtues-our offer of ^'30 Nights' Free Trial,"money refunded without question if it is not all>ou even /;o/.^rf for, express charges paid both

r/f
•*^~"!j- letters of praise from men and women

pL« ."1,
"^.^^^^'y^''*'^''^* ^""'^ are welcome to iteven though you have no intention of buvine,

>our name on a postal will do.
OSTERMOOR & CO.. 1 43EIizabefh St.. NcwYork.

Canadian Agency : The Alaska Feather
and Down Company, Ltd., Montreal.
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is an ever ready and tireless enter-

tainer with a repertoire of melody
and song as varied as the tastes and
desires of its hearers. It dispels the

gloom uf rainy days and dull hours,

and an evening of Regina tuneful-

ness is one of unique enjoyment.

7 he Kegina is for every member
of the family and fills its own par-

ticular niche in every home it enters.

The Regina received the Gold

Medal, highest award at the Pan-

American. It is fully guaranteed,

and is for sale by leading dealers

everywhere. Any Regina will be

sent on approval to responsible par-

ties, and freight paid where we
have no dealers and sell direct.

Prices $25.00 to $400.00

Catalogue^ music lists and delight-

ful love story, ''A HARMOXV
IN TWO FLATS,*' sent free
on receipt of postage,

REGINA MUSIC BOX CO.
12 E. 22d Street

New York
Wabash Avenue
Chicago
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i.^i'.r'-i



The Man
and the Machine

Mr, Alexander T. Brown, inventor of

the Smith Premier Typewriter, is un-

questionably the foremost writing-ma-

chine expert of the world. Besides, he

is a practical and successful business

man. He built the first

mith Premier Typewriter
not only for handsome and speedy work, but to endure under the severest

demands of actual business. The Smith Premier is free from the weak-

nesses of eccentric, unpractical construction, and to-day embodies the latest

demonstrated improvements of this typewriter expert. Mr. Brown, as Vice-

President of this company, will continue to devote his entire time and inventive

genius to maintain the Smith Premier where, more than ever, it now stands as

The World's Best Typewriter
Send /0-day /or our little book explaining exactly why the Smith P?'emier is

or send io our nearest branch office for the 7nachine itself on a ten days' free

TKe iSmitK Prem Typeivriter
Factory at Syracuse, N.Y» Executive Office, 287 Broadway, N.Y

^fye "HAMMOND" Typewriter
(NEW^ MANI FOLDER)

''THe Greatest tKe T-viro

Judge a machine by its work

Hammond work is incomparable

The Hammond Typewriter was origi-

nally intended for high-class trade—
people who wished the best. The excel-
lent work, interchangeable type, visible
writing, and ease of operation, place
the Hammond in a class all by itself.

Durability proven.
matter fact.
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Branch of&ces in all principal cities. Representatives everywhere

HAMMOND TYPEWRITER COMPANY
AND GENBRAL

69th to 70th Sts., East River, New York, N. Y., F- S. A.



" THE NAME IS EVERYTHING/'

Esterbrook
pen

s:uarantee

absolute
u

excellence

Jefferso n
btf)

^

not

Over

other styles

every pur'

stationers

Accept no

5

large,!

stub.

150

U

vvv" V^v

No. 1743
blunt pen;

it.

varieties

pose

have

suit
All

them.

substitute.

The Esterbrook Steel Pen Co,

Works* Camden, N. J« 26 John Street, N. Y*
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m Remington
Typewriter

represents the result of more study,

more effort, more labor and more
practical experience in typewriter

manufacture than all other makes
writing machines combined*

It ought to be the best and

IT IS.

REMINGTON TYPEWRITER CO.
327 Broadway, New York.

S6c Second Bank of
e United States

By RALPH C. H. CATTERALL

J^'

^^*it"

/

HISTORY of the Bank,
treating at length both the

monetary and political
questions connected with the in-
stitution.

Much of the material for this work
was obtained from manuscript
papers of Nicholas Biddle, including
his letters and letter-books.

This book is of special interest to
legislators, bankers, men of affairs,
and students of financial history and
political institutions.

538 pages, 8vo, cloth, «<?/, S300;
postpaid, S3. 20. For sale by book-
dealers or the publishers.
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THE

DENSMORE
Adopted as Official Typewriter

by the

WORLD'S FAIR
ST. LOUIS

MEAD OFFICE: 309 Broadway, NEW YORK
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Carbon

Book

Copy Your Letter While You Write
*'o^

V;

BY USING THE
1

Stat/oners

\^i^i homocSt Cmcwo

A^
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CARBON LETTER TAB
Letter Copying Made Cheaper, Cleaner^ and More Convenient

100 Letters and lOO Copies in Each Book. Bound in Board
Covers with Carbon, Ready for Use

- \
\ ^1 (SJ^xii), Ruled or Plain

r6x9j^), Ruled or Plain
J Off"

*% Sent postpaid on receipt of price
n;

5. D. CHILDS
rianufacturjng Stationers

CO.

Send for our Catalogue of Office Supplies 140-142 MONROE 5T., ChlcaKO

'Ride acock-horse to Banbur/ Cross.

to see a fine lady upon a white horse.

Rings on her fingers.and bellsonher toes.

5hl shall have music wherever she goes."

- f

i:

*

)

So mS THE fOND MOTHER IN NUR5ERY RHYME

To HER CUD INFANT.THE WHILE KEEPING- TIME;

And so can all mothers with tuneful refrain

DeLIG-HT in their INfANT5.WH0SE HEALTH THEY MAINWI

MRS.WINSLOWS SOOTHING 5YRDP

To

OVER FIFTY YEARS SOLD
WORLD AND

•WHat
Dati

_^ that Daus"'Tip Top"

TO PROVE SH^Ss:
100 from Pen-writt

f^t^nk

are willing to send a complete -Duplicator^' without dcp05

ID davs* trial. _ . ^^ noon 10 days trial.
^^^^ no

No mechanism to get out of order "^
;*:f/T"!'fi Duplicator,

printer's ink. llie product of ^3 years'
*^|PYJ^"^^wt to the trade

Price for complete apparatus, size No. i. •H^l-S^^ ^""J

discount of 33^^ per cent., or $5.00 »««•
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Forty years ago the school-teacher had to get along
as best he could with ioreign-made pencils; now
things are changed, and he has the privilege of using

Dixon's American
Graphite Pencils

in all the schools under his charge.
These pencils are not the result of an inspiration,

but are the product of much care, thought, and
study in order to provide just the right kind of a
pencil for the many kinds of educational work.
They are used in all the leading scientific and

technical schools in the country, and are recom-
mended by the drawing professors. They have
strength and durability of lead, combined with
absolute smoothness and accuracy in grading. Send
for illustrated color catalogue. It will help you.

COMPANY
JERSEY CITY, N. J.

i

Preserve Your

agazines
Have them bound in Cloth

or Leather. It will improve

the appearance of your

Library at a small expendi-

ture. The University of

Chicago Press has a well-

equipped bindery and

will be pleased to quote

*
prices -h ^ ^ ^ '^

The University of Chicago Press
Mfg. Dept. Bindery ChlcagO

A fluent ink will not make a fluent write

but fluent writers demand fluent inksr

nARTER'5 INK
always flow5 easily whether
your thoughts do or not ^

THE BEST
Send FOR Catalogue

DaulE.Wirt
All 'fbUNTAINl^EN
DEAtl^ OR ADDRESS. BmOMSBURO,

XXTHY not use a clean Fountain

^^ Pen, one that will write and

write always, without skipping,

blotting, or scratching?

The above Fountain Pen .is and

has been sold on its merits all over

the world for sixteen years, and is

nnconditionally guaranteed.

I
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Photographic Perfection
is attained by making- your negratives on.

ANSCO: THE NEW DAYLIGHT LOADING FILM
and your prints on

CYKOI THE PAPER THAT PRINTS AT NIGHT
ANSCO and CYKO have no ppprs fn Keeping Quality and in
;itade of Exposure ajid. Development,

Trial Dozen 4x5 CTKO and Developer, 20 cents.
ANSCO films are made under the celebrated Goodwin Patent

and are adapted for Kodak's, BulVs-eyes and all Film Cameras.
CYKO Maiiaal and ANSCO Booklet sent on appUcation.

^
Kew Atlas Block. Chicagro

YOU WHY

est beans only are used,

xtra care exercised in blendinjg.

ocoa shells and dirt are removed

dulterations not permitted,

se of most improved macliiner|f.

tandard of merit - our watchword.

ndless watchfulness during manufactu

CaslnomorelAan olkers.

OnceIrM'aMi/s used.

GROCERS EVERYWHERE.

Yellowstone National Park

SPECIAL PERSONALLY CONDUCTED TOUR
.-Jt

$S5 from SX. Paul $101 from CHicago
INCLrUDING

Train leaves St. Paul eve of September 3d, 1903

This is over the NORTHERN PACIFIC RY., which is

the only line running to the boundary of the Yellowstone

Everybody wishes to visit the Yellowstone, and here is your chance.

Call on or WTite the following people for detailed information :

C. A. >IATTHE1?VS
G. A, P. D., 20S So. Clark St., CHICAGO

CHAS
G. P. & T. A., St. Paul, Minn.

NORTHERN PACIFIC RAILWAY CO.



Help Yourself
To and with The Only
Natural Porous Food
Made From Wheat

Split, toast and try it as bread. A delicious com-
bination with preserves and fruits. Makes ideal
fruit short-cake and tempting dishes when combined
with mushrooms, sweetbreads or vegetables.

SHREDDED

ym;\ biscuit
Can Be Prepared Jn Over 2SO different IVays

It is a remarkable fact that no other food
takes the place of Shredded Wheat This is

true because in it the complete requirements
of the body are found

—

the identicalfood coun-

terparts of the human organism—it's perfect

food affinity.

Cook Book artistically illustrated in colors, "The Vital Ques-
tion," sent FKEK upon request. Address

Natural Food Co., Niagara Falls, M. Y.
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l«
In all the land, range up, range down,
is ihere ever a place so pleasant and so sweet?''

THE

THOUSAND

ISLANDS

There may be somewhere on the earth
a more delightful region than that of the

Thousand Islands, but if there is, it has
not been discovered. It is as fine as the
Bay of Naples, with 2,000 picturesque
Islands scattered along the twenty-five

miles of one of the most beautiful rivers

in the world. You can find out a great
deal regarding it in No. 10 of the ''Four-

Track Series," "The Thousand Islands;"
issued by the

NEW YORK CENTRAL
A copy will be mailed free on receipt of a two-centMamp, by GeorgeH. Daniels, GeneralPassenger Agent,Grand Central Station, New York.

\

\.

Gavena Galloway, White Water, Wis., writes:
"We use Shredded Whole
Wheat Biscuit for break-
fast, as dessert for dinner,
toast for tea, and for chaf-
ing dish luncheons in the
evening and would not be
without it."
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"OfalJ inventions,
the alphapet and
the printing press

alone cxcepleti,
those inventions
which abridge
distance have
done most for the
civilization of our

t f

Species
—Macauley
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PEKFECTION IX TKANSPOBTATION

IS FURNISHED BV THE

CHICAGO & ALTON RATT.TVAY

The hea\aest steel rails, laid on a roadbed

of crushed rock, make its tracks the

smoothest. Over this dustless highway are

run the most palatial trams m the world

—the acme of luxury and comlort.

AMERICAS MOST POPULAR RAllWAY-JUSTlt TEBMEB

"THE 0>LY WAY"
BETWEEN

CfaicKKO, St. tonIP, Kftn.M City end Peorfa.

GEO. J.
CHARLTON, Gen. Pas. Agt.. OUcago, lU.



2)ecenntal Ip^ublicatione
^he UNIVERiSITY o/ CHICAGO

FIRST SKRIBS
The First Series consists of ten volumes representing the work of research ol the several Departments

of the University. These articles are also issued in separate form as reprints. Size, quarto.

SECOND SI^RIES
The following octavo volumes of the second series are announced :

Vol. I. The Life and Repentaunce of Marie Mag-
dalene. By Lewis Wager. A morality play

reprinted from the original edition of 1566-67,

edited, with an Introduction, Notes, and Glos-

sarial Index, by Frederic Ives Carpenter.
Pp. xxxvi + 91, cloth.

iSi.08.

Net, |i,oo; postpaid,

Vol. n. The Second Bank of the United States.

By Ralph C. H. Catterall. Pp. 538, cloth.

Net, ^3.00; postpaid, ^3.20

Vol. m. Light Waves and their Uses. By Albert
A. Michelson; with 108 drawings and three

colored plates. Pp. 164. cloth. Net, $2.00;

postpaid, ^2.12.

Vol. rv. The Poems of Anne Countess of Win-
chilsea. From the original edition of 1713 and
from unpublished manuscripts, edited, with an
Introduction and Notes, by Myra Reynolds.
Pp. cxxx + 434, cloth. Net, ^3.00; postpaid.

Vol. Vm. The Role of Diffusion and Osmotic

Pressure in Plants. By Burton E. Livings-

ton, Pp. 144, cloth. Net, $1.50; postpaid,

51.60. [Feb. 15.

J

Vol. IX. A History of the Greenbacks, with

Special Reference to the Economic Conse-

quences of Their Issue. By Wesley Clair

Mitchell. [In press.]

Vol. X. The Study of Stellar Evolution: A Pop-

ular Account of Modem Methods of Astro-

physical Research. By George Ellery

Hale. [In preparation.]

Vol. XI. Studies in Logical Theory. Edited by

John Dewey with the co-operation of members

and Fellows of the Department of Philosophy.

[In press.]

#3-25.

Vol. Xn. The Place of Apocalyptic

ism in the New Testament. By

Mathews. [In preparation.]

Messian-

SHAILER

Vol. V. Assyrian and Babylonian Letters Belong- Vol. Xm, Glacial Studies in Greenland.

ing to the Kouyunjik Collection of the British

Museum. By Robert Francis Harper. Pp.

XXX+120, cloth. Net, $6.00; postpaid. $6.12.

Vol. VI. La Perfecta Casada. For el Maestro F.

LuysDeLeon. Textodel SigloXVI. Reim-
presi6n de la tercera edici6n, con variantes de
la primera, y un pr61ogo. For Elizabeth
Wallace. Pp. xx\ii + ii9, cloth. Net, ^1.50;
postpaid. $1.58.

Vol. Vn. Legal Tender: A Study in English and
American Monetary History. By Sophonisba
P.Breckinridge. Pp. xvii + 180, cloth. Net,

12.00; postpaid, $2.15. [Feb. 15.

J

THOMAS C. Chamberlin. [In preparation.]

XIV
Varia-

tions.
*

By OSKAR BOLZA. [In preparation.]

Vol. XV. Studies in General Physiology.

Jacques Loeb. [In preparation.]

Vol. XVI. The Finality of the Christian ReUgion.

By George Burman Foster. [In prepara-

tion.]

Vol. XVn. Predecessors of Goethe in ^t^^yj^

the Eighteenth Century. By Camillo \on

KLENZE. [In preparation.]
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Correspondence
Instruction

j,be ^niversitg of Cbicago
ofiFers advantages for non-resident stu-

dents through its Correspondence-Study

Department which cannot be surpassed.

Degrees are not granted upon w'ork done

wholly by correspondence, but when the

courses are completed at the University,
credit is given so that the time of required residence for the Bachelor and Doctor's degrees is

materially shortened. The work offered includes courses in Theology, Philosophy, History,
Pedagogy, Sociology, the Languages, Literature, and Mathematics.

Circulars giving detailed information may be had by addressing

THE CORRESPONDENCE-STUDY DEPARTMENT,
The University of Chicago, Chicago, III.
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they need laundering One pair for every T

coat you own and happiness will be yours for T
a dime. Price locts. a pairor sects, for 6 pairs, T
by m^l. postpaid. Address, ^
WOODMAN CO.. Box 2872, Boston, Mass. 4.
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THE BIBLICAL WORLD
Edited by President W. R. Harper. A popular illustrated

monthly magazine. Subscription price, in the United States,
$2.00 a year ; foreign, $2.75 ; single copies, 20 cents.

The Biblical World '\^ devoted exclusively to bibli-

cal study, and so edited and illustrated as to afford

the greatest aid to the busy clergyman, the pro-
gressive Sunday-school teacher, and the thinking
layman.

THE SCHOOL REVIEW
Edited by The University of Chicago School of Education,

John Dewey, Director. George H. Locke, Managing
Editor

._
Published monthly, except in July and August.

Subscription price, in the United States, $1.50 a year;
foreign, $2,00; single copies, accents.

So adequately has the School Review served the
interests of high-school and academy work that it

has come to be recognized as the official organ of
secondary education in the United States. It is

devoted exclusively to this field, is progressive,
practical, and helpful, and is indispensable to every
teacher.

THE ELEMENTARY SCHOOL TEACHER
Edited by The University of Chicago School of Education,

John Dewey, Director. Mrs. Ella F. Young. Managing
Editor. Published monthly, except in July and August.
Subscription price, in the United States, $1,503 year;
foreign , $2.00 ; single copies, 20 cents.

A monthly periodical for teachers, principals,
and superintendents. Each number contains prac-
tical plans for teaching in every grade from the
kindergarten through the eight grades and the
pedagogic schools.

THE BOTANICAL GAZETTE
Edited by John M. Coulter. Published monthly, with illus-

trations. Subscription price, in the United States, $5.00
a year; foreign, $5.75; single copies, 50 cents.

The Botanical Gazette is an illustrated monthly
journal devoted to botany in its widest sense. For
more than twenty years it has been the representa-
tive American journal of botany, containing contri-
butions from the leading botanists of America and
Europe.

THE AMERICAN JOURNAL OF SOCIOLOGY
Edited by Albion W. Small. Published bi-monthly, with

illustrations. Subscription price, in the United States, $2.00
a year; foreign, $2.50; single copies, 35 cents.

The special aim of the American Journal of Soci-
ology is to show that the " social problem" is both
many problems and one problem. It has already
made itself indispensable to Americans who are
trying to keep informed about the general tenden-
cies in the rapidly changing field of sociology.

THE JOURNAL OF GEOLOGY
Edited by T. C. Chamberlin. Published semi-quarterly, with

illustrations. Subscription price, in the United States, $3.00
a year; foreign. $3 75; single copies, 50 cents.

Devoted to the interests of geology and the allied

sciences, and contains articles covering a wide range

of subjects- Adapted to young geologists, advanced

students, and teachers.

THE ASTROPHYSICAL JOURNAL
Edited by George E. Hale and Edwin B. Frost. Published

monthly, except in February and August, with illustra-

tions. Subscription price, in the United States, $4.00 a

year; foreign, $4.75; single copies, 50 cents.

An international review of spectroscopy and as-

tronomical physics. Invaluable to all who are in-

terested in astronomy and astrophysics.

THE JOURNAL OF POLITICAL ECONOMY
Edited by J. Laukence Laughlin. Published quarterly,

Subscription price, in the United States, $3.00 a year; for-

eign, $3.50; single copies, 75 cents.

This publication promotes the scientific treatment

of problems in practical economics, and also con-

tains contributions on topics of theoretical and

speculative interest,

THE AMERICAN JOURNAL OF THEOLOGY
Edited by the Divinity Faculty of the University of Chicago.

Published quarterl>r. Subscription price.in theUnited States.

$3.00 a year; foreign, $3.50; single copies, 75 cents.

The only journal in the world so catholic in its

scope as to cover the entire field of modem investi-

gation and research in all the different lines of

theological thought represented by special fields and

particular schools.

THE AMERICAN JOURNAL OF SEMITIC

LANGUAGES AND LITERATURES
Edited by President William R. Harper. Published quarterly

Subscription price, in the United Slates, $3.00 a year, tor

eign, $3.25; single copies, 75 cents.

The object of this journal is to encourage the

study of the Semitic languages and literatures, to

furnish information concerning the work of ^e^/^|^

students at home and abroad, and to act as a r"^"^"^

for the publication of scientific contributions in tno.e

departments. Articles are published m German,

French, and Latin, as well as in English.

MODERN PHILOLOGY]
A quarterly journal devoted to research in Modern l^^^^^

^
and Literatures. Editors: Philip S. Allen, Manage

Editor; Frederic I. Carpenter, Camillo vonW
First number appeared in June, 1903. ^"^s^'f"" gWe
$3.00 a year in the United States; foreign, $3.50

> ^

copies, $i.oo.

THE UWnrERSITY RECORD
Edited by the Recorder of the University. P""''^''"' l^*""""*-

Yearly subscription, $i.oo; single copies lo cents.

The University Record is the official monthly puo

lication of the University of Chicago.

SAMPLE COPIES FREE ON REQUEST. ADDRESS
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upremacy
The Fox Typewriter has stood the most severe tests that

can be given any typewriting machine. It has demonstrated
itsdurability, speed, lightness of touch, smoothness of action,
accuracy of alignment, and practical serviceability in such
a convincing manner that a large number of business houses

have superseded their other typewriters by the Fox Typewriter.
They have done so, because it was proven by actual competi-

tive tests that the Fox was a better machine than they were using
and that it was a saving to them in labor, time, and money by
installing the Fox throughout their offices.

The following are a few of the business houses who now use
from ten to forty Fox Typewriters. They would not have them
put i'q if the Fox had not been all we claim

:

Postum Cereal Co.
Ltd., Battle Creek, Mich.;
Fairbanks, Morse &
Co.. Chicago. III.; Yonker-
man Chemical Co.. Kala-
mazoo, Mich.; Henderson
'V Ames Co., Kalamazoo,
Mich.; Grand Rapids & In-
diana Railway, r7rand Rap-
ids. Mich,; P. F. Collier
& Son, New York city;
Retina Music Box Co., New
York, N. Y.; C. G. Conn,
Elkart, Ind.

-"-i-'^-

Hr^^ r_^K Z-^^

1F-

Send for our hand-
some catalogue
and details of a

plan whereby any
responsible per- ^
son can get a Fox Typewriter
on ten days' trial.

THe iFox Tsrpewrit

*-

Co. I^td
560-570 N. FRONT ST., GRAND RAPIDS, MICH.

Soft, rich color effects are produced

on shingles by the use of Shingletint

There are many brands of shingle siains in the marVct,
but only one Shinjplftint, which means much to the con-

sumer, who may safely buy it and Icnow he is getting the

best shingle stain made.
Shingletint is a scientific combination of linseed oil,

coloring matter, creosote* and the necessary dryiiig agents;

its use not only beautifies but prolongs the life of the

shingles.

FINISHED WOODS AND DESCRIPTIVE LITERATURE SENT FKEE
UPON REQUEST.

BERRY BROTHERS, Limited.
Varnish Manufacturers,

NEW YORK PHIUDEIPHU CHICA60 ST. LOWS
BOSTON BALTIMORE ClSCmAD SAN fRA?CISCO

Factory and Main Office. DETROIT.

Compartment Sleepers

Standard Open Sleepers

Pa/ace Par/or Oars

Table d'hote Diners

Luxurious Day Coaches
Are some of the many features

of a trip over the

BIG FOUR ROUTE
CHICAGO TO

NDIANAPOLIS
CINCINNATI
LOUISVILLE

Th
4i

A-A" Line

Stands for Fountam-

Pen Comfort and

up-to-dateness

"A±'?

AN SOUTH
Ask for Tickets via the "Big Four."

J. C. TUCKER, G. m r^ m j

238 Clark St., Chicago,

4«#^

BOUT as sensible

merely to pray that

Mt, Pelee instantly

subside as to hope to avoid

ink-stained fingers if in writ-

ing with or in opening your

Fountain Pen the hand comes

in contact with the ink joint,

as happens in the ''has been"

pens.

A. A. Waterman & Co.

(note the initials) make the

Middle-Joint "Modern;* and

guarantee it unconditionally.

? A. A.WATERMAN& CO^
Dept- Qf 22 Thames St., NEW YORK



Keep strong always. Make every atom of your vitality couni

Build new tissues before the old give way. You can mak

poor health good—good health h by taking a glass of

before each meal and upon retiring. The " Best " Tonic aids

Igestion—strengthens the muscles steadi e nerves

e

you

n Best n onic is Pabst Malt Extract. The BEST for

the BEST for everybody.

M

Elnclosed please find five dollars for which send at once two dozen Pabst Mare

Extract, The " Best" Tonic. I have now taken eight bottles of The ^ Best" Tonic
and

k has done me more good than twenty-five dollars' worth of medicine I took before

I began taking your malt.—H. A. SERGENT. South New Berlin, New York.

w me to congratulate you on your superior preparation of malt extract.^ I round it

:llent as a tonic for myself and prescribe it in all cases of Tuberculosis, Anenua,

Chlorosis and General Debility. As a tissue builder it has no equal,—DR. H.

Blake HANNON. Cairo, IIL

Avoid cheap nnitations—lacking the strength anJ purity of

Pabst Extract—they are frequently adulterated and usually

harmful. Your system demands THE BEST—and Pab^
Malt Extract is The "Best" Tonic, The proof lies m the using.

At all drug^ts. Send your name and address for Booklet.

PABST EXTRACT DEPT, Milwaukee, Wis.,U

I
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TOURIST TICKETS FOR HALF FARE
A Colorado trip this year will cost very little,
are going to sell round trip tickets from Chicago
for $30. From St. Louis $25. Practically half
fare. This will enable people of moderate
means to spend their holiday in the de-
lightful Colorado country. Special

* tickets will be sold July i to ro for

^ even less than named above.

We

Burlington

^^3£SL

THERE is a popular idea

that prices in Colorado

are inriated — t hat it

costs money '* every time you

move.*'
This notion is not correct.

You can live in Colorado com-

fortably and well for a mod-
erate sum. At the hotels,
boarding houses and ranches

you can secure excellent quar-

ters and capital fare for from

|8 to 570 a week and upward.

Our Hand-Book of Colorado

tells all about it. Send for a

copy. It's free.

P. S. EUSTIS,
Passenger Traffic Manager,

C. B. &Q. Ry. Co.

209 Adams St., Chicago, I"
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MORE THAN SOAP
yet costs no more, for while cleanses thoroughly tt

Ordi^

also disinfects—purifies—at the same time. As electricity

^ives light as well as power, so Lifebuoy Soap ^^^^^^fl
as well as destroys the unseen germs of disease,

nary soaps merely cleanse but do not safeguard heal ^

by destroying the germs of disease as Lifebuoy does.

Buy a cake from your dealer, use it all up, and if it does

not do all we say, he will refund purchase money promptlyc



<

i

Its Reputatic^ ^oes not Depend upon "Talking Points."

It is Offered to the Public upon its Record of Results

Accomplisi **p ^-^ J Nothing save an ActuaJ Test can be

More Satisfactory to the Patient than the Testimony
of Eminent Medical Men who have Repeatedly

Tested its Merits in Bri^ht's Disease, Albuminuria

Renal Calculi, Gout, Rheumatism, nnd all Uric

Add Troubles.

Cyp'js Edson. A
ft'iw Council, New Yor,

WKTO? "^^^^ %t^sX benefit

Dr. WiJIiam H.

. rifi., M. D., Health Commissioner of New York City and

ofPharmacy, New York City; Examining Physu^ian Corpora
(( prescribed RjFfMO LfTllIII

Univ
4.^mmOnd y Professor of Medical furisprudence, Bishop 's

^ , Montreal, Canada: "In the Acute and Chronic Nephritis (Bright**
Disease of the Kidneys) of Gouty and Rheumatic Origin as well as in the graver

Pregnancy, I have found BifF^WjO Lniilll.H^llIM ^^ act as
a veritable antidote, and I know of no other natural agent possessing this impor-
tant quality."

SWOId ComstOCk, A. M., M. D., ofSt. Louis, Mo., says: "I haveT &

Renal
tnnrauDL.gj ^ -^

satisfactory results.

especially efficacious

accompan
Gouty and Rheumatic conditions

Colic» and always with the most
2 is an exctes of Uric Acid, it is

'^^..

Jos. Holt, of New Orleans, Ex-President of tJw State Board of Health of
Louisiana^ says i. i

I prescribed jRy %. mailVESTEB '^ affections

ofthe kidneys and urinary passages, particularly in Qouty subjects, in Albuminuria
table conditions of the Bladder and Urethra. The results satisfy

of its extraordinary value in a larsfe class of cases usually most difl&cult to treat

^-T^- A
Jfc

»f
-5

\oluminotis medical testimony of the highest order, wWch admits of no question
hnpuUtioc, mniled to any address.

Bll£fiyL0 LlTHIAWATEH is for sale by druggists and grocers gen«^y.
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^TO fine lady or grown-up girl

^ has the velvety skin like a

baby—not quite

Haven't you seen a girl or woman

catch sight of a dainty baby, and, if

publicity does not forbid, rush to the

little stranger, and go into raptures

over Its pink and softness?

That's the charm of baby-skin;

not of the faaby-

Everv woman,, or man, wants, m

proper measure, a baby-skin. Let

them use Pears' Soap, which is noth-

ing but soap; pure soap; v tch is

nothing but Pears'.

Most soaps but Pears' have exces-

si\"e
1

-^ - li- i -Fli in them.

TV'e a! * „aby-skin, unless it

is eaten away by ^'ka!i. Nothing

but soap will find it. It may be we!.

disguiserf—PEARs' Soap will find it.

rin Bac
'^* -'

'"''dkt^ secur€i.L
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AN ECOLOGIC STUDY OF THE FLORA OF MOUN-
TAINOUS NORTH CAROLINA.

John W. Harsh be rger.

TOPOGRAPHY.

The mountain region of North Carolina is not a unit, domi-
nated by a single range or gtoup of mountains, but is a complex
contaming several features of nearly equal topographic impor-
tance. These are (i) the Blue Ridge, (2) the eastern Monad-
nocks and Piedmont valleys, (3) the Unaka Range, (4) the

central mountain groups and intermontane valleys/

Tke Blue Ridge.— The Blue Ridge may be regarded as form-

ing the extreme eastern range of the Appalachian Mountains,

carrying the main divide between the Atlantic and Gulf drainage.

It reaches its greatest height in Grandfather Mountain, with an

attitude of 5,964^* (lSi;""). Three other peaks reach above

5.000^^ (^525""), and a dozen or more, most of them in North

Carolina, are above 4,000^^(1,220"'). The most striking topo-

graphic feature of the Blue Ridge is the great difference in slopes

on its opposite sides, for it is steep on the eastern and gradual

on the western slopes. The eastward-flowing streams have cut

back into the mountain belt, and, having the advantage of a

niore direct course to the sea, have encroached upon the terri-

tory of the westward-flowing streams, and have robbed them of

portions of their drainagfe basins.

The eastern Mojmdnocks arid Pied?nont Valleys.— The eastern

onadnocks form several groups of mountains along the extreme

'Hayes, C. Willis, The Southern Appalachians. National Geographic Maga-

M

zine I :3io.
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eastern border' of the mountain belt, which have been more or

less completely isolated by the erosion of eastward-flowing

streams. The most important are the Brushy, South, and Saluda

Mountains.

The Unaka Range.— The Unaka Range may be divided into a

northern and a southern division. The northern division unites

in the region of Grandfather Mountain with the Blue Ridge.

From this point due west sixty miles (96^"^), an irregular moun-

tain mass extends to Paint Rock on the French Broad River.

Compared with the Blue Ridge, the Unaka Range reaches a

considerably greater average altitude, and contains most of the

higher peaks in the southern Appalachians. Not only are these

mountains higher, but their slopes are steeper, and their outlines

more angular and rugged. The Unakas are equally steep on

both sides, and slopes with a descent from crest to stream of

4,000^' (1,220"^) are not vmcommon. Many spurs leave the cen-

tral chain, and between them are deep V-shaped ravines.

Central mountain groups and valleys.— From a commanding

position somewhere on the Unaka Range, there may be seen

stretching to the east and south a confused aggregation of peaks,

ridges, and domes. The cultivated valleys are generally hidden

from view, and, except for an occasional clearing and the grassy

** balds" on a few of the higher domes, the whole region appears

to be covered with a forest mantle. The interior mountains rise

to considerable elevations. A very large number of summits i

reach altitudes between 4,000 and 5,000*^(1,220-1,525'°), and a

few culminate above 6,000^^ (1,825°"). The Black Mountains

contain the highest peaks of the Appalachian Mountains, and

from Roan Mountain they appear as a huge elongated range,

broken into elevated domes, while the range culminates in Mount

Mitchell, 6,711^^(2,045"^), the highest point east of the Missis-

sippi and 425^^ (130™) higher than Mount Washington. Between

these groups, and forming a sort of platform above which

they arise, are many broad valleys, commonest toward the head

of the streams. Only the smaller streams are flowing at the

level of these valleys. Down-stream toward the northwest the

broad valleys are found to be more and more deeply cut, until

*.
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these occupy deep narrow gorges. The broad valleys must have

been formed at base level, before the commencement of the gorge

cutting, and they afford the best possible evidence that the alti-

tude of the region in which they are found has been increased by
elevation in comparatively recent times.

HYDROGRAPHY.

The waters falling upon the several parts of this future

National Park find their way eastward to the Atlantic, or south-

ward directly to the Gulf of Mexico, or to the Mississippi River

and thence to the Gulf. The divide between the Atlantic and

Gulf drainage follows the crest of the Blue Ridge. The eastward-

flowing streams are pressing this divide gradually westward by
the capture of territory from less favorably situated streams west

of the divide. Northwest of the divide the streams flow at first

in the high broad vallej^s, then in deepening channels, directly

to the higher, more rugged Unakas, which they cut through in

narrow gorges, emerging upon the Appalachian Valley, those

south of New River draining their waters into the Tennessee

Riiver.

PHYSIOGRAPHY AND GEOLOGY.

The history of this region, as far as it concerns this paper,

"begins with the Cretaceous period. At least two great cycles of

erosion are recorded in the southern Appalachians, 'in which the

surface of an old continent was worn down from a considerable

altitude nearly to base level. Shortly after the close of the

Carboniferous period, the entire southern Appalachian province

was finally lifted above sea level, and its subsequent history is

recorded in the land forms. Following this uplift was a long

period, during which the region was subjected to the physio-

graphic processes constituting gradation. Finally, toward the

close of the Cretaceous period, the whole province was reduced

to a nearly featureless plain, the Cumberland peneplain, relieved

^^See H^-drography of the southern Appalachian Mountain region. Water Sup-
ply and Irrigation Papers. U. S. Geological Survey, nos. 62 and 63. 8vo, 190 pages.

\Yashington. 1902. These two papers by Henry A. Pressey give systematic measure-

ments of the streams in the southern Appalachian Mountain district, and other data of

•special interest to the ecologist.
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only by a few groups of hills where the highest mountains now

stand. After the processes of base leveling were nearly com-

pleted, that is, toward the close of the Cretaceous period, the

region was again uplifted, but unequally, so that at the same

time its surface was warped. The streams had become sluggish,

but the effect of the uplift was to stimulate them to renewed

activity ,3 so that they began cutting upon the last-formed pene-

plain, a process in which they are still engaged.

PHYSIOGRAPHIC CHANGES INFLUENCING THE DISTRIBUTION OF

PLANTS.

Constant change must have taken place in the flora, through

the physiographic shifts in the continent, which have been

described as taking place in the region of the southern Appa-

lachians. New species were appearing by the process of muta-

tion. Other species were crowded for room by the change of

level and the wearing away of strata to which they had adapted

themselves, for "if we suppose that the earlier Mesozoic uplands

were the seat of the existing dicotyledons, then by the lowering

of the surface by gradual consumption of the interstream areas,

these forms must have been brought into conflict with the

ancient flora of the lowlands and thereby forced into a contest

for supremacy," 4 These changes in the physical condition of

whole areas produced coincident changes in the constituent

plants of the several ecologic regions. Xerophytes were replaced

by mesophytes; mesophytes, by the wearing away of the soil

and the formation of cliffs by xerophytes. Hydrophytes

replaced mesophytes when an area became too wet for the ten-

M ,
as

ora lake area was robbed of its water by some newly encroachin

stream. All of these changes were represented in the mountain

region of North Carolina, and the plants involved in the readjust-

ment to altered conditions were Cretaceous or Tertiary plants.

With the development of the Cumberland peneplain, the forest

covering, if one existed at that time (and we have no reason for

3 Hayes, The southern Appalachians, loc, cit. 330.

^ WoODWORTH, J. B., The relation between base leveling and organic evolution.

The American Geologist 14 : 231.

I
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believing that a heavy forest did not exist at that early date), was
a mesophytic one with the addition of representative herbaceous

plants that have not been preserved.

With the uplift of this plain, followed by its planing down by
streams, valleys and gorges were created, and rocky strata were

exposed, which supported, as such physiographic formations

support today, a xerophytic flora. The character of the rocky

outcrop influences the particular kind of vegetation, so that we
may have a different flora with the same exposure of light, heat,

and moisture, if the rocky formations are different. This docs

not depend so much upon the chemical composition of two dif-

ferent strata, as shown by Cowles,^ but it is because one forma-

tion is further along in its life-history than is the other, so that

the vegetation of the clay hill today may be seen on a sand hill

in the future. With the widening out of the valley by erosion,

and the slackening of the flow of any stream by the reduction of

the elevations to base level, the xerophytes of the hillsides will

be replaced by the mesophytes of the peneplain. The laws that

control changes in the plant covering of a country are, there-

fore, plainly physiographic and edaphic, if the meteorologic

conditions remain the same. We may have broad flood plains,

hills, canons, lakes, and swamps, depending upon the history of

the ever-changing topography. Wherever hills are being eroded,

rivers widened, waterfalls eliminated, lakes filled, or coastal

.plains enlarged, there is found a constant change in the plant

societies, or a succession in definite order of plant groups. In

any land which has undergone degradation from a mountainous

topography to a peneplain, we ought to find a marked change in

the organisms at the close of the cycle of denudation. In the

first stages of change from original constructional topography,

effects will be discernible. Sculptured slopes with ravines,

sharp divides, and peaks cradle species and varieties by barriers

which oppose ingress and egress.

In the progress toward final base leveling, the repeated diver-

sion of the streams, or the reversals of drainage, are a constant

5 CowLES, H. C, The influence of underlying rocks on the character of the vege-

tation. Bulletin American Bureau of Geography 2:— [pp. 26]. Je and D 1901.
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.s

cause of changed conditions which Alfred Russell Wallace

emphasizes as of importance in the modification of species.^

The cycle begins in a mountainous tract with least facility for

migration of species, and ends in broad lowlands, which favor

the easy migration and wide distribution of plants and animals.

^

The distribution of plants in the region of the southern

Appalachians demonstrates the above-mentioned facts. Kearney

has called attention to the presence of a Lower Austral (austro-

riparian) element in the flora of the mountains of North Caro-

lina. Over one hundred species, which are most abundant and

most widely distributed in the austro-riparian area, are known

to occur in the mountains at an elevation of 1,000^* (300"*) or

more. Below that altitude the flora of the southern Appalachian

region is mainly Carolinian, and the presence in its midst of

numerous austro-riparian forms would be expected. The occur-

rence, however, of Lower Austral species at higher elevations in

the midst of a chiefly transition flora is the noteworthy fact in

the distribution of plants in the southern Appalachians. In

studying this flora, one soon reaches the conclusion that it com-

prises two categories of species, which are markedly different,

not only in their systematic relationships, present distribution,
[

and past history, but even to a considerable degree in their

ecologic constitution. Two types of plants may be distin-
|

guished : those of neotropic origin, which have in all likelihood

made their first appearance in the Appalachian region in geologi-

call}' very modern times, probably after the close of the glacial

epoch; and those not of neotropic origin, which probably repre-

sent the more or less modified descendants of the flora that in

later Eocene or Miocene time extended to high northern lati-

tudes, represented in eastern North America by two closely

allied species, one in the coastal plain, and the other in the

Appalachian region.

In order to explain the facts in the case, botanists have had

^ Wallace, A. R., Darwinism* chap. v.

nVooDWORTH, J. D., The relation between base leveling and organic evolution.

The American Geologist 14:217. 1894.

^Kearney, The lower austral element in the flora of the southern Appalachian

region. Science N. S. 12: 831.

f

\
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recourse to the movement of glaciers southward during the ice

age. It appears to the writer that the alternation of cold and
warm periods is not necessary to account for the facts described

above. An attempt is made in what follows to outline an alter-

native hypothesis which appears to be a more satisfactory expo-
sition of the case. The elevation of the southern Appalachian
region from the Cumberland base level satisfactorily accounts

for the differentiation of the corresponding mountain and coastal

species. The species now found on the mountains adapted

themselves to the higher elevations, and, being more plastic,

were wrought upon by the forces which were and are at work in

the gradation of the southern Appalachian region. For no fact

m biology is better known than the capacity of some species to

endure a wide range of physical conditions, while others are

fatally sensitive to comparatively slight differences of environ-

ment. The modification of the species above mentioned was

mfluenced by the rapid change in the physiography and topog-

raphy of the country, and not by the glacial ice-sheet, which
during a late geologic epoch covered the whole of North

America. The oscillations of level are known to have taken

place, and it is conceivable that the progenitors of the austro-

riparian plants of the mountains and coastal plain, specifically

identical, mingled when the country was a level peneplain,

becoming differentiated as the elevation of the land became more
marked. The distribution of plants w^hich represent the charac-

teristic flora of Eocene and Miocene times is thus accounted for.

We have then, in the physiographic changes which have

taken place in this mountain region, an explanation of the

peculiarities of the flora of the southern Appalachians, which

displays certain anomalies of distribution and isolation of mono-
typic plants. The presence of Hudsonia montaiia Nutt. on the

summit of Table Rock is thus explained.9 Table Rock is an

undenuded remnant of a former peneplain, and it is likely that

Hudsonia montana Nutt. was once more extended in its distribu-

tion, but has been isolated by the erosion of the larger part of

the plain on which it formerly grew in abundance. Dicentra

^Collected there by Dr. John K. Small.
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eximia DC. is another illustration, growing in a rather restricted

area in the Doe River Gorge, where the river cuts between Iron

Mountain and Gap Creek Mountain, North Carolina. Shortia

galacifolia Torr. & Gray, Lilium Grayi S. Wats, on Roan Moun-

tain, Biickleya distichophylla Torr. on Paint Rock are examples of

this same local distribution and isolation.

PHENOLOGIC DISTRIBUTION OF PLANTS.

Four kinds of plants with reference to their phenologic dis-

tribution maybe distinguished in the vegetation of the forests of

eastern "North America; viz.: plants of boreal genera (Arctic,

Hudsonian, Canadian species)
,

plants of temperate genera

(Alleghanian and Carolinian), plants of warmer temperate cli-

mate (austro-riparian), and neotropic genera.

Both boreal and temperate species bloom in the spring before

they are shaded by the leafing trees, but for different reasons.

The plants of temperate origin vegetate and blossom in the

spring before the trees are in leaf, because, as a matter of light

relationship, it is the only season in which the functions of these

plants can be performed adequately, and this presupposes the

influence of a certain number of heat units greater than for

boreal species and less than for those of more southern origin.

A more detailed statement on this subject will be made subse-

quently. The boreal plants, however, of the -eastern Appala-

chian forests, blossom and vegetate early in the season, because

that is the part of the year at which the development of these

species, which require a minimum of heat units, is most ade-

quately performed.'^ The writer has shown this in a detailed

manner in a paper published in Science.^^ The Scandinavian

element of our flora consists of plants which mature their seeds

quickly before the summer is well advanced. This marks them

'^The presence of many boreal plants in the forests and peat bogs of the northern

states is accounted for by the encroachment of tree vegetation, after the glacial

epoch, upon the areas occupied by the boreal plants, which surrounded by the trees,

^Yere destroyed or compelled to grow during the period when the trees are leafless.

The movement of trees northward was occasioned by the fact that the land area, left

bare by the retreat of the glaciers, was one of low tension, while the country to the

south, as we have seen, was one of high tension.

"Harshberger, The origin of our vernal flora. Science N. S. 1:92-98. Ja

25. 1895-

h

\
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as physiologically adapted to the influences of a previous short

glacial summer. This rapid growth is insured by the activities

of the plant during the previous short season in storing up large

amounts of reserve material for the next brief season's growth.

Even under favorable conditions of summer heat, every external

perceptible vital motion in these boreal plants ceases, and it is

only after a dormant period of some months, that growth can

commence anew. This periodic alternation of vegetative activity

and rest is in general so regulated that for a given species of

plant both occur at definite times of the year, leading to the

inference that the periodicity only depends upon the alternation

of the seasons, and, therefore, chiefly upon that of temperature

and moisture. The plants of Scandinavian affinity agree physio-

logically in having a periodic growth and rest. The following

Diagram B, if compared with

diagram A, shows that the period of vegetative activity of our

spring plants of boreal origin corresponds with an arctic or

glacial summer, w^hile the dormant period corresponds with an

arctic winter, although our present summer has encroached on

the former glacial winter.

A, Astronomical Year during Glacial Period,

diagrams will illustrate this.

Vegetative
Period

Flowering
AND

Reproductive
Period

Growing Period of Plants

Dormant Period

Arctic Summer Arctic Winter

B. Astronomical Year— 1903

Vegetation Flowers

Growing Period
of

Boreal Plants

Dormant Period

Dormancy
OF

Summer

Dormancy
OF

Winter

Present Summer Present Winter

f

\\

^
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The plants of warmer temperate climate (austro- riparian

species) require a greater number of heat units than those plants
»

just described, and their distribution at present depends largely

upon temperature and soil conditions. In the case of the austro-

riparian species found in the southern Appalachian mountains,

two factors are probably most effective in permitting these

species to maintain themselves in what would seem to be an

unfriendly environment, viz., amount of insolation and the nature

of the soil.'=

A favorite situation in the mountains for colonies of lower

austral species is on the southern exposure of hills, where

the angle of inclination and the position with reference to the

sun insure the greatest possible amount of insolation. The soil
J

preferred by the great majority of these species is light, sandy,

and poor in organic material; it is consequently readily perme-

able to water and becomes quickly and strongly heated, being

thus similar to the soils which cover a great part of the coastal

plain.

Unfortunately no phenologic data are at hand with reference

to the plants of warmer temperate character. In lieu of exact
|

data, a reference to Chapman's Flora^'^ may assist in determining

the position of these plants with reference to the period of

flowering. Those plants not of neotropic origin, which are

probably the more or less modified descendants of that char-

acteristic flora which existed in Eocene and Miocene times, and

species of genera that appear to be on the wane, blossom in gen-

eral, according to Chapman, from May to July, and are not

looked upon as spring plants, which blossom from March until

May. The neotropic element in the flora of the eastern United

States is represented by plants that bloom in general from June

until October,^^ and are therefore summer and autumn species.

This result of a phenologic tabulation of the austro-riparian

plants might have been expected, when the origin and physio-

'^ Kearney, he. cit, 841.

'3 Chapman, Flora of the souUiern United States. 3d ed.

^Another group of plants, derived like the Cactaceae and Compositae from the

southwest, bloom at about the same period as the plants of neotropic origin. See my

paper in Science, loc. cit.

i

^

«
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logic constitution of these plants is taken into consideration; for,

according- to the laws of temperature control of plants, species

of neotropic and warm temperate origin need a large sum of heat

units to carry on adequately their life-processes, and these are

not properly carried on unless the specific number of heat units

is provided in the environment.

INFLUENCE OF GLACIERS ON THE FLORA OF NORTH CAROLINA,

Upon the retreat of the ice-sheet, that portion of the con-

tment north of the terminal moraine was tenanted again by
plants that migrated northward, which as species were adapted

to a cold temperate climate. A large number of these species came
from the southern Appalachians and adjoining regions, where

they had remained undisturbed in their original haunts during

the long ice age, and were in a plastic condition for growth in a

new environment, through the influence of the pressure of species

upon each other in their southern home, and through the physio-

graphic vicissitudes to w^hich these fictile forms were subjected.

Many species, therefore, growing in the North Carolina moun-
tains, found congenial conditions in the more extensive land

areas in the north.

An inspection of the forest maps to be found in the ninth

volume of the Tenth Census Report, Forest Trees ofNorth America^

will show that there is a center of distribution which compre-

hends the area of the present states of southern and central

Pennsylvania, West Virginia, Kentucky, Tennessee, western North

Carolina, southwestern Virginia, northern Georgia, Alabama,

Mississippi, where the largest number of species of the most

important genera of North American deciduous trees will be

found. A study of these maps reveals an important fact, that

the spread of the species from this common center has been

in a series of more or less concentric waves. Three waves may
be distinguished. The first wave consisted of the distinctly

glacial flora, which skirted the border ot the ice-sheet. The

second consisted of the present boreal forms, and the third was

a wave of deciduous shrubs and trees, oaks, hickories, and a

host of others. The species most successfully provided with

means of distribution and most easily adjustable extended furthest
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from the original home after the glacial epoch, which circum-

scribed the area of the original dense forest of the Miocene period.

The outer confines of any particular genus is usually occupied, as

shown in the maps, by a single species. Nearer the center two

species are found; still nearer, if the genus is a large one, three,

and still nearer four, etc. The position of the various shades of

green on the maps suggests the circles of impulse produced

when a stone is thrown into a basin of water. Theoretically

these waves spread circumferentially in all directions, unless they

meet wdth obstacles, when they are deflected. Similarly, the

maps suggest a series of distributional impulses, by which the

various species of oaks, ashes, hickories, and chestnuts were

forced out from a parent forest of great density into the area

left bare by the retreat of the great ice-sheet. The force which

impelled this migration outward from the original forest, a

relict of the continental forest of Miocene times, was the

tension produced by the species associated together and in a

struggle for supremacy, as regards room, light, etc. This

struggle for existence must have been intense, as evidenced by

the great size, height, and straightness of bole of the deciduous

forest trees. Only two alternatives were left the species com-

posing this original forest, namely, extinction or migration.

Fortunately for the forest, an area of little or no tension was

opened up upon the retreat of the glacial ice. The migration

from an area of great tension has been and always will be toward

an area of little tension.

MacMillan^s remarks on this point, wuth reference to the

character of the Minnesota flora, that it has been shown that,

while the valley of the Minnesota is geographically central, it is

by no means botanically central, but, on the contrary, strongly

southern and eastern. Bessey ^^ has shown that the trees and

shrubs of Nebraska have come up the Missouri bottoms and

I

'l

r

spread from the southeastern corner of the state west and north-
^

west. Mason states that the trees of Kansas show the same

'SMacMillan, The Metaspermae of the Minnesota Valley 758, 759- 1892.
C

'•^Bessey, The forests and forest trees of Nebraska. Ann. Rep. State Bd. of

Agric. 1899:79-102. \
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origin. Adams ^^ has demonstrated this clearly in a study of

the faunal distribution of animals and in a cursory way with

plants.

The marshaling of these facts exhibits the flora of the south-

ern Appalachians and of the mountains of North Carolina in a

new light. That the plants of the northeastern and north cen-

tral United States (except those left as high northern plants

on the nunataks and non-glaciated islands and those of cold tern-

perate habit) are derived from the region of the southern

Appalachians, adds considerable zest to the study of the flora of

these elevated mountain lands.

PRINCIPLES UNDERLYING THE DISTRIBUTION OF PLANTS IN

EASTERN AMERICA.

It is advisable at this point to make a restatement of the prin-
r

ciples underlying the distribution of plants in eastern America.

These statements are derived from the work done by Gray,

Hooker, and others on the distribution of North American plants,

with additional facts which seem to the writer necessary to men-

tion because of recent work that has been published with refer-

ence to the flora of North America in general.

I, Subsequent to the great Cretaceous uplift in a favorable

period of mutation, the north temperate regions of Europe, Asia,

and America which extended to high northern latitudes became

the habitat of dicotyledons and monocotyledons identical as

species in most important points.

This region was occupied by a forest of great density,'^ com-

posed of numerous species of trees, shrubs, and herbaceous

plants, and these plants were subsequently definitely allocated

during preglacial times to certain geographic areas by the planing

down of the country to base level.

3. The movement of the glaciers southward over the north-

'7 Adams, Chas. C, Southeastern United States as a center of geographical dis-

tribution of flora and fauna. Biological Bulletin 3 : 115-129. Jl 1902,

^^Gray, Asa, Sequoia and its history. Proceedings American Association

Advancement of Science 21: 1. 1872. Scientific papers of Asa Gray 2:142; also

^bid. 2:204. Cf, Gray, Forest geography and archoeology. American Journal of

Science 16:85-94; iJ^3-i94.
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land exterminated the plants of preglacial times without forcing

a migration southward, except the northern herbs and trees left

on the moraines, unglaciated islands, glacier margins, and nuna-

taks of the great ice field. ^^

4. During the late Pleistocene, and also during the inter-

glacial period, the Scandinavian element of the boreal and north

temperate floras was introduced by the migration of plants from

Scandinavia by the high northern roadway through northern

Europe and Asia to North America, and, as shown, these plants

remained on the retreat of the glaciers in the far north, and on

the alpine summits of the more elevated mountains, or were held

trapped in the cool shade of the north temperate forest or

isolated in cold sphagnum bogs.

5. The plants of this north temperate region south of the

terminal moraine during glacial times remained, on the retreat

of the glaciers, in undisturbed possession of their original habi-

tats. During the ice age they were still further reduced in

numbers and influenced in their distribution by the physiographic

forces constantly at work in the shaping of the continent.

6. Upon the retreat of the ice-sheet the glaciated area was

supplied with plants from two main sources : {a) the plants that

had maintained themselves in the north during the ice age, and

(3) the contingent of plants supplied by the territory to the south

and east.

7. Conclusively, therefore, the facts indicate the absence of a

southern migration of plants.^'^ Rather, they point to the glaciers

as the important factor in the isolation of such botanic regions

as eastern North America and eastern Asia, which perforce show

affinities in their floral make-up that can be explained only by

reference to the principles aforementioned.

^nVRiGHT and Upham, Greenland icefields and life in the north Atlantic 197"

198. i8g6.

Russell, Glaciers of North America 86 and 117. 1897; also in Annual Report

U. S, Geological Survey 13: 19-21. 1891-92.

Wright, G. Frederick, The ice age in North America 57-62. 1891; also

American Geologist 8 : 330,

'^'This southern migration seems to the writer well-nigh impossible, because it

would mean a movement from an area of lower tension to one of higher tension.

I

r
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8. Following the glacial period the modification of the plants

left in the several widely removed continental areas, eastern

North America and eastern Asia, became accentuated, as time

elapsed, until the similarities which are marked in the plants of

preglacial times became less well defined and the differences evi-

dent in the two floras become the feature of recent times.

9. These facts argue for a great antiquity of the flora of the

mountains of western North Carolina. The presence of so many
peculiar types of plants, not found elsewhere in America and

having their closest relatives in eastern Asia, makes it more cer-

tain that groups, now broken up and detached, were once con-

tinuous, and that fragmentary groups and isolated forms are but

the relics of widespread types, which have been preserved in a

few localities where the physical conditions were especially favor-

able, or where organic competition was less severe.

This important principle is evidenced on every hand as a

botanist travels through w^estern North Carolina. The large size

of the trees, the close commingling in a dense forest of a great

variety of species, the graded-down appearance of the land sur-

face, and the rounded contour of the mountains, all impress the

fact upon him that the country through which he travels has

been subjected through long ages to the continued action of

climatic forces which have carved the land into its present form

and influenced the character of the vegetal covering. This

impression is greatly heightened, if the following nine criteria

for determining the centers of dispersal are applied to the study

of the region in question :^'

1. Location of greatest differentiation of type.

2. Location of dominance or great abundance of individuals.

3. Location of synthetic or closely related forms.

4- Location of maximum size of individuals.

5- Location of greatest productiveness and its relative stability.

6. Continuity and convergence of lines of dispersal.

7- Location of least dependence upon a restricted habitat.

8- Continuity and directness of individual variations, or modi-

Adams, Chas. C, Southeastern United States as a center of geographical clis-

-
tribution of fauna and flora. Biological Bulletin 3 : 122.

21
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fications radiating from the center of origin along the highways

of dispersaL

9. Direction indicated by biogeographic affinities.

EDAPHIC FACTORS DETERMINING THE CHARACTER OF THE FLORA

OF WESTERN NORTH CAROLINA.

The soils of the higher mountains are rather fine and even-

grained loams, gray or red in color, or black from organic ingre-

dients; the loamy and generally stiffer subsoils are red or gray.

Over the larger part of the area they are derived from the

decomposition, in situ, of gneiss or gneissic schists, and are suffi-

ciently deep for tree growth, particularly along the lower slopes.

In portions of the region the soil derived from slates, quartzite,

and metamorphosed sandstones are shallower, thinner, and not

so favorable to tree growth.^^ Soil, according to the definition

of Professor Dokouchayev, a Russian investigator, is the super-

ficial horizon of rocks in which the general processes and phe-

nomena of weathering, transportation of particles, etc., combine

with the biologic processes due to the influence of plants (lichens

and alpine plants), animals, and micro-organisms, such as nitri-

fying bacteria.^3 A forest soil, such as we find in western North

Carolina, is an expression, therefore, not only of the physico-

geographic, geographic, and geophysic forces which have been

brought to bear in its formation, but also of the geobiologic

forces which have been at play. A study of any soil cannot fail

to reveal many peculiarities of the vegetation that covers it, but

it also throws a flood of light upon the succession of floras which

may have flourished at any particular time in a given region.

To elucidate: the soils of a given territory are influenced by the

life-activities (instance the Leguminosae) and the dead remains

of plants and other organisms (peat beds, humic compounds,

animal manures, guano, etc.). The soil also influences the

^^^PlNCHOT and Ashe, Timber trees and forests of North Carolina. N. C. Geol.

Surv, Bull. 6: 220. 1897.

*3SiBiRTZEV, N., Genetic classification of soils. Zapiski Novo-AIexand. Inst.

Selsk. Khoz. Lyesov. Memoirs of the Institute of Agriculture and Forestry at Novo

Alexandria, Government of Lublin 9= : 1-23. 1895. Ibid., ti'^-.i-^. 1S9S. Experiment

Station Record 12 : 705.

I
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development and the life-activity of these organisms and their

decomposition after death. The character of the plant growth,

for example, plays not only a direct, but an intermediate role in

the formation of soil. The relief of the soil has an important

influence in determining the drainage, temperature, etc. And
lastly, the successive changes which have taken place in the

climate, the encroachments of the forests, the spread of marshes,

the drying up of the soil, etc., must in their turn influence the

character of soils. A knowledge of the laws and the forms of
+

these influences makes it possible to obtain from the study of

soils a basis for the reconstitution of the recent past of the

country and for sketching its recent geophysic and geobiologic

histor3\ An inspection of the soils of western North Carolina

reveals a close relationship between the vegetal covering and the

soil. There are a number of humus dwellers w^ith ectotrophic

and endotrophic mycorhiza. Such plants as the oaks, beeches,

chestnuts, poplars, willows, pines, spruces, and firs are provided

with ectotrophic mycorhiza and therefore are to a certain extent

dependent on the humus of the soil. Without it a dense forest

could not exist, and in any region, such as the mountainous area

of North Carolina, the luxuriance of the forest is a correlative of

the richness of the soil in humus and its mechanical condition,

and vice versaJ"^ Plants with endotrophic mycorhiza also add

their quota to the upbuilding and maintenance of the forest

litter, and so do many fungi. In North Carolina, as elsewhere,

the rotten windfalls and the fallen leaves return many valuable

ingredients to the earth. In the North Carolina mountains, if

undisturbed b^^ man, a deep soil rich in organic detritus is found,

and this clearly points to the long occupation of the territory by

dense forests.

These introductory remarks have been made to show the

delicate balance which exists betw^een the vegetation of western

North Carolina, on the one hand, and the soil and physiographic

features, on the other. Constant change has been manifested in

** Another indication of a soil rich in humus is a great variety of saprophytic

fungi belonging to several well-recognized groups, such as the Polyporei, Agari-

cineae, etc.
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the transformation that has been made from the monotonous

plateau of early Cretaceous times, covered with a rather tame

flora, to the richly div^ersified configuration of the mountains

and plains of today, clothed with the most magnificent forests

(excepting those of the Pacific slope) to be found anywhere in

the western hemisphere. The ecologic disposition of the vege-

tation with reference to the topography next concerns us.

\To be conchided7[

*
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A OF THE FLORA OF SOUTHERN CALI-
FORNIA.

S. B. Parish

( Concludedfrom p. •)

THE CISMONTANE AREA.

omitted from the following table.

The genera which are confined to this area are more in num-
ber than the distinctive genera of both the other areas combined.
Some of them have so wide a range as to deprive them of any
but the most general phytogeographical value, and these are

I have designated by an
asterisk those genera which are represented by species that come
to us from the south; the others are of northern affinity, and,

with the exception of a few belonging to the central valley of

California, are plants of the Pacific coast flora.

DISTINCTIVE GENERA OF THE CISMONTANE AREA.

Interior Subregion Coastal Subarea

Fimbristylis

Githopsis

*Iinperata

Juglans
Koelia
Lagophylla
Phragmites

*Schoenus
Umbellularia

Acalypha
Achyrachaena
Arbutus
Boykinia
Calamintha

*Cneoridiuin
*Cupressus
Eryngium
Grindelia

*HarpagoneIla
Micromeria
Myrica
*Oxalis
Sphacele

Common to Both Subareas

Adenostoma
Aichemilla

Amorpha
Apiastnim
Athysanus
Baeria

Cardamine
Caucalis
Chlorogalum

*Conyza
Corethrogyne
Datisca

Dendromecon
Dentaria
Dicentra

Eremocarpus
Godetia
Heterotheca
Heteromeles
Loeflingia

Mecanopsis
Oenanthe
Palmerella

Papaver
Pickeringia

Flatystigma

Platanus
Scrophularia

Tropidocarpum
Valerianella

From a study of the distribution of the avifauna of Cali-

M
area to embrace a strip of territory from the Coast Mountains,

^nd including them, to the sea; and extending from Monterey

'^Kellar, Chas. E., Geographical distribution of land birds in California. Zoe
I • 296, and map.

V jj 259
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into Lower California. This area is characterized by the presence

of forms from the Pacific coast, the Californian and the Sonoran

areas, as these are laid down by Dr. Merriam.^5 The same con-

clusion is reached by a consideration of the floral distribution of

the region. In its upper portion genera and species w^hich are

distinctively of the northern coast flora are both numerous and

abundant
;
passing southward these become fewer and rarer.

Many entirely fail to reach our part of this area, while others,

like Myrica Califoriiica and Arbutus Menziesii, are here local

varieties. On the other hand, distinctively Sonoran plants, such

as the yuccas and the Cactaceae, common in the south, drop

out as one passes northward. At no point can a dividing line

be drawn; and there is an important element of the flora, in con-

siderable part connecting it with that of the Californian area,

which is about equally abundant throughout the whole region.

The table last given, of genera exclusively Cismontane, shows

but a weak Sonoran element, and from it one might infer that,

the flora of this area was overwhelmingly Coastal and Californian.

But the table exhibits only half the truth, since the Sonoran

element is represented mostly by genera which the Cismontane

area shares with the Desert. Indeed, so prevalent is this element

that it gives the flora an aspect decidedly Sonoran. The abun-

dance of yuccas and the large development of the Cactaceae

have been mentioned already. Some other desert plants that

pass into the Cismontane are Prosopis juliflora, Bebbia JMicea,

Philibertia linearis, Chilopsis saligna, Abronia villosa, Encelia

fariiwsa, E. Californica, Vigtnera deltoidea var., etc. Omitting

species that merely enter the respective borders of one area or

the other through the different passes, there are over forty
|

species of the Desert fairly frequent throughout the Cismontane, \

or a considerable part of it; on the other hand, hardly a single

distinctively Cismontane species more than enters the confines

of the Desert.

A small group of plants, which have entered directly from

Lower California, inhabit a narrow strip along the coast. Some

barely pass our borders ; few penetrate very far within it, and

=5Merriam, J. Hart, N. Am. Fauna 3, map 5.

1
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the last one disappears at Santa Barbara. They are enumerated

below.

PENINSULAR SPECIES ALONG THE COAST.

Acalypha Californica Cneoridium Californicum Mamillaria dioica

Agave Shavvii Dithyrea Californica Opuntia prolifera

Arctostaphylos diversifolia Frankenia Palmeri Opuntia serpentina

Baccharis sarothroides Isomeris arborea Simmonsia Californica

Beloperone Californica Iva Haysiana Viguiera laciniata

Cereus Emoryi

The Cismontane area comprises two fairly distinct subareas.

These probably owe the differences of their floras to the fact

that one is more exposed than the other to the fogs and humid
air of the ocean. The line separating them follows those eleva-

tions which intercept the direct action of these influences;

namely, the seaward flanks of the Cuyamaca and Palomar Moun-
tains, the Temecula Range, and the lower hills which continue it

beyond the Santa Ana River.

The district between this line and the Pacific Ocean may be

called the Coastal subarea ; that between this line and the San

Bernardino Range constitutes the Interior subarea. The latter

subarea includes the San Fernando, San Bernardino, and San

Jacinto Valleys. Where the wide Los Angeles Valley opens out

to the sea the two subareas coalesce, and some of the most char-

acteristic Coastal species are carried inland to the base of the

San Gabriel Mountains.

The most evident characteristic of the Coastal subarea is the

prevalence of oaks. Its rolling hills are covered commonly with

open groves of Quercus Engelmarmi d^nd Quercus agrifolia ; indeed,

the first of these oaks and Rhus lauriiia may be considered the

characteristic arboreal plants of this subarea. Its chaparral is

much more largely composed of scrub-oak, mostly Quercus

dumosa, than that of the Interior, where Adenostoma fasciculatum

is the principal shrub. But the Interior subarea differs from the

Coastal mostly in a negative way ; the latter possessing fully one

hundred species which do not extend into the former. Among
these are eight species of Atriplex, five each of Chorizanthe and

Phacelia, four each of Gilia and Antirrhinum, and three each of

Astragalus, Calochortus, Cotyledon, and Salvia.



262 BOTANICAL GAZETTE [OCTOBER

The species which are restricted to the Interior subarea are

comparatively few and unimportant. Some which contrast with

Coastal species may be named.

SPECIES RESTRICTED RESPECTIVELY TO THE INTERIOR OR THE
COASTAL SUBAREAS.

f

A

Interior Subarea
L

Coastal Subarea

Adiantum Capillus-Veneris Adiantuiu emarginatum
Andropogon macrourus Andropogon saccharoides

Antirrhinum glandulosum Antirrhinum Nevinianum
Aplopappus linearifolius Aplopappns ericoides

Artemisia Parishii Artemisia Palmeri
Boykinia rotundifolia Boykinia occidentalis

Calochortus Plummerae Calochortus Weedii
splendens Dunnii

Carex Barbarae Carex spissa

Chorizanthe Fernandina Chorizanthe laciniata

Parryi fimbriata

Euphorbia ocellata Euphorbia misera
Gilia Californica Gilia floribunda

Helianthus Parishii Helianthus Oliveri

Hemizonia Wrightii Hemizonia virgata

Lathyrus laetifiorus Lathyrvis splendens
Monardella Pringlei Monardella hypoleuca
Opuntia Bernardina Opuntia prolifera

Phacelia Davidsonii, var. Phacelia Douglasii
Ribes glutinosum Ribes speciosum
Zauschneria Californica Z. Californica microphylla

f

There are also certain plants that are confined to the immedi-

ate shores of the ocean, either on the sands of the beach, or in

the tidal marshes or meadows that occur in some places. These

are exhibited in the subjoined table.

\

\

LITTORAL PLANTS.

Arenicolous Species Halophilous Species
\

Abronia maritima
umbellata

Amblyopappus pusillus

Aphanisma blitoides

Atriplex leucophylla
microcarpa

Calandnnia maritima
Convolvulus Soldanella
Franseria bipinnatifida

Mesembryanthemum aequi
laterale

- crystallinum
- nodiflorum

Oenothera viridescens

Astragalus pycnostachys
Atriplex hastata

Batis maritima
Jaumea carnosa
Juncus acutus, var.

Lasthenia Coulteri

Monanthochloe littoralis

Saiicornia ambigua
herbacea
mucronata

Scirpus Tatora
Spartina glabra
Statice Liraonumj var.

W
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H^

THE INSULAR FLORA.

The islands of Santa Catalina and San Clemente, situated

some twenty miles off the seacoast, have floras of great interest.

They are parts of that general coast-island flora which has

received no little attention, not only by reason of certain anoma-
lous elements in its composition, but as well from the problems

of origin and affinity to which these give rise.

It has been contended that the coast islands are the emergent

peaks of a submerged continent, still retaining the vestiges of

its peculiar vegetation. Emergent peaks they certainly are, but

a more reasonable theory regards them as belonging, not to

another continent, but to a chain of mountains paralleling the

present Coast Range, now, save for them, sunk beneath the

waters of the ocean, whose waves roll over what was once a

broad valley separating the two ranges. Under this theory the

peculiar insular plants, such as Lyonothamnus and the species of

Lavatera, are to be regarded as the remnants of a flora, antedat-

ing the period of subsidence, once common to the whole coast

region. Preserved by its isolation on the islands, it has per-

ished on the main-land, or is, perhaps, still feebly represented

by a few species, such as Pijius Torreyana and Euphorbia misera,

which retain a precarious foothold along the coast.

The following papers will be found of interest to those desirous of studying

the insular floras and their relationship and probable origin :

Brandegee, T. S.— Convolvulus occidentalis. Zee 1:85. Plants of Santa

Catalina Island. Zee I : 107. Flora of the Californian islands. Zoe I: 129. Lav-

atera— is it an introduced plant ? Zoe 1 : 188. Flora of the Santa Barbara Islands.

Proc. Cal. Acad. II. I : 201.

Davidson, George,— The submerged valleys of the coast of California, U. S.

A., and of Lower California, Mexico. Proc, Cal. Acad. Ill, Geo. I : no. i.

Greene, E. L.— Notes on the botany of Santa Cruz Island. Bull, Cal. Acad.

2: 377. A botanical excursion to the island of San Miguel. Pittonia 1 : 74.

LeConte, Joseph.— The flora of the coast islands of California in relation to

recent changes m physical geography. Bull. Cal. Acad. 2: J77-t5V5"^

Lyon, W. s\-The flora of our southwestern archipelago. Box. Gaz. II ; 197, 230.

Parish, S. B.— The Pacific Lavateras. Zoe 1 : 300. Southern extension of the

range of Polypodhim Scouleri, Fern Bull. 9 : 40.

Trask, Blanche.— Field notes from Santa Catalina Island, Erythea 7 : i^i>.- ) <^ ^

Watson, S.— Flora of Guadalupe Island, Lower California. Proc. Am. Acad.

II : 105.

Yates, L, G.— Stray notes on the %^o\o%y of the Channel Islands. Rept, Cal.

State Mineral. 9: 171. Insular floras. Z. c. 179.

26

26
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The number of the endemic species of plants occurring on the

coast islands was claimed, at one time, to be much larger

than is admitted at present. Among them are the remark-^

able monotypic Lyonothamnus, and Lavatera, with four too

closely allied species, no two of them found on the same island,

a genus which is unrepresented elsewhere in the western world.

All the other endemic insular species belong to genera which

have representatives on the adjacent mainland. Probably less

than thirty of these species are valid, and of these several are

no more than robust developments of plants of the neighbor-

ing coast. Twelve of them are found on the islands off the

Mexican coast, as well as on the Californian islands, so that

hardly more than fifteen remain which are peculiar to the latter

group.^^* In the subjoined list species endemic to Santa Catalina

and San Clemente are in italic ; species too closely connected

with continental ones, perhaps mere varieties of them, are

designated by an asterisk.

PLANTS OF SANTA CATALINA AND SAN CLEMENTE ISLANDS,

Astragalus Nevinii Galium Catalinense Lyonothamnus floribundus

*Ceanothus arboreus Gilia Nevinii Malacothrix foliosa

^Cercocarpus Traskae Hemizonia Clementina — insularis

*Crososoma Californica Lavatera assurgentiflora Planiago dura

*Eriogonum giganteum Phacelia Lyo7ii Quercus tomentella

Eriophyllum Nevinii

These distinctively insular species constitute but an insignifi-

cant proportion, although a most interesting element, in the

plant population of the islands, which, with these exceptions, is

made up of species from the neighboring mainland. The islands

are therefore to be considered as a subarea of the Cismontane

area, and but slightly differentiated from the Coastal subarea,

PHYTOGEOGRAPHICAL DIVISIONS.

In accordance with the views set forth above, the life-areas

of southern California are exhibited in the subjoined table. They

are provisional merely, for not only does much remain to be

learned of the distribution of our flora, but they are based on an

examination of the flora alone, whereas the fauna and avifauna

«7Brandegee, T. S. Zoe i : 129.
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must also be taken into consideration. It is believed, however,

that the divisions here laid down will not be greatly modified

\vhen all the facts bearing on the problem come to be known.

LIFE AREAS OF SOUTHERN CALIFORNIA.

Provinces ions Areas Sub

Boreal
Arctic

Boreal
>

Alpine

Hudsonian

Canadian

Transition

Lower Sonoran Desert

Sonoran

Upper Sonoran Cismontane

Upper

Lower

Mojave

Colorado

Interior

Coastal

Insular

The various h'fe-zones in an ideal section across southern

California, from the lowest point in the deserts, across the highest

mountain peak, to the coast islands, are represented below:

IDEAL SECTIONAL DISPOSITION OF THE LIFE-ZONES.

Alpine

Hudsonian

Canadian

Upper Transition

Lower Transition

Juniperus Zone

Pinon Zone

Yucca Zone

Larrea Zone

Atriplex Zone (?)

Pseudotsuga Zone

Interior Subarea

Coastal Subarea

Littoral Zone

Insular Subarea

INTERRELATIONS OF THE DIFFERENT LIFE-AREAS.

It is not to be understood that these various phjtogeographi-

cal subdivisions are strictly limited and sharply defined, as they

are represented on biological charts. Here, as always, nature

does not pass with abruptness from one formation to another;

rather one shades gradually into another. Thus we find few, if

any, species w^here boundaries are strictly conterminous. And
in passing across the country a successive and continuous disap-

J

4
t

\
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pearance of species is observed, and the appearance of new ones

in their places.

Under the varying influences of soil, moisture, exposure, wind

currents,^^ and other subtler, and often unrecognizable, causes,

adjoining zones interpenetrate and overlap each other in a most

irregular manner. Nevertheless they have a real existence and

evident boundaries, manifested by the general character of the

vegetation. The most unobservant quickly notices the change

from one kind of plant growth to a very different kind, as he

passes from the Desert to the Nevadan or the Cismontane areas.

The trained eye of the botanist notes in each the limits of several

subareas, yet detects in each plants seen also in the others.

The interrelation of the floras of the several areas is mani-

fested by the numerous genera which have representative species

in each. Most of them show, by the larger number of species

growing in it, the area where the conditions are best suited to

their development, and, when the preference is well marked, that

area O"

Some of the larger of these genera are tabulated below:

INTERRELATIONS OF GENERA.

Genera

Species and Varieties

Allium ....

Arabis ....

Astragalus .

Atriplex . .

,

Calochortus
Carex
Chaenactis
Chorizanthe
Eriogonum
Trifolium .

.

Neva-
dan

^3

5

7

I

23
2
2

10

2

Cismon-
tane

Desert

Genera

Species and Varieties

Neva-
dan

3
I

6
10

9
10

3
II

9
15

2

2

17

7

3
I

6

6
20

Gilia

Hosackia ,

Juncus . . .

.

Krynitzkia
Lupinus .

Mimulus . ,

Phacelia . .

Plagiobothrys
Pentstemon .

.

Ranunculus .

II

5
6

I

9
10

4
I

5

5

Cismon-
tane

29

5

6

16

II

16

6

8

3

Desert

19

4
I

II

.3

2

12

I

6

While most plants have a definite and often very restricted

range, others are able to adapt themselves to such various

environments that their limits are circumscribed by no narrower

=^The influence of wind currents from the deserts is very potent in disturbing the

life-zones in the narrow Nevadan belt; and in a similar manner the moist winds from

the ocean modify the boundaries of the Interior and Coastal subareas.

I

I

I
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boundaries than those of a biological province. Plants such as

these are without phytogeographical value in the study of more
limited areas. For an opposite reason plants which are very

^
localized are likewise without value. Only those whose limits

are neither too widely extended nor too restricted are serviceable

to the phytogeographer in determining the biological subdivi-

sions of a region. For this purpose trees and shrubs are more
useful than humbler plants. Not only are they more readily

observed, but their greater duration requires a closer adaptation

to climatic conditions, while their stature and their depth of root

render them less immediately dependent on conditions of pure

locality, such as surface moisture or shelter.

PHYSIOGNOMIC CHARACTERISTICS OF THE FLORA.

The most striking feature of the southern Californian flora,

taken as a whole, is the prevalence of shrubs. The Nevadan is,

mdeed, largely a forested region; but its open growth is inter-

spersed with vast tracts of chaparral, and altogether fails to pro-

duce an effect comparable to the vaster and denser forests of

.
moister climes. Except in the mountains, trees are seldom

• numerous, and when present form park-like groves rather than

true forests. Each region has, too, its meadows, never of large

extent, and except in the mountains mostly confined to soils

somewhat alkaline.

But throughout the whole territory, shrubs form the common
plant-covering of plain and hillside. In the higher mountains

impenetrable thickets of Castanea sempervirens and Ceatiothiis cor-

drdatiis extend for miles. Lower on the Cismontane slope other

species of Ceanothus, intermixed with Arctostaphylos, Rhamnus,

Ribes, and many other shrubs, cover expanses as wide. To these

succeed dense chaparrals of Adenostoma and scrub-oak.

But it is in the deserts that this characteristic is especially

developed. Large areas are thickset with opuntias, or with a

great variety of other shrubs, daleas, lyciums, ephedras, tetrady-

niias, and many others, whose rigid and thorny growth renders

passage painful or impossible. Indeed, in this region, and to a

considerable extent in the Cismontane as well, for half the year
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the ligneous plants appear to constitute almost the sole vegeta-

tion, since the annuals and the aerial parts of most herbaceous

plants disappear in the dry season. And even in the rainy

months, the superiority of the herbs over the shrubs, in number

of species and of individuals, is concealed by their smaller and

often insignificant size.

The subjoined table exhibits the vegetative character of the

indigenous plants of the different areas. In compiling it I have

omitted varieties, doubtful and obscure species, or the few which

cannot be satisfactorily credited to any one area. This, it is

believed, more fairly represents the prevalent characters of the

plant populations, than would the inclusion of every rare and

questionable plant.

1

I

VEGETATIVE CHARACTERS OF THE FLORA,

Areas
Annuals and
Biennials

Desert .

Nevadan .

.

Cismontane

Total

167

79

359

Herbaceous
Perennials

Shrubs

60s

86
296
306

688

Trees

142

43
123

9
19

25

308 53

Total

404
437
8i3

1^54

I have classed as trees all those which in southern California

commonly attain to fifteen feet (4.5"") in height, and have a

tree-like trunk. Of trees 50-100^' (15-30™) high the Cismon-

tane has six, the Nevadan four, and the Desert one ; the Nevadan

has six which exceed this height, but the other areas none.

RELATIVE PROPORTIONS OF THE DIFFERENT CLASSES OF PLANTS.

Areas

Desert .

,

Nevadan . ,

,

Cismontane

Annuals and
Biennials

Herbaceous
Perennials

I

Shrubs

0.41
0.18

0.44

Southern California. .

.

0.365

0.21

0.68

0.37

0.415

0.25
O.IO
0.15

0.186

Trees

0.03
0.04
0.03

0.032

Total

0.24
0.27

0.49

The figures in the first four columns of the above table show

the percentages which the number of species in each class of
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plants bears to the whole number of species in each area; those

in the footing show the proportion of each class in reference to

the whole flora of southern California. The right-hand column
shows the proportion which the total flora of each area bears to

the whole flora.

It appears by these tables that there is a notable difference in

the development of the various classes of plants in the several

areas. Thus the Desert has the largest proportion of shrubs and
the smallest of perennials herbs— a condition which is exactly

reversed in the Nevadan area. The Desert and the Cismontane
areas have nearly an equal percentage of annual species, and
each has more than twice as many as the Nevadan. It also

appears that the Cismontane has nearly as many species as both

the other areas combined. The percentage of arboreal species

IS unexpectedly found to be nearly the same in each region, but

could the comparison be made between the number of individual

trees in each area, the Nevadan would far exceed the others.

The principal cause of these differences is doubtless to be

found in the climatic character of the several areas. The short

season of winter rainfall in the two Sonoran areas permits the

development of annual plants, but is unfavorable to perennial

herbs. The cooler climate, and the numerous living streams

and springs in the Nevadan area are more favorable to perennials

than are the conditions in the other areas. Why the proportion

of shrubby species should be so much 'smaller in the Nevadan
than in either of the other areas is less evident, but it is prob-

ably due to the occupation of the land by trees, whose shade

discourages the multiplication of shrubs. But it is also a fact

that the chaparral of this area, while extensive, is composed of

fewer species than is the same formation in the other areas.

ADAPTATION OF PLANTS TO CLIMATIC CONDITIONS.

The chief condition of their environment, as I have already

stated, to which the plants of southern California have to adapt

themselves, those which are paludose or aquatic excepted, is the

aridity of the climate, resulting from prevalent high temperature,

and a scanty and irregular precipitation. This necessity to some
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extent affects even those plants which inhabit the higher

mountains, but in a less degree than those which grow at lower

altitudes. The mountain plants have a far greater need of

protecting themselves against the low temperature of winter.

Hence many of them are perennial herbs, which are able to

preserve through the winter the vitality of their roots, safely

buried in the soil, although the aerial portions perish from the

cold. And as the air is here cooler and moister, more plants are

found with broad and unprotected leaves than in the other areas.

It is in these other areas that there is the greatest develop-
r

ment of the protective adaptations which enable a plant most

fully to utilize a scanty supply of water. The methods by which

this is effected are three: by habits of growth; by provisions

for storing supplies of water and food in times of plenty as

reserves for times of need; and by contrivances for diminishing

the loss of water through evaporation.

The first of these methods is well exemplified by most of the

xerophytic annuals. They spring up at once after light rains,

and put forth no more than a leaf or two before proceeding to

the production of a flower and a fruit. If moisture now fails,

reproduction is assured ; should it continue to be supplied,

branches are sent out and flowers and seed multiplied. Thus a

plant when receiving only a little moisture may fulfil the cycle

of existence and provide for the continuance of its species, with-

out attaining an inch of stature ; but under more favorable con-

ditions it may attain dimensions of two or three feet.

The xerophytic perennial herbs make their growth in the wet

season, and, in most cases, the aerial stems perish at the begin-

ning of summer. Thus they reverse the seasons, remaining

dormant in summer to survive the heat, just as in colder

climates they remain dormant in winter in order to survive the

cold.

The same reversal of the seasons is the habit of many of the

deciduous shrubs. They put forth their new foliage in early

winter, make their growth during the wet season, and, ripening

their fruits in spring, drop their foliage when the droughts of

summer come on, remaining leafless and dormant until its con-
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'' elusion. This may be said to be the rule with desert shrubs, and

it also prevails to a considerable degree in the Cismontane area.

The storage of supplies at times when they are attainable, so

that vitality may be preserved through a season when they can-

not be secured, is provided for by a thickening of either the

stems or the leaves.

The engorgement of the underground stem or its buds,

whereby bulbs and tubers are produced, is comparatively rare

among the plants of our region. Among the xerophilous plants

of the Desert there are but two bulbs, Hesperocallis occidentalis

and Calochortus Ken?iedyi; and there are two species of Psoralea

and three or four cucurbits which hav^e tuberous roots. A few

plants, like the lomatiums, have thickened roots. In the Cismon-

tane area the list of plants of this kind is longer, but not greatly.

The Cactaceae are our only examples of the modification of

the above ground stem for storage purposes. During the wet

season these stems become plump and full of sap, but at the

conclusion of the dry season, they are shrunken and corrugated.

This is especially noticeable in the opuntias, but it may be

observed also in the appearance of the ribs or the mamillae of

the other genera at the different seasons.

Storage in the leaves is exemplified by the agaves, the cotyle-

dons, and the sedums. The leaves of these plants also become
niore or less shrunken by the end of the dry season.

But much commoner than these modifications are the protec-

tive devices by which transpiration is limited. Few are the

plants of the deserts which have not acquired one or more

adaptations whereby this result is effected. Some, like canotia,

the ephedras, the cereuses, and the echinocactuses, are entirely

leafless
; others, like the opuntias, Dalea spinosa, and Hoffman-

seggia microphylla, have the leaves few, small, and early deciduous.

- In plants such as these, the modified epidermis is chlorophyllous

and performs the oflRce of leaves. In place of the broad thin

leaves displayed by the plants of moist climates, these denizens

of the deserts have small and thick leaves, often with revolute

edges and pinnate divisions. Very commonly the foliage or the

whole plant is protected by a coat of hairs, wool, or scales, a var-
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nish, or a powder, from the direct contact of the parching air of

their arid habitat.

The same modifications are present also in the plants growing

in the other areas, but they are not so marked and so prevalent

as in the desert vegetation. The ferns may be taken as an exam-

ple. (Notholaeti

a coating of some kind, and although this has small and rigid

leaves, its excessive rarity maybe taken as an indication of its ill

adaptation to its environment. None of the mountain ferns

have protective coatings upon their fronds. Eleven of the

twenty species belonging to the Cismontane area are destitute of

such protective devices, and nine are furnished with them ;
the

former being the species which grow in cool damp situations,

and the latter those affecting habitats where the supply of moist-

ure is less abundant or permanent.

STATISTICS OF CLASSIFICATION.

The following table presents a summary of the distribution of

the flora into the several taxonomial categories. The fourth

column under the head species shows the percentage of the

species in each class to the total number of species. Only nat-

uralized or adventive plants are included as introduced, no notice

being taken of escapes or waifs. These exotics constitute but

7 per cent, of the species of the flora, a proportion smaller
r

than is commonly found.

synoptic table of classification.

Taxonomial
Categories.

Families

Gamopetalae
Chorlpetalae

Dicotyledones
Monocotyledones

Angiospermae
Gymnospermae

Spermatophyta ..
Pteridophyta

Total

Na-
tive

Intro-

duced
1

32

63

I

X

95
17

2

m

112 2

114

7

2

Genera

Na-
tive

2t6

259

475
8S

560

7

567
20

SS7

Intro-

duced

19
27

46
14

60

60

to

Total

33s
28b

321

620

7

627
20

b47

Native

714
813

1,527

253

1,780
21

i,Soi

41

1,842

Species

Intro-

duced

51

so

lOT

139

139

^3Q

Total

7bs
8O3

1,628
2qT

i,Qig
21

I,Q40

Per
cent,

38

43

82

H
97
I

98
3

0)

H

<
>

55
48

103

125
X

126
2

128
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Of the families forty-eight are represented by a single genus

each, and thirty-eight of these each by a single species. The
families which have the most numerous species are shown below,

arranged in the sequence of the species:

GENERA AND SPECIES OF THE LARGER FAMILIES.

w Genera
4

Species

Families

Genera Species

Families
Na-
tive

Intro-

duced
Na-
tive

1

294

149

95
«5

84
60

51

55

45

53
52

Intro-

duced
Na-
tive

Intro-

duced
Native

Intro-

duced

Compositae
Leguminosae
Gramineae
Polygonaceae
Scrophulariaceae..

Cyperaceae
Cruciferae

Polemoniaceae. . .

Umbelliferae
Onograceae
Hydrophyllaceae..

99
24

37
10

14
8

iS

3
21

7

9

13
2

13
« *

I

5

* *

6

#

« »

25

5

30

4
I

t P

II
i

8
1

4 *

4 4

1

Chenopodiaceae .

Ranunculaceae .

.

Cactaceae
Euphorbiaceae . .

Saxifragaceae . . .

Rhamnaceae ....

Total

18

21

ID

13

8

4

7

6

10

4

3

3
m 4

4

A 4

I

P

44
42

36
30
28

28

24
22

25
21

4
» 4

3
P *

« 4

* 4

2

5
4 *

* 4

35r 47 ^,323 q8

From the above table, it appears that these twenty-one fami-

lies, being but 17 per cent, of the total number of families,

include 71 per cent, of all the species which belong In the flora,

and that the first ten families include 52 per cent, of the species.

Over 16 per cent, of the entire number of species are found in

the Compositae, 8 per cent, in the Leguminosae, 6 per cent, in

the Gramineae, and 4 percent, each in Polygonaceae and Scrophu-

lariaceae,

Some of these families, as the Compositae, the Gramineae,

and the Cruciferae, owe their prominence to a large number of

genera of a few species each; but in others this is due to two or

three genera, or even a single genus which has many species.

Thus the large development of the genus Phacelia gives impor-

tance to Hydrophyllaceae, of Gilia to Polemoniaceae, and of

Carex to Cyperaceae; while the rank of the Leguminosae

results from the numerous species of Hosackia, Trifolium,

Lupinus, and Astragalus, and that of the Polygonaceae from the

many species of Eriogonum and Chorizanthe. In the following

table the genera which have fifteen or more species are arranged

in the order of their number:
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GENERA WHICH CONTAIN THE MOST SPECIES

Genera Species

Gilia

Eriogonum
Astragalus.

Phacelia,.

.

Carex
Lupinus. ,

,

Hosackia..
Krynitzkia,

Genera

52

35
30
30
27
22
20

Trifolium.. .

Atriplex.. .

.

Chorizanthe
Mimulus. . . .

Juncus
Pentstemon
Opuntia.. .

Galium. . . .

.

Species

20

19

19

19
18

18

16

15

The above sixteen genera contain 401 species, or 20 per cent.

of all the species of the region. Except a single species of Tri-

folium, they are all indigenous. It is worthy of notice that these

most largely developed genera, with a few exceptions, are dis-

tinctively western American.

AFFINITIES OF THE FLORA.
^ t

On a previous page I have attempted to indicate the more

immediate sources from which our flora has been derived, but it

may not be without interest to glance briefly at its relation to

the wider problems of plant distribution. For this purpose the

families may be divided into three groups ; first, those of such

equal development in the several zones as be accounted cos-

mopolitan; next, those having their greatest development in the

temperate zone; and, lastly, those whose centers of development

are in or near the tropics.

Such an arrangement is shown in the table on the oppo-

site page; Phytolaccaceae and Dipsaceae being omitted, since

they are represented only by introduced species. The columns

of percentage indicate the proportion of the number of families

in each regional division to the whole number of families in each

taxonomial group.

It appears from this table that the families, leaving out of

consideration the cosmopolitan ones, which, being of general

distribution, have no present signification, are about equally

divided between the tropical and the extra-tropical groups ;
a

result to be expected from the geographical and climatic position

of the region.
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REGIONAL AFFINITIES OF THE FAMILIES

Taxonomial
Categories

Cosmopolitan

Families

Gamopetalae
Choripetalae

Dicotyledunes

Monocotyledones. . .

Angiospermae
Gymnospermae

Spermatophyta
Pteridophyta

Total

12

24

36
12

Per cent

Extratropical

Families

37
38

8
21

48
* «

38
70

48

4

43

29
2

Per cent,

Tropical and Sub-
tropical

Families

25

33

31

I

30
II

12

18

28

50

43

57

32
I

52 43 33

28

27

30

3

Per cent,

27

29

33
I

34
2

J6

31

17

29

50

29
28

30

In the next table are exhibited the relations of the native

genera and species to the flora of North America. The number
of each which extend beyond the North American continent is

shown
; and those which are confined to it are separated into

four geographical subdivisions; namely, those whose range is

restricted respectively to southern California, to California, to

the region west of the Rocky Mountains, and those which extend

further eastward. While th'e line has been drawn very strictly

between plants which are or are not exclusively North American,

and as accurately as possible for those confined to western North

America, a somewhat laxer rule has been observed for the two

smaller subdivisions. These are merely political, and have little

phytogeographical significance, and the limits of many of their

plants as yet are not known accurately. For these reasons there

are included in the number accredited to California, and to

southern California, some plants which, while properly belonging

to them, extend a little beyond their boundaries.

This table brings out very clearly the distinctively west

American character of the flora. Two-thirds of the genera, it

is true, extend their range beyond North America; but of the

remaining one-third, only 14 per cent, are found east of the

Rocky Mountains, while 86 per cent, of this third are con-

fined to the territory' west of them, and of these about half
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REGIONAL DISTRIBUTION OF GENERA AND SPECIES.

Gfnf.ra Specifs

Taxonomic
Endemic

Extra

North

American

Endemic

Categories

North

American

Western

N,

American

Californian

,

Southern

Californian

e2

North

American

Western

N.

American

Californian

Southern

Californian

Extra

North

American

13

9
54
42

16

IZ

6

7

5a
69

127
190

22

55

: 250
259

164
207

221

187

b57
708

57
105

Monocotyledones . .

.

1

22

3

96
4

27

3

13

3

/55 317
72

77
43

509
88

371
40

408
32

^3^5
203

162

50

25
1

100

I

30
1

1

16

* *

77/ 389
6

120 597
13

411

5

440
3

7565
21

is8q
21

212

« P «

25

25

lOI
• • *

30
1

16 172
ft « «

395
20

120

4

610

9

416
3

443
6

212
20

lOI 30 lb
'

172 ^^5 75^ biQ 41B 44Q ibio 232^

Per cent, of native

4 17 5 3 30 70 6 33 23 24

1

87 T2

are restricted to California. It will also be noticed that the

geographical specialization rapidly increases in passing from the

lower to the higher taxonomial groups. Thus all the genera of

Pteridophyta extend beyond the North American continent; of

the seven genera of Gymnospermae only one is exclusively

North American; of the Monocotyledones 15 percent, are North

American, but of the Choripetalae 26 per cent,, and 41 per cent.

of the Gamopetalae.

Naturally this local differentiation is much more pronounced

in the species than in the genera. Less than one-eighth of the

indigenous species extend beyond North America. Among
the North American species less than 8 per cent, pass beyond

the Rocky Mountains ; of the species occurring west of that

range nearly 60 per cent, are exclusively Californian; of the

Californian species over one-half are confined to the southern

counties. In the Pteridophyta the species are about equally

divided between North American and those of wider distribution;

the development of the Gymnospermae is entirely North Ameri-

can; the Monocotyledones are 80 per cent. North American, the

Choripetalae 88 per cent., and the Gamopetalae 92 per cent.



1903] FLORA OF SOUTHERN CALIFORNIA 277

COMPARATIVE RICHNESS OF THE FLORA.

A few figures are given below showing the comparative num-
ber of species in the southern California and some other floras.

The last column indicates the proportion which the species of

each flora bears to that of America north of Mexico.

COMPARATIVE TABLE OF FLORAS.

Region Authority Date Area
Sq, Miles

Species

Sq.
Miles
to each
species

Per
cent,

N. Am. excl. Mexico
N. & NW. U. S.

Canada, etc.

Ohio
Michigan
Montana
Alabama
California

Southern California
Great Britain

Heller, Cat. N.A. PI.

Britt. & Br., III. FI.

Kellerman, 4th Cat.

Beal & Wheeler, Mich. Fl.

Rydberg, Fl. Mont.
Mohr, Ala. PI. Life

Brew. & Wats., Bot. Cal.

Parish, MS. Cat.

London, Cat. 7th Ed.

1898

1898

1899
1892

1900
1901

;

1880
' 1900

1877

1

39,964

56,451

145,776
50,272

156,511

40,889

89,077

14.534

4,162

2,025

1,746 '

1,676

2,525

2,956

1,981

1,665

• « «

» » •

19-7

32.3

89.8

20.0

52.9

20.6

53.5

28

14
12

II

17
20

13

• •

The superiority in number of species of the flora of Ohio, a

state having nearly the same area as southern California, is

unexpected, in view of the far greater diversity of physical con-

ditions in the latter region. To some extent this is due to an

estimate of specific values somewhat more conservative in the

enumeration on which the southern California figures are based

than obtained in that for Ohio. But mostly it is owing to the

fact that the Ohio flora has been long studied, and by numerous

able botanists, while our own has had few students, who have

worked under disadvantages, and for a relatively short time.

Our flora, consequently, is know^n imperfectly, while that of Ohio

has been worked up thoroughly. Additions to it must come
mostly from occasional new introductions, or from the segrega-

tion of known species. But with us every year's observations

of the few resident botanists add a considerable number of spe-

cies, either new or not previouslj- reported from our region. =^

Other additions are frequently made by those who restudy the

accumulated material in the great herbaria. Much territory

remains almost wholly unexplored, some of which is certain to

^ Since my catalogue was completed in 1900 enough additional plants have been

-reported to make the total number considerably over two thousand.
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yield good returns to future explorers. When fully known,

the southern California flora will probably contain not less than

2,500 species.

THE CRYPTOGAMIC FLORA.

In this sketch only the Spermatophyta and Pteridophyta

have been considered; but below the ferns and their allies lie a

series of plants perhaps more numerous than those above them.

The relations of these plants, however, to the problems of the

life-areas and geographical derivations of a flora is less definite,

or at least less understood, than that of the higher groups.

Consequently a consideration of them may be omitted in the

investigation of these questions, with confidence that a fuller

knowledge is not likely to require a reconsideration of the results

arrived at.

The information which has been accumulated concerning the

representation of these lower plants in southern California is

very incomplete. It is almost wholly the result of the labors

of two or three students, extended over a short period of time.

The pioneer resident investigator of these, as of the higher

plants of the region, was Mr. Daniel Cleveland. In the lower

groups he confined his attention to the marine algae of San

Diego, and in 1885 P^^iblished a list of 147 species. Harkness

and Moore in their Catalogue of Pacific coast fujtgi {\%%d) knew

of but seven species from the southern counties. More recently

Dr. H. E. Hasse has devoted much study to the lichens, the

results of which he has made known in several contributions to

botanical journals, and by a Catalogue of the lichens of southern Cali-

foniia, published in 1898. In this are enumerated 304 species,

the largest genera being Lecidea, with 65 species, and Lecanora,

with 73.

Beyond this almost all that is known of the lower plants of

southern California is due to Professor A. J.
McClatchie, who

in his Seedless plants of souther7i California (1897) laid a broad

foundation for future building. A thousand species are cata-

logued
; the lichens are contributed by Dr. Hasse, but the other

orders are treated by Professor McClatchie, and are based

mostly on his own collections. The Protophyta number 84
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species, the Phycophyta 87, the Carpophyta 748, and the Bry-
• ophyta 86.

The Musci and Hepaticae appear to be poorly represented in

our flora, as might be expected from the arid environment. Of
the former Professor McClatchie was able to enumerate but 6^^^

and of the latter but 23, and few additions have since been

1 made to these numbers. This compares poorly with the 312

Musci and the 90 Hepaticae known in the much smaller area of

' New Jersey .3°

The lichen flora is more abundant, but is confined to species

adapted to arid conditions. Fungi are less abundant than in

regions enjoying a moister climate, and this is particularly true

of the fleshy fungi. The algal flora, on the contrary, being for

the most part unaffected by atmospheric aridity, and enjoying

varied environments, is certainly very rich. Of its lower forms

the diatoms are abundant and varied, but the desmids, to speak

from my own experience, are discouragingly few.

If one descends still lower to those dubious organisms, the

My seem to have a very limited represen-

tation. For a number of years I have made the collection of

the slime-molds a special object, but with very meager results.

Only 18 species, representing 12 genera, have been obtained in

a condition which permitted determination, a number less than

might have been secured in an hour in more favorable climates,

I have never found them in abundance, and seldom at all except

after long-continued damp and rainy weather.

San Bernardino, Cal.

3° Brixton, N, L., Catalogue of Plants found in New Jersey. 1889.



THE VEGETATION OF THE BAY OF FUNDY SALT
AND DIKED MARSHES: AN ECOLOGICAL STUDY.

CONTRIBUTIONS TO THE ECOLOGICAL PLANT-GEOGRAPHY
OF THE PROVINCE OF NEW BRUNSWICK, NO. 3.

W. F. Ganong.

{Conti7tuedfro7n p, 186.)

SoiL— Of great importance as an ecological factor is the

composition of the soil, physical and chemical. Contrary to

the popular belief, the former is at 'least as important as the

latter.

In its physical composition the marsh soil is remarkably

homogeneous. Samples taken from the most diverse situations,

from the newest layers brought in by the tides, from old long-

cropped marsh, from dredgings deep beneath the bogs, are all

so alike as to be indistinguishable except for a variation from

red to blue in color, and, probably, a somewhat coarser texture

of the soil along the banks of the rivers. It is very important

to remember, also, that the soil is very deep, even to eighty feet,

though usually much less than this. A combination of so homo-

geneous with so deep a soil must be rare.

In its general characters the dry marsh soil is light brownish

red in color, and extremely fine grained in texture. So fine

grained is it that only rarely are the individual grains visible

to the naked eye. It has no appearance of humus but rather

somewhat suggests clay. When the newly deposited layers are

exposed to the sun, they harden enough to require a sharp blow

to break them, and crack into polygonal areas, concave upward,

from a few inches up to two or three feet in diameter, the cracks

often being several inches deep and an inch across. When pro-

tected from the direct sun, as on the reclaimed marsh, the caking

and cracking is much less marked. When again wetted, how-

ever, the hard layers melt away into their former state. It

sometimes happens on newly plowed ground that a heavy rain

280 [OCTOBER
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I

r

followed by bright sunshine will cause the surface to cake so

hard that germinating seeds cannot break through, and much
loss is thus caused to crops.

The mechanical nature of the soil will be much more evident

from the following mechanical analysis of five selected samples

from typical localities, which has been made for me through the

kindness of Professor G. E. Stone, of the Massachusetts Agri-

cultural College.

Samples

tj

^

I. Timothy marsh, un-
plowed for 40 years

II. Low marsh, with poor
vegetation

III. Brought in freshly'
by tide _

IV. Blue mud from'is
inches under surface. ..

V From River Habitant,
N.S,23

2.200

S.600

1.800

3.160

3.400

u

o

s

o

a

rsw
fH,

T3a

c S

C/3 O

6.505

10,920

6.200

7.36c

3.200

025

000

125

125

125

o
O

275

400

3.100

.325

.260

c S

in ^

'« in

o^

4.T25

.285

2.025

2,400

1.485

13

III

a

a

?

9.360

1.900

4.225

6.3IO

4.060

u to
c o

i!
^ o

22.185

1.300

45.275

33.885

46.0x0

O
*

CA

36.165

50.110

14.125

20.375

26.800

IM

m g
So

10.390

17.735

12.400

10.865

8.710

>:8
CS O

5

8.585

10.530

9.660

15.200

5.825

62

99.815

2495.780

99.935

99.905

99-875

These figures confirm the impression made by the appearance

of the marsh soils, that they are, as a whole, of unusually fine

texture. This becomes yet more evident when they are compared
with the results of similar analyses made of various soils else-

where (as for example the many published in the Bulletins of

the Division of Soils of the United States Department of Agri-

culture). =5 Soils of this degree of fineness are far from those

adapted to truck and root crops, and are close to those best

adapted for grass and grain crops. The fineness of the soil, with

Its consequent increase of surface for chemical solution, has an

important influence upon its fertility, in rendering more easily

available such valuable minerals as it possesses. The marsh soils

differ, however, from most other fine soils in the smallness of the

proportion of clay in comparison with the silt and fine silt. A
''^A specimen sent me by Professor Shutt.

^Obviously a considerable error here; cause unknown. Probably the entire

analysis of this sample is untrustworthy.

'5 Or the synoptical article, " Soils in their relation to crop production," by Milton
Whitney, in the Year Book of the U. S. Department of Agriculture for 1894.

4i
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microscopical examination of the soil shows that it consists of

irregular, very angular grains of many different colors and sizes.

Very marked and characteristic, in every one of the very many

samples of the soil examined, is the occurrence of fragments of

sponge spicules, some of the more marked forms of which are

shown A 6. .While

from the marsh mud.

these spicules do not

form any considerable

part of any particular

sample, certainly not I

per cent., nevertheless

their aggregate quantity

in the enormous deposit

ismm. Qf marsh mud is very

Fig. 6.—Typical forms of sponge spicules
g^eat, supposing, aS the

samples indicate, they

are distributed everywhere through It. I do not imagine, however,

that their presence has any significance whatever in the ecology

of the vegetatlon.^^ Numerous diatoms of several forms are also

present in the mud.

The mechanical composition of a soil is important chiefly

because of its relation to the supply and circulation of air and

water through it. The finer a soil is, other things being equal,

the better will it hold water in the hygroscopic state, and hence

the better it is for the constancy of water supply to the vegeta-

tion. But on the other hand the finer it is the less air will it hold

and allow to circulate, and air (/. ^., the oxygen) necessary for

the respiration of roots is well-nigh as essential a constituent of

the soil as water. The soil of the marshes, being much finer than

the average, is better than the average for holding and delivering

I think they are without doubt spicules, though they are very fragmentary. They

are insoluble in the ordinary acids, and hence are probably siliceous. Very similar

forms are figured in the Challenger Report II: //. j", Jig, 6, though I have not seen

any branched forms. Two sources of supply are imaginable; living sponges in the

Bay and the fossils in the Permo-Carboniferous rocks. But the water must be too muddy

for living sponges to flourish, and, moreover, the spicules are very fragmentary, as

would be expected if they are ground forcibly out of the rocks, but not if they are

floated up from the decay of sponge bodies. Dr. G. F. Matthew tells me fossil sponges

are not known from the Fermo-Carboniferous rocks.
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water, but is worse than the average for aeration. For the latter

reason it is adapted only for vegetation with superficial or

extremely slender roots, and such the grasses are, while thick-

rooted forms, like trees or root crops, needing better aeration,

cannot grow, or at least cannot thrive, there.

An extremely important property of soils is their power of

circulating w^ater and mineral matters. Every particle of moist

soil is surrounded by its film of hygroscopic (and capillary)

water holding mineral matters in solution, and these films arc in

continuity. But the relations of these films to the soil particles

and to one another are such that they are, as it were, in a state of

unstable equilibrium, so that when water is removed (if not too

rapidly) from them at any place, it is restored from neighboring

particles, which draw upon others yet more remote, and so on

until the equilibrium is restored. And this adjustment is the

more perfect the finer the soil. When thus traveling the water

carries its dissolved minerals with it. Moreover, owing to the

operation of the process of diffusion, the minerals are tending to

distribute themselves through the films of water even when these

are at rest, from the places where the minerals are more abundant

to the places where they are less so. The law of water and min-

eral movement in soils may be thus expressed: hi a homogeneous

soil the water tefids to distribute itself evenly throughout the mass^ and

the soluble minerals te?id to distribute themselves evenly throughout the

water; a draft at one place upon water and minerals therefore is a draft

upon the entire fnass if the rate ofremoval be not more rapid than the

equilibrium-restoringpower of the soil, tvhich is the higher the fi?ur the

soil. It hence follows that in a homogeneous or nearly homo-

geneous soil, the plants, if their demands be not greater than the

power of the soil to distribute the water, are not dependent for

water and minerals simply upon such parts of the soil as can be

reached by their roots, but can draw upon the entire mass, the

more readily the finer the soil is. Here, I believe, we find the

explanation of the lasting quality of the fertility of these marshes

when reclaimed; it is due to their depth in combination with

their homogeneity, aided by the great water-holding and trans-

ferring power given by their fineness of soil. The abundant water
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falling upon them as rain, or derived from the melting snows in

spring, must saturate the soil to considerable depths, if not to the

bottom, thus bringing the water and minerals of upper and lower

levels into continuity* Now there is no circulating ground water

in the marshes, as the invariable failure of wells dug upon the

marshes shows; furthermore they lie below the level of the fresh

water of the bogs and mostly below the high-tide level of the sea,

and hence there can be no under-marsh drainage, no more indeed

than the surface drainage allowed by the shallow ditches or nat-

ural runways. This lack of deep drainage has two important

consequences ; first, there is little or none of that loss of the

valuable soluble mineral matters such as is constantly occurring

on well-drained upland soils (a fact which alone goes far to

explain the lasting fertility), and second, practically the only

outlet for the water of the soil is by evaporation from the surface

or transpiration through the plants, both of them necessitating

an upward movement which tends to bring up the minerals from

below. That this effect is actually produced by evaporation is

shown by the fact that bald spots even on long-reclaimed, and

hence long-drained, marsh always show an efflorescence of salt,

and the same is true upon all freshly-exposed surfaces of marsh

mud, no matter how long this may have been shut off from the sea.

These facts can only be explained by supposing that the salt is

brought up constantly from the greater depths. Further, practi-

cally the entire vegetation of the marshes consists of the grasses,

which both have a comparativel}^ low rate of transpiration them-

selves, and also protect the ground in an unusual degree from

direct evaporation. Hence the upward movement is but slow,

and when the warm summer sun promotes transpiration from the

plants, the draft made upon the water of the upper soil is not too

rapid to allow the latter to recoup itself from the lower layers,

and that from a still lower, and so on, to a considerable or even

great depth. This upward movement brings with it the minerals,

which are not only thus being lifted towards the surface by the

ascending water streams, but are constantly diffusing from the

lower richer to the upper poorer layers. It can thus come about

that the entire depth of the marsh soil is available to the vegeta-
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tion above, and it would be only when the minerals from the

entire depth are exhausted that the fertility would begin to fail

A corollary of this would be that those marshes whose fertility

is most lasting are the deepest, and those soonest exhausted are

the shallowest, which certainly agrees in general with the actual

facts, as observed and related by those familiar with the marshes.

It is possible that the bogs, which in places underlie the

marshes, play some part in this question of water conditions, but

we have no facts bearing on this question. As already men-

tioned, the borings made in the Aulac marsh showed twenty feet

of bog lying beneath the eighty feet of marsh mud. Mr. Chal-

mers is of the opinion that bogs extend practically everywhere

beneath the marsh, but I do not think this \s probable. If the

mode of formation of the marshes in the earlier stages, given

earlier in this paper, is correct, it is plain that the marsh could

have formed without covering any bog except that which may
have existed in the fresh-water lake in this basin before marsh-

formation began. Bogs, however, could be buried under mud
through natural changes in the courses of the rivers, and they

are now often buried in the operations of bog-reclamation. Such

places are said to be better drained and to bear larger crops than

similar marsh not underlaid by bog.

There are other physical properties of soil of much importance

to the vegetation occupying it, such as its permeability to air, its

power of absorbing and retaining heat, etc., but for the marsh

mud no data at all are available upon these properties.

We pass next to consider the chemical composition of the

marsh soil, upon which some satisfactory data are available.

Five samples carefully collected by myself in 1898 from differ-

ent typical situations on the marshes, and of four of which the

mechanical analyses have been given on an earlier page (281),

have been carefully analyzed for me by the courtesy of Professor

Frank T. Shutt, chief chemist at the Chemical Laboratory of the

Dominion Experimental Farm at Ottawa, with the following

results.^7 Jo these are added an analysis made at the same lab-

^ A full discussion of these analyses by Professor Shutt maybe found in the

Report for 1901, cited in the Bibliography.
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oratory, of a similar marsh soil from Cornwallis Valley, Nova

Scotia

:
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"o
> ^-

g «

oS
'5 «

O

I. Timothy marsh, un-
plowed for 40 years . . . .

II. Low marsh, with poor
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the tide :

IV. Blue mud from 18^"

under surface

V. From 30*" below sur-

face under canal above
Point de Bute

VI. From River Habitant,
N. S

m

5

6.54

10.60

6.02

6.77

75-29

3*10

4.14

75.83

76.01

84.48

75.59

Samples

•a c

u u

ca

I. Timothy marsh, un-
plowedfor 40 years [l .654

XL Low marsh, with poor
vegetation

III. Brought in fresh by
the tide

^

1.472

IV. Blue mud from 18*"

under surface
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.062

.128
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4. 16
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An abstract of the remarks made upon the samples by the

analyst is as follows :

No. I. As to humus (organic matter) nitrogen and lime, about as in soils

of average fertility; potash in this as well as the others, much higher than in

^"^ The " available '* quantities are attained by the Dyer citric acid method. Com-

pare the report by Shutt, just mentioned.

* Neutral or slightly alkaline.



1903] MARSHES 287

most virgin soils, existing probably as double silicates likely to be gradu-

ally liberated in available form by good culture and favorable climatic con-

itions; phosphoric acid somewhat lower than in virgin soils of average

fertility, but a large amount of it is in available form; oxide of iron large in

amount, a favorable feature for fertility under proper cuhivation; immediately

available potash not abundant in this sample, probably because removed for

so many years by the hay crop, but available phosphoric acid fairly abundant.

No. II. Shows nearly double the organic matter and nitrogen of no. I;

also much richer in potash, total and available, but has less phosphoric acid.

If properly drained should give results as good as no. I.

Xo, III. Of special interest as showing the composition of the original

soil as brought in by the tide. Shows nearly three times the lime of nos. I

and II, no doubt because so much lime has been removed from the former

with the crops.

No. IV. Not positively deficient in substances needful for fertility but

mechanically unfavorable. (Compare remarks on these blue soils on the

next page.)

No. V. Not appreciably different from the others except in its smaller

proportion of nitrogen and humus, which is explained by its deeper position.

No. VI. Not richer in mineral matters than many soils of average pro-

ductiveness. But a discrimination between the total amounts of the important

substances, and the amounts immediately available, shows a remarkably

large proportion of the latter, as compared with other fertile soils, and prob-

ably in this feature consists a large part of its richness.

With these it is of interest to compare an earlier, and appar-

ently careful, analysis given by Dawson, in his Acadian Geology

(third edition p. 23) of a *' Red soil from Truro, recently

deposited":

Moisture - - - - .5 Organic matter - - i-S

Soluble in water Carbonate of lime - * 3-60

Chlorine ) . .005 Oxide of iron - - - 2.74
e , > as common salt xTr >*, •

t -^nboda S .115 Alumina - - - -1.20

Potash - - - - ^013 Magnesia - - - -^^

Sulphuric acid ) 07^ Soda and potash - - -8
,. V as gypsum '^

. -,
Lime ^

o-'^
Q^j Phosphoric acid - - -OQ

Alumina - . . - .005 Siliceous sand (very fine) 88.00

Magnesia • - - - .004

Trueman gives some analyses, very imperfect, however, of

these soils in his paper (page 104),=^ and some others are found

=^ Eaton, in his most excellent account of the marshes, points out what he thinks

a chemical difference between the marshes of Minas Basin and those of Chignecto

Bay in that the former contain larger quantities of salts of potash, lime and alumina.
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in the various reports of the chemist of the Experimental Farm,

cited in the Bibliography.

The marsh soil, however, is not always red and rich, but it

is in places blue and barren. This blue soil occurs in low

badly drained places, is but a few inches deep, and is underlaid

by red soil, which occurs everywhere in a layer under the bogs.

Bands of it appear occasionally on river banks in the rich well-

drained marsh ; but, as already pointed out, this is without

doubt due to the w^andering of the rivers, which, in changing

their courses, cut into spots previously back from their courses

and badly drained. The blue soil seems, however, at times to

underlie the ** sedge-bogs " along the rivers. A full account of

the formation of this blue soil is given by Dawson in his Aca-

dian Geology (p. 24 of the third edition) as follows:

The chemical composition oj this singular soil, so unlike the red mud

from which it is produced, involves some changes which are of interest both

in agriculture and geology. The red marsh derives its color from the

peroxide of iron. In the gray or blue marsh the iron exists in the form of a

sulphuret, as may easily be proved by exposing a piece of it to a red heat,

when a strong sulphurous odor is exhaled, and the red color is restored. The

change is produced by the action of the animal and vegetable matters present

in the mud. These in their decay have a strong affinity for oxygen, by virtue

of which they decompose the sulphuric acid present in the sea-water in the

forms of sulphate of magnesia and sulphate of lime. The sulphur thus

liberated enters into combination with hydrogen obtained from the organic

matter or from water, and the product is sulphuretted hydrogen, the gas

which gives to the mud its unpleasant smell. This gas dissolved in the

water which permeates the mud, enters into combination with the oxide

of iron, producing a sulphuret of iron, which with the remains of the organic

matter, serves to color the marsh blue or gray. The sulphuret of iron remams

unchanged while submerged or water soaked, but when exposed to the

atmosphere, the oxygen of the air acts upon it, and it passes into sulphate

of iron or green vitriol— a substance poisonous to most cultivated crops, and

which when dried or exposed to the action of alkaline substances deposits the

hydrated brown oxide of iron. Hence the bad effects of disturbing blue

These substances he supposes to be derived from the trap rocks at the entrance to

Minas Basin, which rocks are absent on the Chignecto Branch. Hence he says, the

Minas marshes have shown no signs of exhaustion, while the Chignecto marshes have.

Comparative analyses of samples from both sets of marshes as far as available do not

sustain this contention, nor, indeed, as far as I can learn, is he correct in his estimate

of the relative lastingness of the fertility of the two sets of marshes.
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marsh, and hence also the rusty color of the water flowing from it. The
remedies for this condition of the soil are draining and liming. Draining

admits air and removes the saline water; lime decomposes the sulphate of

iron and produces sulphate of lime and oxide of iron, both of which are useful

substances to the farmer.* [* Since the publication of the first edition of

this work, the blue marsh of Nova Scotia has been extensively improved by

this process.]

Grouping together the facts as to chemical composition, it is

plain that the marsh soil as a whole is rather uniform in compo-

sition
; that it is chiefly composed of fine siliceous sand with an

average of about 10 per cent, of clay; that it naturally contains

but little organic matter, which only develops sparingly with the

denser vegetation of the reclaimed marsh ; that it contains

percentages of potash, lime, phosphoric acid, and nitrogen,

approximating those of good virgin soils elsewhere, but with an

unusually large amount of those substances in an immediately

available form ; and that the amount of common salt varies with

the degree of reclamation. The above facts amply explain the

fertility of the marshes, more especially when it is remembered

that the chief, almost the sole, crops are grasses, which are not

very trying to the soil, and to which the above combination of

substances and conditions is particularly favorable. The lasting

quality of the marshes is not thus explained, but that, as I have

earlier shown, is without much doubt due to their depth and

homogeneity, whereby the entire mass to the bottom Is made

available to the vegetation. These two sets of factors toorether,

30I believe, amply explain the agricultural value of the marshes.

The composition of the marsh soil as a whole is doubtless very

similar to that of the red sandstones of this region (with, per-

haps, some salt added from sea-water), which constitute some of

the richest upland soils in the provinces. The resemblance is

3°There is in the marsh country a popular misunderstanding of this subject. It

is customary for the residents to say that the analyses of the soil which have been

made reveal only clay and sand, with nothing to explain its fertility, which they think

must therefore be due to some cause still unknown. No doubt the smallness of the

percentages of potash, lime, nitrogen, etc., mislead those unacquainted with the chem-

istry of soils. In fact the richest soils contain as a rule less than one per cent, of

each of those important substances, and quantities much over one per cent., so far

from making the soil richer, actually injure it, for the roots of plants arc unable to

absorb any but very weak solutions of mineral substances.
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of course genetic, for the marshes are such soils pulverized and

leveled by the sea.

The analyses shov^ further the comparative poverty of the marsh

soil in lime, certainly the greatest defect of the marshes, and this

substance is the first which has to be added to degenerating marsh.

This fact is of much importance ecologically, for to the absence

of lime is due the possibility of the formation of sphagnum bogs

so extensively developed with the marshes, the sphagnum not

growing where lime occurs. The neighboring upland, composed

of Carboniferous sandstones, also is free from lime.

The form of occurrence of nitrogen in a soil is very impor-

tant to its fertility, and as to this the analyses give us no infor-

mation. The amount of available nitrogfen in a soil is closely

correlated with the presence of bacteria, and here also, for the

marsh soil, we have no data. The bacterial content is not likely

to be large, however, since there is so little humus, on which

they are dependent.

We must next consider a special phase of soil composition

very important to our present subject, namely, the presence m it

of common salt (sodium chlorid) derived from the sea water.

In minute quantities (small fractions of i per cent.) salt in the

soil, since it has no part in plant nutrition, does not appreciably

affect vegetation as a whole, though it may influence individual

forms; but when the percentage rises toward i per cent., its

presence begins to be of consequence, while above i per cent,

and upwards it produces profound effects upon the form and

distribution of the vegetation. It acts both chemically and

physically; chemically in that the plant cannot help absorbing it

with the water and it affects injuriously some of the vital

processes,^' and physically because roots are unable to absorb

water osmotically (their only method) where more than a very

small amount of salt is present. With most roots water cannot

be absorbed at all if it contain as much as i per cent, of salt a

none can absorb it from a solution much, if any, stronger than 3

per cent. As to the amount of salt contained in the marsh soil,

3* It can of course do this without acting positively as a poison ; to what extent

the salt is positively poisonous is still uncertain, though the studies of Loeb, True, and

others seem to show that in some cases it is so-

nd
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that of course varies greatly, as the table on page 286 shows,

with the degree of reclamation, etc., and it is this variation which

is responsible for the profound differences in the vegetation of

the different parts of the marshes. The water of the sea, which

has everywhere laid down these marshes, and countless times has

overflowed every part of them, must be very nearly the pure salt

water of an open sea coast, that is, it must contain near 3 per cent.

of salt. This is not only indicated by my tests (unhappily few

and crude) of the density of selected samples (tested with an

hydrometer), but also by the fact that the fresh-water streams

of this region are comparatively insignificant in volume, and the

swirling tides mix the fresh water thoroughly with the salt,

preventing it from lying on the surface. Not only has every

part of the marshes been as salt, or nearly, as the sea, but in

places they are much salter, for, owing to the building up of the

banks next the sea, there are many pools formed on the marshes

into which the highest tides can run, but from which the water

does not escape, remaining to evaporate and leave its salt. In

many places on the unreclaimed marsh, especially between

rivers, such pools exist, much too salt for any vegetation except

a few simple algae; and it is quite probable that it is such former

pools on the now reclaimed marsh which form the poor or bald

places, later to be mentioned, so difficult fully to reclaim. On
the other hand, although on the reclaimed marsh no new salt is

being added, and the salt alreadj^ there is being steadily removed

by rains, by drainage, and with the crops, it appears never to be

entirely removed, no doubt because it is constantly being renewed

by diffusion, aided by evaporation, from greater depths. This

is shown both by the analyses on page 287 where even the long

reclaimed English hay marsh is shown to contain an appreciable

amount, and other places a considerable amount, but also by the

fact, well known in the marsh country, that an efflorescence of

salt (''salt enough to taste," the residents say) is to be seen at

times, after dry weather, on the surface of even the oldest

reclaimed marsh. Further, the mud brought up from beneath

the fresh-water bogs by the canal dredges, shows, as I have

myself seen, a marked efflorescence of salt in drying. The
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data as to the amount of salt in the reclaimed marsh are

unfortunately scanty, but it seems safe to say that it must be on

the best marsh much less than half of i per cent, and it grades

from that upward in all degrees to the wild marsh, which may

contain up to 4 per cent., or, in special places, considerably

more. It is the presence of this salt even in the reclaimed

marsh, which, more than any other cause, keeps the marshes

treeless; the salt prevents that ready osmotic absorption essen-

tial to large vegetation.

The distribution of salt in the reclaimed marsh is not uni-

form, however, for places occur in which the vegetation exhibits

markedly, or even extremely, a salt-marsh character. These

places are of three sorts. First, there occur certain **bald spots/'

of no apparent determinants, on which only scanty salt-marsh

plants grow, or, in certain cases, none at all. These may be

remnants of ancient pools mentioned in the preceding para-

graph. They can be rendered productive, however, which is

effected by covering them with brush (branches of spruce, etc.),

straw, loose boards, or other convenient material for two or three

years, after which they bear the ordinary grasses of the surround-

ing marsh. Of course this comes about through the fact that

the rain washes out the salt from this soil, and the ground bein

protected from evaporation, no new supply is brought to the sur-

face by the rising water. Second, on marsh that is improperly

drained, there are occasional low spots into which the rain settles

from the neighboring higher parts, of course carrying with it

some dissolved salt which is concentrated as the water evaporates,

thus allowing only a salt vegetation. Third, the farm roads

across the marshes, though little used, are always marked by

lines of salt plants, often indeed in most striking contrast to the

rich hay grasses on each side of them. The presence of the

greater quantity of salt along the roads is due, I believe, to a

cooperation of two causes; first, the travel over such roads

tends to keep down the grasses and to leave the ground some-

what bare, so that evaporation from these places is much more

rapid than from the neighboring densely grass-clad ground and

the salt must therefore be drawn to the surface more abundantly
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there than elsewhere ; second, the travel tends somewhat to com-
pact the soil on the roads, and evaporation is more rapid, other

things being equal, from a compact than from a loose surface of

a homogeneous soil, hence contributing to bring up the salt. In

places, too, the roads are lower than the neighboring surface, so

that water would tend to drain into them with its salt, which

would be concentrated by evaporation; but this is not the main

cause of the presence of the salt plants there, for they occur

on high as well as low places. On the other hand, the places on
the marshes which seem to become most free from salt are three.

First, there are the dikes and the ridges thrown up in digging

the ditches ; the ditch-ridges in particular become so free of salt

as to permit not only upland salt-shy weeds to grow but even

the still more salt-shj^ bushes, such as alders, roses, etc. Tlicir

freshness is due, no doubt, in large part to the perfection of

their drainage, but it is more the result, I believe, of the lack of

homogeneous continuity between the somewhat loosely heaped

ridge and the compact marsh soil, whereby the continuity of the

hygroscopic soil water is interrupted and hence the upward

movement by evaporation largely diminished. The comparative

looseness and roughness of the ditch-ridijes, also, like cultiva-^^^^M.y^^ ^^* *.**w -^M.^ . '""£5

tion in a garden, lessens evaporation, which with the preceding

factor permits the removal of salt here to be more rapid than

its renewal. Second, there are the spots on good high marsh

where hay-ricks have stood, on which a luxuriant weed-vegetation

grows up. Plainly the causes are here as above indicated for

the bald spots ; the ricks preventing evaporation, there is no

rise of salt to these places, but rather, by the movement of

the water falling here as rain, a washing away of the salt to

neighboring places. Much the same effect is produced by the

shade of the barns. Third, there are occasional, though rare,

spots on the high marsh, not in any way shielded from evapora-

tion, on which weeds, and even small bushes, and in one case a

small birch tree, stand. These places appear to me to be always

on old and shallow marsh, and represent, I think, spots from

which the salt has been in course of time largely removed by

drainage and the crops.
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4

Animals,—Animals through divers of their manifold activi-

ties may play a large part in phytoecology, but in the case of

these marshes their influence appears with but one important

exception to be insignificant. That exception is the animal

commonly called man, who has developed the habit of provid-

ing himself with food by cultivation ( in which respect he is by

no means unique, but was long anticipated by the fungus-raising

ants and others), and to this end has performed two opera-

tions of much importance in the ecology of the marshes : first,

he has shut out the sea from great areas, thus allowing their

conversion from a salt to a nearly saltless soil with the enormous

change in their vegetation thus implied; and second, he has

brought from other countries certain special kinds of plants

which he has let run wild on these marshes. The latter point

needs especial emphasis, since it is so liable to be misunderstood.

A stranger, even a botanist, visiting for the first time the

reclaimed marshes, and looking upon their extensive fields of

rich grasses, is likely to think that they are kept in that condi-

tion only by careful sowing and frequent renewal, in the absence

of which they would soon be replaced by other vegetation. This

is what would soon happen on good upland hay fields, for

instance, which soon revert to patches of wild weeds and later

to forest. But such I believe would be not at all the fate of

these marshes. It is of course true that if they were totally neg-

lected by man, the. drains would soon fill up, and the dikes

would be broken down and washed away, after which the whole

region would return to the condition of wild salt marsh. But if,

in some way the dikes and drains could be made perpetual, I

believe that the present English hay grasses could maintain

themselves indefinitely, or at least as long as the fertility of the

marshes lasts, without care from man, and they would not as a

whole be replaced by any other vegetation. In other words, the

English hay grasses brought in by man appear to be the very

vegetation best adapted to the conditions prevailing on the

reclaimed marsh, and no other, certainly no native plants, could

drive them out. Many facts sustain this rather remarkable con-

clusion, of which the most important is this, universally stated
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by those who work with the marshes, that when the marsh is

diked and drained, a natural succession of plants follows the

freshening of the marsh soil, ending with the English hay
grasses, which come in of themselves without any artificial seed-

ing or other aid whatever. They could not do this if there were
other plants in the vicinity better adapted to the new conditions.

Moreover, having once established them'selves in this way, they

maintain themselves indefinitely without cultivation. It is true,

as already mentioned, that at regular intervals the marsh is gen-

erally plowed, but this is by no means to aid these grasses in

their competition with other plants, but is mainly to renew the

stock on special places to keep it up to the very highest condi-

tion of productive vigor. The case of marsh not plowed for

over forty years, and still bearing the English grasses with

apparently undiminished vigor, shows that the plowing is not

essential. Man, therefore, has both created a new field by

diking the marshes, and has also brought in a vegetation better

fitted than any native vegetation for that field. Later the ques-

tion of why this introduced vegetation is better than an}^ native

kind for this situation will be discussed.

It is an interesting question as to what appearance these

great expanses of marsh would present today had man never

reclaimed them. We cannot doubt that they would be salt

marsh like the still unreclaimed pieces. The fact that the

marshes are still sinking, or at least are not rising, would pre-

vent any natural recovery and building up by the action of large

vegetation, such as is occurring at the mouth of the Rhone, as

described by Flahault and Combres, though were the region

rising such a result would probably occur.

As to other animals on the marshes, insects seem fairly

abundant, and of course play their part in the pollination of the

plants which have showy flowers, but as the greater part of the

vegetation is anemophilous, or wind-pollinated, their influence is

not ecologically important. Birds occur as in upland meadows.

Mosquitoes are abundant and voracious. Various fishes occur in

the ditches and canals, and frogs and muskrats are abundant in

the fresh-water streams. None of these appears to have any
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determinable influence upon the vegetation. An animal impor-

tant in the economy of soils, namely the common earthworm, is
|

said by the residents not to occur upon the marshes. I have

seen what appeared to be their castings, but have been told by

an intelligent observing farmer that these are in reality made by

some burrowing insect.

Geography of the basin.—To the ecological factors already

considered there must be added another of a different sort,

namely, the geography of the basin itself. We have already con-

sidered one phase of this subject, for upon the latitude, elevation,

proximity to the sea, to cold or warm ocean or air currents,

depend some of the ecological factors previously discussed.

But in addition there are two other important phases of the

subject. First, there is the geographical position of the region

relative to the great floristic divisions of the earth's surface,

upon which depends its flora (as distinct from its vegetation,

which is determined by the preceding), and the flora determines

the materials upon which the particular ecological factors of the

region are to work. In this case we are dealing with a portion

of the region covered by the temperate North American flora,

with all the peculiarities of species, genera, and families thereto

belonging. Second, there is the degree of isolation of the

basin from the neighboring regions. Isolation may be brought

about principally by the presence of natural barriers, mountain

ranges, wide arms of the sea or desert, or even to some extent

by great size. Isolation is ecologically important, for upon it

depends the possibility of the rapid development of indigenous

and exceptionally adapted forms. It produces this result both by

preventing the dilution of new adaptive characters through

crossing with immigrants from without, and also by preserving

undiluted those characters which may be developed independ-

ently of adaptation. Regarding now the marsh country from

this point of view, we see at once that it is entirely 'without

natural barriers of any kind, and lies, open in every direction to

immigration from sea-shore, field, and forest; while it is so small

in extent (nowhere exceeding four or five miles in diameter),

that the natural modes of locomotion of most of the plants
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round about can carry them readily to every part of it. Under
these circumstances there is not, nor can there be in the marsh-

land, any development of extreme adaptations, much less of new
types. What happens is this— the ecological conditions here

prevailing- select from the great mass of forms which are con-

stantly brought to them by natural modes of dissemination, the

particular forms that happen to be best adapted to those con-

ditions, rejecting, by suppression, all others. Further, as I

believe, having selected the best adapted, their adaptations are

in such a basin improved and intensified, so that these forms are

being distributed from the basin in a better adapted condition

than they enter it.
" Probably it is a general rule that the larger

and more isolated the basin the more the tendency to develop

peculiar types; the smaller and less isolated the basin, the more
is it a case of selection of forms brought constantly into it and

their improvement, such small basins serving as centers of dis-

tribution of better adapted forms. The ecological interest of

these marshes lies, not in any peculiar adaptations they show,

but in the perfection wath which they exhibit many phenomena
of adaptation.

Summary of the ecological factors; the responsive type of

vegetation.

The various physical features we have just considered consti-

tute a set of conditions to which the vegetation must conform.

Since no development of a special vegetation to fit them is

possible, we ask what forms of the plants of this region do come

nearest to fitting those conditions and hence actually occur there.

So far as the general climatic conditions are concerned, the

responsive type for this region, as I have elsewhere shown,^^ is

a mixed mesophytic forest, such as actually occurs on the neigh- .

boring uplands. But on the marshes there comes in another

factor w^hich is of the first importance and is prepotent or deter-

minative, namely, the peculiar soil. This requires that the marsh

vegetation shall be such as has a superficial or very slender root

3= The vegetation of New Brunswick as a wliole I have considered in Bull. Nat.

Hist See. New Bruns. 5:52. 1903. •

I



298 BOTANICAL GAZETTE [OCTOBER

system, thrives in a siliceous and somewhat salt soil, needs a

constant rather than a great water supply, can spread a meso-

phytic foliage to the summer sun and retreat to a winter xero-

phytic condition, can endure exposure to unshaded sun and

strong winds and not spread too great a surface to their trans-

piring influence, and can use the wind in dissemination and cross-

pollination. No one form of vegetation can be found to fit best

all these conditions, but any ecologist can tell at once what type

comes the nearest to fitting them in the aggregate; it is the

grasses and grass-like plants. This is why the vegetation of the

marshes is so overwhelmingly of that kind.

The plants of the marshes.

We turn now to consider in some detail the vegetation of the

marshland, and naturally ask first what kinds of plants live there.

No attempt has yet been made to prepare a flora of the marshes,

and such scanty lists of species as exist have already been men-

tioned (page 162). From the point of view of ecological plant

geography, however, their floristic completeness is of slight

importance, since the character of the vegetation is determined

by only a few prominent forms, and all of those rarer and less

conspicuous species, naturally of such interest and importance to

the floristic student, might be wanting without affecting the

characteristics of the vegetation as a whole. Further, the spe-

cies, as such, are not of special concern ecologically. What is

here important is this, the species as an aggregation of adapta-

tions, that is, as a vegetation- (or life-, or biologic) form, for

these vegetation-forms are the unit of the ecologist as the spe-

cies are of the systematist. In a general way species and vegeta-

tion-forms may not be coincident. Thus the same vegetation-

form may be developed under similar ecological conditions

from very different and widely separate species, as witness

Agave-Aloe, Calluna-Erica, and Cereus-Euphorbia (some), but

this does not hold true in minutiae, and such forms as those

above mentioned, while alike in most characters, differ in many

particulars. This is of course because plants are not indefi-

nitely plastic to environmental influences, but are limited much
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in adaptation by their heredity, and a different heredity does not

permit two distantly related plants to be brought into ecological

identity at all points. Hence for purposes of detailed ecological

study, and as well because of practical convenience, species and

vegetation-forms are coincident, though the point of view from

which they are regarded by systematist and ecologist is different.

This treatment of the two as coincident is the more necessary at

present because of the undifferentiated state of knowledge and

terminology of the vegetation-forms,33 a subject greatly in need

of systematic study and formulation. In the following pages I

have attempted to indicate a few of the characteristics of the

principal species 34 treated as vegetation-forms, especially in the

.

case of Spartina stricta, and the ill-success of the attempt is at

least in part due to the imperfections in our knowledge of this

subject, a matter on which further comment will be found later

in this paper. Much work has of course been done upon the

anatomy of all of these plants, and Kearney has summarized it

in some of the forms, but I have not attempted to treat this phase

of the subject.

The vegetation of the marshland.

The vegetation-forms of any region taken together consti-

tute its vegetation. The units, however, are by no means mixed

at random to form the mass, but are grouped differentially in

33 This term, used by Pound and Clements, while better than the "life-forms'* of

Smith and the ** biologic forms" of the translation of Flahault, is far from satisfactory,

since the word form is somewhat ambiguous and the phrase does not convey an idea

of the real significance of the vegetation-form either as a unit of the vegetation, or

as a resultant of adaptations. A proper terminology of vegetation-forms (a beginning

in which has been made by Pound and Clements) is especially needed in order to

allow the forms of different countries to be compared, which they cannot be if simply

named for their species.

3* All of the species listed in the following pages, unless otherwise mentioned,

have been confirmed or determined by Mr. Walter Deane, of Cambridge, Mass., with

the exception of a few of the grasses which have been named by Mr. F. Lamson

Scribner, of Washington, and to both of these botanists I must express my sincere

thanks for their kind aid. The English names given are in all cases those by which

the plants are \ocd\\y known in the marsh country. The nomenclature is that of the

sixth edition of Gray's Manual, to which in brackets are added the synonyms made

use of in Britton's Manual,
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accordance with definite factors. This grouping, and its causes,

so far as known, we have now to consider for the marshland.
r

The vegetation of any region develops, in response to the

great primary ecological factors of temperature and precipita-

tion, a characteristic climatic type, which prevails wherever no

limiting factor becomes prepotent. For the region in which the

marshland lies, this type is a mixed mesophytic forest, as shown

upon the neighboring uplands. Further, according to Cowles'

theory, which seems to me in general well-grounded, all the

vegetation of a region is tending to approach this type, because

the vegetation is very closely correlated with physiographic fac-

tors, and physiographically any region is in general tending to

approach a base-level uniformity. This tendency involves the

elimination of prepotent secondary factors, and hence ^the

approach of the vegetation to the climatic type. The marshes

appear to offer an exception to this rule, an exception more

seeming than real, as will later be noticed.

On the marshland, however, certain limiting factors do

become prepotent, determining marked deviations from the

climatic type and hence divisions of the vegetation as a whole,

namely, the presence of abundant salt in the soil, determining a

HALOPHYTic DIVISION, an accumulation of fresh water determining

a HYDROPHYTic DIVISION, and the influejice of man, which removes

large sections from the halophytic to the mesophytic division,

or rather to a special section of it which may be called the

culture section. The fourth of the principal vegetation divisions,

the xerophytic, is not represented in the marshland. These

divisions, however, are by no means of homogeneous appear-

ance, but their vegetation falls into distinct groups of plants,

the prominent forms of which have the same general aspect and

adaptations, and occupy and are correlated with distinct physio-

graphic positions. Such groups are called formatio?is. They

usually form distinct features of the landscape, and are known
by distinctive local names expressing the physical habitat, such

as bog, marsh, etc. But the formations, more closely observed,

do not show an even mixture of plants, for these are grouped or

segregated into definite assemblages, dependent in some part
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upon degrees of the physical factors determining the formations,

though in larger part upon a quite different principle, namely, the

ecological interrelationships of the plants to one another,

particularly with reference to the ability of different forms to

occupy the same ground at the same time without serious inter-

ference and perhaps with positive benefit to one another. Such
groups are called appropriately associations, and they often are

recognized and named locally by the prominent forms, such as

oak-forest, broadleaf marsh, etc. Formations and associations

are thus both distinct ideas and distinct groups, the former hav-

ing the physical or physiographic idea prominent, and the latter

the idea of ecological interrelationships of the plants, involving

their competition and cooperation. Of course the two merge
into each other, and often coincide, and by many students they

are treated as' one. Their delimitation, while often easy, is some-

times very difficult. As in all such cases they can be studied

and described only by the selection of typical examples, all

intermediate forms being described in terms of the typical. The

associations are -/

J

units, best treated for the present, as above explained, as

coincident with species. These vegetation-forms constitute the

members of the association, but of varying degrees of importance.

Some are evidently far in the lead in size, numbers and importance

they are dominant ; others are close to these and struggling for

the leadership— they are secondary; others are much less con-

spicuous, but manage to maintain a position among the preceding

in spots not occupied by them— they are subordinate. Then in

addition to the members may be recognized the frequent visitors

from neighboring associations, and various strangers or strag-

glers from more distant positions. But a satisfactory terminol-

ogy of the degrees of membership must await an understanding

of the real nature of their interrelationship, a knowledge which

we do not yet possess.^s

35 The distinction here drawn between formations and associations will not be
w

admitted as valid by all, at least to the degree here held, but I believe it represents a

real fact in nature and will stand. There is moreover an increasing tendency to

recognize the distinction as well as to use this terminology. It is used by Kearney,

by Lloyd and Tracy, and by Harshberger (though he calls the association a society).
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+

The various associations of the marshland, named according

to their dominant forms, together with their formations to which

they belong, are shown by the following synopsis.
4

Clements lays much stress upon the formation, but gives the association a subordinate

place, designating it as "patch." Cowles recognizes formations (under the name of

society) but gives no separate importance to the association. Smith recognizes the

formation under the name of association, but combines features of both. Warming

recognizes the formation (calling it Verein), but hardly the association as a distinct

group; and the usage is similar in Schimper and Urude. In all these cases, where the

one is distinguished and not the other, the facts are of course recognized, though the two

groups of ideas are consolidated as it were into one. In such cases the idea of the

association is often brought out as a "facies," etc. The complicated history of the

use of these terms may be traced in the works of Smith and Flahault cited in the

bibliography. The words formation and association as here used seem to me good

terms, and should be adopted. The word society could better be restricted to those

ecological groups of another kind, such as epiphytes, parasites, etc. Clements has

recently made a carefully considered proposal for nomenclature of formations, and I

have given some of his names later in this paper. The associations are best distin-

guished by their dominant forms with the termination etum,

[To be continued^

^^



BRIEFER ARTICLES.

A NEW SPECIES OF GEASTER.

(with two figures)

In February 1903, I received through Dr. W. C. Coker, of the

University of North Carolina, Chapel Hill, N. C, a pretty little Geaster,

growing on the bark of moss-covered living trunks of trees in the

woods. The first specimens which I received were collected by one of

the students at the University, Mr. C. A. Shore, and afterwards very

abundant material was collected both by Mr. Shore and Dr. Coker.

The species is quite remarkable in several respects. In the first

place, its habitat on bark of living trees is unusual, for while now and
then a species normally growing on the ground or on dead logs may
be found around the bases of trees on the dead bark among moss, the

distinctive habit of this species is upon the dead bark of living trees

some distance from the ground. In this respect it is similar to the

puff ball, Lycoperdon leprosum B. & R.' In fact, it sometimes grows

intermingled with specimens of Lycoperdon leprosum on the same tree,

so it may occur as an associate, or as the only puff ball on the tree.

Thus far it has always been found among moss, and it will be interest-

ing to know if there is any mutualism between the moss and its asso-

ciate Geaster, of such a nature that the Geaster is dependent upon the

moss, or whether the conditions of moisture, etc., which are favorable

for the growth of the Geaster in all cases observed, bring about also

the development of the moss, so that the association of the iwo is

merely accidental.

It is also remarkable in another respect, that it belongs to the for-

nicate section of the genus, a section which contains but a very few

species in comparison with the large number known. The third

unusual character of the species is that the spores are smooth, not

echinulate or tuberculate, as in other species, although the spores are

more or less irregular, with three to four slight angles in side view.

Usually these angles are not prominent, and under the low power

of the microscope the spores appear to be perfectly globose. At first

"" Lycoperdon leprosum B. & R., Rav. Fung. Am. Ex. no. 14. See also Pk. Mon.

Lycop. 29,
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I thought the spores were white, and they are colorless in specimens

which are not very mature, but when the plant is quite mature, the

inner peridium well opened and more or less collapsed, the spores

mostly have a pale yellowish-brown color. The plant is attached to

the moss and the bark by numerous threads, which radiate irregularly

from the outer cup-shaped layer of the outer peridium, and the

mycelium extends also into the dead bark, penetrating more clearly

through the lines of cleavage in the bark, both radial and tangentiaL

Fig. I,

—

Geaster leptosperfuus. Smaller plants, upper right hand corner, natural

size. Others X 2.5, the one at the left collapsed and broken away from cuplike base,

which is also collapsed, but is shown as a well formed and distinct layer. Plant at

extreme right in early stage of dehiscence; outer peridium split into 4 rays.
f

In some cases delicate rhizomorphic strands are de\^eloped quite

abundantly in the tangential cleavage planes. The plants are whitish,

but when mature pale gray in color. They are oval to globose, 3-4-5
""*

in diameter. Before the dehiscence of the outer peridiuu) takes place,

the plants are inconspicuous and appear as minute rounded bodies, or

minute convex whitish surfaces in the moss. But after dehiscence

takes place the fornicate character of the plant lifts the inner perid-

ium so far above the moss that it is quite conspicuous, except" for its

minute size. When dehiscence of the outer peridium first takes place

it splits radially into three or four rays, showing the white granular

surface of the inner peridium, with its well defined mouth, which is

radiately silky, but not sulcate nor striate. The inner face of the

outer peridium is also seen to be granular. As the plant expands

more the inner layer of the outer peridium separates from the outer

I
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layer and is everted, the points of the rays remaining attached to the

points of the outer cup-shaped layer. The inner peridiuui is globose

and borne aloft as usual. When fully expanded the inner surface of

the outer peridium has a white or flesh colored tinge, and under the

lens is minutely granular. The inner peridium and area about the

mouth is white, while the other portion is whitish or pale lead color.

By the time the perforation appears at the center of the mouth the

inner peridium is 2.5-3.5"^" in diameter and is sessile or only very

slightly pedicellate.

The cup-shaped outer layer of the outer peridium is quite distinct

and well formed, although it is quite firmly attached to the moss and

bark and is very thin, the margin of course being split into a number
of rays corresponding to the rays of the inner layer.

At my request J. M. Van Hook, assistant in the botanical

department, photographed the plant, one photograph being taken with

the plant enlarged two and one-half times to show more of the detail,

while another photograph was taken natural size i^fig^ /). The cup-

shaped outer layer of the outer peridium, while intact, does not show

very well in the photograph, because, being almost completely

immersed in the moss, it could not be sufficiently lighted and brought

into focus, though in one of the individuals, which was more or less

removed from the moss, the outer layer being torn apart shows more

distinctly.

The capillitium is white or pale yellowish, or pale yellowish-brown.

It extends from the inner surface of the inner peridium toward the

center. The threads are nearly

straight, or very flexuous and irregu-

larger and more irregularlar, the

Fig. 2.— Spores and threads of

capillitium of Geasier lepiospermus.

ones being nearer the peridium. The
threads are often flexuous and

branched, but are sometimes un-

branched for long distances. Their

surface is smooth, except that it is

often very irregular and more or less

corrugated. They vary in diameter from 2-6 /x. The spores are very

minute, 1.5-2.5 /x in diameter, white or very pale yellowish-brown, not

echinulate nor tuberculate, many of them showing that they are more

or less irregular and sometimes rather strongly angular.

Dr. Coker has furnished me with an interesting note concerning

the habitat and collection of the plant, which I append here:
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'*The plant was first found (a single specimen) by Mr. C. A. Shore,

on the trunk of a cedar tree i^Juniperus virginiafui), growing with moss.

Since that time I have found it repeatedly (as has also Mr. Shore)

sometimes in large numbers (a score or more), and always on the

trunks of trees growing with moss. It often occurs in association with

Lycoperdon ieprosum as the same situation is affected by both. The

Geaster never groA^s in close clusters, but the individuals are scattered

here and there at varying distances. It seems to grow indifferently on

almost any tree where moisture conditions are favorable. I have found

it on Ulmus, Hicoria and Juniperus. The mycelium penetrates the

old bark and extends itself abundantly between the planes of cleavage."

The species may be described as follows

:

Geaster leptospermus Atkinson & Coker, n. sp. Plants occurring

singly or gregarious, oval to globose. Peridium 3-4. 5 /^ in diameter,

outer layer closely attached to the moss and bark of the tree by numer-

ous mycelial threads. Outer peridium splitting radially into 3-4 rays, its

inner and outer layer then separated by a plane of cleavage, the inner

layer being everted, leaving the outer layer in the form of a thin mem-

branous cup with a stellate margin, points of the inner layer remain-

ing attached to the points of the rays of the outer layer, its inner

face minutely granular, white or with a flesh colored tinge. Inner perid-

ium sessile or only very slightly pedicellate, 2.5-3.5 ft ^^ diameter,

globose and borne aloft by the eversion of the inner layer of the outer

peridium, as in other fornicate species of the genus; mouth well

defined, not sulcate nor striate, but marked by distinctly radiate silky

threads, opening at maturity by a minute perforation ; surface whitish

or pale lead color, the area about the mouth white. Capillitium abun-

dant, whitish or pale yellowish-brown, extending from the inner surface

of the inner peridium towards the center; threads straight or very

flexuous and irregular, simple or sometimes branched, 2-6 )ll in diame-

ter. Spores very minute, 1.5-2. 5ft in diameter, white or pale yel-

lowish-brown, smooth, that is, not tuberculate nor echinulate, but often

irregular and sometimes rather strongly angled, 3-4 angles in side view.

On moss covered dead bark of living trees {Juniperus virginiana

Hicoria, Ulmus, etc.), woods, Chapel Hill, N. C— George F. Atkin-

son, Cornell Universitw Ithaca. N. Y.
?

TILLETIA IN THE CAPSULE OF BRYOPHYTES.
It has been known for several years that the capsules of certain

mosses and liverworts are sometimes attacked by fungous parasites that
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fill these structures with a mass of mycelium, which develops small

spores as in the Ustilaginales. These spores were first described for

Sphagnum by Schimper in 1858 as '' microspores," which he supposed
to result from the extensive division of the spore mother-cells.

Nawaschin, however, in 1892, determined the ''microspores" Xo be
derived from a fungus, which he regarded as probably a Tilletia and
named Tilletia (?) sphagni. In the absence of information on the

methods of spore germination, the exact position of the fungus must
remain uncertain.

Cavers* has found a similar fungus in the capsule of Pallavicinia

Lyellii, whose spores had also previously been called ''microspores
"

by Warnstorf in 1887, and similar conditions were found in Pallavici-

nia hidernica. Cavers, however, presents no details of their structure

and development.

The earliest observations on fungous mycelium in the liverworts

seem to have been those of Leitgeb on several forms in the Junger-

manniales.^ He determined that the fungus entered the neck of fer-

tilized archegonia and that the infected sporophytes, after a short

period of irregular growth, remained abortive, the cavity becoming

filled with mycelium in which spores were formed by abstriction.

The most recent contribution to the subject is by H. and P. Sydow*
who have found this Tilletia-like fungus in the sporophyte oi Antho-

ceros dicholomus, and named it Tilletia (?) abscondita. Nothing is

known, however, of the development of this form.

Botanists are probably not generally aware that the liverwort, Ric-

ciocarpus nutans^ harbors a parasite which appears to be similar to this

Tilletia (?) described in the other bryophytes." I have repeatedly met

it in the preparations of my classes where this liverwort was under

observation. The infected capsules fail to mature and the interior

becomes filled with small spores. These fungi offer an attractiv^e field

for investigation and their life history, completely studied, would clear

up a very confused subject.— Bradley M. Davis, The University of

Chicago.

'Cavers, On saprophytism and mycorhiza in Hepaticae. New Phytologist

2:30. 1903.

3 Untersuchungen liber die Lebermoose 2 ;

•*Sydow, H. and P., Die Mikrosporen von Anthoceros dichotomus Raddi, Tilletia

abscondita Syd. nov. spec. Ann. Mycologici 1:174-76. 1903-
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TWO MEGASPORANGIA IN SELAGINELLA.

(with one figure)

Professor Bower records^ finding two sporangia subtended by

the same sporophyll oi Lycopodium rigidum. In my work on Selaginella

rupestris I have recently found two instances of the same irregularity.

In both cases they were megasporangia, and were placed not side by

Fig. I.— Longitudinal section of a megasporophyll of Selaginella rupestris,

showing two megasporangia in nearly median longitudinal section. From a photo-

micrograph.

side as in the Lycopodium described by Professor Bower, but as if the

additional sporangium was developed in the line connecting the nor-

mal megasporangium with the ligule, as shown in the figure. The two

sporangia are of equal size, and no smaller than the other sporangia

in the same cycle. The figure shows the normal reduction of the

megaspores to one or two, so common in Selaginella rupestris, as

recorded by the writer.^

—

Florence M, Lyon, The University of

Chicago,

5 Bower, F. O., Note on abnormal plurality of sporangia in Lycopodium rigidum

GmeL Ann. Botany 17:278-280. 1903.

«BoT. Gaz. 32:138. 1901.
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CURRENT LITERATURE.
BOOK REVIEWS.

Morphology of angiosperms.

This book/ which follows the one on gymnospcrms by the same authors,

seems a successful accomplishment of the authors* expressed purpose, "to

organize the vast amount of scattered material so that it may be available in

compact and related form." The want of such a book has long been felt by
teachers, and several of the recently published accounts of research in this

group make it evident that such a summing up of the facts and literature of

the subject has been needed by investigators. The work is not merely a

compilation, however, for much of the text, as well as the many pertinent

figures credited to the authors, show that they themselves have worked over

the subject-matter in many of its important phases.

In the introductory chapter are pointed out the differences between the

gymnosperms and angiosperms, which, the authors believe, justify the raising

of each of these groups to the rank of a grand division of the vegetable king-

dom, as has been done by Warming and others. The close similarity shown
by the monocotyledons and dicotyledons is given as sufificient reason for con-

sidering both groups together, in the discussion of each detail of develop-

ment. The reviewer believes that the clearness, so characteristic of the book,

could have been further enhanced by a separate treatment of each of these

groups.

The discussion of the structure and development of the flower in chapter

II is brief, but thoroughly modern, and it will doubtless serve a good purpose

in helping to eradicate the older conceptions, still fostered in certain quarters

by text-books and floras.

A detailed account of the phenomena of reproduction is given in six

chapters (iii-ix) with the following headings: microsporangium, megaspo-

rangium, female gametophyte, male gametophyte, fertilization, endosperm,

and embryo. By the separate treatment of each of these phases of develop-

ment the discussion gains much in lucidity and in convenience for reference.

The still debatable view of Strasburger that the gametophyte begins with

the spore mother-cell, in which the characteristic reduced number of chromo-

somes first appears, is accepted by the authors. They hold that this view is

supported also by the fact that in many temperate perennials the mother-cell

stage is the one at which the seasonal rest in development occurs.

' Coulter, John Merle, and Chamberlain, Charles Joseph, Morphology

of Angiosperms (Morphology of Spermatophytes, Part II). 8vo. pp. vii+ 348. figs.

113- New York: D. Appleton & Co. 1903. $2.50.
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The morphological individuality of the megasporangium is insisted upon,

and the same claim is made for the sepal, petal, stamen, and carpel.

In the chapter upon the female gametophyte the development of this

structure is followed up to fertilization, including the specialization of various

parts of the embryo-sac as haustoria. The meaning of the constant occurrence

of a definite number of chromosomes in each species is discussed, and also the

criterion for distinguishing megaspore from megaspore mother-cell.

The chapter on the male gametophyte deals with the formation and ger-

mination of the microspore, and the reduction question. The authors hold

that a qualitative reduction of chromosomes is not yet proven. The struc-

tures appearing in the pollen grain at germination they believe to represent

an antheridium only, of which the pollen tube is the much elongated wall-

cell.

In the discussion of fertilization, chalazogamy is thought to be an insuffi-

cient evidence of primitiveness. The centrosome is not demonstrated in

angiosperms. ** Double fertilization*' is regarded a misleading name for

the process so called, since this and all other nuclear fusions occurring in the

embryo-sac probably differ profoundly from the fusion of the male nucleus

with that of the ^^^,

In the chapter on the endosperm the various types of development of the

part of the embryo-sac dominated by the endosperm nucleus are described.

The endosperm is believed to be a renewed growth of the female gameto-

phyte.

The specialization of parts of the proembryo and embryo for food absorp-

tion during development is emphasized in the chapter on the embryo. The

characters of the cotyledons, it is held, cannot yet be considered as prepon-

derating evidence in phylogeny. The chapter concludes with an account of

parthenogenesis and polyembryony.

The reviewer believes that a valuable addition to the book could be made

by following the chapters on endosperm and embryo with a thoroughly mod-

ern account of the germination of the seed.

A clear and suggestive resume of our knowledge, and ignorance, of the

interrelationships of the Mbnocotyledones, Archichlamydeae, and Sympetalae

is contained in chapters x, xi, and xii.

Geographical distribution and fossil angiosperms are treated in the two

following chapters. There is a concise and very useful summing up here of

facts concerning these topics, which have been gathered from sources widely

scattered and often inaccessible.

The facts of morphology assume definite relation and proportion only

when they are built into some scheme attempting to express the phylogeny

of the forms concerned. Such schemes of phylogeny are also the most useful

indicators, to the investigator, of the forms most likely to yield important

morphological results. If the scheme followed is erroneous, the worker is

likely soon to discover the faults of the tool, and the refutation of a wrong
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scheme of phylogeny is to be counted a step in advance, even though it be

replaced by another imperfect one. The authors are, therefore, quite justified

in giving the concise review and criticism of current views of the phylogeny

of vascular plants that is to be found in chapter xv. Very important also,

in its bearing on this subject, is the presentation of the leading facts of the

anatomy of the vascular plants, given in the two concluding chapters of the

book by professor Edward C. Jeffrey, of Harvard University,

The well arranged and efficiently complete bibliographies are sure to

prove a most valuable feature of the book to investigators. An adequate

series of figures has been well selected from many sources, and they are

admirably executed, excepting perhaps the never-satisfying photomicro-

graphs of the embryo-sac.—D. S. Johnson.

Experimental morphology.

The LiTERATiTRE of experimental morphology has received an important

addition by Dr. Klebs. The present publication^ is really a continuation of

his older work (1896) on the physiology of reproduction in algae and fungi,

and carries the theoretical as well as the experimental side of the subject of
r

reproduction and development mto higher plants. Beginning with a short

history of the development of this branch of botany, from the time of Knight

forward, the introduction proceeds with definition and discussion of such sub-

jects as specific structure, causality, external and internal conditions, the teleo-

logical point of view, etc. As would be expected, this author does not regard

a teleological explanation as any explanation at all. His clear exposition of

the purely objective method of interpretation will doubtless be a great help

to students who have difficulty in breaking away from the sometime prevalent

teleology. His discussion of external and internal conditions is hardly satis-

factory, however; one feels that, after all, the division, convenient as it may
be, is an arbitrary one. Indeed, to the reviewer it seems as though we might

soon be able to discard both terms altogether, naming a stimulus where we

have come to know it and confessing ignorance where it is still outside our

knowledge. A physiology based on study of the protoplasm can hardly make

a distinction between external and internal factors; the cell sap is physio-

logically as much external to the organism as is the atmospheric air, and the

protoplasm itself is probably made up of a number of different systems, often

external to one another, and influencing one another in many ways.

Klebs describes several new and instructive experiments with Ajuga

reptans, Glechoma hederacea, Veronica chainaedrys, and others. By darkness,

rather high temperature, and plenty of moisture, cuttings of the flowering

shoot of Ajuga reptans were transformed into runners, producing rosettes

instead of the normal floral bracts and flowers. Also, a runner submerged in

water grows erect to the surface of the medium and then returns to its hori-

*Klebs, G., WillklirUche Entwicklungsauderungen bei Pflanzen. pp. iv+i66.

figs, 28, Jena: Gustav Fischer. 1903.
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zontal habit. Flowering shoots of Veronica chamaedrys were made to take

the form of an ordinary vegetative shoot by growing them as cuttings in moist

air. Many other fascinating experiments are described.

The book is full of suggestive theoretical discussions. In the author's

interpretation of these phenomena of higher plants, the responses already

obtained in lower plants are taken into account. Thus, the whole manner of

treatment is one based on the physiology of the cell itself. On the whole, the

work is an admirable one and one which will immediately take its place

alongside Dr. Klebs's earlier treatise as among the first to present the subject

of development from tlie standpoint of objective physiology.—BuRTON E.

Livingston.
MINOR NOTICES,

The THIRD PART of Maiden's Revision of the genus Eucalyptus^ con-

tains text and figures for Eucalyptus calycogona Turcz.— C. R. B.

The sixteenth part of Engler's Das Pflanzenreich includes a con-

spectus of the families Scheuchzeriaceae, Alismataceae, and Butomaceae by

Fr. Buchenau/— C. R. B.

*'*With the trees" 5 is the title of a recent book which furnishes evi-

dence of the increasing popular interest in the trees and forests. Such sub-

jects as: When the sap stirs, The life of leaves, The work of leaves, In the

high woods, In a hillside pasture, Trees of streets, parks, and gardens, are

very interestingly treated by the author. The book indicates a thorough

knowledge and familiarity with the botanical problems discussed. The usual

tendency of popular writers to personify plants is carried to an extreme in

many cases. While this may lend a certain vivacity to the style, the practice

is unfortunate, because it conveys erroneous impressions of the life-processes

and of the probable origin of structures in plants. The book is very well

illustrated from photographs by Edmund H. Lincoln and C, B. Going.

Clifton D, Howe.

The study of the life-history of truffles has lately engaged the attention

of several French investigators. On December 10, igoo, M. ^^mile Boulanger

deposited with the Paris Academy of Science a sealed paper, which was

opened at his request on May 4, 1903. It contained a description of his

success in germinating the ascospores of Tuber melanosporum and T. uncina-

turn. He further described the mycelium, and a conidial stage, and announced

3 Maiden, J. H., A critical revision of the genus Eucalyptus. Part HI. pp. 77~90-

pls. g-12. Published by the Government of the state of New South Wales. Sydney:

VV. A. Gullick. 1903. 25, hd.

4ENGLER, A., Das Pflanezenreich. Heft 16. Scheuch^^eriaceae (pp. 19X A^^^'

mataceae (pp. 66), und Butomaceae (pp. 12), von Fr. Buchenau. Leipzig: Wilhelm

Engelmann. 1903. M, 5.

5 Going, Maud, With the trees, i2mo. pp. x-j- 335. /^j. ^o. New York: The

Baker and Taylor Co. 1903. jjr.oo.
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his plans for cultivation of these species on a considerable scale in the open.

M. Louis Matruchot later presented a note to the Academy of Sciences in

which he announced for the mycelium of these truffles characters absolutely

contrary to those given by M. Boulanger. M. Boulanger has now published

a quarto pamphlet/ figuring and describing the germination of the ascospores

Tuber melanospormn, in which he also has reprinted extracts from the pro-

ceedings of the Academy of Sciences and the Bulletin of the Mycological

Society of France, of various dates. From the description which he gives

and the terminology used it would appear that he is absolutely unqualified by

a knowledge of the morphology of fungi to discuss the recondite matters

upon which he is engaged,— C. R. B,

In bulletin 44 of the Bureau of Plant Industry, von Schrenk and Spauld-

ing7 give an excellent account of the bitter rot, which is one of the most

serious enemies of the apple industry in the middle states. The bulletin

deals first with the disease as it appears on the fruit, and later with the canker

stage, which is shown to arise from the infection of wounds by spores, and to

enable the fungus to live through the winter. Both phases are illustrated by

numerous excellent half-tone engravings. The growth of the fungus in cul-

tures is also treated. In describing the germination of the spores the authors

follow the error of many other writers in regarding the appressoria as some

kind of "chlamydospore,"

From the historical review it appears that the bitter rot fungus has been

described under various names on grapes, apples, peaches, and nectarines.

Recently the ascus-form of several anthracnoses has been discovered. Those

species were separated as a genus, Gnomoniopsis Stoneman. Since this name
had been previously used, the authors propose the name Glomerella^ for all

anthracnoses whose ascus-form is known. The bitter rot fungus, through

synonymy, becomes Glomerella rufomaculans Spaulding and von Schrenk.

The paper concludes with a very comprehensive bibliography.—H. Hassel-

BRING.

The success of Dr. Grout's little book Mosses ivith a hand lens, has

led him to publish a new and larger work,^ of more extended scope. Even

this makes no pretensions to being a complete manual, but is intended rather

to attract and help students who would otherwise never begin the study of

^Boulanger, M. Emile, Germination de rascospore de la truffe. pp. 20. pis. 2.

Paris. 1903. Apparently published by the author.

7VoN Schrenk, H., and Spaulding, P., The bitter rot of apples. Bull, no 44-

Bureau of Plant Industry. U. S. Dept. of Agric. pp. 54. P^s. g, figs, 9. 1903.

^ Also published in Science N. S. 17 : 75. O 1903-

5 Grout, A. J,, Mosses with hand lens and microscope, a non-technical hand-

book of the more common mosses of the northeastern United States. Part I. Imp.

8vo. pp. i+ 86. ph. 10, figs. 3S. Brooklyn, N. Y,, 360 Lenox Road : Published by the

author. 1903. 31.

I
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mosses. Inasmuch as the diagnostic characters of the species are drawn

chiefly from the author's experience, every student of mosses may find the

book not only convenient for the ready determination of miscellaneous col-

lections, but even helpful in discriminating critical species. Half of the first

part is devoted to directions for collecting, preserving, mounting, methods of '

manipulation, an account of life history and structure, and an illustrated

glossary of bryological terms. The beginning of the manual proper occupies

the remainder, with descriptions of Sphagnaceae, Andreaeaceae, Georgia-

ceae, Polytrichaceae, Buxbaumiaceae, Fissidentaceae, and Dicranaceae.

The descriptions of families are rather full, the classification following closely

Jameson's Handbook of British Mosses, and they are accompanied by numer-

ous illustrations of the characteristic structures. Many of the plates are

reproduced from the Bryologia Etiropaeaj some from Sullivant's Icones Mtis-

corum, while a goodly number of illustrations are original. The book

deserves hearty welcome from teachers and students.

—

Charles J. Cham-

berlain.
NOTES FOR STUDENTS.

Attention should be called to an important article by F. Cavers^°

on asexual reproduction and regeneration in Hepaticae, The paper supple-

ments the extensive work of Correns on similar phenomena in the mosses.—

C. R. B,

Mr. W. C. W[orsdell] writes a historical sketch" of the phenomenon

of "double fertilization" in angiosperms in which most of the literature of the

subject is mentioned except the work of American students, and this is con-

spicuous by its absence.— C. R. B.

Dr. Emerich Zederbauer holds" that two of the Myxobacteriaceae

described by Thaxter, Myxococcus incrnstans and Chondromyces glomeratus,

and probably all members of the group, are compound organisms, like

lichens, a true fungus on the one hand in symbiosis with a bacterium on the

other. He has grown each component separately irh pure cultures and studied

their characteristics.— C. R. B.

M. Ph. Ebekhardt has made an extended study of the influence of dry

air and humid air upon the form and structure of plants.'^ The work was

carried on at the botanical laboratory of the Sorbonne and the experimental

grounds at Fontainebleau. Plants growing in the ground were covered with

^°Cavers, F., Asexual reproduction in Hepaticae. New Phytologist 2:112-

'33. 155-165'/^^' <5'. 1903,

"VV[orsdell],W. C, The phenomenon of *^ double fertilization" in angiosperms;

an historical sketch. New Phytologist 2; 145-155. 1903.

"Zederbauer, Emerich, Myxobacteriaceae eine Symbiose zwischen Pilze und

Bacterien. Oesterr. Bot. Zeits. 53 : 309. 1903.

^3Eberhardt, Ph., Influence de Pair sec et de I'air humide sur la forme et sur

la structure des vegetaux. Ann. Sci. Nat. Bot. VIIL 18 : 61-153. pL r., 1903.
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bell jars of adequate size, proper arrangements being made for ventilation

and for maintaining the moistness or dryness of the air at will. Although
the paper contributes few entirely new facts, it brings experimental evidence

to bear upon conclusions already drawn from comparative observations.

—

C. R. B.

Schiffner's studies'^ of Gymnomitriiim and Marsupella maybe sum-
marized in the following synonymy: Marsupella Sprucei (Limpr.) Bern.

Stat. Marsupella ustulata Spruce {Sarcoscyphus Sprucei decipiens Limpr.;

Nardia gracilis Mass. & Car.). Gvmnomitrium adustum Ktcs {Marsupdia
olivacea Spruce; A^olea brevi^sima Dum. inadmiss.). Marsupella con-
densata (Angstr.)Kaal. {Gyuinomitriiim condensatum Angstr., non Limpr.;

Sarcoscyp/ius aemuhes Limpr., et auct.) Marsupella {Hyalacme) apiculata
Schiffn. {Gymnomitriiim condensatian Limpr. et auct,, 7i6n Angstr.). Gvm-
KOmitrium alpinum (Gott.) Schiffn. {Sarcoscypkus aipinus Gott.)

By using modern methods in an investigation of the develo{)ment of

the antheridial '* flower" of Pol^'trichum and Mnium, Vaupel seems to have

settled the Hofmeister-Leitgeb-Goebel controversy as to its morphology. ^^ in

Mnium each cluster of antheridia in the "compound male flower" (/. <?., each

twig of the branch system) corresponds to the antheridial group of Funaria,

m that the first antheridiuni develops from the apical cell, the rest arising at

various points. Leaf formation in the center of the "flower." however, is

suppressed, all the segments forming antheridia. But in Polytrichum the

apical cells of the twigs do not produce antheridia, persisting even until rudi-

ments of the last antheridia appear. Thus again the truth lies between the

contestants. Vaupel also ascertained that the brown substance in certain

cells of the paraphyses of Mnium cuspidaiitm and Polytrichtimjuttiperiniun

prevents the absorption of water by the stems, leaving it all to the antheridia;

that the opening of the antheridia of Marchantia is due lo the swelling of the

mucilage laid down in the wall cells ; and that the rhizoid strands of Poly-

trichum are primarily water conductors.— C. R, B.

Respiration.— Further researches on the influence of injuries upon the

respiratory quotient have been made by Maximow,^*^ who corrects some of

Richards's results, confirms others, and concludes that (i) the variations are

due partly to the capacity of fleshy organs to retain for a time considerable

amounts of CO2 and to eliminate it later in excess; (2) when injured the

early increase of CO2 (which soon ceases) is due to the exposure of additional

'^SCHIFFNER, Victor, Studien iiber kritische Arten der Gattung Gymnomitrium

und Marsupella. Oesterr. Hot. Zeits. 53:95-99, 166-172, 185-I94, 246-252, 280-284,

pis. 2-4, 1903.

'5 Vaupel, F., Beitrage zur Kenntniss einiger Bryophyten. Flora 92:346-370.

1903.

^^Maximow, N. a., Ueber den Einfluss der Verletzungen auf die Respira-

tionsquotient. Ber. Deutsch. Bot. Gesells, 21:252-259. 1903.
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free surface; (3) the value of the respiratory quotient then falls rapidly,,

sometimes as low as 0.5, reaching a minimum before respiratory activity

attains its maximum, which it does on the second or third day; (4) with

healing, normal conditions again gradually prevail.

Nabokich confirms ^7 earlier results of Polowzoff^^ that a considerable

part (25-50 per cent, of the CO2 usually ascribed to the respiration of seeds
in experiments is really due to the respiration of microorganisms, as shown
by a comparison of the respiration of sterile and infected seeds. He also

ascertained that the antiseptics used (bromin and corrosive sublimate) did

not depress the respiration of the seeds, but clearly accelerated it.— C. R. B.

^7 Nabokich, A. J., Ueber den Einfluss der Sterilisation der Samen auf die

Athmung. Ber. Deutsch. Gesells. 21 : 279-291. 1903.

'^POLOWZOFF, W. W., Untersuchungen uber die Athmung der Pflanzen. Ber,

Kaiserl. Akad. Wiss. VIII. 12 : 14-16. 1903.



NEWS.

Dr. William Trelease spent a month in Mexico this summer in the

study of agaves and other plants.

Dr. O. Melville Ball, of Batesville, Va., and Dk. E. F. Fritsch, of

London, have been elected members of the German Botanical Society.

Mr. W. Botting Hemsley, keeper of the Kew Herbarium, has been

made associate editor (with Sir Joseph Hooker) of the Botanical Magazine.

The botanical department of Stanford University has just entered

the new and commodious quarters which have been in process of construction

for more than three years.

Dr. J, A. Harris, of the Missouri Botanical Garden, has been appointed

assistant in the Shaw School of Botany of Washington University. An
appointment of his successor at the Garden will shortly be made.

Mr. Charles A. Davis, instructor in forestry in the University of

Michigan, is engaged in an extended comparative study of the inland lakes

and bogs of the lower peninsula of the state with reference to their geologi-

cal and botanical history and the conditions of peat formation.

Professor Charles E. Bessey has been accompanying his son this

summer in a journey through the Caucasus region. They crossed the

mountains by the Mamisson pass— "a botanist's paradise," he writes — and

were in Titlis on August 19. After a week's journey to the south, they were

to turn homeward.

Mr. Filbert Roth, recently appointed to the chair of forestry in the

University of Michigan, has also been elected forest warden of the state by

the Michigan Forestry Commission. He has organized a party of forestry

students, who are engaged in a preliminary survey of the state forest reserva-

tions in Roscommon county, Michigan.

We learn from the Journal of Botany that the second and third

volumes of the Icones ad Floravi Europae, including plates 281-500, have

been issued under the superintendence of M. Camilla A. Jordan, the text

having been prepared by the late Alexis Jordan. The remaining incomplete

text and about 100 plates will not be published, but have been intrusted to

the Botanical Society of France, at whose rooms they may be consulted.

Dr. D. H. Campbell left San Francisco on May 15, spent three weeks in

New Zealand, and a month in Australia, where, through the kindness of Mr.

Maiden, the director of the Sydney Gardens, he saw a great deal of the very
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characteristic flora of the country, going as far as Melbourne and a little

north of Brisbane, besides making a number of shorter excursions. On the

the way back he was two weeks in Hawaii, returning to Stanford University

September i.

Dk. Herman von Schrenk, whose government work has been growing

constantly, withdraws from the School of Botany of Washington University

to give all of his time to the work in plant pathology and the preservation of

timbers for the Department of Agriculture, with the title of Chief of the

Division of Forest Products, under the Bureau of Forestry, He continues in

charge of the Mississippi Valley Laboratory of the Bureau of Plant Industry,

located at the Missouri Botanical Garden.

A GARDEN OF MEDICINAL PLANTS is to be established at Golden Gate

Park, San Francisco, Cal. The park commissioners have set aside eight

acres of ground in a well protected part of the park and have instructed the

park superintendent and the authorities of the California College of Phar-

macy to further the plans of such a garden. Climatic and other conditions

are exceptionally favorable, and it is believed that fully 90 per cent, of all

medicinal plants may be grown in the open. Others will be cared for m
greenhouses.

At the University of Iowa : Men have been in the field all the year

making collections to complete as far as possible the herbarium representing

the state flora. Collections have been made chiefly in the northeastern and

in the southern counties of the state. Professors Macbride and Shimek

have just returned from an excursion down the valley of the Rio Grande.

They bring back large collections both of cryptogamic and flowering plants,

besides a very large number of photographs representing the ecological con-

ditions of mountain and plain, forest and desert.

At the University of California; Professor W. A. Setchell is

spending his sabbatical year in journeying around the world. His time is to

be devoted mainly to botanical sightseeing.

Professor W. L. Jepson, who is acting bead of the department of

botany in the absence ot Professor Setchell, has devoted the last two sum-

mers to a field study of the forests of northwestern California, centering his

investigations particularly on the tan oak and the tanbark industry.

Mr. H. M. Hall, who has charge of the herbarium, which now contams

50,000 sheets, made a wagon journey this summer through the canon of the

upper Sacramento River, circle<J Mount Shasta, crossed the Modoc lava beds

passed south to Larsen Peak, and threaded the Sierra Nevada Mountains to

the Tahoe region and the Calaveras grove. It was a long and very productive

journey.

Sir Thomas Hanbury has presented to the Royal Horticultural Society

of London a tract known as Wisley Garden, situated twenty miles from Hyde

Park Corner. The Gardener's Chronicle reports it as "unique . . - .
devoid

I
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of all plan and in all its aspects as wild as a garden can be .... It

was made piecemeal and as the late Mr. Wilson's fancy dictated

There are no broad paths . . . , no geometrical beds All is natural,

yet natural with plants of every conceivable description Not a thing is

named, but labels in such a garden, if used, must be numbered by thousands.

.... There is no digging permitted in the many acres thus Avildly planted.

The men do little else but pull weeds, and occasionally use the knife." It is

to be hoped that the garden will be maintained as at present and that the

Society will reorganize its garden at Chiswick and equip it with a staff of

investigators for experimental work.

Notes from the Bureau of Plant Industry of the U. S. Depart-
ment OF Agriculture :

Dr. George T. Moore, physiologist, has been sent to Europe for the

purpose of investigating the methods used there in the study of soil bacteri-

ology, and for the purpose of securing plants of various kinds for the Office

of Seed and Plant Introduction, He will return in January.

Mr, W. T. Swingle has just returned from the Mediterranean region,

after an extended study of the pistache, a nut-bearing tree which the depart-

ment is introducing into the southwest. Mr. Swingle has also made a care-

ful study of several other Mediterranean crop plants and fruit trees, which

the department is proposing to introduce into the same region. He will

remain in Washington for some time.

Mr. p. H. Dorsett has been authorized to establish in some portion of

southern Calitornia a plant testing and acclimatization garden, in coopera-

tion with the Agricultural Experiment Station of California. This garden

will be used to test and propagate rare and valuable plants introduced by

the department. Mr. W, W. Tracy will assist Mr. Dorsett in selecting the

location, which will be announced soon,

Mr, W. M. Scott, late state entomologist of Georgia, will give his

attention especially to work on the diseases of orchard fruits.

A number of scientific assistants and aids have recently been appointed.

In the Office of Physiological and Pathological Investigations: P. J. O'Gara,

George F. Mills, Leonard F. Harter, of Nebraska, and Arthur H.

Leidigh, of Kansas. Mr, O'Gara and Mr. Harter will be stationed in

Washington, and Mr. Leidigh at Amarillo, Texas, on one of the government

experiment farms. In the office of the agrostologist : M. A. Crosby, and M,

B. Stevens, of Michigan; Byron Hunter, of Washington; R.A.Oakley,

of Kansas ; C. W. Warburton, of Iowa.

Mr. W. J, Spillman is investigating forage conditions in the northwest,

C. R, Ball and David Griffiths are also in the field, the former in con-

nection with the exhibits at St. Louis, and the latter studying range problems

in the southwest,

Mr, a. S. Hitchcock has returned from a three-months' trip from

Louisiana to California and Washington, where he has been investigating
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agricultural conditions, and the methods for preventing the drifting of sand

in sand-dune areas. Mr. J. M. Westgate, a graduate of the Kansas Agri-

cultural College and later a student in the botanical department of the Uni-

versity of Chicago, has been appointed an assistant in this work.

Mr. C. V. PiPEK, professor of botany in the Washington Agricultural

College, has been appointed systematic agrostologist in charge of the her-

barium of grasses.

Professor L. H. Bollev is still in Russia, studying varieties of flax

with a view to introducing desirable kinds into the United States. He will

return about November i.

Mr. J. E. W. Tracy is in Europe studying the seed-growing industry.

He will make himself familiar with the methods of the best growers and with

the most desirable new European varieties of vegetables.

There WILL soon be published as a bulletin a paper entitled "Condi-

tions influencing the vitality and germination of seeds," by Dr. J. W. T.

DuvEL. It is a historical review of the work already done on the vitality

of seeds, as well as a report of the results of his own investigations carried

on at the University of Michigan in I900, 1901, and 1902.

Mr. Ernst Bessey is at present in the Caucasus making observations on

such of the native fruits and nuts as may seem valuable, and will send seeds

and plants to the United States.

Mr. George Oliver has just returned from Florida, where he studied

the mango culture with a view to the further introduction of choice varieties.

Mr. Barbour Lathrop, of Chicago, who has made several expeditions

at his own expense to different parts of the world, in search of valuable seeds

and plants for introduction into America, has just returned. He has

employed on his various expeditions Mr. D. G. Fairchild, who now resumes

his connection with the department as one of its agricultural explorers. The

countries visited this year with a view to more thorough exploration later by

the department agents were Italy. Sicily, Tripoli, Tunis, Malta, Egypt, Ger-

man East Africa, Zanzibar, Portuguese East Africa, Natal, Transvaal, Cape

Colony, Grand Canary, Madeira, Portugal, Spain, Bohemia, Sweden, Den-

mark, Holland, Belgium, and England. Such seeds and plants as were

secured were given by Mr. Lathrop to the Department of Agriculture for

propagation and distribution, and it is hoped that some of them may prove of

great value to the country, repaying him for his patriotic and generous interest

in increasing the variety of food and ornamental plants of America.
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a box You will be better pleased when you have tried it in your tea, cofTee, etc. It is sold by ^Kt^vIC' ^

GROCERS, and Is manufactured only by HAVEMEYERS & ELDER SUGAR REFINERY. NEW YORKi

tid opened In the household; there is no intermediate handling. Hence, no dirt, no waste, no P*^^^"^*^ ",( '-

Every piece alike and every piece sparkles like a cluster of diamonds, the result of its perfect ";[y^J:f^''^r,ru"
'

II In form, perfect in quality, brilliant in appearance, no sugar made can equal it in excellence. "

L Jj^-k --mr^jfiJm^ -m—- a- ^ - -i^

FINANCIAL BOOKS
Pub'--hcd by

THE UNIVERSITY CHICAGO PRESS

Mu"!

^

J^JA x_

I
.T J jj"*^-rj^

rfi^^mi-
--"^

A book which every business and
professional man should read

By J. LAURENCE LAUGHLIN 53 cents postpaid

_

_

U^B-^^^^ ^ \_ ^
^1=^

The Second Banlc of the United 5tate8

By Ralph C. H, Qkvt^^wa^ <f tJie De^arimeni of2
iory^ Ccrnell University

xiv-i- 53S pp., 8vo, doth, net, $3.00; postpaid, J3.20

A History of the Greenbacks
with Special Heferpnee t" the Eeotiomtf Conseqnenees of Their I»ne

i?y Wesley Claik mTcnzhh, 0/ tJie Department ofFol^i'

teal Economy^ Untverszty of California'

XIV j^ 578 pp., 8vo, cloth, net, ^.00; postpaid, ^25

->\

A STUDY IN ENGLISH AND AMERICAN MONETARY HISTORY

xviii 4" 182 pp., 8vo, doth, net, $2.00; postpaid, $2.15

By SoPHONiSBA P. BRECiaNRiDGE, ofthe Department ofPolitical Science, University of Chicaga

saU by booksellers cr the Publishers. Sendfor dialog
THE UNIVERSITY OF CHICAGO PRESS CHICAGO, ILLINOIS
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li's not Fell, if it's not an Ostermoor.^^

It

f"

The Hairless Mattress" e

IS ALSO

Odorl Dustless—Bug]
Considered PRICELESS by nearly one miHion users,

want to convince you of its merits. Surely you are open to
conviction. Send your name (a postal will do) for our

Handsome Book, S^r^i.
Prepaid

i'fi^ ^v':>^

even

other

if you doiiH want a mattress. There is no
mattress as good the OsTERMOOR, and we

Mj

^^fi^i^:-.

^^

want you to know why

—

we challenge comfiariso?i.

W© sell on 30 Nights' free trial-money
refunded if not all you even HOPED for

Look out for imitations—whether you doubt the dealer or not,
ask to see the name "Ostjekmoor"—it is sewn on the end.

OSTERMOOR & CO., 143 Elizabeth St, New York
Canadian Agency : The Alaska Feather and Down Co.. Ltd.. Montreal.

V^-*

* '^^. r.
F/ M • v-, _-> ^^

m -*,' :.

v^ sr:^^,-
^ *

^M^z^^

Jh^ **.

i %••>

}\

Trad lAA^
m, -..*, . ^ -i\--^ U

Trains a Day

^

and C. H. (Si, D. Ry.

Only Hours

CHICAGO
to

CINCINNATI
BY DAY, Parlor and Dining

NIGHT,
az^d Com

est beans only are used.

\tra care exercised in hlendinj].

ocoa shells and dirt are removed

dulterafions not permitted.

Use of most improved machinery,

tandard of merit - our watchword.

ndless watcMlilnEss during manufactur

CHAS. H. ROCKWELL,
Traffic Manager,

200 Custom House Place,

FRANK J. REED,

Gen. Pass

CHICAGO
'ass. Agt. A
lO. T

CgsInomojieIMn oiMrs.

OnceIrM-abfiiys used
GROCERS EVERYWHERL
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_ fact that the Smith Premier Typewriter far

outwears any other make of writing machine.

The Smith Premier
I

was invented by the world's foremost typewriter expert to wear not for a day,

month, or year, but for many years. The Smith Premier is built on correct

mechanical lines. It is strong in every part Its operation is simple, direct,

and almost frictionless. . The Smith Premier not only does the speediest work,

and the most perfect in appearance of any writing machine, but under the

severest tests of actual business it wears like an anvil- These facts make

Smith Premier the most economical of all writing machines, and

The World's Best Typewriter
Sendfor our little hook describing every party or let us send you the machine on trial,

m

TKe Smith Premier Typewriter Co.
icctory. Syro.cxjse. N. Y. Executive Offices, 287 Broa^dwa^y. N

r

Branches in all the large cities of the ivorld

HAMMOND" Typewriter
(NEW MA.NIFOI^D£R)

"THe Greatest Typewriter tKe

Judge a machine by its work

Hammondworkis incomDarable

I

*- >

The Hammond Typewriter was origi-

nally intended for high-class trade—
people who wished the best. The excel-
lent work, interchangeable type, visible
writing, and ease of operation, place
the Hammond in a class all by itself.

Durability proven.
fact.matter

f?-

ir
T-H^ ^^fl(

J-'-'

"Wi

*«#.

J\ - .J

Branch offices in aU principal cities. Representatives everjrwhere

HAMMOND TYPEliVRlTER OMFANTf
FACTORY AMD GENERAL OFFICES :

69th to 70th Sta., East River, New York, N. Y., U. S. A
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BE ALERT where the welfare of your chil-

dren is concerned. If you want them to

become vigorous manly men and strong wom-
anly women safeguard their health with the

Natural Food

—

Shredded Whole Wheat Biscuit

the only natural porous (digestible) food
made from wheat. In this natural builder

is contained the exact food counterpart of
every element of the body and in the
same proportion—that is why it is called the

Natural Food.
Shredded Whole Wheat Biscuit is crisp and

compels thorough mastication which strength-

ens the teeth and insures perfect digestion.

food from a physiologrical standpoint
s menu. 1 can especially commend

Dr. Francis H. Plummer, Chelsea, Mass.. says:

J j^ P'"oduct has been in constant use in my family for a long time. It is a perfect
and aside from that, it has the additional merit of being an appetizing addition to one';
It as a very desirable addition to the dietary of any family."

Sold y^-y A.11 Grocers.
bend for the Vital Question Cook Book illustrated in colors FKEE. It tells how to prepare Shredded IVhcU IVkgai

iSiscuit m over 250 ways.

Tl\e Natural Food Company^ Niag'ara Falls, N. Y.

THE BEST
END FO R CaTALO QXJ'L

%

R Address. 15LOlOMSB

%

HY not use a clean Fonntain

Pen, one that will write and

write always, without skipping,

blotting, or scratching?

The above Fountain Pen is and
baa been sold on its merits ail over

the world for sixteen years, and is

unconditionally guaranteed.

>- i

THE

DENSMORE
Adopted as Official Typewriter

by the

WORLD'S FAIR
. LOUIS

HEAD OFFICE: 509 Broadway, NEW YORK
[^^iilrfftty-'
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Carbon
Copy Your Letter While You Write

Book
BY USING THE

\'-'

SMioners

t . ^

^^

i¥r_.

^3

*

-W^:

o -

\\

lHl*>»

ftJ

CARBON LETTER TAB
Lffffr Copying Made Cheaper, Cleaner, and More Convenient

100 Letters and lOO Copies in Each Book. Bound in Board

Covers with Carbon, Ready for Use

fe Note
(SJ^xii), Ruled or Plain

C6x9j^), Ruled or Plain

Sent postpaid on receipt of price
^ n Vn

D. CHILDS
rianufacturing Stationers

CO.

Send for our Catalogue of OfiFice Supplies 140-T42 MONROE 5T., Chicago

,^.^_>_r.-.v>^ ^ - .jaia ibUtt ..u_..-^ ..-.,_ _.,-.... •.^^^.-^..-^'^ _,_> - ..r. ^v L J

Pen Extravagance

COME writers dip; that's waste-
ful in a dozen ways, and so

clumsy ! Others who use Foun-
tain Pens don't yet know that
ink joints under the finger-grasp
and other " good old '* features

are costly enough. Contrast the
comfort and neatness insured to

users ol the Middle Joint " Mod-
ern'* Fountain Pens made and
guaranteed by A. A. Waterman
&Co. Look for the "A. A."
and the word '* Modern" and
you'll find the way to true Pen
Fconomy.
The most exacting pen user

can be suited

• 'In the heart of the Continent*l

n,126 MILES

of railway east of Chicago, St. Louis

and the Mississippi River, with east-

ern terminals at New York, Boston

and Montreal, are embraced in the

NEW YORK CENTRAI. LINES

NEW YORK

For No. 3 of the Four-Track Series, contain-

ing a map showing this Central Railway sys-

tem of America, send a two-cent stamp to

George H. Daniels, General Passenger Agenr,

New York Central R. R., Grand Central

Station, New York.

'WKatis "

TO
TIPTOP

that Daus-tTipT^P;;
Duplicator i^^hf

^c-^^^

simplest, and cheap

est device for makmg

from Pen-written
>m

posit

on 10 days* trial,
, 55^ no

No mechanism to get out of order, no cashing, no P.
^^^^^^

printer's ink. The product of 23 years' experience tn-Lj^ Kj^^ ^^^de

Price for complete apparatus, size No. i, $7-50' ^^^^

discount of 33^ per cent,, or ^5«00 JC*©**

LIX C. D^US DUPI^ICATOR CO,. Daus Bia^.. Ill JoH» St., Vi^^^°^^

\

I

i



upremacy
The Fox Typewriter has stood the most severe tests that

can be given any typewriting machine. It has demonstrated
its durability, speed, Hghtnessof touch, smoothness of action,
accuracy of alignment, and practical serviceability in such
a convincing manner that a large number of business houses

have superseded their other typewriters by the Fox Typewriter.

^
They have done so, because it was proven by actual competi-

tive tests that the Fox was a better machine than they were using
and that it was a saving to them in labor, time, and money by
installing the Fox throughout their oflfices.

The following are a few of the business houses who now use
froni ten to fortj^ Fox Typewriters. The^ would not have them
put in if the Fox had not been all we claim

:

Postu m ereal Co .

Ltd., Battle Creek. Mich.;
Fairbanks, Morse &
Co., Chicago. 111.; Yonker-
man Chemical Co., Kala-
mazoo, Mich.; Henderson
& Ames Co., Kalamazoo.
Mich.; Grand Rapids & In-
diana Railway, Grand Rap-
ids, Mich.; P. F. Collier
& Son. New York city:
Regina Music Box Co., New
York, N. Y.; C. G. Conn,
Elkart, Ind.

AFTER
ALL CARTERS

«4r

rOPTY YEARS
AND l^h

/,-'>*'>

f!!V»

w-

Send for our hand-
some catalogue
and details of a
plan whereby any
responsible per-
son can get a Fox Typewrit
on ten days' trial,

THe Fox Tyj>

~T f*-

f\->^

im

_.?

-writ Co. i^ta
560-57O N. Front St., GRAND RAPIDS, MICH.

THE /NK
hasnY faded

n

-^r*

-^v

',:

-
t;

^. tv

,r
^ J^ .^W^-
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A

'^ 9-

-^
'^

^^

*- » ^-*

^9^^.

t

CARTER'S WRITING FLUID
has " made its mark " for forty years. It flows frroly, with

a rich blue color, quickly changing to a pprmanent Mack.

THE CARTER'S INK CO., Boston. New York. Chicago.
(it'

l)i$tory matrimonial Institutions

By GEORGE E. HOWARD
Author of "Local Constitutional History of the United States," etc.

This book is a scientific account of the evolution of marriage, divorce,

and the family in the "three homes" of the English race, and is the result

of more than twelve years' research.

The work is divided into three parts

:

Part I. An Analysis of the Literature and the Theories of Primitive

Matrimonial Institutions,

Part 11. Matrimonial Institutions in England.

Part III. Matrimonial Institutions in the United States, including a

chapter on "Problems of Marriage and the Family.
M

A very full bibliography is appended to the text.

Published in three volumes.

FOR FURTHER INFORMATION, APPLY TO THE PUBLISHERS

Cbe i!nlv>ersity of €l)icago Press « Chicago, Illinois

Cr-^VjS"V^ ^ yj*^ -_-^'^4JJ^_ -- - ^

jL ^ -T Krfl^v d "TV _ "Vlrii?" -I"

i._ H_L'Ji_L -_r --U^ n jTTjF fir ^ PL
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Photographic Perfection
is attained by makitig- your neg-atives on

ANSCOI THE NEW DAYLIGHT LOADING FILM
and your prints on

CYKO; THE PAPER THAT PRINTS AT NIGHT
ANSGO and CYKO have no peers in Keeping Qnality and in

Latitude of Exposure and Bevelopinent.

Trial l>ozen 4x5 CTKO and T>eveloper, SO cents.
ANSCO films are made under the celej)rated Goodwin Vatent

and are adapted for Kodak's, bull's-evea and all Film Cameras.
CYKO Manual and ANSCO Booklet sent on application.

THE ANTHONY SCOVILL CO
122-124 Fifth Ave., New York. Atlas Block, Chicago

Columbia

Ride acock-horse to Banburv Cross.
To SEE A FINE LADY liPONA WHITt HORSE.
Rings on her fingers.and bells on her toes.

5he shall have music wherever sue goes:

So SINGSM FOND MOTHER IN NUR5ERY RHYME

To HER GLAD INFANTJHE WHILE KEEPING- TIME;

And 50 CAN all mothers with jmim refrain

Delight in their infants^whose health they hainwin,

Through
, ^ ,,^

NRSWINSLOWS SOOTHING SYRUP

To

OVER FIFTY YEARS SOLD

is the title of a chapter in the Northern Pacific's «* Wonderland 1903-

Few of our people have any idea of what a noble stream the Oregon or

Bryant's Thanatopsis is, or know of the beauties of Mt. Hood and of the

pleasures of a sojourn on its flanks, covered with the firs and spruces of the

North Pacific slope.

There is not another such stream in the United States as the Columbia.

The Hudson, Ohio, Mississippi, Missouri, are not in the same category with

this grandest of rivers. With its swirling currents, rapids, cataracts, lava

bluffs, fairy water falls, cascades, tremendous canyon walls, gigantic cliffs,

salmon fisheries, palisades, pinnacles, and tidal bays, its great width and its

sea like depth, it eclipses any water course in North American territory.

Mt. Hood, always white with snow, overlooks the river gorge and adds

to its attractiveness-

Send CHA5. 5. FEE, General Passenger Agent, 5t. Paul, Hinn., six

cents for **WONDERLAND 1903" and acquaint yourself with the history

and physical and other characteristics of this grandly scenic country.

/^or rates and other information call on or write

C. A. HATTHEWS, GenM Ag't, P. D. 308 5. Clark St., CHICAGO
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"Of all inventions,
the alphapet and
the printing press
alone excepted,
those inventions
which abridge
distance have
done most for the
civilization of our
species."

—

—MACAULEY

^

ROAD

\
^

iASC

PEHFECTION IN TRANSPOKTATION
IS FURNISHED BY THE

CHICAGO & ALTON RAILWAY
The heaviest steel rails, laid on a roadbed
of crushed rock, make its tracks the
smoothest. Over this dustless hi&hway are
run the most palatial trains in the world
—the acme of luxury and comfort.

AMERICANS MOST POPULAR RAILWAY-JUSTLY TERMED

*'THE ONLY WAY"
BETWEEN

Cbleaco, St- Louin, Kannaii City and Peoria.
Ceo. j. Charlton, Gen. Pas. Ag^., Chicago, III.

^^

Forty years ago the school-teacher had to get along
as best he could with ioreign-made pencils; now
things are changed, and he has the privilege of using

Bixon 's or/if,: Pencils
5n all .the schools under his charge.
These pencils are not the result of an inspiration,

hut are the product of much care, thought, and
study in order to provide just the right kind of a
pencil for the many kinds of educational work.
They are used in all the leading scientific and

technical schools in the country, and are recom-
mended by the drawing professors. They have
strength and durability of lead, combined with
absolute smoothness and accuracy in grading. Send
^r Illustrated color catalogue. It will help you.

JOSEPH DIXON CRUCIBLE COMPAliY
JERSEY CITV^ N. J.

Some people believe any underwear good

enough for their skin ! Yet they wonder why
L

they suffer from colds and rheumatism. The

right kind of underwear keeps the skin in

the right kind of condition. The Dr. Deimel

Underwear is the correct covering for the

human body, always and everywhere.

BookUtt telling- all about it, with
samples of Linejt-mesh, mailedfree

THe I>eimel I^ineni'MesK Co.
(Originators of Linen-MeshJ

Dept. 0.61. 491 Broadway, l?ew York

San Francisco. Cal.,
Washington, D. C,
Brooklyn, N, Y., -

Montreal, Can., -

London, W, C, Eng.,

- iij Montgomery St.

1313 F Street

510 Fulton St.

- 2202 St. Catherine St.

Z3 Strand (Cecil Hotel)

Is a Boon for All
This unique underwear is no

fad^—no experiment.

The highest medical authorities attest its

worth.

A quarter-century's success proves it.

Made of the finest Australian wool, and

easily outlasts the best in other brands,

therefore the best economizer, inasmuch as

it saves both health and money.

ILLUSTRATED CATALOGUE FREE

DR. JAEGER S. W- S. CO/S OVV?^ STORES

New York : 306 Fifth Ave.. 157 B'way.

Brooklyn : 504 Fulton Street.

Boston : 230-232 Boytston Street.

Phii-ADELPHIA : 1510 Chestnut Street.

Chicago : 82 State Street.

AGENTS IN ALL PRINCIPAL CITIES.

i:

.1!
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RIDA
Refuse all substitutes.

" THE NAME IS EVEkYTHINa"

Estcrbrook
guarantee

Professional

Expert
Favorite.

Over 150
otter styles

every pur

Accept

an absolitte

excellence

No.Ai. The

Penman's

Very elastic

varieties

suit

pose.

li a V e them.

substitute

The Esterbrook Steel Pen ca

Works, Camden, N. J. 26 John Street, N. %

I

I

. i=^7JZLt^OJ J—^

Put your

Links
into your

Cuffs
-witK tke

EARL BUTTONER.
A practical device which saves time and temper. Used and
endorsed by thousands. Nickel. 10 cent^; Sterling Silver,
50 cents. Sent on receipt of price.
ALPHA MFG. CO.. ISI Milk Stre^M ROSTOV MACC

The Perfect Heel Protector

Wai Save ONE DOLLAR in Repairs

On every pair of shoes, and g^ive you
the comfort of a new pair of Square
Heels all the time. Made
of a species of Silver Steel,

tempered to a degree of
hardness which will effect-

ually resist wear. The only
safe, durable, simple, and
neat device. Does not dis-

figure the heel, cannot slip

or work loose. Is not noisy.

Easily applied. Send $1.00
ifor eight-

een pairs

Protectors
and Nails; or 50 cents foi six

pairs, with steel chisel, tin

gaugre, &c. Sample pair, 10

cents, stamps or silver.

» Address,

Woodman ComDany. P.O. Box 2872. Boston. Mass

%- FRENCH—GERMAN SPANISH
^.^^

•-

%
->*z

';

Spoken, Taus:ht, and Mastered Through Our

Language Phone Methc
^-

*W;
Combined with

- /

^i^
^-5

The Rosenthal Common Sense Method of Practical Linauistr)

The Latest and Best Work of Dr. Richard S. Rosenthal

,. You hear the fxac

^v

-/
^^

'%

^^ ^ im^.
'^-

I —

y*>.V .^^u -mJ-

mm r^'-civ:>rV»; ^mv^',
, --^v^.i^ V i

- . oents 10 aLquM- » "-- -
^jjjs anu

of conversational French. German* or Spanish. College professors
^'i^I^^f teaching

other countries, and the press generaUy, endorse this perfect and natural syst

languages. Sendfor testimonials, booklet, a nd letter tellingallabout

this 20tk century scientific marvel, A postal tviU ^0.

International College of languages. II05-C Metropolis BuiMiny, ^^^^ '^
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(Between Chicago and Milwaukee on C. & N. W. Ry.)

KENOSHA, WISCONSIN.
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Health' Resort; A Rest -Cure
of tlic highest grade, conducted upon a most liberal scale, and
affording every facility for the successful treatment of
chronic diseases. Beautiful grounds (loo acres) with half mile
Lake Michigan Irontage.

DELIGHTFUL MILD AUTUMN
A Perfect System of Hot Water Heating

For illustrated prospectus address

N. A, PENNOYER, M.D., Mgr.
Chicago Office. Dr. Pennoyer's hours:

70 STATE STREET, 2 to 4 Tuesdays.

Telephone Central 500.

ing'ton
Typewriters

are used for instruction purposes in the .schools of the

United States and Canada— over 2,200 more than all

other makes of wriiinfC ntachiftes C0mbined^
This condition is created by the demand for Remington

operators; therefore it clearly reflects the

CHOICE OF THE BUSINESS WORLD

RemingtonTypewriterCompany
327 Broadway, New York

Tsn.. k^

Two Notable 00 in Psychology

I

Mental Traits of Sex
B^ HELEN BRADFORD THOMPSON

'This volume is distinguished from all previous works on the mental

characteristics of sex in that it is founded on actual experiments, and can

therefore base its statements, not merely on opinion or on inconclusive

deductions from anatomy and physiology, but on fact.

viii-[-i88 pp., 8vo, cloth; net, $1.25; postpaid, Si. 35.

The Psychology of Child Development
By IRVING KING

A description of the mental growth of a child during his school years,

as illustrated by his interests and his emotions.

280 pp., 8vo, cloth; net, $T.oo; postpaid, $1.12.

THE UNIVERSITY OF CHICAGO PRESS, Chicago, lUinois



MAGAZINES PUB ISHED
BY

THE UNIVERSITY OF CHICAGO PRESS

THE BIBLICAL WORLD
Edited by President W, R. Haspbr, A popular illustrated

monthly magazine. Subscription price, $2.00 a year; single

copies, as cents. Foreign postage, 75 cents.

The Biblical World is devoted exclusively to bibli-

cal study, and so edited as to afford the greatest aid

to the busy clergyman,, the progressive Sunday-
school teacher, and the thinking layman.

THE SCHOOL REVIEW
Edited by The University of Chicago School of Education,

John Dewky, Director. Geokge H. Locke, Managing
Editor. Published monthly, except in July and August.
Subscription price, $1,50 a year; single copies, 20 cents.

Foreign postage, 50 cents.

So well has the School Review served the in-

terests of high-school and academy work that it

has come to be recognized as the official organ of
secondary education in the United States. It is

devoted exclusively to this field, is progressive,
practical, and helpful, and is indispensable to every
teacher.

THE ELEMENTARY SCHOOL TEACHER
Edited by The University of Chicago School of Education,

John Dewey, Director. Mrs. Ella F, Young, Managing
Editor. Published monthly, except in July and August.
Subscription price, $1,503 year; single copies, accents.
Foreign postage, 50 cents.

A monthly periodical for teachers, principals,
and superintendents. Each number contains prac-
tical plans for teaching in every grade from the
kindergarten through the eight grades and the
pedagogic schools.

THE BOTANICAL GAZETTE
Edited by John M. Coultkr. Published monthly, with illus-

irations. Subscription price, $5.00 a year; single copies,
50 cents. Foreign postage, y^ cents.

The Botanical Gazelle is an illustrated monthly
journal devoted to botany in its widest sense. For
more than twenty years it has been the American
journal of botany, containing contributions from
the leading botanists of America and Europe.

TEE AMERICAN JOURNAL OF SOCIOLOGY
Edited by Albion W. Small, Published bi-monthly, with

lUustrations. Subscription price, $2.00 a year; single cop-
ies, so cents. Foreign postage, 50 cents.

The special aim of the American Journal of Soci-
ology is to show that the "social problem" is both
many problems and one problem. It has already
made itself indispensable to Americans who are
trying to keep informed about the general tenden-
cies in the rapidly changing field of sociology.

THE JOITRNAL OF GEOLOGY
Edited by T. C. Chambsruk. Published semi-quarterly, with

lUustrations. Subscription price, $3.00 a%ear; single
copies, 50 cents. Foreign postage, 75 cents.

Devoted to the interests of geology and the aUied

sciences, and contains articles covering a wide range

of subjects. Adapted to young geologists, advanced

students, and teachers.

THE ASTROPHYSICAL JOURNAL
Edited by George E. Halb and Edwin B. Frost*

^
Published

monthly, except in February and August, with illustra-

tions. Subscription price, $4.00 a year; single copies,

50 cents. Foreign postage, 75 cents.

An international review of spectroscopy and as-

tronomical physics. Invaluable to all who are in-

terested in astronomy and astrophysics.

THE JOURNAL OF POLITICAL ECONOMY
Edited by J. Laurence Laughlin. Published quarterly,

Subscription price, $3.00 a year; single copies, $r.oo.

Foreign postage, 50 cents.

This publication promotes the scientific treatment

of problems in practical economics, and also con-

tains contributions on topics of theoretical and

speculative interest.

THE AMERICAN JOURNAL OF THEOLOGY
Edited by the Divinity Faculty of the University of Chicago.

Published quarterly. Subscription price, $3.00 a year;

single copies, $1.00. Foreign postage, 50 cents.

The only journal in the world so catholic in its

scope as to cover the entire field of modern investi-

gation and research in all the different lines of

theological thought represented by special fields and

particular schools.

THE AMERICAN JOURNAL OF SEMITIC

LANGUAGES AND LITERATURES
Edited by President William R. Harper. Published q""*^^^

Subscription price, $3.00 a year; single copws, ^^^^'

Foreign postage, 25 cents.

The object of this journal is to encourage the

study of the Semitic languages and literatures, to

furnish information concerning the work of Semiti^

students at home and abroad, and to act as a medium

for the publication of scientific contributions m those

departments. Articles are published in German,

French, and Latin, as well as in English.

MODERN PHILOLOGY
Editors: Phiup S. Allen, Managing Editor; FREDEmc-

Carpenter, Camillo von Klenze. Published quarter^^

Subscription price, ^3.00 a year; single copies, ^

Foreign postage, 50 cents, .

Modern Philology is devoted entirely to researc

in Modern Languages and Literatures. First nu

ber appeared in June, 1903.

Published monthly-

ub-

THE UNIVERSITY RECORD
Edited by the Recorder of the Universfty. Published m

Yearly subscription, $1.00; single copies loceno

The University Record is the official monthly p

lication of the University of Chicago.

SAMPLE COPIES FREE ON REQUEST.

THE UNIVERSITY OF CHICAGO PRESS, CHICAGO, ILL
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ORCHESTRA
iDstrumente, Yioline, Flutes, MandoUns, Guitars,
Banjos, Ac, Lyon & Healy and * 'Washburn" in-
etruments are in use everywhere and are sold by
leading" music dealers. Ask for **Dept. G" Catalog,
Illustrated, mailed/re«. It's a mouey-saver.
LYON & HEALY, • 3S Adams St., Chlcaso, IIL

World*! LwtMl Hulc Howe. SelU * ^ErerTthlac Knowii In Sliviv*»

Do You Want a
Genuine Bargain
in a Piano?

W«hBTebundredtof upright Pianos returned from rentiuf
which must be disposed of at onea. These pianos includ*
Steinwaya, Knabes, Fischers, Sterlings and other well known
makes. Many cannot b« distinguished from new, yet all ar*
offered at a great m^ m^ ^^ m m discount. Uprights
as low as $100. Also ^T BB ll mM beautiful new U^
rl«hU at $125, VC |l35,$150andll&5.
A magnificent In- MM Ivl strument at $290,
fnlly equal to many ™" ^ $400 pianos. Easy
monthly payments accepted. Freight Is only about $5. Write
at once for complete list and full particulars. You can make A
treat saving by securing your pfano from us. ETery piano war-
ranted as tepreacnted. "k Piaao Book/' free. Write today.

-^scs^ L^^^^L- -

HEALY
38 Adams St., CHICAGO.

VacU'a larfset music hoof*;mU "Crcrythlnf knowii lo

Rare Old Violins
Largest and finest collection on this continent
Fine catalogue (freei containing 50 fac-simil©
labels in colors and Biographies o£ ail the
noted makers. I^st and particulars of Solo
Instruments from $50 to $10,000. Monthly
payments may be arranged, violins sent on
seven days examination. Formal Certificate
of Genuineness with each instrument.

LYON & HEALY, ""i^^^

Compartment Sleepers

Standard Open Sleepers

Palace Parlor Cars

Table d'hote Diners

Luxurious Day Coaches

Are some of the many features

of a trip over the

FOUR ROUTE
CHICAGO TO

NDIANAPOLIS
CINCINNATI
LOUISVILLE

AND SOUTH
Ask for Tickets via the "Big Four.

J. C. TUCKER, G. IM. A.,
238 Clark St., Chicago.
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Milliofisof jars tor

MilUorw of people

CuMPANrS
LOOK FOR THIS

K
ACT

OF BEEF
SfGNATURE^

IN &LUE
fACtorkft it\ &The araounr of beef u*cd mmc Licbi^ Corr^anys

single day b sufficienr to feed Iwo HwUioivpetipU

All overthe civilized world

THE IMPROVED
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v/-

IS KNOWN AND WORN
Every Pair Warranted

The Name Is

stamped on everj

loop—

CUSHION
BUnON

Lies flat to the leg—never

SlipSi Tears nor Unfastens

JSDc for Silk,

25c. for Cotton,
Sample Pair.

REFUSE ALL

ALWAYS EASY
GEO. FROST CO.. Makers.

Boston, Hsss., U. S. A.

SUBSTITUTES



STRENGTH
and by takii^

You can work better, play better better, when
I

I

Your nerves will be steadier, your digestion bet

take Pabst Extract.

when you

Pabst Extract

will sleep sounder and rest better when
t

Imitations are frequently offered. Insist upon having the genuine.

Physicians Prescribe Malt Extract. Druggists Sell It.
J

Write Departm Milwaukee. Wis., for
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#MOO.CM) offered f«r|d»t»fliadewrththem

Rochester, N.Y.

Batfsch Lomb
NEWYORK. BOSTOK, CfllCAOO.

Lenses ^Shutters
KttirYOIOt.

Rochester, ^LY.

BOSTON. CHICAGO.

— -^._. '^r.'
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Your Vacation

lorad

TOURIST TICKETS FOR HALF FARE
A Colorado trip this year will cost very little,

are going to sell round trip tickets from Chicago
for S30. Froni St. Louis S25. Practically half
fare. This will enable people of moderate
means to spend their holiday in the de-
lightful Colorado country. Special
tickets will be sold July i to 10 for

even less than named above.

W^e

mf.i^-rj^A' H_t . V 1. x,_ m^

HERE IS a popular idea

that prices in Colorado
are intiated — that it

costs money '* every time you
move."
This notion is not correct.

You can live in Colorado com-
fortably and well for a mod-
erate sura. At the hotels,
boarding houses and ranches

you can secure excellent quar-

ters and capital fare for from

$8 to $10 a week and upward.

Our Hand-Book of Colorado
tells a!! about it. Send for a
copy. It's free.

P. S. EUSTIS,
Passenger Traffic Manager,

C. B, & Q. Ry. Co.

209 Adams St., Chicago, 111.

44

4

*T

WW^



-VTm



Its Reputation does not Depend upon "Talking Points

It is Offered to the Public upon Its Record of Results

Accomplished. ng save an Actual Test can be

More Satisfactory to the Patient than the Testimony

of Eminent Medical Men who have Repeatedly

Tested its Merits in Bright's Disease, Albuminuria,

Renal Calculi, Gout, Rheumatism, and all Uric

Acid Troubles.

Cyrus EdSOn, A. M., M. D., Ifealfk Commissioner of Nrj! and

Hon
ofPharmacy, New York City; Examining Physician Corp

^MiSfM ^'^"^ great benefit in Bright'a Disease

prescribed RyffMO LlTHlA
t»

Dp. W m H. Drumniond, Professor of Medical furisprudi Bishop 's

University, Montreal, Canada: "In the Acute and Chronic (B
Uisease of the Kidneys) of Gouty and Rheumatic Origin as well as in the graver

Albuminuria of Pregnancy, I have found ^UHfflXI LflHUIHKHEB ^ act as

a veritable antidote, and I know of no other natural agent pc^sessing this impor-
tant quality."

T.G sw Comstocfc. A I¥ ofSt. Louis, Mo
prescribed BllffilJU}

and in R:nal Calculi
satisfactory results.

especiallv efiScacious

? panted

says: "I have
atic conditions

with the most

where

^^^ Jos. Holt, of New Orleans, Ex-President of the State Board of Health of

Louisiana, says: 'I have prescribed in affections

of the kidneys and urinary passages, particularly in G*iUty 5ub]^^*^, in Albuminuriat
and hx irritable conditions of the Bladder and Urethra. The results satisfy me
of its extraordinary value in a large class of cases usually most diflScnlt to treat/*

of the his^lxest order, whicli admits of no onestion orolumin testimonv
Jsipatatioa, mailed to anv address

FiUyO InmUlHfiOnE^ »S for sale bv draggiste and grocers generally.

PROPRIETOR BUFFALO LITHIA SPSIMCS, VIHC A ^
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UT



IT'S ALL

COCOA!
WALTER BAKER'S!

'itS>-fe

Highest

Av/ards in

Europe

and

Walter Baker & Co. I,td
BSTABLISHKD I7S0

DORCHESTER, MASS.

DISTINGUISHED ARTISTS ARE UNRE-

SERVED IN THEIR PRAISE OF THESE

SUPERB INISTRUMENTS. THE WEBER

PIANO COMPANY REFERS WITH PRIDE

TO THE LETTERS LATELY RECEIVED

FROM
HERR ANTHE5 M. GILIBERT

HERR BURGSTALLER HERR HERTZ

M, FLQN
MME. GADSKI
M. GRAU

HERR KOCIAN

MM E. R0GER-MICL03

MME. SEYGARD

l^EBKF. PIANO COMPANY
108 Fifth Ave., New YorK.

266Vrabasl\ CKlc

Catalogue mailed free ujhmi request.
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AENERAL INDEX
TO

V'OLUMKS XXXV— BOTANICAL GAZETTE

'\ general index to volumes I~X was hed 1 )\ the

Editors in 1885.

XX
f a^iifficient number of subscribers sicrnify th

r it.

The Index will probably not exceed 200 pages ^c t in the

style of the annual indexes. It will conform in plan to the best

usage, bringing all entries into one list, and will h< invaluable

for all laboratories and libraries where the journal is found.

those who cannot now obtain complete sets but purchaseen

the Indexes will be able to determine whether or not any topic

IS to found in the missing volume "s which can then be con-

sulted elsewhere.

The price of the Index cannot yet be announced definitely:

76H. / -•>

.

ut it will not exceed S2.00 to advanie sitbi.

cation the advance price will be increased to .^; '^.

After publi-

rhe University Press reitu- ts intendin purrh a* to

detach, sign. ..ad foru..rd the attached slip, that the H^^ire of

subscr^'- t-rs for such an Index may be a>i.c;rtained.

*^ ' ff «:Jfc » idfr K^ - is -^ "^
^ ^i Hh -* .-ik « 4
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Botanical Gasette
a ^ontblg 3ourna[ fimbraciufl all Departments ot JBotanical Science

Subscription per year, $4*00. Foreign, $4,50, Single Numbers, 40 Cents
The subscription price must be paid in advance. No numbers are sent after the expiration

of the time paid for.

January I, J904, the subscription price will be advanced to $5.00 per year. Foreign, $5.75.

William Wesley & Son, 28 Essex St., Strand, London, Sole European Agents.

VoL XXXVI, No. 5 Issued November iS, 1903

CONTENTS
ODONTOSCHISMA MACOUNll AND ITS NORTH AMERICAN ALLIES (with plates

XVni-xx). Alexander W. Evans --->----
THE VEGETATION OF THE BAY OF FUNDY SALT AND DIKED MARSHES: AN

ECOLOGICAL STUDY. Contributions to the Ecological Plant-Geography
OF THE Province of New Brunsw^ick, No. 3 (with sixteen figures and maps).
{Continued') W, F. Ganong --------

AN ECOLOGIC STUDY OF THE FLORA OF MOUNTAINOUS NORTH CAROLINA
{Concluded) John W, Harshberger -------

BRIEFER ARTICLES,
The Mitoses in the Spore Mother-Cell of Pallavicjnia (with six figures).

Andrew C Moore - - - - --
Is Detmer's Experiment to Show^ the Need of

Reliable? (with two figures.) Bemice L, Haug
CURRENT LITERATURE.

321

349

368

384

Light in Starch-Making
389

BOOK REVIEWS
Botany of the Faeroes.

MINOR NOTICES
NOTES FOR STUDENTS

392

Biology of plants. Plant geography.

NEWS

395

395

399

Separates, if desired, must be ordered in advance of publication. Not less than 50 separates of lead-

ing articles will be printed, of which 25 (without covers) will be furnished gratis, the actual cost of the

remainder (and covers, if desired) to be paid for by the author. Separates of '^briefer articles" (with or

without covers) will also be supplied at cost. The table below shows the approximate cost of separates

consisting of plain text or text with line engravings. The actual cost may vary from the figures given,

and will depend upon the amount of work in re-making the pages into forms, press work, paper, bindmg,

etc. Separates containing halftones maybe expected to cost somewhat more than the rates given, the

increase depending upon the number of cuts and the amount of work required upon thejn-

Number of copies

Letter-press, for 4 pages or less. , . . .

Letter press, for 8 pages or less
Letter-press, for 16 pages or less. . . . .

Single plates (x double = 2 single) , . . .

Covers, with title (paper like Gazette cover)

.

50

I1.60
2.25

4.00

1.00

1.50

100

J2.00
2.75
5.00

1-35

2.00

150

$2.25

3.15

5.80

1.70

2.50

$2.50

3-50

6-50
2.00

3-00

Manuscrip Contributors are requested to write scientific and proper names with particular care

' ' rm shown in the oatres of the Gazette. Manuscripts should be sent to

Editor of the Botanical Gazette^ The University of Chicago^ Chicago, I

Books and Pamphlets for Review should be sent to the same address.
'

Missing Numbers will be replaced/r^ir only when claim is made within thirty days after receipt ot the

number following.

Special to Foreign Subscribers*— The attention of foreign subscribers is called to our special rate,

necessitated by the payment of extra postage. Until further notice the prices as indicated above should

he remitted to our foreign agents.
All remittances should be made payable to the order of The University of Chicago.

Ail correspondence regarding subscriptions, advertisements, and bills rendered, should be addressed to

The University of Chicago Press, Chicago, 111.

[Entered at the Post-Office at Chicago. 111., as second-class mail matter.!



BOTANICAL PUBLICATIONS
PRICES NET. POSTAGE ADDITIONAL

BOLUS (H,) ICONES ORCHIDEARUM AUSTRO AFRICANARUM EXTRA TROPfCARUM; or figures with

descriptions of extra tropical South Afrkan orchids, Vol. I, with loo colored and plain plates, Svo, cloth, ibgs-

96, £,7, 2S.

JACKSON (B.) GUIDE TO THE LITERATURE OF BOTANY, including nearly 6,000 titles not given in Pritzels'

Thesaurus, 4to, cloth, 1881, ;^i.

—VEGETABLE TECHNOLOGY, a contribution towards a bibliography of economic botany, with a comprc-

SIM

hensive subject-index, 410, cloth, 1882, t2S.

MILLS fF.) and R. PHILIP—THE DIATOMACEAE OF THE HULL DISTRICT with illustrations of 600 species

16 plates, 8vo, 1901* 4S 6d,

SANDER'S ORCHID GUIDE, containing all the best known species, varieties, and hybrids of orchids in cultivation,

together with the names and parentage of all the known hybrid orchids up to date, Jan. i, 190^, roy. Svo, nait

roan, igoi, los 6d.

(T.) THE FERNS OF SOUTH AFRICA, containing de.^crlptions and figures of the ferns and fern allies

of South Africa, with localities, cultural notes, etc., with 159 plates, 8vo, half bound, 1892. £\ is.

VAN HEURCK
life history

known geni-_, — .. ^ „— _-_ ^ . -

it. Translated by W. E. Baxter, 36 plates and engravings (2.000 figures) imp. 8vo, cloth, rSgo, £1*

FOR SALE
SOWERBY (J.) and J. E. SMITH-ENGLISH BOTANY; or colored figures of British plants, with their essential

characters, synonyms, and places of growth, with general indexes and supplement (in five vols.) by W, Korrcr,

C. Babington. W. Newbould, the figures by J. de C. Sowerby and J. Salter, 2,998 colored plates, 41 ^^ ^/°I^
8vo, half morocco, 1790-1866, ^^57 T5S. An absolutely perfect copy ending with plate 2,998 (the last publishea;

and the text to plate 2,999.

WILLIAM WESLEY & SON, booksellers and publishers

28 Essex Street, Strand, London

Mlcr
rOR NATURE STUDY

New ApKar Folding iUrroseope, $3.00 ; New
I>iS9ei*tinffMUTOS4iope,Aplanaticlens,$4.00;
Complete Studer.t's Microscope reduced to
$22.0(); Re<*k'a New laboratory Microscope
reduced to S36.0O. Special (duty free j prices
to schools.

otanlcaJ Supplies
Pocket Dissecting Sets 75c. to $3.00; Pocket
Lenses 25e. to $2.00; Botanical Collecting
Cases 75c. to |1.50; I'lant Presses 60c. to
51.50. Botanical, Entomologiral and (leo-
lOKical supplies. Magic I^nt^rns and Slides.

Agents for E. Leitz and R. ^ J. Beck's Microscopes.
WILLIAMS, BROWN A EARI.E,

Bcpt. IT, 919 GIie»tnut Street. Phllailplnhla.

->-^

FOR SALE
A Collection of Delaware Plants

Conta :iing about 20,000 specimens-

collection of

lis

iants state

been made 1 u

scarce nts lower

num
1

has

its rare a

;rs are

represented, 1 address

r -

ALBERT COMMONS
WILMINGTON, DELAWARE

tanical Gazette Wanted

Vol. XIV, No. 10. Vol. XXIII, Nos. i, 3, 4. Vol. XXXV, No. i.

Readers of this magazine who have any of these numbers to dispose

ofplease turite.

UNIVERSITY OF CfllCAGO PRESS CHICAGO. lELWIS
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Tv/o Notable Biographies
BY GEORGE F. HOAR By JOHN GORDON

Autobiographyof Seventy Reminiscences

Years
h two volumes,

witii portrait.

$7.50, net (postage aJditiondl)

Civil War
bi one volume,

with three j>ortraits.

'OT only for its political importance, but

for the unusual personal, social, and lit-

erary interest of the reminiscences it

brings together. Senator Hoar's autobiography

will be the most notable contribution of the year

to memoir-literature. It would be impossible to

find another man in the country who has known
more of the important men and measures of

his time than Mr. Hoar; and the charm and
piquancy of his style, with its range, from the

eloquent discussion of his political principles to

the humor of his anecdotes, are as remarkable
as his experiences. The book is refreshingly

frank and full of character and individuality—

a

record of opinions as well as events.

$3.00, net (postage adJitional)

HESE reminiscences, which are destined

to take the place on the Southern side

held by General Grant's "Memoirs'* on

the Northern side, were written by General Gor-

don from time to time throughout a great number

of years. They are not, therefore, a made-to-

order book, but the spontaneous recollections of

a very full life. From Bull Run to. Appomattox,

General Gordon was in most of the great fights

of Lee's army. No other such intimately per-

sonal record has been produced by either side.

Every chapter contains humorous incidents, and

often pathetic ones, which will pass into the per-

manent liistory of the war.

THE STORY OF SOLDIER'S LIFE
BY FIELD-MARSHAL VISCOUNT WOLSELEY

With photogravures, portraits, and plans, h two volumes, $8.00, net

The full account of the career of a soldier, valuable not only as current history, but as the life

story of one of the most remarkable men of our times.

OF A DIPLOMAT'S WIFE
BY MARY KING WADDINGTON

"A series of vivacious and clever sketches of things worth seeing and people worth knowing.*'—New
York Evening Post.

"It is all very pleasant gossip and kindly gossip by a clever woman guided by good taste."—New
York Tribune,

With portraits, scenes, etc $2,50, net (postage, 20 cents)

Charles Scribners Sons, New York
^ ^-,



For Students ofBotany
and CHemistry

I

r

The Role of Diffusion and Osmotic

Pressure in Plants

Burton E. Livingston

HE first part deals with a clear statement of the

physical principles diffusion and osmotic

pressure, and will probably be found of use to begin-
\

physical chemistry and theoretical physics.ners

The second part presents the literature of the physio-

logical role of these factors in a connected and reada-

ble form, and embodies the researches

as to the influence of the medium.

the author

<(

treatment hole subject is clear and
cise d forms an admirable addition to the literature of

physiological botany. It will be found indispensabl
students aloner these lines."— The Plant World.

150 pp., 8vo, cloth, 7tet, $1.50; postpaid, $1.60.

THE UNIVERSITY OF CHICAGO
CHICAGO ILLINOIS
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Booths of IDalue nnb ITnterest

I

The Laws of Imitation
By Gabriel Tarde, translated by Mrs. Elsie Clewes Parsons, Ph.D, with an intro-

duction by Professor Franklin H, Giddings, of Columbia.

A remarkable book showing the large part that imitation plays not only in language, art, law, and insti

tutions, but also in criminal conduct.

xxx-l-404 pp., 8vo, $3.00, net/ by mail, $3-20.

Ferns A Manual lor the Northeastern States

By C. E. Waters, Ph.D. (Johns Hopkins).

A popular but thoroughly scientific book. TAe Plant World says: "It is likely to prove the leading
popular work on ferns . . , , it can be confidently asserted that no finer examples of fern photography
nave ever been produced,"

With over aoo Illustrations from Original Drawings and Photographs. 362 pp., square 8vo, $3.00, «f^"

by mail, $3,32.

Music and Musicians
By Albert Lavignac, with additional chapters by Henry E. Krehbiel- on

•'Music in America," and "The Present State of the Art of Music/' the latter covering

Richard Strauss, Cornelius, Goldmark, Kienzl, Humperdinck, Smetana, Dvorak,

Charpentier, Elgar, etc.

A brilliant, sympathetic, and authoritative work covering musical sound, the voice, musical Instruments,

construction aesthetics, aad the history of music. A veritable musical cyclopedia, with some thousand
topics in the index,

'*Oneof the most Important books on music that has ever been published."—W. J. Henderson in the

New York Times,

With 94 Illustrations and 510 examples in Musical Notation. 518 pp., lamo, $1.75, net; by mail, $1,91.

I

The Regency of flarie de fledicis, 1610=

1615 A 5tud> in French History

By Arthur Power Lord, with five portraits from rare originals.

XI+180 pp., i2mo, $i.75» «'^* by ™3il, $1.85.

TheThoughtlessTlioughtsofCarisabei
By IsA Carrington Cabell.

Some thirty general satires on The New Man, 11
Parties, Should Women Propose ? Original Sin, etc.

One's Relatives, Servants, Dinner

jamo, $1.25, net; by mail, $1.27.

The Lightning Conductor
By C. N. AND A. M. Williamson. A Romance of Travel in Provence, Spain, and

Italy, with a strong love interest, and two automobiles that are almost human.

The Evening Post praises It unqualifiedly in a long review, and the Bookman finds

it among the "six best sellers."

Henry Holt and Company
29 West Twenty-third Street, New York

i
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Physical Chemistry

of the Sciences

Service

Jacobus Van 't Hoff
• Professor Ordinarius of the University of Berlin

n

English version Alexander Smith
Associate Professor of Chemistry in the University of Chicago

r

SERIES of eight lectures on the application of

physical chemistry elucidation prob-

lem sciences pure chemistry, industrial

chemistry, physiology, and geology. The lectures

deal largely with discoveries which have been made

: in -Professor Van 't Hoff's laboratory or by his former

students, and are preceded by an introductory lecture

upon the fundamental principles of physical chemis-

The addresses are somewhat popular in char-

acter, and the text is copiously illustrated with cuts.

A portrait of Professor Van 't Hoff is inserted as a

frontispiece.

1

Price of volume, $1.50, net ; postpaid, S1.60.

THE UNIVERSITY OF CHICAGO
:: CHICAGO. ILLINOIS
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Books are Royal Octavo—About ii inches tall

idpatK
the

cleaning up our stock preliminary season

1903-043 we find few slightly " rubbed " sets

Ridpath's History of the World.
There are only about fifty in all, and sooner than rebind

such a small lot we prefer to dispose of them at a big dis-

count from the regular price and on payment of ^2 a month.

If you'd like to possess the only world's history that r^ads like a story-book

is recognized by such men as William McKinley, Benjamin Harrison, Dr. Cuyler,

Bishop Vincent, and hundreds more, as a standard authority and the greatest his-

torical reference work in existence—send for the free specimen book TO-DAY,
using the coupon below.

That specimen book will tell you all about the history—How it came
to be written. How it will interest and entertain you. Why you need it.

And how you can secure one of the slightly rubbed sets at much less

than the subscription price.

Ridpath's History of the World is a great big set ofnine royal

octavo volumes, with 4,000 illustrations and many maps and
color-plates. You pay only $l down. The complete set

IS sent at once. The rest you pay in monthly payments
of ^2. Cut the coupon oiFand send it to-day.

U. of C.
List

MERRILL &
BAKER

find 11 E. UttaSt,

New York

MERRII.L BAKER
PUBLISHER'S

9 and II E. I6tK St.. New York

"Without co»t io nie, plett»»e

end the R I D P A T H Sample-
page and illustra:if'n b'«:»k which

contains specimens of the Face Charts,

Chronolc^cal Charts, Colored, Rac<*-

Type Plates. Ens;r:i%injrs, Photo-enurav-

ings, Tint-Block Color-P.ites, Text-Pages,
with full particulars and prices of the

slightly damaged sets.

u.";

L --9

Name

Inquiry Coapoo Address



Indispensable Books Prices

FAMOUS ILLUSTRATIONS
All of the frontispieces are full-page illustra-

tions colored by hand in aquarelle. These are

such illustrations as usually appear only in the

highest priced and n\ost luxurious books

—

books that sell for from ten dollars a volume up-
ward to twenty-five and even thirty-five or forty.

Otherwise the illustration of the sets is rather

elaborate and consists (with the exception of a
few text engravings in the Thackeray) entirely

of fuU-paee insert etch-

ings, photogravures,
photo-engravings and
wood - engravings by
such artists as Cruik-
shank,Pailtliorpe, Bau-
douin, Taylor, Price.
Freer, Harper, Sand-
ham, Laplante, Wilde,
Flameng, Rochegrosse,
Schell, Johnson, Mer-
rill and Dielman.

Carlvle

i\\

Tj^_-

^

*

'r\--:

Eliot

\*.'.^

tv3

!'-'-

"-^-A

ELIOT MRLYLE

DUMAS THACKERAY

IRVING HUGO

BALZAC

MECHANICAL PERFECTIONS
These books are full octavo (8x5 inches^

.

The paper is a pure white wove stock, specially

manufactured for these editions. It is made
very light, to save as much as possible in the

weight of the books, but is opaque to prevent

the type ''showing through." The printing

has been carefully done on slow-speed presses

to secure a proper distribution of mk and pre-

vent off-setting. The folding has been care-

fully done in order to

obtain accurate folding

registry.

^ The Irving, Thack
eray , Balzac and Dumas
are bound in dark red,

and the Carlyle, Eliot

and Hugo are bound in

^^ dark blue half morocco,
with crash buckram
sides and gold tops.

^
-T'^i.-

S^

'mmi^\

Dumas

/
-f

.r--'-^
•:>,

--.*<-

Thackeray

If.

i"!^

t^
U-^.

Hugo

If

Our GuacroLntee,
TKe Small Price and Why

The members of our Book Club run into the thousands.
Every year we save them money in printing, illustrating

and binding on account of the large number of volumes
we have published at one time. The plates, illustrations

and " getting ready " to print fifty sets of books cost as

much as if you printed a thousand sets. We can always
determine beforehand, within a few sets, just how many
our Club members want, and print and bind accordingly,
saving them thereby from 5-3 to ^,
Now, we have just saved our Club members a consider-

able amount on this years' book purchases. We have a few
sets left—only a very few of some—easy payments, if you
prefer. You have ten days' time to look them over care-

fully—you'll find them better than you think and will be
satisfied.

/
/r.v

Irving

Balzac

SEND YOUR ORDER TO-DAY
John Wanamaker

CO
Name of
Author

No. of
Vols.

Eliot, 8
Thackeray, 10
Balzac, 18

Hugo,
Carlyle,

Irving,

Dumas,

No. of
Ulus.

Special
Prices

$18.00

SCALE OF PAYMENTS
On any single set $2.00 a month

On orders for more than one set amounting to less than |6a—J3 a month

On orders amounting to more than $60 and less than $80—^4 ^ nionth

On orders amounting to more than $So and less than $:

On orders amounting to more than $joo and less than ^125

On orders amounting to more than I125 and less than $150

On orders amounting to $150—^8 a month.

I5 a month

$(j a month

$y a month

h

JOHN WANAMAKER. New York or Philadelphia
Please send me Standard Library sets not crossed off In list above, totel number of

^o'^^^ total price

If I do not return the same to you within ten days of their receipt by me, I will pay you or your order

^ a month till their purchase is completed. Title in books is not to pass to me till

entirely paid for.

ADDRESS
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Marie Jeanne Du Barry.

SPECIAL OFFER

Prench
Court

Memoirs
F^^^^^tiiy of Navarre to and through the reign of Du Barry

(whose personal memoirs occupy four of the volumes), this
sctot books covers the back-stairs-and-kitchen-gossip side

or drench Court history, much as Guizot covers its outward mani-
leatations. And where so much was set afoot with secret and
ooscure design, where so little was open and above-board, where
Douuoir councils dictated treaties and the wounded vanity of
lavoritcs instigated campaigns, where a low-born woman^s
caprice could send forth the torch to lay waste the half of Eu-

pc. It is impossible to comprehend the curious events of history
wunout knowingthc intimate details of those underlying causes,
ills characteristic of these Memoirs that, in dealing with the

Fr^n h n
^'"'^^'^^ *^*= associated in every one's mind with

frani-
^"""^ history of the period, their very simplicity and

frankness purge them of all offense.
y V

y

cTIl*^
und'^rsigned controls a few sets of these personal French

can h
^^^^'^^''^ (translated with fidelity into English), which

«m.n '^^'^J?'^ *" complete sets only, at a very low price, and on

m^ll
^°"t*iiy payments, if preferred, provided application bemaac at once, ^ '^'^

These few copies are from a limited numbered and registered

hin^-fr'
'^^ition, bound up to sell at |io a volume. But through a

con.r
' "';'*^^^^ leather of the volumes is imperfectly matched

;

rr.nr.T'^"L^ " becomes advisable to dispose of them outside of

vah?! /^^ ^^"P^'''" channels, and at a price about equal to thevalue of the unbound sheets.

*'ifh'^r°^'^^
^^^^ describing the edition will be sent, togetheriin pnce particulars, if you sign and send the inquiry slip be-ow at onct. Address, ^ J i-

wi
1

^. fi. CrfADBOURNB, ii E. i6th St.. New York.
Please send me particulars— advertisement \n November

U. of C. List.

Name ^^^

Addresft.

FOR CHRISTMAS GIFTS, THE WORLD'S GREAT PICTURES.

'%^t ^errp pictures'
Gold Medal, Paris Exposition.

ONE CENT
EACH for 33 or

more, 120 for

$x.oo. Post-

paid. 9 , 000

subjects.

Send three two-

cent stamps for

cat a logue of

1,000 miniature

ilhistrations and

two pictures.

Send 25 cents for

25 Art Subjects, or
95 Madonnas, or

25 On Life of Christ, or

25 Landscapes, or

25 Dogs, Kittens, etc.» or

25 Authors and Poets, or

25 For Children.
Each set in a portfolio.

Or 13 Pictures in Colors, or

5 Extra Size (10x12), or

Art Booklet-Madonnas.

or 50 cents for

so Perry Pictures, Assorted, or

25 Pictures in Colors. Birds, etc., or

II Perry Pictures Extra Size, or

Portfolio 25 Pictures, New York Edition, 7x9, Gems of

Art.

or $1.00 for

50 New York Edition, or 23 Extra Size. lox 12, or

Christmas Set, No. 2, 120 pictures, s'j x8, all in the new
Boston Edition. No two alike, or

120 Perry Pictures, your own selection from 2,000 sub-

jects. Or The Perry Magazine.

Satisfaction guaranteed in every case.

Order today. You will wish to order again when
how beautiful they are for Holiday Gifts.

you

The Perry Pictures Co.,

Tremont Temple, Boston dav rn
146 Fifth Ave. . New York ^^ ^"'

Send all Mail Orders to Maiden

MAIDEN. MASS

By
WILLIAM R
HARPER

The Prospects of the

Small College.,.

RECAST from an address delivered before

the National Educational Association, at

Charleston, South Carolina, July 10, 190O- The
substance of the book was also given as a

course of lectures at the University of Chicago

i2mb, PAPER, 250, (postpaid), sent oh
RECEIPT OF PKICE BY THE PUBUSHERS

University of Chicagfo Press

CHICAGO, ILLINOIS

(A complete Catalogue of Publications sent on Request.)



MAGAZINES PUBLISHED
BY

THE UNIVERSITY OF CHICAGO PRESS

THE BIBLICAL WORLD
Edited by President W. R. Harper. A popular illustrated

monthly magazine. Subscription price, $2.00 a year; single

copies, 25 cents. Foreign postage. 75 cents.

The Biblical World is devoted exclusively to bibli-

cal study, and so edited as to afford the greatest aid

to the busy clergyman, the progressive Sunday-

school teacher, and the thinking layman.

THE SCHOOL REVIEW
Edited by The University of Chicago School of Education,

John DeweVj Director. George H. Locke, Managing
Editor. Published monthly, except in July and August.
Subscription price, $T.t;o a year; single copies, 20 cents.

Foreign postage, 50 cents.

So well has the School Review served the in-

terests of high-school and academy work that it

has come to be recognized as the official organ of

secondary education in the United States. It is

devoted exclusively to this field, is progressive,

practical, and helpful, and is indispensable to every
teacher.

THE ELEMENTARY SCHOOL TEACHER
Edited by The University of Chicago School of Education,

John Dewey, Director, Mrs. Ella F, Young, Managing
Editor.^ Published monthly, except in July and August,
Subscription price, $1,503 year; single copies, accents.
Foreign postage, 50 cents.

A monthly periodical for teachers, principals,

and superintendents. Each number contains prac-
tical plans for teaching in every grade from the
kindergarten through the eight grades and the
pedagogic schools.

THE BOTANICAL GAZETTE
Edited by John M. Coultbr, Published monthly, with illus-

trations. Subscription price. $5.00 a year; single copies,
50 cents. Foreign postage. 75 cents.

The Botanical Gazette is an illustrated monthly
journal devoted to botany in its widest sense. For
more than twenty years it has been the American
journal of botany, containing contributions from
the leading botanists of America and Europe,

THE AMERICAN JOURNAL OF SOCIOLOGY
Edited by Albion W. Smalu Published bi-monthly, with

illustrations. Subscription price, $2.00 a year ; single cop-
ies, so cents. Foreign postage, 50 cents.

The special aim of the American Journal of Soci-
ology is to showthat the "social problem" is both
many problems and one problem. It has already
made itself indispensable to Americans who are
trying to keep informed about the general tenden-
cies in the rapidly changing field of sociology.

THE JOURNAL OF GEOLOGY
Edited by T. C. Chamberun. Published semi-quarterly, with

Illustrations. Subscription price, $^.or a year; sinele
copies, 50 cents. Foreign postage, 75 cents

Devoted to the interests of geology and the alhed

sciences, and contains articles covering a wide range

of subjects. Adapted to young geologists, advanced

students, and teachers.
I

THE ASTROPHYSICAL JOURNAL
Edited by George E. Hale and Edwin B. Frost._ Published

monthly, except in February and August, with illustra-

tions. Subscription price, $4.00 a year; single copies,

50 cents. Foreign postage, 75 cents.

An international review of spectroscopy and as-

tronomical physics. Invaluable to all who are in-

terested in astronomy and astrophysics,

THE JOURNAL OF POLITICAL ECONOMY
Edited by J. Laurence Laughlin. Published quarterly,

Subscription price, $3.00 a year; single copies, $1.00.

Foreign postage, 50 cents.

This publication promotes the scientific treatment

of problems in practical economics, and also con-

tains contributions on topics of theoretical and

speculative interest.

THE AMERICAN JOURNAL OF THEOLOGY
Edited by the Divinity Faculty of the University of Chicago.

Published quarterly. Subscription price, $3.00 a year,

single copies, $1.00, Foreign postage, 50 cents.

The only journal in the world so catholic in its

scope as to cover the entire field of modern investi-

gation and research in all the different lines ol

theological thought represented by special fields and

particular schools.

THE AMERICAN JOURNAL OF SEMITIC

LANGUAGES AND LITERATURES
Edited by President William R. Harper. Published <^^^^^^^

Subscription price. $3.00 a year; single copies, ^i-^'

Foreign postage, 25 cents.

The object of this journal is to encourage the

study of the Semitic languages and literatures,^^

furnish information concerning the work of ^^^r^
students at home and abroad, and to act as a ^^^^"^

for the publication of scientific contributions in tno^c

departments. Articles are published in Genna .

^>ench, and Latin, as well as in English,

MODERN PHILOLOGY
^

Editors: Philip S. Allen, Managing Editor; Frepehx^

Carpenter, Camillo von Klenzk .f^^hshed quarr^^^

Subscription price, J3.00 a year; single copies, ^

Foreign postage, 50 cents.
arch

First num-Modern Philology is devoted entirely tojese

in Modern Languages and Literatures,

ber appeared in June, 1903.

THE UNIVERSITY RECORD
^^^^

Edited by the Recorder of the University, f"^^^^^^S"""^
Yearly subscription, $r.oo; single copies ^^ *=*" '

^^^

The University Record is the officjal monthly p

lication of the University of Chicago.

EE ON REQUEST.

THE UNIVERSITY OF CHICAGO PRESS, CHICAGO, ILL



Triumph of Art and Science

WE CHALLENGE THE WORLD '° W^SVR-^rk^g^JAtSr''

Webster's New Standard

OF THE ENGLISH LANGUAGE
The Great

School, Home
and Office

Lexicon

746 PAGES

New,

Concise,

Original,

Reliable,

Comprehensive
Weight 2Ji lbs.

Thirty Full-page Plates, including Eleven in Colors
INVALUABLE TO SCHOOLS AND COLLEGES, TEACHERS. STUDENTS, LAWYERS,

MINISTERS, JOURNALISTS, ORATORS AND ALL LITERARY PEOPLE.

SoeClsl F*PJlf1It*PQ • Dictionaries of Biography, Geography, Biblical and Classical
pv;\/l<U ICalUrca. Names, Musical Terms, Foreign Phrases, Abbreviations,

Metric System, Proofreading, Exact Definitions, Pronunciation, English Word-building,
Synonyms, Irregular Plurals and Verb-Forms. COMPRISING HUNDREDS OF NEW' WORDS.

Large, clear print. Vocabulary Words In bold, black type. Hand composition.

OVER 900 TEXT lUUSTRATIONS. Both Editions Thumb=Indexed

Size6x8xlS^8ins.

School and Office Edition, pebbled cloth,
sprinkled edges, side and back titles in
gold, polished and gilt panels, six col-
ored plates, .

$1.50

Library Bindln^^, half leather, ^
fjold stamped, marbled edges, Sx *!
11 colored plates, . . . V*^»^V

OPINIONS OF THE PRESS AND OTHERS
It is a splendid book, convenient in size, easy of reference, reliable, and moderate in price. —

School Journal,
The best library and school Webster that has as yet been published. A remarkable piece of book-

making, and a remarkably good work of reference. — Tke Bookseller. News Dealer and Stationer.

Every student needs a dictionary as a self-help in increasing his vocabulary. Webster s ^ew
Standard is of convenient size and more desirable than the unabridged for every day use. It has all tbe
features of a good dictionary with some unusually artistic illustrations added. The typography is excep-
'^°a^ly good and, moreover, the book is indexed which adds greatly to the convenience of a dictionary.—

JJ;.
^'^^«'?*. Illinois State Normal University. „^. - -

Will fill a long felt want in schools, offices, and even in general use. — Chicago Journal
An extremely comprehensive form of dictionary, well printed, bound and edited. ~ -L08 Angeies

Express.
It is wonderful how much information has been compressed between two book covers. It is a new

departure in the dictionary line. — Louisville Courier-JournaL

Good Agents IVaated. For Sale Everywhere, or sent direct on receipt of price, by

LAIRD & LEE PUBLISHKKS.
263-365 WABASH AVEXrE, CHICAGO



decennial Ip^ublicatione
^he UNIVERiSITY o/CHICAGO

FIRST SBRIBS
.The First Series consists of ten volumes representing the work of research ol the several Departments

of the University. These articles are also issued in separate form as reprints. Size, quarto,

SECOND SCRIES
The following octavo volumes of the second series are announced :

Vol. I. The Life and Repentaunce of Marie Mag-
dalene. By Lewis Wager. A morality play

reprinted from the original edition of 1566-67,

edited, with an Introduction, Notes, and Glos-

sarial Index, by FREDERIC Ives Carpenter.
Pp, xxxvi + 91. cloth. Net^ ^i.oo; postpaid,

$1.08.

Vol. n. The Second Bank of the United States.

By Ralph C. H. Catterall. Pp. 538, cloth.

Net, $3.00; postpaid, S3.20-

l, IX. A History of the Greenbacks, with

Special Reference to the Economic Conse-

quences of Their Issue.

Mitchell.

By Wesley Clair

Pp. xiv + 500, cloth. Net, ^4.00;

postpaid, $4.23.

Vol. X. The Study of Stellar Evolution: A Pop-

ular Accovint of Modem Methods of Astro-

physical Research. By George Ellery

Hale. [In preparation.]

Vol. HI. Light Waves and their Uses. By Albert Vol. XI. Studies in Logical Theory. Edited by

John Dewey with the co-operation of members

and Fellows of the Department of Philosophy.

A. Michelson; with 108 drawings and three

colored plates. Pp. 164, cloth. Net, $2.00;

postpaid, J5!2. 12.

Vol. IV. The Poems of Anne Countess of Win-
chilsea. From the original edition of 1713 and
from xmpublished manuscripts, edited, with an
Introduction and Notes, by MVRA REYNOLDS.
Pp. cxxx + 434, cloth. Net, ;$3.oo; postpaid,

Vol. V. Assyrian and Babylonian Letters Belong-

ing to the Kouyunjik Collection of the British

Museum. By Robert Francis Harper. Pp.

XXX+120. cloth. Net, $6.00; postpaid, ^6.12,

Vol. VI. La Perfecta Casada. Por el Masstro F.

LUYS De Leon. Texto del Siglo XVI. Reim-
presi6n de la tercera edici6n, con variantes de

Porla primera, y un pr61ogo,

Wallace.
Elizabeth

Pp. xxvii + 119, cloth. Net, jlx-so;

postpaid, J!i.58.

Vol, Vn. Legal Tender: A Study in English and
American Monetary History, By Sophonisea
P* Breckinridge. Pp. xvii + 180, cloth. Net,

JS2.00; postpaid, $2.15.

Vol. Vm. The Role of Diffusion and Osmotic
Pressure

:

TON. Pp
$1.61.

fey Burton E. Livings-

. Net, %\,^o\ postpaid,

Pp. xiv + 300, cloth. Net, ;?2.5o; postpaid, ^2.67

I. Xn. The Place of Apocalyptic

ism in the New Testament. By

Mathews. [In preparation.]

Messian-

Shailer

Vol, Xm. Glacial Studies in Greenland.

THOMAS C. Chamberlin. [In preparation.]

Vol. Xrv. Lectures on the Calculus of Varia-

tions. By Oskar Bolza. [In preparation.]
11

Vol. XV, Studies in General Physiology.

Jacques Loeb. Part \, pp. 400, cloth. Net,

;J53.oo; postpaid. ;5S3.20. Part II, [In prepar-

ation.] -

Vol. XVI. The Finality of the Christian Religion.

By George Burman Foster, [In prepara-

tion.]

Vol. XVn. Predecessors of Goethe in Italy m

the Eighteenth Century. By Camillo von

Klenze. [In preparation.]

Vol. XVm. Physical Chemistry in the Service

of the Sciences. By Jacobus H. van 't Hoff,

Professor Ordinarius of the University of Ber-

English version by ALEXANDER SMITH.

Pp. 150. cloth. Net, ;gi.5o; postpaid. $i-6o.

\

FOR SALE BY BOOKDEALERS OR THE PUBLISHERS

XJniveirsity 0/ Cliicago Press : CHICAGO



Walker Prizes in Natural History*
By the provisions of ihe will of the late Dr. William Johnson Walker two prizes are annually offered

by the Boston Society of Natural History for the best memoirs written in the English language, on
subjects proposed by a committee appointed by the Council.

For the best memoir presented a prize of sixty dollars may be awarded ; if, however, the memoir be
one of marked merit, the amount may be mcreased to one hundred dollars, at the discretion of the Com-
mittee.

For the next best memoir a prize not exceeding fifty dollars may be awarded.
Prizes will not be awarded unless the memoirs presented are of adequate merit.
The competitionfor these prizes is not restricted^ but ts open to all.

Attention is especially called lo the following points:
I In all cases the memoirs are to be based on a considerable body of original and unpublished work,

accompanied by a general review of the literature of the subject.

2. Anything in the memoir which shall furnish proof of the identity of the author shall be considered
as debarring the essay from competition.

3. Preference will be given to memoirs showing intrinsic evidence of being based upon researches
made directly in competition for the prizes.

4. Each memoir must be accompanied by a sealed envelope enclosing the author's name and super-

scribed with a motto corresponding to one borne by the manuscript, and must be in the hands of

the Secretary on or before April isi of the year for which the prize is offered.

5. The Society assumes no responsibility lor publication of manuscripts submitted.

Subjects for 1904:
1. The reactions of organ'sms to solutions, considered

from the standpoint of the chemical theory of dissociation.

2. Relation of {)lants to electricity.

3. A statistical study of the relative cross- fertility be-
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odontoschisma macounii and its north
american allies.

Alexander W. Evans.

(with plates xviii-xx)

historical.

Among the hepaticae recently collected by Professor John
Macoun in the Yukon Territory are several fruiting specimens of

Odontoschisma Macotinii, a species confined to the higher latitudes

and hitherto known in sterile condition only. The species has

had a rather varied history. It was first described by Austin/ in

1872, as Sphagnoecetis Macounii, the original specimens having

been collected in the Lake Superior region of Ontario in 1869.

A portion of this original material has been kindly furnished me
by Professor Macoun, but unfortunately it does not appear to be

altogether homogeneous. Some of the specimens are gemmip-
arous and are pale green in color, while others are without

gemmae and are more or less tinged with yellow or brown. It

is evident that Austin's description is drawn almost entirely from

the pale specimens, which may therefore be regarded as the type

of the species. It is very probable also that the darker speci-

mens are not specifically distinct from the others, and that their

coloration is due simply to exposure to the sun. Nevertheless,

on account of their incomplete character, this question can hardly

be settled definitely at present. 0, Macounii is either men-

tioned or briefly described by Underwood/ by Pearson,^ and by

'Bull. Torrey Bot. Club 3 : I.S- 1872.

^Bull, Illinois State Lab. Nat. Hist. 2:92. 1884. BoT. Gaz. 17:312. 1892.

3 List of Canadian Hepaticae 10. 1890. -
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Macoun,'^ but there is apparently no printed record of its having

been collected a second time.

In the writings of certain Scandinavian bryologists, however,

are a few references to a small arctic hepatic which agrees

closely with the pale type specimens of O. Macoiuiii and which is

doubtless referable to Austin's species. This plant was first col-

lected by Berggren in 1868 at King Bay on the island of Spitz-

bergen, and was described by him in 1875 under the name

Sphagnoecctis communis var. tessellata^ In a second paper, also

published in 1875,^ he recorded the plant from Disco Bay on the

western coast of Greenland, where he had collected it five years

previously. This time it appears as Jungerma7inia tessellata, show-

ing that he was not altogether certain as to its systematic posi-

tion. Under this latter name the Greenland specimens are

mentioned by Lange and C. Jensen^ in 1887, and by Underwood^

in 1892. In 1898 Kaalaas^ recorded the species from Norway;

he recognized in it an Odontoschisma, but referred it, as Berg-

gren orginally did, as a var. tessellata to 0. Sphagiii. In the same

year C. Jensen '° published excellent figures of the plant under

the name (9. tessellatiim. The specimens from which his figures

were drawn were collected by Hartz at Scoresby Sound, on the

eastern coast of Greenland, well within the Arctic Circle. Herr

Jensen has kindly sent me two East Greenland specimens of his

O. tessellattim, vjh\c\\ were collected by Dusen in 1899," and I

have also been able to study Norwegian specimens collected and

communicated by Herr Jorgensen. These specimens have served

for comparison with Austin's type of O, Macounii, Additional

specimens from Yukon, collected by Williams, and from northern

Minnesota, collected by Holzinger, have also been examined. It

is clearly seen, therefore, that the geographical distribution of

(9. Macoimii is much more extensive than the published records

would seem to indicate.

-* Cat. Canadian Plants 7: 32. 1902. s Kongl. Sv. Vet. Akad. Handl. 13^ :
lOl. l875-

"^Z. c. 13^:43- 1875.

7Meddel. ora Gronland 3 : 411. 1887.

^BoT. Gaz. 17:311. 1892.

9 Vidensk. Skrift, I. iSgS^zM

^^'Meddel. om Grenland 15:369. /, /-^, 1898.

" Cf, C. Jensen, Ofvers. k. Vetensk.-Akad. Forh. 57 : 797. 1900

\
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Closely related to (9. Macottnii, but differing from it in several

important respects, is a peculiar Odontoschisma which was col-

lected by Miss Gertrude Gibbs at Port Renfrew, Vancouver
Island, in 1901. This species is apparently undescribed and
may be designated O, Gibbsiae in honor of its discoverer. The
specimens are without sexual organs, but show well developed

gemmiparous branches.

Two other members of the genus, (9. denudatiim and 0. Sphagjii,

have been recorded from North America, north of Mexico. Both

of these species have long been known in Europe, and 0,de?mda-

tum has been reported from Siberia and from Japan. The range

of this species in North America extends from Greenland to

Louisiana, with a doubtful extension into the tropics. Accord-

ing to printed reports, the range of O, Sphagni is even more
extensiv^e, but a comparison of authentic European material with

American specimens which have been determined as 0. Sphagni

shows that the majority of the latter are really referable to 0.

prostratum, a species originally described from Jamaica. In fact,

I have seen no specimens whatever of true (9. Sphagni from the

United States, although the species occurs in Canada. Mitten

reports'^ 0. prostratum from Bermuda, and says that it also

occurs in Europe, but the latter statement does not appear to be

confirmed by any other European writer. In addition to Jamaica,

O. prostratum has been reported from several localities in tropical

America.

A careful study of these five species makes it evident that

certain of the generic characters commonly accepted for Odon-
toschisma do not apply to all of the species, and that the genus

as a whole is about as closely related to the monotypic Anomo-
clada, of South America, as it is to Cephalozia, with which

it is commonly associated.

Odontoschisma was first proposed by Dumortier, in 1831,^3

as a section of his genus Pleuroschisma. This included also, as

sections, Lepidozia and Pleuroschismotypus, the latter being

essentially the same as Bazzania. In 1835'^ ^^ raised all three

"Challenger Rept. Botany i' :92. 1S84.

13 Syll. Jung. 68. 1831. «Recueil d'Obs. sur les Jung. 19. 1835.
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sections to generic rank, the section Pleuroschismotypus becom-

ing the genus Pleuroschisma in its restricted sense. Two species

of Odontoschisma, 0, Sphagni and 0. denudatum ^ are recognized.

In the Synopsis Hepaticarum Nees von Esenbeck^^ redescribed

the genus under the name Sphagnoecetis. He recognized but a

single European species, S. commimis, which was made to include

• both of Dumortier's species. Two exotic species, however, are

doubtfully referred to the genus, and three other exotic species

are added in the appendix.

In 1874 Lindberg^^ revised the European species of Odonto-

schisma and clearly distinguished between 0. Sphagfii and 0.

deiiudahim. Unfortunately he included in the go^nns Jtingermamda

decipiens Hook., a species which Mitten had placed in his genus

Adelanthus'7 (now Adelocolea). In his paper on Anomoclada,

published two years later, Spruce ^^ showed clearly why Adelan-

thus should not be included in Odontoschisma. At the same

time he fully described the two European species of the latter

genus and ascribed to both a very wide geographical distribution,

extending, in fact, Into the tropics of South America. In 1877

Trevisan'9 accepted the genus Odontoschisma in Lindberghs wide

sense, and included in it eleven species, most of them exotic.

In 1882 Spruce^" reduced Odontoschisma to a subgenus under

Cephalozia, on account of the close resemblance between their

sexual branches and sporophytes, and he continued so to regard

it during the remainder of his life. He was followed in this by

Lindberg and by Arnell, as well as by Pearson and by several

other hepaticologlsts of the English school. On the continent,

however, and in America, this extreme view has never met with

much favor, and Schiffner, in his treatment of the Hepaticae for

Engler and Prantl's Die ?iaturlichen Pfianze?ifamtlien, published in

1893, restored Odontoschisma to generic rank. Schiffner esti-

mates the number of species of Odontoschisma at thirteen, and
*

very few additions have been made up to the present time.

^5G. L. & N. Syn. Hep. 148. 1845.

^«Notis. ur Sallsk. pro F. et Fl. Fenn. Forhandl. 13:357. 1S74.

'7joun Linn. Soc. Bot. 7:244. 1864. ^9 Mem. R. 1st. Lomb. III. 4 :4i8- ^^77-

18 Jour. Bot. 5: 166. 1876. =»On Cephalozia 59. 1882.
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GENERIC CHARACTERS.

The generic characters ascribed by Schiffner to Odonto-
schisma are those accepted by the majority of recent writers,

whether they regard the group as a genus or merely as a sub-

genus under Cephalozia. The most important of these characters

are the following:

Plants rather large, growing in tufts, varying from green

to red or dark brown ; stems creeping, radicelliferous, not

arising from a rhizome; branching uniformly postical; leaves

succubous, entire, obliquely or longitudinally inserted, varying in

outline from orbicular to ovate, rarely emarginate at the apex,

cell walls thickened ; underleaves small ; ? inflorescence on a short

branch; perianth hypogonianthous, dentate or ciliate at the con-

tracted mouth ; capsule oval.

All of these characters apply pretty definitely to 0, Sphagni

and also to <9. prostratiim. In our other species, however,

the branching exhibits considerable variation, especially in O,

Macounii. In this species, moreover, the mouth of the perianth

is entire or nearly so, and the underleaves often attain a con-

siderable size. Underleaves, in fact may be demonstrated in all

our species, and although they are sometimes small and transi-

tory in their nature, they afford nevertheless differential char-

acters of considerable importance.

BRANCHING.
F

The branching in Odontoschisma is always intercalary in

character, using this term in the sense suggested by Leitgeb."

According to this author, intercalary branches arise almost

invariably from the postical segments of an axis. This origin

is seen very clearly in Kantia and in the typical species of

Cephalozia. It is also seen in the flagella and in the sexual

branches of Bazzania. In Odontoschisma the postical origin of

e branches may be demonstrated in the normal flagella of all

our species
{^fig. 44) and also in the vegetative and sexual

branches of O. Sphagni and 0. prostratum {fig. 42)- In O.

Macoimii, however, the leafy branches and also the sexual

" Unters. iiber Lebermoose 2 : 21. 1875.

th
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branches are sometimes postical, sometimes lateral {^fig. i)
,
and

sometimes occupy a position between postical and lateral. In

fact, the lateral position is the most frequent and is almost inva-

riably assumed by the sexual branches. In 0. Gibbsiae and in

(9. denudatum^ as well as in the recently described 0, cavifolium

Steph.""^ of Japan, lateral branches are also of occasional occur-

rence. That the origin of these branches is really postical and

their lateral position is due merely to displacement, as Leitgeb

maintains is the case in Plagiochila, is not improbable, but it has

not been determined with certainty. It is clear, however, that

this theory of displacement from the postical segment cannot

apply to the genus Anomoclada, where all the branches except

the flagella are distinctly antical in position. In this genus it is

perfectly apparent that the branches arise from the lateral seg-

ments, and the difference in position between such an antical

branch and the lateral branches in Odonotoschisma Macounii is

really not very great.

The lateral branching which occurs in Cephalozia Turneri dinA

in some of its immediate allies was used by Spruce'3 as the

essential character of his subgenus Prionolobus, a group which

Schiffner has since raised to generic rank. On the same grounds

0. Macotmii might be separated generically from 0. Sphagni, but

such a separation would be very artificial, especially when we

take into consideration the inconstancy in the position of the

branches in (9. Macounii. In fact, the generic claims of Prionolo-

bus are not above criticism, on account of the occurrence of both

postical and lateral branches in certain undisputed species of

Cephalozia.

It is probable that the position occupied by intercalary

branches, and especially by those of adventitious origin (/. -?m by

those arising from differentiated axis-cells which have reassumed

an embryonic character), is largely influenced by the conditions

under which a species develops. This statement would apply

especially to plastic species, of which O, Macoimii seems to offer

an example, but it would also apply to the plastic ancestors o£

« Bull, de THerb. Boissier 5 : 102. 1897.

^3 Hep. Amaz. et And. 508 (footnote), 1885.
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forms in which the branching has now become constant. It is

clear, for example, that in a species with prostrate stems the posti-

cal position of the flagella is of distinct advantage, because it ena-

bles these organs at once to penetrate the substratum and to act

as fixing and absorbing organs. In a leafy branch, however, the

advantages of a postical origin is not so clear. Except at the

very beginning, when the branch needs protection from drying,

it would be placed at a disadvantage, because it would have to

grow out beyond the leaves of the axis before ft could develop

normally and expose its leaves to the light. In such a case a

lateral displacement would enable it to perform its functions

earlier, while an antical position would be most advantageous of

all. The last, however, would be precarious, unless there were

some provision for keeping the branch-rudiment moist; this is

secured in Anomoclada by a copious secretion of slime. In

sexual branches the postical position is at first of distinct advan-

tage, because it protects the antheridia and archegonia from

drying, and at the same time tends to insure fertilization. It

continues to be of advantage in such genera as Kantia, where a

subterranean sac is developed. But in most cases the female

branch curves upward and the perianth shortly assumes a posi-

tion at right angles to the substratum. In this way the young

capsule is so placed that a simple elongation of its stalk will push

it above the perianth and expose its ripened spores to currents of

air. The latter advantage is, of course, more easily secured by

lateral or antical branches. Lateral branching, on the whole,

seems to be the most serviceable type. This is seen especially

well in the large and very successful group of the Jubuloideae,

where postical branching has entirely disappeared. In this group,

to be sure, the branching is terminal, and the lateral branches

are therefore laid down at the growing apex. There is little

doubt, however, that in the ancestors of these forms the method

of branching was less definite.

LEAF-CELLS.

The thickening of the cell wall has already been quoted as an

important generic character of Odontoschisma, and the variations

in the thickening afford excellent differential characters for the
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species. The thickening may be observed in the cells of the

stems and branches, but is best studied in the leaves. Here it is

most pronounced in the angles of the cells, where it forms dis-

tinct and often conspicuous trigones, but it affects the cuticle of

the leaves as well. In this region the thickening is fairly uni-

form, and we sometimes find a uniform thickening also in the

vertical walls of the marginal cells. Intermediate thickenings

seem never to be present.

In O. Macowtii the thickenings of the cell wall are especially

pronounced, the trigones being extremely large, and the cuticle

thickened in a corresponding degree {Jigs, 5, 6). The trigones, in

fact, project far out into the cell cavities, which become in con-

sequence distinctly stellate with narrow rays, the latter of course

forming pits for communication between adjoining cells. It

is often possible to recognize in a trigone a distinct line of demar-

cation separating the original trigone, as laid down in the devel-

oping leaf, from a secondary deposit. This line of demarcation

is clearly brought out by treatment with sulfuric acid in the

presence of iodin, which serves at the same time to demonstrate

the presence of cellulose in the wall. The trigones of this species

are especially likely to be confluent; in some cases this is true of

the original trigones ; in other cases the coalescence is brought

about by the secondary deposit, w^hich causes at the same time

the obliteration of a pit. Much of the thickening of the cuticle

is also due to the secondary deposit- The cells of the under-

leaves are sometimes rather thin-walled, and sometimes have

thicker walls than the leaves themselves i^fig, ij). The last is

true also of the leaves on gemmiparous branches, of the peri-

gonial and perichaetial bracts, and of the lower part of the peri-

anth [fig, 2j), In most of these regions there is a tendency for

the cells to be arranged in longitudinal rows, and the excessive

thickening brings about an extensive coalescence of trigones.

These are commonly united in such a way that the pits connect-

ing the cells laterally are filled up by the secondary deposit,

while those connecting the cells longitudinally are retained.

Through this process the lower part of the perianth becomes a

series of flattened thick-walled tubes, which are continuous except



f

1903] ODONTOSCHISMA MACOUNII AND ITS ALLIES 329

-L

for the thin partitions separating the cells of which they are com-

posed. These tubes are bounded without and within by the

thickened cuticle, and are separated from one another by the

coalescent trigones. In the upper part of the perianth the cells

are uniformly and only slightly thickened {Jig. 24)^ and there is

a gradual transition from these to the thick-walled cells just

described. The thickenings of the cell walls, although found in

all the specimens of 0. Macounii examined, are especially pro-

nounced in those from the far north.

If we confine our attention to the median leaf-cells, our five

species of Odontoschisma will be found to exhibit a regular

descending series with respect to their trigones. O, Macounii

stands at the beginning of this series. In 0. Gibbsiae, which

comes next, the trigones are still large, and the cavities are

stellate, but the pits are broader and the trigones are less fre-

quently confluent {^fig. Ji)^ In this species the trigones rarely

show a line of demarcation, except when the portion lining the

cavity becomes pigmented, and they also fail to respond directly

to the cellulose test. In 0. d€7itidatt(m the trigones are still pro-

nounced, but the cavities are less distinctly stellate, the trigones

not projecting far enough out into the cavities to leave narrow

pits
{^fig. j5). In 0. Sphag?ii the trigones are smaller and project

only slightly into the cavities, which in consequence become

rounded in outline [Jig^jg)' In 0. prostratum the trigones are

still less conspicuous and commonly turn a concave face toward

the cavity, which acquires in this way a polygonal outline with

rounded angles [Jigs. 55, 56).

Throughout the genus Odontoschisma the median leaf-cells,

if we consider them bounded by their middle lamellae, are

polygonal in outline and isodiametric. The marginal leaf-cells,

however, are quadrate or rectangular in outline, and in the latter

case the long axis of the cell is commonly at right angles to the

margin. In most species the marginal cells are not very different

from the median cells, except for this slight difference in shape.

This is true of (9. Macounii, 0. Gibbsiae, and O, dentidatiim {figs.

7» J^. J^) . In other species there are several successive rows of

four-sided cells, forming a distinct border around a considerable



330 BOTANICAL GAZETTE [November

^

portion of the leaf. This bordered appearance is often made

more conspicuous by the involute character of the leaf margin.

A border of this sort has long been emphasized as one of the

most important characters separating 0. Sphagni from 0. demi-

datum. The border of 0. Sphagiii {fig, 40), however, is much

less distinct than that of O, prostrattim {figs. J7, 58), In both

species we find two to four rows of marginal cells which exhibit

a tendency, sometimes very clearly marked, to be arranged in

radial rows as well. These marginal cells have uniformly

thickened walls, giving them a very different appearance from

the thin-walled median cells with their small trigones. In 0,

prostratum the leaves exhibit considerable variation, not only

with respect to the width of the border, but also with respect to

the thickness of the walls of the marginal cells, and the two
w

extreme conditions represented in the figures are connected by a

series of intermediate forms. Both in this species and in 0.

Spkagni, the border is indistinct in poorly developed individuals.

UNDERLEAVES.

The underleaves of Odontoschisma present peculiarities which

have been strangely overlooked by waiters on the genus. In the

specimens of 0. Macounii from Greenland and Yukon, these

underleaves are especially large and persistent even oh sterile

stems, although they are considerably smaller on Minnesota

specimens of the same species. Their most remarkable feature

is found in the slime-secreting papillae which are borne in large

numbers on their margins. Similar papillae are found on the

underleaves of our other species of Odontochisma, but they are

usually shorter-lived than in 0, Macounii.

Leitgeb and others have already called attention to the fre-

quent occurrence of papillae in connection with the growing-

points of the Hepaticae. In the Jungermanniaceae they seem

to be almost constantly present, but are usually restricted to the

postical segments cut off from the apical cell. Leitgeb desig-

nates these papillae as "primordial," and looks upon them as

structures which the leafy hepatics have inherited from their

thallose ancestors.'* When the postical segment is cut off in

=*Unters. iiber Lebermoose 2:7 ff. 1875.
>i
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these leafy forms, it divides by a periclinal wall into an inner

and an outer cell, of which the latter gives rise to the papillae.

In some cases this outer cell forms a single papilla before

dividing. This is true, for example, of Cephalozia biaispidata,

Nardia hyalina^ and N. scalaris. In other cases the outer cell

divides by anticlinal walls into two, three, or four cells, each of

which gives rise to a papilla. In Plagiochila asplenioides^ for

example, two papillae are formed; in Acromastigum hitegrifolium,^^

three; and in Bazza7iia trilobaia, four. In a few species without

underleaves, such as Radula complayiata and Cololejeunea calcarea^

no primordial papillae are formed by the ventral segments; but,

on the other hand, the mere presence of papillae by no means

insures the development of underleaves. When the latter are

to be formed the papillae elongate, cells are cut off from their

bases, and these cells by irregular divisions, both longitudinal

and transverse, give rise to the permanent cells of the under-

leaves. In some cases there are as many lobes or divisions to

the underleaf as there are primordial papillae, but usually the

portions developing from the different papillae coalesce through-

out more or less of their extent, and in some cases this coales-

cence extends to the very apex of the underleaf, which becomes

thereby truncate or rounded.

In all our species of Odontoschisma two primordial papillae

are formed and are succeeded by well developed underleaves.

\n 0. Sphagiii these are unfortunately short-lived, and the species

has been described as being without underleaves or as having

them rare and minute. As a matter of fact, they are always

easy to demonstrate both in this species and in 0. Gibbsiae near

the apex of a vegetative branch, and in our other species they

can usually be detected in the older parts of a plant as well.

With regard to their structure and development two types of

underleaf may be recognized. The first is found in 0, prostratum

and O. Sphag7ii, the other in our remaining three species. In

the first type, through a succession of transverse walls in the

cells cut off at the base of the papillae, two rows of cells are

formed, growth and division continuing for some time at the

=5 Evans, Bull. Torr. Bot. Club 27: loo. pL i. 1900.
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base of the underleaf. These two rows of cells separate slightly

at their free ends, which are tipped with the papillae, but

coalesce throughout the greater part o£ their length. In this

way a linear underleaf is formed, slightly bifid at the apex. In

0. prostrattmi {figs, ^g-62) a few longitudinal (or oblique) divi-

sions sometimes occur near the base, and in 0. Sphagni {fig- 4^)

these divisions are more frequent. Through these longitudinal

divisions an underleaf may acquire a subulate form, but it is

always much longer than broad. In the second type of under-

leaf the development begins in the same way, but the order of

cell division is much less regular, longitudinal divisions tending

to set in very early. The adult underleaves in consequence vary

greatly in form, being sometimes distinctly bifid and sometimes

rounded or truncate at the apex. In many cases the breadth

-equals or exceeds the length. These variations affect the under-

leaves, whether they remain small, as in 0, Gibbsiae {figs. JJ, 34)^

0, deniidatum {figs, j/, j<?), and some forms of 0, Macounii

{figs, g, II, T2), or attain a considerable size, as in the other

forms of this same species {fig^ 10).

As the underleaves develop, some or all of their cells give

rise to a series of slime-secreting papillae, similar in all respects

to the primordial papillae. In a young underleaf these may be

found in all stages of development. A papilla begins as an out-

-growth from a cell and soon becomes swollen at its extremity.

In most cases a wall is formed at the base of the papilla, cutting

-it off from the cell. In rare cases this wall is suppressed and

the cell simply forms a part of the papilla. Usually the papil-

lae are limited to the margin of an underleaf, but occasionally

they grow out from the postical surface as well. This is fre-

quently the case in 0. Sphagni, where it may even be difficult to

distinguish the permanent cells of the underleaf on account of

the crowded papillae which cover them. In our other species

one or two papillae may occasionally be found on the postical

surface. In rather rare cases two papillae may grow out from a

single cell. The later development of the papillae has been

briefly described by Goebel ^^ foi^ Calobryum Bhimei. A layer of

^ Ann. Jard. Buitenzorg 9 : 15. 1891.
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cellulose is deposited within the cell-wall at the swollen extremity

of the papilla. Between this layer and the original wall the

secretion of slime appears and is set free by the rupture of the

wall. In most cases the papillae are short-lived and soon

shrivel away. Occasionally, however, there are very clear indi-

cations that they continue active for a considerable period. In

0, Macotmii^ for example, pits may be demonstrated in the mar-

ginal cells of the underleaves, connecting them with the papillae

KfiS' ^j)^ ^^d these pits are especially striking in cases where

the cell walls are strongly thickened.

In the case of O, Macomni^ slime-papillae are not confined to

the underleaves. They may also be found on the leaf-margins

close to the postical base, on the margins of the perichaetial

bracts and bracteoles (Jig's. 14-22), and on short hair-like para-
w

phyllia which are sometimes developed in connection with the

archegonia
{^fig- 4), Whenever they occur in any of these locali-

ties they appear to be fully as persistent as on the underleaves.

Leitgeb has briefly alluded to the fact that the underleaves

of Bazzania trilobata^ as well as those of certain other species^

sometimes bear a few papillae in addition to those which he

designates as primordial, but he neither figures nor describes

them further,^7 He also calls attention to the occasional occur-

rence of similar papillae on leaf-margins in more or less indefi-

nite positions. These he would distinguish from primordial

papillae, because they develop from leaf-cells (or underleaf-

cells) instead of directly from the segments cut off from the

apical cell. Although this distinction may be of theoretical

interest, it is really of little practical importance, because all the

papillae, whatever their origin, have the same structure and

functions.

THE FEMALE BRANCH.

The female branch in Odontoschisma affords a generic char-

' acter which has not been sufficiently emphasized by writers,
'

This is a peculiar enlargement at the apex of the branch, just

below the perianth. It becomes evident after an archegonium

has been fertilized, and is doubtless to be looked upon as one of

^^Unters. iiber Lebermoose 2 : 10. 1875.
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the secondary effects of fertilization. A longitudinal section

through the female branch and young sporophyte of O. Macowiii

{fig^ 4) shows this enlargement very clearly, and also shows how

the bracts and perianth are inserted. The foot of the develop-

ing sporophyte together with a portion of the stalk penetrate

into this enlargement, which is composed in large part of food-

storing cells. The capsule and the remainder of the stalk are

covered by the calyptra, at the base of which may be seen a few

paraphyllia and unfertilized archegonia. In 0, Macoimii the

enlargement is radial in structure, probably on account of the

lateral attachment of the female branch. In such a species as

<9. prostration, however, where the branches are very short and

uniformly postical, the enlargement is not wholly symmetrical,

but shows a slight bulging in the portion turned toward the

substratum
[^fig. 42). In the related genus Adelocolea a very

similar condition exists, and in certain species the bulging portion

becomes more prominent and forms a bulbous base into which

the foot of the erect young sporophyte forces its way. In the

genus Marsupidium the extreme development of the enlarge ^

ment is found in the form of a cylindrical perigynium, in which

practically the whole of the sporophyte is imbedded.

It has already been noted that in 0, Macounii the mouth of

the perianth is wholly destitute of distinct teeth {fig. 24), and it

maybe added that these are not invariablypresent in other species.

On 0. prostratum, for example, much of the perianth-mouth is

scarcely crenulate
{fig. dj), and it is only occasionally that a

short tooth, one or two cells long, can be demonstrated. Even

in <9. Sphagni and in 0. demidatum, the teeth are often reduced to

slight crenulations. The fact that the perianth is irregularly

lobed at the mouth and often deeply plicate makes it difficult to

gain an accurate idea of the true conditions. The difficulty is

increased by the withering of the upper part of the perianth and

by its irregular laceration when the mature capsule is extruded.

GEMMIPAROUS BRANCHES.

In distinguishing the different species of Odontoschisma, the

gemmiparous branches often yield characters of importance. In
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O. Sphagni and in 0, prostratiim, gemmae are apparently never

produced, but they occur more or less frequently in our other

species, and in 0, demtdattim they may be found even on fruiting

individuals. In this species the gemmiparous branches are the

upright continuations of prostrate branches, and the formation of

the gemmae soon puts a stop to further elongation. The leaves

and underleaves on these branches are scarcely distinguishable

from each other; they are distant and strongly squarrose, and

become smaller and smaller toward the apex of the branch. In

O. Gibbsiae {Jig. 2g'J
and in O. Macoimii the gemmiparous branches

are prostrate or ascending, but they likewise show three ranks of

leav^es, the underleaves being distinguishable only by their posi-

tion. In both these species the leaves are concave, loosely im-

bricated, and relativel}* longer than ordinary leaves. Sometimes

a branch of this character attains a considerable length, but its

growth is ultimately terminated by the formation of gemmae. In

O, Macotmii gemmiparous branches are much less frequent than in

O. Gibbsiae, The gemmae themselves are similar in the different

^
species. They are oval or spherical bodies and are composed ot

two cells, or more rarely of a single cell. In 0. denudatum they

are thin-walled, while in our other two species {fig, 28) they

are thick-walled. In the lower part of a gemmiparous branch

the leaves bear gemmae on their margins and outer surfaces; in

the upper part the rudimentary leaves and the stem-apex become

wholly transformed into a mass of gemmae.

COMPARISON OF THE GENERA ODONTOSCHISMA, ANOMOCLADA,

AND CEPHALOZIA.

One of the most striking peculiarities of the genus Anomo-
clada, as described by Spruce, is the secretion by the underleaves

of so much slime that it literally floods the entire plant In the

original paper on this genus^^it was further stated that '*the mar-

ginal and apical cells [of the underleaves] were continually swelling

f and discharging their protoplasm, adhering for awhile as empty

bleached bladders, then falling away, for the succeeding cells to

undergo the same process." Spruce also called attention to the

ss Journal of Botany 5; 130. 1876.
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difficulty of finding a perfect underleaf. An examination of the

specimens oiA. mucosa which were distributed in Hepaticae Spruce-

miae shows that the secretion of slime is performed by club-

shaped papillae, similar in all respects to those described for

Odontoschisma, and that it is not necessarily accompanied by

the destruction of cells. The only difference between the genera

in this respect is a difference of degree, the underleaves of

Anomoclada being larger and the papillae more numerous than

in Odontoschisma. They arise not only from the margin of an

underleaf, but also from the postical surface near the margin, and

sometimes a cell is directly transformed into a papilla. The basal

cells of the underleaves acquire thickened walls with distinct tri-

gones, and persist indefinitely, even after the papillae have lost

their protoplasm and withered away. According to Spruce,,

the underleaves are **late ovata in acumen subulamve brevem

producta .... superiora vix unquam perfecta, sed e margine

apiceque plus minus dissolutis, nunc irregulariter bifida, nunc

quadrifida vel digitatim multifida." As a matter of fact, the

underleaves are variously divided, even in the vicinity of the

growing point, and this division is in no sense due to the devel-

opment of slime-secreting papillae. There seems to be no good

reason, therefore, for considering that they are primarily undi-

vided.

The strong resemblance between the underleaves of Odonto-

schisma and Anomoclada indicates a close relationship between

the genera. They resemble each other further in their prostrate

stems with postical flagella, in their succubous undivided leaves,.

and in their thick-walled leaf-cells with distinct trigones. Even

closer to Anomoclada than any of the species which have yet

been noted, is Odontoschisma Portoricense, a West Indian species

{figs, 65-J4), At first sight this looks precisely like a poorly

developed form of A. mucosa, largely from the fact that its

leaves are commonly crispate near the postical base and slightly

convex— peculiarities which none of the more northern forms of

the genus show. {fig'

covered over with slime-papillae, and the perichaetial bracts are

often slightly connate
{fig. 7/), the latter being a character
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emphasized for Anomoclada. The vegetative branches are occa-

sionally lateral (Jig-, 6j), but rarely recede very far from the pos-

tical base of the subtending leaf: so far as observed, the female

branches are invariably postical. The only character of real

importance which distinguishes Anomoclada from Odontoschisma
is its antical branching. Whether this peculiarity by itself is

sufficient to separate genera may well be questioned, espcciall}-

when we take into account the great variability in the branching

of Odontoschisma.

One of the connecting links between Odontoschisma and

Cephalozia is C. Francisci, a rare species known from several

localities in western Europe and recently detected in Maine.^^ It

was, to a considerable extent, the existence of this species which

influenced Spruce in including Odontoschisma among his sub-

genera of Cephalozia. C. Francisci is a true Cephalozia and has

bifid leaves, but the lobes of the latter are commonly rounded or

obtuse, instead of being sharp-pointed as is usual in the genus.

Similar bifid leaves with rounded lobes are exceptionally found

in Odofitoschtsma Sphagni, as Spruce has already noted, and thev;

are not infrequent in O. prostratiim
{fig. 4j) - C. Francisci agrees

with Odontoschisma further in its postical flagella, and in its

irregularly bifid underleaves, the latter being built up on essen-

tially the same plan as in 0, Sphagiri and bearing a very few

secondary marginal papillae of short duration. The only char-

acters which separate this species from Odontoschisma are its

smaller size, its more delicate structure, and its regularly bifid'

leaves, not one of which can be regarded as of very great moment.

In fact, the second of these differences is hardly worthy of

mention, because the cell walls of C. Francisci, although thinner

than is usual in Odontoschisma, are by no means wholly destitute

of thickenings; these appear in the leaves as minute but distinct

trigones, in the involucral leaves and perianths as more or less

uniform thickenings tending to obliterate the trigones.

It will be seen, therefore, that although Odontoschisma rep-

resents a natural group of closely allied species, there is, on the

one hand, a very vague line of demarcation between Odonto-

^ Of. Miss C. C. Haynes, Torreya 3 mt- I903-
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schisma and Anomoclada, and, on the other hand, a similarly

vague line between Odontoschisma and Cephalozia. In a certain

sense our species of Odontoschisma form part of a continuous

series, whose extremes are A?iomoclada 7nucosa and Cephalozia

Francisci. If we recognize three distinct genera in this series, it

is largely because the two extremes are so very diverse. In the

large group of the Lejeuneae we find these conditions duplicated,

many of the recognized genera being connected by intermediate

species.

DESCRIPTION OF SPECIES WITH NOTES ON GEOGRAPHICAL
DISTRIBUTION.

Full descriptions of 0. Macoiatii, O. Gibbsiae, and , prostratum

are appended. 0, Portoricense is also described, although the

present paper makes no pretense of revising the species of

Odontoschisma found in the American tropics. For descriptions

of 0. demidatum and 0. Sphagni^ aside from the characters dis-

cussed in the preceding pages, reference may be made to the

writings of Lindberg,^^ of Spruce,^' and of Pearson.^'' For all

five of our northern species the synonymy and geographical

distribution are noted, and the following artificial key will aid in

their identification

:

Plants commonly growing on rotten logs or on banks, branches varying

from postical to lateral, leaves more or less strongly concave, not

margined, gemmiparous branches often abundant -

1. Plants, commonly growing in bogs or swamps, branches always postical,

leaves plane or slightly concave, more or less distinctly margined,

gemmiparous branches wanting ------ 4

2, Leaves and underleaves on the gemmiparous branches suberect, strongly

I.

concave and imbricated - 3

2. Leaves and underleaves on the gemmiparous branches squarrose, plane or

slightly concave and distant - - - - 3- C*. denudatum

3. Plants pale green or yellowish, leaves not dilated at the postical base,

median leaf-cells averaging 28 m in diameter, underleaves distinct and^

frequently conspicuous - - - - - - i. O, Macouni^

3. Plants varying from pale green to reddish or brownish, leaves dilated at

the postical base, median leaf-cells averaging ig/iin diameter, under-

leaves usually minute and inconspicuous - - - 2. C. Gibbsta^

3°Notis. ur Sallsk. pro F. et Fl. Fenn. Forhandl. 13: 357-360. 1874.

adjournal of Botany 5: 166,193, 1876. On Cephalozia 60, 61 . 1882.

3^ Hep. British Isles 171, 174. tgoo.
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4. Plants commonly brownish jjreen, leaves broadly orbicular, usually

erect and connivent antically, margin rarely more than one cell

wide 4. O. Sphagyii

4. Plants pale green, more rarely tinged with brownish, leaves varying from

oblong to orbicular but usually longer than broad, mostly explanate,

margin from one to four cells wide - - - 5. O. prostratujn

I. Odontoschisma Macounii (Aust.) Underw. Bull. 111. State

Lab. Nat, Hist. 2: 92. \^%d,,— Plate XVIIL
Sphagnoecetis Macoujtii P^xxsl. Bull. Torn Bot. Club 3: 13. 1872.

Sphagnoecetis com^mmis, var. tessellata Berggr. Kongl. Sv. Vet. Akad,
Handh 137; loi. 1875,

JtingermafDiia tessellata Berggr. I. c, 13^: 43. 1875,

Cephalozia {^Odontoschisma) Austint Vc^rs. List Canad. Hepat. 10. 1890.

Odontoschisma Sphagni, var, tessellatnm Kaalaas, Vidensk. Skrift. I.

18989; 14.

Odontoschisma tessellatnm C. Jensen, Meddel. om Granland 15: 369,

/. i~4. 1898.

Plants pale green or yellowish, rarely tinged with brown,

growing in depressed mats or creeping among other bryophytes:

stems sparingly and irregularly branched, 0.2'"°' in diameter,

prostrate, ascending at the tips; flagella postical, with very

minute and rudimentary leaves; vegetative and sexual branches

varying from postical to lateral, but usually' occupying the latter

position; rhizoids scanty, borne either on the flagella or on the

postical surface of the stem and leafy branches, never on the

underleaves: leaves imbricated, strongly concave, broadly orbicu-

lar, 0,75 "'"^ loi^gj 0.85"'"' wide, not margined, attached by an

oblique line of insertion, neither dilated at the postical base nor

decurrent antically, margin entire, apex varying from broadly

rounded to truncate or slightly retuse, very rarely indistinctly

bilobed: leaf cells 25^1 in diameter at the margin of leaf, 2'^ix

in the middle and at the base, with very large, occasionally

confluent and rounded trigones ; cell cavities stellate with

narrow pits ; cuticle very thick, smooth : underleaves varying

from minute to rather large, reaching a maximum length of

about 0.2 °'°', when well developed ovate to oblong in shape,

rounded, retuse or irregularly bilobed at the apex, margin entire,

but bearing numerous slime-papillae: inflorescence dioicous: ?

inflorescence borne on a short branch; involucral leaves (bracts
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and bracteoles practically indistinguishable) in three rows, leaves

of innermost row slightly complicate, ovate, 1.4"^°* long, 0.75'"'"

wide, bifid about one-fourth with narrow sharp-pointed lobes

and sinus, margin subentire or bearing a few small and irregular

lobe-like teeth, marginal papillae numerous, especially at the

apices of the teeth; leaves of outermost row small and sub-

orbicular, truncate at the apex or slightly bifid with a broad

sinus, marginal papillae few, mostly at the base; leaves of middle

row intermediate in character; perianth oblong in outline, con-

tracted at the base and at the apex, 3.4"°" long, 0.95"""^ wide,

obtusely three-keeled, somewhat plicate in the upper part, mouth

slightly and irregularly lobed, the divisions entire or very vaguely

crenulate from projecting cells : 5 inflorescence occupying a

short branch; bracts in three or four pairs, complicate, slightly

bifid or truncate, inflated near the antical base and commonly

bearing a small inflexed tooth at about the middle of the antical

margin; bracteoles similar to the underleaves; antheridia borne

singly: capsule oval; spores brownish, minutely verruculose,

14ft in diameter; elaters q/a in diameter, bispiral : gemmiparous

branches long and worm-like, simple, terminating normal vege-

tative branches, prostrate or ascending; leaves in three equal

ranks (the underleaves being similar to the side-leaves) sub-

transversely inserted, imbricated, concave, oblong, variously

erose-dentate along margin in upper part and at apex; gemmae
oval to pyriform, arising singly or in chains from the margin

and outer surface of the leaves and finally from the stem-

apex, one-celled or usually two-celled, with a thick outer wall

and a thin transverse partition, occasionally mixed with slime-

papillae.

On banks. Greenland: Claushavn (^^r^^r^;?); Cape Stewart (//a^/-^);

Hurry Inlet, Cape Franklin, Cape Mary {Dusin). Yukon : Dawson {Wil-

liams)\ Hunker Creek, Gold Run Creek {Macoun). Ontario: "25 miles

north of Michepicoten and near Otter Head, Lake Superior" {Macoun), the

type localities. Minnesota: near Grand Marais, north shore of Lake

Superior {Holzinger). Also reported from Spitzbergen {Berggren) and from

Norway {Kaalaas^ Jorgenseft),

Exsic.: Can. Elep. loi (as Cephalosia Atistinz).
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mm

2. Odontoschisma Gibbsiae, sp. nov.

—

Plate XIX, figs. 2g-j4,

Plants 3^ellowish green, more or less tinged with red or brown,

growing in depressed mats or creeping among other bryophytes:

stems sparingly and irregularly branched, 0.3 ""^ in diameter,

prostrate, ascending at the tips; flagella postical or terminating

leafy branches; vegetative branches varying from postical to

lateral; rhizoids scanty: leaves imbricated, strongly concave,

increasing in size from the base of a leaf}^ axis, orbicular, i

long, not bordered, attached by an oblique line of insertion,

slightly decurrent antically and more or less dilated at postical

base, arching to or beyond the middle of the axis, margin entire,

apex rounded: leaf-cells 16x23/^ at edge, igfi in diameter in

the middle and 23//- at the base, with very large and occasionally

confluent rounded trigones; cell cavities stellate with distinct

pits; pigmentation when present limited to the lining of the

cavity, not affecting the limiting membrane of the pits nor the

outer part of the very thick smooth or minutely verruculose

cuticle: underleaves minute, except at the base of a branch,

irregular in shape, sometimes vaguely bidentate : inflorescence

unknown: gemmae and gemmiparous branches similar to those

of O, Macounii but the latter with more loosely imbricated leaves.

On a log; British Columbia: Port Renfrew, Vancouver Island {Miss

Gertrude Gzbbs), the type locality,

3. Odontoschisma denudatum (Mart.) Dumort. Recueil d'Obs.

sur les Jung. 19. iS"^^.—Plate XIX, figs. jj-jS,

Jimgermannia scalaris, van ? denudata Martius, Fl. Crypt. Eriangensis

183. 1817.

Jnngermanjtia de7iudata Nees; Martius, op, cit. praef. p. xiv. 1817.

Pleuroschisma {Odontoschisma) denudatum Dumortier Syll. Jung. Eur.

69. 1 83 1.

Sphagnoecetis com?nu7iis p macrior Nees, G. L. & N. Syn. Hep. 149- 1845.

338. 1848,

Huebneriana Rabenhorst, Deutschlands Krypt.-Flora 2:

Huebnerianu7n

Cephalozia {Odontoschisma) demedata Spruce, On Cephalozia 61. 1882.

Odontoschisma Sphagni p denudatum Massal. & Carest. Niiovo Gior.

Bot. Ital. 14:238. 1882.

Odontoschis?na Sphagni van macrior Meylan, Bull, de THerb. Boissier

II. 1:629. igoi-
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On rotten logs, more rarely on shaded banks. Greenland ; Scoresby

Sound {Hari2), Nova Scotia : Pirate's Cove and Baddeck {Macoun).

New Brunswick: Campobello (i^^r/^^w), Ontario: Ottawa and Bellville,

{Macoim). New Hampshire: Shelburne {Farlow)\ Franconia (J/r^. Ciirtis)\

Jackson {Evans), Vermont: Mt. Mansfield and Lake Dunmore {Farlcw),

Massachusetts: New Bedford (/;/^ra^a7«); Magnolia (T^^r/i^-zi/). Connect-

Salisbury and Hamden [Evans), New York: near Syra-

I

Windsor

Wat
Atsion (^z'a;/^). Delaware: Newark {Conwions), District of Columbia

{Holzinger). Virginia: Marion [Mrs, Britton and Miss Vail), North
Carolina; Salem {Schweinitz), Ohio {Stilltvant), Tennessee {^Rutfi).

Florida : Monticello {Lighthipe), Alabama : Mobile {Mohr) ; Citronville

(^tz-^-?r). Louisiana : Covington {Langlois), Widely distributed in Eurojpe

and in northern Asia : also reported from tropical America.

4

Mtisci Sphagni, var. 2); Hep
Huebneria7ttint)\ Hep

Hep

4. Odontoschisma Sphagni (Dicks.) Dumort, Recueil d'Obs.

sur les Jung. ig. 1835.— Plate XIX, Jigs, jg-41,

Jungermannia Sphagni Dicks. Fasc, PI. Crypt. Brit, i : 6, 1785.

Pletiroschisvia {Odontoschisma) Sphagni Dumort. Syil. Jung. Eur. 68.

1831.

Sphagnoeceiis communis a vegeiior Nees, G. L. & N, Syn. Hep. I49*

1845.

Odontoschisma Sphagni var. Europaea Spruce, Journal of Botany 5 : 167.

1876.

Cephalozia {Odontoschisma) Sphagni, Spruce, On Cephalozia 60. 1882.

Cephalozia Sphagni var. Europaea Spruce, Hepaticae Amaz. et And. 401-

1885.

In bogs, creeping over Sphagnum or Leucobryum, Nova Scotia :

Louisburg {Macoun). W The species

has also been reported, in North America, from Greenland {Berggren\ from

Miquelon Island {Delamare), and from various localities in the United States^

but all the latter references are probably incorrect.

5. Odontoschisma prostratum (Swartz) Trevis. Mem. R*

1st. Lomb. III. 4: 419. 1877.

—

Plates XIX, XX, figs, 42-64.

Jungermannia prostrata Swartz. Prodr. Fl. Ind. Occ. 142. 1788-

f Sphagnoecetis prostrata Nees; G. L, & N. Syn. Hep. 149. i845-

Pleitroschisma prostratum Mitt.. Challenger Rept. Bot. 1'
: 92. 1884.

Plants pale green, often tinged with brownish, growing in

depressed mats or creeping among mosses and other bog-plants:
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stems sparingly and irregularly branched, 0.25°'"' in diameter,

prostrate with ascending tips; branches all postical; rhizoids

scanty: leaves distant to loosely imbricated, plane or slightly

concave, varying in shape from orbicular to oblong, 0.7-1.4™'"

long, 0.75-1.3"""* wide, distinctly margined, attached by an

oblique line of insertion, slightly decurrent antically but not

dilated at postical base, margin entire, apex commonly rounded,

sometimes truncate, emarginate or bilobed : median and basal

leaf-cells 20/x in diameter, thin-walled and with minute but dis-

tinct trigones ; cell cavities polygonal with rounded angles

;

marginal cells 14 X 23^, forming one to four concentric rows and

often arranged in radial rows as well, their walls more or less

uniformly thickened with indistinct trigones ; cuticle somewhat

thickened, smooth or minutely verruculose: underleaves more

or less persistent, linear to subulate in shape, 0.15"*'" long, 0.05"^"^

wide, shortly bifid at the apex; slime papillae borne on the mar-

gin and more rarely on the postical surface, short-lived : inflo-

rescence dioicous : ? inflorescence on a short branch; involucral

leaves in about three rows, those of the innermost row i"""" long,

0.5"*"^ wide, ovate, bifid about one-half with slender spreading

acuminate lobes and narrow sinus, margin entire or with one or

two slender lobe-like teeth below the middle; leaves of outer-

most row smaller and relatively broader, rounded or slightly

bifid at the apex, margin entire; leaves of middle row inter-

mediate in character; perianth linear-ovoid, 3"'°' long, 0.9"°"

wide, slightly contracted at the base and at the apex, obtusely

three-keeled in lower part when young, terete when old, plicate

in upper part, mouth irregularly lobed or cleft, the lobes sub-

entire to short-setulose, the setae rarely more than one cell

long: ,5 inflorescence occupying a short branch ;
bracts in about

six pairs, complicate, shortly bifid with obtuse lobes and sinus,

inflated near the antical base and commonly with a short and

often inflexed tooth at about the middle of the antical margin;

bracteoles larger than the ordinary underleaves, ovate, more or

less distinctly bifid with subulate lobes ; antheridia borne singly :

capsule oval; spores brownish, i2/x in diameter, minutely ver-

ruculose; elaters 9/>t in diameter, bispiral : gemmae wanting.
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In bogs or swamps, more rarely on sandy banks or rocks. Massa-

chusetts : Woods Hole [Evans). Connecticut: New Haven {Eaton);

North Branford {Evans), New York: Staten Island {Underwood, Mrs.

Brzfion, Howe)\ Freeport, Long Island {Howe). New Jersey: Delaware

Water Gap and.Closter {Anstin)\ Locust and Highlands {Hfiss Haynes)\

Fort Lee {Howe)\ Avon {Lloyd)\ Atsion {Evans), Delaware : Wilmington

and Newark {Commons). District of Columbia [Hohinger). Virginia:

Nicks Creek, Marion, Dismal Swamp, and Virginia Beach {Mrs. Brition and

Miss Vail). North Carolina: Beaufort {Johnson). South Carolina;

Sumrn^rville {Miss Dubois). Georgia : Tallulah Falls {Underwood, Small).

Florida: Amelia Island (£"a/(?;z); Grand Island, Lisbon, Eustis, and Bland-

ton {Underwood)\ Port Orange and Lake Qwy {Straub). Alabama: Mobile

{Mohr). Mississippi: Bay St. Louis and Pass Christian {La?tglois)\ Ocean

Springs {Seymour). Missouri : Mine La Motte {Russell). Arkansas : Mal-

vern {Russell). Louisiana: without definite locality {Dru7nmond)\ Man-

dersville, Covington, St. Martinsville, and Opelousas {Langlois). Also

reported from Jamaica {Swarts), the type-locality, from various other stations

in tropical America and from Europe (see page 323).

Exsic. : Muse. Ainer. Si. Merid. 161 (as Jungermannia Sphagni) Muse.

Alleg. 228 (as Jungermannia Sphagni, var. i); Hep. Bor.-Amer. 61 (as

Odontoschisma Sphagni)\ Hep. Amer. 36 (also as O. Sphagni)\ C, Wright^s

Hep. Cubenses, without number (as Sphagnoecetis prostrata).

Very similar In appearance to 0. prostratum are sterile speci-

mens oi Jamesoniella atttumnalis (DC.) Steph. {^=Jungermannia

Schraderi Mart.), and the two species are often confused in her-

baria, both being referred to O. Sphagni. J. autumftalis com-

monly grows on decayed logs, but is sometimes found on shaded

banks or on rocks.. It has succubous undivided leaves and is

of about the same size as 0. Sphagni. It is, however, quite des-

titute of flagella; its leaves are not distinctly bordered, and its

leaf-cells are slightly larger, averaging 21/x in the middle of the

leaf and 28/i at the base. Of course, fruiting specimens of the

Jamesoniella are very distinct, the perianth being terminal on a

leading branch.

Odontosceiisma Pgrtoricense (Hampe & Gottsche) Steph.

Hedwigia, 27: 296. 1888,— /Y^/^ XX, jigs. 63-74.

Sphagnoecetis Portoricensis Hampe & Gottsche, Linnaea 25 : 343. 1852.

Plants yellowish green, growing in depressed mats : stems

prostrate, sparingly and irregularly branched, o-SS"""" in diameter;

^
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leafy branches varying in position from postical to lateral,

flagella postical or terminating leafy branches, sexual branches

(so far as known) postical; rhizoids scant}': leaves imbricated,

plane or slightly convex, more or less crispate, oblong to

Hgulate, on robust stems reaching a length of 2""" and a width

of I'""', not margined, attached by an oblique line of insertion,

slightly decurrent antically, more or less strongly dilated near

the postical base, margin entire or irregularly sinuate, apex

truncate or emarginate: leaf-cells averaging 23/i'in diameter at

margin of leaf, 28^ in the middle, and 32/xat the base, with

large, occasionally confluent, truncate or retuse trigones; cell

cavities stellate with rather broad and truncate pits, cuticle

thickened, smooth or minutely verruculose: uhderleaves minute,

less than 0,1"^"^ long, ovate to broadly orbicular, apex commonly
rounded; slime-papillae borne on the margin and on the postical

surface, short-lived: inflorescence dioicous: $ inflorescence on

a short branch; involucral leaves in about three pairs; leaves

of innermost pair free or slightly connate at the base, ovate-

oblong, o.i"*"^ long, 0.4°^™ wide, bifid about one-third with narrow

acute spreading lobes and narrow sinus, margin entire or

irregularly subcrenulate, sometimes with one or more lobe-like

teeth at about the middle of the sides ; remaining involucral

leaves shorter and relatively broader, those of the outermost row

orbicular, shortly bifid, with acute tooth-like lobes; perianth

linear in outline, 3""^ long, 0.8 """^ wide, slightly contracted at

the base and apex, terete (when old) in lower part, plicate in

upper part, mouth irregularly lobed or cleft, the divisions ciliate

with cilia one to five cells long: remaining parts not seen.

Porto Rico {Schwanecke), the type locality. Cuba {Wright),

Exsic: C. Wright's .i7>/. Ciibenses, without number (under a manu-

script name of Gottsche).

The type-specimen of O. Portoricense in the herbarium of the

British Museum is a little less robust than some of the Cuban

specimens distributed by Wright. It agrees, however, very

closely with other specimens in Wright's collection, and the

latter are connected by a series of intermediate forms with the
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robust specimens. There seems to be no reason, therefore, for

considering the Porto Rican and Cuban plants distinct.

There is no danger of confusing this very peculiar plant with

any of our northern species of Odontoschisma. It differs from

them, not only in its greater robustness, but also in its oblong to

Hgulate leaves with their edges parallel or nearly so except near

the base. Other differences have already been indicated in

discussing its relationship with Anomoclada mucosa.

In the preparation of this paper I have received valuable

assistance not only from the botanists already mentioned but

more especially from Professor L. M. Underwood, Professor W.

G. Farlow, Dr. M. A. Howe, and Mr. W. R. Maxon. Through

the kindness of these gentlemen I have been allowed access to

the valuable herbaria under their charge and have also been

provided with material for study from their private collections.

Yale University.

EXPLANATION OF PLATES XVIII-XX.

The figures were drawn by the writer and prepared for reproduction by

Miss Edna L. Hyatt,

PLA TE XVIII,

Figs. 1-28. Odontoschisma Macounzt (Anst,) Underw,

Fig. I. Part of a plant bearing a lateral branch with perianth, antical

view, X 20.

Fig. 2. Part of stem, postical view. X 20.

Fig. 3. Male inflorescence, antical view, X 45.

Fig. 4. Longitudinal section through female branch and young sporo-

phyte, showing also the calyptra, two unfertilized archegonia, several slime-

secreting hairs, the perianth and three perichaetial leaves; somewhat

diagrammatic. X 45.

Fig. 5. Median leaf-cells, surface-view. X 400.

Fig. 6, The same, cross-section. X 280.

Fig. 7. Marginal leaf-cells, X 280.

Figs. 8, g. Young underleaves. X 280.

Figs. 10-12. More mature underleaves. X 280.

Fig. 13. Cells from margin of a well developed underleaf. X 280.

Figs. 14-16. Perichaetial bracts and bracteole, innermost row. X 20.

Figs. 17-19. The same, second row. X 20.

Figs. 20-22, The same, third row. X 20.



/

I

»

I

i
I

1903] ODONTOSCHISMA MACOUNII AND ITS ALLIES 347

Fig. 23. Cells from middle of perianth. X 280.

Fig, 24. Cells from mouth of perianth, x 280.

Figs. 25-27. Perigonial bracts. X 45.

Fig. 28. Gemmae, X 400,

Figs. Q, II and 12 were drawn from Minnesota specimens collected by

Holzinger; the remaining figures were all drawn from the Yukon specimens

collected by Macoun.

PLA TE xrx.

Figs. 29-34. Odonioschisma Gibbsiae Evans.

Fig. 29. Part of stem, gemmiparous and with three-ranked leaves

above. X 18.

Fig. 30, Part of stem, postical view. X 18.

Fig. 31. Median leaf-cells. X 350.

Fig. 32. Marginal leaf-cells. X 250.

Fig. 33. Young underleaf. X 250.

Fig. 34. More mature underleaf. X 250.

The figures were all drawn from the type specimens.

Figs. 35-38. Odonioschisma denudatitm (Mart.) Dumort.

\ Fig. 35. Median leaf-cells. X 350.

Fig. 36. Marginal leaf-cells. X 250.
' Fig. 37. Young underleaf. X 250.

Fig. 38. More mature underleaf. X 250.

The figures were drawn from Connecticut specimens collected by the

writer.

Figs. 39-41. Odontoschisma Sp/ia^-nz (Dicks,) Dumort.

Fig, 39. Median leaf-cells. X 350.

Fig. 40. Marginal leaf-cells. X 350,

Fig. 41. Underleaf, antical view, not showing the slime-papillae on the

postical surface. X 250.

The figures were drawn from specimens distributed in Gottsche and

Rabenhorst's He/*, Eur, 399.

Figs. 42-54. Odontoschisma prostration (Swartz) Trevis.

branch

postical sterile branch. X 18.

Fig. 43. Part of stem, antical view. X 18.

Fig. 44. .Part of stem, lateral view, showing flagella. X 18.

Fig. 45. Male inflorescence, antical view. X 40.

Figs. 46-48. Perichaetial bracts and bracteole, innermost row, X 18.

Figs. 49-51. The same, second row. X 18.

Figs. 52-54. The same, third row. X 18.
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PLA TE XX,

Figs. 55-64. Odontoschisma prostratum (Swartz) Trevis-

FiGS. 55, 56. Median leaf-cells. X 350.

Figs. 57, 58. Marginal leaf-cells. X 250.

Fig. 59. Young underleaf. X 250.

Figs. 60-62. More mature underleaves. X 250,

Fig. 63. Cells from mouth of perianth. X 250,

Fig, 64. Perigonial bracteole, X 250.

Figs. 56, 58, 61 and 62 were drawn from Cuban specimens distributed by

Wright; the remaining figures were drawn from Connecticut specimens

collected by the writer.

Figs. 65-74. Odontoschisma Portoricense (Hampe & Gottsche) Steph.

Fig. 65. Part of stem with lateral branch, antical view. X 18.

Fig. 66. Part of stem, postical view. X 18.

Fig. 67. Female branch with perianth. X 18.

Fig. 68. Median leaf-cells. X 350.

Fig. 69. Marginal leaf-cells. X 250.

Fig. 70. Underleaf. X 250.

Figs. 71, 72. Innermost bracts and bracteole from the same involucre.

X 24.

Fig. 73. Innermost bract from another involucre. X 24.

Fig. 74. Cells from.mouth of perianth, X 250.
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I

THE VEGETATION OF THE BAY OF FUNDY SALT
AND DIKED MARSHES: AN ECOLOGICAL STUDY.

I CONTRIBUTIONS TO THE ECOLOGICAL PLANT-GEOGRAPHY
OF THE PROVINCE OF NEW BRUNSWICK, NO. 3.

W. F. Ganong.

{Continnedff'om /, jo^.)

Synopsis of the grouping of the vegetation of the marshland.

A. Halophytic division, including the halophytic formations

or Halophytia.

I . Wild salt'marsh formation (Limfwdium )

.

» _

1. Spartina stricta or sedge association, or Spartinetum.

2. Salicornia-Suaeda or samphire association, or Salicornetum.

3. Statice-Spartina juncea or fox-grass {?nezoite) association, or

Staticetum.

B. Mesophytic division (Culture section), including the meso-

phytic formations or Mesophytia.

II. Reclaimed salt-marsh formatio7t^=^ meadow Jormation

(Poium )

.

4. Phleum-Agropyrum or timothy-couch association, or Phleum-

ETUM.

5. Roadside ^i?.?^/ association, or Cnicetum.

C. Hydrophytic division, including the hydrophjtic formations

or Hydrophytia.
III. Wet-marsh form^ation ( Telmatiiun )

.

6. Spartina cynosuroides or broadleaf association, or Macrospar-

tinetum.
w

7. Carex-Aspidium or hog-marsh association, or Aspidetum.

IV. Bog formations.

8. Carex-Menyanthes or^^a//;?^ (5^^ association, or Caricetum.

9. Heath or ^fa/-^^^ association, or Ericetum.

10. Sphagnum or raised bog 2l%soz\z.\Xoxv, or Sphagnetum.

V. Water margin formation {^Nematiiim).

VI. Szvamp formation {Hclorgadium),

1903] 349
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A. HALOPHYTIC DIVISION {HALOPHYTTA).

Cojisists of herbaceous plants of compact low growth, small size,

and xerophytic striicttire, these features being determined by the

presence of much salt, which both prevents the ready absorption of

water reqidsite for large size and diffuse habit, and also, bei?ig itself

i?ijurioiis to the vital processes a7id ?iot removable by pla?its from the

absorbed zvater, requires the developme?it of water- conserving adapta-

tions to preve7it its concentration in the tissues by transpiration. The

division here includes but a single formation,

I. THE WILD SALT-MARSH FORMATION (lIMNODIUm).

Consists of slender-rooted and surface-following grass-like

plants (this feature being determined by the fineness and com-

pactness, and hence the poor aeration of the soil, which does

not permit thick roots), mostly wind- or self-pollinated and wind-

disseminated and late blossoming. The area of the salt-marsh

has been restricted to a small fraction of the original area by

reclamation through diking, and includes at present only a fringe

outside the dikes,^^ together with certain points (shown in

fig. 2) unprofitable from their form to dike,

includes three associations.

The formation here

I. THE SPARTINA STRICTA, OR ** SEDGE " ASSOCIATION, OR SPARTINETUM.

The characteristic association of the immediate edge of the

salt water extending typically as a belt just above and below

ordinary high-tide mark and further distinguished to the eye by

its bright green color, and the stiff habit and close growth of its

plants [figs, J, 8, g, lo, ii). It extends also in isolated clumps

much below high-water mark (the "sedge-bogs"), follows the

ditches inside the dikes, occupies depressed areas amongst the

Staticetum on high marsh, and takes possession of the lakes in

process of reclamation. The association comprises but a single

vegetation-form as follows:^^

3* This fringe extends not only along the sea but also along the rivers to near

their heads (as shown by/^, 7), though for the sake of clearness this is not shown on

the ma.p,^g, s.

3? There occurs sometimes with it, or at all events in its situation, and especially

on the little "cliffs" where the high marsh is being worn away, an abundance of a

green alga, Enteromorpha clathrata (Roth.) J, Ag. (auc. G. T. Moore).
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f

Spartina stricta glabra Gra3\ Spartina stricta maritima

(Walt.) Scribn. Figs, g-io.—Called in the marsh country sedge

(usuallypronounced "sage''). Themost characteristic and extreme
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Fig. 7.— Diagrammatic map of a typical portion of the marshland, showing the

idea! distribution of the principal associations (excepting the Aspidetum, on which

see in/ra)\ In the upper left hand is a lake in process of reclamation; on the river

banks are represented three of the "sedge-bogs." The line AB is the position of the

cross-section shown in Jig. 8.
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salt-enduring plant (halophyte) of the marshes, following every-

where except on the newest marsh the margin of the salt water^

from the open sea, where it is stunted to 6 '"^ (15^°") or less in

height, along the tidal rivers, where it forms on their slopmg

banks much below high-tide mark dense clumps of a few square

feet in area (locally called ** sedge-bogs *')
, following the salt

water through leaky sluices inside the dikes, and elsewhere in

ditches behind the dikes, and reaching its perfection of size,

some 3 to 4 ^ (i to i-SO"") in the brackish water of the lakes in

process of filling with new mud. It is the dominant and the

only member of the association (Spartinetum) in w^hich it occurs.

This species is a very typical representative of an important

iaMc»»^>^*S tf-*^^**^
ammmmmmmmmi

Fig. 8.— Cross-section of the region represented in fig, 7, at the dotted line.

vegetation-form. It consists of a system of perennial branching

rootstocks running just beneath the surface, well sheathed by

leaf bases, giving off extremely slender roots, protected by a

fine-celled, thick epidermis and containing numerous large air

passages, which, in connection with those of the leaves, explain

the plant's power to withstand prolonged immersion. From the

rootstocks risefrequentshort vertical stems, completely and tightly

enwrapped and protected by the bases of the half dozen or more

stiffly erect, more or less inrolled slender leaves, their sizes

varying inversely with the degree of salt to which they

exposed. The leaves are smooth on the back, which is covered by

a very small-celled, thickly cutinized epidermis supported by a

collenchymatous and sclerenchymatous hypodermis, and is prob-

ably quite impenetrable to water and gases ; their inner face,

however, is folded into deep grooves, at the bottoms of which lie

few stomata, with the large water-storing cells near them. The

mechanism appears to be such that the fulness of the latter cells

holds the leaf flat, thus opening the grooves, giving the stomata

free outlet to the atmosphere outside, but the withdrawal of

are
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some of this water allows the elastic back to curl the leaf and

close up more or less the grooves and hence protect the stomata,

one of the most efficient regulatory mechanisms to control trans-

piration according to water supply known to me. Chlorenchyma
is palisaded especially towards the inner face; large air spaces

exist, communicating with those of the root, and the epidermis

is not wetted by water, all permitting the immersion of the plants

1*IG. 9.— Showing the three typical associations of the salt marsh. The Sparti-

netum on the left and the Staticetum (with its marginal Slatice) on the right are

advancing upon the Salicornetum in the center.

for some *time. It propagates apparently mostly by root-

stocks, and good seeds and seedlings appear to be rare. It is

wind-pollinated and wind-disseminated.

Its specific physiological correlations appear to be unstudied.

On account of the failure of all my seeds to germinate, I was

unable to determine the resistance of its root-hairs toplasmolysis,

but analogy with Salicornia would lead us to expect a high degree

of resistance. 38

3^ It seemed to me likely that the power of the halophytes to stand salt might be

connected with a power in their root-hairs to withstand plasmolysis by sea water.

Accordingly I procured some pure sea-water from Bale Verte, N. B., and,"with distilled
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The ability of this form to occupy its peculiarl}^ trying habitat,

with its abundant salt, frequent and prolonged immersion, and

shifting substratum are amply explained by its adaptive struc-

tures above considered, notably its xerophytic anatomy combined

with a very perfect transpiration-regulating mechanism, its

capacity for copious air storage, and its system of interlacing,

firmly anchored rootstocks, to which maybe added the probable

specific power of its root-hairs to resist plasmolysis by salt water.

It is of course because no other plant possesses anywhere near

the same combination of qualities that it reigns supreme, without

competitor or companion, in its own peculiar habitat. There

are forms which can stand as much immersion, and forms

which can stand as much salt, but no forms which can stand

a combination of these two conditions in so extreme a

degree.

Like all other associations it tends to spread outside its own

typical habitat. With the slow, irresistible, phalanx-like advance

of its rootstocks, it easily enters the habitat of the Salicornetum,

and utterly defeats and destroys that association ; it then advan-

ces upon the Staticetum against the margin of which it can pre-

vail, to some extent, but ultimately it is overcome by that

association, excepting where depressions with their Salter soil

enable colonies of it to thrive. In the lakes it is finally over-

come by the broadleaf.

water, made solutions of all strengths from \q% to 90^. I gathered all the seeds of

, halophytes I could procure myself or by aid of a correspondent at Sackville (Mr. F. A^

Dixon), and started them with fresh water in Zurich germinators. As soon as root-

hairs appeared I tested them with the various solutions, and noted for each kind the

solution which just initiated plasmolysis. I found a close correspondence between

the halophillsm of the plant and the power of its root-hairs to resist plasmolysis, the

details being given with the various species in the following pages. This shows that

the power of the plants to resist the salt water is correlated with and probably dependent
w

upon the ability of the root-hairs to resist plasmolysis. This power has of course

been gradually acquired, but what its physical basis is I do not know; though we shall

probably find that substances osmotically equivalent to the salt of the sea-water have

been formed in the sap of the hairs. In several cases (Hordeum, Couch) it was notice-

able that no plasmolysis occurred with certain solutions as long as the hairs were alive,

but it occurred after they were dead. Several forms (Statice, Plantago) showed marked

jelly-like caps to the young roots, seemingly an adaptation to slower water-entrance.

The study of the roots of these halophytes will give interesting results.

f
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2. THE SALICORNIA-SUAEDA OR SAMPHIRE (LOCALLY CROWFOOT) ASSOCIATION, OR
SALICORNETUM.

The characteristic association of the newly formed and form-

ing marsh, occurring typically from the lowest high-tide marks
to the highest marsh, hence overlapping the territory later

occupied by the Spartinetum from below and the Staticetum

from above, and further distinguished by its usually loosely open

T '-"^

- -. i

^ft

- :»

'ft

^%J^^ '^

^M i"*
'i^- % ^r J* HVr^V^:^- J

k

Fig. 10.— Showing Spartinetum on the left (and occupying a depression on the

right) advancing upon the Staticetum (showing Statice clearly) in the center, Sali-

cornetum obliterated between them as an association, but occurring as scattered

individuals in the Other associations. The fence-like structure is a protection to the

dikes against the wash of the sea.

formation, the small size and succulent habit of its members,

_ 7. S. a. I2\. It extendsand their usually reddish ifg-

inside the dikes, especially on newly flooded marsh, along the

marsh roads and on the bald places, and uponany newly exposed

marsh soil, as on new dikes, ditch margins, dredge-mud, etc. It

is especially well developed where cattle run on the salt marsh,

apparently because the cattle keep down the Spartinetum and

Staticetum. In general its members are smaller, more stiffly

upright, sparser, and redder the salter the place, and are more
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luxuriant, larger, more spreading, and greener the fresher the

place.

The association is composed of two dominant members,

Salicornia herbacea, or samphire, and Siiacda linearis, which

appear to be as a rule about equally abundant and prominent, and

of two secondary forms, especially coming in on the higher and

drier side, Spergularia borealis and Atriplex hastatum patiilum.

^^^^/Mi^

r

Fig. 1 1.— Showing Spartinetum on the river bank on the right advancing on the

Staticetum on the left, with contact line in the center. The Statice can be seen

within the margin of the Spartinetum. In the background is an aboideau crossed

by a railroad.

Salicornia herbacea L,— Called in the marsh country crow-

foot, and sometimes samphire. Next to the Spartina the most

abundant and characteristic halophyte of the marshes, mixing

occasionally with the Spartina, but commonly in a belt landward of

it and hence in less wet situations; especially characteristic of the

zone between the high-tide marks of neap and spring tides, and

of newly forming marsh on convex river curves, where it is often

the only plant for considerable areas, but being an annual it is

somewhat irregular in distribution (^gs, 9-12). In the saltest
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places it is not over three inches cm
) in height, red in color,

and stiffly erect; extends also inside the dikes on the bald places

and along" the roads, where it may become several times larger,

decumbent and spreading and clear green. The dominant mem-
ber of the Salicornetum.

Its vegetation-form is well-known and characteristic. It is a

fibrous rooted annual, with a jointed, branching, succulent, prac-

FiG. 12.— Showing a'typical piece of Salicornetum on new marsh.

tically leafless stem, tending to verticality of green tissues,

varying in size inversely with the saltness of the habitat. Its

anatomy is markedly xerqphytic, for in addition to the reduction

of surface, the jointing and verticality described above, it pos-

sesses a compact stele (with cortical system of bundles replacmg

ose of the abandoned leaves) thick water-storing cortex, dense

palisaded chlorenchyma, small-celled thick-cuticled epidermis,

small and narrow-slitted stomata, all markedly xerophytic fea-

tures. The air storage system, however, is limited, consisting of

intercellular spaces of ordinary size, and certain air-storing

tracheids near the stomata. This is sufficient, however, to per-

th
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mit the occasional immersion which the plant undergoes at

the higher tides, but is insufficient to permit immersion so pro-

longed as that of Spartina, It is this feature that determines

the difference in position of the two plants ; the Salicornia can

apparently stand as much salt as the Spartina, but it cannot

stand long immersion, and hence it is confined to a higher

position on the river banks.39

The physiological correlations of the species appear not to

have been studied. I have, however, found that the root-hairs

of the seedlings can withstand without plasmolysis a solution of 90
r

per cent, pure sea-water, which fact helps to explain its halophytic

capacity. It is wind-pollinated, and apparently, wind-dissemi-

nated, though the seeds are provided with hooked hairs. It

appears to me to be polyembryonic

SuAEDA MARiTiMA Dumort. Dofidia maritima (L.) Druce.

—

Appears to have no local name. Occurs most commonly inter-

mixed with the Salicornia, though extending into less salt places,

and forming the second member of the Salicornetum {^fig^ 12)^

Vegetation-form in a general way approaching that of Sali-

cornia, but a leaf- instead of a stem-succulent and much less

markedly xerophytic. Its root-hairs can endure 60-70 per cent,

salt water without plasmolysis. Fibrous-rooted annual with semi-

succulent stem, usually prostrate but sometimes In saltless places

erect, with efficient epidermis having a thick cuticle and much

collenchyma, bearing numerous somewhat succulent bluish green

slender leaves which can be up to 2'" (5'''") long. Leaves

with large rounded epidermal cells, and stomata about equal on

all faces, dense palisaded chlorenchyma and some water-storing

cells. The leaves afford some protection against transpiration

to one another and the stem by overlapping. Little trace

of air-storing system, and hence not enduring immersion well,

which explains why it grows rather higher on the beaches than

the Salicornia. It is wind-pollinated and apparently wind-

disseminated.

Spergularia borealis Robinson. Tissa dmadensis (Pers.)

39Diehrs conclusions that this plant has a power of removing salt chemically from

its tissues are not substantiated.
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Britton.—Apparently has no local name in the marsh country.

Occurs to some extent with the Suaeda and Salicornia but be-

longing to less salt and wet places than either, and hence

characteristic of the very highest and driest spots of the wild

marsh
; especially prone to wander inside the dikes on low place's

and along the roads.

Vegetation-form nearly identical with that of Suaeda, but

smaller, more profusely branched and decumbent, and more leafy,

with the leaves somewhat more slender. It is of a brighter

green than the preceding, and unlike any of the preceding, bears

pale pink or whitish star-like apparently entomophilous flowers.

Atriplex patulum L., vars. hastatum Gray and littorale Gray.

Atriplex patula L. and A, hastata L.—Appears to have no recog-

nized local name. Occurs with the Salicornia and Suaeda,

especially on their drier side, when it is not much taller than

they, as a rather inconspicuous member of the Salicornetum, but

extends also upon the dikes, when it occurs as a band, usually

on the inner, lower side of the dikes; extends also within the

dikes, especially upon newly flooded marsh, where it may
become waist high.

The species represents a distinct vegetation form, a fibrous-

rooted annual with erect stem and petioled hastate (var. hasta-

tum) or linear (var. littorale) leaves, the whole plant varying in

size from a few inches on the saltest places to near 3^ (l"") on

newly flooded marsh. The plant exhibits in its vertically adjust-

able leaves which are extremely well marked in the young state

on the salt marsh, in its thick cuticle, dense palisade, and its

abundant covering of scales (giving It its characteristic scurfy

or mealy appearance), xerophytic adaptations, adapting it to its

halophytic habit. Its root-hairs endure nearly 40 per cent, salt

water without plasmolysis. There appears to be no constant

relation between the distribution of the linear and the hastate

leaved forms and the environment, though each kind occurs as

a rule largely by itself. It is wind-pollinated and wind-dissem-

inated.

The chief characteristics of this association as a whole, its

rapidity of appearance on new marsh and its ability to endure
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much salt but little immersion, are amply explained by the

adaptations of the members above described, notably their annual

character and excellent mode of dissemination, their xerophytic

structure, and the power of salt resistance possessed by their

roots (at least in the two dominant members).

The members of the association grow often fairly intermingled,

but elsewhere one or the other form may predominate, even for a

considerable area, to the exclusion of the others. This irregular-

ity of commingling is probably due to the fact that, all of them

being annuals, the precise place of their occurrence in any given

year is largely a matter of accident, due to the way the seed dis-

tributing agencies of wind and w^ater happened to drift them the

preceding year. Another irregularity comes from the general

tendency for the Salicornia to be nearest the water, the Suaeda

next, the Spergularia and Atriplex last, a distribution amply

explained by the comparative degrees of xerophilism and air-

storing capacity of the members, as above described.

Since the members are all annuals, all of nearly the same size,

and all grow in an open order interfering little with one another,

it is possible that this association is simply a mixture of forms

which happen to be adapted to a similar habitat, with no ecolo-

gical bond, but only coincident interests, between the members,

Indeed, in the present state of knowledge, it is impossible to say

that this is not the case with the members of all associations,

though I think not, as will later be discussed.

Although thus very prompt to take possession of new marsh,

this association can hold its ground only temporarily, for the

slow-moving Spartinetum advances upon it from below, and the

Staticetum upon it from above, until between the two it vanishes,

and disappears as an association from old marsh, existing only

as scattered individuals, visitors, among the other associations.

It represents a sort of annual light infantry quick to occupy new

territory, but easily displaced by the resistless advance of the

heavy phalanxes of the perennial associations.

The readiness with which this association takes possession of

new marsh makes it the first to appear on the new surface pro-

duced by artificial flooding. When the tide is shut out all the
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members increase immensely in size, even, in the case of Atriplex,

to waist high, after which they are displaced by the perennials.

But this subject will be considered later under another heading,

3. THE STATICE-SPARTINA JUNCEA,OR FOX-GRASS (LOCALLY MEZOTTE) ASSOCL\TION,

OR STATICETUM.^^

The characteristic association of the highest salt marsh, over-

flowed only by exceptionally high tides, and representing the

highest development of salt-marsh vegetation—its matured con-

dition {^figs, 7, 8, g, 10, II, IJ, 14). Distributed on all the

Fig. 13.— Typical piece of mature Staticetum showing Ilordeum (barley-grass.)

prominent in the center, and some scattered Sj>ariina cynosuroides (broadleaf), etc.

The finer grass is the Spartina juncea (fox-grass), and with it is some Statice.

highest parts of the wild salt marsh, and occupying the berme-

bank built by the sea along the rivers outside of the dikes, and

distinguished by its dull-green color in various shades, and the

very dense, almost turf-like growth of its grass-like plants. It

forms real salt meadow (yielding the salt-marsh hay), but is little

luxuriant as compared with the meadows of the reclaimed marsh.

It does not often, if at all, extend as a whole within the dikes,

although some of its members do. Its dense growth appears to

enable it to stop some of the mud brought to it by the very high-

^ Statice is not so characteristic of this formation as is Spartina juncea, and it

would be better called Spartineium were that name not preempted for the Spartina

stricta association, which latter having but a single member, of course admits of no

other name.
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est tides, by which, with the aid of its own decaying parts, it can

build itself somewhat above the marsh, thus affording conditions f
I

for a limited mesophytic herbaceous vegetation, though this

appears never to go very far, and never to include any woody

plants whatsoever. In other places, small abrupt knolls of

similar vegetation occur, which appear to be due to low hillocks

pushed up by floating ice, though this point is uncertain. This

association is composed of two dominant, with several secondary

and some occasional members, as follows :

Statice Limonium Carolinianum Gray. Limonhim Caroli-

niaiium (Walt.) Britton.—Locally called wild cabbage. A very

characteristic plant of the marshes, an important member of the

dense vegetation of the high marsh with which it is much inter-

mixed, and beyond which it extends in scattered clumps on new

marsh, thus forming the vanguard in the advance downward upon

the Salicornetum ; also frequently in a band along the lower

outer side of the dikes {^figs, 10, 11) .
-

A very marked vegetation-form, and the only one of the kind

on the marsh ; a rosette perennial, producing a cluster of radical

petioled broad smooth leaves, usually so numerous as to afford

one another much protection, and capable of much change of

position according to surroundings. The plants are smallest on

the saltest places, with leaves but 2-3*° (S-S'^™) long, and largest

on the high grassymarsh when the leaves maybe nearly I2'''(30*'"'

long. Its leaves, stem, and root all possess a very abundant

mucilage (apparently its chief xerophytic character), occurring

even in the epidermis, and apparently intermixed with much

tannin (which turns the plant black in formalin), a well but not

extremely developed epidermis and cork. Its root-hairs can

endure 50 to 60 per cent, of salt water without plasmolysis. It

appears to attain its full size in a single season from seed, which

explains the rapidity with which it takes possession of new

marsh. It blossoms very late (in full bloom August 2^, 1899)^

like other halophytes. Insect- and wind-pollinated. Like some

other halophytes, it forms a jelly coating around its young roots,

especially at the cap.

Plantago maritima L.—Locally called goose tongue. Occurs

/
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abundantly among the Statice, especially as the latter advances

on new marsh and at times in areas by itself; also sparingly

with the Spartiim juncea, as a fairly constant but not prominent

member of the Staticetum.

A distinct vegetation-form, a stemless perennial with radical

cluster of a few succulent linear leaves, giving it a somewhat grass-

like habit. Its structure is moderately xerophytic, with thick

cuticle and densely palisaded chlorenchyma. Wind-pollinated

and wind-disseminated. Its size varies from 3 or 4''' (7-10

high in the saltest places to 12'" (30*="") in less salt places. It forms

a jelly coating over its root cap, and can withstand nearly 60

per cent, of salt water without plasmolysis.

Spartina juncea Willd. Spariiiia pateiis (Ait.) Muhl.—Fox
grass or mezotte.^' The most abundant and characteristic grass of

the high salt marsh, intermingled with the other plants in the

Staticetum, and also occurring in dense mats, especially in the

slight depressions next the dikes. Rarely cut for ha3\ {^Figs.

A representative vegetation grass-form, composed of slender

branching rootstocks, sending down very slender roots, and send-

ing up very copious culms 6-12''' (15-30*^^) in height, bearing

slender inrolled leaves of somewhat xerophytic structure.

Puccinellia MARiTiMA Pari.—:Occurs amongst the Statice in

isolated bunches, and also in larger isolated patches amongst the

Sparti?ia ju?icea. Distinguished from the Spartina by its larger

size, lighter color, and tendency to grow in radiating tufts.

A vegetation-form not very different from the Spartina juncea

but tending to grow somewhat after the manner of a bunch grass,

especially as it appears on new marsh.

Festuca ovina L.^^—Occurs intermingled withngled with Sp.

and Puccinellia, and very like them in vegetation t3'pe.

J Black grass. Occurs in dense radi-

*^So pronounced locally; it is an Acadian French word, used (as misette) in 1685

or earlier (Casgrain, Un pelerinage au pays d'Evang^line—29. Paris, 1890.).

*'When the Puccineljia and Festuca grow together densely, as they sometimes do

on the marsh, it is not easy to distinguish them unless in blossom, and I may be some-

what in error as to their relative abundance and part in the association. It is pos-

sible, too, that some others may occur which for this reason I have missed.
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ating clumps in the Staticetum, but not especially abundant.

Vegetation-form approaching closely to the grasses amongst

which it grows.

Triglochin maritima L.— Scattered irregularly and not

abundantly in the Staticetum, but more abundantly on the wet

fresh marsh. Vegetation-form closely approaching the grasses

amongst which it grows.

HoRDEUM juBATUM L.—Barley grass. Occurs upon the highest

(

Fig. 14.— Showing a dike with Agropyrum (Couch) on the left, and typical

Staticetum on the right. Beside the dike, in the center, is a zone of pure Spartina

juncea (fox-grass).

nd

part of the salt marsh {fig. ij) , where it often is in great abi

dance and very conspicuous; also on the dikes in places, a

especially abundant upon newly flooded marsh.

Vegetation-form near to other grasses, but with an unusually

perfect system of dissemination, and apparently able to grow as

an annual, whence the rapidity with which it enters new places.

Its root-hairs stand over 40 per cent, pure salt water without

plasmolysis.

Glaux maritima L.— Occurs scattered among the other

members of the Staticetum, and apparently little gregarious.
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A perennial herb of somewhat fleshy structure^ not occurring^

in as salt places as its appearance would imply.

All of the members of this association are characterized by a

moderately xerophytic structure, but with little provision for air

storage, explaining well their position as occupants of the high

marsh, which is rarely overflowed and from which a part of

the salt at least is removed by superficial drainage.

The dominant members of the association are the Spartina

(fox-grass or mezotte) and the Statice, with the Puccinellia and

Plantago as important secondary members, and Festuca, Jun-

cus, Triglochin, and Hordeum as less important, while Glaux is

subordinate. The Spartina is the most important of all, forming

the greater part of the association on the high marsh, and occur-

ring here and there, especially in the slight depressions just out-

side the dikes [fig, /^), in large stretches unmixed with the others.

In such places it forms a dense close turf. Elsewhere the Sta-

tice occurs intermingled with it {figs, p, 13, /^), probably in such

positions deriving some protection from transpiration for its

broad leaves by the shade of the Spartina, but the Statice is especi-

ally important as the marginal member of the association particu-

larly in its advance upon new marsh [figs, p, 10, 11). It advances

upon and displaces the Salicornetum, and then engages the Spar-

tinetum advancing up the beach, the two associations mingling

along the line to some extent [figs. 10, 11). The line of con-

tact between these two represents one of the lines of competi-

.
tion to which I have given much study, with no results of value.

When advancing in this way upon new marsh the Statice often

forms so distinct a band that one is tempted to assign it to an

association by itself, the more especially as it also so often

occurs in a band on the angle of the dikes just inside of the fox-

grass
[fig, /j); but the luxuriance with which it grows along

with the fox-grass shows it to be properly a member of the

same association with that, while its distinctness on new marsh

is plainly due simply to its more rapid power of spread. Closely

following and intermingling with the Statice comes the Plantago,

which also sometimes exhibits an indistinct band by itself, par-

ticularly between fox-grass and Statice. Intermingled with the
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fox-grass comes the Puccinellia, which occurs in scattered dense

radiating clumps, like a bunch-grass, in part here and there

amongst the fox-grass, from which it is distinguished by its

lighter color, and in part as scattered clumps on new marsh fol-

lowing the Statice in its advance. The Festuca is less common
but grows somewhat after the same manner, as indeed does the

Juncus or black grass. Triglochin occurs scattered among the

other members, and seems equally at home here and in the fresh-

water associations later to be noted, and Glaux is likewise scat-

tered. Hordeum comes in only when the association reaches

its greatest development on the highest marsh, and it occurs

often as a band on the dikes above the other members. Scat-

tered plants of Spartina stricta, Salicornia, Suaeda and Atriplex

also occur as visitors, especially with the Statice, When this

association reaches its greatest development on the highest

marsh, it consists of a dense closed growth of all of the forms

intermingled, and this constitutes the characteristic mature marsh.

Upon it then develops the Hordeum {Jig^ij)^ In this condi-

tion it can apparently build itself somewhat above the general

marsh level, in part through the aid of the mud held by the

plants when brought to them by the occasional extreme tides,

and in part from the decay of their own members; and upon the

higher places of this kind come in the occasional visitors, the
j

broadleaf {^Spartina cynosuroides) , the couch [^Agropyrum vulgare) ,.

Potentilla ajiserina, goldenrods, and others. But these represent

the highest development; so far as any parts of the marshes

now show, no woody vegetation ever gains a foothold.

It is plain that within this association while the members

occur variously intermingled, there is some differentiation of

position. Thus, typically the marginal member is the Statice,

which is followed by the Plantago and the Puccinellia, while
^

the fox-grass comes next, then the Festuca, Juncus, Triglochin,
j

Glaux, and finally the Hordeum. Further, the marginal members

tend to some extent to lessen, or even disappear towards the

central or higher parts. This tendency to a zonal arrangement

shows itself with great clearness upon the outer faces of the

dikes, where there is usually a band of Statice at the lower angle,

t

, 1^
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then above it comes often a band of the Hordeum, above which

comes the couch, later to be noticed.

The true ecological relationships of the several forms to one

another, to what extent they are brought together simply by

coincident habitat, to what extent they are of mutual benefit or

disadvantage, to what extent some profit by the presence of

others and those others are indifferent to them, to what extent

and by what method they compete with one another, is unknown,

and must be determined by the studies of the future. Such

hints as we have upon these matters are little better than guesses,

and such they will remain until thorough experimental study shall

give the answer to these most difficult problems.

The interrelations of the three associations within the salt marsh

formation have been sufficiently indicated in the preceding

pages. In summary, the Spartinetum is the association of the

extreme position where higher plant life is possible ; the Salicor-

netum is the temporary association of new marsh ; the Staticetum

is the permanent association of the salt marsh in its highest

natural state of development. On old marsh, the Spartinetum

and Staticetum come together, obliterating the Salicornetum.

The adaptations determining this distribution are known to us

in a general way, but in details hardly at all.

{To be concluded,)

\



AN ECOLOGIC STUDY OF THE FLORA OF MOUN-
TAINOUS NORTH CAROLINA.

John W, Harshberger.
i

{^Concluded fro7n p, 2j8.)

THE VEGETATION OF THE MOUNTAIN REGION.

The characteristic features of the vegetation of this whole

region are found in the broad-leaved species, of which it is

largely composed, associated with deciduous and evergreen

shrubs, while lianes stretch from tree to tree, and herbaceous

plants grow beneath the dominant forest species, or clothe the

natural meadows of the higher mountain summits and the alluvial

bottoms of the principal mountain streams. The association of

these plants in the forest is largely due to their relation to lights

soil, and moisture.

Relation to light,—All trees require a certain intensity of light

for photosynthesis. Hence weak light is injurious ;
otherwise

there is no reason why the foliage in the interior of the crowns

of the trees should not be as dense as near the periphery.

Marked differences occur among the various species of trees

with regard to the measure of light necessary, and though

affected by soil and situation, these differences are sufficient to

admit of classification into tolerant and intolerant species; that

is, into shade-bearing or light-demanding trees, and trees that

occupy an intermediate position.^5 The different trees of the

forests of North Carolina may be classified accordingly, as to

their tolerance :

Sugar maple, flowering dogwood.

Hornbeam.

Red maple, yellow^ oak, beech.

Butternut, black walnut.

Witch hazel, chestnut oak, white oak.

=SNiSBET, Studies in forestry 54. 1894. Foley, John, Conservative lumbering-

at Sewanee, Tennessee. Bureau of Forestry, Bull. 39.
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White ash, umbrella tree.

Sweet gum, sycamore.

Locust, black cherry, sassafras.

Cucumber tree, chestnut.

Tulip tree.

The vegetation of such a district, therefore, is in superposed

layers or stories. The different levels at which plants grow is a

direct response to the environmental conditions of lis^ht and
moisture. These stories or layers may be termed vegetal strata.

It is evident that, as one ascends from the ground to the crown
of the dominant forest trees, the moisture content of the air

decreases as the light increases. Ow the ground \n the forest,

mosses, ferns, and a variety of shade-loving herbaceous plants

abound on the rotting timber, or on the mold.

A relationship exists between the amount of available light

and the character of the vegetation in the forest.^^^ Almost all

of the plants growing in the shade can adapt themselves to living

in the open, exposed to the full force of the sunlight. In fact,

when the timber is removed, the grass-grown or wood-grown

clearings show many woodland species competing with the plants

which always at first take possession of such deserted areas.

Few, however, can adjust themselves to loss of light. When
deprived of a large amount of light by the growth of the forest

crown in density, only those species remain which are truly

shade-loving. This difference of behavior explains why so few

herbaceous plants are found beneath the dense shade of the hem-
locks and rhododendrons. Mitchella repens,^^ Viola rotundifolia,

Galax aph^'Ua, Leptorchis liliifolia, Peramium pubescens, and

Listera Smallii seem to be the more common plants tolerant of

the shade of the forest. On the higher mountains, the conifer-

ous forest acts in the same way, for when the dominant trees are

removed, or the close crown broken, many herbaceous plants

spring up and cover the ground.

Another noteworthy fact, which is of philosophic interest in

26 Compare MacDougal, D. T., The influence of light and darkness upon

growth and development. Memoirs New York Bot. Garden 2. 1902.

'''The nomenclature used is that of Britton's Manual.
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the discussion of the light-relationship of plants, is that many

species which grow beneath the shade of a deciduous forest bloom

in the early spring, and complete their most important vegetative

and reproductive functions before the leaves of the trees above

have fully unfolded. The boreal plants, however, which remained

at the north during the glacial period, are an exception to this

rule, for they owe their presence in the temperate forests and

sphagnum bogs to the fact that they were trapped at the close

of the glacial period by the northward-moving forest trees and

had to adapt themselves to the changed conditions. Those

boreal plants which did not do this were exterminated by the

forest plants.

The density of the forests affords some indication of the gen-

eral character of the flora. Upon the slopes of the southern

Alleghenies the deciduous forest attains unsurpassed richness

and variety. On the slopes of the high mountains of North

Carolina and Tennessee the principal trees of the Appalachian

forests attain their greatest size, and in a ride of a few hours, cov-

ering a rise in elevation of 4,000 to 6,000^^ (1220-1,525™

one may see growing in perfection trees of the south, such as

the magnolias; trees of the middle states, such as the ashes,

the oaks, the maples, the lindens ; and then the birches, the

pines, the mountain ashes, and the spruces, of the extreme

north.^^

Climatic mid edaphic considerations.—-The differences in the

character of the mountain region are not determined so largely

by the kind of soil, or by the amount of moisture contained in it,

as are those of the Piedmont plateau and the coastal region.

Within short distances in the mountains are found wide varia-

tions in elevation. A rapid lowering of the average annual

temperature takes place with the increased elevation, and a pro-

portional shortening of the growing season ; increase in the rain-

fall and relative humidity, and a decrease in evaporation both

directly from the soil and through the foliage. It is noticeable

that edaphic as well as climatic factors become more xerophytic

=8 Garden and Forest 5:155,325; ir/. Price, Practical forestry in the southern

Appalachians. Yearbook U. S. Dept. Agric. 1900: 354.
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upward. ^9 The effect of climatic conditions on the higher

mountains is more evident than that of soils; though between

certain limits of elevation changes in the character of the soil

influence the kind of growth. Thus the location of Rhododen-
dron maximum and Tsuga canadensis along the mountain

streams between certain limits of elevation (climatic) is regu-

lated purely by edaphic conditions. The growth of Castanea

dentata, Quercus alba, etc., back from the streams on the hill-

sides in the drier ground is also edaphic. The presence, there-

' fore, of the various tree species in the mixed forests of the

southern Appalachians is dependent primarily on climatic influ-

ences, but the assembling of these species into ecologic plant

associations in these mixed deciduous forests depends upon the

edaphic surroundings. With the herbaceous plants of the

mountain summits and with certain shrubs, their allocation to

particular situations on these summits is controlled mainly by
edaphic conditions. Thus Dendrium buxifolium is found grow-

ing on rock faces and rocky slopes on Grandfather Mountain,

while on Roan Mountain it is found in a deep soil, rich in humus.

Xerophyllum asphodelioides, Gaultheria procumbens, Paronychia

argyrocoma, Geum radiatum, etc., growing on Grandfather

Mountain are controlled largely in their distribution upon that

peak by soil conditions. Other examples of this kind of distri-

bution might be mentioned here, but a more detailed reference

will be made to the association of species in the forests of the

higher mountains, when the several regions visited by the writer

are discussed from an ecologic standpoint.

It is doubtful, however, if changes of soil in the larger moun-

tarn masses above 5,000^* ( 1,525 "") elevation produce any change

in the kind of trees, the number of species being limited to those

whose hardiness (xerophytic structure of crown or foliage and

short growing season) renders them capable of withstanding the

sudden changes of temperature to which they are subjected near

the summits of the higher mountains.3°

^'^The word "xerophyte" refers to a particular kind of plant with a definite his-

tologic structure. The word "xerophytic " should be used also in the structural sense,

although by extension it is used loosely to denote conditions that produce xerophytes.

3°PiNCHOT and Ashe, Timber trees and forests of North Carolina. N. C. Geol.

Sur\'ey 1897 ; 208, 209.
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The forests of the mountain region of North Carolina are

separable, according to Pinchot and Ashe, into three belts, lying

at different elevations. These are as follows: (i) the forests of

the lower mountains; (2) the forests of the higher mountains;

(3) the forests of the mountain summits.

Zonally (climatically) the lower slopes of the mountains and

valleys between are largely occupied by extensions of the Upper

Austral (Carolinian) zone, but by far the greatest part of the

surface of the mountain region is cov^ered with an Alleghanian

(Transition) flora. The higher mountains maintain Canadian

trees, shrubs, and herbaceous plants, while along the crest of the

highest mountains of this region, usually at an altitude of 6,000^*

(1,830™) and upward, a sparse Hudsonian flora is encountered,^^

The green alder, Alnus alnobetula (allocated by edaphic condi-

tions), Potentilla tridentata, Arenaria groenlandica, and Trise-
-^

tum subspicatum may be regarded as typical of this zone.

Ecologically the following formations may be distinguished.

Primarily these formations are determined by climatic condi-

tions, and to give them ecologic significance they are named

according to the character of the vegetation that determines

them. The plant associations existing as part of these forma-

tions are determined largely by light and soil-moisture (edaphic)

conditions. Tentatively, the ecologic formations and associa-

tions described in the following pages are these.

1. Mixed Deciduous Forest Formation (2,000-5,ooo^S 610-

1.525"

Castanea-Qitercus-Acer Associatio7t. Robinia hispida Association.

Tsuga Association. Aescuht^s-Accr-Betula Association.

Rhododendron maximinn Association, Acer- Sorbiis- Viburnum Association,

Liliiun Association. Betula-Fagits Association.

PlantagO'Achillea Association. Aesculus Association.

Rubiis Association.

2. Coniferous Forest Formation (5,ooo-6»70o^S itS^S

2,040''

Sorbiis-Acer- Association {poorly defined). Rhododendron catawbiense Association.

Polytrichum-Hypnum Association. Carex-Poa Association.

Sedurn-Carex Association. Picea-Abies-Prunits Association.

Veratrinn Association. Viburnum-Vacciniiim Association.

31 The student is referred to a paper by Kearney (Science N. S. 12 : 830, 831)

for the plants that characterize these zones.

i
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3. SuB-ALPiNE Dwarf Tree-shrub Formation (circa 6,000 ^
1,830"^

Dendrium Association. Geiim-Paronychia Association.

4. SuB-ALPiNE Treeless Formation (above 6,ooo^S 1,830""). 3==

Rhododendron cataufbiense Association. Dendrium Association,

Ahiiis Association, Lycopodium-Geum Association,

Carex-Poa Association, Kneiffia-LIypericinn Association,

Polytrichum Association,

ECOLOGIC SURVEY OF THE REGION.

An ecologic survey of this region comprises a description of

the flora of the north branch of the Svvannanoa River and the

slopes, ridges, and summits of Mount Mitchell and the mountains

near it. The floras of the slopes and summit of Grandfather

Mountain and of the summit and higher slopes of Roan Mountain

are considered.
V

MIXED DECIDUOUS FOREST FORMATION.

The valley of the North Fork of the Svvannanoa River is

occupied by an arboreal vegetation, composed of Castanea den-

tata, Liriodendron tulipifera, Fagus americana, Quercus alba, Q.
rubra, Magnolia acuminata, Juglans cinerea, Quercus coccinea,

Q. phellos, Acer saccharum, Betula lenta {^Castaitea-Acer- Quercus

Associatioi )

.

These dominant trees are found somewhat back from the

streams, while near the streams, with their roots in the water, or

where the lower parts of their trunks may be submerged during

heavy rains, grow Platanus occidentalis, Tsuga canadensis, Betula

lenta {Tstiga Associatio?i) .

In this forest, and belonging to the Castanea- Quercus-Acer

Association, are these secondary species : Acer saccharum, Acscu-

lus pavia, Juglans cinerea, Hamamelis virginiana, Hicoria glabra,

Cornus florida, Tilia americana, Acer rubrum, Tilia heterophylla,

Magnolia fraseri, Acer pennsylvanicum, and Robinia pseudacacia,

As a third lower story of the forest, the following species

occur: Kalmia latifolia, Cornus florida, Cornus alternifolia, Ilex

monticola, Oxydendrum arboreum, Viburnum acerifolium,

^^ Mount Mitchell does not show formations 3 and 4, while Roan Mountain shows all

four well defined. Grandfather Mountain 3 and 4, but 4, if at all present, occupies a

restricted area.

I
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Rhododendron maximum forms a dense jungle along the

borders of streams {^Rhododendron maximum Association^, Next

to the secondary species mentioned above, the most important

component of this forest is Rhododendron maximum, associated

with Kalmia latifolia. The shade formed by these shrubs is so

dense that few plants can exist In it. Saplings of Aesculus pavia,

Fagus amerlcana, and Tsuga canadensis, and a few herbs, such

as Mitchella repens and Viola rotundifolia, seem to flourish, over-

shadowed by the laurel and rhododendron. Under the decidu-

ous trees, where more light filters down to the forest floor, are

found Podophyllum peltatum, Arisaema triphyllum, Cypripedium

acaule, Cimicifuga racemosa, Sanguinaria canadensis, Euphorbia

corollata, Lysimachia quadrifolia, Tradescantia montana, Galium

latifolium, Pedicularls canadensis, Circaea lutetiana, Phytolacca

decandra, Astilbe biternata, Mitchella repens, Scutellaria pilosa^

Peramium pubescens, and such a sciaphilous33 herb as Galax

aphylla. Associated with these occur Silene virginica, Cacalia

atrlpHcifolia, Zizia Bebbil, Lilium superbum in damp places

{J^ilium Association^ , V4\*(ki ^\i2X\z\.x\xvi\ coriaceum. As lianes one

finds Aristolochia macrophylla, Vitis aestivalis, Celastrus scan*

dens, Smilax rotundifolia crenulata.

The dripping rocks, with damp soil pockets, support such

plants as Trillium erectum, Salomonia biflora, Vagnera racemosa,

Kneiffia fruticosa, Houstonia serpyllifolia, Thalictrum clavatum..

In drier situations grow Caulophyllum thalictroides, Impatiens.

biflora, Adiantum pedatum, and Botrychium virginlanum.

The clearings in the forest are tenanted by a number of intro-

duced weeds, such as .Chrysanthemum leucanthemum, Plantago

lanceolata, P. Rugelii, Oxalls stricta, Trifolium repens, Carex

rosea radiata, Achillea millefolium, Solanum carollnense, Arabis

canadensis, Senecio aureus, and abandoned apple trees {^Plantago-

Achillea Association^. Rubus strigosus forms dense bramble

thickets In such areas {Rubus Association^,

The dominant forest trees belonging to the Castanea-Quercus-

Acer Association found on the slopes of Grandfather Mountain

from an elevation of 3,800 to 4,500^^ ( 1,1 50-1,370") areCastanea.

33 Pound and Clements, The phytogeography of Nebraska, 166. 1900.
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dentata, Quercus coccinea, Q. Phellos, Q. platanoides, Q. alba,

Fagus americana, Magnolia acuminata, Robinia pseudacacia,

Acer rubrum, Nyssa sp.; while as secondary species, usually

found beneath the dominant ones, can be mentioned Prunus

pennsylvanica, Rhododendron maximum, Hamamelis vqrginiana,

and Kalmia latifolia. On this mountain the woody plants of

less obvious importance, which may be considered to form a still

lower story, are Pieris floribunda, Sassafras, and Robinia hispida,

the last forming an ahiiost hispida

tio?i). The herbaceous plants beneath the trees are Galax

aphylla, Medeola virginiana, Diodia virginiana, Silene virginica,

Pedicularls canadensis^ Asclepias exaltata, Lysimachia quadri-

folia, Osmunda cinnamomea, Dryopteris marginalis, Pteridium

aquilinum, Uvularia puberula, Prunella vulgaris, Podophyllum

peltatum, Ceanothus americanus, Monarda didyma, Chrysan-

themum leucanthemum, Cerastium viscosum, Trifolium repens,

and near cultivation Glechoma hederacea.

The forest on the northern slopes of Roan Mountain is similar

to those on the Swannanoa River and Grandfather Mountain.

It comprises the Mixed Deciduous Formation with the Castaiiea-

QuercuS'Acer Associatio?i^ as well characterized as at the places

described above.

Reaching an elevation of 4,500^* {^^^17^^^ ^^ the Black

Mountain Range, Picea mariana is found sparingly in the forest,

as outposts of the main coniferous forest above. Associated in

such places, the botanist finds as an indication of a rise in alti-

tude, Diphylleia cymosa, Veratrum viride, Rhododendron lutea,

Thalictrum clavatum, and an abundance of Houstonia serpylli-

foha. As he approaches ''Half Way" (5,200^ 1585"^) the

forest of deciduous trees becomes more open by the lowering

of the crown of the dominant trees [Aesculus-Acer-Betuia Associa-

tio?i) which are here Castanea dentata, with flat-topped crown, as

an index of altitude, Quercus rubra, Q. coccinea, Aesculus pavia,

Quercus alba, Acer saccharum, Betula lutea, and an occasional

Picea mariana.

A somewhat different assemblage of species is found on Grand-

father Mountain at an elevation above 4.500^' (i^S;"^""). The

I
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dominant species are Quercus rubra, Picea mariana, Acer sac-

charinum, Prunus pennsylvanicum on the drier soils, and Tsuga

canadensis {Tstiga Associatioii) ascending along the water courses

to about 4,700^^(1,430"'), The secondary species are Acer penn-

sylvanicum, Sorbus americana, Viburnum alnifolium, and Acer

spicatum [Acer- Sorbiis - Vibtimum Associatioii). The herbaceous

plants of this part of the mountain have more light and comprise

Osmunda cinnamomea, Pteridium aquilinum, Polygonum cilinode,

Houstonia serpyllifolia, Podophyllum peltatum, Lysimachia

quadrifolia, Saxifraga Michauxii, Rumex acetosella, and Chrysan-

themum leucanthemum. Occurring as undershrubs are Rhodo-

dendron lutea, Ribes rotundifolium, and Viburnum alnifolium.

On Roan Mountain the first indication of rise in altitude is

furnished by Acer spicatum, and then by Acer pennsylvanicum,

which does not descend quite so low as the mountain maple.

Viburnum alnifolium occurs in great abundance when at an alti-

tude of 4,500^* (itS/o"") IS reached. Houstonia serpyllifolia

carpets the ground in many places, while in damp places

Diphylleia cymosa forms masses beneath the shade of the domi-

nant forest trees. The herbaceous plants of the forest floor at

this elevation are Caulophyllum thalictroides, Actaea alba,

Cicimifuga racemosa, Tiarella cordifolia, Sanguinaria canadensis,

Podophyllum peltatum, Circaea alpina, Blephariglottis peramoena,

Cacalia atriplicifolia, Lysias orbiculata, Chelone Lyoni, and Poly-

stichum acrostichoides. A few straggling black spruce trees

descend the mountain side and mingle with Betula lutea and B.

lenta. Fagus americana, which becomes dwarfed at the edge of

the coniferous belt, is associated with the birches in this tension

zone {Betida-Fagus Association).

Aesculus octandra, which occurs at the upper edge of the

tension zone, ascends the mountain into Carver's Gap, where it

forms an almost pure stand of gnarled trees {Aesculus Associatioii)>

CONIFEROUS FOREST FORMATION,

The coniferous forest appears on the slopes of the Black

Mountain Range at about 5,200^* (i>585""). The dominant tree

of this formation is Picea mariana, associated with Abies Frasen.

Intermingled with these two coniferous trees, but nowhere mak-
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ing a pure growth, are Acer spicatum, Betula lutea, Aesculus

flava, Sorbus americana, and Crataegus sp. {Sorbiis-Accr Asso-

€tatiofi). The trees are large and rugged, and clothed even to

the topmost branches with dense coats of moss. Mosses and
lichens cover the ground as with a dense mat a foot or more
thick. The trunks of fallen trees are buried from sight by a

living mound of green, set with flowers and ferns. The mosses
and lichens collected by the writer, which form the Polytrichum-

Hypnu7n Association on Potato Top and CHngmans Dome com-
prises the following: Polytrichum gracile, Sematophyllum deli-

catulum, Hypnum fertile, Hylocomium proliferum, Bazzania

trilobata, Hylocomium triquetrum, Dicranum fuscescens, Hyp-
num reptile, Polytrichum ohioense, and Stereocaulon coralloides.

Associated with these mosses are herbaceous plants and ferns,

v\7.,^ Oxalis acetosella, Viola blanda, Lycopodium lucidulum,

and Aspidium spinulosum intermedium. Houstonia serpyllifolia

is also abundant. The rocks support in sunny places Sedum
and telephioides, Carex rosea radiata, Saxifraga leucanthemifolia,

Krigia montana {^Sediim- Carex Associatioii).

The green hellebore is found wherever the timber is more
open and in extensive patches many square feet in area ( Veratnim

Association). The ^ same association of species extends to the

tops of the several mountains composing the Black Mountain
Range. Acer spicatum and Sorbus americana (^Sorbus -Acer

Association) are met with in this forest belt. Many seedHng

spruces are providing a natural regeneration of the forest. As a

secondary but important element of this belt at high elevations,

is the Rhododendron cataw^biense, beneath which as herbaceous

associates are found Viola blanda, Trillium erectum, and Clintonia

borealis {^Rhododendron cataivbiense Association).

The natural meadows on this range of mountains, surrounded

by the forest of balsam and black spruce trees, are composed of

such species as Carex intumescens, Juncus effusus, Carex scoparia,

C. brunnescens gracilior, C. tenuis, Poa pratensis, Agrostis alba,

Poa alsodes, Juncoides bulbifera {Carex-Poa Associatio?i).

The coniferous forest extends to the summit of Mount Mitchell

6,711^' (2,045'°) without any indication of subalpine or alpine
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conditions. Wind-tossed specimens of Picea mariana, Abies

Fraseri [Picea-Ahies-Pnams Associatioii), are seen. Huge rocks f

and bowlders project from the rounded dome. Menziesia pilosa,

Ribes prostratum, Sorbus americana are common. Rhodo-
\

dendron catawbiense grows within a few feet of the Mitchell

monument. The herbaceous plants of the summit are Strep-

topus roseus, Scirp.us caespitosus, Carex brunnescens, Houstonia

serpyllifolia Rumex acetosella, Trifolium repens, Asplenium

filix-foemina, Saxifraga Michauxii in the crevices of the rocks,

and Clintonia borealis. None of these herbs are true alpines.

Mosses are found on the trunks of trees and on the rocks, the

following being noted: ^^ Ulota crispa, Bryum nutans, Semato-

phyllum delicatulum, Hylocomium proliferum, Polytrichum gra-

cile, Hypnum Schreberi {Polytrichtmt-Hypniim Associatio7i). The

trees of the summit are Picea mariana, Abies Fraseri, Betula

lutea, Prunus pennsylvanica.

The coniferous forest on Grandfather Mountain consists essen-

tially of the same arborescent species, viz., black spruce and

balsam. Associated with these are Viburnum alnifolium, Vac-

cinium stamineum, Acer spicatum, and Rhododendron cataw-

biense [Viburnum-Vacciiimm Associatio?i) . Polypodium vulgare

grows in masses, associated with Galax aphylla, Oxalis acetosella,

Thalictrum clavatum, Maianthemum canadensis, and Clintonia

borealis.

The forest of cone bearers on the higher elevations of Roan

Mountain consists of Picea mariana and Abies Fraseri as the

dominant trees. Intermixed with these, but never forming pure

growths, occur Aesculus octandra, Sorbus americana, Fagus ameri-

cana in a dwarfed form, and as a third lower story, Ribes rotundi-

fohum, Cornus atternifolia, and Alnus alnobetula. The forest

floor, beneath the shade of the dominant trees, supports seedling

conifers, Circaea alpina, Veratrum viride, Oxalis acetosella, Viola

blanda, Thalictrum clavatum, Polypodium vulgare, Asplenium

filix foemina, Dryopteris spinulosa dilatata, Houstonia serpylli-

folia, Tiarella cordifolia, and Clintonia borealis.

^* The identification of the mosses I owe to Mrs. Elizabeth G. Britton and that of

the flowering plants to Dr. John K. Small, to whom my thanks are due.
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SUB-ALPINE DWARF TREE-SHRUB FORMATION.

This formation may be said to exist only at the top of Grand-

father Mountain and is absent from the domes and ranges of

Mount Mitchell and Roan Mountain,

The summit of the west peak of Grandfather Mountain for a

limited area is bare and presents an alpine aspect, being clothed

with lichens, mosses, and dense cushions of Dendrium buxifolium

[Dendrium Associatio/i). Several of the plants remind the bot-

anist of the New Jersey pine barrens, viz., Gaultheria procum-

bens, Xerophyllum asphodelioides, Pteridium aquilinum, Kalmia

latifolia. '

Zygadenus leimanthoides, Geum radiatum, Paronychia argyro-

coma, Uvularia puberula, Clintonia borealis, Carex aestivalis,

Chrosperma muscaetoxicum, and Solidago spithamea are found

in exposed places (thus under edaphic conditions) {^Geiim'Paro-

nychia Associatiori). Abies Fraseri, Picea mariana, Clethra acu-

minata, Sorbus americana,Leucothoe recurva, Vaccinium pallidum,

Oxycoccus erythrocarpus accompany the herbs to the mountain

summit, so that this summit may be said not to be entirely tree-

less, otherwise the plants on it would be classed as an association

of the Sub-alpine Treeless Formation.

The presence of Dendrim buxifolium, Xerophyllum asphode-

lioides, a pine barren species found plentifully in New Jersey,

Geum radiatum, Paronychia argyrocoma, Clintonia borealis, and

Chrosperma muscaetoxicum needs explanation. Paronychia argy-

rocoma, found on the bare mountain slopes of the White Moun-
tains and in the Alleghenies from Virginia to Georgia and also in

Maine, and Clintonia borealis are probably species of north tem-

perate habit that were formerly more widely distributed but have

been separated into distinct areas by the influence of the base-

leveling operations previously described.

The geographic distribution of Xerophyllum asphodelioides

and Chrosperma muscaetoxicum is probably to be accounted for

in the same manner as the distribution of the austro-riparian

species that occur in the southern Appalachians. It is hardly

likely that the seeds of these plants were carried to the summit

of the few isolated peaks by birds, because one would expect to
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find them in intermediate situations. Another explanation must

be appealed to. It is probably found in the uplift at the close

of the Cretaceous period, followed by the subsequent base-

leveling operations. While the eastern United States, including

that part of New Jersey along the Delaware River, was an almost

featureless peneplain during the close of the Cretaceous, it is con-

ceivable that the plants above mentioned had a more general

distribution, and that when the uplift of the Appalachian system

occurred and the formation of the Tertiary coastal plain was

well under way, these plants, then widely distributed, were sub-

jected to the influences of the processes of gradation. The

wearing away of the soil from the mountains, the formation of

valleys, and the oscillations of the coast line led to a process of

extermination, and many plants succumbed in those regions to

the geologic changes. The survivors of many widely distributed

groups of plants are found, therefore, in those places that resisted

the action of the destructive forces, such as the present summits

of high mountains, or are in regions not subjected to the oscil-

lations in level of the coastal plain. This supposition is sup-

ported by the suggestion of Cowles, that in all probability

these plants survive under such conditions because the summits

of these mountains and the sandy coastal plain are in about the

same stages of their life histories. It seems to the writer, that

the similarity of the situations, which are in the same edaphic

stage of their life histories, consists in this.^s ' In the dry places,

especially the insolated slopes of the high mountains, the humus

is sour or *' raw ; " in fact, the dense tangle which roots often form

in such situations is well known for its tendency to produce sour-

ness by hindering aeration. Similar sour humus is found in the

wet swampy forests. Sour humus makes it more difficult for the

roots to absorb moisture, and consequently it becomes necessary

for the plant to reduce transpiration. The lack of oxygen and

assimilable forms of nitrogen in such soils still further induces a

weakeningofphysiologic activity. It appears clear, therefore, that

the number and importance of xerophilous conditions increases in

35This thought was suggested by a reading of a paper by ERNEST BrUNCKEN,

Contributions to the ecology of the genus Viola. Bull. Wis. Nat. Hist. Soc. 2 :27.
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inverse proportion to the presence of fresh well-aerated humus.

Does not this circumstance seem to imply that there must be

some causal connection between the quality of the humus and

the occurrence of xerophytic characters? The presence of such

plants as Xerophyllum asphodelioides, Paronychia argyrocoma,

Chrosperma muscaetoxicum on the summit of Grandfather

Mountain, and Dendrium on both Grandfather and Roan Moun-
tains seems thus to be explained.

SUB-ALPINE TREELESS FORMATION.

This formation is encountered typically on Roan Mountain

and on other mountain summits in the southern Appalachians

that are grassy balds. The '* balds" are in the main grassy

meadows, but the rounded domes show extensive areas covered

by the Rhododendron catawbiensc (i?. catawbiense Association)

,

either pure, or associated with Alnus alnobetula {Abiiis Associa-

tio?i). The alder covers an adjoining dome of the Roan Mountain

Range, the Elkhorn, with a pure and impenetrable growth three

to four feet high. The extent of the rhododendron thickets, for

w^hich the mountains is famous, cannot easily be estimated. The

bushes may be either rounded, like a hay stack, or they may be

spreading at the top.^^ The character of the plants, as indicated

by the general habit and nature of the leaves, depends upon

whether the plants are exposed to the cold winds of summer, the

intense sunlight, the icy blasts of winter, or whether they are

more or less sheltered by the slope of the ground, or by growing

beneath the protection of the spruces and silver firs.

The summit of Roan Mountain is in the form of a saddle

several miles long, being formed of two elevations of about equal

height, the culminating peak being 6,313 ^' (1,924'") in altitude.

The component vegetation of the grassy meadows, or ** balds"

consists of Trifolium repens, Rumex acetosella, Potentilla cana-

densis, Poa compressa, Veronica officinalis, Houstonia serpyl-

Hfolia, Carex tenuis, Deschampsia flexuosa, Luzula campestris,

and Phleum pratense {Carex-Poa Associatio?i), Poly trichum com-

^Cf, Cannon, W. A., Field notes on Rhododendron Catawbiense, Torreya

a: 161. 1902.
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mune forms patches, especially about old stumps {^Polytrichum

Associatiofi)

,

The raised cushions of soil found here are covered by various *

mosses, or by Dendrium buxifolium^^ {^Dendrium Association).

In or along the dry stony wash-ways, one finds Saxifraga leucan-

themifolia, Potentilla tridentata, and Houstonia purpurea.

The immediate summit of Roan Mountain is characterized by

the presence of Geum radiatum, Lycopodium selago [Lycopo-

dium-Geum Associatio7i) , Menziesia pilosa, Houstonia purpurea,

Lycopodium lucidulum, Ribes rotundifolium, Dendrium buxi-

rrr Alnus alnobetula clings to the north slopes, here form-

ing a pure growth on the steeper inclines [Alnus Association'),

with Sorbus americana below it, but associated with Rhododendron

catawbiense on the upper slopes of the dome.

Crossing Carvers Gap, where Aesculus octandra grows {Aescu-

lus Association), a rocky outcrop is found on the slope of Little

Roan Mountain where the writer collected Rhododendron lutea,

Kneiffia fruticosa, Geum geniculatum, Arisaema quinatum and

Hypericum graveolens {Kneiffia-Hyperictim Association). Alder

Bald or Elkhorn, as it is called, is reached from Little Roan

Mountain by crossing a smaller wind gap. The slopes of this

knob are covered by acres of Alnus alnobetula [Alnus Asso-

ciation), while the stony places are favorable for the growth

of Heuchera villosa, Krigia montana, Cerastiutii vulgatum, and

two alpine species, Potentilla tridentata and Alsine groenlandica.

The latter herb assumes the cespitose character in exposed

situations.

In conclusion, it is advisable to state that the dwarfing of the

trees and their absence on the ** balds " is explicable by the action

of winter storms which beat upon these summits. Wherever

the topography is such as to permit the full force of the ice storm,

there tree vegetation is scanty or altogether wanting, and its

place is taken by grassy stretches, or by thickets of alder and

rhododendron, plants which are adapted to withstand ice storms.
3^

^T Cf. Small, J. K., Flora of western North Carolina and contiguous territory.

Mem. Torr. Bot. Club 3.

3^ Harshberger. J. W., Thermotropic movements in the leaves of Rhododendron

maximum I., Proc. Acad. Nat. Sci. Philadelphia 1899:219.
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Mrs. Edson3^ describes the action of a winter storm upon the

vegetation. The factor in the production of the frost forms

which weigh down the limbs of trees and snap them off is the

frozen vapor of the wind and rain. The lower the temperature,

the denser the cloud becomes; the velocity of the wind and the

exposure determine the growth of the frost forms. Hence the

absence of trees is due to the effect of the ice and snow of win-

ter. This conclusion is strengthened by a study of a recent ice

storm at Philadelphia/*^ as it damaged large trees that had with-

stood the storms of centuries.

In lieu of illustrations to accompany this article, the reader is

referred to a magnificent volume issued by the United States

Government,^' where maps and photographs descriptive of the

proposed Appalachian National Park are given.

University of Pennsylvania,

35>Edson, Mrs. Helen R., Frost forms on Roan Mountain. Pop. Sci. Mo.

45:30. 1894.

*^ Forest Leaves 8: 168. 1902; also CHAPMAN, Forestry and Irrigation 8 : 130.

1902 ; Experiment Station Record 13 : 1053.

*^See Message from the President of the United States transmitting a Report of

the Secretary of Agriculture in relation to the forests, rivers, and mountains of the

southern Appalachian region. Senate Document 84 : 210. Washington. 1902.
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THE MITOSES IN THE SPORE MOTHER-CELL OF
PALLAVICINIA.

(with six figures)

In 1894 Farmer published a paper ^ on Pallavicinia decipiens report-

ing the occurrence of very peculiar phenomena in the division of the

spore mother-celL According to his account the nucleus in preparation

for division is surrounded by dense protoplasm which projects into

each of the four lobes of the mother-cell and forms a four-rayed star.

He termed this structure a "quadripolar spindle." After the formation

of the "quadripolar spindle," four chromatic droplets make their

appearance in the nucleus as the first positive evidence of approaching

division. The four chromatic droplets become four chromosomes,

which by division are doubled in number. The resulting eight rod-,

shaped chromosomes point off in pairs towards the four lobes of the

spore mother-cell.- Further doubling takes place, increasing the total

number of chromosomes to sixteen, and four chromosomes pass simul-

taneously to each pole of the four-rayed spindle, which persists to the

end.

Farmer's later studies'* on other Jungermanniales revealed the

presence of the '* quadripolar spindle" in the early stages of mitosis^

but in no case did he find a repetition of the peculiar conditions

described for Pallavicinia. In all other forms" the ''quadripolar spin-

dle" is a temporary structure, which is later replaced by normal

bipolar spindles of two successive mitoses with longer or shorter inter-

vals between. Farmer interprets the temporary four-rayed star of

these plants as transitional between the ''quadripolar spindle" of

Pallavicinia and the normal bipolar spindle.

Davis in igoi described^ conditions during spindle formation in

the spore mother-cell of Pellia epiphylla substantially in agreement

'Farmer, Studies in Hepaticae: On Pallavicinia decipiens Mitten. Ann. Botany

8:35. 1894.
r

= Farmer, On spore formation and nuclear division in the Hepaticae. Ann.

Botany 9:363 and 469. 1895.

^Davis, Nuclear studies on Pellia. Ann, Botany 15: 147. 1901.
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with Farmer's studies on the same form, but the two observers differ

widely in their interpretation of the facts. Davis considers Farmer's

**quadripolar spindle" as a transitory stage of prophase, which should

not be regarded as a part of the true spindle that is formed later. The
nuclear divisions in the spore mother-cell of Pellia are effected by two

successive mitoses, each with a bipolar spindle and the gametophytic

number of chromosomes (eight) at the nuclear plate of each metaphase.

There is also a well-defined period between the two mitoses when the

nuclei are in the resting condition. The events of sporogenesis for

Pellia are then essentially the same as those throughout the pterido-

phytes and in the development of pollen.

The striking peculiarities of Farmer's account of Pallavicinia lie

not so much in the presence of a four-rayed achromatic figure as in

the reported division of four primary chromosomes into sixteen, and

their distribution to form simultaneously four daughter nuclei through

the "quadripolar spindle." It is necessary to emphasize this point, since

Farmer* in a criticism of Davis's paper on Pellia does not consider

this matter, while taking exception to Davis's use of the term spindle.

Davis found a four-rayed figure during prophase in Pellia, but was not

willing to call it a spindle, since the actual distribution of the chromatin

takes place in the usual manner at a later period through two successive

mitoses, whose spindles are bipolar. The four-rayed structure in Pellia

seems to Davis a character of prophase, determined largely by the

peculiar crowded condition of the nucleus in the center of a four-lobed

cell.

However, Farmer's very positive assertion of the persistence of

the four-poled spindle, and his detailed account of the peculiar

arrangement of the chromosomes and their simultaneous passage to the

four poles in Pallavicinia, makes his position a strong one to assail

except upon a reexamination of the conditions in Pallavicinia itself.

I am now at work on Pallavtchna Lyellii S. F. Gray, which is

abundant in this locality. My studies are by no means complete, but

have been carried far enough to justify conclusions on the chief events

of sporogenesis, which are presented in this note. I have had the

opportunity during past summers at Woods Hole of examining Dr.

Davis's preparations of Pellia and have had the benefit of his sugges-

tions and criticisms on technique.

In preparing for mitosis the nucleus of the spore mother-cell

* Farmer, The quadripolar spindle in the spore mother-cell of Pellia epiphylla.

Ann. Botany 15:431. 1901.
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assumes a tetrahedral form, each angle of which points into one of

the four lobes of the spore mother-cell. This form persists through

synapsis and the spirem condition, and only disappears with the for-

mation of the spindle.

While the chromosomes are being differentiated, and while there is

still a trace of linin connecting them, fibers may be seen extending

over the points of the tetrahedral nucleus as caps and into the nuclear

cavity {^fig, /). With the appearance of these fibers the nuclear mem-

brane becomes less distinct, some of the fibers finally occupying the

position which it formerly held. During this period the incompletely

differentiated chromosomes lie scattered irregularly throughout the

interior of the nucleus.

With the complete disappearance of the nuclear membrane and
w

the further growth of the fibers, this four-rayed structure rapidly

passes over into a bipolar spindle and the chromosomes, eight in

number, become clearly grouped in a ring to form the nuclear plate

{fig, 2). I have found no evidence of their quadrupling in number, as

was so positively asserted by Farmer. It is difficult to follow the

development of the bipolar spindle from the four-rayed structure of

prophase because the figure is small, but there is probably a rearrange-

ment of the elements through the establishment of a single axis, around

which the fibers and chromosomes become grouped.

Now follow two divisions in rapid succession without an intervenin<

resting condition. There is no four-poled spindle in Farmer's sense,

but well-organized bipolar spindles without centrospheres, and the

chromosomes are distributed in the usual manner. Fig. 3 illustrates

the metaphase of the first division and fig. 4 shows anaphase of the

same. In the latter case the daughter chromosomes are seen to be

grouped in a ring at the poles of the spindle. There appears to be

no resting period. The second division begins immediately, the rings

of chromosomes altering their positions so that their planes lie at right

angles. Two distinct spindles are organized, their axes being perpen-

dicular to each other. Fig, 5 presents the conditions at metaphase of

the second division and fig, 6 illustrates anaphase when the mitoses

of the spore mother-cell are completed. It should be noted that the

two spindles of the second mitosis are entirely distinct from each

other. My preparations show hundreds of examples similar to the

stages that I have figured.

It will be seen that the foregoing account agrees substantially with
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Figs. 1-6.— Mitoses in the spore mother-cell of Pallavicinia Lyelliu For details

explanation on next page.
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that of Davis for Pellia epiphylla, with the exception that in Pallavi-

cinia there is no period of rest betvi^een the first and second mitoses.

I have carefully followed the nucleus of the spore mother-^cell

through all stages, from synapsis to the completion of the resting nuclei

of the spores, and find that the only structure which could possibly be

interpreted as a "quadripolar spindle" is that illustrated in fig. i,

which is clearly a condition of prophase. It does suggest Farmer's

description of a "quadripolar spindle," and would be so interpreted

but for the fact that it is followed by bipolar spindles of the normal

type, through which the chromosomes are distributed by two successive

mitoses in the usual manner. There is no quadrupling of the primary

chromosomes or their simultaneous distribution in four groups to form

the four daughter nuclei, which are the most remarkable features of

Farmer's account of the activities of a *'quadripolar spindle."

The number of chromosomes in Pallavicinia Lyellii differs from

that reported by Farmer for Pallavicinia decipiens. He states that

there are four in the gametophyte and eight in the sporophyte. I

have not determined the number in the sporophyte, but find eight

present in each mitosis in the spore mother-cell. This fact is

clearly shown in the accompanying figures.

I hope soon to present a more detailed account of these events of

sporogenesis, together with nuclear studies upon other phases in the

life history of Pallavicinia Lyellii.—Andrew C. Moore, South

Carolina College^ Columbia.
T

J

EXPLANATION OF FIGURES 1-6,

Fig. I. Prophase of the first mitosis; the nucleus has a tetrahedral

form, the points being directed into the four lobes of the spore mother-cell;

fibrillae are gathered at these points but the nuclear membrane has not yet

broken down; similar stages of prophase were probably considered by-

Farmer as quadripolar spindles.

FlG. 2. The eight chromosomes, grouped in a ring at the nuclear

plate, are viewed from above.

Fig. 3. Metaphase of the first mitosis; the spindle in all respects a

normal bipolar structure without centrospheres.

Fig. 4. Anaphase of the first mitosis.

Fig. 5. Metaphase of the second mitosis; one spindle seen from the

side ; the other, almost perpendicular to the first, shows the eight chromo-

somes at the nuclear plate.

Fig. 6. Anaphase of the second mitosis; one spindle seen from the

side; the other seen from one end shows a group of eight grand-daughter

chromosomes.

i
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IS DETMER'S EXPERIMENT TO SHOW THE NEED OF
LIGHT IN STARCH-MAKING RELIABLE?

(with two figures)

In his Practical Plant Physiology^ Detmer's method of showing the

necessity of light in photosynthesis, is to pin disks of either card board or

felt, exactly opposite, on both sides of a tropaeolum leaf/ With the

exception of the area covered starch forms throughout the entire leaf.

This experiment, slightly modified by using cork in place of felt or

cardboard, is found in several school text-books. While performing

this experiment as given in one of these books, the question arose

whether the cork did not so hinder the diffusion of CO^ that the failure

to form starch was not entirely due to the absence of light.

First, some students performed a number of experiments/ but as

they did not derive conclusive results, at the suggestion of Mr. L.

Murbach and with aid from him, I made further experiments.

It is not stated in most of the ordinary text-books that the small

percentage of carbon dioxid in the air does not diffuse extensively

through the intercellular spaces in leaves, though it may be inferred

from experiments given in a number of standard handbooks.

It is well known that the formation of starch is prevented when

the leaf surface bearing stomata is smeared with vaseline, paraffin, or

cocoa butter, and if only a portion of the leaf is so smeared starch appears

for the most part or entirely in the unsmeared regions. This I verified

in Prijnuia obconica by using melted paraffin (nearly cold) for closing

the stomata, which in this species are on the under surface only. The
fact that starch forms when the upper epidermis is coated with paraffin

shows that the warm paraffin has not injured the leaf. On the other

band, since light was admitted when the paraffin was placed on the

under surface and no starch deposited, its absence can only be due to

lack of carbon dioxid, and if it diffused far through the intercellular

spaces, the formation of starch would still be possible. It is evident,

then, that diffusion of carbon dioxid is not very extensive in the

intercellular spaces of the leaf.

s Pflanzenphysiologisches Praktikum 44. Moor, Eng. Ir. 52.

^It should be noted that this method of fastening disks of any kind on the leaf

necessitates pressing them very close to the surface.

^The most striking of these was with a perforated piece of cork held to the

underside of the leaf by strips of cork on the upper surface. Starch formed only over

the opening in the under cork.

^In normal leaves it need be only from stoma to stoma, or the equivalent dis-

tance in the intercellular spaces.
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To determine whether the free access of air is prevented by corks

or disks such as were used in Detmer's experiment, it is sufficient to

close the stomata in a similar manner and still admit light. This was

done by pinning only a narrow ring of cork, in place of the whole

disk, on the upper surface of the Primula leaf, exactly opposite the

disk on the lower surface. By this device light is admitted and the

external approach to the stomata is obstructed.

The veins of the primula leaf, especially near the petiole, are much

more prominent than those of tropaeolum, so the position of the

Fig. I .— Leaf of Prhmda ob-

conica; a, a, folds which admitted

CO3 ; b, space enclosed by cork.

Fig. 2.—The same ; a, area

covered by cork disk on lower sur-

face and enclosed by cork ring^

on upper; b, after forty minutes

exposure uncovered.

cork must be near the margin of the leaf to make the experiment

differ as little as may be from the original. In the first experiments

the upper cork was placed over the larger veins, leaving some space

for the circulation of air and as a result starch was deposited along

these veins {fig. /).

Still attached to the plant and with the corks adjusted, the upper

one being only a ring, as described above, another leaf was placed in

diffuse light two days, then in direct sunlight forty minutes. After

removing the cork half of the leaf was cut off, the cut passing through,

the covered part {fig. 2); the half remaining on the plant was left in

the sun forty minutes longer. In the part first removed there was no

starch in the portion enclosed by the rine: of cork (a A
the second half, which was left without corks in the light forty minutes

longer, there was considerable starch in the corresponding area
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{^y fig' ?)• This was sufficient to prove that the tissues had not been

injured, for in the time allowed they could scarcely have recovered
' from any injury that might have been received from the heat.' This

was further affirmed by repetitions of the experiment, which gave only

slightly varying results, and also by the fact that sometimes a small

amount of starch was found in the whole area that had been enclosed

by the cork, but never much in comparison with the amount found in

other portions of the leaf.

The slightly different results obtained are easily explained by the

fact that the corks, each time, may not have been fastened equally tight,

or the veins may not have been of the same prommence, thus affording

J

admittance to varying amounts of air.

In considering the facts brought out by these experiments, that

(
when light is admitted to a leaf and at the same time the surface with

the stomata is covered by a rather closely fitting object, and starch

does not form, it seems evident that the cover hinders the free diffusion

of CO^. The experiment, as usually given, therefore, is not reliable.

Disks of paper or cork, if used at all, should be attached so loosely that

they do not obstruct the free access of CO. to the stomata.— Bernice

Mich

^The fact that starch formed along some of the veins or along a fold in the

leaf, or when the cork was not lightly appressed, also shows that the tissues were not

injured.
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CURRENT LITERATURE.
3

BOOK RE VI EWS.

Botany of the Faeroes.

These interesting islands have been the subject of a thorough

investigation by Danish botanists, whose results are being published in

English/ In part I Warming gives a brief account of previous botanical

work in the islands, after which C. H. Ostenfeld sets forth the geography,

topography, industrial conditions, geology, and climate. The latter author

lists and discusses the phanerogams and pteridophytes of the islands, and

presents an interesting phytogeographic summary. He finds, as have others

in northern lands, that several species, more at home in temperate climes, do

not bear fruit. There are no endemic species, and the flora is strikingly like

that of Scandinavia and Britain. Of 277 species of vascular plants, 70 are

Arctic, 164 Temperate European, and 43 Atlantic. Ostenfeld regards the

flora as postglacial, and he thinks that the Faeroes have been joined to the

continent since the' ice age. The plants are not notably adapted for wind or

bird dispersal; furthermore, few migratory birds pass over these islands; and

those which come migrate on empty stomachs. The ocean currents have the

wrong direction to be of any avail. Finally, there is good direct evidence of

higher land in recent times. C. Jensen treats the bryophytes m a similar

manner, and F. Borgesen takes up the freshwater algae. The latter author

takes issue with Ostenfeld, and inclines to think that winds and migratmg

birds have brought most of the freshwater algae to the islands. Jan Mayen

has similar facts to be accounted for, but there a postglacial land bridge is

out of the question, E. Ostrup treats the freshwater diatoms, E, Rostrup the

fungi, and Deichmann Branth the lichens.

Most of part II is taken up by Borgesen's excellent treatment of the

marine algae. He lists and discusses critically 83 reds, 73 browns, 46

greens, and 14 blue-greens. Ostrup considers the marine diatoms, and

Ostenfeld the marine phytoplankton. The latter author discusses the

seasonal changes of the plankton, which he finds to be prevailingly oceanic

and not arctic in relationship. The phytoplankton of freshwater lakes is

presented by Borgesen and Ostenfeld, and Dahlstedt gives a critical account

of the Hieracia. At the close of the second part Warming considers the

question over which Borgesen and Ostenfeld disagreed in the first part, and

^ Botany of the Faeroes based upon Danish investigations. Part I. 8vo. pp. 338.

pis, 10. figs, so. 1901. Part II. pp. 343. //y. 2. _/?^j. 100. 1903. Copenhagen: Det

Nordiske Forlag ; London: John Wheldon & Co.
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he is inclined 10 side with Borgesen. The Faeroes certainly have a flora of

recent origin, thus contrasting with the Azores and Canaries, where endem-
ism is to be found. While Warming accepts Ostenfeld's strictures in the

matter of seed dispersal by birds and ocean currents, he thinks that wind is

an adequate transporting factor. The fauna and geological considerations

seem to unite against the land-bridge theory. Warming says that he is

more inclined now than ever before to believe in the efficiency of wind as an

agent for scattering seeds over great distances. A third and final part of

this valuable work is promised for the near future.— H. C. Coavles,

Two text-books on agriculture.

Agriculture for beginners, by Burkett, Stevens, and Hill* forms a

small but very attractive volume, designed as a text-book in agriculture for

the public schools. The subject-matter of the book is divided into nine

chapters, each dealing with a subdivision of agriculture or related sciences,

as : soil, diseases of plants, domestic animals, etc. If, as the authors believe,

''agriculture is an eminently teachable subject" and should be taught in

public schools, this book forms an excellent introduction to the subject. It is

written in clear style and is remarkably free from errors which usually find

their way into works dealing with such heterogeneous subjects as the so-called

science of agriculture. Moreover, the excellent typography and numerous

artistic illustrations make the little book unusually attractive. In a tew

cases it would seem that subjects are not treated in just proportion to their

relative importance. Thus, the discussion of drainage of the soil is limited

almost to bare statements of the effects of draining, without sufficient expla-

nation to make them clear. On the other hand, two whole chapters are

devoted to descriptions of specific fungous diseases and insect enemies,

although these are hardly germane to the subject. The authors inform us

that the chapter on dairying, in which accidentally were included several

miscellaneous sections, has been properly rearranged in later impressions.

The other volume, entitled Agriculture for the cominoi schools,^ comes

from the pen of James B. Hunnicutt. While this book contains an abun-

dance of wholesome ethical advice and perhaps some good practical hints for

the farmer, its absolute lack of scientific accuracy should preclude its use in

the schoolroom. Aside from the general ignorance of natural phenomena

displayed throughout the book, such flagrant errors as the following are

common : ''Each of these [roots] carries a little soft point called spongiole on

the tip, and through this constantly absorbs or drinks in the water from the

earth.*' "Some of these elements, such as carbon dioxid and hydrogen, were

= Burkett, C. W.. Stevens, F. L., and Hill, D. H., Agriculture for beginners,

pp. i -h 267, figs. 2IS. Boston : Ginn & Co. 1903. $0.85.

3 Hunnicutt, J. B., Agriculture for the common schools, pp. viii+ 225.

Atlanta; The Cultivator Publishing Co. 1903.
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formerly thought to be absorbed or taken into the plant through the leaves,

. ... It is now thought that even the air must furnish its food to plants

through the roots."—H. Hasselbring.

Biology of plants.

One of the first to appreciate the modern ecological view-point was

Professor Wiesner, who issued his classical Biologie der PJJanzen in i88g.

A second edition of this work has appeared'' in which no radical change of

treatment is to be seen. Throughout the new edition, however, the contribu-
A

tions of the past decade are found intercalated in their proper places. In

the introduction there is a fuller setting forth of vitalism and mechanism.

Among the topics which are added or much changed are polarity, light and

rain adaptations, photometry (the author's own work). The chapter on evolu-

tion is also much changed, and the last part is largely new. The order of

the chapters is as follows: Section I, Biology of the vegetative processes:

the individual ; survey of the plant forms according to their mode of life

(biological types); primordia, development, form and direction of organs;

polarity, correlations, and leaf position ; complications in determining the

causes of organic forms; rhythm of the vegetative processes; germination of

seeds and buds; vegetative growth ; flowering and fruiting; rest periods and

leaf-fall; adaptation of plants to external vegetative conditions; adaptation of

plants to other organisms; specific adaptations, reproduction; life duration;

vitality. Section II, Biological relations of reproduction; distribution of

sexual organs; wind-pollinated plants; insect pollinated plants; other aids

to pollination, and transitions from one form to another; reciprocal- pollina-

tion ; adaptations for self-pollination; protective adaptations of flowers;

apogamy. Section III, Distribution of plants; fundamental principles and

problems; vegetation forms and formations; distribution areas of species,

genera and families; principles of systematic phytogeography. Section IV,

Development of the plant world (theory of descent). Appendix: Historical
(

development of botany. Thus one may see how thorough and comprehensive

is this admirable treatise on plant biology, or, as we would say, ecology.

H. C. Cowles.
Plant geography.

The sixth volume of the invaluable series, Vegetation der Erde, is by

Drude himself and embraces much of the material which he has been gather-

ing for years in his own home-land of Saxony .5 Just as Graebner's work on

-* Wiesner, ]ulius. Biologic der Pflanzen, mit einem Anhaxig : die historlsche

Entwicklung der Botanik. Zweite, vermehrte und verbesserte Auflage. Svo. pp.

viii -h 340. figs, j8 and / map, Vienna : Alfred Holder. 1902.

5 Crude, O., Der Hercynische Florenbezirk. 8vo. pp. xix + 671. ph, J. fig^- ^6-

I map, Leipzig; VVilhelm Engelmann. 1902. ^730, bound A/31.50; to subscribers

-^20-21.50.
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the heath^ was the first of an ecological series on the formations of central

Europe, so Drude's contribution is the first of a floristic series in the same
region. The most striking feature of the present volume is its marvelous

detail. Exact facts are presented as to the distribution of all of the higher

plants, and many of the lower plants. An opportunity is thus given for

drawing conclusions as to distribution with almost mathematical certainty.

After the usual presentation of historical and geological data, a detailed

account is made of the thirty formations of the Hercynic region, placed in ten

groups. The body of the work is taken up with a minute discussion of the

fifteen subdivisions, into which Drude splits this area. It is here that the

individuality and value of this work is best realized; one may well admire

the spirit which has prompted the years of exact and careful study making

such a volume possible. The closing section treats the relation between the

Hercynic and neighboring floras, and the glacial and postglacial history of

the Hercynic flora. Not only an abundance of glacial relicts but some inter-

glacial relicts are reported. While the book is scarcely one to be read by one

who is unfamiliar with the region, it must be of unspeakable value to German

plant geographers. Moreover, all will welcome a volume upon which so

much care and p9.ins have been taken to secure an accurate presentation of

floristic data.—H. C. Cow^les.

MINOR NOTICES.
Three additional numbers of Karsten and Schenck's Vegetations-

bilder^ have recently appeared. Schenck has prepared the third number,

dealing with economic plants from the tropics: Thea, Theobroma, Coffea,

Myristica, and Carica. The fourth number by Karsten portrays the tropical

and subtropical rainy forests of Mexico. The fifth number is issued by

Schenck, and consists of pictures from southwestern Africa ; a desert with

Welwitschia, a euphorbia steppe, a shrub steppe, Aloe diehotofna, acacias

along a dry stream bed, Euclea. As stated in the former review," these illus-

trations are accompanied by full descriptions, and set forth most admirably

the vegetation features of far distant lands.^H. C. Cowles.

NOTES FOR STUDENTS.
Pampaloni^ records two species of fungi from the middle Miocene of

Sicily, referring them to the genera UncinuUtes and Erysiphites. They are

reconsidered by Salmon,"" the well known authority on these plants, who

considers that Erysiphites is not related to the modern Erysiphaceae and that

Uncimtlites should be considered as a species of Cercosporites.—Y.. W, Berry,

*See Box. Gaz. 35 :293. 1903.

7 Karsten, G., and Schenck, H., Vegetationsbilder. Hefts 3, 4. SX-^- ^SS^-

Jena: Gustav Fischer. 1 903.

®BoT. Gaz. 35 : 294. 1903.

sPAXfPALONi, L., Rendiconti della R. Accad. dei Lincei 11 : 250-251. 1902.

'^Salmon, E. S.,Journ. Botany 41: 127-130. 1903-
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Beck, has given us his views respecting the delimitation of plant forma-
4

tions." He discusses the varied use of the term formation, the relations

between floristic and biological conceptions, and other disputed questions.

Beck believes that true formations are rather sharply marked, and that many

"transitions'* are developmental stages or are due to man's influence,—H. C.

COWLES.

C. C. Adams ^^ has discussed in an interesting manner the postglacial

origin and migration of the life of the northeastern United States. It is shown,

especially from his studies of shells, that the southeastern United States is the

greatest of the life centers ; the southwest has been a secondary center. The

Mississippi valley and the coastal plain have been prominent paths of

tnigration.—H. C. CowLES.

R. E. B. McKenney^3 has published some notes on plant distribution in

Orange county, southern California. He describes seven formations; the

mountains with hard-leaved evergreen shrubs; the foothills, also dominated
F

by a scrubby growth; the canons, which alone have trees, the river beds,

mesas, bogs, and strand. He regards this flora as not properly sclerophyll,

but intermediate between this type and the desert.— H, C. Cowles.

Moller,^* a pupil of Nathorst, has published a flora of the Upper

Jurrassic of Bornholm. Contrasted with more southerly localities in Europe,

it is distinguished by the presence of a member of the Marattiaceae which at

that time are no longer represented to the southward. Several members of

the Dipteridinae are also recorded. The Matonieae are represented by

specimens scarcely distinguishable from the existing Matonia pectinata.

Numerous Cycadean leaves are present as are also members of the Gink-

^oales.—E. W. Berry.

J. W. Blankinship^s gives a list of the plant formations of eastern

Massachusetts with their character plants. His classification is as follows:

Xerophytes (sand barrens, hilltop barrens), Mesophytes (sand plain forests,

hilly upland forests), Hygrophytes (sand pond margins, low meadows, sea-

shores, low woodlands), Helophytes (swamps, bogs, salt marshes, boggy \

woodlands). Hydrophytes (sand ponds, mud ponds, sea shoals, fresh-water

formations, pelagic formations), Biophytes (waste lands, economic formations,

fungoid formations),—H. C. Cowles.

"Beck, von Mannagetta, G. Ritter, Ueber die Umgrenzung der Pflanzen-

:{orinationen. Oesterr. Bot. Zeit. 52: 421-427. 1902.

^^Jour. Geog. i: 303-310; 352-^57. 1902.

'3McKenney, R. E. B., Notes on plant distribution in southern California.

U.S.A. Beihefte Bot. Centralbl. 10: 166-178, 1901.

^^MoLLER, HjALMAR, Bidrag till Bernholms fossile Flora, Kongl. Fysiog. Sallsk.

Handl. Lund 13: . 1902.

"SBlankinship, J. W., The plant formations of eastern Massachusetts. Rhodora

5: 124-137. 1903.
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Raunki^r announces^* that the dandelions in Denmark are partheno-

genetic. He finds varations in the common species, on which he bases five

new species, besides recognizing two others previously segregated. All these

produce fruit freely without fertilization, and even when the flowers of an

unopened head are so far sliced off that no stigmas or anthers remain. Tar-

axacum obovatum (Willd.) DC. of southern Europe, T. glaucanthum (Ledeb.)

DC. from Pamir, and T, crocewn Dahls, from Greenland and Norway produced
fruit without fecundation. Though the author made no cytological study of

the case, he searched in vain for germinating pollen or pollen tubes.— C- K. B.

Dr, William G. Smith, who has taken up the w^ork of the late Robert

Smith, ^7 has published the first of a projected series of papers on the distribu-

tion of British plants,^^ entitled "Geographical distribution of vegetation in

Yorkshire." The methods of Flahault, as applied in Scotland by Robert

Smith, have here been employed for the first time in England, and with high

success. A map, worked out in extreme detail, forms the basis for the dis-

cussion in the texti The moorlands form the most natural vegetation of the

district, and are developed as moss moors with much cotton grass, or heather

moors with Calluna. The woodlands are dominated by oaks. Much the

greater part of the area is cultivated or otherwise modified by man. Nine

photographic reproductions of plant associations are inserted in the text-

In this connection it may be noted that Dr. Smith has given us an admirable

critical review of Graebner's recent studies on the North German heath,

comparing the conditions of heath development in Germany and England. '^

H. C. COWLES.

Cases of regeneration in the strict sense are of such rarity or of such

dubious character among plants as to lead to controversy whether it occurs

at all. Pischinger*° has noted two instances of regeneration in Streptocarpus

Wetidhmdi Damm. (Gesneriaceae) which must be conceded to be of the same

type as that found in animals. This remarkable plant normally produces no

distinct epicotyl and no foliage leaves, but a meristem region develops near

the base of the larger cotyledon, which then grows to a foliar structure about

40 X 20^"^. From near the base of this structure arises the scape bearing the

inflorescence. In a series of experiments in which a part or all of this leaf-

like organ was removed, the entire structure w^as in two instances regenerated

at the surface from w^hich the original had been cut.

**Raunki^.r, C, Kimdannelse uden Befrugtning hos Maelkebotte. Bot. Tids-

skrift 25: 109-140. 1903.

'^See BOT. Gaz. 31: 136. 1901.

'^Smith, W. G., Geog. Jour. 21: 375-40^- i903-

''Scot. Geog. Mag. 18: 587-597. 1902.

PiscHiNGER, Ferdinand, Ueber Bau und Regeneration des Assimilationsap-

parates von Streptocarpus und Monophyllaea. Sitz. Ben Wiener Acad- iii: 278-

302. pis, 2. 1902.
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In many cases the **leaf '* was regenerated when only a part was removed,

but this differs from strict regeneration in that it is development of an organ

from an already existent meristem. Studies upon other species of Strepto-

carpus and upon the nearly related Monophyllaea, which normally produce

true foliage leaves, showed many instances of this kind of "regeneration/*

as well as numerous cases of regeneration in the wider sense of correlated

development of other structures.— G. H, Shull.

The first account of nuclear conditions in the sexual organs of the

Gymnoasceae is presented" by Miss E. Dale, who has studied especially Gym-

noascus Reesii and G. candidiis {Arachniotiis candidus). Miss Dale estab-

lishes beyond question the presence of a sexual process, supporting m the

main the earliest account of this group by Baranetzky in 1872, and discredit-

ing the later views of van Tieghem, Zukal, and Brefeld, who have denied the

existence of sexuality.

The sexual organs of Gyrmtoascus Reesii arise as two lateral branches on

each side of a septum. They grow out at right angles to the parent hypha

and twist around each other, their free ends becoming swollen and finally

cut off by a cross wall from the stalks below. These two cells generally fuse

while there is yet little differentiation between them, but soon one develops a

process that coils around the other, which remains straight and finally

becomes spherical. The coiled cell divides by cross walls and from most of

the segments one or two short thick branches arise as ascogenous hyphae

whose ends develop into asci.

Both sexual cells at the time of fusion contain large numbers of nuclei,

and are therefore coenogametes, but when first formed there is only one

nucleus in each cell. This nucleus probably divides to give the later multi-

nucleate condition, but Miss Dale did not follow this process, nor did she

determine with certainty whether the nuclei unite in pairs after the fusion of

the coenogametes. The nuclei pass into the coiled prolongation, and thence

into the ascogenous hyphae. The nuclear history during the development of

the ascospores was not studied in detail. In Gymnoascus candidus the two

coenogametes may not arise from the same hypha or simultaneously as in G.

Reesii, but otherwise the two forms agree in all essentials.

These studies add another type to the rapidly growing list of lowly Asco-

mycetes whose sexual organs are coenogametes, and indicate that this condi-

tion is likely to prove very general in the group. The possible bearing of this

on the problems of the origin and relationships of the Ascomycetes is of great

interest in connection with the conditions prevalent in the Mucorales, Sapro-

legniales, and Peronosporales— a subject which the reviewer has recently

considered in his paper on "Oogenesis in Saprolegnia."==—B. M. Davis.

*' Dale, Elizabeth, Observations on Gymnoasceae. Ann. Botany 17 : 57i'596.

ph, 27, 28, 1903.

"BoT. Gaz. 35:233. 1903.
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NEWS.

Mr. a. a. Heller has removed to Los Gatos, California.

Dr. John L. Sheldon has been appointed professor of bacteriology in the

University of West Virginia.

Dr. Joseph H, Mellichamp, an ardent student of the southern flora,

died October 2 in Jarnes Island, S. C,

The attention of subscribers is directed to the announcement in the

advertising pages regarding the general index. The error in the first notice

IS corrected, and we hope the approval of the index will be general enough
to insure its publication by the University Press. It is already in an

advanced stage of preparation.

Mr. Cormelius V^an Brunt, an expert photographer of native plants,

died at his home in New York city on October i, at the age of seventy-seven.

No one who once had the pleasure of seeing the wonderful lantern slides

made by Mr. Van Brunt, and colored to the life by Mrs. Van Brunt, will ever

forget the perfection of their technical skill, directed as it was by their keen

appreciation of floral beauty.

The seventh annual meeting of the Society for Plant Morphology and
Physiology will be held at Philadelphia, Pa., in conjunction with the meetings

of several other scientific societies, on December 2q, 30, 31, 1903. This is

the first meeting of this society in Philadelphia, though the preliminary steps

which led to its formation were taken there at the meeting of the American

Society of Naturalists in December 1895.

Mr. a. M, Ferguson, instructor in botany in the University of Texas,

^as been given leave of absence for one year by the University of Texas,

and has been appointed special agent for the ofifice of Pathology and Physiol-

ogy. Bureau of Plant Industry, to investigate technical problems in connection

with mushroom culture. He has been assigned to the botanical department
of the University of Missouri. He has been recently occupied with the study

of the so-called fungus gardens of the various species of fungus-eating ants

occurring in Texas.

Professor B, E. Fernow, late director of the New York State College

of Forestry, is writing a book on biological dendrology. He is also giving

privately courses on Forest management and Forest finance to a number of

former students of the College of Forestry, who have returned to Cornell Uni-

versity for a baccalaurate degree and to finish their forestry education by

^903] 399
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\

means of these courses. Most of the JuTiior students of the abandoned col-

lege have gone to the Forest School at Yale University. The Forestry

Quarterly will be continued by Mr. P'ernow.

The Botanical Society of America will hold its tenth annual meet-

ing at St. Louis December 29-31, 1903, under the presidency of Professor C.

R. Barnes, of the University of Chicago. Headquarters will be established at

the Southern Hotel, and sessions will be held in the Central High School,

The retiring president, Dr. B. T. Galloway, chief of the- Bureau of Plant

Industry, will deliver an address upon What the twentieth century demands

of botany, Mr. Francis Darwin, of the University of Cambridge, will present

a paper upon A self-recording inethod applied to the moveynent of stomata.

In connection with the International Botanical Congress to be held in

Vienna about the middle of June 1905, it is proposed to hold a botanical

exhibition. The International Association of Botanists desires to demonstrate

the importance of its proposed central bureau by exhibiting material to illus-

trate its functions. These functions have been defined as follows: *'(i) To

give information as to the places where certain collections, herbaria, etc., can

be consulted; as to cost of living at places likely to be visited by botanists;

as to botanical expeditions in preparation, etc. (2) To form a library of

separate reprints of botanical papers which can be loaned to members who

so desire, subject to the payment of postage both ways. (3) To form a

center for the exchange, sale, and purchase of photographs of plant-societies,

plants, or parts of plants. (4) To obtain and distribute material for investi-

gation. (5) To assist in exchanging or selling microtome-sections. (6) To

aid in obtaining and distributing demonstration material. (7) To be a center

for obtaining, keeping alive, and distributing pure cultures of algae and

fungi." It is especially desired that a complete collection of reprints of every

author may be obtained for this exhibition with a view of presenting these to

the library of the central bureau. All material intended for this exhibition

is to be sent before May i, 1905, A. d. Botanischen Garten der K. K. Uni-

versitat in Wien, III, Rennweg 14. The cost of transportation is to be

borne by the person exhibiting. Further information may be obtained from

Mr. J. P. Lotsy, 33a Oude Rijn, Leiden, Holland.

r

r

i

I

\



thebrain workers
TON I

J j;
?;

- --v.*v

\'^% '^^ ":

HORSFORD'S
ACID PHOSPHATE
Teachers, Students, Clergymen, Accountants and
persons of intense mental concentration, can
strengthen their whole system and increase their
capacity for mental and physical labor by the
use of Horsford's Acid Phosphate.

It rests and strengthens the tired brain,
dispels nervous headache and induces restful
sleep and a good appetite.

Ifyour druggist can't supply you we will send small bottle,
prepaid, on receipt of 25 cents. Rumford Chemical
Works, Providence, R. I,

>

V
J,-^-

^i-r,-^--.-V-

^ -^-' -

tr

Wl ENN E,!^| '
S

Toilet PowdeK

1_

,^

*«
.i;

if-

\
^.

y
J

_^ rf*

o 5J^
r^y

o: ^

'/'- e«»J!gt««
/^iOi(?i^

I haVe made a careful
Chemical ^nalvsis of

forf/ieTfi

AND FIND Nothing injurious
OR 0DJECTI0NA5LE IN IT5 COfVlPO-

smoN.

V-^//,

FOR TWO SCORE YEARS AND

Genteel Americans have cared for

their teeth with no fear of Acid,

Grit or other injurious substances

BY THB USE OF

SOZOD

Disease Germs and foul gases are drawn

through the house from the cellar. On every

suspicious spot and in the water-box of the

furnace pour a little

^^

Chlorides.

The Odorless Disinfectant



^.

V"

^^9

USIC CI One of the fine arts, or arts of
beauty and expression**

—Standard Dictionary,

Piano playing is an art rich in pleasure-,

giving resources, and the inventors of the

Angelus attempted to make, and have made,

an instrument which permits an artistic per-

formance. Most people know that since the

Angelus was introduced many imitators

have sprung up. Each and every one of

them lacks the vital distinguishing feature of

the Angelus,

The Phrasing Lever.

By this wonderful device immediate and
absolute control of the instrument is obtained.

When you have seen the Angelus Phrasing

Lever—a little ivory tablet under the per-

former's right hand — you will understand

why no other piano player can be success-

fully compared a moment with the Angelus,

The Angelus Orchestral possesses still

another exclusive feature—charmingly voiced
organ reeds, ivhich maybe used as an accom-

paniment whenever desired. These reeds

may be used separately, if preferred, making
the Angelus Orchestral a complete instru- il
ment by itself.

AGENTS IN ALL PRINCIPAL CITIES
Booklet describing, and pictures of, the latest mod-

els of the Angelus and the Orchestral mailed free.
Instruments superbly finished in all woods io match
any piano.

The Wilcox & Whit C
Established 1876.

Factory and Main Offices, Meriden, Conn

^
J

n

m

^s^-

.MW-i

*t»«f

COSY CORNER
This is a College Girl's room decorated with her

favorite pictures— portraits of Authors and Mu-
sicians, Cathedrals, works of the Great Painters, and

foreign views. They
are all Cosmos Pict-

ures. Less than Three
Dollars will buy all

these, and enable you

to make your room just

as cosy and cheerful.

We have 1,000 subjects

to choose from. You
can have your favorites

about you. Cosmos
Pictures are acknowl-

edged the highest grade of picture-making.

We have them hand-colored, too, or you can

color them yourself; it's a delightful occupation,

and one that makes money if you want to sell your

work. We have specially made Japanese Trans-

parent Tints. 75 cents buys the Color Book, con-

taining 15 leaves of color.

Cosmos Pictures are made in two sizes— the

Large, some 9 x 15, others 10 x 13 inches; the

Standard, 6x8^ inches. For One Dollar we will

send, postpaid, Twenty of the Large or Fifty of the

Standard. Samples, Two Large and Five Standard,

together with our new Illustrated Catalog No. 51.

for 25 cents. Catalog alone, 6 cents, by mail.

COSMOS PICTURES COMPANY
296 BROADWAY, NEW YORK

RIDEAC0CKH0R5E TO BaNBUR/ CROSS.

To SEE A FINE LADY IPONAWHITE HORSE.

RfNGS ON HER FINGERS,AND BELLSOMHER TOES

She SHALL HAVE flUSlC WHEREVER SUE GOES,.

^ ^C

-^^

-%

So SING5 THE fOND

And so can all mothers with tuneful refrain

Delight in their iNfANTs.wHOSE health THErMAiNWJ

Through , ,^ cvmio
RS.WINSLOWS SOOTHING SYRUP

OVER FIFTY YEARS SOLD

.MiiiiALCAC MATHroQ IN THF NFW M^ORIDAND



^^^r*- II

AND

UU)
flfi

^•^ r^

y:'^ V .

f^

^^
I
^

^?

skillfufly

prepared,

pure and
delicious

-a
z

/ y
^//

/

CANDY
^J^

r,A

IME SAME MAKERS
TflESAME EXCELLENC

y/- ^

M^ 7 V/(

f///

/;
J

I

^h/-*

* '

^-' * h _r

1 1'

^^h:

Trains
viA tHe

IBi^|mjtsvtmBAiiwAy(^

and C. H. *.»! B. Ry.

Only Hours

CHICAGO

CIITCINNATI
BY DAY.
Cars.

BY NIGHT.

Z>inin^

Cars

CHAS. H. ROCKWELL,
Traffic Manager,

200 Custom House Place,

FRANK J. REED,

Gen, Pass. Agt.

CHICAGO.

r/.

Put on as much wool as you wish
but not next to the skin. T.inen

and only linen-— there. It will

warm, comfortable

healthy.

The Dr, Dei m el Linen-Mesh
Underwear is the proper covering for

body, always everywhere.

Booklet^ telling all about it^ with
samples of Lincn-mcsk, tfmiledfree

THe Deioiel I^inen-Meslx
(Originators oi Lmen-Mcsh^

Dept. 0.66. 491 Broadway, New York

San FKANCisco, Cal.,
Washington, D. C,
Bkooklyn, N. Y.,

MoNTKEAL, Can., -

London, W. C, Eng.,

- Ill Montgomery St.

13x3 F Street

510 Fulton St,

- 2202 St. Catherine St.

83 Strand (Cecil Hotel)
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Forty years ago the school-teacher had to %^i along

as best he could with ioreign-made pencils; now

things are changed, and he has the privilege of using

Dixon's
American
Graphite PencUs

in all the schools under his charge.

These pencils are not the result of an inspiration,

but are the product of much care, thought, and

study in order to provide just the right kind of a

pencil for the many kinds of educational work.

They are used m all the leading scientific and

technical schools in the country, and are recom-

mended by the drawing professors. They have

strength and durability of lead, combined with

absolute smoothness and accuracy in grading. Send

for illustrated color catalogue. It will help you.

JOSEPH DIXON CRUCIBLE COMPANY
JERSEY CITY, N. J.

tje^
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does better work, does
It quicker, and lasts far

longer than any other type-
writing- machine in existence.

It is the

World's Best Typewriter
Send for out tittle hook telling all ahovit it.

The Smith Premier Typewriter Co.
Executive Office, 287 Broadway, N. Y,

Factory at S/racusc, N- Y.
Branch offices in all large cities.

YOUR DESK

A few articles of

stationery needed

every desk—
Sent prepaid on receipt of price

I

I doz. Mephisto Copying Pencils -

1 doz. A. W. Faber No. 2 Pencils -

2 doz. Assorted Pens 15c, per gro. -

100-sheet Bond Tablet, Sj^xii,

ruled ' ^^^

Automatic Indelible Pocket Pencils loc

Johan Faber's Pencil Sharpener - 25c

16-OZ. Computing Mail Scale - $1.25

. Childs
WHOLESALE AND WETAIl STATIONERS

140-142 MONROE STREET, CHICAGO

Sendfor our catalogue, of office supplies.

A3 i-b^. J ^
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Never mind about the claims of rival

machines, judge by "the results—the work

they do. So judged,

The No. 2 HAMMOND
TYPEWRITER
which has perfect Alignment^ uniiorm

Impression, soft, elastic Touch, speed of

over 200 words a minute, and is durable

and easily portable, can take the lead

among Writing Machines.

The work it turns out is perfect

in every respect. ; -• ••
' ' •' *'

'"

\

THE HAM TYPEW
69tH to 70ti\ Sts., ai^d East River

Branch Offices in principal cities.

TER
Representatives everywhere,
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Biscuit and Triscuit
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completely nourish the en-
tire body and brain and are
the only naturally short,

porous foods made from wheat without theuseof fats,yeast or chemicalsof anykind.

SHREDDED WHOLE WHEAT BISCUIT is staple in every welt-provisioned

larder and is the reliance of the thoughtful housekeeper because it

can be combined with fruits, preserves and vegetables, in making over
250 varieties of all-course dishes. It stands conspicuously alone as a

cereal for morning, noon and night.

TRISCUIT, the appetizing wafer is so baked by electricity that all

the rich, nutty flavor of the Whole Wheat is retained. There are

many original ways of serving it in addition to its standard uses as

bread, toast and as a successor to crackers. It makes delicious

cheese toast and sandwiches, and when dipped in icing is trans-

formed into healthful sugar wafer.

Place Biscuit and Triscuit In warm oven to renew crispness.

**I have been an invalid for three years; have tried the differ-

ent breakfast foods, but iind that Shredded Whole Wheat is the

only food that I do not tire of and the only one which when used
constantly agrees with me." Ethel M. Second, Ripley.N.Y.

Shredded Whole Wheat Biscuit and Triscuit

are sold by all grocers.

The Natural Food Company"

/A

-r-^v. ^

oTWakers of Shredded Whole Wheat Products

.™^'
1^*^ ^

Niagara Falls, New York
dL

_
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OR Address BlOOMSBURG.KS

XX7"HY not use a clean Fountain

Pen, one that will write and
write always, without skipping,

blotting, or scratching?

and
bas been sold on its merits all over
the world for sixteen years, and is

unconditionally guaranteed.

Cut It in Half

and you will see that, un-

like all other collar buttons

,

The One-Piece

Krementz
is double thick, where
double strength is needed
— in the shank. Not a

weak spot in it. Made of

one piece only. Ham-
mered into graceful shape

that makes it easy to but-

ton and unbutton. 21 mod-
els for ladies and gentle-

men. Gold, silver, or

rolled plate. Freebooklet,

•*THE STORY OF A
COLLAR BUTTON."
gives entertaining informa-

tion. Get one for postal.

KREMENTZ & CO.

34 Chestnut St.. Newark, N. J.
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FRENCH—GERMAN—SPANISH
Spoken, Taught, and Mastered Through Our

JGUAGE PHONE METHOD
Combined with

The Rosenthal Common Sense Method of Practical Linguistry

The Latest and Best Work of Dr. Richard 5. Rosenthal
'^ No longer unnecessary memorizing of verbs, declensions, or rules. You hear the

^ exact pronunciation of each word and phrase thousands of times, if you like. It

requires but a few minute's practice several times a day at spare moments to acquire a

thorough mastery of conversational French, German, or Spanish « College professors

all over this and other countries, and the press generally, endorse this perfect and natural

system of teaching languages.
Sendfor testimonials^ booklet, and letter tellingall about
this 20th century scientific marvel, A postal tvill do.

International College of Languages, 1105.C Metropolis Building,
Broadway and i6th street, NEW YORK CITY

- >

The New

"STERLING AUTOMATIC"
Loose Leaf Perpetual Book

r^^

I
f^U

^

^ ^, -
^^^^1^1*"

--J-

Opens automatically
by slight pull.

The only loose leaf book ever patented with automatic continuous
arches. Carried in stock \n ten different sizes.

Used by the Faculty and Students in the Leading
Educational Institutions of the Country.

A complete list of other sizes will be sent upon request. Special
sizes in any style bindings made to order.

Manufactured and sold by

STEVENS, MALONEY & CO.
Manufacturing Stationers, Printers

Blank Book Builders
143 La Salle Street CHICAGO, U, S.

Compartment Sleepers

Standard Open Sleepers

Palace Parlor Cars

Table d'hote Diners

Luxurious Day Coaches

Are some of the many features

of a trip over the

FOU R ROUTE
CHICAGO TO

NDIANAPOLI
m
A CJNNAT
LOUISVILLE

AN SOUTH
Ask for Tickets via the "Big Four."

J. C. TUCKER, G. N. A.,

238 CiarU St., Chicago.

"WHatis "

\X
1»

,JL ^^ha^'

thatDaus'**Tip-Top
Duplicator IS the oesi,

simplest, and cheap-

est device for making

•%. and100 copies froxn Pen-writte
50 copies from Typewritten ori^i»»*

wc are wlUing to send a complete "Duplicator" without deposit

on 10 days' trial.

No mechanism to eet out of order, no washmgr, ?? P^ors.
printer's ink. The product of 23 years' experience in X^upiica

Price for complete apparatus, size No. z. $7-50t subject to tnc

discount of 33)^ per cent., or $S*00 &••
FELIX c. DAtjs Duplicator Co., !>»«« Bia^., iiijoHa St.. New YorK

>

i



Perfect alignment

at all times.

Lightest Touch.

Shortest key de-

pression.

Greatest speed.

Line lock that is perfect.

These aie 5ome of ihe features that sep-
arate the Fox Typewriter trom all others
and place it in a class by itself.

It's time you investigated our claims.
A\e place machines on trial, anywhere, free.

Send for catalogue illustrating the ma-
chine in detail.

FOX TYPEWRITER CO., LTD
560-570 N. Front St.

GRAND RAPIDS, MICH.

r*-

Pen Extravagance

^'^#::

^i

jM^

w:^

^

*
'&

gOME writers dip ; that'swaste-
ful in a dozen ways, and so

clumsy! Others who use Foun-
tain Pens don't yet know that
ink joints under the finger-grasp
and other •• good old'* features
are costly enough. Contrast the
comfort and neatness insured to
users ol the Middle Joint " Mod-
ern" Fountain Pens made and
guaranteed by A. A. Waterman
&Co. Look for the '*A. A."
and the word "Modern" and
you'll find the way to true Pen
Economy.
The most exacting pen user

can be suited

I > j_^ - 1 ^ _ *
'T x;,vtrr\iii-,i^,MiMtUM^^^a^mimii'

Waterman & Co.

THAMES ST. NEW YORK

DIPS INTO

,ARTER

CARTERS

Ail overthe civilized world

THE IMPROVED

%^

//^-
>j'>

"t^u^V- .

IS KNOWN AND WORN
Every Pair Warranted

The Name Is

stamped oa ever}

loop—
The ^ ^^^

CUSHION
BUTTON

^j'

.

v

Lies flat to the leg—never

Slips, Tears nor Unfastens

ALWAYS EASY
Send
SHc for Silk,

^>5c. for Cotton,
fatmnie Fair.

REFUSE ALL SUBSTITUTES

GEO. FROST CO., Makers.

BostoQf M1SS.1 U. S. A.
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Photographic Perfection
is attained by making' your neg-atives on

ANSCO; THE NEW DAYLIGHT LOADING FILM
and your prints on

CYKO: THE PAPER THAT PRINTS AT NIGHT
ANSCO and CTKO have no peers in Keeping Quality and in

I>atitTide of Exposure and Development.

Trial Dozen 4x5 CYKO and Beveloper, 20 cents.
ANSCO films are made under the celebrated Goodwin Patent

and are adapted for Kodak's, buU's-eyea and all Film Cameras.
CYKO Maiaual and ANSCO Booklet sent on application.

THE ANTHONY (SL SCOVILL CO.
12S-124 Fifth Ave., KewTork, Atlas Block, Chicago

1

ORCHESTRA
Instruments, Violine, Flutes, Mandolins, Guitars,
Banjos, ifec- Lyon & Healy and **Washburn" In-

struments are in use everywhere and are sold by
leading music dealers. Ask for "Dept. G" Catalog
Iliu8trated,mailed/ree. It's amoney-earer.
LYON & HEALY, - 3S Adams St, Chlcaso, 10.

TfeA World's Lareest Basic House. 8«lls *^ErerjthlDg Known In lul*.*'

Do You Want a
Genuine Bargain

in a Piano?
WchftTehnndr«dfl of Upright Pianos returned from renting

which must be disposed of at once. These pianos includs

Steinways, Knabes, Fischers, Sterlings and other well known
makes. Many cannot be distinguished from new, yet all ar«

offered at a great ^h m^ ^^ m discount Uprightl

as low as 9100. Also ^T WM WM WM beautiful new C^
rlfhU at 1125. pi K I Im 9135. $150 and I16&.

A magnificent in- H 1 ^J If I stniment at 9^290,

fully equal to many » » -^ - ^^qq pianos. EMy
monthly payments accepted. Freight U only about 95. Write

at once for complete list and full particulars. You can mass •

great saving by securing your piano from ns. Every piano war-

ranted as represented. "A Piano Book." free. Write today.

LYON tALY
38 Adams St., CHICAGO*

Vttld'a UTfert maak bovi« ; oeU "ETtrytblnfknown Ui

Rare Old Violins
Larfresl and finest collection on this continent

Fine catalogue ffreej coatainlng 50 'ac-eimu«

labels in colors and Biographies of aW t^J

noted makers. List and particulars of So o

Instruments from $50 to $10,000. Monthly

payments may be arranged. Violins sent on

Beveo days examination. Formal CertiHcaw

of Genuineness with each instrument.

LYON 8c HEALY. ''^S-"^

Traveling by Daylight-

ON THE

Affords all the comforts to

be had in the most luxu

rious homes or in the best of

hotels. Nothing- is wanting
to complete one's happiness,

and the days pass only too

swiftly.
The Parlor and Obser-

/ation-Cafe Library Car
reatLres on the Wabash
trains, togetlier with the

Free Reclming (hair Cars

and Dining Cars* have

become widely known and
very popular.

Through Cars are run

between St. Louis and Chi-

caeo, Kansas City. Omaha,
Vew York, Boston. Los

\ngeles, San Fiancisco.

Denver. Portland, Ore..

Minneapolis and St. Pft"|;

between Chicag" and But-

falo, New York, Boston and

Montreal ; between Kans^
City and Buffalo, and bt.

Paul and Los Angeles.

C. S. CRANE ^

Gen'I PassV and Tkt. Aaent.

ST. LOUIS MO. .

V
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THE
ALTON'S
^904

Gintz
TRADE-MAKK.

"Sequel to the Fencing
Girl."

Copyright, 1903. by
Chicago & Alton

Railway.

ART CALENDAR
Four graceful poses from life; figures ten inches
high, reproduced in colors by a process far su-
perior to last year's calendar. Highest example
of Iiihographic art.

"THE OXLT \\^AY"
to own one of these beautiful calendars is to
send twenty-five cents with name of publication
in which you read this advertisement, to Geo.
J. Charlton, Gen'l Passenger Agent, Chicago
& Alton Railway, Chicago, III.
The best railway line between Chicago, St.

Louis, Kansas City and Peoria. Take the
Alton" to the St. Louis World's Fair, 1904.

'*The King's Highway/'

THE

GATEWAYS OF COMMERCE

THROUGH THE

CENTERS OF POPULATION,

adding greatly to the interest of your
journey, without increasing its ex-
pense beyond what you would expect
to pay for the ''best," which you se-
cure if you travel by the

NEW YORK CENTRAL LINES.

A Copy of '^Four-Track Series'' No. 13. "Urban
^pulation in 1900," will be sent free,on receipt of a
wo-cent stamp by George H. Daniels, General
passenger Agent, New York Central & Hudson
i^Jver R. R., Grand Central Station, New York.

>

TRADE
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MARK

We make no argument on quality this

month.' We state as our belief, born of

50 years in mattress making, that an

OsTERMOOR is the most comfortable and
restful mattress ever made at any price-

also the most durable. It is sold on its merits

—not on its advertising. Time and usage,

the destroyers of all things, have no apparent

effect on the

Patent Elastic Felt

Mattress
You don't have to depend on the judgment

of others. Decide for yourself. Sleep on it

30 nights from date of receipt, and if it is not

better in cleanliness, durability and comfort

than any $50 hair mattress ever made—if it

is not all you even HOPED for, return it at

our expense and your money will be immedi-

ately refunded without question. This is

Our Unanswerable Argument

Send for Our Free Book

whether vou want a mattress or not—interest-

in^ information on comfort and the Oster-

MOOR. There is no other mattress as good as

the OsTEKMOOR. and we want you to know
v.M-—w€ diallenze comparison. It illustrates

the various uses to which the Patent E astic

Felt is put—Pillow^s,

Window Seat Cush-
ions, Boat Cushions,
Church Cushions, etc.

Look out Tor the frauds

that are offered every-

where. It's not "felt" if

it's not an^OsTERMOOR."
The name "Ostermoor"
and our trade mark label

are sewn on the ^nd of

every genuine mattress,
'* Mistakes" will happen,

you know.

2 feet 6 inchd wide, %f.%^
2B IbB.

3 feet wide, 30 Iba. 10.00

3 feet 6 inchM wide. 1 I TQ
35Ibi.

•'"
4 feet wide, 40 Ibi. 13.35

4 feet 6 techM wide, 15,00
45 Ibi.

All 5 feet 3 Inches long.

Express Charges Prepaid.

In tivo parts, 50 cents extra.

Special sizes at special prices.

Ostermoor

m

^

Si-

a

Canadian Agency: The Alaska Feather

and Down Company, Ltd.. MontreaK
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••THE NAME IS EVERYTHING."

Estcrbrook
pen

gfuarantee

Ve r t i cal

admirably

V e r t ical

Over 150
other styles

every

stationers
+

Accept no

absolute

excellence

-^

adapted

Writing.
varieties

to suit
pose

liave

All

them.

substitute.

FLaf^lD
t_ _ I 'I
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ARL BUTTONEB.
A practical device which saves time and temper. Used and
endorsed by thousands. Nickel. 10 cents; Sterling Silver,
50 cents. Sent on receipt of price,

ALPHA MFG, CO.. 151 Milk Street, BOSTON. MASS.

$100 will be paid for the

best design of the

The Esterbrook steel Pen Co,

Works, Camden, N. J. 26 John Street, N. Y.

The Perfect Heel Protector
^Wni Save ONE DOLLAR in Repairs

On every pair of shoes, and g-ive you
the comfort of a new pair of square
Heels all the time. Made
of a species of Silver Steel,
tempered to a degree of
hardness which will effect-

ually resist wear. The onh
safe, durable, simple, and
neat device. Does not dis-

figure the heel, cannot slip

or work lonse. Is not noisy.
Easily applied. Send |r.oo

for eight-

een pairs
Protectors
and Nails; or go cents for six

pairs, with steel chisel, tin

gauge, &c. Sample pair, 10

cents, stamps or silver.

Address,

Woodman Comjiany, P.O. Box 2872, Boston. Mass,

'V-.'

T f^

V\

1^ ^i,iC^j:-j- i:w"m-

DENSMORE
OFFICIAL TYPEWRITER »' «"

ST. LOUIS WORLD'S FAIR
Desiarn to be used for half advertiseme m etc.

Award for this desisfn to be made Feb 1904
Facsimile letter from World's Fair, adopting the Densmore, together with catalogue. etc.,

sent on request.

DENSMORE TYPEWRITER COMPANY, 309 BROADWAY, NEW YORK
\rn V - —rV'

^,^^^
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EsUblished 1857 Incorporated 1S89

For good work

quick work easy

i^Xnasoi^rrz.
i

The

kinds

(Between Chicago and Milwaukee on C. & K. W. Ry.)

KENOSHA. WISCONSIN.

V e m e

work
the

Health -Resort: Rest

affnrH.nl^^^^^^'^1^'-*;?''*^"*^^^^
upoH a Hiost liberal scale, and

chron r^ii/'^^y ^??'^*^y.. *"°' ^^« successful treatment of

iV^r w^^^^^^^; ^«^"^>f"l grounds f 100 acres) with haJf milei-ake Michigan frontage.

DELIGHTFUL MILD AUTUMN
A Perfect System of Hot Water Heating

For illustrated prospectus address

N. A. PENNOYER, M.D,, Mgr.
CHICAGO Office. Dr. Pennoyer's hours:

TO STATE STREET. 2 to 4 Tuesdays.

Telephone Central 500.

Remington
expesays the

rienced operator

REMINGTON
Typewriter Co.

Correspondence
Instruction

be "Clnipersits ot Cbica^o
offers advantages for non-resident stu-

dents through its Correspondence-Study
Department which cannot be surpassed.

Degrees are not granted upon work done
wholly by correspondence, but when the

. , courses are completed at the University,
credit IS given so that the time of required residence for the Bachelor and Doctor's degrees is
matenally shortened. The work offered includes courses in Theology, Philosophy, History,
Pedagogy, Sociology, the Languages, Literature, and Mathematics.

Circulars giving detailed information may be had by addressing

THE CORRESPONDENCE-STUDY DEPARTMENT,
The University of Chicago, Chicago, IM.

-CF ^ ^

WplJLD YOU LIKE TO SUCCEED IN BUSINESS?
w ould. you obtain a gooU paying position or secure an lucrease

'• How to succeed in Business" is the title of an extensive treatise on bookkeepmg and business.

ckeeri
^"'ckiy at your own home without loss of time or money. We guarantee it, ^o tr

m the world ^ ^^^^^^^ »t- The author of our works is an expert accountant; he has kept and audited

A^EAt BOOK FREE.
sv«^i,>'°"j position in lif.. T» U^s'em and other

COMMFRfjlu^r^^n.I^^^''' Simply send your name and address an^^tKCUL CORRESPONDENCE SCHOOLS 137

•:§:•

#TI * ks for the largest corporations
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fjEtiliti^ to ^ive pleasure to
its o^vners and friends?

The fact is the Regina Music Box, with its inexhaustible repertoire

of music, is a most attractive addition to the equipment of any home.
It pleases old and young, sick and well. Always in a mood to play

and so simple a child can operate it, A long series of lessons not neces-

sary to obtain the very best of the world's music at a reasonable cost.

Prices and styles range from 3^0 to ^8^400, and by most dealers

Reginas are sold on the easy-payment plan, so that they can be en-

joyed while being paid for. ' -

Catalogue, music lists, and a delightful love story, "A HAR-
MONY IN TWO FLATS," sent free on receipt of postage.

Reginas are sold everywhere by responsible dealers.

B.£OINA MUSIC BOX COMPANY
12 East 22d St.,^New York. 255 Wabash Ave., Chicago
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FALL
Boon for All
unique underwear is no

fad—no experiment.
The highest medical authorities attest its

worth.

A quarter-century's success proves it.

Made of the finest Australian wool, and
easily outlasts the best in other brands. Is
therefore the best economizer, inasmuch as
It saves both health and money.

ILLUSTRATED CATALOGUE FREE

DR. JAEGER S. W. S. CO/S OWN STORES
New York : 306 Fifth Ave,, 157 B way.

Brooklyn : 504 Fulton Street.
Boston

: 23-232 Boylston Street.
FHILADELPHIA : 1510 Chestnut Street.

Chicago : 82 State Street.

AGENTS IN ALL PRINCIPAL CITIES.

FINANCIAL BOOKS
Pub:..facd by

THE UNIVERSITY CHICAGO PRESS

A book which every business and
professional man should read

£y J. LAURENCE LAUGHLIN 53 cents postpaid

The Second Bank
Sy R.\LrH C. H. Catterall, of the Department ofHis-

^^y, Cornell Unh'ersiiy

^^'''+ 532 pp., 8vo, cloth, Krf, $3.00; postpaid, $3.20

:^-^j-i^n^^-
UV-——r -^'

A History of the Greenbacks
with SpecTal RtffiTBW t« the Eronomle roiiseqneii«« of Their TaKi«

^j'Weslev Clair ^Iii:z\lte.\.u ofthe Department^PoUt'

teal Economy ^ University of California

xiv 4. 578 pp., 8vo, doth, net, ^00; postpaid, $4^25

Tender
STUDY IN ENGLISH AND

iviii+ i82pp., 8vo, cloth, fw/, $2.00; postpaid, $2.15

By SoPHONisBA p. Breckinridge, afthe Department ofPolitical Science, University of Chicago
_ ^ ^ kk ^ "TmTrvTV.—

r

llCi?Z*55^i" IF/?' ^

booksellers or tlu publishers. Sendfor i^ahgtte

iiCAQO PRESS - CHICAGO, ILLINOIS
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Maud Humphrey, celebrated

painter of babies, conceived this beaati-

and interesting subject, wherein

are most artistically and winsomely

grouped Babies of everyLandand Clime,

In this Calendar the types and national

characteristics are reproduced with great

care and fidelity; in both dress and

features are shov/n all the delicate col-

oring and artistic effects so charming in

the original painting.

The illustration herewith gives but a

faint idea of the beauty and cuteness

of the Calendar itself. This Calendar

will delight every recipient. It makes

a rich and decorative Art Panel, size

10x30 inches, ready for hanging.

The edition is limited ; order early-

Sent to any address on receipt of 10

cents in coin or stamps. It is worth

more in any art collection or home.

Mention this magazine.

Pabst Extract Department

Milwaukee, Wis.
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Burlington

r*i-

em on of our fast trains

out of Chicago. Buffet, writing desk,

card es, easy chairs. periodicals.

everything make one comfortable.

We publish two books, ^'Colorado" and "California."

72 pages. Informative, beautifully illustrated, and

with good maps. They are really works of art. Trice

six cents each in postage. Send for

them to-day while you

think of it.
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UR 8200 miles of rail-

road reach out from

Chicago, Peorfa and

St. Louis to all the important

cities in the west and north-

west such as

ST. PAUL
MINNEAPOLIS
OMAHA
KANSAS C!TY
DENVER

If you are going to any of

these places or to the Pacific

coast, kindly let me send you

time tables and other informa-

tion about our train service,

P. S. EUSTIS.
. Traf. MffT.» C. B. & Q. R. R.

CHICAGO, ILL.
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honest, undisguised soap with

wholesome scent, Indicating

qualities

and does mo
tectio

soap

disea;

more than soap

own clean,

true antiseptic

costs no mo
Lifebuoy

adds

oap gives double

cleansing value fine

sure power to destroy germs of infectious

that woodwork and floors,

toilet and bath, takefamily washing,

new antiseptic and health-promoting features

TH E SOAP THAT SAVES
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the Lafe PE LEO Strongly

the Use

LiTHIA

all Forms

Many

Acid Dia

er Affections

and

I

J»r. UPPOHl, who was Physicfan In Ordinary fc POPE LEO XIII. hasbsen AppolnM to

Ac! In the Same Capacity to POPE Ply$ X. His Endorsement Oarrlss fhs

Weight of an Imlttsnt and Widely Becognlzod luthorlfy.

foflowing is Exact Translation of D Lapp Testrm
Written by HImse

Rome, August 24, 1903.-10 the Hospital of San Giovanni Calibrita (del Fatebene
Fratelli) in Rome, directed by myself, I have largely experimented with the natnra!

mineral mmerce

manrelous efficacy, in cases

be able to attest that, by its richness of composition of Lithia, it is of

HA
estions and Functional Disorders, of Gastro-intestinal Dyspepsi

aad Renal Insufficien
Acid Diath

Affections and of all the various forms

.esis.

be recommended highlv in the initial proc^ses of arterio-

erosis and in obstinate forms
II also be used So much I declare for the truth

(Signed)

s>a/Pkj of the Hospital ofSan Giovanni Calibrita {del Fatebene Frateim

in Rome, Member of the Academy of Medicine ofRome etc.

is for sale by Grocers and Druggi;

^hich defy all imputation or qaesti

TestimonMia

PROPRIETOR BUFFALO LITHIA SPRi S.Vr CINiA.
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OH SVIJiY GEinJINE PACKAGE OF

Finest

ICocoas

Walter Baker &

THE LATEST WEBER CREATION

THE -STYLE A" SMALL GRAND,

WHICH IS BUT 5 FEET 4 INCHES

IN LENGTH, IS ATTRACTING THE •

WIDEST ATTENTION FROM ART

CRITICS AND MUSICAL CONNOIS-

SEURS

>
t
s

In the World, Made only by

Ltd.I
E3*al;!ished 1780. DORCHESTER, MASS.
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Catalogue mailedfne u^on nquest
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Botanical (Bagette
B /ffi>ontbli5 journal JEmbtacfna all Departments of JBotanical Science

Subscription per year, $4.00. Foreign^ $4.50. Single Numbers, 40 Cents

The subsr*''ption price must be paid in advance. No numbers are sent after the expiration

of the time paid for.

January J, 1904, the subscription price will be advanced to $5*00 per year. Foreign, $5.75,
I

William Wesley & Son, 28 Essex St,, Strand, London, Sole European Agents.

Vol. XXXVI, No. 6 Issued December 19, J 903

CONTENTS
ON THE GEOGRAPHIC DISTRIBUTION AND ECOLOGICAL RELATION OF THE
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ARALIA IN AMERICAN PALEOBOTANY. Edward W. Berry - - - -

THE VEGETATION OF THE BAY OF FUNDY SALT AND DIKED MARSHES : AN
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increase depending upon the number of cuts and the amount of work required upon them.
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Le ter-press, for 4 pages or less
^etter_press,for 8 pages or less. . . .

getter-press, for 16 pages or less. . . . ^

^mgle plates (i double = 2 single) . , .

covers, with title (paper like Gazette cover)
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Physical Chemistry Service

of the tences

Jacobus Van HOFF
Professor Ordinarius of the University of Berlin

English version Alexander Smith
Associate Professor of Chemistry in the University of Chicago

I

1

SERIES of eight lectures on the appHcation of

physical chemistry elucidation prob-

lems sciences pure chemistry, industrial

chemistry, physiology, and geology. The lectures

deal largely with discoveries which have been made

in Professor Van 'tHoff's laboratory or by his former

students, and are preceded by an introductory lecture'

upon the fundamental principles of physical chemis-

The addresses are somewhat popular in char-

the text is copiously illustrated with cuts.

A portrait of Professor Van 't Hoff is inserted as a

frontispiece.

Price of volume, $1.50, net; postpaid, $1.60.

acter
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John D. Rockefeller as he is to-day. Sketched from lifk

M. Tarbell's

STORY OF ROCKEFELLER
C(

running

most remarkable and stirring that has ever appeared

says the Chicago Record-Herald. It is in McCIure

A few other contrib 904

R. S. Baker on the great labor conflicts. I Serial Stories by Frances Hodgson Bur-

Clear, vigorous, and fair.

Lincoln Steffens on the men of wealth and
influence corrupting the government
Enemies of the Repubiic "—he calls them.

Carl Schurz and Thomas Nelson Page
will an<;v^'er: "What shall we do with the

Personal observations qualify
them to knovir.

'SPECIAL Subscribe now for 19

OFF^ER December numbers

answer
Negro ?

"

nett, Henry Harland, Irving Bacheller,

George Barr IVIcCutcheon, Stewart

Edward White, and Booth Tarkington.

Short Stories by Myra Kelly, Alice Hegan

Rice, Mar>' R. S. Andrews, Henry Wal-

lace Phillips, O. Henry, Joel Chandler

Harris, George Madden Martin, Clara

Morris, and others.

free

November
iths for $

The S. S. McClure Company, 626 Lexington Building, New York, N. Y.
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ANNOTATED TEXTS
of accepted literary and scientific masterpieces, useful for supplementary reading purposes, may be found among The

Unit Books The edition from which we reprint, by arrangement, is collated with other editions, is purged of such

typographical errors as may exist and is annotated from an appropriate view point.

The editorial matter includes {a) a life of the author (d) the natural history of the book itself (c) notes on the

text explaining allusions and doubtful passages in a discursive style {cf) a reading list of authorities on the subject

matter (e) a glossary of obsolete and variable words and phrases (/) an index in all books used for reference purposes.

The utmost care is observed in the preparation of editorial addenda and in the reading of proofs. We are

certain of the comparative inerrancy of the Unit texts.

The unit system means simply that books are to be sold by the page, that Is, as nearly as

possible according to the actual cost of production. The system seems particularly applicable

for series which must contain issues of greatly varying size. The promise that standard works
are to be presented unabridged, and under careful editorial supervision, assures a certain dignity

to this interesting experiment, Philadelphia Public Ledger

t

What does the plan mean?
We began with the proposition that books worthf hav-

ing are too dear in this country. Here \!he dear books

and the cheap books are dearer than the correspond-

ing books of the great reading nations of Europe.

Such is the need. We answer it with The Unit

Books, the cheapest series of books ever pub-

lished in America, and made on a system fair

to book - producer and to book -buyer.

Our books arc sold at prices based on the

length of the book and therefore on the

actual cost of production. However long

the original text, we publish it in its

entirety on a uniform quality of paper

and in the same size of type. The
length and binding of the book de-

termine its price.

We begin with our unit of 25

pages.

The price of each set of 25

pages is one cent.

The price of 100 pages is

4 cents, and each additional

25 pages adds one cent to

the price.

Thus, 250 pages cost

10 cents and 400 pages

cost 16 cents.

We bind our books in three bindings

—

Stiff paper of a durable sort.
Cloth with gold title and design.
Full leather ornamented with gold.

A paper wrapper is given with the printed pages.
The cloth cover costs 30 cents additional.
The full leather binding costs 30 cents additional.

It is this principle of proportionate prices which the
general title of the series is intended to emphasize.

This new system of publishing is more logical
than the system of fbfed prices for reprints. Other
thmgs bemg equal, it costs less to produce a short book
than a long one. Hitherto the selling price of the short
book has been as high as that gf the long. And even
the longest book has not been sold to you at a loss.We give you the benefit of the saving on the shorter
book.

FIRST
The Marble Faun

BOOKS
Hawthorne

21 units (524 pages)
I

leather

Letters and Addresses

16 units (399 pages)

16 cts

46 cts

leather 66 cts

Tales of Mystery (21 stories)

21 units (507 pages)

Lincoln

Poe
I

leather

Life of Jesus

Prue and I

9 units

71

Renan

Curtis

leather

Simms

Domestic Manners of the Americans

Mrs, Trollope

Study of Words Trench

The Philippines in the Seventeeth

Century Navarette and Careri

The Yemassee

National Documents
Knickerbocker's History of New York

(reprint of first edition) Irvmg

Democracy in America (2 vols)

De Tocqueville

Postage 8 cents per volume extra

Prospectus for the asking

t

Howard Wilf Bell
publish f The Unit Books

59 ba Fifth avenue New York



ITH all the good magazines published In this country the
question is, not what to buy, but where to stop buying.
Yet it must be taken into account that much of the best

literary work in the world goes into the important foreign maga-
zines. If your reading is to be at all broad they cannot be passed

To a certainty they will publish many of the most valuable
and striking stories of th

will be some you cannot afford to m
the veiy best from all set before vou-

eek

twelve months
Would you Hk

four magaz

Tl

The feast is yours by simply subscribing fo

THE LIVING AGE
mou m

J
founded by E. L sixty years

nabridged from the great foreign periodical

scientific, historical, political— including timely

public affairs; the strongest essays, reviews, and

ablest articles,

discussions o

criticisms; the most notable serial and sh Six d
a year. Special Introductory Offer : To any one not now a regular

subscriber THE LIVING AGE will be sent for three months
dollar specimen

THE LIVING AGE CO., 13 1-2 Bromfield Street, Bosto

-TT-.

ethods
CHARLES T. CHAMBERLAIN

Plant Histology
Instructor in Botany University of Chicag

A CONSTANT HELP to Teachers and Students of Botany

PREPARING
PLANT MATERIAL

assist-

IT is based upon a course in botanical micro-technique, and is the first complete manual to

be published on this subject. It is the result of several years' work with classes in residence
at the University of Chicago, and with University Extension classes away from the Uni-

versity. It aims, therefore, to meet the requirements, not only of the student who has the assi

ance of an instructor in a fully equipped laborator)% but also the student who must work by himself
and with limited apparatus. Free-hand sectioning, the paraffin method, the collodion method,
and the glycerine method, are treated in considerable detail. In later chapters specific direc-

tions are given for making such preparations as are needed by those who wish to study the

plant kingdom from the algae up to the flowering plants. Special attention is paid to the stain-

-^ vx^ncicnuacmg other :

histological laboratory.
Formul
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Triumph of Art and Science

WE CHALLENGE THE WORLD TO PRODUCE A SIMILAR LEXICON
NOW IN PRINT EQUAL TO

Webster's New Standard

OF THE ENGLISH LANGUAGE
The Great

School,

and Office

Lexicon

746 PAGES

New,

Concise,

Original,

Reliable,

Comprehensive
Weight 2% lbs.Size 6 x8s logins.

Thirty Full-page Plates, including Eleven in Colors
:hools and colleges, teachers, students, lawyers,
[ournalists, orators and all literary people.

-QO • Dictionaries of Biography, Geography, Biblical and Classical
^^ • Names, Musical Terms, Foreign Phrases, Abbreviations,

Metric System, Proofreading, Exact Definitions, Pronunciation, English Word-building,
Synonyms. Irrecrular Plnr^T*: nnrl V#*rh_"Fr*rTnc l^riMDoiciMA uiii^inDrno n^ MCW'WHRnS.

Special Feafu

I-arge, clear print. Vocabulary Words Hand composition

OVER 900 TEXT ILLUSTRATIONS. Both Editions Thumb=Indexed
School and Office Edition, pebbled cloth,
sprinkled edges, side and back titles in
gold, polished and gilt panels, six col-
ored plates, , $1.50

Library Binding, half leather, ^^ ^a
edges. %2.0^;old stamped, marbled

.1 colored plates,

OPINIONS OF THE PRESS AND OTHERS
cf».^*iK^ splendid book, convenient in size, easy of reference, reliable, and moderate in price.—
School JournaL

The best library and school Webster that has as yet been published. A remarkable piece of book-
makmg, and a remarkably good work of reference. — The Bookseller, Kews Dealer and Stationer,

c. J 7. ^^U^ent needs a dictionary as a self-help ia increasing his vocabulary. Webster s New
tjtandard is of convenient size and more desirable than the unabridged for every day use. It has all tne
"''*'"''"" «f a good dictionary with some unusually artistic illustrations added. The typography is excep-

Tsity
Will fill a long felt want in schools, offices, and even in general use. -- Chicago Journal . ^ ..^
An extremely comprehensive form of dictionary, well printed, bound and edited. — Los Angeies

It is wonderful how much information has been compressed between two book covers. It is a new
departure in the dictionary line. — Louisville Courier-JournaL

Good Agents Wanted. For Sale Everywhere, or sent direct on receipt of price, by

^ PLBLISHEKS,
L 363-365 WAIIASH AVENUE,LAIRD & LEE CHICAGO



u New Christy Book
':^<c".^^i ?#^

"^

The Courtship of Miles Stan s
-L-L iLig

WITH DRAWINGS BY
H O W A R D
CHANDLER
C H R I S T Y

ONGFEL LOW'S poem of the love of

Jolin Alden and Priscilla interpreted by

more than forty full-page illustrations and

nearly fifty original drawings, many of

them in color—representing distinctly the

artist's greatest achievement. The most

sumptuous gift book of the year. Price,

postpaid in box, $3.00.

1
1

Th Christy

Sweetheart o Miine

i

WITH DRAWINGS BY
H O W A R DCHANDLER
C H R I S T Y

I

ERE, for the first time, is published

complete the author's reading version
^i this popular poem

7>

To James Whitcomb

dded 19 full-page pic-

tures in two colors in the artist's best vein.

Handsomely boxed, price, postpaid, $2.00.

Author's Edition.—Dra^rings in photo-

gravure, printed on special paper, beau-
tifully bound. Price, postpaid, $5.00.
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TH EY A
BY THE MAN THAT WROTE "THE PUPPET CROWN"

There have been many excellent stories of love and intrigue, "but not one
of them all equals " The Grey Cloak '* in depth of fascination.

—

JV, K American.

Yes, Harold MacGrath's book is a success—entertaining, adventurous,
crowded with incident, full of the unexpected—5vra^K^^ Post Sta7idard.

Illustrated by Thomas Mitchell Pierce. Price, postpaid, $1.50.

SHE THAT HESITATES
BY THE AUTHOR OF "THE BLACK WOLF'S BREED *•

" She That Hesitates," by Harris Dickson, is full of surprises and rushing
climaxes, agleam with the flashing steel of gallant gentlemen and the flashing

eyes of lovely ladies. And the Princess that hesitates—but you must read the

story to know how she that hesitates may be lost and yet saved. Illustrated

by C. M. Relyea. Price, postpaid, $1.50.

TH MA CE
A ROMANCE OF YOUTH. LOVE AND SUCCESS

" The Main Chance," by Meredith Nicholson, is a romance of youth, of love,

and of success honestly won. A vigorous, buoyant, cheerii^ story. Full of

crisp humor, forceful charm, and hard common sense, and American to the

very ^or^.—Reader Magazine,

Illustrated by Harrison Fisher. Price, postpaid^ $1.50.

TOMORROW'S TANGLE
A STORY OF THE DAYS OF '49

A story of California, by Geraldine Bonner, beginning with those exciting

days of *49 following the discovery of gold.

Original, dramatic and intensely interesting, the book is a vivid picture of

days of personal \-igor, hardy endeavor and magnificent achievement,
trated by Arthur I. Keller. Price, postpaid, $1.50.

Illus

A NOVEL OF EDUCATION. BUSINESS AND POLITICS

the eternal combat of right and wrong. Price, postpaid, $1.50

THE FILIGREE BALL
AS PRETTY A TALE
WORK A S EVER

O F D
WAS

E T E C T I V E

W

Not since "The Leavenworth Case," has there been such an
^f^.g^^ii

and ingenious detective story as "The Filigree Ball." For originality o^^^^^.

and cleverness of development this book is really unusual. By A^- -

£RIXE Greev. Tlltistrated bv Relvea. Price, postpaid, $1-50.
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ROMANCE
EW poems by Mr. Riley

»

including "His Pa.'s Ro-

mance" in dialect, a most de-

lightful account told by a small

boy of the courtship of his father

and mother. The other poems
range from grave to gay, and
are some of the author's best

and most mature work. With
drawings by Will Vawter. Price,

$1.00 net; postage, 10 cents.

THE RILEY GIFT BOOKS

RiLEV's CHILD-Rhvmes. A col-

lection of the favorites of

Mr, Riley's delightful Child-

Rhymes, illustrated with nu-
merous pictures from studies

in Hoosierdom by Will Vawter.
RiLEv Love Lyrics. Mr. Riley's

love songs illustrated with
fifty studies from life by \V B.

Dyer.

EacK of abox'C, price, |1.25, postpaid

RiLEV Farm-Rhyme!s. An illus-

trated edition of the favorites

of Mr. Riley's songs of coun-
try life. The pictures by Will

Vawter. Price, $1.00 net; post-

age, II cents.

^:^OEJJv^ BOOKS I^OK THE? CHir^OREjK

'T K U T H O O F"

W A
THE ENCHANTED
ISLAND OF YEW
A new volume by L. FRANK
BAUM, author of The Wizard
of Oz.

VT^HEREON Prince Marvel
^^ encountered the High Ki

of Twi and other surprising
people. The latest and most
original of all the Baum books.
Illustrated in colors by Fanny
V. Cory. Price, $1.25, postpaid.

The Life and Advextures of
Santa Claus.' The most im-
portant juvenile book inrmany
years. Profusely illustrated in
colors. Price, $1.25, postpaid.

#011 irs'l; BAHt CTLY LIM TA« »Ti*«|l

MR. BAUM'S
OTHER BOOKS

The Kew Wizard of Oz. An
entirely new edition of this

popular story printed on a

tinted paper and profusely il-

lustrated by W. W. Denslow.

The ^L-^gical Monarch of Mo.

An account of fourteen sur-

prising adventures in this mar-

velous kingdom. Delightfully

illustrated in colors by Frank

Verbeck,

The Master Key.
cal tale for boys.

in color by F. Y. Cory.

An electri-

Illustrated

E^ch of above, price, $1.25, postpaid.

IKOUBADOR TALES I SONGS OF THE TE^ES
fiy evaleen stei N

LL are about children,

children who are lov-
ing, brave and faithful. The
stories are eharmingly told ;

they are full of out-of-the-
^ay information and they
hold up high ideals. The il-

lustra^ions, which are by the
t^est American artists, are of
exceptional merit. With il-

lustrations in color by Vir-
«inia Keep,.Maxfield ParrishMd others. Price, postpaid,
$1.25.

,^%

By MARY Y. ROBINSON

EACH month in the year

has a separate chapter

and each is devoted to a

separate tree. The chapters

contain a descriptive verse

;

then follows a page of music

about the tree, and then the

tree's biography, in which is

told in very simple language

something of its history.

There are three full-page

pictures in color for each

month. The book is unique

in every way and attractive

to children. Price, postpaid,

$1.25.

1

\j



By the Author of **The Mississippi Bubble, Tt

THE WAY
WEST

THE
.^'

B V Mrs. Lew Wallace

THE CITY THE
KING

By Emerson Hough
with illustrations by
Frederic Remington

THE story of the settlement

of the West, with special

reference to transportation from
the earliest days to the systems
of the present. Diversified by
bioj^raphies of Daniel Boone,

Davy Crockett and Kit Carson.

Price, $1.20 net; postpaid, §1.35.

^>

m

N,

<'

'i

^ -_

.^

With illustrations from

photographs of many
scenes in the Holy Land.

.^^1 ^

t^

FASCINATING description

of the Jerusalem of to-day,

with its blight and desolation in

contrast with the city as Jesus

Himself saw it, with all its

beauty and splendor. Price,

'$1.00 net; postpaid, fM5.

-Kf
.-^

-o-:^

By Molly Elliott Seawell
author of *'Francezka,'* etc.

'^THE
BULLIEST GIPs^L

OUT"

J»^^^

V

a

,/i^.--'

^
,#

>

'HE FORTUXES OF FIFI

is a book all favor and

prettiness inside and out — so |^

sprightly in humor, so subtle

in charm that the reader is

captivated by ever}* page of

Miss Seawell has outdone

herself in these surprising ad-

ventures.— T//^ Reader.

r
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Illustrations, in color

by T. DE THULSTRUP

"THE
'FASCINATING

FIFI"

SPRIGHTLIER, more

winsome, captivating,

lovable heroine than Fifi ^^'^s

never put into a book. A
brighter, more vivacious, mov-

ing, dramatic story we have

not seen in many a day.

story over which one can

honestly expend all his ex-

uberant enthusiasm and not

be ashamed of .it. — 5/. Z'^^'^'

Despatch.

beautiful ornamental cover, malci n
A-

'k ^ ^ ^-. ve book. Price, $1.50. postpaid

1

THE SONG
i-

.*,!

^At

^n ''t-
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r/
1
"^

THE
CARDINAL
Love Story of Bird Life

Gexe Strattox-Porte

ROMANCE of bird life filled

with beauty, with human
interest and with the wild joy of

'' living. Illustrated with rare, ar-

' tistic and faithful camera studies

of free, live birds in their natural

haunts. 12mo box.

% price, $1.50, postpaid.

MARION HARLAND'S
COMPLETE

COOK BOOK
Thoroughly illustrated
under the personal super-

vision of the arlhor.

THE result of Marion Har-
land's life work in thousands

of complete and practical cook-

ing receipts; exhaustive chap-

ters on every branch of house-

keeping, and helpful suggestions

for the management and care of

the home. Washable cloth,

price, $2.00, postpaid.

/
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A Few Slightly

"Rubbed" Sets of Ridpath's History World
In cleaning up our

stock preliminary to
the new year, we find
a few slightly "rub-
hed'' sets— about 30
—and rather than re-
bindsuch a small lot
we prefer to dispose
of them at what they
would be worth to us
with the covers torn
off, and at $2.00 per
month.

Bound in Half Russia
If you'd like to possess the only world's history that reads like a story book—yet is

recognized by such men as William McKialey, Benjamin Harrison. Dr. Cuylcr, Bishop
Vincent, and thousands more as a standard authority and the greatest historical ^^ ^<^
reference work in existence, SEND FOR FREE SPECIMEN BOOK TO- ^r<S
DAY. That specimen book will ^ve you all facts and details — why
YOU need it—how YOU can secure one of the sligrhtly "rubbed" sets

at the value of the unbound sheets—nine royal octavo volumes—4,000 ^^'/•o.
illustrations and color plates. ONLY %x down, r^rr^^^^^^^ ^^t ^
is sent at once.

.ofC.

List

Dec.. '03

'MERRILL i BAKER

9andll£. l6tbSL

Complete set

CUT THE COUPON OFF AND SEND IT TO-DAY

MERRILL Sl baker
9 AND 1 1 East 16th St.. New York

New York

Without cost to me please send

!Af RIDPATirS Sampie-pAgt
and illustration b0ok which con-

tains specimens ofthe Race Charts,
Chronological Charts, Colored Race-

'TypePlates, Engravings, Phato-En^av
ings. Tint-Block Color plates. Text Pages,

niih full particulars and frices 0/ the

slightly ditrnaged sets.

NAME

AC>D<*F

Light Waves and Their Uses
With 108 text figures and three colored

plates. By ALBERT A. MiCHELSON.

These lectures^ although they lead to the very frontier of physical knowledge,
are written in a style readily comprehensible to anyone of average education in

physics, and will be found very useful, not only to specialists, but to those who
^vish to keep informed of recent scientific methods and progress in that field.

The Independent,

The book and its subject are fascinating, and we heartily recommend it to any
inan interested in physical science.— 77/^ Bookseller, Newsdealer, and Stationer.

r

Professor Michelson's book is devoted exclusively to an account of his own
researches, the great importance and beauty of which are well known. This corn-

Pact outline of them in a handsome dress will be welcomed by everybody who is

interested in optics.— 77/^ JVew

164 pp., 8vo, cloth; »ef, $2.00; postpaid, 52.12

£l)e ZWm Press

:

: ebiwflo, Illinois



BOTANICAL PUBLICATIONS
PRICES NET. POSTAGE ADDITIONAL

BOLUS (H.) ICONES ORCHIDEARUM AUSTRO AFRICANARUM EXTRA TROPICARUM ; or figures with

descriptions of extra tropical South African orchids, Vol. I, with loo colored and plain plates, 8vo, cloth, 1893-

96, ^2 2S,

JACKSON (B.) GUIDE TO THE LITERATURE OF BOTANY, including nearly 6,000 titles not £iven in Pritzels'

Thesaurus, 4to, cloth, 1881, £1.

VEGETABLE TECHNOLOGY, a contribution towards a bibliography of economic botany, with a compre-

hensive subject-index, 410, cloth, i88z, 12s.

MILLS (F.) and R. PHILIP—THE DIATOMACEAE OF THE HULL DISTRICT with illustrations of 600 species

16 plates, 8vo, 1901, 4s 6d.

SANDER'S ORCHID GUIDE, containing all the best known species, varieties, and hybrids of orchids In cultivation,

tog-ether with the names and parentage of all the known hybrid orchids up to date, Jan. i, 1901, roy. 8vo, half

roan, 1901, los 6d.

SIM tT.) THE FERNS OF SOUTH AFRICA, containing descriptions and figures of the ferns and fern allies

of South Africa, with localities, cultural notes, etc., with 159 plates, 8vo, half bound, 1892, £t is.

VAN HEURCK (H.) A TREATISE ON THE DIATOMACEAE, containing introductory remarks on the structure,

life history^ collection, cultivation and preparations of diatoms, and a description and figure typical of every

known genus, as well as a description and figure of every species found in the North Sea and countries bordering

it. Translated by W. E. Baxter, 36 plates and engravings (2,000 figures) imp. 8vo, cloth, 1896, £2.

FOR SALE
SOWERBY (J.) and J. E. 5MITH—ENGLISH BOTANY; or colored figures of British plants, with their essential

characters, synonyms, and places of growth, with general indexes and supplement (in five vols.) by W. Borrcr,

C. Babington, W, Newbould, the figures by J. de C. Sowerby and J. Salter, 2,998 colored plates, \x vols. roy.

8vo, half morocco, 1790-1866, ^57 15s. An absolutely perfect copy ending with plate 2,998 (the last published)

and the text to plate 2,999,

WILLIAM WESLEY 50N, BOOKSELLERS AND PUBLISHERS

28 Essex Street, Strand, London

*

TOR NATURE STUDY
New A pjrar Folding Microscope, $3,00; Kew
I)isse('tmgMicrosi'ope,AplunatiuIens,$4.00;
Complete Sttidert'a Mierosrope rpdu<'ed to
$'2-.'.00; Bet'k'8 New laboratory :Micro8cope
reiiured to «36.0c>. Special (duty freej prices
to schools.

Botanical Supplies
1^-^^ Vocket Dissecting Seta 75c. to $3.00: Pocket

Lenses 25c. to $2.00; Botanical Collecting
Cases 75c. to $1.50; Plant Presses 60c. to
Si. 50. llotimical. Entomological ami <ieo-
logical supplies. Magic Umtenis and Slides.

Agents for E, Leita and H, & J. Beckys Microscopes.
WIT.1.1AM8, BROWN & EARl.E,

Bept, ir, J>18 Chestnut Street, Philadelphia.

Plants from Guatemala

FOR
cKieAy

V A T IT Herbarium
1^ J^ JL/ Hr 9 specimens^
rmined, at $12.30 per

, delivered in New^YorK.

H. von TURCKHEIM
Coban, Depart. Alta Vera Paz,

GUATEMALA, C. A.

_ r - _ VJhPL'^^UI

Numbers Gazette Wanted

Vol.

We will make a liberal offer for the following back numbers of the Botanical Gazette: Vol. I, No.

I. Vol. II, Nos. I, 10, 12. Vol. Ill, Nos, I, 5, 9, 10. Vol. IV, Nos. i, ii. Vol. V, Nos. 4? 5» 7»

8, 9, 10, II, 12, Vol. VI, Nos. I, 2, 3, 4, 7, 8, 9, II, 12. Vol. VII, Nos. 4, 5, 6, 7. 8, 9, n-
VIII, Nos. 3, 5. Vol. IX, Nos. 3, S, 10, II. Vol. X, Nos. 3, 4, 7, 8, 11, 12. Vol. XI, Nos. I, 2, 3

Vol. XIV, No. 10. Vol. XXIII, Nos. i, 3, 4. Vol. XXXV, No. I.

Readers of this magazine who have any of these numbers to dispose

ofplease ivrite.

I'MVERSIT CHICAGO PRESS CHICAGO. IlLINOIS
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A FEW SLIGHTLY RUBBED SETS
THE GREATEST LIBRARY OF MUSIC

AT THE VALUE OF THE BOOKS
WITH THE COVERS TORN OFF

*

In cleaning up our stock preliminary to tlie new year, we
find a few sli-htly rubbed sets—about 30 in all—and rather

than rebiiid such a small lot, we prefer to dispose of the

bound volumes at what they would be worth to us in sheets,

and on payments of $2 a month.

4|»€^

-.^ -

•-

'mIiv....« .uu.. Want This Great Music Library
Tliere'*:4 nr>i]iiii<^ lliat lencTs so miicli olieer or add^ so mui'b comfort to your

Houie iiM III II ^U'. You aie constantly buying- shec^t music and payinc: high prices for it. Do you not 6nd it

torn and scattered about the hnuse ? Can you ever find it when you want it? The mus'c contained in these
books would cost you if boue:bt in stores to-day more than ^^400. You can secure it all at about 1/15 of
that price, well bound and thoroughly indexed ; besides you get in this librarj^ the songs, duets, trios,
waltzes, marches, ancient, classic and up to date music, both for the piano and voice- all the music for the
different lands and schools for the past 400 years - the greatest productions of Bach. Beethoven. Wagner, Verdi,
Kossini, Donizetti. Mascagni, Sullivan, Mozart, l.iszt, Rubinstein. Gounod, Handel, Haydu, Schubert, Chopin,
ochumann, Grieg, Gluck and others—too many even to mention here.

+

The Plaiv of the Grealest M\isic Library
Six volumes are encyclopaedic, g-tving^ the biographies of all the great musicians and describing'the different schools of music. Ten

Tolumes contain music. They are about sheet music size, but light and easy to handle. The library has been selected and edited by an
.experienced corps of music editors: Theodore Thomas, Kohn Knowles Page, Karl Klauser, and other famous musicians, U Is the stand-
ard Music;Library of the world. More than 50 000 sets have been sold at about three times the price per volume at which we are offering
tliese few "slightly rubbed" sets.

are colored plates, fhere are about 250 portraits of great composers—about 1,700 pages of sheet music, neither
too easy nor too difficult -with full instructions by the world's greatest musicians and teachers. It is not hard-
lo-read nor hard-to- learn, but music for the average, ordiuary student and musician.

SENT FREE ON 7 DAYS' APPROVAL
of r^u^,V^*^^', "k1*^"*'*^

^ PIANO you will find «iis collection IF TOr AKK FOXD «F Ml>JC. but do not play

°v the >iJr:^'"^^^^-
^' contains about 500 instrumental selections yourself, you cannot make a better present ^^

>'^"L^»,^,^"„^^^."'''>'

me odi^^nS^P''^^"; including popular, operatic, and up-to-date than a set of this musical ibrtry The tertvolumtt contain

usic %^"^ '^^"""' f^^-^^^l marches, dassk and romantic piano want to know about the history of music »»elf-the complete stones

G^unoH
^'^,*^.c°"'P?sers are represented as Paderewski. Mascagni. of all the great composers, their pubhc

I'^f^J^f .^^^'^^^ ^^^
^unod, Sulhvan, Wagner. Afozart, Liszt, Balfe. and many others, form a complete enc>cJopedia of all musical knowledge,

fiJd T.r^,-i?^E A BEGINNER of music you will IF YOV ARE A ^'«<^:-^H^'I'if^%?:%^l,^„^fT;^^
.UMn"^ I'^'^'y

of ^^^^ «iH be of the greatest as^ Librarv ^viU enla«:e your repertoire It gi.^ you
5^0^^^^^

nlJi^
^"^ ^;°"' musical education. Most of the selec- best old sonffs. (fuets. tnos. quartettes an^nged for all

txons can be easily mastered by pupils of a year or voices and for piano accomj^niments the o'fP^P"'^'
t^vo's experience. For 3 oun/ musicians the work melodies of your childhood, and the latest popular

IS invaluable. melodies of the past few years,

our inapecuou a,u,u ayyt^^"^ ^ »- * v*-— ^*^KT .^wCOUPON A»I> WRITE TO-IIAY. \^.^ C. T.

S^^^^^ Brainard&Co

C. T. BRAINARD & CO. J^^*^//v^r^'
return ^k. "^k. "^F ^F WlTHOETCOSTToai

^ . .. _- ^ -— .i_ c-i ^^x, .^r .^F Mild lioot of your Great- ^
anything^ ^ ^k. 9 & II EaSt 16th Street ^F^ wtLil»r«rj«fMa^«.r'ii«»

^^ ^^ fnll inforHStivB*

New York ^^T^T '""^ •
'

Addro-



Gift Worth Givine
- ' and ^.-^^.'^

esentWorfliHaym;
Tbe best holiday gifts are n«effa1 gifts, and one of the most

useful ia the New and Enlarged Edition ofWERSTEK'S
INTERNATIONAL

micttonary of Entflish, Biography, Geography, Fiction, Etc.

Useful. Beliable. Attractive. ' Lasting

The New Edition contains 25,000 New Words,
New Gazetteer of the "World,
New Biographical Dictionary.

2380 Pages. 5000 Illustrations. Rich Bindings.

Why Not Give Some One This Useful Christmas Present ?

FRE.E,—"A Test in Pronunciation,"
Instructive and entt'itaiuing for the whole faiinily.

Illustrated pamphlet also free.

6. & G. Merriam Co.. Publishers. Sprinefield. Mass

^i.

"i- ^ L
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When calling please ask to see Mr. Grant

LIBERAL DISCOUNT

BEFORE BUYING BOOKS
WRITE FOR QUOTATIONS

An assortment of catalogues and special

slips of Books at reduced prices

sent for lo-cent stamp

TO THE READER
Please remember that whenever you need a Book, or

any information about Books, if you will address me I

will try to please you by attention and low prices.

Write me of your wants, or call and inspect stock, and
in cither case I will make you special prices.

F . e: .

23 "Vr. A^A Street
Mention this advertisement and receive a discount

-T T

-^^

^*T

-^
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COSY CORNER
This is a College Girl's room decorated with her

favorite pictures— portraits of Authors and Mu-
sicians, Cathedrals, works of the Great Painters, and

ioreign views. They
are all Cosmos Pict-
ures. Less than Three
Dollars will buy all
these, and enable you
to make your room just

as cosy and cheerful.

We have i ,ooo subjects
to choose from. You
can have your favorites

about you. Cosmos
Pictures are acknowl-

edged the highest grade of picture-making.
We have them hand-colored, too, or you can

color them yourself; it's a delightful occupation,
and one that makes money if you want to sell your
work. We have specially made Japanese Trans-
parent Tints. 75 cents buys the Color Book, con-
taining 15 leaves of color.

Cosmos Pictures are made in two sizes— the
Large, some 9 x 15. others 10 x 13 inches; the
Standard, 6 x 85i inches. For One Dollar wc will
send, postpaid, Twenty of the Large or Fift>' of the
Standard. Samples

, Two Large and Five Standard,
together with our new Illustrated Catalog No. 51.
for 25 cents. Catalog alone. 6 cents, hy mail.

COSMOS PICTURES COMPANY
206 BROADWAY, NEW YORK

Diffusion

Osmotic Pressure in Plants
By BURTON EDWARD LIVINGSTON

This book would serve as a manual
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ON THE GEOGRAPHIC DISTRIBUTION AND ECOLOGI-
CAL RELATIONS OF THE BOG PLANT SOCIETIES
OF NORTHERN NORTH AMERICA.

Edgar N. Transeau.

(with three maps)

By the term ** bog-plant societies," as used in this paper is

meant that group of plant societies which is commonly found

mhabiting undrained depressions and marshy grounds in the

northern United States and Canada. In the northern states they

have become noted for their possession of such anomalous plants

as the sundew, pitcher-plant, tamarack, and cranberry. Although
not so well known, the cassandra, rosemary, and Labrador tea

are quite as interesting.

t* T-iTl A Tx ,^^ „ „llDRAINED SWAMP AND ** UNDRAINED SWAMP SOCIETIES.

There have been a number of descriptions of these bogs pub-

lished in connection with local ecological studies, and in several

instances have comparisons been made between them and the

other swamps of the region. They are referred to as ''undrained

swamps," in contrast with the groups of '^drained swamp" soci-

eties which may be found on adjoining low grounds and along

stream courses. The latter group may be briefly summarized
by noting that in the region under discussion it is commonly
made up of such plants as Typha latifolia', Scirpus lacustris,

Juncus effusus, Carex riparia. Polygonum emersum, P. sagittatum,

Cephalanthus occidentalis, Cornus stolonifera, C. candidissima,

^Nomendature of Britton's Manual of the Flora of the Northern States and Can-
ada, 1 90 1.
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Salix discolor, Acer rubrum, Ulmus americana, and Fraxinus

amencana.

While it often happens that locally the one occurs only in

drained conditions and the other only m undrained situations,

field work carried on over any considerable area will show that

drainage conditions are not adequate to account for the presence

or absence of either of these two distinct types of vegetation.

The presence of peat, with the consequent accumulation of humus

acids, has been commonly spoken of as preventing the coming

in of the ''drained swamp" types. In southern Michigan and

northern Indiana, however, there are many swamps with a thick

substratum of peat and without an outlet, yet supporting a vege-

tation made up wholly or in part of these plants. It is true,

however, that the bog societies occur here only in poorly drained

situations, underlaid with peat or bogus soil.

Again, it is not unusual to find these two society groups grow-

ing on opposite sides of the same lake, where the underlying soil

can be shown to be the same. To account for this, it has been

suggested that the depth of water in the two situations is of im-

portance. But any ideas of this kind can be disproved by car-

rying the criteria into a new locality. Just to the west of Ann

Arbor, Mich., occurs a small glacial lake. This was formerly

surrounded by a quite typical group of bog societies,

recent years the eastern side of the lake has been entirely cleared,

and a large part of the original tamaracks on the south and south-

west sides have been cut away. There is left a rather pure

growth of bog plants on the northwest side. Since the clearing

was made on the southwest side there has sprung up a dense

growth of herbs, shrubs, and trees, nearly equaling in height the

adjoining grove of tamaracks. But if we note the species pre-

vailing in this area, we find the plants enumerated above as typi-

cal of drained swamps. It is practically impossible to account

for this situation on the basis of soil difference, chemical char-

acter of the soil solution, drainage conditions, or depth of water.

In his paper on the '* Physiographic Ecology of Chicago

and Vicinity" Cowles^ distinguishes one '"drained" and three
I

"Box. Gaz. 31:145-155.

W

i
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'*undrained " types of swamps occurring in the area of lakes and
sand dunes at the southern end of Lake Michigan. Although
several species of plants maybe common to two or more, he does

not believe these societies to be related to one another genetically.

That a certain amount of chance in the matter of seed dis-

persal must be taken into account in any botanical field problem
is recognized. But the fact that '^drained" and "undrained*'

swamps occur in close proximity to one another, each with numer-

ous examples in the same district, seems to require some more
adequate explanation.

RELATION TO SURROUNDING VEGETATION.

Throughout the region of northern Indiana, northern Ohio,

and southern Michigan the problem is still further complicated

by a seeming absence of all connection between the bog societies

and the bordering forests. The zonal succession of plant groups,

from the submerged aquatics of the pond to the arborescent

forms of the higher bog margin, are clearly defined and well

known. But then comes a sudden break, and without a sugges-

tion of gradation the surrounding forest of mature oaks or oaks

and hickories appears.

Farther north in Michigan there is no such difficulty in finding a

definite order of succession between the bogs and forests sur-

rounding them. For example, a tamarack swamp on north

Manitou Island, which is surrounded by a thick forest of maple

and beech, shows the following societies arranged almost zonally,

beginning with the open pond in the center:

1. Aquatic society, Potamogeton natans, P. lucens, Nym-

phaea advena, Castalia odorata.

2. Cat-tail-Dulichium society, Typha latifoHa, Phrag-

mites Phragmites, Menyanthes trifoliata, Dulichium arundina-

ceum, Cicuta bulbifera, Scheuchzeria palustris.

3. Cassandra society. Chamaedaphne calyculata, Dryop-

teris Thelypteris. Sphagnum sp. ?, Kalmia glauca, Sarracenia

purpurea, Ledum groenlandicum, Lycopus americanus, Tria-

denum virginicum, Polygonum Hydropiper, Rubus hispidus,

Comarum palustre, Andromeda Polifolia, Chiogenes hispidula,

Oxycoccus Oxycoccus, and Eriophorum virginicum.



J

404 BOTANICAL GAZETTE [December

4. Shrub and young tree society. Aronia arbutifolia, Ilici-

oides mucronata, Rosa caroliniana, Ilex verticillata
;
young

specimens of Larix laricina, Betula pumila, Picea Mariana, and

Acer rubrum. Beneath these occur a scattering of members of !

the preceding society, together with Limnorchis hyperborea,

Blephariglottis lacera, Gymnandeniopsis clavellata, Osmunda

regalis, O, cinnamomea, Dryopteris spinulosa intermedia, Vac-

cinium canadense, Epilobium lineare, E, adenocaulon, and Viola

blanda.

5. Conifer society. This zone is composed of mature tama-

racks, black spruces, low birch, and swamp maples; young and

mature Betula lutea and Tsuga canadensis; and seeding Acer

saccharum. The undergrowth of herbs and shrubs is diminished

to a few stragglers. This brings us to the higher ground sur-

rounding the bog, which is occupied by the next society.

6. Climax forest society. Consists of sugar maples and

beech trees with occasional hemlocks. The undergrowth is

sparse, consisting principally of their own seedlings.^

Going farther north into Ontario, the series of societies is not

so long, but apparently just as definite. But we have there

passed the northern limits of our broad-leaved mesophytic trees

and the climax stage is reached in a mixed forest of pine, spruce,

and fir. This same statement probably holds for the great conif-

erous areas of Wisconsin, Minnesota, New York, northern

Pennsylvania, and the New England states. Even so far south

as northern Indiana, in the sand-dune region, Cowles^ has shown

that where the surrounding vegetation consists of pines there is

no doubt the same order of succession.

It appears then that where the northern conifers are dominant

or make up an integral part of the forests, the ecological rela-

tions of the bog societies are clear. In other words, they nor-

mally represent one physiographic starting-point for the develop-

ment of the great conifer forest formation.

There remain therefore at least two questions to be solved:

3 See also Whitford, H. N., The genetic development of the forests of northern

Michigan. Bot. Gaz. 31:315. 1901.

^Loc, cit., p, 150,
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First. What relation do these bog societies bear to the sur-

rounding vegetation of oaks and hickories as they occur in Ohio,
Indiana, and southern Michigan ?

Seco})d, How can we account for the presence of bog societies

and swamp societies (or mixtures of the two) when found in adja-

cent areas, having similar drainage and soil conditions?

PRESENT DISTRIBUTION OF BOG PLANTS,

In order to obtain a better understanding of these questions,

data on the geographic distribution of bog plants were collected

and maps drawn. It soon became evident that the number of

species would have to be limited and that only those which are

characteristic of these situations across northern North America
could be considered. The number was finally reduced to fif-

teen. Beginninor with those which first find a foothold in such^.w.wz.

depressions and continuing in their approximate order of advent,

they are: Menyanthes trifoliata, Dulichium arundinaceum, Com-
arum palustre, Scheuchzeria palustris, Eriophorum polystach3'on,

Drosera rotundifolia, Sarracenia purpurea, Oxycoccus O^^ycoc-

cus, Chiogenes hispidula, Andromeda Polifolia, Chamaedaphne

calyculata, Ledum groenlandicum, Kalmia glauca, Betula pumila,

and Larix laricina.

Finally the accompanying map [^fig. /) was drawn by super-

imposing the areas of North America in which each of these

plants commonly occurs. In the course of its construction some

interesting points in geographic distribution came to light. The

dark area extending from the Atlantic to the Mackenzie basin

represents a great center throughout which all these plants

appear in most bogs. The lighter shaded areas north and south

represent territory in which only a majority of the forms occur

in the average bog, while in the lightest shaded portions only a

minority of them are to be found.

CLIMATE OF THE OPTIMUM REGION.

The region of optimum distribution is limited by certain

climatic barriers. On the southwest its limits coincide closely

with those of the forests. Beyond this area the relation between

rainfall and evaporation makes the conservation of water in
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Fig. I,— Map showing distribution of bog plants, (i) Drosera, Dulichium. (2)

Sarracenia, Drosera, Dulichium, Eriophorum, Chiogenes, Chamaedaphne. (s)

Dulichium, Menyanthes. (4) Drosera, Comarum, Menyanthes, Eriophorum, Ledum,
Andromeda. (5) Drosera, Comarum, Menyanthes, Eriophorum, Oxycoccus, Andromeda,
Ledum, Kalmia, Chamaedaphne. (6) Menyanthes, Oxycoccus, Ledum, Andromeda,
Kalmia; The presence of a large number of shrubs in Alaska and Greenland is

probably connected with their preservation there during glacial times.
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depressions throughout the year impossible. On the south and
southeast, while the rainfall and relative humidity are favorable,

the intense insolation of the summer months seems to be the

controlling factor. The northern boundary coincides with that

of the northern limits of dense forests. According to Kjcllman,^

Kihlman^ and Warming,? this boundary is controlled by the

amount of snowfall, exposure to dry winter winds, and the

length of the growing season. There does not appear to be an}-

relation between the distribution of this group of plant societies

and the *4ife zones" distinguished by Merriam,^ Within the

belt of optimum conditions the climate is characterized by great

range of temperature, both dail3' and annual. As we go toward

the east from the Mackenzie basin, this is modified by the

increase in relative humidity. The summers are short, bright,

and warm, with abundant rainfall, principally in the form of

thunder showers. The winters are long, and extremely low

temperatures may occur. The snowfall increases from a foot or

two in the western part to several feet in Ontario and the St.

Lawrence basin. In the Northwest Territories, where the

tundra vegetation is dominant, the ground below a depth of a few

centimeters is frozen practically throughout the year. Since air

temperatures of 21° C. are common in late spring and summer,

the plant roots and shoots must there withstand remarkable

temperature differences. With the exception of the eastern

maritime provinces and Maine, no part of this optimum area is

comparable with the conditions which call forth the great bog

development of northern Germany and Scandinavia. In the

latter localities the bogs are confined to depressions, but may

occur in a variety of topographic situations. They may even

invade established forests, and by raising the ground water level

destroy the tree coverlng.9

5 KjELLMAN, F. K., Aus dem Leben der Polarpflanzen. Leipzig. 1883.

^KiHLMAN, A. O., Pflanzenbiologische Studien aus Russisch-LappJand. Acta

Soc. pro Fauna et Flora Fennica 6. 1890.

7 Warming, E., Ueber Gronlands Vegetation. Engler's Botan. Jahrbiicher

10. 1888.

^Merriam, C. H., Life zones and crop zones of the United States. Bull. lo, U.

S. Dept. Agric. 1898.

s»Ganoxg, W. F., Raised peat bogs in the province of New Brunswick, Proc.

Roy. Soc. Can. IL 3* : 131-163. 1897.

-^
.
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It is also worthy of note that in the southeastern part of this

region the bog flora is increased in variety by a large number of

plants whose range is more southerly than that of the typical

bog plants. Among these are Vaccinum corymbosum, V.

atrococcum, Rhodora canadensis, Aronia arbutifolia, and Vibur-

num cassinoides. Their distribution points to a northward migra-

tion from the southern Appalachians. ^°

VARIATIONS OF THE BOG FLORA IN GEOGRAPHIC RANGE.

But the map has a still greater significance. The dark area

represents the region in which most of these plants attain their

highest physical development. Those who have seen the mag-

nificent groves of tamarack in the north, attaining a height of

thirty meters and a bole diameter of a meter, will appreciate

this fact when they compare them with the stunted groups of

the larch in the bogs near the southern and northern limits.

Again, within this same belt, at least eight of the plants, the

buckbean, cranberry, snowberry, rosemary, leather leaf, labrador

tea, birch, and tamarack, are not confined to bog areas. They

may be said to have there a wider life-range and are to be found in

a variety of habitats. The tamarack, for example, is found on

the hills and along most of the streams. With the black and

and white spruce and pine, it makes up a large part of the forest.

Here too the buckbean, leather leaf, Labrador tea, and birch

occur along slow streams, and the' rosemary, snowberry, and

cranberry in moist ravines and rich woods.

Just as striking, perhaps, is the fact that as we go in any

direction away from this optimum region, the first plants to

diminish in size and frequency of occurrence are the arborescent

tamarack and birch. Then follow in close succession the shrubby

forms, and finally the herbaceous species." This is practically

a reversal of the order of their coming into a new area, and, as

we shall see later on, this may have some connection with the

"Adams, C.C, Southeastern United States as a center of geographical distri-

bution of flora and fauna. Biol. Bull. 3: 123. 1903.

^^ Scheiichzeria pahistris is an exception, so far as its eastern distribution is con-

cerned, and has^ about the same range as Betula pumila^ but in the west it reaches

its southern limit in Colorado and California,
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migration this vast aggregate of bog societies has made since the

glacial period. It also represents an order from the tallest

forms to those raised but slightly above the wet substratum.

PKEGLACIAL DISTRIBUTION.

Of these fifteen species, three, Dulichium, Sarraccnia, and

Kalmia, are endemic. The larch and birch are represented in

the Old World by closely related forms, while the remaining ten

occur in similar habitats in Europe and Asia, This natur-

ally points to their origin, and certainly indicates their pre-

glacial distribution to have been ixi the circumpolar regions of

both continents. It also implies that these great land masses

must have been connected for a long time during the Tertiary

period, so that migration from one to the other was by no means
difficult. Whether these forms originated in a single polar area

IS of little consequence. They may have arisen partly in

America, partly in Eurasia, but they were essentially the

products of similar conditions and by migration came to be

associated.

THE GLACIAL MIGRATIONS.

With the coming on of the cold period, which closed the

Tertiary and inaugurated such extremes of climate between the

equator and the poles, the consequent accumulation of ice on

these northern continents destroyed the ancient habits of these

plant societies. At the same time semitropical species, which were

common alike to high and low latitudes, were killed by the increas-

ing cold, the ground they had covered affording new areas for

occupancy. By the reversal of the drainage lines and conse-

quent destruction of low-ground vegetation, ne-w habitats suited

to these plants arose in advance of the ice invasion. Just as

e zones of vegetation in a small lake move toward the center,

because that is the only direction in which development is pos-

sible, so these plants spread away from the centers of ice accu-

mulation. Where this migration moved to the west the plants

Were later on destroyed, but their southward extension brought

them into areas which were not within reach of the subsequent

ice invasion. Their adaptations for rapid seed dispersal are not

th
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notable, except in the case of the Dulichium and cottongrass.

The larch and birch have winged seeds, while the remainder

would seem to be dependent upon transportation by birds and

water currents. But the fact that the plants have survived the

ice advances proves that they were easily able to establish them-

selves in new areas as rapidly as the climate changed. Not less

than five such geographic migrations of more or less latitude,

corresponding with the five glacial epochs, must have occurred.

Between them were intervals when the temperature, as shown by

plant and animal remains ^^ found in interglacial deposits, was

fully as high as at the present time. If we consider this proved,

then the only glaciation which could materially affect the distri-

bution of our boreal societies today is that of the last or Wis-

consin epoch. Through the work of Chamberlin,^^ Leverett,^^

Salisbury, '5 Upham,'^ and others, the limits of this ice invasion
J

have been definitely mapped.

In order to get an idea of the distribution of the boreal plant

societies during the maximum glaciation, let us try to picture

what would become of these same societies if a similar period of

glaciation were to come upon them now. A sufficient time has

probably intervened since the last glacial epoch to allow of

almost perfect climatic adjustment on the part of the tundra and

conifer societies, so that the climate now most favorable for their

development may well have characterized a zone just beyond the

ice margin. This zone would gradually move with the increase

of the ice fields until it would come to occupy the position shown

in fig. 2. According to Chamberlin, the climatic conditions pre-

COLEMAN, A, P., Glacial and interglacial beds near Toronto, Jour. GeoL 9: 285.

1901. Penhallow, D. R, The Pleistocene flora of the Don Valley. Rept. Brit. Ass.

Adv. Sci. 1900: 334.

"^3 Chamberlin, T. C, Classification of American glacial deposits. Jour. Geo!.

8: 270; The glacial phenomena of North America, Geikie's/ff^^i?, 3^ ed. p. 274. i894-

^*Leverett, F., Changes of climate indicated by interglacial beds. Proc. Bost.

Soc. Nat. Hist. 24 : 455- 1890.—The Illinois glacial lobe. Mon. 38, U. S. G. S.—The

glacial formations and drainage features of the Erie and Ohio Basins. Mon. 4i»

U. S. G. S.

^5 Salisbury, R. D., and Atwood, W. W., The geography of the region about

Devils Lake and the Dalles of the Wisconsin. Bull. 5, Wis. Geol. and Nat. Hist. Sur.

Salisbury, R. D., Glacial geology of New Jersey. Rep. State Geologist N. J. 5-

1902.

'^Upham, W., The Glacial Lake Agassiz. Mon. 25. U. S, G. S. 1896.

12

i
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Fig, 2,— Map showing hypothetical distribution of forests and tundra during

maximum glaciation of the Wisconsin Epoch.
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vailing about the margin were intermediate between those of

Greenland and Alaska at the present time. In the former case the

vegetation is sparse and of tundra type, in the latter the forests

occur on the stagnant ice margin. ^^ It would appear then that

the glaciers would not affect the tree distribution at any great dis-

tance from the ice front. But there are other factors which would

affect the breadth of the zone of conifer dominance. As we may

learn from their present distribution, a dry climate, a youthful

topography in which erosion is active, high elevation and sterile

soil, all of which imply great variations in temperature and rela-

tive humidity, are more favorable to conifers than to broad-

leaved deciduous trees.

It should also be noted in connection with the development

of the continental glacier that, as the ice sheets spread from the

two great centers of accumulation, they unite in the region north

of lakes Superior and Huron. With their near approach to the

lakes, the area of conifers is divided into an eastern and western

section. As the development proceeds toward the Wisconsin

terminal moraine, the western section would be forced toward

the Great Plains, while the eastern division would spread south to

the Appalachian highlands and coastal plain.

But in the interior the Ohio basin was occupied by the oaks,

ash, hickories, elms and maples. Judging by the present

northern limits'^ of some of these species it is doubtful if the

conifers could compete with them at any great distance from

the ice front, so that the belt of tundra and conifers may have

extended as far south as the Ohio, but it seems probable that

€ven north of this river species of oak, ash elm, and maple per-

sisted.

DISTRIBUTION DURING MAXIMUM GLACIATION.

To be more definite, let us briefly note the conditions that

would prevail during the time of maximum extension, from the

Atlantic to the Rockies. In New Jersey, with its extensive area

of sand and slow-flowing streams, conditions must have been

'7 Russell, I. C, Glaciers of North America. Ginn & Co. 1901-

'®Bell, R., The geographical distribution of forest trees in Canada. Scot. Geog-

Mag. 13:281. 1897.

^

%
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favorable for a wide-spreading zone of boreal societies. In

Pennsylvania the high relief of the Appalachians and consequent

low temperature also afforded exceptional opportunities for the

spread of these societies far to the south. Here too the cold

water of the glacial drainage pouring down the numerous tribu-

taries of the Allegheny, Susquehanna, and Delaware rivers may
have had a marked influence by lowering the temperatures of

the narrow valleys, just as the streams which flow from Mount
Katahdin and the glaciers of Mount Hood (Cowles) and Mount
Shasta (Merriam)^^ affect the temperature of their adjacent

valleys toda3\ The presence of many such northern forms as

the white pine, spruce, and hemlock in areas of the southern
20Appalachians has long been attributed to the glacial period.

In the Ohio valley the streams flowing from the south would aid

m maintaining equable temperatures and preserving the broad-

leaved mesophytes as far north as the Ohio River. Beyond the

Mississippi the conditions must have resembled those now
prevalent in the Saskatchewan basin. Bessey" reports the

occurrence in Nebraska of deposits of **well defined branches,

twigs and occasionally tree trunks" at depths varying from

twenty to fifty feet below the surface, and concludes that in

recent geological times there must have been extensiv^e conifer

forests throughout the state. The present distribution of trees

in Nebraska shows outliers of the western yellow pine [Pinus

pojiderosa scoptilonitn) in the central part of the state far removed

nom the main area of its occurrenee.

ow as to the bog plants: since under favorable conditions

they may occupy other habitats than undrained depressions,

they probably existed on the borders of the heavily loaded

streams, in ravines and moist situations generally along the

whole ice front. It is to be noted that practically all of the

's>Merriam, C. H., Results of a biological survey of Mt, Shasta, California.

North Americana Fauna no. 16. 1899.

Gray, A., Forest geography and archaeology. Amer. Journ. Sci. and Arts III.

16:85. 1878- Hooker, J., B., The distribution of North American flora. Amer.

Nat. 13:155. 1879.

Bessey, C. E., The forests and forest trees of Nebraska. Ann. Rep. Neb.

N

ao

2X

r —

State Bd. of Agri. 1888 : 93.
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existing small lake areas of the northern states were covered

by the ice during the maximum extension of the Wisconsin ice

sheet. As there is no reason to believe that the drift sheets of

the preceding epochs, which in many places extend beyond the

Wisconsin terminal moraine, contained such small undrained

depressions, it follows that the bog societies must have occupied

other habitats.

POSTGLACIAL NORTHWARD MIGRATION.

With the renewal of a milder climate and the consequent

recession of the glaciers, the plant societies would gradually

spread in the direction of continuous habitats and generally

northward. The bog and tundra types would be the first to

push into the barren ground left by the retreating ice. The

area over which they spread in early postglacial times must

have been very much more extensive even than that now

occupied by them. In the smaller glacial depressions where

absence of wave action would favor littoral vegetation, the bog

plants would become firmly established. On the western and

eastern sides of the glaciated area the tundra would be closely

followed by the conifer forests.

In the west the spreading of the conifers to the north was

followed by their gradual destruction in the southwest, due to

the increase in temperature as compared with the rainfall. It is

possible that the rainfall in Nebraska was never any greater

than at the present time. But the decrease in transpiration

accompanying decrease in temperature might account for the

presence there during glacial times of trees which cannot live

under present conditions. The bog plants perished with the

conifers and their southwestern boundaries today correspond

with that of the forest.

In the east, among the highlands, exceptional circumstances

w^ere afforded for the preservation of these northern forms.

Many relicts still crowd the higher elevations as far south as

western North Carolina.
'h

But in the northern Ohio valley, with its scant conifer vegeta-

tion, the areas which at that time supported the bog societies

*
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were encompassed by broad-leaved forests. The oaks, hickories,

maples, ash, and elm, following the lines of their specific habitat,

the stream valleys or uplands, the sandy stretches left by glacial

drainage, or the long lines of clay moraines, surrounded them in

their northward progression.

Probably if the pines, spruce, and hemlock had ever been

dominant in Ohio, Indiana, and southern Michigan we should find

some evidences of their former occupation by way of isolated con-

ifer areas. Excepting the southern and eastern shore of Lake
Michigan and two small groups of pines in Ingham and Calhoun

counties, Michigan, no conifer areas occur south* of the Grand
and Huron River valleys. When the early settlers moved into

the region of southern Michigan, its forests were of the type

commonly known as "oak openings." Probably no type of broad-

leaved forest would be more favorable for the preservation of

conifer areas had they been dominant for any great length of .

time after the ice retreat. Where they have been planted within

this region, they flourish and attain their normal proportions.

Judging by the present distribution of Pinns Strohis and Piiius

resinosa, the character of the soil in the vicinity of lakes Michi-

gan, Huron, and Erie, and the meteorological conditions

associated with these lakes, it seems probable that the conifers

have reached their present distribution in the lower peninsula of

Michigan by way of the lake shores. Probably the great bulk

came by way of the southern end of Lake Michigan and from

Ontario.

In the west, the north, and the east, then, the xerophytic bog

societies are still found with their natural associates, the coni-

fers
{fg, j). But in the Ohio valley they have been surrounded

by a vegetation which bears no direct relation to them. Nat-

urally, therefore, we should not expect to find an order of

succession between them. This seems to be the answer to the

fii"st question proposed.

RELATION OF BOG SOCIETIES TO THE SWAMP SOCIETIES.

This also gives us a new basis for answering the second ques-

tion, as to the presence of the bog societies and swamp societies
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Fig. 3.^— Map showing present distribution of forest, prairie and plains. (After

Sargent, loth Census, Vol. 9.)
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in adjacent areas. As we know from the numerous physio-

graphic studies that have been made of glacial basins, many of

the lakes were formerly much larger than at present. Some of

them in early postglacial times had steep banks, which were

unfavorable to the development of shore vegetation. But by
the lowering of the water level consequent upon the cutting

down of the outlet, the shore line at present is a gradually slop-

mg one, and supports a '* drained swamp" flora. In other cases

irregular arms, extending away from the main body of the lake

and protected from wind and wave action, doubtless supported a

bog vegetation during the tundra dominance. Since then they

have been separated from the main lake by a lowering of the

water level. Today we find in many such cases the bog vegeta-

tion still persisting in the depressions which were formerly arms

of the lake, while on the shore of the main body, which came to

be swampy at a much later period, the so-called ''drained

swamp" flora occurs. One of the best examples of this is Turkey

Lake, Indiana. Here is an irregular lake several square miles

in extent, nearly surrounded by high moraines. At its south-

eastern end, through a less elevated portion of the moraine, it

formerly connected with several shallow depressions,^^ all of

which contain bog plants with varying proportions of swamp
plants. But on the now shallow margins of the present lake only

the swamp plants are found. At Eagle Lake^'^ the same obser-

vations hold for a former extension of this lake toward the north-

west. But without multiplying examples, the relation of these

two groups of swamp societies seems to depend largely upon the

time when the swamps came into existence as swamp habitats.

If they have existed since the days of tundra conditions they

may show a bog flora today. If they are of recent origin, the

plants will correspond to the normal swamp plants of the present

climatic conditions. If of intermediate age, we may have vari-

ous mixtures of the two. Dr. Cowles informs me that the only

bog in the sand-dune region near Chicago which contains all

these typical bog plants is the one that occurs on the Valpa-

"For map and description of lake see Proc. Ind. Acad. Sci. 1895.

="3 Map opposite p, 118, Proc. Ind. Acad. Sci. 1901.
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raiso moraine. When this basin was formed the area occupied

by the other bogs was still covered by the waters of Lake Chi-

cago (now Michigan). At the present time new bog areas are

being continually added by the interference of the moving dunes

with drainage lines. And these new areas frequently contain a

number of the bog plants. This, however, does not invalidate

the explanation here suggested. The bog habitat has been con-

tinuous since early postglacial times; only its position and

extent have been variable.

This same observation holds in the case of certain lakes

which have long supported a growth of the bog plants at some

part of their shore line. By recent gradual changes of level, or

by the development of a floating sedge and cassandra zone, these

areas have been greatly enlarged in recent times. Usually, how-

ever, such formations are partially made up of swamp species.

It is a well-known fact that in many localities where the bog

societies formerly existed, they have partially or entirely disap-

peared. Since the settlement of this region, extensive bog areas

have been cleared and drained. Fires have aided in the destruc-
ft

tion of the tamaracks, and in many places the sudden lowering

of the water level due to ditching has resulted in the killing of a

large part of the original bog flora.

In this connection it is to be noted that the partial clearing

or burning of a swamp area opens up a new territory for occupa-

tion, either by the bog plants or the sw^amp plants. The pres-

ervation of the underground stems of many of the bog species

makes their chances more favorable for capturing the area in

question. But there are many areas to the west of Ann Arbor

which show that these bog plants cannot compete with the

swamp plants in the occupancy of new territory, even though the

bog plants be in complete possession previous to the clearing.

We may say that the chances of capturing newly exposed land

areas at the present time are all in* favor of the swamp plants,

largely because of their greater production of seeds, more ade-

quate means for seed dispersal and better adaptations to present

climatic conditions. In early postglacial times, however, the

conditions were far different. The swamp plants had been
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driven further south. The climate being more boreal in its char-

acter favored the bog plants, so that they became practically the

only competitors for the low-ground situations.

The preservation of the bog societies in poorly drained situa-

tions down to the present time seems to be due (i) to the lower

temperatures prevailing there, (2) to the sterile nature of the sub-

stratum, (3) to the completeness with which the substratum is

occupied by the bog plants, and (4) to the fact that most bog
habitats are associated with lakes, whose basins must be entirely

filled with debris, before the drainage conditions will be naturally

improved and made more favorable for the coming in of other

plant societies.

To account for the xerophytic character of many of the bog
plants, experiments now being carried on seem to indicate that

differences of temperature between substratum and air is ade-

quate. But the presence in many of our bog habitats of swamp
species which show no xerophytic adaptations suggests that such

xerophytic structures may be unnecessary under present con-

ditions in this region.

SUMMARY.

To summarize the results of this study, we may say that, as

shown by their geographic distribution

:

1. The bog societies are typical of the colder portions of

North America and are closely related to the bog societies of

Europe and Asia.

2. They show an optimum region of dispersal having a moist

climate, subject to very great temperature extremes. Within

this region the plants have a greater range of habitats and an

increased physical development.

3. As we go away from this center, either north or south, the

first forms to show the effect of climatic change in diminished

size and frequency of occurrence are the arborescent species.

The species which extend furthest from this optimum region are

herbaceous forms.

4- The bog societies are normally related to the conifer for-

ests in their development to a climax tree vegetation.

5. Where surrounded by oaks and hickories, or in general



420 BOTANICAL GAZETTE [December

when conifers are absent, they show no order of succession to

the forest societies. This is to be explained on the basis of the

migrations forced upon all boreal societies during glacial times.

6. The absence of conifers in the Ohio basin probably indi-

cates the dominance of broad leaved forms there during glacial

times.

Local lake and bog studies seem to indicate that:

1. Present bog habitats are continuations of similar habitats

which existed in early postglacial times, when tundra conditions

and tundra vegetation were dominant.

2. The temperature phenomena of undrained depressions,

containing deposits of peat, are favorable to the preservation of

these types,

3. The ''drained swamp" and ''undrained swamp" classifi-

cation will not hold over any great area. Undrained and drained

depressions are both favorable to the development of the com-

mon swamp plants.

4. The bog societies are composed of boreal species and, in

so far as the area of Ohio, Indiana, and southern Michigan is

concerned, must be considered as relicts of former climatic con-

ditions. The swamp societies, made up of more southerly forms,

must be considered as the normal hydrophytic vegetation of the

present climatic conditions.

The above results are put forth preliminary to a more detailed

account to be published later. It is hoped that by this publica-

tion the author may be enabled to secure further data as to bog

societies in other localities.

University of Michigan.



ARALIA IN AMERICAN PALEOBOTANY.
Edward W. Berry.

In a study of the mid-Cretaceous floras of the Atlantic coastal

plain, the difficulty of determining by what characters certain

leaves were allied to Aralia, Sassafras, or Sterculia led to a some-
what extended review of these genera, more particularly the

former, which is so abundantly represented throughout the

American Cretaceous and Tertiary.

As to the relationship of these leaves with modern species

of Aralia, we are not here especially concerned. Leaves of this

type, however, are such a constant feature of these ancient floras,

both in this country and abroad, that they possess an unusual

degree of interest, and I have endeavored in the following notes

to define more precisely the characters which serve to distinguish

these leaves from leaves of other genera with which the}" are

often confused.

The existing species of Araliaceae number about 450, which

Harms, in Die natiirlichen PJlaTizenfamilien^ distributes among 51

genera. They are widely distributed in the temperate and trop-

ical regions throughout the world, and include herbs, shrubs, and
trees with simple, lobed,or compound leaves. The genus Aralia,

as restricted, includes some 27 species of North America and
Asia with ternately and pinnately decompound leaves. The only

fossil form which seems to stand in this ancestral line is Aralia

iriloha Newb. from the Fort Union Tertiary.

In North America north of Mexico we have six existing

species of Aralia, four eastern and two western (besides three

varieties). Of ^h^se Aralia spinosa L. is the only arborescent

form. Beside Aralia two other genera occur with us : Panax,

with two eastern North American species and five species of

central and eastern Asia; and Echinopanax, with one species on

the Pacific coast Japan. Ma
other genera occur in the West Indies, Mexico, Central and

South America.

1903] 421
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The fossil species throughout the world have mostly been

referred to Aralia or Hedera, and are comparable for the most

part with the existing species of the Araliaceae as a whole, rather

than with these respective genera. Beside these two genera,

various fruits from the Atane and Patoot beds of Greenland, and

from the Miocene of Europe, have been referred to Panax

;

Unger identifies a species of Cussonia from the Miocene (Kumi)

of Greece, Velenvosky another from the Cenomanian of Bohemia,

and Nathorst a species of Acanthopanax from the Pliocene of

Japan. Some 44 species of Aralia leaves have been identified

from American strata, ranguig from the Potomac formation

upward through the Miocene. Numerous analogues of these

American species have been described in Europe, as well as five

species w^hich are identical. Thus Aralia coriacea Velen., occurs

in the Cenomanian of Bohemia and at Marthas Vineyard; Aralia

traftsversinervia Sap. & Mar. occurs at Gelinden and has been

reported from Long Island ; Aralia formosa Heer occurs at Mole-

tein and in the Bohemian Cretaceous as well as in the Dakota

group and Raritan formation ; Aralia Zaddachi Heer of the Baltic

Oligocene occurs in the Californian Miocene; and Aralia Looziaiia

Sap. & Mar. of the Gelinden flora reappears in the Fort Union

group.

The genus is well represented both in the Cretaceous and

Tertiary of Europe, Schimper in his PaUontologie Vigitale (1874)

listing 34 species, mostly, from European localities.

Heer describes two species from the Tertiary of Siberia, a

simple leaflet and a lobed leaf of the A. Saportana type; while

Ettingshausen notes the occurrence of Aralia in the Tertiary of

Australasia. Many of these fossil species have merely a paleo-

botanical value. Thus Newberry identifies seven species at the

single Raritan horizon of Woodbridge, N. J., four of which are

described for the first time by him/ Still another Raritan species

is Heer's Aralia formosa, which occurs in the upper layers at

/
""pha, groeiilandica, patens, palmal

varied leaves of a single species. In the Matawan formation

^ Flora of the Amboy clays. 1896.
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which overlies the Raritan and with which it is closely related

both geologically and botanically, there occur numerous Aralia-

like leaves. I have identified^ five species from this horizon,

and the protean character of all of these mid-Cretaceous forms
A

is emphasized when we find but two of these Matawan leaves

referable to Raritan forms and these not entirely identical, while

two others are entirely new.

i Saporta would consider all the forms referred to Sassafras

(Araliopsis) as included in the Araliaceae, but it seems to me
that most of these leaves have stronger affinities in other direc-

tions. Ward would consider these Aralia-like leaves as referable

to Platanus or its ancestral prototype. I have provisionally

Sassaff Among the remainder

of the American species of Sassafras, those which are not true

species of Sassafras are related to Cissites or Platanus (Proto-

platanus) .

Three types of leaves have been referred to Aralia: (i)

palmately three to seven-lobed leaves
; (2) pinnately or ternately

parted leaves; (3) simple leaves or leaflets.

Leaves of the first style, which concern us more particu-

larly, may be briefly characterized as follows: Palmately 3-7

lobed, thick or coriaceous; petiole usually present and stout;

margins entire or dentate; primaries 3-5 (7 in A. dissecta) gen-

erally rather stout, basal in ten species, sub-basal in ten species,

and supra-basilar in fifteen species, doubtful in a few cases;

lateral primaries when forked usually above their base, often

present as basal sub-primaries; secondaries camptodrome in

the entire-margined forms and craspedodrome in those which

have dentate margins, both characters combined in some spe-

cies ; areolation obsolete, or square, or polygonal ; base decur-

rent or cuneate in twenty species, rounded or truncate in fourteen

species, doubtful in the balance, of which one is cordate and two

or three are lobate. Young leaves may be entire-margined and

three-lobed, while older leaves are dentate and five-lobed, which

has caused a further duplication of species.

We may distinguish Sassafras, Sterculia, and Platanus,

'Flora Matawan formation. 1903. ^BOT. Gaz. 34: 438- ^902.
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which are oftenest confounded with Aralia, by the following

characters

:

In Sassafras the primaries branch from the midrib, usually a

considerable distance above the base, which is decurrent and
*

never lobate; the margins are entire; the texture is not coria-

ceous; sinuses margined, or secondaries at least showing some

evidence of disarrangement in the region of the sinuses; second-

aries camptodrome; the decurrent base usually margined.

Steradia has usually petiolate coriaceous leaves with obsolete

venation and conically pointed lobes; is palmately lobed, usually

from below the middle; primaries usually three from the top of

the petiole; base cuneate ; margins always entire; secondaries

becoming effaced near the margin, or bowed close to the

margin.

In Platanus the leaves are large, thick, and palmately lobed,

not deeply so, however, and the sinus always open ; coarse leaves

three-nerved from near the base; primaries and secondaries

straight and stout; secondaries numerous, parallel, usually cras-

pedodrome ; margin never entire ; lobes always broad ; base some-

times lobate.

The American species of palmately lobed Aralias may be

separated into five groups.

SECTION I.

Thick leaves fan-shaped in outline with long thick petioles;

young leaves three-lobed; old leaves five-lobed; lobes narrow

and pointed; base decurrent (except A, Zaddachi); sinuses nar-

row, extending more than half way to the base; margins dentate

above with craspedrome secondaries, entire below with campto-

drome secondaries; primaries three, stout, supra-basilar (except

A. Zaddachi)\ lateral primaries forking some distance from the

midrib ; secondaries numerous and parallel. Aralia digitata

Ward leads the way to the Green River species, A. macrophylla

Newb., and by its lobate basal expansion shows its close rela-
__

T

tion to Platanus basilobata Ward.

This section includes; A. Saportana Lx., Dakota group ; A. Saportana

deformata T.x.. Dakota crrnnn- Ar^^H^ en nnw<;nn Mill Creek I A. Welling-
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toniana Lx., Dakota Tuscaloosa, and Raritan; A. digitata Ward, Fort Union

I

group; A. Zaddachi ? Heer, Miocene.

SECTION 2.

Thick leaves rather orbicular in outline, with a long petiole (so

far as it is known), lobes 3 to 5, broad and obtusely pointed,

showing a tendency to become sub-lobate; base but slightly

decurrent, generally rounded or truncate; sinuses open, extend-

ing about half way to the base; margins entire; secondaries

camptodrome; primaries three, basal or sub-basal; lateral pri-

maries unbranched, usually with sub-primaries below; areolation

usually obsolete; smaller leaves than in section i. A common
type of mid-Cretaceous leaf is that which has been referred to

Araha groenlandica Heer and which has been recorded from the

more or less synchronous strata of the Atane schists, the Dakota

group, the New Jersey Raritan and Matawan formations, and the

Island Raritan. I take as typical leaves of this species Heer's

/ 3' pl' jS Fl, Foss. Arct. 6, abth. 2 and Lesquereux's //,/>/. 5^,

n. Dak. Gr.; and it may be noted that Heer includes leaves

which are considerably removed from this type, while Lesquer-

{M
[fig

loc. cit.) leaves which approach the synthetic group of Aralias

which Newberry describes from the Raritan formation of New
Jersey. This groenlandica type of leaf seems to be a rather

primitive one, a leaf from which numerous rather closely related

species have been derived.

This section includes : Aralia groenlandica Heer, Atane, Dakota, Rari-

tan, Matawan, Island; A. gracilis Lx., Laramie ?; A. notata Lx., Denver and

Fort Union ; A, patens, Newb., Raritan, Island ; A. rotundiloba Newb.. Rari-

tan and Island; A, polymorpha Newb., Raritan ; A. palmata Newb., Raritan

and Matawan; A. subemarginata Lx., Dakota; A. Brittonianum Berry,

Matawan
; A. acerifolia Lx., Ft. Union and Miocene.

SECTION 3.

M
petioles and primaries ; lobes 3 to 5 or more (?) ; the lobes long and

rather slender (except A, Ravniana), obtusely pointed; sinuses

narrow, primary ones deep, extending nearly to the base; base
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decurrent ; margins entire ; secondaries (when preserved)

numerous, parallel, and camptodrome; primaries three, basal or

sub-basal; the lateral primaries forking some distance above

their base; areolation generally obsolete; the small basal sub-

primaries of section 2 wanting. The extreme of form in

this section approach very close to the Saportana type of leaf of

section i.

The species included in this section are: Aralia Ravniana Heer, Atane

andMatawan; A, Towneri Lx., Dakota and Matawan ; A. quinquepartita

Lx., Dakota and Raritan ; A concreta Lx., Dakota; A. angustiloba Lx.,

Miocene; A. Wellingtoniana Vaughanii Kn., Woodbine, Dakota; A Jorgen-

seni Heer, Greenland Tertiary.

SECTION 4.

This and section 5 are residuary groups of species that

require further study. This section includes a rather hetero-

geneous assemblage of fan-shaped leaves which agree in having

entire margins; pointed lobes; usually stout primaries; petiole

(where preserved) stout; primaries basal or sub-basal; texture

coriaceous or sub-coriaceous ; secondaries camptodrome (where

known). Medium sized or small leaves except A, Whitneyi,

which is very large and seems to be the Miocene ancestor of the

existing Tetrapanax of eastern Asia,

The species included are: Aralia Masoni Lx., Dakota; A. Mattewa-

nensis Berry, Matawan ; A. Westoni Daws., Mill Creek ; A. rotundata Daws.,

Mill Creek ; A. radiata Lx., Dakota; A. tenuinervis Lx., Dakota ; A. Whit-

neyi Lx., Miocene.
SECTION 5.

Rather small trilobate leaves w^ith undulate or dentate

margins ; decurrent base
;

primaries three, stout, unbranched,

sub-basal or supra-basilar ; secondaries camptodrome and craspe-

dodrome; lobes full, pointed. Includes leaves derived from the

Vaughanii-groenlandica type and approaching the notata-digitata

type of leaf very closely.

The species included are : Aralia formosa Heer, Dakota and Raritan

(Europe); A, nassauensis Hollick, Island ; A. Looziana Sap. & Marion, Fort

Union (Europe); A. serrulata Kn., Fort Union.

SIMPLE LEAVES OR LEAFLETS.

The simple leaves referred to Aralia, following the precedent

set by European paleobotanists, are four in number:
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Aralia Brow?iia7ia Heer from the Tertiary of Greenland, which

may be compared with European leaves from the Oligocene of

St. Zacharie and the Miocene of Armissan.

Aralia transversinervia Sap. & Marion, described by Hollick

w
)

M
Aralia lasse?iiana Lx., from the Eocene (?) and Miocene (?)

of California, which may be compared with leaves from the

Sezanne flora.

Aralia coriacea Velen., identified by Hollick from Marthas
j

Vineyard, the type from the Cenomanian of Bohemia.

Species not included in the foregoing sections are:

Aralia Fontaiiiei Kn., from the Potomac, the remains of which

are too poor for accurate diagnosis.

Aralia triloba Newb., which represents a ternately or pinnately

parted leaf from the Fort Union group, which is evidently

ancestral to the modern North American Aralias.

Aralia ? Waigattensis Heer, which represents a probably

pinnate leaf of uncertain affinities from the Patoot beds of

Greenland.

Aralia dissecta Lx., a large much lobed leaf from the Green

River group.

Aralia Wrightii Kn., represented by incomplete remains from

the Miocene of Yellowstone Park.

Doubtful remains include

:

Aralia sp. Dawson, from the Mill Creek, which has been

included with Aralia Saportana because Dawson thought that it

might be that leaf.

Two forms of Aralia sp. determined by Knowlton from the

Laramie of Wyoming; two by the same author from the Upper

Eocene of the John Day Basin, Oregon; and one from the

Miocene of Yellowstone Park.

The foregoing table shows the relationship of these leaves as

I conceive them.

>

Passaic, N. J.



THE VEGETATION OF THE BAY OF FUNDY SALT
AND Dn<:ED MARSHES: AN ECOLOGICAL STUDY.

CONTRIBUTIONS TO THE ECOLOGICAL PLANT-GEOGRAPHY
OF THE PROVINCE OF NEW BRUNSWICK, NO. 3.

W. F. Ganong.

{Concludedfrom p. jdy.)

B. MESOPHYTIC DIVISION {MESOPHYTIA) CULTURE
SECTION.

Consists ofplants requiring the Jiormal climatic ond soil conditions

of this regiofi^ useful to ma7i and kept by his care in certain defi-

nite artificial groups.

ii. reclimmed salt marsh formation ( meadow formation,

poiumV

Consists, in adaptation to the very fine and hence poorly-

aerated but evenly-moistened soil, of slender-rooted surface-fol-

lowing and hence herbaceous plants, in this case grasses or

grass-like plants useful for forage or grain. Owing to the

peculiar conditions here prevailing in the form of a newly-opened
field (see page 295), no care from man directly is necessary to

keep the plants in their desirable economic condition, for both

seeding and resistance to undesirable immigrants take place

naturally as long as he preserves the field in its best condition-

Includes, within an enclosure of dikes, the greater part of the

iirea of the original salt marshes, from the sea to the head of

tide on the rivers, and extended artificially into the lakes of the

bogs and the bogs themselves (page 179). The formation

includes three associations.

4- THE PHLEUM-AGROPYRUM, OR TIMOTHY-COUCH ASSOCIATION, OR PHLEUMETUM,

The characteristic, prevailing and most valued association of

the perfectly reclaimed marsh, occurring everywhere on the

higher parts of the marsh within the dikes where the drainage is

good, and where the marsh soil has not been exhausted or has

'903] 429
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not roads nor bald spots {Jigs. 7, 5'). Distinguished by its famil-

iar hay-meadow aspect, though with an unusual prevalence of

couch and unusual density, luxuriance and purity of the grasses.

The association is composed of two dominant members of

nearly equal prominence, with several secondary and many sub-

ordinate members, and frequent visitors.

Phleum pratense L. Timothy.—The most abundant, char-

acteristic, and valuable plant of the reclaimed marsh, and the

dominant member of the Phleumetum. It is confined to well-

drained and salt-free places, but takes possession wherever these

conditions are found, hence on the highest and oldest marsh,

along ditch ridges and to some extent on dikes, particularly

those not exposed to the dash of the sea, and reaching its greatest

perfection on the banks of aboideaued creeks. In the reclama-

tion of marsh it is the last of the natural sequence of forms and

apparently can maintain itself indefinitely as long as the drain-

age is kept up. It is killed immediately by salt water.

A familiar vegetation-form, typical of the grasses. Its root-

hairs are plasmolyzed by 30 per cent, or less of salt water. Not

native; introduced from Europe.

Agropyrum repens Beauv. Couch.—Second to the preceding

in abundance and luxuriance on the reclaimed marsh, and in

places even exceeding and replacing it. It forms here a highly

valued hay, little inferior to timothy. It extends also upon the

dikes and is the characteristic dike-top grass, especially on the

dikes exposed to occasional wash from the sea, including the

old abandoned dikes on the salt marsh. It also tends to come

in upon the highest parts of the Staticetum.

Vegetation-form very like timothy, but able to stand salter,

though not wetter places than the latter. Its root-hairs endure

30 per cent, pure salt water without plasmolysis. A native plant,

found also in Europe ; doubtless the form on these marshes is

introduced with the timothy from Europe.

Agrostis alba L. Brown top. (Includes also A. vulgaris, not

now considered distinct.)— Distinctly third in importance of the

forms of the reclaimed marsh, occurring intermixed with the two

dominant forms, but tending to occupy especially the margins

t
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of the drainage furrows, and the lower ground, where, especially

on poor marsh, it often replaces entirely the other two and
becomes the dominant form. Along the roads and in places

somewhat salt, it is much dwarfed. It is ont oi the first forms

to come upon the reclaimed marsh, following after the members
of the Salicornetum and Staticetum.

Vegetation-form and adaptations not especially studied; evi-

dently more halophilous and hydrophilous than the preceding.

Trifolium pratense L. Red clover.—Occurs as a character-

istic companion with timothy, under whose shade it thrives every-

where on the best marsh. It varies greatly in quantity in

different years, sometimes being extremely abundant (locall}^

'* clover-years"), and sometimes being nearly wanting, perhaps

because it is killed by some winters and requires two years to

reach full maturity.

Vegetation-form and adaptations not specially studied, but

its power of fixing nitrogen comes here into account, and pos-

sibly some relation of a remotely symbiotic sort exists between

It and the timothy. It is immediately killed by salt water.

Trifolium hybridUxM L., alsike, and T. repexs L., white

clover, also occur, but less abundantly. The two former are

introduced from Europe, but the latter is native.

Chrysanthemum Leucanthemum L. Bulls-eye daisy.—Abun-

dant in places and somewhat gregarious, and in other places

wanting. Apparently it cannot compete with the timothy and

couch on the best places but comes in where conditions are less

perfect for those two forms. Not native, but from Europe.

Other secondary forms of minor importaace are:

Alopecuriis pratensis L., bastard timothy or Durgin timothy. Rather

abundant in places, and an inijiry to the hay-fields through its early ripening.

Cala?7iagrostis Canade?isis Beauv., blue-joint, occurs in occasional patches,

but belongs rather with the hydrophytic associations.

Poa pratensis L. Occasional.

Lolium te7?nHentiim L.

Danihonia spicaia Beauv.
Agrostis scabra Willd. \A, kyemalis (Walt,) B. S. P.]

Lathyrus pahistris L. Rather common in spots on good marsh.

Rammciilus acris L. Buttercup. In patches on poorer marsh, not

abundant.

«.
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Other plants occurring amongst the grasses as subordinate members or

visitors are: Fragaria virginica L., strawberry; Achillea rnillefoHttm L.,

yarrow; Leontodon autumnale L., fall dandelion; Briinella vulgaris L.

Viola spp.; Cerastium spp.; Epilobitwi lineare Muhl., Rtimex Britannica L.

Rhinanthus CristagalH L.; Euphrasia officinalis L.; Aster Novi-Belgii\^^

Lactuca leticophaea Gray; Solidago neglecta T. & G. Along the ditches

grows Convolvulus scpium L., and there are many others.

The general adaptations of these forms to this habitat are

sufficiently plain ; they are typical mesophytic grasses, and the

reclaimed marshes offer, as has already been traced, a typical

habitat for them. But when we pass to details, the subject is

not so clear.

The two dominant members, the timothy and couch, occur

variously intermingled, at times in about equal proportions and

again wath one or the other more abundant, even to such a degree

that one may occur without the other for long stretches. No

physical cause is traceable for these differences, beyond the fact

that the timothy seems to have the advantage on the very best

parts of the marsh, and the couch where salt is more abundant.

Wherever they occur intermingled, patches of one or the other

often exist without visible physical determinants ; and their

appearance gives the impression of a resultant of slight disturb-

ances of equilibrium in the struggle between two evenly-matched

forms (or else an adjustment between two mutually tolerant

forms), here one and there the other, through the slightest causes,

obtaining the advantage. Both plants seem to attain their

greatest perfection and purity upon the banks of the aboideaued

creeks, where no doubt the somew^hat coarser soil, together with

the better drainage, affords a better aeration for the roots, thus

permitting the more luxuriant growth. At these and other

places a marked phenomenon is to be observed, having no doubt

an important bearing upon the nature of competition, namely

>

wherever these forms are most luxuriant, there the secondary

and occasional forms are less abundant, and the latter come

in with the decreasing vegetative vigor of the dominant forms.

In the welter, salter, and poorer marsh the Agrostis appears more

abundantly, thus forming the marginal member in that direction,

as couch does in the other; but in addition it forms in places on
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low marsh great areas, to the exclusion of the dominant members,
in such places becoming itself the dominant form. One cannot,

however, trace all of the transitions to physical causes, and in

places it seems as if we were dealing here with another case of

unstable equilibrium, the forms acting in mass against one

another. The same phenomenon appears in the bulls-eye

daisy, groups of which appear amongst the dominant members
in an apparently very irregular way, again suggesting that it is

not physical causes alone which are responsible for their distri-

bution, but that it is either the result of a struggle between nearly

equally-matched masses of forms, or else that there is a large

measure of pure accident in the details of their distribution rela-

tively to one another. But of this we can know nothing until

we learn how the forms *' compete " with one another.

This association shows on^ very characteristic feature of an

association, lacking in those heretofore considered, namely, a

distribution of the aerial parts of its members in horizontal

strata. Forming the uppermost layer in the full blaze of the

sun come the two dominant grasses. Nestling below the shade

of their leaves, come the clovers and the Lathyrus, while in a

third layer nearer the ground are the leaves of the violets, straw-

berries, and other low forms which I have not tried 'to list,

all of which, of course, blossom in the early spring before the

grasses have grown talk Here again we are faced by the ques-

tion as to the real ecolocrical interrelationships of these various

forms, whether we have to do (
i )

purely with a mixture of forms,

some of which happen to be able to live in the interstices left

in the growth of other forms, or (2) whether the smaller derive

some benefit from the shade or other protection of the taller, or

(3) whether there may be some advantage to all the members

from the association, such as we can imagine the taller timothy

derives from the smaller but nitrogen-fixing clover. On these

matters we still have no knowledge.
As above stated, the marginal member of the association

towards the Staticetum is the couch, and the marginal member

towards the Macrospartinetum is the brown top, while that

towards the Cnicetum is the bulls-eye daisy.
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Considering now the relation of this to the other associations,

it is very important to note that it is the natural association for

its situation, and has not to be brought into its typical condition

nor kept there by the cultivation so necessary on the upland hay

meadows. When a piece of marsh is diked and drained, there

follows, as we shall later note, a perfectly natural succession of

plants, from the Staticetum to the Phleumetum, without any care

or seeding, and the Phleumetum therefore represents the best

adapted type of vegetation in this region to the conditions of

the reclaimed marsh. And it is important to notice that the

timothy, and no doubt also the couch, are not native, but intro-

duced forms. There were in this forested region no mesophytic

native plants so well adapted to this new field as the open-

ground hay grasses from Europe, a point in perfect harmony

with the general principles controlling the relations of introduced

to native plants as set forth by Gray in his essay "On the perti-

nacity and predominance of weeds." As long as the drains are
A

kept up, and until by long years of cropping the soil begins to

weaken, this association holds its own against all comers of

every sort. There is no tendency here for forest to come in, as

on the upland, for reasons already explained (p. 291), nor can

the ordinary weeds gain a footing until the timothy weakens

through exhaustion of the soil or other cause, in which case,

some scanty approach to forest may occur (p. 293). On these

marshes, therefore, these European hay-grasses find an even

more congenial and competition-free field than upon the upland

meadows. When, however, the drainage becomes imperfect, the

brown top rises to prominence, and that in turn gives way to

the broadleaf as the water becomes more abundant. In these

phenomena of replacement we see illustrated the first principle

of competition, that a form can hold its own only in the vicinity

of its optimum, and beyond that it goes down readily before

another form whose optimum is being approached.

5. THE ROADSIDE WEED ASSOCIATION, OR CNICETUM.

In addition to the '* weeds" associated naturally with the

Phleumetum, there occurs a distinct association of vipland weeds

in certain places on the marshes. As this association is by no

1

;

f

\

?



1903] VEGETATION OF THE BAY OF FUNDY MARSHES 435

means characteristic of the marsh, being but an extension of

that of the upland, where its consideration belongs, and more-
over as it is of very subordinate importance in the marsh vege-

tation it need here be considered but very briefly.

On the marshes the association occurs only in places especi-

ally freed from salt. Thus it occurs especially along the inner

slopes of the dikes, above the frequent zone of Atriplex, and
below the capping of couch

{fig, ij), that position being par-

ticularly well freed of its salt by the excellent drainage and
protection from the occasional salt spray dashed against the outer

face of the dikes. In such places occur Scotch and Canada
thistles [Oticus, giving name to the association), yarrow in

great abundance, docks, strawberry, chickweeds and many
others of characteristic appearance. Again, on the ridges of

earth made by the mud thrown up from the ditches, the

association again appears, but here, for reasons already

explained (p, 293), it tends to include some shrubs, spiraeas,

roses, rarely alders, and a few others, with occasionally

small birches, almost the only situation indeed, in which any

trees are able to exist upon the marsh. There is another situa-

tion in which the association is particularly well developed,

namely, on the railway embankment built, but never used, across

the marshes of the Shepody near the head of tide. On this

embankment, built entirely of the marsh mud, the weeds have

possession, and form a tangle of spiraeas, thalictrum, yarrow,

bindweed, goldenrods, myrica, sorrels, lysimachia, evening prim-

roses, and even some lichens, small white birch and others, a

genuine upland association despite the marsh soil. Another

situation in which the association is well developed is on the

sites of the occasional hay ricks and the vicinity of the barns on

the marshes. In the former situation the bindweed is especially

characteristic, and in the latter the chickweeds, but in both cases

niany others are associated with them. At first sight these sit-

nations, directly upon the surface of the marsh, would appear too

salt to maintain such a vegetation, but, as already explained

(P 293), the conditions there are really such as to promote the

removal of salt. Here and there amonsf the Phleumetum some

wild
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of these weeds may appear, but never in any abundance. Finally

there are those places on the flat shallow marsh already men-

tioned (p. 293), from which the salt appears to have been

largely removed, where a growth of bushes with some weeds may

appear. These spots are of some interest as showing the ten-

dency of the marsh, when freed from the hindering influence of

the salt, to develop the climatic type of vegetation for this

region, namely, the forest.

C HYDROPHYTIC DIVISION,

Consists ofplants of various aspect, but typically of soft texture and

small to moderate size, provided with abundant air system e?iabling

them to thrive in part or in whole in standing water. Contains here

four formations.

Ill, THE WET-MARSH FORMATION.

Consists of plants capable of enduring much but not constant

standing water at the roots, but otherwise able to meet the con-

ditions of the meadow; hence composed mostly of grasses and

similar forms.

Occupies all places with constant capillary but only occa-

sional hydrostatic fresh water, hence occuring in bands between

the high marsh, whether reclaimed or salt, and the bogs, and

coming in on reclaimed marsh wherever the drainage is neg-

lected. It occupies very extensive areas, perhaps equaling the

Phleumetum in extent and readily distinguished from the latter

by the brighter green color of at least a part of it.

It is composed of two associations,

6, THE SPARTINA CYNOSUROIDES, OR BROADLEAF ASSOCIATION,

OR MACROSPARTINETUM.

The characteristic association of the reclaimed marshes

wherever drainage is poor but standing water is usually absent,

and hence occupying great areas on the lower parts of the

marshes away from the rivers and sea and between the Phleu-

metum and the bog {Jigs. 7, 8). The bad aeration of the sod

permits the change to blue clay earlier discussed (p. 288),

which seems usually to underlie the association. The associa-

tion is readily distinguished to the eye by the large size, grace-

t

I
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ful habit and bright green color of its dominant form, the

broadleaf.

The association Is composed of but a single truly dominant
member but with several secondary forms.

Spartina cynosuroides Willd. Broadleaf,— Preeminently

the character-plant of the reclaimed wet marsh, great areas of

which consist of it almost exclusively. It occurs also around
the margins of the freshwater lakes and streams, to a slight

extent upon the matured Staticetum, along the tide-water and

nearly fresh ditches, on the new mud of the lakes in reclamation

and in the bottoms of aboideaued streams. It is of very great

economic importance as hay, second only in value to the

timothy and couch.

Its vegetation-form embraces the usual grass type, but with

unusually large air-passages, luxuriant and markedly mesophytic

structure, and a considerable power of salt resistance in its roots.

Will stand considerable tiding. Its root-hairs endure nearly

50 per cent, of salt water without plasmolysis* and very likely

have a specific power of resistance to the somewhat poisonous

constituents of the blue-clay.

CicuTA MACULATA L. Called locally (by one person) caraway

(sic).—Very abundant in places among the broadleaf, raising its

upper leaves and flowers much above that form and so abundant

that when in flower it gives the marsh a whitish look from a

distance. It is a poisonous plant, but leaves and stems appear

not to be injurious when dry, though horses have been supposed

to have been poisoned by eating the roots.

Carex maritima O. F. Mueller. Watergrass'or fresh-water

grass.—The characteristic form where there is standing water

in isolated places on the marsh, in such places often replacin (T
C3

the broadleaf, though usually more or less intermingled with it.

It stands^ salt water well in tiding.

Calamagrostjs canadensis Beauv. Blue joint.— Occurs in

places as a secondary member in the wet marsh, often in large

closed patches, but especially along the ditches and toward the

bogs, and along the courses of the streams in the bogs, where it

sometimes grows in long, dense, closed masses. Also in places

^pon the dry marsh in the Phleumetum.
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SciRPUS ATROViRENS Muhl. Kill-cow (sometimes three-

square?). In the wettest places, and sometimes abundant,

replacing the watergrass.

Of minor importance in this association is Triglochin mariti?na L., which

occurs scattered amongst the broadleaf and watergrass, and appears as much

at home as upon the Staticetum. Also there occur, in a subordinate role,

Thalictrum polygamum Muhl., in occasional patches ; Epilobium lineare

MuhL, abundant in places ; Lysimachia stricta L. [Z.. terrestris (L.) B. S. P.],

abundant; Iris versicolor L.; Campanula aparinoides Pursh; Scutellaria

galericiilata L,, and many others of lesser importance.

The power of the chief members to endure their wet situations

is sufficiently explained by their capacity for air-storage, and

their ability to stand some salt by their power of root resistance.

Of these members at least three, Carex ntaritimn, the broadleaf,

and the Triglochin, are more or less halophilous, and it is at first

surprising to find them thriving so well in this situation. It is

very likely, however, that this position is more salt than it seems,

for it must receive much of the drainage from the higher marsh

(to which, as we have seen, much salt is being raised from below

by evaporation), and this may be the case particularly in the low

places where Carex maritima abounds. This can only be deter-

mined by analysis of the soil water in that situation. It may be

possible, too, that a capacity to endure salt does not carry with

it any lessened capacity to endure its absence, an important.

point still to be determined.

The broadleaf is the overwhelmingly dominant member of

this association, no other approaching it in importance, and it

often occurs for great areas practically pure. The Cicuta, raising

most of its foliage above that of the broadleaf, is far the most.

prominent secondary member, but its exact relations with the

broadleaf, whether of competition, mutual tolerance or mutual

advantage, remain to be determined. The marginal member

toward the Phleumetum is the broadleaf itself, as it is toward

Staticetum. In the former case it meets the Agrostis, and in the

latter appears upon the matured salt marsh, and no doubt in the

original unreclaimed condition of the marshes it occupied the

great areas between the Staticetum and the bogs. The marginal

member toward the bog is sometimes the broadleaf and some-
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times the watergrass. The association as a whole goes down
very readily before the bog-marsh, which is constantly tending
to invade it, and w^hich has to be constantly fought by the marsh-

farmers, partly hy improving the drainage and partly by the

admission of the tide.

7. THE CAREX-ASPIDIUM, OR BOG-.\fARSH ASSOCIATION, OR ASFIDETrM.

The characteristic association of the transition from Mac
rospartinetum or broadieaf, to bog, ^3 occupying the places with

constant hydrostatic water in the soil, but with little above it,

resulting in a mixture of grass-like and bog-like plants. Where
the transition from broadieaf to bog is gradual this band is wide,

elsewhere narrow or wanting. It is marked by four dominant

r forms.

\
Sphagnum recurvum vars. parviflorum (Sendt.) Warn., and

I

iMBRiCATUM (Hornsch.),^^ with very likely others.—-The most

characteristic plant of this association, and the invariable leader

of its advance upon the broadieaf.

Carex FiLiFORMis L.—A vcry characteristic member of the

association, often abundant enough to give it the appearance of

a meadow. Vesretation-form not studied.

AspiDiuM Thelypterjs Swartz. Dryopteris Thelypteris (L.) A.

Gray.—Very abundant and a characteristic member of the asso-

ciation. Vegetation-form and ecological characters not studied,

but being in so aberrant a position for a fern, it offers an inviting

opportunity for the study of a proper physiological life-history.

PoTENTiLLA PALusTRis Scop. Comarutu palustre L.— Also

abundant and characteristic, but not studied ecologically.

With these occur several secondary forms, inclining usually to gregarious

patches : Eleocharis palustris R. Br.; Eqtdsehim limosiim L. {E.fluviatile L.);

Ertophorum vaginatum L., and other sedges; Epilobhim palustre L.; Phrag-

niites commu?itsTr'm.[P, P/iragmz'fes (L,) Karst.]. locally called '* quills";

Vaccinium oxycoccus L. \Oxycocciis Oxycoccus (L.) MacM.], and others,

together with visitors from neighboring associations.

Characteristic of this region also, and also occurring to some extent on

^3 Omitted from ^f^^. 7, ,§, because when those were drawn I had intended to

include this association in part with Macrospartinetum and in part with Caricetum,

but further study of the subject makes it seem best to treat it as a distinct association.
-^ 4 V V

German}'

authority in this group.

-i^ 4^^
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the Macrospartinetum, are certain shrubs, Myrica Ga/^ RXid Salix discolor^ of

which the former persists upon the floating bog.

To this as to the following associations I have given but little

study, and have little of value to offer upon them. It is an

aggressive association, constantly tending to move up upon the

broadleaf marsh, the transition to which is of the most gradual

character. Of all the associations of the marshland, this has the

least definite boundaries, and indeed there is some question as

to whether it deserves distinct rank.

IV. BOG FORMATION.

Consists of plants capable of existence in stagnant but pure

water, showing, unless immersed, marked xerophytic characters

(including reduction in size both of entire plant and of its parts)

in adaptation to the lessened power of water-absorption by

roots exposed to low temperatures.

The bogs occupy the entire marsh country above the heads

of the tide on the rivers, and also places between rivers where

drainage is obstructed, but their area has been much reduced in

the marsh country by artificial processes of conversion back to

marsh (;5^. 2 and p. 179), It includes three associations.

8. THE CAREX-MENYANTHES, OR FLgATING-BOG ASSOCIATION, OR CARICETUM.

By far the most extensive and characteristic bog association

of the marshland, occupying the old marsh surface from near

the head of tide on the marsh rivers to near the neighboring

uplands {figs. 2, 7). The transition from the Aspidctum to the

typical Caricetum is perfectly gradual, so that it is difficult to

place a limit between the two associations. The marsh, as earlier

fully explained (p. 1 73 and fig, ^) , falls away gradually from tide-

head, so that leaving behind the high marsh with its Phleumetum

we reach a somewhat wet marsh w^ith its Macrospartinetum and

a constantly wet marsh with its Aspidetum, and finally come to

a marsh with constant standing water above the surface, and here

begins the Caricetum. The characteristic dominant plants are

sedges of several species whose copious interlacing air-storing

rootstocks form a mat, which floats upon the surface of the water

as it deepens ifig. A, and which becomes three or four feet in

\

)

\
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thickness. It floats upon a foot or two of water, beneath which
is the true marsh mud, blue for a few inches from the surface,

and below that red to the bottom. As a rule the bog is firm

enough to walk upon, though it trembles beneath the tread, but

in places it is unsafe.

The dominant plants are, of course, the sedges, chief of which
are the following:

Carex filifonms L., and EriopJionim vaginaturn L., from the

preceding association, are equall}- or nearly as characteristic of

this; also Carex stricta decora Bailey, Carcx Magellanica Lam.,

Eriophonim gracile Koch, and others.

With these are associated as a principal though hardly as a

dominant member Me?iyanthes trifoliata L., the Buck-bean, which

IS especially abundant on the margins of streams and ponds, and

with it is Calla palustris L. Among the sedges occurs some
Sphagnum, but this, in the floating bogs, is by no means a domi-

nant plant.
1

Upon this floating mat grow many other plants, many of

them distributed in groups the determinants of which are not

plain. Thus, especially near the transition occur large areas of

very abundant Equisetum limosiim L.; in other places Eleocharis

palustris R.Br., is densely abundant. Further out large areas are

nearly covered with Typha latifolia L. (cattails); again groups

of Phragmites commufds Trin. (quills) occur. Myticagale L. is also

abundant. Among less abundant plants are Juficiis Canadensis

J. Gay, and J, Balticus litoralis Engelm., Sparga?num simplex

Huds., Sarracenia purpurea L., Drosera rotimdifolia L., Epilobium

linearis Walt., and a few others. But I have not attempted to

make a proper ecological study of these bogs, which I hope

upon another occasion to consider much more fully.

9- THE HEATH, OR FLAT (sOLID) BOG ASSOCIATION, OR ERICETUM.

I have not attempted to make any ecological study of this

association. It occurs mostly around the margin of the

Caricetum on the parts furthest from the sea, and between the

nvers, as at Sunken Island {Jig. 7), and is readily distinguished

t>y the presence of abundant trees of larch and black spruce, and
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4

the abundant heath bushes. ^5 In places on the floating bog,

especially near its margin, one sees occasionally dense mats of

Hypnum several feet across, indicating no doubt the beginning

of flat bog formation. In general this association occurs at the

oldest part of the bogs and hence probably represents the con-

ditions towards which the floating bog is tending. It tends to

occur also in strips along the contact of mainland and the

Macrospartinetum,

later to be noticed.

begins to merge into swamp, as

lO. THE SPHAGNUM, OR RAISED BOG ASSOCIATION, OR SPHAGNETUM.

In a few places only, near the margin of the Caricetum, occur

small areas approximating to the true raised type of bog, con-

sisting almost entirely of Sphagnum rising above the general

water level of the basin, with dwarfed heath bushes but no trees,

and generally showing the characters of Hochmoor which I have

already described in the first work of this series. Small areas

of this character also occur in the Sunken Island. But I have

not tried to work out their relations to other types of bog, and

the subject remains for future study.

V. WATER MARGIN FORMATION (nEMATIUm) ,

The marsh and bog rivers above the influence of the tide

everywhere exhibit a dense marginal vegetation (Typha, Spar-

ganium, Acorus, Lysimachia, Chelone, Dulichium, etc.) differing

in different parts of marsh or bog, and divisible into three or

four associations. I have not, however, made any attempt to

study these in detail. Another association exists on the margins

of the lakes, and yet another in the bottoms of the aboideaued

streams. There is also of course a plankton formation in these

streams, but I have not studied it.

VI. THE SWAMP FORMATION (hELORGADIUM) .

In most places, at the contact of reclaimed marsh and upland,

occurs a region of poor drainage in the form of a narrow strip.

M is

« Not all trees on the bo^, however, indicate the flat bog, for many of them, as

shown by soundings made by engineers of the Misseguash Marsh Co., are growing

upon islands slightly submerged by the bog.

f
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usually occupied by flat bog (Ericetum). but on the dry marsh
it is more likely to form a strip of swamp, with alders, black

This forms at least one association,
spruce, and blue flag.

probably more, but I have not attempted to study it, and it

remains for future investigation.

The succession of the plants of the marshland in space and in

time.

The succession of the plants of the marshland within associ-

ations, both in space and in time, and of the associations within
the formations, have been described in the preceding pages,
but we may here summarize the subject and attempt to represent
It graphically. Then we must consider the natural succession

which takes place in the reclamation of the marshes.

C(

fiG. 15.— Diagram to show the distribution of the principal associations of the

marsh land in relation to one another. The tops of the curves show the places of

maximum development of the association, and the places where they overlap are the

places of competition. A is extreme high tide level, and B ordinary high tide. The
ditch" is not a drainage ditch but one of those from which mud has been taken for

the dikes.

The succession of the associations on the marshland is about

as represented in fig. i§. The form given to each association is

intended to represent its culmination at its optimum of size and

vigor, and to show that the associations only mingle on their

margins when their optima are past. These relations may be

brought out in another manner and correlated with the distribu-

tion of the prepotent physical factors of water and salt, by

means of the curves of fig. 16, which, however, it is to be

remembered, are not constructed from actual measurements, but

only ideally from observation. They have their chief interest

as a prediction of the way in which such facts will ultimately be

represented.

The distribution of the associations on the dikes is notable,
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and needs some {fig The physical conditions

upon the dikes are plain. The situation is a particularly well-

drained one, but on the outer face of those exposed to the sea

there must be more salt than upon the inner faces, due to the occa-

sional wash of the sea at high tides during storms. At all events

especially on the more exposed dikes, the outer slopes usually

show a more halophytic facies than the inner. On both faces

there is a distinct zonation, which differs somewhat in different

places, but appears most characteristically, especially on dikes

exposed directly to the sea or lower courses of the tidal rivers,

s
#
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5f^a<inelum Ericelu/n Caricelum Aspidetum MacWipaTtindtum Fhkumitum

xy^

3tatuelum Sahcometum Sparbnetum

Fig. 1 6.—Diagram to show the distribution of the principal associations and of

their prominent species in relation to the amounts of water and salt. The species

curves show the approximate range of the forms within one another's habitat. The

two members of the Macrospartinetum can endure some salt; hence their extension

as here represented. The second summit of the Spartinetum represents the " sedge-bog."

to be as follows : On the outer face, the lowest zone, occupying

the angle, is usually the Statice, but is sometimes Puccinellia

;

above this is a zone of Hordeum and above this the couch, the

almost invariable dike grass, here evidently fully at home.

Occasionally Atriplex occurs between Hordeum and couch.

Now the Statice is the usual marginal member of the Staticetum,

while the Hordeum comes in early upon that formation when

maturing and the couch comes upon it later. There is plainly

then upon the outer face of the dikes a general repetition of the

order in the association, though the Spartina juncea is not, as far

as I have noticed, in its place between Statice and Hordeum.

The zonal arrangement, however, often shows Atriplex in place

of the Statice, and the Hordeum may be wanting. On the Inner

face of the dikes, there is usually a band of Atriplex at the lower

angle, especially when, as is usually the case, there is a row of

r
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ditches containing stagnant and hence saltish water, just within

the dikes, occupied by Spartina stricta. Above this Atriplex

comes often, if not usually, a band of common roadside weeds,
a part of the Cnicetum, while above it is the band and cap of

almost invariable couch. This arrangement is sometimes differ-

ent, and I have even seen a case where the top of the dike

was occupied entirely by Atriplex, with a band of couch on
each face of the dike below it, and other variants occur, the

whole being much influenced by the position and age of the

dike.

We pass now to consider another important phase of this sub-
ft

ject, namely the natural succession of the plants on new marsh
which is being reclaimed from the sea. It is rarely nowadays
that a new piece of marsh is diked and reclaimed from the

beginning, but what is practically the same thing occurs in

numerous places, where the marsh is being renewed by the tide,

en a piece or body of marsh shows a lessening of fertility,

either through the growth of bog or other causes, the dikes are

broken down and the tide admitted. The higher tides usually

flow readily over it (an evidence, as I believe, of the gradual

subsidence of the region), kill most or all of the vegetation

upon it, and begin to deposit new mud. This is allowed to

continue until several inches of mud have been laid down, a

process requiring usually two or three years; then the dikes are

-re-built, the drains are opened, and the marsh is left to itself. A
vegetation at once springs up upon it, which goes through a

series of changes, ending in the development in four or five years

of the Phleumetum or best timothy grass, and without any aid

from man beyond keeping the drains in order. This succession

can be followed in various places and is about as follows : When
the tide first flows upon the marsh ,the plants show very diverse

degrees of resistance to it. The bog plants, the various woody
bushes, the clovers and the timothy are killed at once, it is said

by a single tide. They turn white or brown and dry up, the

bushes turning almost black, as if scorched by fire. On the

other hand the watergrass, the broadleaf, the browntop, show
a considerable degree of resistance, while the couch can stand
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the

4

for some time on the higher tussocks/^ I have not determined

the exact cause of the death of these forms, but presumably it

is due to the plasmolysis of the root hairs, and consequent loss

of ability to absorb water, followed by a drying up. To this,

of course, may be added some positively poisonous action of

salt upon the protoplasm. The tide deposits layers of the

rich mud, and upon this, while undiked, there tends to spring up

a large development of the Salicornetum. In particular, there

appears during the process of tiding an open growth of Suaeda,

Salicornia, and Atriplex, all of which grow large and luxuriant.

Of these the Suaeda appears to become most abundant, and is a

large, diffuse, straggling plant quite superior to its small form on

the river banks. The Salicornia also grows very luxuriantly,

spreading diffusely in this situation. With these plants comes

in some sedge, though I have not noticed that it becomes very

abundant or luxuriant. Such appears to be the natural condi-

tion of marsh in reclamation. When the dikes are restored

first phenomenon observable is the large increase in size and

abundance of these forms. They fill up the ground, and the

Atriplex in particular grows even waist high. The remarkable

luxuriance of the members of the Salicornetum under these

conditions shows how far they are, upon the marshes, from

occupying their optimum situation, from which they must be

kept by the dominance of the other associations, a subject of

much importance in connection with the nature of competition.

But along with the increase in size, other forms immediately begin

to come in, especially some members of the Staticetum, the

SpartiJiajtincea, Triglochin, and especially the Puccinellia, and the

Hordeum, which is ubiquitous in such positions. Closely after

these, however, comes the couch, and right after it the Agrostis.

Such is the condition at the end of the first year, after which

the timothy follows; and in the fourth year it becomes abundant.

As the new forms come in the older tend to die out, so that

finally, after a succession of forms answering to the natural

succession in space on the marsh, the timothy takes natural

•^^This resistance is taken advantage of by some farmers, who admit the tide

sparingly and are able to obtain some renewal without totally losing an annual crop.

But it is not considered a profitable method.
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possession, all the others except the couch disappearing. This,

however, is the summit of the series; nowhere, excepting on
the ridges along the ditches and in a few exhausted spots.

where a low shrub vegetation appears, is anything higher

developed. The timothy stands out as the best adapted plant

m all this country to the conditions prevailing on the reclaimed

marsh. In this process of reclamation, there is a grand oppor-

tunity to study the nature of competition, the problems of

which, however, cannot be settled by observation alone, but

must be attacked by experiment.

The above appears to be the normal succession upon places

where high marsh is built; in the low places the succession is

somewhat different, leading through watergrass ultimately to

broadleaf, which by improvement in drainage may lead to

couch and timothy* It is said by the farmers that the succes-

sion of plants depends much upon the way the drainage \s

managed.

There is another place in which the succession may be

followed, namely in the lakes in process of reclamation, and I

have seen it particularly well illustrated in Germantown Lake in

Albert county, to which the tide is admitted by a canal. The
tide has built into the lake long low points of marsh mud,

which are at once taken possession of by a rank growth of

Spartina stricta (sedge) immediately above which, on the higher

parts, comes a dense growth of broadleaf. Right after the

latter come scattered tufts of dense browntop, which is fairly

abundant, and after this comes the couch. Here too is afforded

a very favorable opportunity to study competition, which, how-

ever, I had not the time or means to utilize.

Conclusion.

The observant reader will not need to be told that the present

study is highly defective and inconclusive, to a degree which

no one can realize more than does its author. Yet this very

defectiveness emphasizes an important lesson, for, while it is in

part the fault of the author, it is not wholly so, but is in a large

measure made necessary by the present imperfect state of our
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ecological knowledge and methods. The study does make fairly

clear, however, the directions in which research must now

proceed, and upon this I desire to offer some comments.

The idea of ecological plant geography, the broadest and

most important phase of ecology, is to interpret the physiog-

nomy of vegetation ; to tell precisely why each plant is where it

is, in the company it is, and of the form, size, color, texture, etc.
^

it is. Each plant, as it stands in nature, is an adjustment or

equilibrium between its physiological powers and properties" on

the one hand, and the properties of the environment, physical

and biological, on the other. Now, for a full understanding of

these matters four principal things are needful.

First, a collection and description of the actual facts as to the

kinds of plants which occur in a given region, as to their visible

features, and as to the way in which they are grouped. Our

present-day ecology, especially that which is being actively

pursued in this country, is strong in this descriptive work, to

which indeed it is well-nigh confined, and it is giving an excel-

lent basis for future advance. In the present paper I think

these facts about the marshland vegetation are fairly represented.

Even from this point of view the study is defective in one

respect, common to most of our ecological studies, namely,

the descriptions apply to the summer only; if followed through

the year (as it should, but for practical reasons could not, be), it

might, and probably would, lead to conclusions somewhat

different in details, as well as to much additional knowledge.

Second, an exact study and clear expression of the facts as to

the physical features of the environment which can affect plant

life. For the study of the physics of the atmosphere, the

methods have been thoroughly organized by meteorologists, but

we need some way of expressing meteorological results in a form

for ecological use. It is very common in ecological papers, as

in the present one, to give elaborate tables of temperature, pre-

cipitation, etc., and then to dismiss them with a few words of

general comment. This shows either that meteorological data are

obtainable more copiously and exactly than needful for ecologi-

cal use, or else, as is more likely, they are not expressed in a
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form in which we can make ecological use of them. Some
advance has been made in this direction by such curves as Drude

Hercy need fur-

ther development. In the study of the physics of the soil, how-
ever, the ecological importance of which is becoming constantly

more manifest, it is very obvious that, despite the rapid advances

now being made, the methods of investigating and of represent-

mg the facts are still far from developed and wholly insufficient

for ecological uses. The extension of knowledge in this direc-

tion is, I believe, the greatest desideratum of ecology for the

near future. In thus emphasizing the deficiencies of our

knowledge of the physics of the plant's environment from the

ecological point of view, I would not underrate the positive

knowledge we have, which is considerable. But it is notable

that this knowledge is of a very general sort and not expressible

in definite ecological form, as shown by the general and even

hazy way in which it is commonly stated in current ecologi-

cal literature, including the present paper. In fact, vague gen-

eralization and nimble guessing (much of it, no doubt, good

guessing, but still guessing) are more characteristic of the phy-

sical part of our current ecological literature than is precise

statement; and the expressions '* probably," *' doubtless," '^in a

general way," form a considerable part of present ecological

language. All this is evidence that in our ecological discussions

we have reached about the limit of possible advance with our

present knowledge of the physics of the environment and of

how to use the knowledge we have. Indeed, this point was

reached some time ago, and much of recent ecological literature

has been so barren of real advance as to bring upon ecology a

reproach which it must be admitted it largely deserves. This is

the more unfortunate since ev^en the methods of ecological

description have not substantially improved. I can say this

with the greater frankness since my own study herewith pre-

sented so obviously reflects the prevailing formalism and defi-

ciencies in this respect, though I have made some attempt to

improve at least the method of description of the vegetation.

There can be no question, I believe, that further substantial eco-

jji _-j.

.
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logical advance is not possible until we make a direct attack

from the ecological standpoint upon the subject of the investi-

gation and representation of the facts of the environment,

especially of the soil. Now this obviously cannot be done, as

most ecological work is now being done, by busy teachers who

can devote to field work only a few weeks of their summer vaca-

tions. It can only be accomplished by the systematic work of

trained investigators, who, with a fully and properly equipped

laboratory established in the field at the place to be investigated,

and with ample assistance to aid in the mechanical work, can

devote their entire time to the subject for months or years until

the problems are solved for that region. The laboratory must

obviously be in the field, since the conditions vary so much in

the different seasons and under the various local conditions.

Thus, and thus only, I believe, can we make any further real

advance in ecological plant-geography.

Third, there must be made a thorough study not only of the

structure and development of the important plants which give

character to the different parts of a vegetation, but also of their

physiological characteristics quantitatively expressed. Thus, we

need to know for each kind of dominant plant its transpiration

power, and the extent of its possible regulation under various

circumstances ; its water-absorbing power ; its capacity for air

storage; its power and limits of resistance to salt or other unfavor-

able substances and influences; its cardinal temperature-points

for growth and for its other physiological properties. For this

study it is indispensable that methods and apparatus be devel-

oped by which the various facts may be ascertained with ease

and precision, and the results expressed or represented in a form

to make them available for ecological use, that is, so that they

may be compared and correlated with the physical data. Very

important in this connection is the determination of the physio-

logical plasticity of the plant, and in how far adaptation to a

new influence weakens or destroys adaptation to an older.

Hitherto, in our studies of adaptation we have laid great stress

upon the study of structures in relation to adaptation to environ-

ment, and much knowledge of this subject has been accumu-
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lated, while physiological adaptation, the study of the

accommodation of the protoplasm itself to outside influences,

has received little attention. Yet this ib the most important

subject of all in adaptation ; for structure, so far from represent-

ing the important feature in the adaptation of the plant to its

environment, is simply an external manifestation of the way in

which the protoplasm brings itself into better touch with the

environment. It is an expression of a degree of physiological

properties, and it is the properties and powers of the protoplasm

itself which is the important thing. All such data are essential

to the full understanding of the real nature of the vegetation-

torms, those units of the ecologist; and in this direction,

viz., the determination of physiological life histories of important

plants, there lies not only an indispensable approach to future

advance in ecology, but a most attractive field of research for

its own sake. Such studies, and such only, will enable us to

understand the true natural history of individual plants, and will

help to bring the day when our ''manuals," in addition to giving

us the details upon which the classification of our plants is based,

will give us also such information about their lives and habits as

will enable us to understand their places in nature. These

studies may in part be followed in university laboratories, but

for the most part they can be carried on only in field labora-

tories, such as have already been mentioned as needful for the

stud}^ of phj'sical problems, and here both classes of problems,

similar in general methods and inseparable in results, can best

be investigated together.

Fourth, a knowledge of the true nature of plant competition

and cooperation is essential. The fullest knowledge of the

physical environment, and of the power of the plant to respond

to it, would only enable us to explain the general situation and

vegetation-form of plants in cases where each individual was

free from any interference from others. But in fact, as we
know, plants are rarely or never so situated, for, massing

together, they profoundly affect one another's distribution and

form. The study of vegetation, therefore, of masses of plants,

involves this important element of their effects upon one
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another. Or we may express the situation thus. Ecological

plant geography is the study of the actual adaptations of masses

of plants as they grow together in nature. The physics of the

environment, plus the physiological properties of the plant, tend

to give as a resultant a certain general vegetation-form.; this,

plus cooperation and competition, gives the actual groupings in

a vegetation.

That plants do in some way compete with one another, that upon

the same ground some kinds can drive others out and take posses-

sion, is, of course, evident to observation. That, on the other

hand, certain kinds of plants can combine and cooperate for the

common good is, I think, equally true. In both cases we know

some of the general causes which determine the results of both

competition and cooperation, but as to the details we know

nothing. Seven years ago Warming, in his grfeat book, said

:

"There is scarcely a more attractive biological field than to

determine what the weapons are with which plants force one

another from their positions," but today we know no more of

that subject than when Warming wrote those words. Yet eco-

logical plant geography cannot advance, nor can we understand

the vegetation of a country or district, until we understand this

subject, and we but blind ourselves and only imperfectly con-

vince others by our present generalizations. The crucial point

in competition is this: by what weapons or methods dots one

plant overcome another, when the result is determined between

the plants and not by the environment. In a broad way we can

often see general reasons why one plant should dominate another

;

the more rapid growth of one kind, or larger size, or the replace-

rnent of a shade-loving by a sun-loving kind, or the entrance of

a new kind when one form has exhausted the needed minerals

from a soil, etc., seem to gw^ an ample explanation. But even

in these cases, and especially in the many cases where the kinds

seem evenly matched, w^e do not know precisely the method by

which one kind manages to displace another. It is obviously

by means of no visible carnal weapons such as animals use, nor

is it a mechanical forcing aside of a weaker kind, for often there

is ample standing room for the vanquished with the victor.
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Some of the phenomena of competition seem to imply that each

plant is able to control by some chemical or other method still

unknown, a certain sphere of influence about it, a limited area of
T

space of which it is the center and from which it can exclude

others, and that this sphere of influence, like other adaptive

features of the plant, is modifiable adaptively. Gregarious

forms would be such as grow together so closely that these

spheres touch, excluding other forms, and before the advance of

such a phalanx other forms of lesser vigor must all go down.
Elsewhere these spheres, rigidly maintained against an enemy,
might be relaxed to admit a friendly or cooperating form, and
other of the phenomena commented upon in the preceding

pages, might find an illuminating explanation in such a con-

ception. But it is all pure speculation, and can be settled only

by careful field experiment. Until this is given we shall not

know .whether associations are mere mixtures, or are to some
extent cooperative communities, and if the latter, what the nature

is of the bonds which unite their members. I have no question

that in a properly equipped field laboratory, such as has already

been mentioned, competent investigators, working with an

experimental piece of ground, could solve this most vital of

questions. Fortunate will he be who first has the proper oppor-

tunity to attack it!

Northampton, Mass.
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NOTES ON GARRYA WITH DESCRIPTIONS OF NEW
SPECIES AND KEY.

Alice Eastwood.

Anyone who has done field work in California among the

brush-covered hills will appreciate the puzzling character of

Garrya. Like Salix, it is dioecious and is rarely found in flower

and fruit at the same time, so that in the different herbaria of the

country the species are quite inadequately represented and the

types very unsatisfactory.

It is impossible with the present knowledge of the genus to

attempt more than a provisional arrangement. The species bloom

in the depth of the winter months, when few think of collecting

plants; they fruit in August or September, when it is dangerous

in many places to explore the dry hills on account of the scarcity

of water and the density of the brush. In some years the fertile

bushes bear no fruit and always seem few in comparison with the

sterile ones, so that it is possible to pass through a region where

these shrubs grow, at the right time of the year, without discov-

ering a single plant in fruit.

For some time I have been interested in the two species that

grow on Mount Tamalpais, across the Golden Gate from San

Francisco. They seem to represent the two groups into which the

Californian species fall. Garrya elliptica has peculiar pubescence,

consisting of curly hairs which form a more or less dense tomen-

tum on the lower surface of the leaves and young fruit. The

berries, when ripe, are not unpalatable. The seeds are sur-

rounded with an acid pulp which is very slightly tinged with

bitterness, (jarrya rigida, the other species, has fruit so bitter

that one taste will suffice for a lifetime. This is commonly known

as *'quinine-bush.'* The pubescence is sparse and consists of

almost straight, silky hairs, regularly appressed upward.

The genus may be divided into two great sections, the north-

ern and the southern, the former characterized by non-branching

aments; the latter with some or all of the aments branched,
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generally near the base. There are also two kinds of pubescence

in each class. In one the pubescence on the lower surface of

the leaves is formed of curly or curly and wavy hairs Intermixed

to form a dense tomentum ; in the other the pubescence, when

present, consists of almost straight hairs, generally upwardly

appressed and silky in texture.

In the following key these characteristics have been used to

classify the different species, and, until they are better known in

flower and fruit, it seems the only possible way and may perhaps

accord with the natural affinities.

PROVISIONAL SYNOPSIS OF THE SPECIES OF GARRYA.

* Aments ?iot branched.

Pubescence of tangled, curly, or wavy hairs,

Garrya Veatchii Kellogg Proc. Cal. Acad. 5: 40.

Palmeri nom. nov.

undiilata var. nov.

elliptica Lindl. Bot. Reg. //. 1686.

Co7igdoni sp. nov.

Pubescence of upwardly appressed^ almost straight, silky hairs,

Garrya biixifolia Gray. Proc. Am. Acad. 7: 349.

flavescens Watson Am. Nat. 7: 301.

pallida Eastwood Proc. Cal. Acad. III. 2; 267.

rigida sp. nov.

Frefnontii Torr. Pac. Rail. Rep. 4: 136.

laxa var. nov.

* * Some of the aments branched.

Pubescence of curly hairs,

Garrya ovata Benth. PI, Hartw. 14.

Lindheimeri Tow. Pac. Rail. Rep. 4: 136.

macrophylla Benth. PL Hartw. 50.

oblonga Benth. PL Hartw. 50.

longifolia Rose (in herb).^

'This is doubtfully placed here. There seem to be two different species of Prin-

gle's collectioa with this name, and I do not know which is the type. One seems too

near G. laurifolia.
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Pubesc€7tce of upwardly appressed^ silky hairs,

Garrya Imtrifolia Benth. PI. Hartvv. 14.

salicifolia sp. nov.

Wrightii Torr. Pac. Rail. Rep. 4: 136.

FadyeJii Hook. Ic. PI.//. JJJ.

Garrya Veatchii Kellogg.— Leaves ovate-lanceolate, acumi-

nate at apex, rounded or oblique at base, entire or the youngest

leaves very slightly undulate; upper surface except in youngest

leaves smooth and shining, lower densely clothed with white

tomentum consisting of short, very fine, closely curled hairs. Ber-

ries densely clustered and rounded at base without a sign of point

or pedicel, apex beaked by the united base of the styles, calyx

divisions minute, completely hidden amid dense hairs at top, a

short distance below the styles.

The berries are so closely clustered and sessile that none of the involucres

except the very lowest are visible in the type. The type was collected on

Cedros Island by Dr, Veatch and is now in the Herbarium of the California

Academy of Sciences.

Garrya Veatchii Palmeri. nom. nov. [G.

Wat
Palmeri, nom. nov. [G. flavesce?is Palmeri

76).— Placed here on account of the char-

acter of the pubescence, which is that of G, Veatchii instead of

G. flavescciis. Distinguished from typical G. Veatchii by the

broader leaves, generally oval, shortly acuminate or almost aris-

tate, slightly undulate. Berries cuneate at base, the lower almost

pedicellate; apex beaked by the united base of the styles and the

two calyx divisions, which are prominent and close to the base

of the styles ; involucres even of the ultimate flowers easily dis-

tinguished and the lower conspicuously foliaceous.

The type was collected by Dr.E. Palmer zX Milquatay. 60 miles (95w
from San Diego on the road to Fort Yuma. This, as well as two specimens

collected by C. R. Orcutt, one near Campo, Lower California (no. 900) and one

from Hansons, Lower California, April 21, 1885, are in the Gray Herbarium.

Here belong also no. 899 {H.M. Hall) collected on dry slopes in Lytle Creek

Cafion, Southern California, April 24, 1898. and no. 2805 (Z. R. Abrams) from

the same locality, July 15, 1902.

Garrya Veatchii undulata, van nov.—Differs from typical

G. Veatchii in having oval or elliptical obtuse or aristate leaves

\
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with undulate margins; berries cuneate at base and so densely

clustered as to conceal upper involucres; calyx divisions hidden

in dense wool and at some distance below the base of the styles.

This is represented in the Gray Herbarium by specimens collected by
O, D, Allen at Pasadena, February 1885, and by a fragmentary specimen

collected by H. C FordzX Santa Barbara, April 1881. The best and most

complete specimens have been collected by George Granl on Echo Mountain,

back of the hotel. This mountain is a spur of Mount Lowe,

Garrya ELLiPTiCALindl.—This species is common in the Coast

Mountains and extends from the Columbia River on the north

to the southern part of the Santa Lucia Mountains on the south.

Easily distinguished from other species by the large oval or

elliptical leaves, strongly undulate. There is a great contrast

between the almost smooth, dark green, glossy upper surface of

the leaves and the white tomentose lower surface clothed with

densely matted curly and wavy hairs. The calyx divisions are

so small, so close to the pointed base of the styles, and so con-

cealed by the dense wool that it is only by the most careful

search that they can be found. The berry is abruptly short-

acuminate at base. The bushes that grow in the inner range of

hills have narrower and more pointed leaves than those that

grow near the coast; but in all other respects seem identical.

Garrya Congdoni, sp. nov.—Stems brownish-red, youngest

twigs white-tomentose. Leaves narrowly oblong to oval and

elliptical, 3-5 ''"long, 1-3 ^"^ wide, tapering at both ends with

recurved mucro at apex; petiole stout, keeled, 5""° long; mar-

gins glabrous, thickened, entire or slightly undulate; upper sur-

face glossy, yellowish-green, sparingly pubescent with curly or

wavy hairs, the lower clothed with dense white tomentum con-

sisting of curly and wavy hairs somewhat upwardly appressed

but matted and tangled ; veins distinct. Staminate aments

numerous, varying in length; involucres cuneate at base, short-

acuminate at each end with an obscure rounded tooth on each

side of the middle, densely tomentose throughout, pedicels sur-

passed by the perianth; perianth with oval divisions united at

top and clothed with long, wavy hairs.

Neither the pistillate flowers nor the fruits have been collected. The
type was collected by /. IV. Congdon, in whose honor it is named, near
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Coulterville, Mariposa county, January 1898. Besides this, which was dis-

tributed by Mr. Congdon to various herbaria there is another specimen in the

Gray Herbarium, collected by Mr, Congdon at Benton Mills, Mariposa

county, July 5, 1898; also one in the Herbarium of the California Academy

of Science collected by Dr, C, HartMerriam on the Merced River, Sep-

tember 1902. A specimen collected by the author on the ridge between

Newldriaand Hernandez in San Benito county with immature fruit is also

placed here. The young berries are rounded or abruptly pointed at base;

the two calyx appendages are minute, closely appressed to the styles, and

so densely clothed with long wavy hairs as to be hidden by the dense

pubescence of the pointed base of the styles.

Garrya BuxiFOLiA Gray.—Low, spreading shrub; leaves in

typical specimens small, about 2*^"" long, i-i.s'^^ wide, oval to

elliptical or ovate, entire mucronate rounded or slightly oblique

at base, the upper surface dark glossy green, lower densely

white tomentose with almost straight silky upw^ardly appressed

hairs; berries becoming subglabrous, beaked base of styles with

small calyx divisions appressed.

The type was collected on Red Mountain, northern Mendocino county.

Howell's specimens from Waldo, Oregon, have much larger leaves and

smaller calyx divisions. It is abundant on the hills along the Crescent City

road near Gasquet's.

Garrya flavescens Watson.—Shrub with yellowish-gray

aspect, young stems tomentose with a close, upwardly appressed

pubescence of fine, almost straight, silky hairs; louder surface of

leaves with similar pubescence, upper with scattered hairs irregu-

larly appressed, Leaves broadly oval to narrowly elliptical,

pointed at both ends, apex tipped with a sharp recurved mucro,

veins strong and distinct; petioles 0.5-1™ long; margin glabrous,

entire.

The type specimen from the Gray Herbarium, collected by Dr. E.

Palmer ^X St. George, southern Utah in 1887 (no. i83>^), has unusually long

and slender styles on the very immature fruit. A specimen from Kanab

Plateau, collected by Alfred Weatherill, August 5, i8g7, has fruit more

mature, with the styles almost gone. On none of the berries examined could

any trace of calyx divisions be found. This species seems to be confined to

Utah and New Mexico and the adjacent country probably, but it is very

near the next.

Garrya pallida Eastwood.—Distinguished readily in the

field by the glaucous-gray tone of the entire plant, which does

I
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not come from the pubescence but is noticeable where the leaves

are almost smooth. Leaves large, oval to elliptical, entire, acute

at each end with a recurved mucro at apex; petioles r-r.5*^™

long; pubescence sparse, upper surface of leaves generally

glabrous except when young. Involucres deeper than in G.

flavescens, being about s"""^ at the middle while the preceding is

about I """. Calyx divisions close to the beak of the base of the

styles and concealed in the young fruit by dense hairs.

Grows in the Southern Sierra Nevada where Pimis fnonophylla is found
or in the Coast Mountains -where Psetidols7^ga macrocarpa grows. Specimens
are in the Herbarium of the California Academy from Kings River Canon,

San Emidio Canon, Tehachapi, Kaweah Canon, and Zaca Mountain, Santa

Barbara county. The last-named specimens were collected by the author,

June 1902, and have smaller, narrower leaves than specimens from other

localities,

Garrya rigida, n. sp.— Erect shrub, 1-2'" high, with older

stems gray-brown, becoming darker with age, youngest gener-

ally red though sometimes green, glabrous throughout except for

a sparse, appressed pubescence on the younger stems, leaves, and

bracts. Leaves elliptical-obovate, thick, coriaceous, entire, bright

green, noticeably reticulate, 5^°^ lo^g* 2.5''™ wide on an average,

tipped with an obtuse mucro, tapering at base to a thick petiole

I"""" long; petioles connate-clasping. Aments fascicled or some-

times solitary at the ends of the branchlets, i-i-S^'^ long or less,

with 5-15 involucres connected by the peduncle which between

each involucre becomes longer than the stamens; lowest invo-

lucres with recurved foliaceous tips as long as the body of the

involucre, upper tipped with stiff points which diminish towards

the ultimate flowers; body of the involucre green or red, gener-

ally tipped w^ith green, pubescent at the middle and base. Flow-

ers on filiform pedicels, 5-6'"'°; divisions of perianth green,

i-nerved, linear, w^hite-hairy at top, 5^™ long, glabrous on inner

side, united at tip, but later separating; stamens green, changing

to yellow, with anthers 2"^"^ long, longer than the filaments.

Pistillate aments rigid, 1-4^"" long, with the involucres closely

imbricated and green, in other respects resembling those of the

staminate flowers; flowers apetalous, 6 to each involucre, 2 styles

to each pistil, black, narrowly subulate, sparingly clothed w^ith
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white hairs, as long as the ovary; ovary green, clothed sparingly

at base and densely at apex with white upwardly appressed hairs.

Fruit slightly pubescent, purplish-gray, densely clustered, very

bitter.

Grows in the Coast Mountains of California and its range seems to be

from Trinity to Monterey counties. The type locality is on Mount Tamalpais.

It is quite abundant on what is known as the Bill Williams Trail from

Eldredge Grade to Rock Spring, and has also been found along the railroad

track.

This species has been included under Garrya Freinontii Torr., which is a

species of the Sierra Nevada and the mountains of northern California and

Oregon, The southern limit of G. Fremo?i tit stems to be the Yosemite, where

it is abundant along the road from Inspiration Point and also near Vernal

and Nevada Falls.

Garrya rigida is different from G, Fremontii in habit, pubescence, inflo-

rescence, and the fruits. Those of G*. rigida are purplish, tinged with gray;

those of G. Fremontii are black when dry.

It is much nearer G, pallida Eastwood, but differs in the bright instead

of glaucous green foliage. Flowering specimens of G, pallida have not been

collected, so good comparisons cannot be made ; but the appearance of the

two as they grow is quite different, as well as their range and environment.

Garrya Fremontii Torr.—-Typically almost entirely glabrous,

leaves rather small, not more than 4^"^ long, and 2^^ wide, with

cuneate base and mucronate apex. Staminate aments slender,

with a few scattered hairs, more dense on the margins and

near the tip of the two teeth. The stamens seem to be yel-

low and are exscrted from the open sides of the sepals, which

are united at the top. As the type has only staminate flowers it

is impossible to compare the other parts with what seem the

same species from other parts of the state.

The nearest of all the specimens in the Herbarium of the California

Academy of Sciences is one collected by C. A, Purptis on Eel River, Men-

docino county. This has much larger leaves but the staminate catkins are

the same. Specimens from the Yosemite with immature fruit have the large

leaves of the Eel River plants and almost sessile berries with inconspicuous

calyx divisions. These characteristics hold true also with specimens collected

on Mount Bohemia, Oregon, in the Callipoia Range, June i4i ^9^^> ^^

P. E, F. Peredes.

Garrya Fremontii laxa, var. nov.— Distinguished from the

forms included under G. Fremontii by the longer petioles of

i
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the leaves, 2"^°^ or more, the more loosely fruiting aments, the

peduncles more than twice as long as the inv^olucres, and the

pedicels equaling or surpassing the involucres. The berries,

which turn black when dry, are tipped with the two styles and

the conspicuously spreading calyx divisions opposite, giving the

appearance of four styles when the stigmas have disappeared

The pedicels in some of the staminate flowers are twice as long

as the involucres, and in the fruiting aments vary from once to

thrice as long.

This was abundant at Twin Lakes, the head waters of Canon Creek,

Trinity county, and was collected with immature fruit July 10, 1 901. A sin-

gle bush with dried staminate aments was found from which the comparison

with the flowers of typical G. Fremo7itti v^zs made.

Garryasalicifolia, sp. nov.— Stems slender, diffusely branched,

marked and roughened by the lenticels
;
younger stems slightly

pubescent. Leaves lanceolate, attenuate at each end, thin and

coriaceous, veiny, glabrous or with few fine, scattered hairs

chiefly on the margins, 3-6''"' long, 1-1.5^"' wide; petioles

slender, 5-10"''" long, angled, pubescent. Aments erect in fruit,

sparingly branched at base, slender, angled, slightly pubescent;

bracts similar to the leaves but much smaller, 5-10"''° long,

wide. Berries globose, subsessile, generally two to each

whorl, tipped when the styles fall away with a roundish, rough

cap.

This is no. 259 Brandegee. It was collected at Sierra de la Laguna,

Lower California. January 23, 1890. The smooth, willow-like leaves are very

characteristic and sufficiently distinguish it from allied species. It is related

and nearest to G. laurifolia Benth., but that has much larger leaves and

differently shaped berries. It also approaches G. longifolia Rose, from

which it differs in pubescence, foliage, and habit.

My most hearty thanks are due to Dr. B. L. Robinson, of the

Gray Herbarium, Mrs. T. S. Brandegee, Mr. H. M. Hall, of the

University of California, and Mr, Le Roy Abrams, of Stanford

University, for the generous loan of valuable specimens.

1-2 mm



BRIEFER ARTICLES.

THE TRANSPIRATION OF SPARTIUM JUNCEUM AND
OTHER XEROPHYTIC SHRUBS.

(with two figures)

It seems to be somewhat generally taken for granted that shrubs of

decidedly xerophilous character, with early deciduous leaves and highly

developed green cortex, must depend mainly on the latter for photo-

synthesis.

Grisebach makes the statement in regard to Sparthim junceum L.:

"At certain seasons this shrub develops little isolated leaves; these are

of no physiological value whatever/'* Kerner says of the leaves of the

same shrub ;
" But these are of such secondary importance that their

green tissue can form only the smallest portion of the organic sub-

stances necessary to the further growth of the plant, and this duty

falls to the share of the cortex of the switch-like branches.

Other authors are less explicit in regard to the uselessness of the leaves

of Spartium, but dwell much on the activity of the cortex.

Without more apparatus than was at my command it was not

possible for me to investigate the relative amount of photosynthetic

work done by the leaves and the cortex respectively. But it was a

comparatively easy matter to ascertain the relative amount of transpira-

tion accomplished by the leaves and by the cortex of the slender

branches and twigs.

Young vigorous branches were taken and compared, two by two,

until a pair of almost precisely equal area of cortex were obtained.

This was not a difficult matter, as the form of all the branches is so

nearly alike. One branch was then stripped of its leaves, and the scars

left by their removal covered with melted beeswax, to which 5 or lo per

cent, of olive oil had been added, to lower the melting point. The

freshly cut, larger ends of the branches were then submerged in water

in test-tubes, which were fitted with corks, each wuth a double perfora-

tion, to admit the branch and a capillary tube for air to supply the

^Grisebach, Die Vegetation der Erde, Tchihatchef's French translation, i
:
4^ J*

Paris. 1877, The German original is not to be had in Naples.

'Kerner, Pflanzenleben, Oliver's translation,! :330. N. Y. 1895.
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place of absorbed water. Tube and branch were then sealed into the

cork with the beeswax mixture, and the leafy and the leafless branch tfius

arranged were placed out of doors for some hours in full sunshine, after

being carefully weighed. Reweighing at the end of the period gave
the loss of water.

On April 5 the leaves had not attained their full size, but nearly so,

and were in excellent condition for the experiment. A branch 40''"'

long had twenty-three leaves, with a total area (reckoning one surface

only) of 17.5'^^^", The area of the branch with its four twigs, was
about 5 1.

8 "'!""'.

In three hours of sunshine, at a temperature in the shade of 20 to

22'' C, the leafless branch lost 1.32^"' water and the leafy one 2.47^"'.

The probable loss of water through the leaves of the leafy branch was

fKo ^r . ^^ -r. . r loss by leaves 1.15
therefore 2.47— 1.32 or I.I5^^ Ratio of r^ =—^= 0.87.

loss by stems 1.32

The ratio of the loss by unit area of the leaves to that by unit area of

the stems would therefore have been about 0.87 X 3 or 2.61. It should

be noted, however, that the upper epidermis of the leaves of Spartiuin

contains a good many stomata and doubtless performs a considerable

part of the work of transpiration, so that the value 2.61 is somewhat
too large.

A repetition of the experiment on April 13, when the leaves had

practically attained their full size (except in the case of a few at the

tips of the branches), gave a loss of 3.24^"" for the leafy branch and
1-15 ^'^ for the leafless one. The branches were for three hours in full

sunlight at a temperature of 22^ C. during most of the experiment.

The relative amount of transpiration performed by the leaves and
the green cortex of this shrub is evidently not necessarily a measure
of the relative amount of photosynthetic work. But it would seem

probable that, since the leaves excrete a much larger amount of watery

vapor in proportion to their area than the cortex does (and sometimes
a larger total amount), they must also fix more of the carbon dioxid

admitted to the tissues of this plant than the cortex does.

Some indirect evidence points very strongly in the same direction.

Most of the growth of the Spartium in the neighborhood of Naples

takes place between February i and July i. I have no detailed

numerical statement to make on this head, since , the idea of taking

easurements for the purpose did not occur to me until too late in the

season. But two years' observation has made me sure of the fact above

stated. Leafy individuals examined June i show branches 50"°^ long

m

d^ ^ ^^^-'"^
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which have reached these dimensions since February. The leaves of the

shrub first appear in considerable numbers about February i, and they
t

J Durins^ the

J

growth of the leafless shrub is extremely slight, and its obvious activity

is almost wholly in the direction of growing and ripening the fruit.

In corroboration of the view that the photosynthetic work of this

Fig. I.— Part of a leafless shrub of Fig. 2,— Part of a leafy shrub of Spar-

Spartium, photographed July I. It has borne tium, photographed July I. The leaves are

no leaves for a year, but has blossomed and on the point of falling. It has borne hardly

is fruiting. any flowers or fruits.

plant is done largely in the leaves, may be given the additional fact

that some individuals produce no leaves or hardly any during certain

years Wheth
years for the same individual, I do not know. Now the leafless plants,

at the end of May and beginning of June, when their neighbors are

in full leaf and growing with great rapidity, are found to have made

hardly any growth during the entire spring. But the leafless speci-

mens often bear many flowers, and the leafy ones are comparatively

flowerless. A glance at the accompanying figures will give some idea

of the relative appearance of the two sorts of shrubs.

r

. r'^lJ-t^
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Time has not permitted the examination of the amount of trans-

piration accomplished by the leaves of the whole number of summer
deciduous shrubs which occur in this region. Two of the most impor-

tant species are Calycotome villosa Link and Cytisus scopariiis Link.

The former ot these gave on two successive days, with different speci-

mens each day 2.6 times and 3.3 times as much loss from leafy as from

leafless branches. The latter on different days and with different

specimens gave 3.5 times and 3.1 times. These experiments were

conducted exactly like those with Spartium.

My conclusions may be briefly summarized as follows:

1. In the three species examined, during the leafy season^ the

relative power of transpiration of the leaves as compared with that of

the cortex is much greater, for equal areas.

2. During the leafy season, the total transpiration due to leaves

may be more than three times as great as that due to cortex.

3. Photosynthetic work due to leaves is probably much greater

during the leafy season and perhaps for the entire year than that due

to cortex.

4. Leafless individuals of Spartium grow but little at any season.

Joseph Y. Bergen, Naples, Italy,

GEASTER LEPTOSPERMUS: A CORRECTION.

In the number of the Botanical Gazette for October last, page

306, in the technical description of Geaster lopiospermus Atk. &
Coker, n. sp., occurs a typographical error in lines 14 and 22, the /a

being used in place of mm. The measurements in these lines should

read 3-4.5"'™ and 2.5-3.5'^"'. In the general text the measurements

were properly given, the error occurring only in the technical descrip-

tion.— Geo. F. Atkinson, Cornell University,



CURRENT LITERATURE
BOOK REVIEWS.

The Bonn text-book.

The second English edition of the translation of what has come to

be called familiarly the *'Bonn" text-book— Strasburger, Noll, Schenck and
^

Schimper*s Lehrbiich der Botanik— has been revised to conform to the many

changes in the fifth edition of the original work."^ No other general text-book

of botany has yet appeared that seems so nearly to meet the requirements of

the university student. There is little evidence that the text was not origin-

ally written in English, and yet the style and characteristics of the original

have not been lost in translating. The plan of the work, its main divisions

into general and special' morphology and physiology are the same as in

the earlier editions, but the arrangement of the special topics has been made

much more logical. Chapters have been recast and several entirely rewritten,

either to incorporate recent investigations or to eliminate errors. In many

instances original illustrations or reproductions from late monographs have

replaced unsatisfactory figures. This is particularly true in the chapter which

treats of cell division. The drawing of a typical vegetative cell (p. 51) which

takes the place of the well-known figure with its bullet-like centrospheres, is

much less likely to strain the student's credulity than its predecessor. There

are helpful suggestions as to the selection of illustrative material, and of great

value are the references in the text to the index of important literature on

the special topics under discussion. The introduction, which is a succinct

statement of the modern theory of evolution from the botanist's standpoint,

has been revised to include DeVries's mutation theory.

From the point of view of the instructor, who often to his regret realizes -

the influence the printed page has upon the average student, one regrets that

in a book of this sort more care should not be taken in the plants chosen for

types. Marchantia polymorpha as usual is illustrated by several figures

giving the important phases of its life history, whereas there are only habit

sketches of Anthoceros and a Jungermannia form. It is difficult on this

account to persuade a class that Spirogyra, Mucor, and Marchantia are not

typical of the algae, fungi, and liverworts respectively.

At the risk of appearing captious, one is inclined to protest against the

colored pictures which are so bad from every point of view that they are

quite unworthy of a dignified book. Many modern morphologists wiU

^Strasburger, E., Noll, F., Schenck, H., and Schimper, A. F. W. A text-

book of botany. Translated from the German by H.C. PORTER ; 2d edition revised

with the sth German edition by W. H. Lang. 8vo. pp. ix+671. Z^-^. ^^Si!^. New

York : Macmillan & Co. 1903. ^5.
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hardly agree with the statement (p. 158) that "flowers are the organs of sex-

ual reproduction in plants," nor in the light of recent work done in physio-

logical chemistry, can they affirm that " the physical attributes of air, water,

and of the gases and metals used in the physical apparatus can never explain

qualities like nutrition, respiration, growth, irritability, and reproduction/*

Only a teleologist or a poet would feel justified in saying that a membrane
" has the power of decision whether a substance may or may not enter a cell."

Occasionally one finds an error that has escaped the proof reader and is mis-

leading. For example (p. 442) the embryo sac is described as ''consisting

of six cells which are formed in groups of three at each pole." Although

these petty criticisms might be multiplied, they are inconsequent and need

not be noted when the scope and high quality of the book as a whole is con-

cerned.— Florence M. Lyon.

Ferment organisms.

The translation by Allan and Millar of Klocker's book Garungs-

organismen (igoo)^ renders this work accessible to all English-speaking stu-

dents, and places a valuable text-book in the hands of those interested in the

microbiology of fermentation industries. In the discussion of ferment organ-

isms and the history of their relation to industry, two names stand out with

especial prominence, those of Pasteur and Hansen. Pasteur's discovery that

bacteria were responsible for the diseases of fermented liquids led to the

prevention of external infection, but could not be fruitful until Hansen had

made practical application of his methods of distinguishing and securing

pure yeast-cultures. In any text-book on fermentation organisms the results

of investigations in the Carlsberg laboratory must therefore form an impor-

tant part, and Klocker, for years the assistant and distinguished associate of

Hansen, is especially fitted to present these results.

The book is divided into three sections. The first of these, pp. 1-15. is

mtroductory and historical; the second, pp. 16-169, describes the fittings

and methods of a zymo-technical laboratory, with especial attention to the

preparation of pure yeast-cultures, to Hansen's methods for preservation of

yeasts, for preparation of spore-cultures, for analysis of top and bottom

yeasts, and to his pure-culture system as applied to various fermentation

industries. The third section, pp. 170-345, gives a brief but excellent sys-

tematic description of Eumycetes, including a general discussion of the

structure, development, fermentation phenomena, adaptability, variation, and

circulation in nature of Saccharomycetes. The text ends with a short

description of those fission fungi which are related to alcoholic fermentation.

Each section has its separate bibliography, and though this plan necessitates

some repetition of titles, the critical and historical notes by the author on the

more important works give the lists unusual interest and value.

^Klocker A., Fermentation organisms, a laboratory hand-book. Translated

from the German by G. E. Allan and J. H. Millar. 8vo. pp. xx 4-392. figs. 146.

Xondon and New York: Longmans, Green &: Co., 1903.

•"\r h
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Although, like the briefer work of Jdrgensen on the same subject, this

book deals particularly with the malting and brewing industries, it will find

an important place in many laboratories, both as a complement to the text-

books which treat the chemical side of fermentation and as a systematic

reference book.

—

Mary Hefferan.

Ferns,

This elegant volume 3 is intended primarily for amateurs and con-

sequently is as free as possible from technicalities. An analytical key based

upon the stalks is a principal feature of the book. In this key, the number

of vascular bundles appearing in a transverse section of the stalk is the most

important character. The chief divisions are those in which the cross section

shows one, two, three, four, five, and more than five bundles, respectively.

Other stem characters, such as the grooves, ridges, and color are prominent.

There is also a key based upon the fructification. All the ferns of the north-

eastern states are figured and described, there being more than three hundred

photographs, all of which are original. The photographs of sori, most of

which are taken at a magnification of 5.5 diameters, are exceptionally fine

and will be valuable not only to the amateur who is learning to identify ferns,

but also to the teacher, who will find them useful in demonstration. In

photographing the sori, a camera with a bellows extension of twenty-four

inches was used, and the focal length of the lens was reduced by slipping

over it a cheap copying and enlarging lens, thus giving the desired magni-

fication.

While the book is addressed to amateurs and is written in popular style

the author's acquaintance with ferns in the field, together with the peculiar

key and excellent illustrations, will make it useful to the experienced

botanist.—C. J. Chamberlain.

MINOR NOTICES.
Part ij oiY.xi'gX^xs Das PJlanzenreich, a volume of 326 pages, treats

the Lythraceae by E. Koehnc*

Minnesota

cable for general use. A very valuable part of the volume is a tabular

classification of what is known of the sylvicultural habit and uses of the

3 Waters, Campbell E., Ferns, a manual for the northeastern states, with

analytical keys based on the stalks and on the fructification. 8vo. pp. ix+S^^-

Illustrated, New York; Henry Holt & Co. 1903. $3.

^Engler, a., Das Pflanzenreich. Regni vegetabihs conspectus. Heft I7-

Lythraceae: E. Koehne. 8vo, pp. 326, ^^-?. 59. Leipzig: VVilhelm Engelmann.

1903. M 16.40,

sGreen, H. C, Principles of American forestry. 12 mo, pp. xiii+ 334- M^' 7J-

New York: John Wiley & Sons. 1903. $1.50.

^BoT, Gaz. 34: 455. 1902.
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important American timber trees. This will be much appreciated by students

of forestry.—H. N. Whitford.

In a very attractive volume Snow^ discusses the species and properties

of a large number of native and foreign species of wood. A valuable feature

of the book is the half-tone reproduction of photographs of trees, bark, and

wood of many species, usually one plate for each genus that is treated. The
work is an untechnical presentation of the subject. It would have been wise

to substitute modern terms for "exogenous" and "endogenous" in the text.

— H. N. Whitford.

NOTES FOR STUDENTS,
ScHMiED reports^ a carotin dissolved in oil in the periderm of the roots

of Dracaena reflexa, which is identical in many respects (not in all), with the

carotin of Dancus. • '

In a working plan for some forest lands in South Carolina Sherrard^

gives data concerning the silvicultural habits of the southern pines in this

state.— H. N. Whitford.

Schwarz'° thinks the diminished flow of the Rock River is due to the

deforestation of large tracts of land in its basin. Cultivated lands and wood
lots have been largely converted to pasturage, thus interfering with waterflow.

He advises a more careful treatment of the present forest and its enlarge-

ment where it will not interfere with land more valuable for agricultural

purposes.— H. N. Whitford.

Charpentier" finds that the green alga, Cystococctis humicola, grows

luxuriantly in solutions, the air above which is lacking in CO 2. The neces-

sary carbon in such cases may be taken from glucose. The green color may
develop in the dark, though growth is less rapid in this condition. When
required to depend upon atmospheric CO2 as a source of carbon, the growth

of Cystococcus is very slow.—H. C. Cowles.

A report of the Bureau of Forestry of the Philippine Islands ^^ contains

7 Snow, H.C. The principal species of wood; their characteristic properties. 8vo.

pp. xi-[-203. //^. jg./^j. 4^ New York : John Wiley & Son. 1903. |53-50-

ScHMiED, H., Qeber Carotin in den Wurzeln von Dracaena und anderen Liliaceen

Oesterr. hot. Zeits. 53:313-317. 1903.

'Sherrard, T. H., a working plan for forest lands in Hampton and Beaufort

counties. South Carolina. Bull. no. 43, Bureau of Forestry, U. S. Dept. of Agric.

pp. 54. ph. 12, fizs. II, I map. 1 903.

'^SCHWARZ, G. F., The diminished flow of the Rock River in Wisconsin and

Illinois, and its relation to the surrounding forests. Bull. no. 44, Bureau of For-

estry, U, S. Dept. of Agric. pp. 27. pis. 6. 2 maps, 1903.

8

XX Charpentier, p. G., Sur Tassimilation du carbone par une algue vertue. Cotnpt.

Rend. 134: 671-673. 1902.

xa Report of the Bureau of Forestry of the Philippine Islands from July i, 190 ^^

to September 1902. pp. 451-527. Report of the Philippine Commission.



472 BOTANICAL GAZETTE [December

some interesting matter concerning the condition of forestry there. There

are between 600 and 700 native arboreal species of which there is some

information, but there is great confusion in both scientific and popular names.

Considerable work has already been done in ascertaining the condition of the

forests in various parts of the Island,— H. N. Whitford,

Alex, Artari, has been studying the relation of chlorophyll to light in

some algae, especially Stichococcus. ^^ The development of chlorophyll in

the dark is possible only when the nutrition is good. Similarly chlorophyll

often vanishes in the light under highly favorable nutrition conditions.

Artari thinks that the disappearance of chlorophyll in the phylogenetic devel-

opment of parasites is thus a matter of nutrition and bears no relation to light.

—H. C. COWLES,

Nemec '^^ has compressed the growing.apices of shoots of Nepeta macran-

tha, and studied the effects on the leaf primordia. By preventing the growth

of one the position of these is usually modified but in one experiment the

phyllogenous tissue was extended beyond the normal. As was expected, the

number of rows of leaves was not modified. It may be remembered that

Vochting found the number of rows of leaves of some cacti dependent on the

illumination and changeable with it.— E, B. Copeland.

V. KiNDERMANN's has Confirmed the results of Leitgeb and Molisch as to

the resistance of guard cells, and added new data. Many agents were

employed, such as acids, alkalis, harmful vapors, illuminating gas, desicca-

tion, lack of oxygen, and in every case guard cells are found to be more

resistant than other cells. They sometimes remain alive for several days

after the death of other leaf cells. The author thinks this resistance is not

referable to the cell wall, but is a property of the cytoplasm.—H.C. Cowles.

Ed. Griffon, whose previous studies on chlorophyll are well known, has

reinvestigated some of Boussingault's results.'^ from which it has been com-

monly supposed that the synthetic power of the palisade cells far exceeded

that of the spongy parenchyma in ordinary leaves. The earlier results are

confirmed in a general way, though the difference is much less than Boussin-

gault thought. The maximum difference in favor of the palisade was found

to show the ratio of 100 to 54 instead of Boussingault's 6 to i. The ratio is

'3ARTARI, Alex., Ueber die Bildung des Chlorophylls durch grline Algen. Ber.

Deutsch. Bot. Ges. 20: 201-207. 1902,

^* Nemec, B., Ueber den Einfluss der mechanischen Factoren auf die Elattstellung.

Bull. Internat. Acad. Sci. Boheme. 1903, pp. 14.

^SKlNDERMANN, V., Uber die auffallende Widerstandskraft der Schliesszellen

gegen schadliche Einflusse. Sitzb. Akad. Wiss. Wien. Math.-Nat. Classe, Abth. i,

in: 490-509. 1902.

^^ Griffon, Ed., Recherches sur I'assimilation chlorophyllienne des feuilles dont

on ^claire soit la face supdrieure, soit la face inferieure. Compt. Rend. 135 :
3^3

305. 1902.

'^—
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100 to 92 in the almost homogeneous mesophyll of the bamboo leaf.—H. C.

COWLES.

The embryo-sac of two sterile hybrids is discussed in a recent paper by
Tischler.^7 The hybrids are Ribes Gordoniamon Lem.(y?. auretiniy^sangtdn-

euni)'\xx^ Syringa chinensis (5. vulgaris Xperstca). Both parents of 7?. Gor-

donianu?nh.?iv^ normal embryo sacs with conspicuous nutritive tissue in the

chalazal region of the ovule. In the hybrid this nutritive tissue is lackingand the

development of the embryo sac is usually checked long before it reaches the

fertilization period, the megaspores often failing to germinate at all.

In the parents of Syringa chintyisis the nutritive tissue is in the form of a

jacket derived from the integument and surrounding the embryo sac, which
in both cases is normally developed. In the hybrid the nutritive jacket is

more highly developed than in the parents, but the embryo sac becomes dis-

organized quite early, so that the stage at which fertilization might occur is

seldom or never reached.

References are given to the few cases previously described of irregularities

and imperfections in the development of the ovules and embryo sacs of

sterile hybrids.— C. J. Chamberlain.

P. D. Buck ^^ has made a comprehensive study of the stomata and aera-

tion tissues of a large number of Swiss plants, especially those of beech

woods. A number of modifications of Schwendener's types are described,

together with a new type, that of Raminculus acer. Buck describes a num-
ber of variations on the same individual, especially differences in the level of

the guard cells. While some groups, such as conifers, sedges, and grasses,

are characterized by a definite structural type, it is more common to find

rather a relation to the form of the leaf, or to the habitat. Perhaps his most

mteresting contribution deals with subterranean stomata, of which he finds

three types: functional, functionless, and latent. The latent stomata attain

full development only when the shoot which bears them comes above the

surface. For the functional subterranean stomata, Mohl's theory as to the

mechanism, of course, cannot be held, as there is no chlorophyll or synthetic

activity, though starch is present. They were found to open and close like

ordinary stomata when the moisture content of the air was changed. The
last section of the paper deals with the spongy parenchyma, of which several

types are noted.—H. C. Cowles.

The U. S. Bureau of Soils in a recent bulletin '^ presents a comprehensive

study of the influence of soil chemistry upon crop production. It is shown

^^Tischler, G., Ueber Embryosack-obliteration bei Bastardpfianzen. Beih. Bot

Centralbl. 15 : 408-420. //. 5. 1903.

^^BtJCK, p. D. Beitrage zur vergleichenden Anatomie des Durchliiftungssystems.

Inaugural Dissertation. Freiburg i. d. Schw. 1 902. pp. 93.

'5 Whitney Milton, and Cameron, F. K., The chemistry of the soil as related

to crop production. Eull. 22, Bureau of Soils. U. S. Dept. of Agric. pp. 71. 1903.
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that in practically all cultivable lands no such influence exists. The soil

water is at all times nearly saturated with the difficultly soluble minerals of

which the soil is composed, and several hundred analyses of water from soils

of every type and degree of fertility showed in almost every case that the

materials essential for the plant are present in considerable excess of the

amount required for the production of good crops. This result agrees well

with the observations of students of physiographic ecology, that the chemical

composition of the underlying rocks is of little significance in determining

the development of vegetation^ and it furnishes a sound basis for the explana-

tion of this observed fact. It also emphasizes the importance of the study of

soil physics, since it is in the physical properties of the soil that we must

find the explanation of the important influences of soil upon vegetation.

There are brief chapters upon the influence of climate, of texture of the soil,

and rotation upon the yield of crops, and upon the role of commercial fertili-

zers. In an appendix is a concise description of the methods used for the

quantitative determination of the various ingredients of soil waters. This

will be greatly appreciated because of the simplicity of the apparatus, the

ease of manipulation and the accuracy of the results.—-G. H. Shull.

In the rust, Coleosporium sonchi-arveiisis L6v.=^ during certain stages

in the life history the cells contain two nuclei and at other stages but one

nucleus. The uredospore and the cells of the mycelium to which it gives

rise, contain two nuclei which divide by conjugate division, /, e,, each nucleus

contributes to each of the two daughter-cells. The teleutospore produced

from this mycelium is the last binucleate cell of the series. The two nuclei

of the teleutospore fuse, after which the teleutospore at once germinates into

a four-celled promycelium, each cell of which contains but a single nucleus.

Each of the four-cells of the promycelium produces a uninucleate sporidmm.

The first division of the nucleus of the sporidium is not followed by cell

division, but starting with the sporidium there is developed a mycelium of

binucleate cells. In short, from teleutospore to sporidium the cells are uni-

nucleate, and from sporidum to teleutospore, binucleate.

The two nuclei which fuse in the teleutospore have maintained a separate

existence throughout almost the entire life cycle of the host, and there is

some evidence that the chromosomes, in the division of the fusion nucleus,

are collected into two groups representing, possibly, the chromosomes of the

male and female nuclei. While there is no proper cell fusion, the union ot

nuclei more or less separated in origin is not out of harmony with our concep-

tion of sexual reproduction in other groups of plants.-

—

C J.
Chamberlain^

RuHLAND has presented in fuU^' the results of his studies on several of

*^HoLDEN, R.J. and Harper, R. A., Nuclear divisions and nuclear fusion m
Coleosporium sonchi-arvensis'L€y. Trans. Wis. Acad. Sci. 14: 63-82. //^. Z'^- I903»

^^RUHLAND, W. VON, Studien uber die Befruchtung der Albugo Lepigoni und

einige Peronosporeen. Jarhb. Wiss. Bot. 39:135-166.//?. 2. IQOS-

j-_ J. ^ ^^^'-
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the Peronosporales." Albugo Lepigoni is near the level of A, Candida in the

interesting series of species in this genus, or if anything, more highly

specialized, chiefly on account of its extraordinarily large and well differ-

entiated coenocentrum. Ruhland agrees with Berlese and Wager that

Peronospora Alsinearum has a uninucleate ^^^ and well differentiated

coenocentrum ; and with Stevens that there is in Sclero$p07'a graminicola 2.

rather vague area of denser protoplasm in the center of the ^^^ in place of

a clearly defined coenocentrum, though otherwise it is very much like Perono-

spora, PlasmoPara densa entirely lacks a coenocentrum and therein differs

from Plasmopara alpina as recently described by Rosenberg. Ruhland
observed a specimen of Plasmopara in which two mature oospores and a

younger egg lay side by side, making three differentiated regions of ooplasm

in the same oogonium. Such conditions might prove very interesting if one

could follow the developmental history.

Ruhland discusses a number of the topics which the reviewer has recently

treated in his paper on Saprolegnia. He agrees that the uninucleate Qg^ in

the Peronosporales is at a higher level of sexual differentiation than the

multinucleate ; criticises Trow*s comparison of the coenocentrum to a "whirl-

pool in a river;'* holds that the nuclear divisions in the oogonium are not

established as reduction divisions; and is not willing to accept Rosenberg*s

recent comparison of these mitoses to the divisions in the spore mother-cell.

B. M. Davis.

A DISCUSSION has arisen over the characters of the genus Monascus.

Ikeno^3 calls in question the identity of the form whose ascocarp has

been recently described by Barker.^-* Monascus has formerly always been

included among the Hemiasci. Barker found in his t3'pe a curious but

nevertheless well-established system of ascogenous hyphae developing from

the fertilized ascogonium, which clearly removes this form from the Hemiasci

and so confident was Barker of its identity with other material of the same
name that he regarded the entire genus as true Ascomycetes. Ikeno is not

able to find ascogenous hyphae in the form which he considers Monascus

purpureiis. The ascogonium develops directly into a large cell, which

becomes loosely invested by surrounding hyphae, and the spores arise by

free cell formation within this— processes typical of the Hemiasci. Ikeno

then holds to the old characters of Monascus and regards Barker's form as

entirely distinct from this genus and a typical ascomycete. It is unfortunate

that Ikeno does not present a full account of the period when the fertilization

of the ascogonium should be expected and the stages of development imme-

diately following this event. This is exactly the time when ascogenous

^See notice of preliminary paper, Box. Gaz. 35:221, 1903.

=3 Ikeno, S., Ueber die Sporenbildung und systematische Stellung von Monascus

purpureus Went. Ber. Deutsch. Hot. Gesells. 21:259-269. 1903.

**Ann. Botany 17: 167. 1903.

-^
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hyphae, if present, would be most easily found. As Barker states, there is

little trace of their presence in later stages when the spores are formed.

The account of Ikeno is, however, very positive as to the entire absence of

ascogenous hyphae^ and it is hard to see any place for them in the series of

figures that he presents. Barker and Ikeno must either have had very

different organisms, or there is a slip somewhere in one of the accounts of

these authors.— B. M. Davis.

. Oliver ="5 characterizes the Paleozoic gymnospermous seeds by the

importance and dimensions of the pollen chamber and the complicated vascular

system which embraces the body of the nucellus. He considers chiefly the

cordaitean genus Stephanospermum, representing Brongiart's Radiosperms,

and Cardiocarpus representing the same author's Platysperms, both from the

French Permo-carboniferous. The latter possess many cycadean features,

such as the relatively small pollen chamber and the thickenin^j of the cells of

the beak of the nucellus. They are more archaic, however, than the former.

While paleobotanical terminology denominates these remains "seeds," they

are usually preserved at a stage just preceding fertilization, and therefore

answer to the modern unfertilized ovules. He next considers the genus

Lagenostoma from the Lower Coal-measures of Lancashire and Yorkshire,

chiefly as exemplified by Lagenostoma ovoides of Williamson. It is small

and circular, and has a chambered apex with vascular prolongations which

are quite unique. It resembles Cycads in the considerable area of "fusion"

between the nucellus and testa, as well as in the presence of vascular strands

in the plane of fusion. The confined form of the pollen chamber marks an

advance in precision on the open type of the ordinary Paleozoic seeds.

Modern cycadean structures are considered, as shown in Cycas Rumphii, and

the paper closes with an examination of the modern species of Torreya,

which, though siphonogamous as in all other conifers, still retains marked

traces of the fertilizing contrivances that became obsolete when siphonogamy

appeared.

Oliver also records^* the discovery that the Sporocarpon ornatinn of

Williamson is really a transverse section of Lage7tosioma physoides oi the

same author.

He also notes =^7 a fungus on the fronds of Alethopteris from the Stephanian

of Grand Croix, and of chytridineous sporangia in the nucellus layers of

Sphaerospermum from the same formation.— E. W. Berry.

Variation in the number of stamens of Alsme media L. has been studied

during several years by Reinohl,^^ using a combination of the statistical and

^s Oliver, F. W., The ovules of the older gymnosperms. Annals of Botany

17:451-476,//, ^^,^^. 20. 1903.

'^Oliver, F. W., New Phytologist 2: 18. 1903,

=^7 Oliver, F. W., New Phytologist 2:49. 1903.

^ Reinohl, Friedrich, Die Variation im Androcium der Stellaria media Cyr.

Bot Zeit. 61^: 159-200. ph, 2-4.. 1903,

^ ^
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experimental methods. Field studies showed that the stamens vary from o

to 13, forming a bimodal curve with principal maximum on 3 and secondary

maximum on 5, The relative prominence of the maxima, the value of the

mean, and the coefficient of variability depend upon habitat and time at

which collections are made. Although in nature the curve was always

bimodal, three of the cultures produced asymmetrical monomodal curves

which agreed with Pearson's theoretical type IV, in one instance the asym-
metry being so slight as to give essentially the Gaussian probable error curve.

This reduction io a homogeneous condition is an unusual result where the

homotyposis of organs which have their origin in relation to the phyllotactic

spiral is involved. The maximum on 5 was found to be completely eliminated,

in the third generation of plants grown in diffused light, while that on 3 was

eliminated by the high manuring of plants which had been observed to have

already a strong development of the higher mode. By still higher manuring

he secured a curve with a strong maximum on 5 and a slight one on 8. show-

ing thus by the maxima on 3, 5, 8, a perfect agreement with the Schimper-

Braun series. Of the external factors light intensity was found to be the

most important, and the richness of the soil in available foods next.

Finally it was found that in all cases the modal condition changes as the

flowering season advances, the number of stamens beginning low, reaching

its maximum only after some time, and falling again near the end of the

season. This contravenes Burkill's^^ conclusions, which rest upon occasional

collections aggregating less than 400 flowers cultivated in pots in a tropical

greenhouse, while Reinohl has observed 44,542 flowers, including in the case

of cultures all the flowers produced during the flowering season. It also

differs from observations by the reviewer^^ on Aster prenanthoides Muhl., the

reason probably being that in Alsine viedia the height of vegetative activity

is not reached until some time after the flowers begin to bloom, while in Aster

prenanthoides the maximum vegetative activity precedes the development

of the flowers.— G. H. Shull.

E. Heinricher's studies of the green half-parasites ^^ have advanced

considerably the boundaries of our knowledge. It was to have been expected

that a group like the Rhinanthaceae, apparently half way on the road to

holoparasitism, would yield results of surpassing interest. In his earlier

paper Hcinricher presents studies on Odontites Odontites, Euphrasia stricta,

and Orthaniha lutea. He finds that germination is independent of host

stimuli, but that haustoria require a host stimulus m order to induce develop-

ment. Odontites was brought to a state of flower and fruit entirely without

parasitic nutrition, while Euphrasia could nourish itself to a much less degree-

^BuRKiLL, On some variations in the number of stamens and carpels. Jour.

Linn. Soc. Bot. 31 : 220 et seq. 1895.

3°Shull, G. H., Amer. Naturalist 36 : 111-152. 1902.

3'Heinricher, Emil, Die Griinen Halbschmarotzer. Jahrb. Wiss, Bot. 31:

77-124. 1S98; 32: 389-452. 1898; 36: 665-752. 1901; 37: 264-337. 1902.

^nWii-^—i-y ^j
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Any species grows better in dense cultures than alone, showing that stronger

individuals grow parasitically upon the weaker. Still stronger individuals

result when the normal host plants are supplied," The species which have

the greatest autophytic power have abundant root hairs, while the more fully

parasitic forms are without them.

In his second paper Heinricher showed that the Rhinanthaceae require

light for their development even more than they require a host. Synthesis of

carbohydrates was shown- by Sachs's iodin test. Various species of Euphrasia

differ widely as to their parasitism, some being as independent as Odontites,

while some absolutely require a host for full development. His third paper

dealt with Bartschia and Tozzia, the forms which come nearest to holopara-

sitism. In Bartschia haustoria appear in the seedling stage, there are no

root hairs, and a bud for the second growth period does not appear unless a

host is supplied. Tozzia is the most remarkable form of all. It requires the

stimulus furnished by a host root even for germination, differing in this from
|

all other Rhinanthaceae and agreeing with holoparasites like Orobanche and

Lathraea. For more than a year the plant lives wholly underground as a
j

holoparasite, while late in the second season a tiny green shoot appears >

which soon flowers and fruits. Even this plant was shown to have some

photosynthetic activity, though less than in any other member of the family.

Bonnier found no active photosynthesis in these plants, and more recent

authors have been inclined to' doubt Heinricher*s results. Apparently Hein-

richer has clinched his case by employing cut shoots and finding synthesis to

take place there, although he uses the iodin test rather than the more accurate

method of gas determination.

In his last paper Heinricher shows that chlorosis depends upon the lack

of iron in the seed, not upon the more complete parasitism of the individual

in question, as he at first supposed. In other respects, also, he finds differ-

ences in the properties of seeds in the same species, showing that all of one

species do not have the same hereditary characters. Wide individual varia-

tions are also found to be due to differences of habitat. Strong host plants,

for example, permit a better development of parasites. Heinricher is inclined

to explain a number of Wettstein's species, especially his aestival and

autumnal species, as true habitat variations. As might be expected, this

view has called forth a series of polemics 3= which^ need not be mentioned

further.

Heinricher's work gives us a basis for theorizing as to the origin of para-

sitism, since we find every step in the series within one group of plants.

Apparently root hairs are soon lost, the first demand on the host being for

raw materials rather than for organized foods. Further parasitism is acquired

by drawing upon these organized foods, a process which is ultimately followed

by the loss of chlorophyll and photosynthetic power.—H. C. Cowles.

3=Jahrb, Wiss. Bot. 37: 685-697. 1902; 38: 667-688. 1903. Also Oesterr. Bot,

Zeits. 52 : 246-249. 1902;53:205-223. 1903.
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NEWS.

Dr. E. Ule has returned to Berlin with rich collections from South
America,

Dr. Eugene Askenasv, honorary professor of plant physiology in the

University of Heidelberg, died recently.

The Revue Ghierale des Scte?tces for October 30 contains a full account
of the life and work of the late Professor Cornu.

Dr, Anton Hansgirg, of Prag, has retired after forty years' service as

professor of botany in the Imperial University of Bohemia.

Dr, E. E. Copeland has been appointed ''systematic botanist" by the

Philippine Commission, and sailed November 10 for Manila.

American Gardening announces that Mrs. Phoebe Hearst has pro-

vided funds for the erection of a building for the department of botany in the

University of California.

The Roval Society has awarded a medal to Mr. Horace T. Brown for

the work on the chemistry of carbohydrates and on the assimilation of car-

bon dioxid by green plants.

The long promised English translation of Schimper's Pia?it Geography,

by W. R. Fisher, revised and edited by Percy Groom and Isaac Bayley Bal-

four, is promised for December 15 by the Oxford University Press.
4

Dr. Arnold Dodel has retired from the professorship of botany in the

University of Zurich, The post vacated will not be filled, but Dr. Alfred

Ernst, the assistant, will give instruction in general botany and physiology.

After a short illness the well known systematist, Hofrath Professor C.

Haussknecht, died in Weimar on July 7. His large herbarium will be main-

tained by the family under the auspices of the Thuringian Botanical Society.

appointm

versar>'of Professor Hugo DeVries'

mferdam. Professor Went, on behalf
. ^

J
.^ — —

—

J „.

of his Dutch friends, presented him with 4250 guld

further study of mutation.

invitation
Louis during the annual meeting of the A. A. A. S., December 28, 1903, to

January 2, 1904. A business meeting of the society will be held on the

morning of December 30, at a place and hour io be announced on the gen-

eral program.
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Active steps are being taken by the Committee of Organization for the

international botanical congress at Vienna in 1905 to provide for the discus-

sion, among others, of the nomenclature question, to which the afternoons of

the week, June 12-18, are to be devoted. A circular stating the present

arrangements has just been distributed, which can be obtained by any who

are interested and have not received it by addressing Dr. A. Zahlbruckner^

Wien I, Burgring 7, Austria. *

Howell's Flora of Northwest America^ which has been in course of

publication since 1897 is now completed. The author has struggled against

many difficulties in producing this work, for which he himself has set the

type. Those who have used the parts in the field have found it exceedingly

useful. The collections of Mr, Howell, containing types of many species,

have been acquired by the University of Oregon and he is to be employed in

arranging them for use and safe keeping.

There is contained in Nature for November 5 an account of the botany

at the Sbuthport meeting of the British Association. One morning was devoted

to a discussion of heredity, and another to the origin of monocotyledons by the

Misses Sargant and Thomas. Professor Farmer gave a semi-popular lecture *

on stimulus and mechanism. Short abstracts of a number of papers are

given. Several botanical excursions were made, especially to the neighbor-

ing sand dunes. In the section for Geography there were several papers of

botanical interest dealing with plant geography.

The Society for Horticultural Science was organized September 9, 1903,

in the rooms of the Massachusetts Horticultural Society in Boston on the

occasion of the twenty-eighth biennial session of the American Pomological

Society. The officers are: president, L. H. Bailey; vice-presidents, G. B.

Brackett, T. V. Munson, E. J. Wickson ; secretary-treasurer, S. A. Beach;

assistant secretary, V. A. Clark ; executive committee, the president, ex officio,

L. C. Corbett (chairman), W. R. Lazenby, J. C. Whitten, F. A. Waugh. The

object of the society is the strengthening of horticultural investigation and

teaching on its scientific side and the aiding in the development of horticulture

as a science. The society is especially designed to meet the professional and

technical requirements of horticultural investigators and teachers. The field

of the society is clearly defined and heretofore unoccupied. It lies between

that of the popular societies on the one hand and that of the societies for

general science on the other, and connects them. The programs are to

include, besides papers on original investigations, summary presentation of

scientific knowledge on special horticultural topics. Some one topic of gen-

eral and immediate interest is to be made the central feature of each program

and is to be announced in advance. The first meeting with a scientific pro-

gram will be held at St. Louis in Convocation Week, December 28-January

2 next.



GENERAL INDEX.

The most important classified entries will be found under Contributors, Per-

sonals, and Reviews. New names and names of new genera, species, and varieties^

are printed in bold-face type; synonyms in italics.

A
Abrams, L. R., personal 240
Acanthopanax, fossil 422
Adams, C, C, on origin and migration of

life 396
Acidity of plants, Astruc on 151
Acromastigum integrifolium 331
Aecidium, Arthur on 72
Aeration, Buck on 473
Aesculus californica, positive geotropism

in 62

Agropyron, repens 430; spicatum pubes-
cens 52

Agropyrum see Agropyron
Agrostis alba 430
Alkaloids, Lutz on 149
Allen, C, E., on spindle formation 234
Allescher, A., death of 79
Alopecurus pratensis 431
Alsine media, Reinohl on variation 476
Anatomy, of ferns, Bertrand and Cor-

naille on 152; of Todea, Seward and
Ford on 73

Aneura multifida, spore mother-cell in 3

1

Annali di Botanica 160
Annuario del Real Istituto Botanico di

^^^^^^ r

Roma 160
Anomoclada 335
Antheridia, in Pallia 36; of Plasmopara

alpina 154; of Polytrichum and Mnium,
Vaupel on 315

Anthoceros
. dichotomus, Tilletia-like

fungus in 307
Arachniotus candidus, Dale on nucleus in

398
^

Aralia in American paleobotany 421
Araiiopns 423
Arber, E, A. (Seward and) on fossil palm

seeds I49
Archegonia of Taxodium 22; two venters

in Polytrichum juniperinum 141
Artari, A., on chlorophyll 472
Arthur, J. C, on aecidium 72
Ascocarp in Monascus, Barker on 78
Askenasy, E., death of 479
Aspidium Thelypteris 439

^903]

Associations, plant, in Bay of Fundy
marshes 349; Beck von Mannagetta ou
delimitation of 396; of California,

McKenney on 396; of eastern Massa-
chusetts, Blankinship on 396; of North
Carolina 372

Astruc, M. A., on acidity of plants 15

1

Atkinson, G. F., 303, 467
Atriplex, hastaia 359; patulum 359

B

Baker, H., personal 240
Ball, C. k.,.personal 319
Ball, O. M,, personal 317
Barker, B. T. P., on ascocarp in Monas-

cus 78
Barnes, C. R., 68, 70, 74, 77, 148, 149,

150, I55» 231, 233, 234, 236, 312, 314,

315? 3971 personal 400
Bartschia, Heinricher on 478
Bazzania trilobata 331, 333
Beck von Mannagetta, G. R., on delimita-

tion of formations 396
Bergen, J. Y.,464
Berry, E. W., 395, 396, 421, 476
Bertrand, C. E. and Cornaille, on anatomy

of ferns 152

Bessey, C. E., personal 317, 320
Blankinship, J. W., on formations of east-

ern Massachusetts 396
Blasia pusilla, nostoc chamber 228
Blepharoplasts as centrosomes 45
Bliss, Mary C, 14

1

"Bluing'* of yellow pine. Yon Schrenk
on 75

Bog, formation 440; societies, geographic

distribution and ecological relations 401

BoUey, H. L., personal 320
Borgesen, P\, 158

Boulanger, E., "Germination de Pasco-

spore de la truffe" 313
Brand, C. J., personal 159
Britton, Elizabeth G., personal 240

Britton, N. L., personal 240
Bromus, magnificus 53; pacificus 54;

sitchensis 54

481
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Brooks, C, personal 238
Brown, H. T., personal 479
Bryophytes, Tilletia in the capsule of 306
Brzezinski, J., on canker of trees 236
Buck, P. D., on stomata and aeration 473
Buitenzorg Botanical Garden 159
Burkett, C. W, (Stevens and Hill);

**Agriculture for beginners" 393

c

Calamagrostis canadensis 431, 437
California, botanical building at the Uni-

versity of 479; College of Pharmacy,
garden of medicinal plants 318; flora

of southern 203, 259; Parish on pro-

posed flora of southern 79 .

Calobryum Blumei 332
Cololejeunea calcarea 331
Campbell, D, H., personal 317
Canker, of trees, Brzezinski on 236
Carex, filiformis 439; maritima 437
Caricetum 440
Carotin, Schmied on 471
Casuarina, Juel on development of the

megaspore 235; stricta, embryo sac loi
Cavers, F., on fungus in capsule of Palla-

Vicinia 307; on reproduction and re-

generation 314
Centrosome problem 41
Cephalozia 335; Anstini 2,2^^*^ bicuspidata

331; denudata 341 ; Francisci 337;
Spha^ni 342; Sphagni Europaea 342;
Turneri 326

Chamberlain, C. J., 28, 76, 149, 150, 151,

152, 153. 234, 23s. 313, 470, 473, 474;
(Coulter and) ** Morphology of Angio-
sperms" 309

Charpentier, P, G., on nutrition of Cysto-
coccus humicola 471

Chlorophyll, Artari on 472
Chlorosis, Heinricher on 478
Chrysanthemum Leucanthemum 431
Cicuta maculata 437
Cnicetum 434
Coker, VV. C, l, 114, 225
Coleosporiumsonchi-arvensiSjHoldenand

Harper on nuclear fusion in 474
Congress, International Botanical in Vi-

enna 400, 479
Contributors: Atkinson, G. F., 303, 467;

Barnes, C. R., 68, 70, 74, 148, 149, 150,

15s. 231, 233, 234, 236, 312, 314, 315,
397; Bergen, J. Y., 464; Berry, E. W.,
395. 396, 421, 476; Bliss, Mary C, 14I;
Borgesen, F., 158; Chamberlain, C. J.,

28, 76, 149, 150, 151, 152, 153, 234,
235> 313^ 470, 473, 474; Coker, W. C,
I, 114,225; Cook, M. T., 142; Cope-
land, E. B., 62, 472; Cowles, H. C,

392, 394, 395, 396, 397, 47i. 472, 473,

477; Davis, B. M., 68, 69, 70, 72, 73,

77, 154, 306, 398, 474; Eastwood,
Alice 456; Elmer, A. D. E., 52; Evans,
A. W., 321; Frye, T. C, loi; Ganong,
W. F., 161, 2S0, 349, 429; Harshberger,

J. W., 241, 368; Hasselbring, H., 148,

236. 313, 393; Haug, Bernice L., 389;
Hefferan, Mary, 469; Howe, C. D.,

312; Irons, E. E., 68; Jeffrey, E. C, 70,

71, 73, 76, 149, 152; Johnson, D. S.,

309; Lawson, A. A., 8 1; Livingston,

B. E., 71, 72, 232, 234, 311; Lyon, F.

M., 308; Millspaugh,C. F., 158; Moore,
A. C, 384; Newconibe, F. C., 145;
Parish, S. B., 203, 259; Schneider, A.,

64; Shull, G. H., 187, 397, 473, 476;
Thom, C, 223; Transeau, E. N., 40 1;

Westgate, J. M., 69; Whitford, H. N.,

69,75.470,471
Cook, M. T,, 142
Copeland, E. B., 62,472; personal 479
Cornaille, F. (Bertrand and) , on anatomy

of ferns 152
Cornu, M., personal 479
Cotyledon, positive geotropism in 62
Coulter, J, M., and Chamberlain: "Mor-

phology of Angiosperms " 309
Cowles, H. C, 392, 394, 395, 396, 397,

471, 472, 473, 477; personal 238
Crepin, Fr., death of 79
Crop production and soil chemistry 473
Crosby, M. A., personal 319
Cucurbita, Longo on nutrition of embryo

,
233

.

Cussonia, fossil 422
Cytisus Adami, Tischler on 150
Cytology, of hybrids, Rosenberg on 152

D
Dale, Elizabeth, on nucleus in Gymno-

asceae 398
Dalla Torre, C. G., and Harms: "Genera
Siphonogamarum " 148

Dandelion, parthenogenesis, Raunkiaer
on 397

Daniel, L., personal 159
Darwin, F., personal 400
Davis, B. M., 68, 69, 70, 72, 73, 77, 154,

306, 398, 474
Davis, C. A., personal 317
DeVries, H., personal 479
Disporum Hookeri, pollen-mother cells

of 87
Dodel, A., personal 479
Dondia maritima 358
Dorsett, P. H., personal 319
Double fertilization, Worsdell on 314
Drosera, Rosenberg on hybrid 152
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Drude, O. : " Der Hercynische Floren
bezirk" 394

Dude, iM., on oxygen starvation ^.i^'^

Dumortiera, dorsal chamber 225
Durand, Th., death of 79
Duvel, J. W. T., personal 320

E
Earle, F. S., personal 240
Eastwood, Alice 456
Eberhardt, Ph., influence of humidity on
form and structure 314

Ecology, of the Bay of Fundy salt and
diked marshes 161, 280, 349, 429; bog
plant societies of America 401; flora of

mouutainous North Carolina 241, 368;
of southern California 203, 259

Eiaters, of Sphaerocarpus terrestris 229
Elmer, A. D. E., 52
Embryo, of Cucurbita, Longo on nutri-

tion of 233; and gametophytes of Taxo-
dium T, 114.

Embryo-sac, of Casuarina strlcta loi; of

hybrids, Tischler on 473
Engler, A.: "Das Pflanzenreich" 312,

470
Ericetum 441
Euphrasia stricta, Heinricher on 477
Euphorbia dulcis, Hegelmaier on poly-
embryony in 149

Evans, A. W., 321
Ewart, A. J., on protoplasmic streaming

71, 232

F

Faeroes, botany of 392
Fairchild, D, G., personal 320
Farmer, J. B., personal 479
Favor, E. H., personal 238
Ferguson, A. M., personal 399
Ferments, Hansen on alcoholic 234
Fernow, B. E., personal 399
Ferns, Bertrand and Cornaille on anatomy

of 152
Fertilization, in Picea excelsa, Miyake on

15^; in Taxodium 121

Forestry, of the Philippine Islands 471;
Schvvarz on 47 1; Sherrard on .471; sus-

pension of New York State College of

239
Formations, Bay of Fundy marshes 349;
Beck von Mannagetta on delimitation of

396; of California, McKenney on 396;
of eastern Massachusetts, Blankinship
on 396; of North Carolina 372

Fossil plants, Moller on 396; Pampaloni
on 395; Penhallow on 76; Zeiller on 70

Foster, 11. R., personal 159
Freeman, E. M., on seed fungus of Lo-

lium temulentum 73
Fritsch, E. F., personal 317
Frye, T. C, lOi; personal 238
Fungus, in capsule of Pallavicinia 307;

in seeds. Freeman on, 73; Oliver on
fossil 476; Pampaloni on fossil 395

G
Gall upon Omphalia campanella 223
Galloway, B. T., personal 400
Gametophytes and embryos of Taxodium

I, 114
Ganong, W, P^, l6i, 280, 349, 429
Garber, J. F., personal 79, 238
Garden, of medicinal plants at California

College of Pharmacy 318
Garrya, notes on 456; buxifolia 460; fla-

vescens 460, 461; elliptica 459 Fre-
montii 462, Fremontii laxa 462; Fre-

montii 462; laurifolia 463; longifolia

463; pallida 460, 462; rigida 461;
saiicifolia 463; Veatchii 458, Veatchii

Palmeri 458, Veatchii undulata 458
Gattinger, A., death of 238
Geaster leptospermus 2>^^^ 4^7
Geographical distribution, Elmer on 52;
Ganong on i6i; Harshberger on 241;
Parish on 203, Shull on 187; Smith on

397; Transeau on 40

1

Geotropism, Haberlandt on statolith the-

ory 77; Lidforss on 74; positive in co-

tyledon 62.

Ginkgo, polyembryony in 142

Glaux maritima 364
Festuca, arida 52; idahoensis 53; ovina Going, Maud: "With the trees " 312

363; rubra 53
Fisher, R. T. (Graves and), on woodlands

of New England 75
Fisher, W. R., translation of Schimper's

'* Plant Geography " 479
Flora, of Bay of Fundy Marshes 298;

Moller on fossil 396; of North Carolina
241, 368; of southern California 79; of

St. Croix 158; and Sylva 80
Ford, Sybille (Seward and), on anatomy

of Todea 73

Gorman, M. W., personal 159

Graves, H. S., and Fisher, on woodlands
of New England 75

Green, H. C: "Principles of American
Forestry" 470

Greenman,J, M., personal 79
Griffiths, D., personal 319
Griffon, E., on photosynthesis 472
Grout, A. J.: "Mosses with hand lens and

microscope" 313
Growth, Nemec on 472; of roots, Kny on 70
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Gymnoasceae, Dale on nucleus in 39S
Gymnomitrium, Schiffner on 315
Gymnosperms, Oliver on. paleozoic seeds

476

H
ofHaberlandt, G., on statolith theory

geotropism 77
Hall, H. M., personal 318
Hanbury, Sir Thomas, personal 318
Hansen, E. C, on alcoholic ferments 234
Hansgirg, A., personal 479
Harms, H. (Dalla Torre and): "Genera
Siphonogamarum" 148

Harper, R. A. (Holden and), on nuclear
fusion in Coleosporium sonchi-arvensis

474
Harper, R, M., personal 240
Harris, J. A., personal 317
Harshberger, J. W., 241, 368
Harter, L. F., personal 319
Hasselbring, H., 148, 236, 313, 393
Haug, Bernice L. 389
Haussknecht, C, death of 479
Hedera, fossil 422; Helix, pollen mother-

cells 91
Hefferan, Mary 469
Hegelmaier, F., on polyembryony in

Euphorbia dulcis 149
Heinricher, E., on green half-parasites

477
Heller, A. A., personal 399
Helorgadium 442
Hemsley, W. E., personal 317
Hepaticae, Cavers on reproduction and

regeneration in 314
Herbarium of A.Jordan 159
Herrick, C, J., personal 80
Herty, C, H-,on turpentine orcharding 75
Hesperaloe Davyi, pollen mother-cells of

90
Hill, D. H. (Burkett, Stevens and): **Agri-

culture for beginners" 393
Hill, R. (Von Schreuk and), on timber 75
Hillesheim, Catherine, personal 238
Hitchcock, A. S., personal, 319
Holden, R. J., and Harper, on nuclear

fusion in Coleosporium sonchi-arvensis

474
Holferty, G. M., personal 79, 238
Hollick, C. A., personal 79, 240
Holtz, L.: "Characeen" 69
Hordeum jubatum 364
Horticultural Science, Society for 160, 239
Howe, C. D. 312
Howe, M. A., personal 240
Howell's "Flora of northwest America"

479
Humidity, Eberhardt on influence on form

and structure 314

Hunnicutt, J. B.: "Agriculture for the com-
mon schools" 393

Hunter, B., personal 319
Husnot, T., personal 159
Hybrids, irregular mitosis 150; Rosenberg
on cytology 152; Tischler on embryo-
sac 473

Hypericum, anagalloides 60; bryophy-
tum 60

I

Icones ad Floram Europae, Jordan's 317
Ikeno, S., on Monascus 475; on spore for-

mation in Taphrina 73
Index, announcement of general 39Q
Iris florentina, pollen mother-cells in 84
Irons, E. E. 68
Tsoetes, riparia 200; saccharata, geo-

graphic distribution of 187
Istvanffi, Gy. de: "Le rot livide de la

vigne" 147

J

Jamesoniella anttinutalis 344
Jeffrey, E. C, 70, 71, 73, 76, MQ- ^52

Jennings, O. E., personal 239
Jepson, W, L. personal 318

Jesup, H. G., death of 238
Johnson, A. M., personal 238

Johnson, D. S , 309
Jordan, A., herbarium 159; "Icones ad

Floram Europae" 317
Juel, H. O., on development of the mega-

spore in Casuarina 235
Juncus Gerardi 363
Jungermannia denudata 34 1 ;

prostrata

342 ; scalaris 341 ; Schraderi 344;

Spkagni 1^1^ tessellata 322, 339

K
Karsten, G., and Schenck: "Vegetations-

bilder" 395
Karyokinesis in Spirogyra, Van Wis-

selingh on 75
Keeler, Harriet L., " Our northern

shrubs" 60
Kellerman, W. A., personal 239

Kenoyer, L. A. (Ringle and): "Students

botany of eastern Kansas " 69

Kindermann, V., on stomata 472

Kirkwood, J. E., personal 79
Klebs, G., "Willkurliche Entwicklungs-

anderungen 311
,»

Klocker, A.: " Fermentation organisms

469
Kny, L., on growth of roots 7°

Komleff, A. (Palladine and), on respira-

tion 72

\

i
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Krasan, F.: "Individuelle und specifische

Gestaltung in der Natur" 232

L
Larix europaea 234
Lathrop, B., personal 320
Lawson, A. A., 81
Leidigh, A. H., personal 319
Lemmon, G. K., on Lilium Kelleyanum

148
Lepidophloris fuliginosus, \Yeiss on 71
Lidforss, B., on geotropism 74
Light, need of in starch making 389
Lignier, O., on fruit of Williamsonia

gigas 235
Lilium Kelleyanum, Lemmon on 148
Limonium Ca7'oIiniafiu??i 362
Livingston, B. E., 71. 72,232,234,311;

personal 159; " Diffusion and osmotic
pressure" 145

Lloyd, C. G., personal 159
Lloyd, F. E., personal 80, 240
Lolium temulentum, Freeman on seed

fungus 73
Longo, B., on nutrition of embryo of

Cucurbita 233
Lutz, L., on alkaloids 149
Lycoperdon leprosum 303
Lyon, F. M., 308

M
Macbride, T. H., personal 318
MacDougal, D. T., personal 240
Maiden, J. H.: "Genus Eucalyptus" 148,

312
Marshes, vegetation of Bay of Fundy

161, 2S0, 349, 429
Marsupelia, Schiffner on 315
Maslin, A. J. (Mudge and): "A class book

of botany " 231
Maximow, N. A., on respiration 315
McKenney, R, E. B., on formations of

California 396
Megaspore, in Casuarina, Juel on develop-
ment of 235; of Taxodium 15

Megasporophyll of Taxodium 13
MeUlotus alba, tubercles of 66
Mellichamp, J. H., death of 399
Micheli, M.: " Leguminosae Langlas-

seanae " 69
Microorganisms, Rothert on sensibihty

of 155
Microspores of Taxodium 3
Migration and origin of life, Adams on

396
Mills, G. F., personal 319
Millspaugh, C. F. 158; "Plantae Yuca-

tanae " 148

Mitosis 81; in Pellia 28; irregular in

pollen mother-cells 1 50; in the spore
mother-cell of Pallavicinia 384 -

Miyake, K., on sexual organs and fertil-

ization in Picea excelsa 151
Moller, H., on fossil flora of Bornholm

396
Monascus, Barker on ascocarp in 78;

Ikeno on 475
Moore, A. C., 384
Moore. G. T., personal 319
Mosses, Paul, on function of the rhizoids

236; Vaupel on male flowers 315
Mudge, G. P., and Maslin: "A class book

of botany" 231
Muir and Ritchie; "Manual of bacteri-

ology " 68
Myxobacteriaceae, Zederbauer on 314

N

Nabokich, A. J., on respiration 316
Nardia, hyalina 331; scalaris 331
Nash, G. v., personal 240
Nematium 442
Nemec, B., on growth 472
New Brunswick, ecological plant geog-

raphy i6r, 2S0, 349, 429
Newcombe, F- C., 145
New York, botanical

tion operations 240;

garden, explora-

report for 1902,

80; State College of Forestry, suspen-

sion 239
Nipadites Burtini, Seward and Arber on

fossil seeds of 149
Nomenclature at Internationa] Botanical

Congress at Vienna 479
North Carolina, ecology of mountainous

241, 368
Nostoc chamber of Blasia pusilla 228

Nuclear fusion in Coleosporium sonchi-

arvensis, Holden and Harper on 474
Nucleus, in Gymnoasceae, Dale on 39S;

mitosis of 81; Zacharias on 150

Nutrition of Cystococcus humicola, Char-

pentier on 471

o
Oakley, R. A. personal 319
Odontites Odontites, Heinricher on 477
Odontoschisma, denudatum 34 1; Gibbsiae

34I; Hiiebnerianum 341; Macounii 321,

339; Portoricense 344; prostratum 342;

Sphagni 34 1, 342, S. denudatum 341,

S. Europaea 342, S. te^sellatum 339
O'Gara, P. J., personal 319
Ohio, State University Lake Laboratory

79
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Oliver, F. W., on paleozoic gymnosper-
mous seeds 476

Oliver, G., personal 320
Omphalia campanella, gall upon 223
Oogonium, of Fiasmopara alpina 154
Opuntia missouriensis, Rudolph on de-

velopment of spines 149
Origin and migration of life, Adams on

396
Orthantha lutea, Ileinricher on 477
Orthocarpus, imbricatus 61; olympicus

60
Oxygen starvation, Dude on 233-

p

Paleobotany, Aralia in American 421
Palladine, W., and Komleff, on respira-

tion 72
Pallavicinia, fungus in capsule 307; mito-

ses in the spore mother-cell of 384
Palm seeds, Seward and Arber on fossil

149
Pampaloni, L., two species of fossil fungi

395
Panax, fossil 422
Panicularia flaccida 55; multifolia 54;

pauciflora 55
Paramaribo, tropical laboratory 238
Paraphyses, Vaupel on 315
Parasites, Heinricher on green half 477
Parish, S. B., 203, 259; proposed flora

of southern California 79
Parkhurst H, E.: *' Trees, shrubs, and

vines" 233
Parmentier, P., personal 159
Parthenogenesis of dandelions, Raun-

kiaer on 397
Paul, 11., on functions of the rhizoids of

mosses 236
Peirce, G. ].: " Plant physiology" 143
Pellia, antheridia in 36; epiphylla, spin-

dle formation 384; mitosis 28; spore

32
Peuhallow, D. P., on fossil plants 76
Periodicity, Tammes on 74
Peronosporales, Ruhland on 474
Personals: Abrams, L.R.,240; Allescher,

A., 79; Askenasy, E. 479; Baker, H,
240; Pall, C. R., 319; Ball, O. M., 317;
Barnes, C. R., 400; Bessey, C. E., 317,
320; Bolley, H, L,, 320; Brand, C. J.,

159; Britton, Elizabeth G., 240; Brit-

ton, N. L.,240; Brooks, C, 238; Brown,
H. T., 479; Campbell, D. H., 317;
Copeland, E. B., 479; "Cornu, M., 479;
Cowles, H. e., 238; Crepin, F., 79;
Crosby, M. A., 319; Daniel L., 159;
Darwin, F., 400; Davis, C. A., 317;
DeVries, H., 479; Dodel, A.,479; Dor-

sett, P. H., 319; Durand, T., 79; Du-
velj. W. T., 320; Earle, F. S., 240; Fair-

child, D. G., 320; Farmer, J. B., 479;
Favor E.H., 238; Ferguson, A. M., 399;
Fernow, B. E.,399; Foster, H. R., 159;

Fritsch, E. F., 317; Frye, T. C.,238;

Galloway, B. T,, 400; Garber, J. F., 79,

238; Gattinger, A., 238; Gorman, M.
W., 159; Greenman, J. M., 79; Grif-

fiths, D., 3T9; Hall, H. M., 318; Han-
bury, Sir T., 318; Hansgirg, A., 479;
Harper, R. M., 240; Harris, J. A., 317;

Harter, L. F., 319; Haussknecht, C,
479; Heller, A. A., 399; Hemsley, W.
B., 317; Herrick, C. J., 80; Hillesheim,

Catherine, 238; Hitchcock, A. S., 319;

Holferty,G. iM., 79,238; Hollick, C, A.,

79, 240; Howe, M. ^., 240; Hunter, B.,

319; Husnot, T., 159; Jennings, O. E.,

239; Jepson, W. L., 318; Jesup, H. G.,

238; Johnson, A, M., 238; Kellerman,

W. A., 239; Kirkwood, J. E., 79; La-

throp, B., 320; Leidigh, A. H., 319;

Livingston, B. E., 159; Lloyd, C. G.,

159; Lloyd, F. E., 80, 24O; Macbride,

T. H., 318; MacDougal, D. T., 240;

Mellichamp, J. H. 399; Mills, G. F.,

319; Moore, G. T., 319; Nash, G. V.,

240; Oakley, R. A., 319; O'Gara, P. J.,

319, Oliver, G., 320; Parmentier, P.,

159; Piper, C. v., ^20; Pond, R. H.,

79; Pringle, C. G., 239; Radde, G..79;

Reed, H. S., 238; Rosendahl, O., 238;

Roth, F., 317: Sargant, Ethel, 479;

Schaffner, J. H., 238; Scott, W. M., 3^9;

Setchell, W. A., 318; Shafer, J., 240;

Sheldon, E. P., 159, 238; Sheldon, J.

L„ 399; Shimek, B., 318; SpiUman, W.

J„ 319; Stevens, M. B., 319; Swingle,

W. T., 319; Thomas, Miss, 479; Timber-

lake, H. G., 160; Tracy, J. E. W., 320;

Tracy, W. W., 319; Trelease, W., 317;

Ule, E., 479; Underwood, L. M. 240;

Vail, A. M., 240; Van Brunt, C, 399;

Van Hall, C. J. J., 238; Von Schrenk,

H.. 318; Warburton, C. W., 319;

Westermaier, M., 79; Westgate, J. M.,

320; Whitford, H. N., 79; Wilbams,

R. S., 240; Wilson, P., 240; York, H. H.,

238.

Philipuine Islands, forestry of the 471

Phleum pratense 430 .

Photosynthesis, experiments in 389; Gritt-

on on 472
Phycomyces nitens, Swingle on forma-

tion of spores 153

Pinus monophylla 461

Piper, C. v., personal 320

Pischinger, F., on regeneration in btrep-

tocarpus 397
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Plagiochila asplenioides 331
Plantago maritima 362
Plasmopara alpina, Rosenberg on sexual

processes 154
Platanus, fossil 424
V\^ViXO%z\\\%vi\^denildatum 34 1; prostrafum

342; Spha^ni 342
Poa, ampla 56; laeviculmis 55; neva-

densis 56
Pollen, of Taxodium 3; mother-cells,

irregular mitosis in 150, spindle forma-
tion 84,

Polyembryony, in Euphorbia dulcis, Heg-
elmaier on 149; in Ginkgo 142

Polytrichum juniperinum, two venters in

the archegonium 14 r

Pond, R. H., personal 79
Porelia platvphylla, spore mother-cell in

31
Potentilla palustris 439
Potonie, H., on aphlebia 71
Primula obconica, formation of starch 389
Pringle, C, G., personal 239
Prothallium in Taxodium 20
Protoplasmic streaming, Ewart on 71
Pseudotsuga macrocarpa 461
Puccinellia, lemmoni 57; maritima 363;
rubida 56

Q
Queva, M, C.,on rootlets of Trapa natans

71

R
Radde, G., death of 79
Radula complanata 331
Raunkiaer, C, on dandelion partheno-

genesis 397
Reed, H. S., personal 238
Regeneration, in Hepaticae, Cavers on

314; in Streptocarpus, Pischinger on
397

Reinohl, F,, on variation in Alsine media
476

Reproduction and regeneration in Hepat-
icae, Cavers on 314

Respiration, Maximow on 315; Nabokich
on 316; Palladine and Komleff on 72

Reviews: Boulanger's ^'Germination de
Tascospore de la truffe" 313; Burkett,
Stevens, and Ilill's "Agriculture for

beginners" 393; Coulter and Chamber-
lain*s "Morphology of Angiosperms"
309; Dalla Torre and Harms's "Genera
Siphonogamarum" 148; Drude's "Der
Hercynische Florenbezirk" 394; Eng-
ler's "Das Pflanzenreich" 312, 470;
Ewart's "On protoplasmic streaming"
232; Faeroes, botany of 392; Going's

"With the trees" 312; Green's **Prin-

ciples of American forestry" 470;
Grout's "Mosses with hand lens and
microscope" 313; Holtz's "Characeen"
69; Hunnicutt's "Agriculture for the

common schools" 393; Istvanffi's "Le
rot livide de la vigne" 147; Karsten
and Schenck's " Vegetationsbilder

"

395; Keeler's "Our northern shrubs"

69; Klebs's "VVillkiirliche Entwick-
lungsanderungen " 31 1 ; Klocker's
"Fermentation organisms" 469; Kra-
San's "Individuelle und specifische

Gestaltung in der Natur" 232; Living-
ston's "Diffusion and osmotic pressure"

145; Maiden's "Genus Eucalyptus"

148,312; Micheli's "Leguminosae Lan-
glasseanae" 69; Millspaugh's "Plantae
Yucatanae" 148; Mudge and Maslin's

"A class book of botany" 231; Muir
and Ritchie's "Manual of bacteriology''

68; Parkhurst's "7'rees, shrubs, and
vines" 233; Peirce's "Plant physi-

ology" 143, Ringle and Kenoyer's
"Student's botanv of eastern Kansas"
29; Sargent's "Trees and shrubs" 68;

Setchell and Gardner's "Algae of

northwestern America" 70; Snow's
"The principal species of wood" 47 1;

Strasburger, Noll, Schenck, and Schim-
per's "A text-book of botany" 468;
Von Schrenk and Spaulding's "The
bitter rot of apples" 313; Waters'
"Ferns" 470; Wettstein's "Der Neo-
Lamarckismus und seine Beziehungen
zum Darwinismus" 68; Wiesner's "Bi-

ologic der Pfianzen" 394
Rhizobia, winter and early spring condi-

tions 64
Rhizoids of mosses, Paul on function 236
Rhizopus nigricans, Swingle on formation

of spores 153
Ribes Gordonianum 473
Ricciocarpus natans, Tilletia-like fungus

in 307
Ringle, W. E., and Kenoyer, "Students

botany of eastern Kansas" 29
Ritchie (Muir and): "Manual of bacteri-

ology '* 68
Roots, Kny on growth of 70
Root tubercles, winter and early spring

conditions 64
Rosenberg, O., on cytology of hybrids

152; on gametogenesis in the Phycomy-
cetes 165; on sexual processes in Plas-

mopara alpina 154
Rosendahl, O., personal 238
Rot, red, of yellow pine. Von Schrenk on

75
Roth, F,, personal 317

>
A
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Rothert, W., on the sensibility of micro-
organisms 155

Rudolph, K., on development of the

spines of Opuntia missouriensis 149
Ruhland, W. von, on Peronsporales 474

s
w

Salicornia herbacea 356
Sargant, Ethel, personal, 479.
Sargent, C. S., "Trees and shrubs" 68
Sassafras, fossil 424
Schaffner, J. H., personal 238
Schenck, H. (Karsten and): " Vegetations-

bilder" 395
Schimper's '* Plant geography" 479.
Schniffer, v., on Gymnomitrium and Mar-

supella 315
Schmied, on carotin 471
Schneider, A., 64
Schvvarz, on forestry 471
Scirpus atrovirens 438
Scott, W. M., personal 319
Seeds, Oliver on paleozoic gymnosperm-

ous 476; Seward and Arber on fossil

palm 149
Seed-fungus of Lolium temulentum, Free-
man on 73

Selaginella, two megaspores in 308
Setchell, W. A., personal 318; and Gard-

ner, *' Algae of northwestern America"
70

Seward, A. C, and Arber, on fossil palm
seeds 149; and Ford, on anatomy of

Todea 73
Sexual organs in Picea excelsa, Miyake

on 151
Shafer, J., personal 240
Sheldon, E. P., personal 159, 238
Sheldon, J. L., personal 399
Sherrard, on forestry 471
Shimek, B., personal 318
Shull, G. H., 187, 397, 473, 476
Sitanion, albescens 57; albescens 59; cili-

atum 58; glabrum 58; strictum 59; vil-

losum 60
Smith, W. G., on geographical distribution

397
Snow, H. C,, "The principal species of
wood" 471

Society, Botanical of America 400; Cen-
tral Botanists 479; for Horticultural
Science 160, 239,479; for Plant Mor-
phology and Physiology, Philadelphia
meeting, 399

Soil chemistry, and crop production 473
Sphaerocarpus terrestris, sterile cells of

the sporangium 229
Sphagnoecetis, communis '^^'^^^l^x, a vege-

tior 342; Huebneriana 341; Macounii

321, 339; Portoricensis 344; prostrafa

342
Spartina, cynosuroides 437; juncea 363;
patens 363; stricta glabra 35 1; stricta

7naritima 351
Spartium junceum, transpiration 464
Spergularia borealis 358
Sphagnetum 442
Sphagnum recurvum 439
Spillman, W. J., personal 319
Spindle formation 81; Allen on 234; in

Pallavicinia 384
Spines of Opuntia missouriensis, Rudolph
on development of 149

Spore, formation, in Pellia 32; in Rhizo-

pus nigricans and Phycomyces nitens.

Swingle on formation of 153; in Taph-
rina, Ikeno on 73

Sporocarpon ornatum, Oliver on 476
Stanford University, botanical building

317
Starch, need of light in making 389
Statice Limonium Caroliniaum 362

Statolith theory of geotropism, Ilaber-

landt on 77
St. Croix, flora of 158
Sterculia, fossil 424
Stevens, F. L. (Burkett and Hill): "Agri-

culture for beginners" 393
Stevens, M. B., personal 319
Stomata, Buck on 473; Kindermann on

472
Strasburger, Noll, Schenck and Schimper:

"A text-book of botany" 468
Streptocarpus, Pischinger on regeneration

in 397
Suaeda maritima 358
Swamp, formation 442, societies 401

Swingle, D- B., on formation of spores of

Rhizopus nigricans and Phycomyces

nitens 153
*

Swingle, VV. T., personal 3^9
Sydow, H. and P., on Tilletia-like fungus

in Anthoceros dichotomus 307
Syringa chinensis 473

T

Tammes, T., on periodicity 74
Taphrina, Ikeno on spore formation in 73

Taxodium, gametophytes and embryo of

r, 114
Thorn, Chas. 223
Thomas, Miss, personal, 479-

"

Tilletia in the capsule of bryophytes 306;

like fungus in Anthoceros dichotomus

and Ricciocarpus natans 307

Timber, VonSchrenk and Hill on 75

Timberlake, H. G., death of 160

4

\
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Tischler, G., on Cytisus Adami 150; on
embryo-sac of hybrids 473

Tissa canadensis 358
Tozzia, Heinricher on 478
Tracy, J. E. \V., personal 320
Tracy, W. W., personal 319
Transeau, E. N., 401
Transpiration of Spartium junceum and

xerophytic shrubs 464
Trapa natans, Queva on 71
Trelease, W., personal 317
Triofolium, tulDercIes of 65
Triglochin maritima 364
Tubercles of Melilotus alba 66; of Tri-

folium 65
Turpentine orcharding, Herty on 75

u
Uie, E., persona] 479
Underwood, L. M., personal 240

V
Vail, A. M„ personal 240
Van Brunt, C., death of 399
Van Hall, C. J. J., personal 238
Van Wisselingh, C., on karyokinesis in

SpiroRyra 75
Variation in Alsine media, Reinohl on

476
Vaupel, F., on antheridia of Polytrichum
and Mnium 315

Vermont, Botanical Club 160
Vienna, International Botanical Congress

160
Vines, S. H,, on' proteolytic enzymes

234

Von Schrenk, H., personal 318; on "blu-
ing" and "red rot" of yellow pine 75;

• and Hill, on timber 75; and Spaulding,
"The bitter rot of apples" 313

w
Warburton, C. W,, personal 319
Waters, C. E., "Ferns" 470
Weiss, F. E., on Lepidophloios fuligino-

sus 71

Westermaier, M., death of 79
Westgate; J. M., 69; personal 320
Wettstein, R. von: "Der Neo-Lamarckis-
mus und seine Beziehungen zum Dar-
winismus" 68

Whitford, H. N., 69, 75, 470, 471; per-

sonal 79
Wiesner, J.; "Biologic der Pflanzen" 394
Williams, R. S., personal 240
Williamsonia gigas, Lignier on fruit of 235
Wilson, P., personal 240
Wisley Garden 318
W^oodlands of New England, Graves and

Fisher on 75
Worsdell, W, C, on double fertilization

3M
X

Xerophytes, transpiration 464

Y
York, H. H., personal 238

z

Zacharias, E., on the nucleus 150
Zederbauer, E,, on Myxobacteriaceae
Zeiller, on fossil plants 70

314
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Teachers, Students, Clergymen, Accountants and
persons of intense mental concentration, can
strengthen their whole system and increase their

capacity for mental and physical labor by the
use of Horsford^s Acid Phosphate.

It rests and strengthens the tired brain,
dispels nervous headache and induces restful
sleep and a good appetite.
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Spoken, Taught, and Mastered Throug:h Our

LANGUAGE PHONE METHOD
Combined with

The Rosenthal Common Sense Method of Practical Llngulstry
The Latest and Best Work of Dr. Richard 5. Rosenthal

No longer unnecessary memorizing- of verbs, declensions, or rules. You hear the

exact pronunciaiion of each word and phrase thousands of times, if you like. It

requires but a few minute's practice several times a day at spare moments to acquire a
thorough mastery of conversational French, German, or Spanish. College professors

all Over this and other countries, and the press generally, endorse this perfect and natural

system of teaching 1 anguages.
Send/or tesfimoniahs hooklet ^ andletter tellingallabout
this 2oth century scientific marveL A postal ivill do.

International College of Languages, 1105-C Metropolis Building,
Broadway and i6th street, NEW YORK CITY
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MANUFACTURED BY

STEVENS, MALONEY
STATIONERS, BLANK BOOK BUILDERS

143 LaSalle street. CHICAGO, U.S.
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"As Bill 5ays
•from the land of ice

To the land of shine

"Big 4" is the very best fine."

WITH THREE GOOD TRAINS DAILY
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IF YOU CONTEMPLATE A SOUTHERN
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Price for complete apparatus, size No. 1, $7.5o> subject to tne tr-u.

discount of 33>i per cent., or $5«00 Kxet#

Felix c Daxjs Duplicator Co., i>a«is bi<i^., hi joi^
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KENOSHA, WISCONSIN.

Health -Resort: A Rest -Cure
of the highest grade, conducted upon a most liberal scale, and
aiTording every facility for the successful treatment of
chronic diseases. Beautiful grounds (100 acres) with half mile
X-.aVe Michig-an frontage.

DELIGHTFUL MILD AUTUMN
A Perfect System of Hot Water Heating

For illustrated prospectus address

N. A. PENNOYER, M.D., Mgr.
Chicago Office, Dr. Pennoyer's hours:
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Telephone Central 500.
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If a man tells you he has a cold, ask

him what kind underclothing
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Tell him to try Dr. Deimel Under-

wear and you won't have to ask him how
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A PRINCIPALOF DRxVWlXG
in a Western city, chal-

leniired to prove her cluim that
l>lXON'S PENCILS were best,
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of pencils wrapped with piiper
to conceal the names, all the

DIXON' ""

American Graphite

PENCILS
She knew them hy their

smoothness, streng-th, uni-
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Science devised it

Experience perfected it

Prudence prescribes it
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MAXIMUM OF WARMTH
with MINIMUM OF WEIGHT

** Chill December " has no terrors for

the wearer of a Jaeger undersuit*

Weights for all Wants.
Catalogue and Samples Free.
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Brooklyn : 504 Fulton Street.

Boston : 230-232 Boylston Street.
Philadelphia : 15 10 Chestnut Street.

Chicago : 82 State Street,
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on every desk

Seni prepaid on receipt of price

I doz. Mephisto Copying Pencils -

1 doz. A. W. Faber No. 2 Pencils -
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loo-sheet Bond Tablet, 8>^xii,
ruled --------- 20c

Automatic Indelible Pocket Pencils loc

Johan Faber*s Pencil Sharpener - 25c

16-0Z. Computing Mail Scale $1.25

S. D. Childs
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Never mind about the claims of rival

machines, judge by the results—the work

they do. So judged.

The No. 2 HAMMOND
TYPEWRITER
which has perfect Alignment, uniform

Impression, soft, elastic Touch, speed of

over 200 words a minute, and is durable

and easily portable, can take the lead

among Writing Machines.

The work it turns out is perfect

in every respect. // •'-' ••' •'''

THE HAMMOND
OQtK to 70iK Sts., and East River

Branch Offices in przncij>al cities^

RITER
NEW , N. Y
w

Representatives e-verywhere
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completely nourish the en-
tire body and brain and are
the only naturally short,

porous foodsmade from wheat without theuseof fats,yeast or chemicalsof any kind.

SHREDDED WHOLE WHEAT BISCUIT is staple in every weH-provisioned
larder and is the reliance of the thoughtful housekeeper becaus? it

can be combined with fruits, preserves and vegetables, in making over
250 varieties of all-course dishes. It stands conspicuously alone as a
cereal for morning, noon and night-

TRISCUIT, the appetizing wafer is so baked by electricity that all

the rich, nutty flavor of the Whole Wheat is retained. There are
many original way^ of serving it in addition to its standard uses as
bread, toast and as a successor to crackers. It makes delicious
cheese toast and sandwiches, and when dipped in icing is trans-

formed into healthfvil sugar wafer.

Place Biscuit and Triscuit in warm oven to renew crispness.

"I have been an invalid for three years; have tried the differ-
ent breakfast foods, but find that Shredded Whole Wheat is the
only food that I do not tire of and the only one which when used
constantly agrees with me."' Ethel M. Second, Ripley, N.V.

Shredded Whole Wheat Biscuit and Triscuit

are Sold by all grocers.

The Natural Food Company"
c!7Vlakers of Shredded Whole Wheat Products Niagara Falls, New York
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wHY not use a cleaa Fountain

Pen, one that will write and

Write always, without skipping,

blotting, or scratching?

The above Fountain Pen is and

has been sold on its merits all over

the world for sixteen years, and Is

anconditionally guaranteed.

Cut It in Half

and you will see that, un-

like all other collarbuttons. n

The One- Piece

Krementz
is double thick, where
double strength is needed
— in the shank. Not a

weak spot in it. Made of

one piece only. Ham-
mered into graceful shape

that makes it easy to but-

ton and unbutton 21 mod-
els for ladies and gentle-

men. Gold, silver, or

rolled plate. Free booklet,

"THE STORY OF A
COLLAR BUTTON,"
gives entertaining informa-

tion, Get one for postal.

KREMENTZ & CO-

34 Chestnut St, Newark, N. J.
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Extravagance
4te y^

COME writers dip; that'swaste-
ful in a dozen ways, and so

clUTDsy ! Others who use Foun-
tain Pens don*t yet know that
ink joints under the finger-grasp
and other *' good old " leatures
are costly enough. . Contrast the
comfort and neatness insured to
users of the Middle Joint '* Mod-
ern" Fountain Pens made and
guaranteed by A. A, Waterman
& Co. Look for the "A. A-"
and the word "Modem" and
you'll find the way to true Pen
Economy.
The most exacting pen user

can be suited.
'v^

&Co.
THAMES ST. NEW YORK

DtPT. G.

•- THE NAME IS EVERYTHINa'*

Estcrbrook
guarantee

FALCO
most

i n

absolute

excellence

pen
Over

other

every

stationers

Accept no

ROOK
No. 048 IS

popular
world,

varieties of

suit
ose.

ave them,

substitute.

The Esterbrook Steel Pen Co.

26 John Street, N. Y.Works, Camden. N. J.

Preserve Your

Mag
Have them bound in Cloth

or Leather. It will improve

the appearance of your

Library at a small expendi-

ture. The University of

wiU

prices

Mfg. Dept. Bindery

Chicago Press has a well-

equipped job bindery and

pleased

The University of Chicago Press

f

f

-i ^ IB-^L
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To be fair to her ability a stenographer
should use a Fox Typewriter

Fox Typewriters are provided with a special

device for instantly changing the escapement from
ordinary to high speed, thus putting no limit on the

speed of the machine.
Other typewriters have a low and unchangeable

speed limit— a serious handicap to an expert and rapid

stenographer.

There is no office using typewriters that cannot make a

saving in employers and employees time and labor by sub-
stituting Fox Typewriters for those they are now usitig, no
matter what make. We can prove this statement if you
give us the opportunity. The Fox is placed anywhere on
trial FRBE.

FOX TYPEWRITER CO. , Ltd,
560-570 N. Front St., Grand Rapids. Mich.

A handsome card, a facsimile of this advertisement,
with a motto in place of reading matter, will be JT /-^
sent to any stenographer for 2c in stamps. .^^\ /

ALL HANDS USE

CARTER J INK

THE
ALTON'S

w

1904
COW-BOYy
OIRL '

TRADEMARK.

"Sequel to the Fencing
Girl."

Copyright, 1903. l^y

Chicag^o & Alton
Railway.

ART CALENDAR
Fourgraceful poses from life; figures ten inches
high, reproduced in colors by a process far su-
perior to last vear's calendar. Highest example
of lithographic art,

"THE ONLY WAY"
to ow^n one of these beautiful calendars is to
setid iwenty-five cents with name of publication
»n which vou read this advertisement, to Geo.
J. Charlton. Gen'l Passenger Agent, Chicago
& Alton Railway, Chicago, III.
The best railway line between Chicago, St.

Louis, Kansas City and Peoria. Take the
*Alton" to the St Louis World's Fair, 1904-

Ailoverthe civilized world

THE IMPROVED
/

-r.'i

-ff

\

1 in

/

--.Vhi

.Vfi "?

IS KNOWN ANDWORN
Every Pair Warranted

The Name Is

stamped on every
1"^-

The

CUSHION
BUnON

«*-

'>:= ^-^
4''

w
V

.les flat to the leg—never

Slips, Tears nor Unfastens

ALWAYS EASY
GEO, FROST CO., Hafc^rib

Boston^ Mass., U. S« A.
Send
50c. tor Silk,

25c, for Cotton,

^^''^^REFUSE ftVt SUBSTITUTES
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Photographic Perfection
is attained by making' your neg-atives oa

ANSCO: THE NEW DAYLIGHT LOADING FILM
and your prints on

CYKO'- THE PAPER THAT PRINTS AT NIGHT
ANS*"*© and CTKO have no -peters in Keeping^ Quality and in

of ExpoBXire and Development,
Trial Dozen 4x5 CYKO and Developer. 20 cents.
AXSCO filrns are made under the celebrated Goodwin Patent

and are adapted for Kodak's, huirs-eyes and all Film Cameras.
CYKO Manual and ANSCO Booklet sent on appiication,

THE ANTHONY «L SCOVILL CO,
122-124 Fifth Ave., Kew Tork, Atlas Block, Chicago

ORCHESTRA
Instruments, Violins, Flutes, MandoliDS, Guitan,
Banjos, &c, Lyon & Healy and •*Warihburn" IQ'

struments are in use everywhere and are sold by,'

leading music dealers. Ask for **Dept. G'* Catalog,^
Illustrated, mailed /rce. It's a money-saver. •

LYON & HEALY, - 38 Adams St., Cbicago, \JL

The \Torld'i Largest naeic House. S«Ili * ^ETerjthiag KnoTrn in Hosit*"

Do You Want a

Genuine Bargain
in a Piano?

We haye hundreds of Upright Pianos returned from rentinf

vrfaich must be disposed of at once. These pianos include

Steinways, Knahes, Fischers, Sterlings and other well known
makes. H&ny cannot be distinguished from new, yet all are

offered at a great
Mlow as $100. ^Iso

rishta at $125.
A magnificeat in*

fully equal to many . . «.
monthly payments accepted. Freight Is only a^cut |5. write

at once for complete list and full particulars. You can make ft

great saving by securing your piano from us. Every piano war-

ranted as represented, "k Piano Book/' free. Write today.

I

FROM
discount. Uprights
beautiful new C|^
tl35. tl!>0andf 105.

strnment at «290.

t400 pianos. Easy

LYON HEALY
38 Adams St.* CHICAGO.

VtCld's larrett magic house ; Mil ''ET^rythiajt Itfiows ID f

Rare OldVidms
Larfjest and flneet collection on this cotjtinent

Fine catalogue ffree> containing 50 rac-eimUJ

labels in colors and Biographies of an tbe

noted makers. List and Particulars of So o

Instruments from $50 to mOOO. Monthly

payments may be arranged, violins »^ns OQ

seven days examination. Formal CertiHcaw

of Genuineness with each Instrument.

LYON & HEALY. '\'^^'*'
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Traveling by Daylight

ON THE

WABASH LINE
Affords all the comforts to

be had in the most luxu-

rious homes or in the beat of

hotels. Nothing is wanting
to complete one's happiness,

and the days pass only too

swiftly."

The Parlor and Obser-

vation-Cafe Library Car

features on the Wabash
trains, tMfether with the

Free Reclining (hair Cars

and Dining Cars. have

become widely known and
very popular.

Through Cars are run

between St. Louis and Cm-
cago, Kansas City, Omaha,
New York. Boston ,

Los
Angeles. San Francisco,

Denver, Portland, Ore.,

Minneapolis and St. Paul;

between Chicag'> and Buf-

falo. New York, Boston and

Montreal; between Kansas

City and Buffalo, and St.

Paul and Los Angeles.

C. S. CRANE
Gen'l Pass'r and Tkt Aocnt.

. LOUIS MO.
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The Sweetest Toned Music Box Made.
Changeable Tune Disks Costing the
same as Sheet Music, and Thousands
of Tunes to Select from. Fully Guaran-
teed, Send postage for Catalogue and
love story *'A Harmony in Two Flats."

REGINA MUSIC BOX COMPANY
255 Wabash Ave.,

CHICAGO
x3East32d St.,

KEW YORK

FIVE

POINTS

EXCELLENCE

Leaving the center of the city from
which you start; reaching the center
of the city of your destination ; over
smooth and level tracks, giving rest

and comfort; riding beside running
'W'-aters most of the way; through the

centers of population to the gateways
of commerce; when you travel by the

NEW YORK CENTRAL LINES.

A copy of the Illustrated Catalogue of the
"Four-Track Series" will be sent free upon recetp*^

of a two-cent stamp by George H. Daniels, General
Passenger Agent, New York Central & Hudson
River Railroad, Grand Central Station, New York.

TratJe Murk

When bed-time comes, doe^ sleep tempt
vou or do vou lie and toss and fret, vainlv
seeking that '* soft, cool spot " which lulls you
to forget fu hi ess ? TI»ere is one mattress that
gives sleep to the sleepless—rest to the rest-
less—the famous

OSTERMO
Patent Elastic Felt

Mattress
How many people have said "I would give a

hundred dollars to be able to sleep," and yet

they cling to the lumpy, bumpy, unclean hair

mattress and fear to invest $15 in an Ostermoor
which 3'ields ^6^ repose-dividends a year, pay-
able every night. These are guaranteed. You
haveexperi.ence without expense by our offer of

30 Nights' FREE Trial
Sleep on it thirty nights free and if it is not even all you
hav^e hoped for, if you don't believe it to he the equal in

cIt;anUness,durabi-ity and comfort of any $50 hair mattress

ever made, you can get your money back by reiurn mail

—

**no questions asked."

Our Book
is FREE

It contains 96 pages of text

and iUustrations of mat-
tresses, pillows, window-seat
and cosy-comer cushions,
etc., etc.— -an encyrlopedia
of comfort, called *'The Test
of Time." May we send it ?

Your name on a postal will do.

Look out I Dealers are trying to sell the "just as good

kind.** Ask to see the name "05termoor'* and our trade-

mark label, sewn on the end. Show them you can't and

wo<?'t be fooled. It's not /^tU if it's not an Ostermnor.

Mattresses expressed, prepaid by us, same day check is

received,

Ostermoor & Co., 143 Elizabeth St. New York.

Canadian Ag-eocy: The Alaska Feather

and Duwn Company, Ltd,, Montreal.

2 feet 6 Inches wide, SR "I^

3 feet wide, 30 Iba. 10.00

3 feet 6 inches wide, 1 1 JQ
3S ]bB.

'

4 feet wide, 40 lbs. 13.35

4 feet 6 inches wide, I5_O049 Ids.

AH 6 feet 3 Inches long.

Express Charges Prepaid.

In two parts, 50 cents extra.

Special si^esnt spfHal nrires

!J|r"ny^



WOULD YOU LIKE TO SUCCEED IN BUSINESS?
Would you obtain a good paying position or secure an increase

in salary ? Would you possess the capacity that directs and con-

trols lavQC business enterprises ? A knowledge of accounts increases your opportunities a hundredfold. Our method excels allotheis

You can learn quickly at your own home without loss of time or money. We guarantee it. No trouble to master bookkeeping when
a bookkeeper teaches It, The author of our works is an expert accountant; he has kept and audited books for the largest corporations

in the world
•' How to succeed In Business** is the title of an extensive treatise on bookkeeping and business.

It tells of the best system of accounts in the world. It explains how you can make more money and
better your position in life. It is just the book for beginners. It is invaluable to bookkeepers and accountants. To advertise our

system and other books, we propose to give away 5,000 copies of this book absolutely free. This offer is positively genuine and without
any condition whatever. Simply send your name and address and receive the book without cost, A postal card will bring it. Address,

COMMERCIAL CORRESPONDENCE SCHOOLS 137 ^ Schools Buildings, Rochester, N. Y.

A GREAT BOOK FREE.

f

The diary and letters reproduced in this vol-

ume were found
eminent son

Prof. Max Muller,

great poet, among
mother's papers. This book
valuable because until recently

especially

little was
known of the personality of Wilhelm Mtlller.

Edited by Philip Schuyler Allen, The University of Chicago, and
James Taft Hatfield, Northwestern University, with explanatory notes
and a biographical index. Pp. 202, l2mo, cloth; m^/, ?$i. 25, postpaid $1.33-

/

THE UNIVERSITY OF CHICAGO
J

CKica^o, Illinois

PILESS

$100 will be paid for the

best design DE
«th« OFFICIAL TYPEWRITER of the

ST. LOUIS WORLD FAIR
Design to be used for half page advertisement In magazines, etc.

Award for this design to be made February i, 1904.

Facsimile letter from World's Fair, adopting the Densmore, together with catalogue, etc.,

sent on request.

DENSMORE TYPEWRITER COMPANY, 30*9 BROADWAY. NEW YORK
JL-.-



^ 51NCSm FOND MOTHER IN NURSERYmm
miR CLAD INFANT.THE WHILE KEEPfNC TIME;

And so can all mothers with tunlful refrain

(fllGHT IN their INFANT5,WH0SE HEALTH THEY MAINTAIN.!

Through

NftSWlNSLO^'S SOOTHING SYRUP
OVER FIFTY YEARS SOLD

JMUMS OF MOTHERS IN THE NEW WORLD AND Oltt

^
t^

/V

V'S

^- i'xr^

•^A3>te> i (

^-1

.J£

.'-.-.

-^-

y'

V
-M\ ..^

.Y

^-1

-*^yir -rtt
'S^

^ r^J

:^

^*^^

,-'¥"^

10 CoMP^i>fy*j , ^

^fl

3y/^rj._Maria Pdrwa
Published by the manufacturers of the world -known
UEBIG ConPANY'S EXTRACT of Beef

Sent free to any housekeeper who will send her address on a

postal to Comeille David & Co.. 105 Hudson St.,Ne\^ York.

Photo Lenses
and Shutters of every
kind for all purposes

;

Professional,
Amateur, Process.
Sold Sound the World on all

Cameras. Calalo|[ue free.

s^ Baiisch & Lomb Opt Co.
^^ ROCHESTER. N. Y.

New York Chicago Boston

^

Put yotir

I^inks
ix&to :Koti<*

C 11 ffs
wItH tHe

EARL BUTTONER
A practical device which saves time and temper. Used and
endorsed by thousands. Nickel, lo cent^; Sterling Silver,
50 cents. Sent on receipt of price.

ALPHA MFG. CO.. isi Milk Street. BOSTON, MASS*



MAGAZINES PUBLISHED
BY

THE UNIVERSITY OF CHICAGO PRESS

*^

^

THE BIBLICAL WORLD
Edited by President W. R Harper. A popular illustrated

monthly magazine. Subscription price, $2.00 a year; single

copies, 25 cents. Foreign postage. 75 cents.

The Biblical World is devoted exclusively to bibli-

cal study, and so edited as to afford the greatest aid

to the busy clergyman, the progressive Sunday-
school teacher, and the thinking layman.

THE SCHOOL REVIEW
Ed'ted by The University of Chicago School of Education,

John Dewey, Director, George H, Locke, Managing
• Editor. Published monthly, except in July and August,

Subscription price, $1.50 a year; single copies, 20 cents.

Foreign postage, 50 cents.

So well has the School Review served the in-

terests of high-school and academy work that it

has come to be recognized as the official organ of

secondary education in the United States. It is

devoted exclusively to this field, is progressive,
practical, and helpful, and is indispensable to every
teacher. •

THE ELEMENTARY SCHOOL TEACHER
Edited by The University of Chicago School of Education,

John Dewey, Director, Mrs. Ella F. Young, Managing
Editor. Published monthly, except in July and August,
Subscription price, $1,503 year; single copies, 20 cents.
Foreign postage, 50 cents.

A monthly periodical for teachers, principals,
and superintendents Each number contains prac-
tical plans for teaching in every grade from the
kindergarten through the eight grades and the
pedagogic schools.

THE BOTANICAL GAZETTE
Edited by John M. Coultkk,^ Published monthly, with illus-

trations. Subscription price, $5.00 a year; single copies,
50 cents. Foreign postage, 75 cents-

The Botanical Gazette is an illustrated monthly
journal devoted to botany in its widest sense. For
more than twenty years it has been the American
journal of botany, containing contributions from
the leading botanists of America and Europe.

AMERICAN JOURNAL OF SOCIOLOGY
Edited by Albion W. Small. Published bi-monthly, with

illustrations. Subscription price, $2.00 a year; single cop-
ies, 50 cents. Foreign postage. 50 cents.

The special aim of the American Journal of Soci-
ology \% to show that the "social problem" is both
many problems and one problem. It has already
made itself indispensable to Americans who are
trying to keep informed about the general tenden-
cies in the rapidly changing field of sociology.

THE JOURITAL OF GEOLOGY
Edited by T C. Chambeklin Published semi-quarterly, with

illustrations. Subscription price, $3.00 a year; single
copies, 50 cents. Foreign postage, 75 cents.

Devoted to the interests of geology and the allied

sciences, and contains articles covering a wide range
of subjects. Adapted to young geologists, advanced
students, and teachers.

THE ASTROPHYSICAL JOURNAL
Edited by George E. Hale and Edwto B. Frost. ^

Published
monthly, except in February and August, with illustra-

tions. Subscription price, $4.00 a year; single copies,

50 cents. Foreign postage, 75 cents.

An international review of spectroscopy and as-

tronomical physics. Invaluable to all who are in-

terested in astronomy and astrophysics,

THE JOURNAL OF POLITICAL ECONOMY
Edited by J. Laurence Laughun. Published quarterly.

Subscription price, $3.00 a year; single copies, $1.00.

Foreign postage, 50 cents.

This publication promotes the scientific treatment

of problems in practical economics, and also con-

tains contributions on topics of theoretical and

speculative interest.

THE AMERICAN JOURNAL OF THEOLOGY
Edited by the Divinity Faculty of the University of Chicago.

Published quarterly. Subscription price, $3.00 a year;

single copies, $1.00. Foreign postage, 50 cents.

The only journal in the world so catholic in its

scope as to cover the entire field of modem investi-

gation and research in all the different lines of

. theological thought represented by special fields and

particular schools.

THE AMERICAN JOURNAL OP SEMITIC
LANGUAGES AND LITERATURES
Edited by President William R. Harper. Published quarterly

Subscription price, $3-00 a year; single copies, $1.00.

Foreign postage, 25 cents.

The object of this journal is to encourage the

study of the Semitic languages and literatures, to

furnish information concerning the work of Semitic

students at home and abroad, and to act as a medium

for the publication of scientific contributions in those

departments. Articles are published in German,

French, and Latin, as well as in English.

MODERN PHILOLOGY
Editors: Phiup S Allen, Managing Editor; FredektcL

Carpenter, Camillo von Klenze. Published quarterly.

Subscription price, J3.00 a year; single copies, ^i-^*-

Foreign postage, 50 cents.

Modern Philology is devoted entirely to research

in Modem Languages and Literatures. First num-

ber appeared in June, 1903.

THE UNIVERSITY RECORD
Published monthly.

Edited by the Recorder of the University.

Yearly subscription, fi.oo; single copies 10 cents.

The University Record is the official monthly pub-

lication of the University of Chicago.

SAMPLE COPIES FREE ON REQUEST.

THE UNIVERSITY OF CHICAGO PRESS. CHICAGO, ILL

f



Good Work
and lots of it, today and every day",

when you use the

ton
Remington Typewriter Company, 327 Broadway, New York

- ti^'^:r T-Ti^.^H

PUBLISHED SOON

A Study of Stellar Evolution: A Popular
Account of riodern flethods of Astro==

physical Research
George Ellery Hale

The purpose of this book is to tel! how the origin, development, and decay of celestial bodies is

studied in a modern observatory. The remarkable advances in astronomy during the second hali of
the nineteenth century, including the development of great telescopes, the introduction of the spectro-
scope and the many discoveries made with its aid, and the results obtained through the use of photogra-
phy, have given the study of stellar evolution a prominent place in the work of many observatories. The
explanations of instruments and methods are accompanied by illustrations, and the most recent astro-

nomical photographs obtained with the telescopes of the Yerkes Observatory' are reproduced in a series
of plates.

m

The University
1

Chicago Press
CHICAGO, ILLINOIS

vj rf 1^1 ^ Bd^-^f ^-^ r n > ^r^-¥SP™S?'^~ "TwTT^ _L w'S^ > I
--_! h - ^^ . "-H*V IjJ -.^

Hor Cfljristmas (gifts^ ffiijc Btrrij J^idu
ONE CENT EA

Sead 25 cents tor
25 Art Subjects, or

25 Madoanas, or

25 On Life of Christ, or

25 Laniiscapes. or

25 Dog^s, Kittens, etc., or

25 Authors and Poets, or

25 For Children
Each set in a portfolio, or

13 Pictures in Colors, or
Art Booklet, Madonnas.

or SO cents for
50 Perry Pictures, assorted, oi

35 Pictures in Colors, Birds.etc.,or

II Perry Pictures, Extra Size, or

Portfolio 25 Pictures. New
York Edition, 7x9. Gems
of Art. Order to-day.

rSistine Madonna. The one-cent
* . . ^ .. _ __ ^i *u:^ ^i-,^ 1

? Postpaid

Send SO cents for
These n Extra Size, 10 x 12.

Slstine Madonna
Holy Night
Feeding^ Her Biris
Shepherdess
iaby Stuart
orse Fair

Angel Heads
Christmas Chimes
Pharaoh's Horses
Christ and Doctors
Sir Galahad (Call it set ioo>

Or these uid 12 others for $1.00
Or II MadonnEis.
Or II for Children
Or n of Animals

for 50 cents

These 3 sets for $1.40
Satufftction guaranteed

Send $1.00 for
go New York Edition, or

Christmas Set, No. z, 120 pictures,

5*4 X 8. all in the new Boston
Edition, no two alike, or

120 Perry Pictures, your own se-

lection from 2,000 subjected

Or The P^rrv Magazine.

or $i.SO for
The Perry Magazine and

50 New York Edition, or

50 Pictures in Colors— to new-
subscribers only, limited time.

Send three two-cent
stamps for Catalogue of
z, 000 miniature illustra-

tions and two pictures.
Gold Medal, Paris Exposition^
Highest Award, Buffalo.

pictures are 6 to 10 times this size.] _

THE PERRY PICTURES COMPANY, B0X50, MaJden, Mass,
Tremont Temj>Ie. BOSTON Send all Mail Orders to Maiden Office 146 Fifth Avenue, NEW YORIC

X
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Calendar for 1904.

Maud Humphrey, celebrated

painter of babies, conceived this beanti-

interesting subject, wherein
J-

are most artistically and winsomely

grouped Babies of everyLandand Clime.

In this Calendar the types and national

characteristics are reproduced with great

care and fidelity; in both dress and

features are shown all the delicate col-

oring and artistic effects so charming in

the original painting.

The illustration herewith gives but a

faint idea of the beauty and cuteness

of the Calendar itself. This Calendar

will delight every recipient. It

a rich and decorative Art Panel, size

10x30 inches, ready for hanging.

The edition is limited ; order early.

Sent to any address on receipt of 10

cents in coin or stamps. It is worth

mak

liltre in any art collection or home.
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Mention this magazine*

Pabst Extract Department

Milwaukee, Wis,
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Correspondence
Study

The University of Chicago
Through the University Extension

Offers instruction by correspondence in many Academy,
College, Gi-*duate, and Divinity departments, including

Instruction in

PHILOSOPHY HISTORY
SOCIOLOGY SEMITIC

LANGUAGES CHURCH HISTORY

BIBLICAL LITERATURE
COMPARATIVE RELIGION. ETC.

Degrees are not granted upon work done wholly by corre-

spondence, but credit will be given for courses when com-
pleted by examination at the University, and thus the time
of residence required for a degree may be shortened.

Work may be commenced at any time

Special circulars will be sent on application to

THE CORRESPONDENCE- STUDY DEPARTMENT
THE UNIVERSITY OF CHICAGO

CHICAGO

Special circulars explaining the work of the LECTURE-
STUDY DEPARTMENT cf the University Extension will

be sent on appl.cation.

\

i

Our Microscopes, Microtomes*
Laboratory Glassware, Chemical
Apparatus, Chemicals, Photo
Lenses and Shutters, Field Glasses,

Projection Apparatus, Photo-Micro
Cameras are used by the leading
Laboratories and Govemmenf De^
partments Round the World. Catalogs

free.

Bausch 4 Lomb Opt. Co.
Rochester, N. Y. *

New York Chicag^o Boston Frnnkfurt, G'v
71^ K^b-Ku^ "^ V~

™^.;

hardness
resist

Perfect Heel Protector
Will Save ONE DOLIAR in Repairs

On every pair of shoes, and give you the com-
fort of a new pair of Square Heels all the time.
Made of a species of Silver Steel
tempered to a degree of
which will effectually
wear. The only safe,

durable, simple, and
neat device. Does not
disfi^re the heel, can-
not slip or work Io"se,
Is not noisy. Easily
applied. Send fi.oo for

eighteen pairs Protect-
ors and Nails; or 50
cents for six pairs, with
steel chiseU tin ^uge,
&c. Sample pair, 10

cents, stamps or silver.

Address,

SH^^

"-f; ^

- ^

-" V ^ m,-r -t-

.jf'

.^

Woodman Company 2872, Boston, Mass

-^r:«iF.\'JJ

Library

mokinq Car
w^

^b X. i

have them on f our fast

out of Chicago. Buffet, writing desk,

card tables, easy chairs, all the periodicals,

everything to make one comfortable.

We publish two books. "Colorado" and ^'California."

72 pages. Informative, beautifully illustrated, and

with good maps. They are really works of art. Price

six cents each in postage. Send for

them io'day while you

think of it.

OUR 8200 miles of rail-

road reach out from

Chicago, Peoria and

St. Louis to all the important

cities in the west and north-

west such as

ST. PAUL
MINNEAPOLIS
OMAHA
KANSAS C!Ty
DENVER

If you are going to any of

these places or to the Pacific

coast, kindly let me send you

time tables and other informa-

tion about our train service.

P. S. EUSTIS,
Pass. Traf. Mgr., C. B. & Q. R. R.

CHICAGO, ILL.
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honest, undisguised soap with its own clean,

wholesome scent, indicating its true antiseptic

qualities. It is more than soap, jnet costs no more,

and does more. Lifebuoy Soap gives double pro=

tection, for it adds to the cleansing value fine

sure power to destroy germs of infectious

that

soap

disease,

family

new antiseptic and

woodwork and floors,

toilet and bath, take

-promoting features.

THE SOAP THAT SAVES

'\
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Disease

l!b!!!!!inuria

and

Pusi-Searlaii

Alfred L. Loomis» M. D.^ former Pro/, Pathology and
the Practice of Medicine
of New York.

in the Medical Dept, ofthe University

^ Wm. A. Hammondy M. D., Surgeon-General {retired)

U, S. Arniy^ and former Prof of Diseases of the Mind and
Nervous System in the University of New York,

Geo. Halsted Boyiand, A, M.. M- D., Doctor of Medi-
cine of the Faculty of Paris y and former Prof, of Surgery in
Baltimore Medical College.

Wm. B. Towles, M. ^.^ former Prof of Anatomy and
Materia Medica in the Medical Depi, of the University of Va,

E. H. Fratt, A. M,, M, D-, LL.D., Prof Orificial
Surgery to the Chicago Homcepathic HospitaL

W. P. Brock. M National Assn. Rail-
way Surgeons and Member Medical Society of Ya.

J» T. Davidson, M. D., Ex-Pres. New Orleans Surgical
and Medical Assn.

Renal Galciii,

Sioae in ihe

Bladder and

InflaiDmatlon

the Bladder.

Dr. A, Gabriel P-'ichet, Prof of Pharmacology and
Materia Medica ofthe Faculty of Medicine of Paris.

J- T. LeB Ianchard, tA. D., Prof of Montreal Clinic,

SM, , SN , V. U
James K. Crook, A. M., M. D., Prof. Clinical Medicine

and Clinical Diagnosis^ Neza York Post-Graduate Medical School.

Jos. Holtj Wl. D . Ex-President of the Louisiana State

Board of Health, etc.

In Goutf

Uric Acif!

Gen s

Ru»^"'^ Bartholow, M. D., M. A., LL.D., Prof Materia
Medica and General Therapeutics, Jefferson Medical College^

Philadelphia.

James L. Cabell, M. D., A. iVI., \X..^.^ former Prof
of Physiology and Surgery in the Medical Dcpt. of the Uni-
versity of la., and Pres, of the National Board i,f Health,

Horatio C. Wood, M. D., former Prof of Materia
Medica. etc. in the Medical Debt, of the University of Fa.

Chas. B. Nancrede, M- D., Prof of Surgery, Medical
Dept. of the University of Michigan.

tit. John T. Metcaiff New York, Emeritus Professor of
ClinicalMedicine^ College ofPhysicians <^.:JSurg^^ns,New York.

A. Alexander Smith, M. D-, Pro/.o/Pjuctice ofJfedi
and Clinical Medicine, Belk-'ie Medical College, N K

MTHmwMm
PROPRIETOR,

for sale by the general drtig and ininer?1 water trade.
Volutainous medical testitnonv m^i.ied.

FFALO LITHIA SPRIftiCS, VA
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Look at the Trade-Mark f
*

Trade-Mark

01 lYlST GEflUlHE PACKAGE OP

The Finest

In the World. Hade only by

I Walter Baker & Co. Ltd.!
#• EstaWfshed 1780.

w
DORCHESTER, :^ASS.

—^^^-a^^^M^ ...

40 H18HE8T AWARDS IN EUROPE AND AMEfilCA.

For more than half a century

characterized by a distinct-

ive tone-quality
rich, pure, and

sympathetic.

Endorsed

by leading musicians

»^^ WeberPiano Company
Fifth Are., Cor.-Sixteenth St., New York

266 Wabash Ave., Chicago

Catalogue mailed upon request

rtW'^^a

THE DAINTIEST SOAP MADE is HAND
SAPOLIO. The only soap that makes every pore respond,

and energizes the whol body summer

e\^ery r>-v n T woman and child who would

ecessity

daintily

clean. Keeps you fresh and sweet as a sea breeze
;

vents sunburn and roughness. Make test yourself

AID THE NATURAL CHANGES the skin

usmsf SAPOLIO, and you will orain, or retain, a

natural beauty that no cos

"Daintv Woman's Friend.

metics can produce

Can you be with-

out it? Don't infer. Tr>' itl

bare ber-. established over 50 YEAR3, By o^/^l^
jMiyments every family m cttoderate cecumstar; --^ ^-^
a V05E piano, ifitstruments .\ !


