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CITATION.

Thefollowing method of writing citations^ adopted by the Madison Botanical Congress and
Section G, A.A.A.S., having been now tested by seven years' use, is earnestly recommended to

writers and editors. Contributors to the Botanical Gazette are requested to conform to it.

The examples given below are intended to illustrate the application of the principles in a variety

of cases.

In each complete citation there should be given the following items ;

a. Author's surname in full, followed by a comma. Given names or initials may also be

used.

b. Exact title, verbatim, following the capitalization required by the usage of the language

in which the title is written, but not necessarily the capitalization employed.

c. Name of periodical or work ; if abbreviated, ambiguity should be carefully avoided.

d. Series, if any, in Roman capitals.

e. Volume number in bold face Arabic numerals, followed by colon. In case there is no

volume number, the number of the part, heft, lieferung, or fascicle is to occupy this place but

is to be printed in Arabic numerals of ordinary face. When a volume is composed of parts

separately paged the number of the part is to be written as an index figure to the volume num-
ber. Volumes in parts with continuous paging require no designation of parts. Separate

volumes should not be indicated when paging is continuous. The year sometimes constitutes

the only volume number. It is not necessarily the year of publication.

/. Page, in Arabic numerals of ordinary face. In case paging of the paper is in Roman
numerals these should be used, preferably small caps. Re-paging in reprints and separates is

to be indicated by enclosing the numerals in parentheses. In case the original paging is

unknown an em dash should occupy its place, the reprint paging being given in accordance

with the foregoing rule. No individual or unique paging is to be cited under any circumstances.

g. Figures, plates, and exsiccatae are to be printed in italic Arabic numerals, the number
designating the figure or plate to be preceded by the abbreviations yf^. and//., respectively, in

italics,

h. Exact date should be given if possible, written in the mode and with the abbreviations

for months used by libraries (Ja, F, Mr, Ap, My, Je, Jl, Ag, S, O, N, D). The year at least

should be given.

/. Punctuation. Except the comma following the author's name, and the colon following

the volume number, all the items are to be separated by periods. If another citation follows

in the same line it is to be separated from the first by an en dash.

y. If it is considered desirable to give other data than series number (if any), volume num-
ber, page, and date, these should be added in brackets, after the date. But useless or unneces-

sary data should be avoided.

k. Citations of reviews, abstracts, and all such secondary references should be enclosed

in parenthesis.

EXAMPLES.

Lagerheim, G. voN., Ueber das Vorkommen von europaeischen Uredineen auf der Hochebene
von Quito. Bot. Centralbl. 54: 324-331. 1893.

Trelease, W., a revision of the American species of Epilobium occurring north of Mexico. Rept.

Mo. Bot. Gard. 2 : 69-117- //. /-^5. 22AP1891. ...
TULASNE, Ann. Sci. Nat. Bot. III. 7: pL 2, fig, 3. 1847.

m

SCHUTT, F., Bacillariaceae. Engler and PrantUs Natiirl. Pflanzenfam. I. i^; 117. 1896.

Ellis and Everhart, Pyrenomycetes 491. 1892.

Saccardo, p. a., Syll. Fung. 7': 481. N 1890.

Linn. Sp. Plant. 6^ ; 125. 1852. [ed. Willd.]

Gray, A., Man. Bot. 225, 1890. [6th ed.]

Mez, C, Bromeliaceae- HI, Flora Brasiliensis 115: 425-634. //. 81-114. I F 1894.

Bailey, The Japanese plums in North America. Bull. Cornell Agr. Exp. Sta. 62: 3-36. Ja i894-

[Illust.] (The figures are not numbered.)

Peck, C. H. Rep. N.Y, Mus. 47:—(18). N 1S94.

Ellis and Everhart, N.A.F. 1642, F 1889.



REMINISCENCES OF EX-GO V. BOUTWELL

PuHi Affaiairs

L .

No man has been more intimately connected with the great political events

the last half century than George S. BoutwelL In his book, with its rich fund

incident and anecdote, we have history told on the personal side.

2 vols, boxed. Net^ $3,00; postpaid, $3,26.

Asiatic ussia
H*

Prof, George Frederick Wright

In his travels through the little known parts of Siberia this trained observer

and scientist collected much of great scientific and political value. The book is

profusely illustrated with unique photographs.

Net^ $730; postpaid, $7*76.

Myra of the Pines
A Novel of Today

By Herman K. Vieli

The author The Last

Knickerbockers" and "The Inn of the

Silver Moon "
written a new and

charming romance of modern life.

$1.30.

Prince of Good Fellows

By Robert Barr

Adventures grave and gay of James

Scotland, who had a sprightly

habit of wandering about his realm in-

cognito. Illustrated by E.J.Sullivan.

$1,30.

Forest Neighbors
By W. D. Hulbert

Biographies of the shyest creatures
of wood and stream, written with the in-
timate personal touch of a man who has

t j
been a friend instead of a hunter of Hfe of woodland and farm with wonder-

Next to the Ground
Chronicles of a Countryside

By Martha McCulloch -Williams

A genuine nature book telling of the

them. Handsomely illustrated.

^^^l» S/>3o; postpaid, $iM.

fnl insight and captivating charm.

Net^ $1.20; postpaid, $r,j3.

Phillips
East 25tli Street

NEW YORK crrv



Every Botanist
Should be familiar with

the prominent works of

GEBRUDER BORNTRAEGER
PUBLISHERS

Die Glykoside. Chemlsche Monographic der Pflanzengly-

koside nebst systematischer Darstellung der kunstlichen

Glykoside von Dr. 1. I. L. von Rijn, Director der Reichsver-

suchsstation in Mastrlcht. 8vo. Cloth, $2.50.

Z>as Werk giebt—wie es bisher noch ntrgens geschehen— eine eingehende

chemische Behandlung der Glykoside -^ nicht niir eine kurzgefasste Zusammen-

stellung der chemischen Eigenschaften dieser Korperklasse^ sondcrn die Darsteh

lungsmethode^ die Grunde, welche zur Aiifstellung der Constitutionsformeln

gefuhrt haben etc.^ so dass das Biieh in chemisch-phar^naeetitischeri wie pharma-

kologiscken Kreisen sowte unier den Studirenden u^d sonstigen Freunden der

phytochemischen Forschung sicker mit grosser Freude begrusst werden wird.

Die Harze und die Harzbehalter. Historisch-

kritische und expermentelle, in Gemeinschaft mit zahlreichen

Mitarbeitern ausgefiihrte Untersuchungen von Professor Dr.

A. TscHiRcn, Director des pharmaceutischen Institutes der Uni-

versitat Bern. Mit 6 Tafeln. 8vo. Half calf, $5.00.

Das Werk stellt zum ersten Mai das gesammte Material dieser wichtigen

Gruppe von Pflanzenproducten kritisch durchgearheitet dar. Die streng wissen-

schaftlichen Undersuchungen werden auch fur die Praktiker, besonders fur die,

die sich mit Harzen und Harzprodiicten beschdftigen, von Interesse sein, da jede

rationelle Technikja auf wissenschaftUcher Grundlage ruht.

Write for free Catalogue; postpaid. Address:

Gebriider Borntraeger, Publishers
J

Dessauerstrasse 29.

Berlin, S. W. 46.
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^ -
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coast, kindly let me send you

time tables and other informa-
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CHICAGO, ILL.

AN INDISPENSABLE BOOK
FOR STUDENTS OF BOTANY

METHODS IN
PLANT HISTOLOGY

BY
CHARLES J. CHAMBERLAIN, A.M., Ph.D.
Instructor in Botany in the University of Chicago

SHIS BOOK contains directions for collecting and
preparing plant material for microscopic investi-
gation. It is based upon a course in botanical
micro- technique, and is the first complete manual
to b« published on this subject. It is the result of

^T?f^'f^JJ^"""^ ^^*^ classes in residence at the Uni-
versity of Chicago and with University Extension classesamay from the University. It aims, therefore, to meet the

II an instructorm a fully equipped laboratory, but also of the

^^ p ^"^' ^^"^^ ^y himself and with limited appa-
Jrus. tree-hand sectionino' the nar^ffln m^tir.,! tfiP rel-

ofl-''^-™''"'^'
"?* <J?'y- °« the student who has the assistance

s

roMil' '^'if-"='°<'
sectioning, the paraffin method, the eel

^\A^^.^ A-\ ^"^ *h« glycerin method are treated in con-

^iWf„ ?'•'• ^° '^'^f chapters specific directions are

who »^^ K f^'^'"?
such preparations as are needed by thosewno wish to study the plant kingdom from the algae up to

stainl^nVv^ P'??*^'. SP^"^1 attention is ^d to the

mastic .v-^'y.°,'""«'^'= figures, because the student who
tiattr i.L*

P"*"'^" *'" fi°d 'i"le difficulty in diffeten-

reageL rn^'
structures. Formulas arc given for the•agents commonly used in the histological laboratory,

i6o pp.
,
8vo, illustrated, cloth, (nef) $1.50

TU^" T
^"^^ ^^ Dealers or by the Publishers

A he University of Chicago Press
CHICAGO, ILL.

econd-Hand
B O O R

ON

BOTANY, ENTOMOLOGY,
AND MATHEMATICS

FOR SALE BY

CHARLES L. SMITH
Bookseller

IOWA CITY. IOWA
Estimaies at which sets a/ Journals can hefurnished

made on request. Sendfor price hsts

"WILLIAM R
The Prospects of the

Small College...

RECAST from an address delivered before

the National Educational Association, at

Charleston, South Carolina, July lO, 1900. The
substance of the book was also given as a

course of lectures at the University of Chicago

lamo, PAPER, 2SC. (posTTAro), sentom
RKCKIFT or PRICE BV THE PUBLISHERS

The Unhrctsity of Chicago Press

CHICAGO, ILLINOIS

(A complete Catalogue of Publications sent on Request.)



Important
OF UNIVERSITY OF

Russian Political Institutions
By MAXIME KOVALEVSKY, Formerly Professor of Public Law at the

University of Moscow
Up to the present time the standard work on Russia for English-speaking peoples has been
Mackenzie Wallace's volume. The aim of Professor Kovalevsky's book differs widely. Instead

of aiming "to convey a general idea of the country and people'* (as Wallace phrases his

object), it is essentially expository— the history of an evolution. This history has never before

been written in English. In the main the book is one for the student and the scholar, in a much
more intimate sense than is, for instance, Professor Bryce's American ComtHonwealih^ But
the sections dealing with the emancipation of the serfs, local self-government, and, especially, the

universities and the press, will be found to contain matter not only not elsewhere accessible, but
of universal interest. ^

" The subject is one upon which so little has been written in English that the work will be widely
read by those interested in the great Northern Empire."

—

Annals of the American Academy,

310 pp., royal 8vo, cloth; $1,50, net; postpaid, $t.6o

Constructive Studies
Element

the Priestly
Old Testament

By WILLIAM R. HARPER, President of the University of Chicago,

The scope of the work includes a comprehensive study of everything pertaining to the work of

the priest in the Old Testament times as distinguished from that of the prophet and the sage. The
method of treatment is inductive and constructive, while the purpose is to guide the student in

. an effort to gain for himself an intelligent and systematic understanding of the place of the priest
and his work in the Old Testament.

162 pages, Svo, cloth, $1.00

Constructive Studies in the Life of Christ
By ERNEST p. BURTON and SHAILER MATHEWS, Professors In

the University of Chicago.
The whole Gospel history is treated in a connected way. The most Important political and
social features of the New Testament times are described in an endeavor to present a true
historical perspective and to consider carefully the just proportion and actual relations of the
various events and aspects of the history. It is adapted for use in college and academy classes,
Bible clubs, advanced Bible classes, and by the individual student. The plan is to present the
best attained results of biblical scholarship, employing the best modem pedagogical methods.
'*It seems to us far superior to any scheme of Bible Study that we have seen."

—

The Outlook,
302 pages, Svo, cloth, $1.00

nt r ibutions Educati
JOHN DEWEY, Professor and Head of Department of Philosophy in the Univer-

sity of Chicago, and ELLA FLAGG YOUNG, Professor of Education in

the University of Chicago,
The series as a whole aims to effect the union of educational theory and practice in distinction
from vague enthusiasm, loose exhortation, and abstract theorizing. It endeavors to bring the dis-
cussion of actual school practice to the test of the fundamental principles involved. These prin-
ciples are derived from modern psychology and social philosophy, and are stated in a simple and
non technical manner. The series will bring its readers into touch with what is vital in contem-
porary educational philosophy.

Isolation in the School

Psychology and Social Practice

The Educational Situation

Ethics in the School «

The Child and the Curriculum

By Eli.a Flagg Young
lamo, paper, net^ 50 cents; postpaid, 54 cents

- - By John Dewey
lamo, paper, net, 25 cents; postpaid, 27 cents

- - By John Dewey
lamo, paper, net, 50 cents; postpaid, 53 cents

• By Ella Flagg Yolng
lamo, paper, net, 25 cents; postpaid, 27 cents

- " By John Dewey
ismo, paper, net, 25 cents; postpaid, 28 cents

Theory By Ella Flagg Young
l2mo^ p3per, net, 25 cents; postpaid, 28 cents

Price for series on one order to same address, net, $1.50; postpaid, $1.67

For Sale by Dealers
t?cr$lty i,Wmf Til!
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WEEK

PUBLIC For Ten Weeks' Subscriptlo
INION PUBLIC OPINION is now an indispensable 32-

pa^e -weeKly" mag'azine* comprising in itb 52 issues
a ^rand total of over 1700 pages of reading mat-
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VOLUME XXXIV NUMBER I

Botanical Gazette
JULY, Igo2

THE UREDINEyE OCCURRING UPON PHRAGMITES,
SPARTINA, AND ARUNDINARTA IN AMERICA.'

J, C. Arthur.

(with four figures)

Upon the several species of Phragmites, Spartina, and Arun
dinaria there occur in America one species of Uromvces and six

species of Puccinia. There has never existed material confusion

regarding the Uromyces species, except to divide it into i^NO upon

geographical grounds ; but the Puccinia species have been so

much confused and misunderstood that one may say with much
truth that, whenever a correct determination has been made, it has

been due more to good fortune than to clear insight. The most

common disposition of these six species has been to list them

indiscriminately under P. Phragmitis (Schum.) Korn., or possibly

under P. armtdinacea Hedw, or DC, or occasionally under P.

Aru7idinari(B Schv^ . In 1876 Kornicke* showed that in Europe
two species of Puccinia occur upon Phragmites that are mor-

phologically distinguishable, which he diagnosed under the

names P, Phragmiiis and P, MagJiusiana. The first of th

species appears to be cosmopolitan and occurs in America, but

not the second one. This second species is represented by a

closely related one, however, which, together with the other

four species of Puccinia and on^ of Uromyces described in this

'Presented by title at the Columbus meeting of the Botanical Society of

America, Ag 1899.

'Hedwigia 15: 178. 1S76.
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paper, appears to be exclusively American. Several European

species now known to occur upon Phragmites have not yet been

found in America.-

The writer's attention was first called to the confusion in the

American species when studying the uredospores upon Spartina,

preparatory to undertaking cultures. The results of subsequent

study are now presented in systematic order, and with suffi-

cient fullness, it is believed^ to permit of the ready identification

of material.

In this paper, whenever actual specimens are cited, the kmd
and abundance of the spores present are indicated by the cipher

and Roman numerals: O. I. 11. III. If the spore receptacles

are well formed and fairly abundant, large (capital) type is

used; and if the spores are few and subordinate, small (lower-

case) type is used. Thus, II, iii, indicates that well-formed

uredosori are present, but that the teleutosori are comparatively

few, or that what teleutospores are present are borne in the

uredosori.

Grateful acknowledgment is made to a number of mycolo-

gists for the loan of specimens. Professor T. J. Burrill of the

University of Illinois, Professor L. H. Pammel of the Iowa State

College, Professor W. G. Farlow of Harvard University, Pro-

fessor L. R. Jones of the University of Vermont, Professor F. S,

Earle of the Alabama Polytechnic Institute, and the custodians

of the Philadelphia Academy of Sciences and the New York

Botanical Gardens, placed a portion of the herbaria under their

charge at my disposal ; while the following botanists either

loaned specimens from their herbaria or gathered material from

the field for my use: Messrs. H. L. BoUey, R. I. Cratty, E. VV.

D. Holway, G. W. Carver, H. H. Hume, J. J, Davis, E. Bar-

tholomew, S. M. Tracy, T, H. MacBride, P. H. Rolfs, L. M
Underwood, and C. E. Bessey. I am furthermore especially

indebted to Mr. A. B. Seymour for the generous loan of a part

of his herbarium, which proved remarkably rich in collections

representing nearly all the species covered by this paper.

All figures accompanying this paper are drawn with camera
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lucida to a uniform scale of 470 diameters, and all are in vertical

section, excepting three uredospores which are in transverse

section (see explanation of figs, j and 4). The pedicels are as

carefully drawn as the rest of the spore.

I. Uromyces ACUMiNATUS Arth. 1883, May. Bull. Minn. Acad.

Sci. 2:35.

Syn.: 1S83, July, Uromyces Spartina Farl. Proc. Amer, Acad. Sci.

18: n.
ExsiCC: Ellis, N. Amer. Fungi, 239"^ 1443"'.

Sydow, Uredineen, 251 ^".

Seymour and Earle, Econ. Fungi, 67'", 68'", 546'".

O. I. Spermogonia and aecidia unknown.
II. III. Sori epiphyllous, intercostal, linear, soon naked,

ruptured epidermis conspicuous, II. Uredosori yellowish,

inconspicuous; uredospores globose or broadly elliptical, large,

22-3 5/x in diameter, average 30^, wall golden yellow, thick while

immature, becoming thin, echinulate with low, stout points, pores

5 to 8, scattered. III. Teleutosori blackish-brown, sunken

between the nerves or protruding; teleutospores dark brown,

obovate or oblong-clavate, 15-22 by 25-40/*, apex darker,

acuminate or obtuse, or with two or more projections, much
thickened, 8-1 2/t, base narrowed, pedicel colored, firm, once to

thrice length of the spore, often shorten

From Massachusetts to Illinois and Nebraska and northward
;

especiall}' abundant in the upper Mississippi valley. On leaves

of the several species of Spartina; the uredospores in July, soon

followed by the teleutospores, which persist through the winter

and germinate the following spring. Specimens have been

examined as follows :

On Spartina cynosuroides {^)\^\\\6.. 1881. HI, Illinois (1326, A. B.

Seymoitr); Sept. 1882, III, Ft. Dodge. Iowa (type of Urom. acuminatus Arth.,

J- C. Arthur); ^Qv. 1882, III, Decotah, Iowa {E. IV. D. Holway^; Dec.

1882, III, Spirit lake, Iowa (/. C. Arthur); July 1883, II, Spirit lake,

Iowa (/. C. Arthur) ; Sept. 1 883, III, Decorah, Iowa (Ellis, N. Am. Fungi, 1443.
E' W. D. Holivay); Dec. 1883, III, Spirit lake, Iowa (/. C. Arthur); Aug.

1884, HI, Bismarck, N. D. (Journey to Washington Territory, 297, ZqZ, A.
B. Seymour); Aug. 1884, HI, Valley city, N. D. (Journey to Washington



4 BOTANICAL GAZETTE [JULY

Territory, 299, A. B. Seymour) ; Sept. 1884, III, Decorah, Iowa {E. W. D. Hoi-

nvay); Oct. 1885. Ill, Decorah. Iowa (Sydow's Uredineen, 251, E. W. D.

Holway)\ July 1886, 11. iii, Emmet co., Iowa {R. /. Cratty)\ Aug, 1886.

Ill, Emmet co., Iowa (524, R. I. Cratty)\ Oct, 1888, III, Racine, Wis. (/. /•

Davis)\ Aug. 1898, IL iii, Spirit lake, Iowa (/. C. Arthur); April 1899,

III, Ames, Iowa (Cryptogams: Plants of Iowa distributed by the Iowa State

College, M^H.H. Hiwie)\ July 1899, IL III, Fargo, N. D. {H, L. Bolley);

Aug. 1899, ii. Ill, Long Pine, Neb. (/. M, Bates)\ Oct. 1901, III, Fargo,

N. D. {H, L. Bolley) ; no date, ii. Ill, Canada (1193, C, G. Prt?tgle).

On Spartina gracilis Trin. Sept. 1884, III. Medora, N. D. (Journey to

Washington Territory, A, B, Seymour)', July 1901, II. Ill, Gleichen, Alberta,

Can. {E. IV. D. Holway).

On Spartina glabra Muhl, No date, IL III. Woods Hole, Mass. (Ellis'

N. Amer. Fungi, 239, type collection of Urojji, Spartince FarL, W, G. Far-

low)-, Oct. 1889, III, Cambridge, Mass. (Seymour and Earle's Economic

Fungi, 68, A. B. Seymour).

On Spartina patens {IK\i,) yinhX, Oct. 1889, III, Cambridge, Mass. (Sey-

mour and Earle's Econ. Fungi, 67, yi. 5. Seymour)] Sept. i899,ii, III, Portland,

Me. (/. C, Arthur),

The species apparently finds its greatest development, judg-

ing by the abundance of the teleutosporic stage, in the prairie

region of the upper Mississippi valley and northward, although,

judging by the fullness and prominence of the sori and plump-

ness of the spores, it flourishes best along the northern Atlantic

shores. No one has yet been able to suggest the probable

aecidial stage, which should be known before pronouncing upon

the conditions best suited to the species. Dr. W. G. Farlow,^ in

notes on the first collection made at the seashore, mentions his

failure to find any aecidium in the vicinity that could reasonably

be associated with it, and several times in northern Iowa, where

the species is especially abundant, the writer has made careful

search for a related aecidium, but wholly in vain.

The teleutospores of this species, as well as their sori, are

quite variable i^fig^ /, ^ to e^. Collections made from salt

marshes near the sea, which have heretofore been called Uront.

SpartincE Farl., have the sori prominent, and the teleutospores

with more rounded apices, and, in general, a deeper-colored,

more luxuriant appearance {fig. /, c) . This richer development

3Proc. Amer, Acad. Sci. 18 : 77.
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also extends somewhat to the uredospores, which generally are

larger and have thicker walls. But these characteristics are not

wholly absent from inland specimens. They are quite as well

shown in both sori and spores in two collections from Alberta

and North Dakota in the northwest, both on Spariina gracilis

\fig' ly ^), and also, so far as the spores are concerned, in a speci-

men from Nebraska (Bates, Aug. 1 899) and one from Wiscon-
sin (Davis, Oct. 1888), both on S. cynosiiroides [Jig. /, b and d).

The latter specimen is in the herbarium of Mr. A. B. Seymour,

e

b d

Fig. I.

—

U. acuminaius : ^z, three teleutospores showing size and diverse forms

common on the western prairies, on Spartina cynosziroides from Iowa; b, two teleuto-

spores on same host from Wisconsin (Davis, 1888); r, three uredospores and three

teleutospores of the typical U, Spariinac Farl. common along the seashore, on Spartina

glabra from Woods Hole, Mass.; d, one uredospore and one teleutospore on Spartina

cynosuroides from Nebraska (Bates, Aug. 1899); e^ two uredospores and three teleu-

tospores on Spartina gracilis from Alberta (Holway, 1901).

and is accompanied by the following note, probably made by
the collector: *' Has the large, blunt-warted uredospores of

Sp. long and broad pedicels of the

teleutospores. nor the large, elongated sori ; it has darker and

more rounded teleutospores than Urom. acumifiatusJ' This note

brings out clearly the distinctions that have been maintained

between the two forms.

Of the variability of the teleutospores of the inland form

Burriin makes the following observations [fig^r.a): '* Among
^ Parasitic fungi of Illinois, Bull. 111. Lab. Nat. Hist. 2 : 169.
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the Uromycetes inhabiting grasses this is readily distinguished

by the irregular and peculiar shape of the teleutospores ;
while

some are no longer than wide, many are oblong or nearly lanceo-

late, while the apex has a multitude of forms ; sometimes

straight, sometimes acutely acuminate, often turned sidewise,

beak-like, not seldom double, and occasionally suggesting the

appendages at the apex of the teleutospores of Puccinia coro-

nata!' The paler, more slender, and poorly nourished teleuto-

spores of the inland form are associated with the smaller sori,

which are sunken and compressed between the stout nerves of

the leaves.

If there are specific differences between the seashore and

inland forms of this rust, they can only be established with cer-

tainty by cultures. Morphological characters derived from the

uredo and teleuto stages show no differences that are not

accounted for by ecological conditions.

The species was first recorded by Farlow^ in 1878 under the

name Urom, Junci. The following year the same collection was

distributed in Ellis' North Anier, Fungi, No. 239, under the name

Urom, Junci var. Spartinm^ but without description. Later study

resulted in raising the form to specific rank, as given in the

synonymy above.

2. Puccinia Fraxinata (Lk.), nom. nov.

Syn.: 1822. Aecidiiim Fraxini Schw, Schrift. d. nat. Gas. zu Leipzig

1 : 66.

1825. Caeoma Fraxinatum Link. Linn^ Sp. PI. 6= : 62,

1834. Caeoma (^Roestelia) Fraxinites Schw. Trans. , Amer. PhiL Soc.

4:294.

1890. Uredo peridermiospora E. & T. Jour, Myc. 6 : ^T.

1896. Puccinia sparganioides E & B. Erythea 4:2.

1899. Puccinia peridermiospora Arth. Science 10:565.

Exsicc: Ellis and Everhart, N. Amer. Fungi, 1851^", 3475"^-

I

V

Ellis and Everhart, Fungi Columb., 1288"^

Carleton, Ured. Amer., 33^.

Sydow, Uredineen, 262"^ and 1167^^^

O. I. Spermogonia epiphyllous, yellow, inconspicuous

;

5 Bull, Bussey Inst. 2 : 225 and 243.
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spermatia obovate or oblong, about 3 by 5 /x. Aecidia hypophyl-
lous, or on petioles and fruit, in dense rounded groups, usually

on swollen and discolored spots; peridia cylindrical, often

elongated, margin lacerated ; aecidiospores obovate or elliptical,

22-36 by 33-37 /"» contents orange when fresh, becoming faintly

yellow when old, wall colorless, thin at the sides but greatly'

thickened at the obtuse apex, tuberculate.

IL III. Sori hypophyllous, amphigenous on some hosts,

supercostal, very prominent, large, oblong, elongated on sheaths

and culms, ruptured epidermis attached in shreds or disappear-

ing, II, Uredosori pulverulent, at first bright orange, becoming

yellowish and indistinct ; uredospores obovate or elliptical,

22-30 by 33-44 II, contents orange when fresh, becoming faintly

yellow when old, wall colorless, thin at the sides but greatly

thickened at the rounded apex, prominently tuberculate, pores

obscure. III. Teleutosori pulvinate, blackish-brown; teleuto-

spores elliptical or oblong, 16-22 by 35-62 /i, dark brown,

slightly constricted at the septum, apex obtuse, thickened

;

pedicel firm, slender, tinted, once to twice the length of the

spore

Common throughout the United States and Canada east of the

Rocky mountains. On leaves, petioles, and fruiting inflorescence

of the various species of Fraxinus and Spartina ; spermogonia and

aecidia May to July, uredo in July and August, followed shortly
^

by the teleutospores, w^hich persist through the winter and ger-

minate the next spring. Specimens have been examined as

follows :

On Fraxinus lanceolata Borck. {F. viride Michx.) May 1871, O. I,

Ames. Iowa (/. C. Arthitr); July 1883,0. I, Spirit lake, Iowa (/. C.

Wash 1892,

HartholomeTO

M
Minn. (/. C. Arthur); May and June 1899, O. I. Lafayette, Ind. (grown
from teleutospores on Spartina by the writer, /. C. Arthur) ; June 1899, I,

Ames, Iowa {H. H. Hume) ; July 1899, I, Spirit lake, Iowa (/. C. Arthur) ;

Aug. 1899, I, South Hero, Vt. (£. R. Jones); June 1900, O. I, Spirit lake,

Iowa (/. C. Arthur); July 190 r, I, Crow agency, Mont. (237, /. W, Blank-
inship).
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On Fraxi7iiis Americana L. June 1889, O. I, Iowa city, Iowa {^Mrs. M.

F, L. FitBpatrick).

On Fraxmus Pennsylvanica Marsh. ijF, pubescens Lara.). June 1899,

O. T, Long pine, Neb. (/. M. Bates) ; Aug. 1899, I, South Hero, Vt. (Z. R.

Jo7ies) .

On Fraxinus nigra Marsh. {F. sainbticifolia Lam.), July 1884, o. I, La

Crosse, Wis. {L, H, Pafn77iel^.

On Fraxinus sp. indet. No date, o. i, Bethlehem, Pa. (Type of ^cid,

Fraxini Schw., Z. von Schweinitz),

On Spartina cy7iostiroides (L.) Willd. Aug. 1882. Ill, Charles city,

Iowa (/. C Arthur); Oct. 1882, III, Ames, Iowa (/. C. Arthur) \
Oct.

1882, III, Urbana, 111. (6335, A. B. Sey77iour)\ Oct. 1882, III, Ames, Iowa

(/. C. Arthur)', Nov. 1882, III, Decorah, Iowa (^. W, D.Holway)\ Dec.

1883, m> Spirit lake, Iowa (/. C Arthur) ; Aug. 1884, III, Bismarck, N. D-

(Jour, to Wash. Terr., A, B, Seymour)', Oct. 1885, III, Decorah, Iowa (Z,

W. D. Holway) ; Oct. 1885, III, Urbana, 111. {M. B. Waite) ; Oct. 1889, HI.

Decorah, Iowa (Sydow's Ured., 262, E. IV. D. Holway) \ Oct. 1890, III,

Racine, Wis. (/. /. Davis) ; Oct. 1892, III, Brookings, S. D. {David Grif-

fiths)', Oct. 1892, III, Ames, Iowa {G. IV. Carver); Aug. 1895, ii. HL
Rooks CO., Kan. (Type of Buc. sparganioides E. & E., 1908, E, Barthol-

077iew)\ Aug. 1897, III, Rooks co., Kan. (Ellis and Everhart's Fungi

Columb., 1288, E.Bartholomew)', Oct. 1897, III, Rooks co., Kansas {E.

Bartholomew)', July and Aug. 1898, IL III, Spirit lake, Iowa (/. C.

Arthur); Oct, 1898, III, Alburgh, Vt. {W. A. Orton) ; April 1899, III,

Lincoln, Neb. (in part used by the writer for successful cultures on Fraxinus,

W. 7. Home) ; May 1899, HI, Fargo, N. D. {H. L. Bolley) ; May 1899, III,

Ames, Iowa (in part used by the writer for successful cultures on fraxinus,

H H Hume)
; July 1899, II. Ill, Fargo, N. D. {H. Z. Bolley); Aug. 1899,

IL iii, Ames, Iowa (H, H. Hume) ; Aug. 1899, III, South Hero, Vt. (L. R*

Jones); Aug, 1899, III, O'Neill, Neb. (/. M. Bates); Oct. 1900, III,

Orono, Me. {R. L, Richer); No date, III, Stillwater, Okla. {E. E. Bogtte);

No date, III, Ft. Dodge, Iowa (/. C. Arthur).

On Spartina glabra MuhL Sept. 1889, II, Ocean springs. Miss, (type

of Uredo peridermiospora E. & T., S. M. Tracy).

On Spartina polystachya (Michx.) Willd. Oct. 1886, III, Point a la

Hache, La, (Ellis and Everhart's N, Am. Fungi, 1851, A. B. Langlois);

No date, III, no locality (Raveners Fungi Carolinian], 89, no collector

recorded).

On Spartina patens (Ait.) Muhl. 1891, III, Salem, N. J. [A. Commo7is) \

Sept. 1898, III, Madison, Conn. (2067, 71 E. Hazen).

In many parts of the country, especially in the upper Missis-

sippi valley, this species is one of the most abundant of plant

,^
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rusts, both on Spartina and Fraxinus. Bessey^ records that in

1885 it infested the green ash trees about Lincoln, Neb,, to such

a degree as to attract the attention of casual passers.

The teleutosporic form is equally common with the aecidial,

and is well represented in herbaria, where it has passed under the

name of Pi/c. Phragmitis for the most part. It was not until the

publication of the result of cultures by the writer 7 about two
*

years ago, that the autonomy of the species was recognized.

f s h

Fig. 2.— P, Fraxinata: fy three aecidiospores on Fraxinus laneeolata; gy six

uredospores, and [h) six teleutospores, both on Spartina cynosiiroides.

The uredo form is very rarely collected, and the writer has

had much difficulty to secure material for study. The sori are

rather conspicuous when they first appear, but are usually not

abundant, and are soon replaced by the teleutospores.

The aecidiospores and uredospores show a very remarkable

similarity in color, form, and {fig' ^^ f Both

have colorless walls, greatly thickened at the apex, and evenly

tuberculate. The contents are of the same shade of orange, a

color that speedily disappears with the death of the protoplasm.

In fact the uredospores differ in appearance from the aecidio-

spores chiefly in being a little more robust. The shape and

dimensions in the diagnosis above are for the spores when seen

® Amer. Nat. ig : 886 ; see also ibid. 20 : S06. 7 Box. Gaz. 29 : 275-
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from the side, that is, in vertical section, making the description

of both forms comparable with that of the teleutospores

{fig. 2, h).

On Spartina this rust occurs exclusively on the hard and

smooth surfaces of the plant ; the under (smooth) side of the

blade, the sheaths, and the exposed parts of the internodes.

On Spartina polystachya and 5. glabra it grows equally well on

both surfaces of the blade. This difference of habit is correlated

with the fact that in these two hosts the hard tissues of the leaf

are almost equally well developed upon both sides of the blade,

so much so as to prevent the leaf from becoming much convo-

lute upon drying, as it does in the other species of the genus.

The writer is fortunate in having been able to examine all

the type material upon which the synonymy of the species is

based. The type of ^ciditim Fraxi?ii Schw., which is in the

Schweinitz collection at the Philadelphia Academy of Sciences,

consists of a single leaf, bearing thirteen round groups of aecidia.

The spots are much swollen, but too young to show open peridia.

peridermiospora

of the bases of Spartifia glabra M
of which is in the herbarium of Mr. S. M. Tracy, the collector,

and the other is in the Ellis herbarium at the New York Botanical

Gardens. In the packet at the latter place is the following

unsigned note: **Spor. pyriform, 35-45 X 18-22 /x, contents

orange-red with a hyaline envelop, which is at first subtubercular-

roughened, but finally becomes smooth or nearly so. The

spores are much like those of Peridermmm pyriforme Pk." The

type of Puccinia sp herbarium

at the New York Botanical Gardens. It consists of quite a

number of portions of leaves, each about 10'^'" long, all well

covered with uredo- and teleutosori, and is accompanied by diag-

nostic and other notes. The host was at first supposed to be

Carex sparganiaides, and was so stated in connection with the

original description, and hence the specific name; it was after-

ward thought to be Carex striata^ and is so labeled in Ellis and

Everhart's N. Amer. Fungi, no. 3475 ; finally the host was
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determined as Spartina cyniostcroidcs, and the correction published

by Bartholomew^ in his list of Kansas Uredineae. All the syn-

onyms of the species are founded upon these three types.

The oldest specific name, Fraxiniy cannot be transferred to

the genus Puccinia, as there is already a P. Fraxini Kom. from

the orient,' and the next oldest name, that of Link, is therefore

taken.

3. Puccinia Seymouriana, sp. nov.

Exsicc : Ellis & Everhart, N. Am. Fungi, 1474 "^

Seymour & Earle, Econ. Fungi, 69^^^

O. I. Spermogonia and aecidia unknown.

II. III. Sori epiphyllous, intercostal, prominent, oblong, rup-

tured epidermis inconspicuous. II. Uredospores globose, or

broadly elliptical, 26-39 t>y 30-45/^, contents orange when

fresh, becoming faintly yellow when old, at first globose, after-

ward angular and shrunken, wall colorless, thickened above,

sometimes to more than half the diameter of the spore, promi-

nently tuberculate, pores obscure. IIL Teleutosori pulvinate,

chocolate brown ; teleutospores elliptical or oblong, 20-26 by

37-52 /i, slightly constricted at the septum, apex obtuse, thick-

ened; pedicel firm, slender, tinted, once to thrice the length of

the spore.

From Massachusetts to Illinois and Iowa, and northward.

On blades of Sparti?ia cyiiosuroides; uredospores in July, soon

followed by the teleutospores which persist through the winter

and germinate the next spring. Specimens have been examined

as follows:

On Spartina cynosuroides (L.) Willd. July 1881, III, Hudson, 111. (2348,

A. B. Seymour); Aug, 1881, III, English prairie, III. (1346, A. B. Seymoiir)\

Oct. 1S81, III, Canton. 111. (1771, ^. ^. 5o'^^/^«^); Oct, 1 881. May and Sept.

1882, III, Normal, 111. (1829, 4794, 6262, A. B, Seymour)\ June 1882, III,

Normal, 111. (5272, C, A. Hart)\ Jan. and March 1883, III, Normal, 111.

{C.A.Hari)\ April 1883,111, Madison, Wis. {Wnu Trelease)\ Oct. 1883,

III, Chicago, III. (/. C Arthur)', Nov. 1883, III, Normal, 111. (Ellis & Ever-

*Trans. Kan. Acad. Sci. 16:178.

*See Jaczevvski, Komarov, Tranzschel, Fungi Rossiae Exsiccati, no. 225, where

full description is given.
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hart's N. Am. Fungi, 1474, v?. B. Seymour) ; Aug. 1884, III, Bismarck, N. D.

(Jour, to Wash. Terr., 296, 302, A. B. Seymour)\ Oct. 1890, III, North Wey-

mouth, Mass. (Seymour & Earle's Econ, Fungi, 69, Z. M. Underwood)]

M,

Wis
Wis. ( /. /. Da7Jts\ : No date. III, Ames, Iowa (L, H

meL

In naming this very distinct new species I take pleasure in

recognizing the services of Mr. A. B. Seymour in the cause of

mycological science. One-third of the collections of this species

that I have been enabled to study, coming from various sources,

were made by him, and it was during my examination of the

material in his private herbarium, kindly placed at my disposal,

that I became aware of the existence of the species, which has

heretofore been an unrecognized part of the preceding one.

The species is separable from P, Fraxinata, and recognizable

with considerable ease, by the position of the teleutosporic sorl

on the rough side of the leaf, emerging from between the nerves.

They are usually a little lighter in color also. But the final

reliance must be upon the uredospores {^fig^ J, ^), which are

very distinctive, and a few of which may almost invariably be

found intermixed w4th the teleutospores {^fig. J, /) , at whatever

season of the year the material may have been gathered. The

shrunken contents lying at the base of the spore, and the color-

less, tuberculate wall, gives the spores a wholly unique appear-

ance among gramineous species.

Attempts at cultures have been made for three seasons past,

but so far in vain. At first the efforts were misdirected from

lack of any but the vaguest geographical clues. After detecting

and establishing a connection between morphological similarity

in uredo and aecidium and also a specific relationship in the pre-

ceding species, I searched through the herbarium for some

aecidiosporic form having colorless, tuberculate walls, and angu-

larly shrunken contents, and was rewarded by finding that

jEcidium Cephalanthi Seym, possessed exactl}^ these characters.

Its geographical range is also that of P. Seymouriafia, so far as

the two are known. In the spring of igoi I was possessed of
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this information and the necessary material, but was frustrated

by failure of the teleutospores to germinate. The preceding

winter seems, for some unknown reason, to have been destructive

of many plant rusts. Asp,

lateripcs, P. emaculaia^ P. vexaiis, and many others could not be

made to germinate, showing that the spores had winter-killed.

Although cultures must be awaited, yet there can be little doubt

that the early stages of P. Seymotiriana occur upon Cephalanthus.

U

I

k m
Fig. 3.— P, Seymotiriana : -^, four uredospores, and (/) three teleutospores, on

Spartina cynosuroides, P. Distichlidis : w, five uredospores, the two lowermost shown
in transverse optical section, and («) four teleutospores, both on Spartina gracilis,

4. PucciNiA Distichlidis E. & E. 1893. Proc. Phih Acad. Sci,

^893: 152.

Syn,: i8g8. Dicaeo7na Distichlidis Kuntze. Rev, Gen. PL 3: 468.

O. I. Spermogonia and aecidia unknown.
11, III. Sori epiphyllous, intercostal, early naked, ruptured

epidermis conspicuous. IL Uredospores broadly elliptical^

broadly obovate or globose, 26-32 by 27-40/4, wall pale yellow,

thick, abundantly echinulate with stout points, pores six or more,

scattered, indistinct, contents sometimes centrally shrunken.

III. Teleutosori blackish, prominent, linear-lanceolate with acute

ends; teleutospores obovate or lance-oblong, 17-21 by 48-56/4,
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slightly constricted at the septum, apex obtuse or subacute,

thickened, side walls thin, base somewhat narrowed, pedicel

firm, rather thick, tinted, as long as the spore or longer.

From Montana to North Dakota and Iowa. On blades of

Spartina; uredospores in July, soon followed by the teleuto-

spores, which persist through the winter. Specimens have been

examined as follows :

On Spartina gracilis Trin. Oct. 1888, III, Ten-mile creek, Mont. {F, W.

Andersoii)\ Oct. 1888, III, Helena, Mont. (185 F, IV. Anderson); Oct. 1888,

III, Helena, Mont. (F. D. Kelsey) ; Aug. 1890, ii. III, Helena, Mont. {F. D,

Kelsey)\ Sept. 1891, III, Helena, Mont, (type collection, F. Z>. Kehey)\

Aug. igoi, III, near Laramie, Wyo. (1219, Elmer D, Aferrill drnd E, N. H^il-

cox).

On Spartina cynos7iroides (L.) Willd. Aug. 1884, III, Valley city, N. D,

(Journey to Wash. Terr., A. B. Seymour)\ Aug. 1886, III, Emmet co., Iowa

(544 R. L Cratty)\ May 1899, III, Fargo, N. D. {H. L. Bolley)\ July 1899,

II. Ill, Fargo, N. D. {H. L. Bolley),

This species was described some time ago, but its true char-

acter and position have remained unrecognized, on account of

error in determination of the host, which was said to be Dis-

tichlis maritima, and hence the specific name. The unfortunate

mistake has led to much confusion, as many collections on

Distichlis have been given this name by wrong assumption, and

many unwise comparisons made.

The type is in the Ellis collection at the New York Botanical

Garden, It consists of several portions of leaves, each about

8^" long, well covered with teleutosori. It was gathered

September 21, 1891, at Helena, Mont., by Rev. F. D. Kelsey.

In the herbarium of Mr. A. B. Seymour are two other collections

from the type locality, and in the herbarium of Dr. VV, G. Farlow

is a fourth collection from the same locality. A comparison of

these several collections, one (Anderson's No. 185) being

accompanied with inflorescence, leaves not the shadow of a

doubt that the host for all of them is Spartma gracilis Trin.

There is, however, a Puccinia stibnitens Diet., a wholly distinct

species, which does occur upon Distichlis maritima.

%

The pointed extremities of the teleutosori, and the large \
I
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echinulate uredospores, with uncontracted or occasionally cen-

trally contracted contents, well distinguish this species from

other Spartina rusts {fig. j, m and n).

5. PucciNiA RUBELLA (Pers.), nom nov.

SvN.: 1 791. Aecidiiim riibellum Pers. Linn^ Syst. Nat. cur. Gmelin

2:1473-

1796. Aecidium Rumicis Hoffm. Bot. Taschenb. 2 : —

,

1803. Uredo Phragmitis Schum. Fl. Saell. 2 : 231.

1808. Puccinia arundt7tacea Hedw, Lam, and DC, Encycl, 8 : 250.

18 10. Uredo striola Strauss. Wetter. Annal. 2 : 105.

1827. Uredo rubella Spreng. in part. Syst. Veg. 4 : 572.

1876. Puccinia Phragmitis Korn. Hedw. 15 : 179.

1898, Dicaeoma Phragmitis Kuntze. Rev. Gen. PI. 3 : 470.

Exsicc: Sydow, Ured., 278^, 576^^^ 679^ 68o^ 779^ 924 ^

Seymour and Earle, Econ. Fungi, 70 "^

Carleton, Ured. Amer. 36 "^

Eriksson, Fungi Par. Scand. Exsicc, i6q^.

Linhart, Fungi Hungar,, 26" "^ 37^

Vize, Fungi Brit, 124^", 161 ^

Thuemen, Myc. univ., 630 ^

O. I. Spermogonia not observed. Aecidia small, hypo-

phjdlous, on purple-red, somewhat swollen spots, in rounded,

often circinating groups, peridia white, low, with reflexed, much
split border, aecidiospores polygonal, 17-25 /x in diameter, nearly

colorless, wall rather thin, finely tuberculate.

II. III. Sori amphigenous, prominent, oblong, elongated on

sheaths and stems, ruptured epidermis inconspicuous. II.

Uredosori, brownish-yellow, pulverulent, without paraphyses
;

uredospores elliptical or obovate, 19-24 by 27-36 /x, wall

thick, golden yellow, tuberculate, pores four, equatorial. III.

Teleutosori very prominent, blackish-brown ; teleutospores

oblong, rounded or obtuse at both ends, slightly constricted at

the septum, 18-24 by 45-64 /x, side walls rather thick, apex a little

thickened, pedicel firm, slender, strongly tinted, very long, two
to five times the length of the spore.

The northern United States east of the Rocky mountains,

and Europe. Early stages on several species of Rumex, not yet

collected in America, but cultivated from American teleuto-

*T?,
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spores, and also on Rheum ; later stages on Phragmites. Besides

many European specimens the following from America have

been examined

:

On Rumex crispus L. May, 1899, I, Lafayette, Ind. (cultivated by the

writer from teleutospores sent from Wisconsin and Nebraska.)

On Rumex obfusifolius L. May, 1899, ^' Lafayette, Ind. (cultivated by

the writer from teleutospores sent from Wisconsin and Nebraska.)

On Rhetim Rhapontictifn L, June, 1901, Kearney, Neb. (1822, /. M.

Bates),

o

t u w (J

Fig, 4.— P, rubella: s, five aecidiospores on Rumex obtusifolius^ zxi\Wv2!i^^\ A
four uredospores, and (w) two teleutospores, both on Phragmites. P, simillima: v,

three paraphyses from uredosori ; w, one uredospore ; x, four teleutospores, all on

Phragmites. P. Arundinariae : y^ four uredospores, the lowermost in transverse sec-

tion; z^ three teleutospores, both on Arundinaria.

On Phragmites Phragmites {L.) Karst. {P. communis Tx\x\,) Aug. 1881,

III, McHenry, III (1325, A. B. Seymotir)\ Aug. 1881, III, Elgin, 111. (1368,

A, B. Seyniour)\ Oct. 1884, III, Mason city, la. {E. W, D. Holway)\

Oct. 1885, III, Decorah, la. {E. W. D. Holway)-, July, 1886, IL III, Ver-

milion lake, Minn, (137, E. W. D, Holway) ; Oct. 1892, III, Coolidge, Kan.

(Carleton's Ured. Amer., 36, M, A. Carleton) ; Nov. 1893, HI, Wilmington,
Del. {A. Commons^', Apr. 1899, III, Racine, Wis. (partly used by the

writer for successful cultures on Rumex,/./. Davis) ; May, 1899, III, Lincoln,

Neb. (partly used by the writer for successful cultures on Rumex, C, E.

Bessey) ; 1901, III, Callaway, Neb. (1658, / M. Bates).
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This cosmopolitan species shows no American peculiarities

{fiS'4y^^^y a^d u^ except the great rarity of the aecidial form.

The teleutospores, however, are strongly viable, and grow

readily on Rumex crisptts and R. obtusifolitis , forming normal

aecidia exactly like those collected in the open in Europe/**

The aecidia, which are small, colorless, and inconspicuous, have

so far only been found once with certainty in America.

The reasons for selecting the name here adopted should

probably be stated. There is no question but that Persoon's

Vadium ritbellum included the aecidial form of this species of

Puccinia, and that it is the oldest name. His diagnosis ran as

follows :
** Ae, ricbnun. a rumicis, thecis coiigestis seminibiisque

albis. /9 grossularicE, thecis sparcis seminibiisque pallidis.'' The
name might evidently have been written P, Rumicis, had that

name not already been applied elsewhere. In writing P. rubella

it is assumed that, w^hen all the forms composing a species are

serially separated, as indicated by letters or otherwise, the spe-

cific name covers the first of these varieties, whether this first

variety is given a distinctive name or not. If in such a case the

varieties are erected into species, the first one may bear either

the specific or the first varietal name.

6. Puccinia simillima, sp. nov.

Exsicc: Sydow, Ured., 274"^ in part.

O. I. Spermogonia and aecidia uncertain.

II. III. Sori amphigenous, low and rather small, oblong,

elongated on sheaths, ruptured epidermis somewhat noticeable.

11. Uredosori light yellow, pulverulent, with clavate paraphyses ;

uredospores obovate or oblong-clavate, 18-22 by 26-44 Z^, wall

of medium thickness, golden yellow, minutely tuberculate and

sometimes slightly echinulate, pores indistinct, scattered,

number undetermined. III. Teleutosori small, very numerous,

nearly or quite black ; teleutospores at first arising from the

uredosori, linear-oblong or oblong-lanceolate, very little con-

stricted at the septum, 15-20 by 42-56 /x, base narrowed, side

walls thin, apex acuminate, acute or less often obtuse, thick-

10Arthur, Box. Gaz. i8: 269-270. Ap 1900.
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ened up to 15 At, pedicel firm, thick, the length of the spore

more or less.

• Iowa and Wisconsin. On blades and sheaths of Phragmites;

uredospores in July, soon followed by teleutospores, which per-

sist through the winter. Specimens have been examined as

follows :

On Phragmites Phragmites (L,) Karst. (/*, communis Trin.) Dec. 1883,

III, Spirit lake, la. (/. C. Arthur)', Oct. 1884, HI. Mason city, la.

(£•. W. D. Holway)\ Oct. 1885, III, Decorah, la. (Sydow's Uredineen.

274, E, W, D. Holway) ; Sept. 1892, III, Ames, la. {G. IV. Carver) ;
Aug.

1898, IL iii, Spirit lake, la. (type,/. C Arthur); May 1899, III, Arm-

strong, la. (7?. /. Cratty) ; Sept. 1901, III, Racine, Wis. (/. /. Davis),

This species probably has a wider distribution than the above

series of specimens indicate, as it is likely to have been over-

looked. It occurs frequently intermixed upon the same leaves

with P. rubella. This was the case with all the above collec-

tions, except those from northwestern Iowa, at Spirit lake and

Armstrong.

Cultures have not yet been made, but there are the strongest

reasons, based upon field observations, for believing that the

aecidial stage occurs upon Anemone Canadensis L. {A. Peimsyl-

vanica L.)

.

The species is ver}^ Magn
and even the supposed aecidial stage on Anemone resembles the

aecidial form of that species on Rafiunctihcs repens ^nd R. bulbostis.

It is distinguished, however, by the slender, pointed teleuto-

spores, and by the more clavate and less roughened uredospores,

and probably by the aecidial host {Jig- 4, w and x).

7. PucciNiA Arundinariae Schw. 1S22. Schrift. d.Nat. Ges.

zu Leipzig 1 : 72.

Syn,: i8g8. Dicaeoma Arundinariae Kuntze. Rev. Gen. PI. 3:467*

O. I- Spermogonia and aecidia unknown.

II. III. Sori hypophyllous, rather small, nearly round, early

naked, ruptured epidermis inconspicuous. IL Uredosori cin-

namon-brown, pulverulent, without paraphyses ; uredospores

large, broadly elliptical or globose, 24-32/1 in diameter, wall
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rather thin, brownish-yellow, sparingly echinulate with stout

points, pores indistinct, apparently four and equatorial. III.

Teleutosori pulvinate, solid, blackish brown ; teleutospores dark

brown, linear-oblong, 20-24 by 48-72 /x, not constricted at the

septum, side walls moderately thick, apex somewhat thickened,

obtuse or rounded, pedicel slender, firm, slightly tinted or color-

less, as long as the spore, more or less.

In the southern states from North Carolina to Alabama, not
/

common. On leaves of Arundinaria. Specimens have been

examined as follows:

On Arundinaria tecta (Walt.) Muhl. No date, III, Salem, N. C. (type,

Z. Von Schweinitz) ; Feb. i8g6, III, Auburn, Ala. {F, S. Earle and L.M.
Underzuood)\ Sept., 1897, III, Tuskegee, Ala. (95, C. IV, Carver)\ Sept.

H,

H,

This is not an abundant species. Although collected by L.

von Schweinitz in North Carolina about 1820, and again later in

Philadelphia, Penn.," on plants in the Bartram Gardens, brought

from a distance, yet it has been rarely collected since. It

appears to occur over a wide area, but at all times very spar-

ingly. The uredo stage, being light brown in color, is especially

difficult to find. I am indebted to Mr, P. H. Rolfs and Mr.

George W. Carver for material for study, which they obtained

for me after much search.

The type specimen in the herbarium of the Philadelphia

Academy of Sciences consists of a single fragment of leaf about

8 by so™'", bearing only three sort. Both host and fungus fall

somewhat short of perfect development.
A single glance at

Phragmitis)

only through ignorance of its real characteristics. The usually

elongated, non-constricted, and often curved teleutospores are

CA B

This completes the list of species known to occur on Spartina,

Phragmites, and Arundinaria in North America. There are only

"Trans. Amer. Phil, Soc. 4: 295.
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two records^"^ of any Uredineae being found on these hosts in

South America, both given as P. Phragmitis, which I have had

no opportunity to verify; and there is no record of such occur-

rence in Central America, Mexico, or the West Indies.

The parasitism of the Uredineae is so intimate that, when it is

noticed that the three genera of hosts here studied belong to

three widely separated sections of Gramineae, strong proof should

have been required to show that any one species of rust could

inhabit them all. In determining unnamed material the follow-

ing key, based upon distinctions of host, position on the host,

and the uredospores may prove serviceable. It is rare that some

search in almost any specimen, at whatever time of year it may

be gathered, does not disclose at least a few uredospores. The

teleutospores are not so distinctive.

Chlorides : Spartina,

Sori arising from soft tissues (intercostal),

Uredospores with wall thin, colored, echinulate - U, acuminatus,

Uredospores with wall thick, pale, echinulate - - P. Distichlidis.

Uredospores with wall thickened above, colorless,

tuberculate - - - _ . - - - P. Seymotinana

Sori arising from hard tissues (supercostal),

Uredospores with wall thickened above, colorless,

tuberculate -------
Festuce^e ; Phragmites.

Sori amphigenous, uredosori without paraphyses,

P. Fraxinata.

Uredospores with four equatorial pores - - - P, rubella,

Sori amphigenous, uredosori with paraphyses,

Uredospores with indefinite, scattered pores - - P, st?ntlltnta*

BAMBUSEiE : Arti7idinaria,

Sori hypophyllous, uredosori without paraphyses,

Uredospores with rather thick wall, echinulate - P, Arnndifianae*

The four species on Spartina will shortly be published as

exsiccati in the fourth fascicle of Arthur and Holways's Uredineae

Exsiccatae ; and the two species on Phragmites will be published

somewhat later in the fifth fascicle of the same series.

Purdue University,

Lafayette, Indiana,

" Hedwigia 35 : 288. 1896. Spegazzini's Fungi Arg. 1221. 1899.

reported on Phragmites from Argentine.

Both



CONTRIBUTIONS FROM THE ROCKY MOUNTAIN
HERBARIUM. III.

A V E N Nelson.

STUDIES IN ERIOGONUM.

This genus is remarkably well represented in Wyoming.
Since most of the species in it are peculiar to arid America, any
of the states with desert areas may be expected to represent a

considerable number of the increasingly long list of species. A
line drawn from central Wyoming to western Arizona will divide

into somewhat equal parts the Eriogonum belt.

No recent revision of the genus has been published, but a

considerable number of new species have appeared. When one
considers how extensively collections have been made in the

and west indicated above, it seems rather remarkable that Dr.

Watson's revision of twenty-five years ago (Proc. Am. Acad.
^2 -^54) should so nearly represent our knowledge of these

plants as it does. That a revision is now needed I think all will

admit, but until some one finds time and occasion to do so, notes

upon and additions to the species may not be out of place.

Eriogonum orendense, n. sp.— Caudex woody, almost wholly
subterranean, its numerous branches densely tufted : tomentum
rather dense, uniform throughout the plant, giving it a greenish-
vviiite hue : stems numerous, crowded, very short, exclusive of

the woody persistent base not to exceed S"""^ • leaves numerous,
crowded, narrowly oblong or oblanceolate, subacute, 1-3 ^"^ long,

tapermg into a slender petiole which usually exceeds the blade :

scapes erect, 7-^1 5 ^m lon^, surpassing the leaves : inflores-

cence umbellate, with short subulate bracts ; the rays unequal,
1-2^"^ long, terminating in a few^flowered cyme (3-7)^ with very
short connate bractlets : involucres short-peduncled
turbinate, merely toothed around the summit, about 3""^ long,

niany.flowered (8-12): calyx bright yellow; the segments
1902]
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similar, scarcely 2^^ long, oblong", obtuse, the slender pedicels

intermingled with setae bearing stipitate glands and a few fine

slender hairs : filaments linear, sparsely pubescent to above the

middle : styles slender, long exserted : ovary glabrous ; mature

akene not seen.

Probably most nearly allied to E. campanulatiim Nutt., though very dif-

ferent from that and blossoming much earlier in the season. The proposed

species was found in full bloom June 1 1, igoo, on the stony slopes of Orendo

butte, in the Red desert. This is very early in the growing season in this

range. E. campanulatiim, in this same range, blossoms late in the season,

and is a much larger plant, with a compound inflorescence as well as a num-

ber of minor floral differences. The type no. is 7143, collected as above.

Eriogonum ovALiFOLiUM Nutt.— There is perhaps no species

in the genus more variable as to color of flowers than this, if the

specimens as named in the herbaria are to be considered the

only evidence. Nuttall originally distinguished two species in

the present aggregate and consistently maintained them both.

E. ovallfolium was applied to the form with ** bright sulphur-

yellow " perianth, which occurs in greater or less abundance on

the arid table-lands about the ** sources of the Missouri/' Of

the allied forms, however, this was the less abundant, so that by

this time the mention of E, ovalifolium suggests not the original,

but the E. purptireuTft of Nuttall. That this is the case is easily

verified by referring to Jour. Acad. Philad. 7 : 50, and to Jour.

Acad. Philad. new ser, 1:166, in the latter of which these two

species appear under the there proposed genus Encycla.

Whether the two can be maintained as distinct species may

well be questioned, but there are the best of reasons for retain-

ing the later one as a variety. Not the color of the perianth

alone, though in regions in which both grow I have seen

nothing to indicate that they intergrade, but the differences

(though slight) as given in the publications cited indicate at

least varietal rank, as suggested in DC. Prod. 14 : lo. Accord-

ingly the white-flowered form, which almost constantly shows

traces of purple or may even become of a deep purple hue

(never yellowish ?) , may be designated
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Eriogoxum ovaljfolium purpureum, n. comb.

—

Encycla pur-

purea Nutt. Jour. Acad. Philad. new ser. i : 166 ; DC. Prod. /. c,

Eriogonum CRASsiFOLiUM Benth. Trans. Soc. Linn. Lend.

17 : 408 ; Hook. Fl. Bor.-Am. //. iy6, E. aurcum Nutt. in. DC.
Prod. 14 : 8.— This excellent species has for a long time been

wholly in eclipse, or at most has been accorded only varietal

rank. It is most abundant in the type locality, '* Scopulosis ad

regionem super, fl. Platte." It has several times been collected

by the writer and distributed as a variety of E, flavum Nutt.

Again collected in 1900 as no. 7285 in quantity, and will be dis-

tributed as a species, which it properly is.

Eriogonum crassifolium tectum, n. var,— Densely tufted

with deep set woody roots, the crowns of the branched caudex

inordinately enlarged by the thick, closely sheathing, very

woolly leaf bases : leaves all crowded on the short crown, firm

and thick, densely tomentose, ovate to oval or more rarely

oblong, 2-1'''^ long, on very short petioles (^^ to ^^ as long):

scapes stout, about i
^"^ long: flower yellow, but the yellow

obscured by the long, dense, tomentose pubescence of the invo-

lucres and calyx-segments : inflorescence subcapitate, the rays

mostly shorter than the foliar bracts.

The variety may readily be known by the remarkable protection against

desiccation and cold that is afforded the crowns of the caudex, and the whole

plant for that matter, b}^ the dense tomentum. That is a character of the

species, but in a small degree when compared with the variety. The shorter

petioles and rays and the thick, leathery leaves further distinguish it. The
species comes into blossom in June, while the variety in the same range not

till August, Only one no. of the variety is at hand, 2041, Sand creek,

Albany co., Aug. 8, 1896, on dry, sandy, eroded banks.

Eriogonum fruticosum, n. n.— E, aiireum Jones, Contrib. to

W. Bot. 7:718 ; not £. aiireiim Nutt. DC. Prod. 14:8.

Eriogonum fruticosum ambiguum, n. comb.— E, aureum

ambiguum Jones, Contrib. to W. Bot. 7: 719.

Eriogonum fruticosum glutinosum, n. comb.— i5. anreum

glutlnosum Jones, Contrib. to W. Bot, 7^719-
Eriogonum laxifolium.— E. Ki?igii laxifolium T. & G. Proc. Am

Acad. 8; 165 ; E. chrysocephalum Gray, Proc. Am. Acad. 11: loi
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Malvastrum dissectum, n. comb. — Sida dissecta Nutt., Torr. &
Gray, FL 1^235; not Malvastrum coccineum Gray, PL Fendl.

24 ; Gray, PI, Wright. 1:17; nor M. dissectum Cockerell,

Bull. Torr. Bot. Ckib 27:87.— Perennial : many-stemmed from

a multicipital caudex, 2 ^^ high or less, densely cinerously

stellate-pubescent, the stems whitened with the closely appressed

hairs, the calyx obscurely glandular beneath the pubescence

:

leaves small, 1—3^"^ broad, pedately 3— 5-parted, the divisions

incisely lobed, the lobes narrowly oblong to linear : racemes

several-flowered, pedicels 2-5"^°^ long; flowers scarlet : the

petals obovate, nearly truncate and merely emarginate ; the

stigmas capitellate.

That Nuttall was justified in separating this from M, cocchiciim seems

perfectly evident to any one who has seen both species in their native habitat.

It is at once distinguished from M, coccineum (Nutt.) Gray by its cinereous

white aspect, by its smaller and more narrowly lobed leaves, and narrower

petals. There can be no question which species Nuttall meant to designate

Sida dissecta, when one reads the notes and descriptions relating to these two

species in Fl, N. Am. The Cristaria coccinea Pursh, FL 2:453, Malva

coccinea Nutt. Gen. 2 :8i, and Sida coccinea T. & G. Fl. 235, undoubtedly

refer to the same plant, viz., the broad-leaved form so common on the great

plains between the Rocky mountains and the Missouri river. Sida dissecta

of the T. & G. Floraxs clearly the plant still found on the high saline desert

table-lands, ''sources of the Platte near the Rocky mountains." Were more

evidence needed to show that S. dissecta designates the more western plant,

it is found in the fact that the Sida dissecta Hook, and Arn. Bot. Beechy,

Suppl. 326, is considered by Torrey and Gray (Fl. N. A. 682) as identical with

the Nuttallian plant*

On the other hand, Dr. Gray did not consider the plants of PI. Fendl. and

PI. Wright, as identical. In the former he uses this expression '* * * a

few specimens of the var. dissecta, or of forms that evidently connect the Sida

dissecta of Nuttall with S, coccinea.'^ In the latter, the language is " * *

a more canescent variety, * * approaching the var. dissectum^

These southern narrow-leaved forms, nicely distinguished

from Malvastrum cocciueum by Professor Cockerell, are far

enough from the Nuttallian dissectum. They may therefore be

designated—
Malvastrum Cockerelli, n. n.— M. dissectum (Nutt.) Cocker-
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ell, Bull. Torr. Bot. Club 27:87. M. coccinenm dissccUmi Gray,

PI. Fendl. 24 ; and PI. Wright. 1:17.

Malvastrum elatum.—M, coccineum elatiim E. G. Baker, Jour.

Bot. 29: 171.— This plant, originally published as a variety, is so

different from the true M. cocci7ieum that it is less confusing to

consider it a species. It is not only much larger, with broader

leaf-segments, but its more erect habit and tendency to panicu-

late branching give it the aspect of a Sphaeralcea, Its pubes-

cence is less conspicuous, and the carpels not so evidently retic-

ulate-veined, and the sepals shorter and more abruptly acute.

It occurs very sparingly. I have twice collected it, both times

at Evanstbn, Wyoming.
Cerasus demissa melanocarpa, n, var. — Varying from a

small shrub to a tree-like one, 4-5 "" high: leaves smooth or

nearly so on both sides, the teeth of the fine serration incurved

or appressed
; petioles not glandular : raceme of white flowers

compact, erect or ascending : fruit when fully mature black.

The Rocky mountain form of Cerasus demissa is clearly, at least varietally,

distinct from the original Nuttallian specimens. NuttalFs specimens from
" The plains of the Oregon towards the sea, and at the mouth of the Wahla-
met/' differ from the more eastern form in the pubescent leaves which are

serrate with straight teeth and with glandular petioles ; more evidently yet in

the red fruits which are sweeter and less astringent than the black ones.

The variety proposed is in many respects intermediate between typical

Cerasus virginiana of the eastern states and typical C. demissa of the far

west. All the Rocky mountain specimens sttn by me are of this variety.

Gentiana bracteosa Greene.— In publishing this species

(Pitt. 4:180) Professor Greene lays stress upon the narrowness

of the leaves, but I am satisfied that this character will not dis-

tinguish it from G, Parryi. Some fine specimens collected

by Mr, H. N. Wheeler, Camp Albion, Colorado, Aug. 30, 1901,

have the floral characters of G, bracteosa, but typical leaves of

G. Parryi. Furthermore, in some specimens of G. Parryi the

stems in the same clump vary as to the leaves from narrowly

oblong to broadly ovate. The species I think will stand, how-
ever, on the bract characters, and a peculiarity of the spathace-

ous cleft calyx not pointed out by Dr. Greene. The calyx-tube

\

^
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is membranous at summit, and its oblong or elliptic short green

teeth are seemingly not a continuation of the tube, but are

inserted below the margin, on the outside, and often scarcely

exceeding its membranous rim. Unless these characters are dis-

tinguishing, it will have to take varietal rank.

Gentiana strictiflora ( Ry db. ) .—
^ G. acttta strictiflora Ry db.

Mem. N. Y, Bot. Gard. i : 309. 1900 ; full citation given in the

same place,— This well deserves specific rank. It has quite as

good characters as the allied species G. acuta, G. tcnella^ and

G. heterosepala. Its large size, strict habit, numerous flowers,

and the distinctly ochroleucous corollas are wholly characteristic.

Common in moist swales on bottom lands.

Gentiana calycosa xantha, n. var.— Habit of the species,

smaller, \^^ or less high : leaves about five pairs, longer than

the internodes ; the single flower smaller, yellow or yellowish-

white with numerous green dots.

At first sight theseplants strike one as a decided novelty, but closer exam-

ination reveals no decisive character except the color. Even the conspicuous

green dots in the corolla are not wanting in the species itself, though much
obscured by the deep blue of that.

Collected by Elmer D. Merrill and E. N, Wilcox, on the Tetons, above

Leigh's lake, Wyoming, July 26, 1901 ; no. 1108.

Phacelia corrugata, n, sp.— Biennial or more enduring, 3-5
"^"^

high, slightly glutinous and more glandular-pubescent : stem

either branched or simple at base, the branches also sparingly

branched, moderately leafy, terminating in elongated naked

peduncles : leaves narrou^ly oblong in outline, somewhat alter-

nately ii-i5-lobed,the broad sinuses extending about halfway to

the midrib, each lobe with two to four rounded unequal lobules ;

petioles short or wanting : spikes very dense even in fruit, rather

tardily open
; pedicels very short (i"""): sepals linear-oblanceo-

late, sparsely hirsute, nearly as long as the corolla : corolla blue,

campanulate-funnelform, 1*=°^ or more long, as much in diameter

over the limb, lobes suborbicular, internal folds short and united

around the base of the filament : stamens and styles nearly twice

the length of the corolla ; the undivided base of the style pubes-

cent : capsule elliptical, about 5 """^ long: the seed oblong,
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obtuse at both ends, deeply excavated on the ventral side, the

inner side of the lateral angles and one side of the salient central

ridge strikingly corrugated by rounded, pitted papillae, minutely

ridged-papillate on the base.

This has passed for a form of P. crejiulata Torn, a plant which I think is

found only much farther west. That differs from the plant here described in

the smaller size, m.ore deeply lobed leaves, more open spikes, rotate-campan-

ulate, violet corolla, with broad internal folds ; the short, linear calyx-lobes
;

the globular capsule and reticulated, much smaller seeds.

I base the species on specimens from Colorado as follows: no. 2129

OyP^)» G. E. Osterhout, Rifle, Garfield co., June 23, 1900, in mature fruit;

(co-type) C. S. Crandall, Palisades, Mesa co., iMay 14, 1898, in full

bloom.

Gilia Merrillii, n. sp.— Perennial^ from a short woody
caudex and tap root; stems few to many from the crown, erect

or spreading, sparsely woolly-pubescent, 10-15''"^ long, very

leafy towards the base: leaves all simple, crowded, glabrous or

nearly so, linear-subulate, cuspidate, either appressed or spread-

ing: flowers white, closely capitate, the heads large (10-20

in diameter): calyx lobes subulate, with a green midrib, a little

shorter than the scarious tube: corolla tube 4-6™°^ long, exceed-

ing the calyx lobes, its oval lobes noticeably shorter than the

tube : stamens exserted, the filaments a little shorter than the

corolla lobes: capsule broadly oval, longer than the calyx tube,

its cells I -seeded.

In habit this species suggests G, congesta or G, iberidifolia, but the

numerous short, simple leaves are wholly distinguishing even without the

other characters. I name it for Mr, Elmer D. Merrill, who, in company with

Mr. E. N. Wilcox, made an extensive and valuable collection in western

It was secured on dry

mm

Wyoming and eastern Idaho, in the summer of 1901.

soil, fifteen miles south of Leckie, Wyoming, June 15 ; no. 746.

Gilia Wilcoxii, n. sp.—Annual, 1-3 ^"^ high, generally

branched from the base ; the branches In turn sparsely branched,

erect or (if several) decumbent at base, somewhat floccose

woolly, tardily glabrate : leaves less woolly than the stems,

alternate, 2-5 *=^ long, pinnate ; the segments narrowly linear,

mucronate, the lateral ones widely divaricate, short (mostly less

than I ^'^), usually two pairs: flowers in small bracteate clusters
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terminating the branchlets, involved in wool especially the base

of the calyx and the subtending green foliar bracts ; bracts pin-

nately 3-cleft, the terminal lobe surpassing the calyx: sepals 5,

green, equal or nearly so, pungently mucronate, hardly united

except by the enveloping wool, about /"""^ long: corolla light

blue, tubular, dilating into a broader throat, tube surpassing the

calyx, lobes oblong, obtuse, about half as long as the tube:

stamens scarcely exserted (the anthers only in the sinuses of the

corolla lobes): ovules about four to each cell, not all maturing:

seeds small, rhombic in outline, obscurely scarlous on the angles

and the tips, apparently not developing mucilage when wetted.

This is a close ally of G, floccosa Gray, which is a plant of Oregon,

extending southwest into California. In this species it may be noted that the

leaves are usually simple, the calyx of four unequal lobes, the corolla tube

yellow, the anthers exserted, the seeds fewer, larger, not angled, developing

copious mucilage.

Following Bentham, Mr. Howell in his FL N. W. A?n, restores to generic

rank the section HuGELiA and places in it G. floccosa. If that genus is to

stand, the species now proposed must find its way into it, but I am unable to

see any valid generic characters.

Named for Mr. Wilcox, mentioned above, who with Mr. Merrill secured

three collections of it, all near St. Anthony, Idaho, in July 190 1 ; nos. 822, 862,

and 952.
i

Lappula Columbiana, n. sp.— Annual, 3-5 "^"^ high, hirsute

with soft white hairs, those on the leaves with pustulate base:

stem simple below, upward freely and divaricately branched;

the branches tapering, long and slender, sparsely fruited : leaves

from linear-spatulate (below) to linear, passing into the bracts

which exceed the short pedicels: sepals nearly linear, 5'^

long, surpassing the fruit: corolla small, mostly light blue: nut-

lets similar, prickles few (7-9), united below into a shallow,

mm

involute-margined cup, finely and closely muricate ventrally?

the murications on the dorsal face (disk) in about three rows,

those of the middle row largest.

This is the Z. texana of the Flora of the Paloiise Region by Piper and

Beattie; FL N, IK Am. Howell in part at least; not Z. texana (Scheele)

Britt. The latter is indeed Texan and not well known. Neither may it be

considered Z. r////if/a/a (Gray) Rydb. (See Bull. Terr. Bot. Club 28 : 31)* Now
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that the old and troublesome aggregate has been broken up» there is no way
left except to constitute this a species. Its range seems to be in the region of

the tributaries of the Columbia. Three collections are represented before me :

no. I703,C. V. Piper, Alamota, Wash.; A. A. & E, Gertrude Heller, Nez Perces

CO., Idaho
; L. F. Henderson, Lewiston, Idaho.

Lappula cucullata, n. sp.— Sparingly cinereous-pubescent

throughout: tap-root slender : several to many-stemmed from the

crown, the stems simple or sparingly branched, only 1-2 "^^ high:

leaves numerous, small, narrowly oblong, 1^3*="^ long, passing

into the small foliar bracts: nutlets similar, and all deeply

cupulate or hooded, the border of the hood thin and strongly

involute, the rounded margin bearing a few short glochidiate

prickles, the tip of the nutlet with nearly an equal number of

slender prickles not involved in the border of the hood (these

characters not fully developed till maturity); the body of the

nutlet with a dorsal slightl}' muriculate ridge, ventrally orbicular

with an abrupt acumination, strongly keeled, the sides closely

muriculate.

T77t

what differently branched, is less cinereous, and has the nutlets all alike.

The type number is 7250, Fort Steele, Carbon co., Wyo. Dry, sandy

slopes.

Lappula heterosperma homosperma, n. var.— Larger than

the species, paniculately branched from the base upward: nut-

lets all similar and with the characters of the cupulate ones of

the species.

Specimens of the variety by Mr. G. E. Osterhout, New Windsor, Colo.,

June 23, J 899.

Cryptanthe depressa, n. sp.— A small depressed annual, freely

and divaricately branched, 3-6''°' high and more widely spread-

ing, the dense pubescence soft-hispid, white with a slight ful-

vousness in the inflorescence: leaves small, linear, 10-15 mm

long: flowers minute: sepals linear, shorter than the corolla:

corolla 2'"» long, its lobes less than half the length of the slender

tube: anthers below the middle of the tube: nutlets ovate,

acute, smooth, the linear scar nearly closed and forked at the

base, more than i
"^"^ long.
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It has the aspect of some of the species of the deserts of the southwestern

United States, but I am unable to find a close ally.

Collected by Messrs. E. D. Merrill and E, N. Wilcox, dry soil, seven

miles west of St. Anthony, Idaho, July 8, 1891 ; no. 873.

Cryptanthe Howellii, n. n.— C, multicanlis Howell, Fl. N. W.

Am. 487; not C. multicanlis Aven Nelson, Bot. Gaz. 30: 194-

This species may appropriately be named for its discoverer and

describer, the indefatigable student of our northwestern plants,

Mr. Thomas Howell.

Oreocarya cana, n. sp.—The multicipital caudex tufted, its

branches clothed at their summits with the densely pubescent

leaf bases : stems single from the crowns, 1-2*^°^ high, simple,

softly and closely pubescent: leaves silvery white with a short,

close, soft pubescence ; the numerous crown leaves linear-

oblanceolate, ^-J""^ lo^g» scarcely petioled ; stem leaves shorter,

sessile above : inflorescence a short dense thyrsoid spike, its

pubescence moderately dense and slightly fulvous (scarcely

hispid): sepals linear, 5-7""" long: corolla white, its tube as long

as the calyx ; nutlets narrowly ovate, angled at the sides, densely

muriculate on the back and sides, ridofed on the back by a

mm
double row of minute tubercles, scar open lanceolate, about 3

long, rarely all maturing.
F

This plant was first collected in 1894, and now again from near the same

locality in excellent flower and fruit. In habit it is intermediate between

O. siiffriiticosa Greene and O, caespitosa Aven Nelson, but perhaps more

nearly allied to the latter, from which it is at once separated by its silvery

white foliage, its larger size, and muricate nutlets. No. 830Q, collected on

gravelly, open hilltops, Fort Laramie, Wyoming, is the type.

Mimulus membranaceus, n. sp.—A weak diffusely spreading

annual, nearly glabrous throughout, but slightly clammy in the

fresh state : stems slender, nearly prostrate, geniculate at the

nodes, from a few centimeters to i or 2*^™ long: leaves very thin,

elliptic to broadly ovate, entire or crenate-dentate, on pedicels

about equaling the blade : flowers in the axils, on filiform

pedicels which are several times longer than the calyx: calyx

tubular, obscurely glandular-pubescent, 2-3"^'^ 'ong, the teeth

small, much elongated, somewhat inflated and distinctly angled
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in fruit: corolla yellow, very moderately bilabiate, nearly tubu-

lar, 5-8"^'" long : capsule not stipitate, elliptic, obtuse, nearly

equaling the slender style which barely protrudes from the

mature calyx: seeds nearly oval, very small.

This is the counterpart in this range of M. ahinoides Benth. of the

Washington-Oregon flora. From that species M.membnmaceus differs prin-

cipally in the enlarged and angled calyx, the scarcely bilabiate corolla

(without the purple spot on the lip), and in the obtuse capsule and orbicular

seeds.

Of the three collections of this all were secured in the Medicine bow
mountains, always growing more or less in the shade of wet rock ledges and
cliffs; nos. 1515(1895); 1683 (1895), type ; and 7729(1900).

MiMULUS Lewisii tetonensis, n. var.—Smaller than the

species in every way, more granular-glandular: calyx lobes

shorter, narrowly linear-acuminate: corolla shorter, white or

tinged with yellow.

Collected by Elmer D. Merrill and E.N. Wilcox in the Tetons. Wyoming,
at 1 1 ,000 ft., near Lee's lake, July 26, 1901 ; no. 1072.

Pentstemon comarrhenus Gray — I wish to call attention to

the ^I'^X^WizX.n^ssoiP.comarrhemis Gray (Proc, Am. Acad. 12:81)
and P, strictus Benth. (DC. Prod. 10:324). P. strictiis in Gray
Syn. PL 2: 262 seems to include both, though probably referring

mainly to the plant of Utah and western Colorado. P. stricttis

was founded upon immature specimens collected by Fremont on
the Platte river in Wyoming, where it is abundant, though appar-

ently not again collected until within the last few years, hence
the confusion. Good specimens of the two species wdien com-
pared leave no doubt as to the validity of both. Typical speci-

mens of P. strictus are my nos. 1472, 1579, 3079, and others from

Wyoming and adjacent Colorado. Of the other species Mr. M.

J

M r. Baker's no, 604, Piedra, Colo., w^ill also probably go here.

spitosiis sufff

^ This description and the notes upon it were written before I discovered Dr.
Rydberg's PePUsiemon suffrtitescens. Bull. Torr. Bot. Club 28 : 503. From the very
"niited notes there given I judge that he and I are considering totally different
plants. As I feel quite certain that I have the true P. caespitosus suffrulicosus Gray, I
still present this description, if I be right, Dr. Rydberg's P. suffrutescens is practi-
cally a nomen nudum until he presents a description of it.
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FL 10 : 270 ; not P. snffruticostis Dougl., Benth. in DC. 10 : 330.

Caudex woody, its branches prostrate spreading: the annual

herbaceous stems slender, erect, not crowded, sparsely * leafy,

finely puberulent, \-2.^^ high : leaves linear-oblanceolate to spatu-

late, acute or obtuse at apex, tapering very gradually to the

slender base, 1-2''"' long, shorter than the internodes, nearly or

quite glabrous : inflorescence open ; the short peduncles at right

angles to the stem, with about three short-pediceled, nearly

erect flowers : sepals nearly linear, sparsely glandular-pubescent,

about 4™"^ long : corolla moderately ventricose, with sub-equal

lips, obscurely and sparsely glandular pubescent, a few long hairs

in the throat : the sterile filament moderately bearded to its

base.
I

The specimens before me were collected by Mr. H. N, Wheeler at

Sapinero, Colo., 1898, no. 446, and in my judgment are referable to P.caes-

pitosiis suffriiticosus Gray. As suggested by Dr. Gray, this seems to be a

distinct species, though clearly related to P, caespitosiis.

Pentstemon Owenii, n. sp.—Perennial from a much branched,

cespitose, woody caudex, 1—2'^™ high : stems numerous, erect from

a more or less decumbent base, rather slender, glabrous, or with

an obscure puberulence, most of them tinged with purple, some

of them deeply so : leaves glabrous, numerous on the crowns 01

* the caudex (many of the branches of the caudex terminating in

short, slender, sterile, leafy shoots), narrowly elliptic (some of

the earlier ones from obovate to spatulate), mostly acute at apex,

2_4cm long, tapering cuneately at base into a petiole which is

usually much shorter than the blade (rarely nearly equahng

it); the stem-leaves several, the lower much like those of the

crowns, becoming narrower and lanceolate upward, passing into

the bracts of the inflorescence : thyrsus crowded, from capituh-

form to short spicate and somewhat interrupted-verticillate,

minutely glandular-pubescent especially on calyx and pedicels,

sepals lanceolate, one-third as long as the corolla, the broadisn

base scarious margined, the green central portion continued

into the acuminate tip : corolla violet-blue (or sometimes pur-

plish?), tubular, but slightly dilated upward, i 2-1 5™^ long, only
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moderately bilabiate ; the lobes entire, rounded, sparsely bearded

on the lower lip: sterile filament but slightly enlarged upward,

rather stifty bearded at tip ; anthers dehiscent through the

junction of the cells, but not explanate.

That the large number of forms that have figured as P, confertiis DougL
and varieties of it have given rise to no little trouble is admitted by all. An
3-ggi'egate is always confusing. As tending toward a simplification, it seemed
to every one proper to restore to specific rank P. procerus Dougl., published

by Graham in Edinb. Phil. Journ., 1829, This, so long known as P, confcrtus

caeruleo-piirpureiis, is so evidently distinct that no one ever thinks of mistak-

ing it for the species to which it has been appended.

The species now proposed, while a member of this same group, is as

distinct from P. procerus as the latter is from P, confertus. The habitat of

the two is characteristic. P. procerus is found at middle elevations and up

to the limit of trees, occurring on moist slopes and in the valleys, P. Owenii
is strictly alpine and occurs in clumps among the rocks of the "slides." The
former is glabrous, the latter puberulent on the stems and glandular-pubes-

cent on the inflorescence. The inflorescence of the former is nominally verti-

cillastriform, of two to five rather remote verticils ; the latter is spicate-capit-

ellate with at most one proximate verticil, and the corollas of the latter are

much larger than in the normal form of the other, less strongly bilabiate, and

relatively longer when compared with the calyx.

This species is dedicated to that intrepid mountaineer, Hon. W. O. Owen,

who in September 1898, with a small party, successfully scaled the Grand

Teton and left upon its summit permanent record of the achievement. Mr.

Owen brought back from this memorable trip several specimens of alpine

plants, among which was a specimen of this species. It has been collected

again in 1899, August 16, by the writer, this time also on the Tetons at an

alpine station, no. 6515 being the type. More recently collected by Messrs.

Aferrill and Wilcox, rgoi, and ;

Synthyris flavescens, n. sp.—Nearly glabrous throughout from

the first, green even to the floral bracts: rhizome thick, short, hor-

rizontal, with numerous thick, fibrous roots : stems few to sev-

eral, strict, leafy-bracteate, S-S"^""
high:Jeaves few, radical,

ovate-lanceolate, sub-acute, finely serrate-crenate, 6-10*'°' long,

mostly exceeding the comparatively slender petioles ; the foliar

bracts of the stem broadly ovate^ acute, serrations similar to

those of the leaves, 1-2^'^ long; floral bracts ovate-rhomboid

to lanceolate, acute, entire or very unequally two-lobed, sessile
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by a narrowed base, sparingly ciliate-margined as are also the

sepals: spike dense, 5-10''"' long ; the flowers short-pediceled :

calyx unequally 4-cleft, the lobes elliptic, toothed at apex :

corolla yellow or greenish-yellow, cleft at either side nearly to

the base ; the upper lip broadly obovate, with cuneate base and

entire or toothed summit, exceeding the calyx and the 2-3-cleft

lower lip by about half : stamens exserted, with purplish fila-

ments and yeflow anthers : mature fruits not at hand.

This species was collected and distributed by Professor C. S. Crandall as

S, pianiaginea Benth. To this it is allied, but more closely to S. Ritteriana

Eastwood, though even from this it differs in many essential respects. Col-

lected at Cimarron, Montrose co., Colo., May 18, 1898.

Synthyris Ritteriana obtusa, n. var,—Leaves very obtuse,

exceeding the scarcely margined petiole ; foliar bracts suborbicu-

lar, usually cuspidate ; floral bracts merely acute, distinctly

purple-veined on the inside, with a narrowed base but not peti-

oled : calyx parted to the base at the sides, the two lobes simi-

lar, orbicular or reniform, sometimes one or both from slightly

to deeply cleft near one side, thus giving a 3 or 4-cleft calyx or

unequal lobes: corollas yellowish-white, slightly exceeding the

calyx, the two lips parted to the base ; the upper Up rounded or

truncate ; the lower nearly similar or laciniately toothed or

lobed.

If the above characters, which are mainly points of distinction between

this plant and S. Ritteriana, are not specific, they at least call attention to a

good variety. The specimens are those distributed by Messrs. Baker, Earle,

and Tracy, no. 225, as S, Ritteriana^ and bearing the note "this but a short

distance from the type locality where it was also observed." In spite of the

locality, the plant fails to measure up to the characters, and must be at least

varietally distinct. In case the now proposed variety must later be included

into the species, the description of the latter will have to be materially modi-

fied ; but in the absence of the type specimen I leave it as a variety,

Gaertneria tomeatosa (Nutt.), n. comh.—Ambrosia tomentosa

Nutt. Gen.2: 186. 18 18; Fra?iseria discolor ^xxit., Trains. Am. ?^''^^-

Soc. n. ser. 7:345. 1841; Xajithiditmi discolor Delpino, Studi

sopra Artemis 62. 1871.—That NuttalTs Franseria discolor is

simply his Ambrosia tomentosa seems more than probable. As
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Dr. Gray states in the Syn, FL, ** station and characters" indicate

this. In the Kew I?tdex this synonomy is accepted without

question. Then, too, Nuttall's characterization, ** leaves lonien-

tose on the lower surface," would imply that the upper surface

was not tomentose. It is true also that while Dr. Gray In PL
Fendl. thought his Franseria tome^itosa was NuttalTs Ambrosia

tomefitosa, he changed his mind about the matter In a later publi-

cation {^Syn. FL 251).

Gaertneria Grayi, n. nom.

—

Franseria tomentosa Gray, PI

.

Fendl. 80.—Since the preceding change necessitates another,

this species may appropriately be dedicated to the original

describer.

University of Wyoming,
Laramie, Wyoming.
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THREE NEW GENERA OF THE HIGHER FUNGI.

Geo. F. Atkinson.

(with three figures)

i. eomycenella, a new genus of hymenomycetes.

This interesting plant was found during September 1899, on

fallen leaves of Rhododendro?t maximum at Blowing rock, N. C.

The plant is very minute, entirely white, possesses a delicate

pileus which Is broadly campanulate or depressed in age, and a

very slender, fleshy stem. An examination with the hand lens

showed that there were no lamellae, the underside of the pileus

being plane. The Rhododendron leaves, partly dry, rolled in

such a way as to protect the fungus, and in this condition it was

shipped to Ithaca. On examination with a higher power micro-

scope, it was found that the hymenium had dissolved so that the

spores lay against the underside of the framework of the pileus

in the amorphous layer of dissolved tissue. From this material

it was clearly impossible to determine the structure of the fungus.

The leaves were then placed in a moist chamber, and in the

course of a few days a new plant appeared, and for some time

successive ones grew and I was enabled to study the structure.

For some time none of the plants showed any trace of lamellae,

and it appeared that the fungus belonged to the Thelephoraceae.

but later one plant was grown somewhat larger than the others,

which had rudimentary lamellae, eight of a larger size and four

very small. This at once opens the question as to whether the plant

belongs to the Thelephoraceae or to the Agaricaceae and whether

originally the hymenial surface was plane, and the form with
w

lamellae represents a later stage in the evolution of the plant;

or whether the gill form represents the original character of the

species, which by reduction loses its lamellae. The latter condi-

tion is seen sometimes in Marasmius epiphylhis Fr.,' and I have

I

'Persoon, Icones pL g.fig. 7. ; Stevenson, Brit. Fung., Hymen. 2: 152

36 [JULY
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seen specimens of Lepiota procera in which large areas on the

under side of the pileiis were destitute of lamellae. The addi-

tional characters of the fungus are to be found in the following

description :

EOMYCENELLA Atkinson, n. gen.— Plants stipitate. Pileus

campanulate to expanded,

consisting

radiatinof branched threads

of a layer of

forming a more or less lat-

tice-like or trabecular, ex-

panded, thin structure;
trama wanting or very rudi-

mentary the subhymenium
arising directly from the

trabeculae of the pileus.

Hymenium plane, or in

with a few^

short, narrow, distant la-

larger forms

mellae not reaching the

stipe; lamellae with rudi-

mentary trama, Basidia
clavate, 4-spored. Spores

smooth, l-celled, hyaline.

Stipe fleshy, delicate. At
maturity hymenium dis-

solving, leaying many of

the spores lying on an

amorphous layer against

the trabeculae. One spe- entire plant; -5, pileus in older stage; ^, under

Cies, on decaying leaves of ^^^^ ^^ P^^^"'' showing rudimentary gills in

7?h^^ J 7 . larirer plant ; d, detail of trabecule of pileus;

^fiodod€7idron maximum, ^ f .„,;.. Koe;^^. .nH .nnr^s.

P'iG. I
.— Eomycenella ech inocepkala : a

Blowing rock, N. C.
e^ detail of basidia and spores

Plants

white, 3-8 """^ high. Pileus 0.5-0.75'"'" broad. Stipe 60-80 /x in

diameter. Plants campanulate to expanded and upturned in age,

trabeculae of upper surface echinulate, bearing here and there

^
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globose free branches, 10-15^ in diameter and also echinulate,

margin of pileus with free clavate branches in the form of a

fringe. Cells of the trabeculae 25-30 X 6-10 /x. Hymenium

plane or with few short, narrow gills. Gills when present nar-

rowed at each end, not reaching the stipe. In the plant observed

8-10 long lamellae, 4-6 intermediate ones much shorter. Sub-

hymenium loosely branched, obovate cells arising from the tra-

beculae and terminating in the basidia, or in the forms with

lamellae arising from a rudimentary trama in the lamella.

Basidia short clavate, abruptly narrowed into a pedicel, 9-12 X

6-9 /x, 4-spored. Spores obovate-oblong, elliptical, proximal

end pointed, 6-8 X 3-4 /a, hyaline, smooth, granular. Stipe

thread-like, with scattered hairs bearing a short echinulate cell

on the end. Base of stipe only slightly broadened.

Eomycenella is related to Discocyphella^ P. Hennings, but differs in the

dissolving hymenium and the fact that the pileus is not gelatinous nor the

stem horny. From Cyniatella^ Patouillard (placed with Agaricaccae) it

differs in the trabecular pileus and the dissolving hymenium ; and from

Gloeocephala*' (Clavariaceae) Massee, which has one-spored basidia. The

latter should be placed in the Thelephoraceae.
m

II. EOTERFEZIA, THE TYPE OF A NEW GENUS AND FAMILY OF

ELAFHOMYCETES.

This fungus appeared as a parasite on Sordaria grown in the
F

laboratory in the spring of 1897. Cow dung which had been

lying on the ground all winter was collected early in the spring

of 1897 in a pasture field just beyond Buttermilk creek, near

Ithaca, N. Y. This was placed in a moist chamber and in the

course of a few weeks the Sordaria made its appearance. The

species of Sordaria was not determined. After the cultures had

been kept a week or so longer, there appeared on the perithecia

of Sordaria minute white, knot-like protuberances which were

smaller than the perithecia and stood out in strong contrast to the

dark brown wall of the host. These minute bodies, subglobose

or kidney shaped, were nearly smooth, possessing a few scatter-

ing free threads arising from the surface, and their texture was

soft and fleshy.

''Engler and Pranti., Pflanzenfamilien i*: 554. '^Ibid, p. 555. *'Ibid, p.
^3^*
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On examination of the structure it was at once clear that

the fungus was a very interesting one. Nearly the entire inte-

rior of the fruit body is occupied by minute asci, not collected

into a single tuft as in the pyrenomycetes, but scattered and
intermingled with the mycelium. The asci are separated into

small fields by radiating strands or thin plates of mycelium, form- .

ing sterile avenues from which the branches arise that ultimately

bear the asci and are intermingled with them. Since the fields

of asci are more or less elongate and thin, they too, have a

more or less radial direction from the point where the fruit body
is in contact with the host. The surface of the fruit body is a

thin and delicate wall formed by the coalescence of hyphae into

a membranous envelop which is joined by the terminations of

the radiating sterile avenues.

The arrangement of the asci in fields separated by sterile

avenues of mycelium suggested that the fungus was related to

the Tuberineae. How^ever, the asci do not form a hymenium
lining the walls of chambers in the interior, but they are irregu-

larly intermingled in the fields which they occupy. This places

the fungus definitely in the order Plectascineae.s In Fischer's

arrangement of this order there are six families. In the first

three families, Gymnoascaceae, Aspergillaceae, and Onygena-
ceae, the asci are irregularly distributed throughout the interior of

the fruit body, while in the Elaphomycetaceae and Terfeziaceae^

there are sterile avenues separating the fertile fields into groups.

It is evident that our plant possesses certain points of close

agreement with these two families, but the internal structure is

much more simple, and the asci and spores are not so highly

specialized, while the thin membranous, rudimentary envelop is

very unlike the thick and differentiated wall of the members of

these two families.

It is evidently a plant of very simple structure. It shows
some points of resemblance in this respect with the Gymnoasca-

s Engler and Prantl, Pflanzenfamilien i' : 290.

the Trichocomaceae have a highly specialized and peculiar capillitium, too

remote from our plant for comparison.
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ceae ; but, as stated above, the differentiation of the interior into

sterile avenues and fertile fields does not admit of its location

in that family. Furthermore, the envelop of the fruit body in

the Gymnoascaceae is arachnoid, while the envelop of our plant,

though simple and very thin, is membranaceous. It represents

>
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Fig. 2. Eoter/ezia parasitica, sho-wing section of fruit body and portion of perithe-

cial wall of Sordaria.

not only a new generic type, but also the type of a new family-

These may be characterized as follows

:

EOTERFEZIACEAE Atkinson, n. fam.—Fruit bodies with

a thin but distinct wall of closely interlaced hyphae. Interior

with sterile avenues connected with the wall and separating the

fertile areas where the asci are irregularly arranged.

EOTERFEZIA Atkinson, n. gen.—Fruit bodies subglobose,

minute, fleshy, with a distinct but very thin, undifferentiated wall»

smooth or slightly hairy. Interior of fruit body with sterile

avenues radiating from the base and branching until they unite

with the wall. Fertile areas lying between containing the asci
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intermingled with the supporting hyphae. Spores smooth, hya-

line, one-celled. Interior not disintegrating into a powdery
mass at maturity. At present one species as follows :

Eoterfezia parasitica Atkinson, n. sp.—Fruit bodies subglo-

bose to kidney shaped, white, fleshy, 100-300 X 100-200 /x, ses-

sile, closely attached to the perlthecia of the host, the mycelium

issuing from the inside of the perithecium in a broad, stout strand,

and then radiating. Wall of the fruit body distinct and well

differentiated, but very thin (3-5/x), membranaceous, and undif-

ferentiated, with here and there rather long free branches of

mycelium, but not distinctly hairy. Sterile avenues radiating

from the point of attachment with the host, and branching as

they approach the periphery, thin, but distinct, and separating

the fertile areas into thin plates in which the asci are inter-

mingled with the hyphae. Asci elliptical-oblong, 15-20 X
8-io/x. Spores elliptical-oblong, smooth, 3-3.5 X 1.5-2 ju, bise-

riate.— Parasitic on perithecia of a Sordaria, Ithaca, N. Y.

It might be as well to consider the position which the Eoterfeziaceae

occupy in relation to the other families of the Plectascineae. When I first

discovered the plant, I was impressed with the resemblance of the asci and

spores to those of Ascocorticium of the Protodiscineae, and those of some
species of Endomyces of the Protoascineae. It is probably more nearly

related to the latter. But the Gymnoascaceae, especially the genus Arachni-

otus, show very close relationship to Endomyces, both in the arachnoid envelop

and m the undifferentiated condition of the fertile portion. Eoterfezia is per-

haps an offshoot from such a plant as Arachniotus. The relationship of the

families might be suggested by the following scheme

:

^
Aspergillaceae - - (? Erysiphaceae).

? Onygenaceae.
Gymnoascaceae - - ^ ? Trichocomaceae.

Elaphomycetaceae.
Eoterfeziaceae - -

\ Terfeziaceae.

KEY TO THE GENERA OF PLECXASCINEAE.

Interior of fruit body undifferentiated,

Wall of fruit body arachnoid, simple - - - Gymnoascaceae

Wall of the fruit body firm, thick.

Fruit bodies not stalked Aspergillaceae

Fruit bodies stalked Onygenaceae
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Interior of fruit body differentiated,

Wall of fruit body very thin, membranaceous - - Eoterfeziaceae

Wall of fruit body stout,

Spore mass powdery Elaphomycetaceae

Spore mass not powdery Terfedaceae

Interior of fruit body with a highly specialized capillitium Trichocomaceae

III. DICTYBOLE, A NEW GENUS OF PHALLOIDS.

This plant was collected by W. H. Long, Jr., at Denton,

Texas, Oct. 15, 1901. It is peculiar and striking in that it pos-

sesses a dimorphic gleba, the upper part of which is traversed

by sterile, radiating, imbricate plates suggesting the gleba of

Itajahya, while the lower part of the gleba is latticed something

after the fashion of Simblum. From the gross characters of the

gleba it would seem to occupy an intermediate position between

the two genera, the former being placed by Fischer in the

Phallaceae, while the latter is a member of the Clathraceae.

However, in Itajahya the sterile plates are pseudoparenchy-

matous, while in Dictybole they are floccose, and Dictybole

therefore belongs in the Clathraceae.

The upper part of the volva in the specimens seen remains

adherent to the pileus, so that in the elongation of the recep-

tacle the volva ruptures in a circumscissle manner, leaving the

edge of the pileus more or less irregularly lobed and pendent

around the upper part of the receptacle, though sometimes the

volva ruptures so high up that there is no free portion pro-

jecting. As the plant ages, the latticed portion of the gleba

loosens from the stipe, except at the junction with the uppe^

part of the pileus, and expands in such a manner as to form a

pendent, loose, open, large meshed irregular network, which

becomes easily torn asunder in several places. The plant when

fresh has a peculiar, but pleasant and strong '* amyl-acetate

odor. It represents the type of a new genus 7, which may
characterized as follows :

DICTYBOLE Atkinson, n. gen.^ Receptacle a hollow stalk

with a chambered wall bearing at the apex a weakly devel-

7 Dr. Ed. Fischer^ to whom the plant was submitted, confirms my opinion that it

represents a new genus.

be
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oped pileus covered by the gleba. Gleba dimorphic, the apical

portion traversed by numerous sterile, short, radiating plates
;

the lower portion with convoluted folds in the form of irregular

rings giving a latticed appearance to this portion of the gleba.

At maturity the folds of the latticed portion of the gleba uncoil

more or less and form long, irregu-

lar, loose, netlike folds. Spores

One spe-single celled, smooth.—
cies, Denton, Texas.

Dictybole texensis Atkinson &
Long, n. sp.— Plants subterranean,

emerging by the elongation of the

receptacle, 7-1 o-^-" high. Recep-
tacle nearly cylindrical,' slightly

tapering downward, cream white,

firm; pileus not perforated at the

apex, usually pendent from apex of

receptacle, and upper part of volva
often m contact. Gleba at first Fig. 3.

—

Dictybole texends.

drab, then black; sterile plates in

upper part of gleba numerous, short, and narrow, arranged in a

more or less radiating and imbricated manner; latticed portion

with large oblong rings (S-16?), the surface rugose, and in age

loosening out into a large open, irregular mesh. Spore bearing

tissue between the sterile plates and lying between and over

e lattice work. Spores pale olive brown, irregularly oval,

3-4 X 2-3 ;u, smooth. Volva large, white, circumscissle, rooting

at the base. The plant when fresh has a pleasant but strong

" amyl-acetate " odor.— In sandy soil. Denton, Texas.

Botanical Department, Cornell University.

th



NOTES ON THE PHYLOGENY OF LIRIODENDRON
Edward W. Berry.

w

(with one figure)
i

There are many reasons why the tulip tree is an object of

unusual interest, but its scientific interest chiefly arises from the

facts that, like the Sequoia, Sassafras, Platanus, Ginkgo, etc., it is

the lone survivor of an ancient race extending back into the

Cretaceous period, that most of the race history can be traced,

and that we find this history epitomized in the existing species.

Liriodendron Tulipifera is confined to the eastern portions of

North America and Asia, although it or its probably identical

representatives were common in Europe during the Tertiary

period. Like other trees peculiar to North America at the

present time, such as Magnolia, Liquidambar, Sassafras, etc.,

and which inhabited Europe during the Tertiary, it was forced

to the Mediterranean by the glaciers and exterminated. The

existing Asiatic form has been described as a variety {chinensis^ ) ^

but it is very doubtful whether it is distinct. In North America

the tulip tree is found from Vermont to Florida and westward to

Michigan and Arkansas, and appears to be confined to the humid

temperate realm, requiring a rich soil for its full development.

The great variability among the leaves of the tulip tree, as

well as the resemblance of some of them to fossil species, has

attracted very little attention, possibly, as Holm suggests,'

because this variability is so well known as not to merit discus-

sion. The belief that this is not the case has led to the follow-

ing notes, extending over a number of years, and based upon

innumerable specimens. While these notes are incomplete and

* Descriptions of some new phanerogams collected by Dr. Shearer in China, etc..

Jour. Bot. 13 : 225. 1875.

Enumeration of all plants known from China, etc. F. B. Forbes and W- ^'

Hemsley. Jour. Linn. Soc, 23:25. 1886.

\

I

p

'S

Y

^ Proc. U. S. Nat. Mus. 13 : 15-35. 1890; Box. Gaz. 20 : 312. 1895.

44
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disconnected in many ways, it has seemed best to arrange and
present them.

A common error is the belief that a truncate or emarginate

apex is a constant feature, indifced, no doubt, by a consideration

of the vernation, which would seem to preclude any other form
of apex, and which has been the subject of papers by Lubbock^
and others. Lesquereux^ says "leaves always truncate or

emarginate at the apex/' and Newberry 5 makeg the same state-

ment. Holhi,^ in his paper on the leaves of Liriodcndron, goes

still further, and insists that the notched apex is the true test of

the genus Liriodcndron, and hence unnotched leaves or forms

with the apex of the leaf missing cannot be identified with cer-

tainty; and Holiick 7 makes the statement that the apex is

always cuneate or notched. Doubtless others have followed the

lead of these authorities.

I have collected numerous leaves of Liriodejidroji Ttilipifcra

with pointed lips, and I have also a number of similar specimens

collected by Mrs. W. A. Kellerman, of Columbus, O., showing

how fallacious the above cited criterion proves. Among my col-

lections of these anomalous forms may be noted a simple obovate

leaf closely resembling Phyllites obcordatics Heer ; a trilobed form

identical with Liriodendron semialaUim Lesq. of the Dakota

group; a small leaf unlike anything before known in this genus

and almost exactly corresponding with Cissites acumifiaius Lesq.,

/^' 5i fig' J, of his Cretaceous mid Tertiary Floras; a large trilobed

leaf which is also a new form in the genus and recalls Hcer's

Aralia grocnlandica; also numerous ovate-lanceolate leaf blades

on leaf bearing flower buds [sc^ fig-j)- The foregoing exam-

ples are sufficient to refute the claim that the notched apex is an

essential character, and we should expect to find just such leaf

forms if we accept the origin of Liriodendron from forms with

simple, magnolia-like leaves. Fossil species based on leaf forms

3 Phytobiological observations. Jour Linn. Soc. 22 • 24. 1887 ; and GoDRON, A-,

Obs. sur les bourgeons et sur les feuilles des Liriodendron Tulipifera, BulL Soc.

Bot. France 8:1861.

Flora of Dakota group, p. 229. ^Proc. U. S. Nat. Mus. 13 : 1890.

5 Flora of the Amboy clays. 7 Proc. Nat. Sci. Ass. Staten Is. 5 : no. 7. 1896.
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alone are always more or less problematical, and yet in many

cases form alone has served for specific distinction.

Venation also is much depended upon in defining species,

although both venation and leaf f^rm are characters which vary

in a marked degree in the modern tree, even on the same indi-

vidual. Leaving out the anomalous forms from shoots, forced

buds, saplings, etc^ almost any sassafras or tulip tree will show

eV^ariati-^n amctv^ mature leaves on branches

tj^q^ret branches) should l)ear typical

eries from different trees or of

different ages the variation in shape and minor characters or

venation is almost endless. Perhaps no style of venation is

more characteristic generically than the peculiar form that

obtains in Liriodendron. That it cannot be relied upon for spe-

cific distinctions we know from its wide variation on the livmg
i

tree, as well as among the fossil species referred to this

genus. In some specimens the secondaries are opposite

instead of irregularly alternate ; in some they are parallel

almost to the margin and ascending ; while in others they soon

divide. The angles of divergence of the secondaries show

every degree of divergence, acute angles, right angles, or obtuse

angles. All that should be claimed for venation characters,

generally speaking, is usefulness in generic distinction or as sup-

plementary evidence in connection with species.

Holm considers nearly all of the described forms of Lirioden-

dron invalid, while most authorities consider nearly all of them

perfectly good species. Professor Ward's dictum, that for geo-

logical purposes it is not so much a question of correct botanical

determination as the correct recognition of a plant once named and

associated with a given deposit, is quite true ; but it loses its force

when we are considering forms with variable leaves, unless each

variety is constant and peculiar to a given formation, which is

obviously not the case. In pursuing the comparison through the

intermediate forms of ancient Liriodendrons, who can say where

to break the chain of gradations for the boundary of separate spe-

cies; among the gradual modifications of form,strikingly similar to
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a series of leaves of Liriodendron Tulipifcra, who can say where Z.

simplex ends and Z. primacvum or Z. Meekii begins, or where L.pn-
macvum ends and Z. semialatum begins? The same variability and

interrelation is shown among the leaves variously referred to

M Plata-

nus, Sassafras, etc.; and, while it may be argued that we should

expect just such variable and intermediate leaves at a time when
the flora of the globe was becoming rapidly differentiated, the

argument loses force when we turn to a similar variability and

interrelation of the modern forms of the same genera, when their

leaves alone are considered.

In considering the thirty or more species and varieties of

fossil forms ascribed to Liriodendron and its allies Lirioden-

dropsis and Liriophyllum, we may distinguish them as all good
species, or as three or four, or we may identif}' most of them
with the modern form, dependent upon our conception of the

term species. If the Cretaceous period, at the time the Dakota
strata were being laid down, was the time of maximum develop-

ment and diversification of the dicotyledons, it is difficult to

understand how so many of the tvpes are still persistent with

all their essential characters unchanged (Myrica, Betuja, Quer-

cus, Populus, Viburnum, Salix, etc., and representatives of nearly

all of the natural orders) , even in some cases to specifically sim-

ilar forms (as Mag7iolia acuminata and M. tripetala). If there was
such a diversification of species at that time as we are led to

believe, it is strange that most of the types persist comparatively

unaltered through the later formations to the present time,

mstead of losing their character in further continued variation.

We have listed as follows a few of the reasons for consider-

mg some or all of the described species of Liriodendron invalid

:

1. Their remains are more or less fragmentary, and therefore

not determinable with certainty.

2. The shape and venation of leaves are poor specific charac-

ters at best.

3- A series of leaves of LiriodaidroTi Tulipifera can be found

which parallels the fossil species in both shape and size.
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I
'

4. There is a close intergradation among the various fossil

forms.

5. The more unusual fossil forms are mostly small leaves, and

it is among the smaller leaves on shoots and saplings of Lirio-

dendron Tidipifera that we find the most diverse shapes, and those

forms which most resemble the diverse fossil forms.

6. The remains of different fossil species would be unlikely

to occur associated with each other.

7. Liriodendron is a monotypic genus at the present time.

8. The existing tulip tree very probably extends back into

the Tertiary period, there being no great climatic change except

during the Glacial period, which was survived by all of our exist-

ing arboreal vegetation. It is not stretching a point, therefore,

to assume that our existing species of Liriodendron might extend

still farther back into the Cretaceous ; other plants do (Mag-

nolia), and paleontology affords many examples of such per-

sistent animal types.

9. Nearly all of the fossil forms of Liriodendron, if found at

the present time, would be unhesitatingly referred to Z. Tulipift^r^

from a consideration of their leaf form alone; and practically all

of the abnormal leaf forms of Z. Tulipifera, if found as fossils,

would be considered distinct species.

10. If we assume that in the ancient forms of Lirioilendron

the largest and best developed trees were on hillsides, as is the

case in the modern tree, then the smaller, more aberrant forms^

which occur on vigorous saplings and shoots, inhabiting the

more marshy situations, would be the forms mostly likely to

become fossil.

11. A warm, humid climate during the Cretaceous might
m

account for the variety in shape and size of the leaves, just as in

Z. Tidipifera the best nourished individuals are the most variable*

12. The fact that so many of the fossil forms were contem-

poraneous militates against considering them as different stages

in the development of the genus. We might with equal pro-

priety consider the existing varieties as actual stages.

13. The barren record of the Tertiary period would seem to
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imply that the diverse forms are found in the Cretaceous simply

because the conditions were favorable for the fossilization of the

abnormal forms.

In opposition to the foregoing, our reasons for considering

the various described species valid are:

I. The majority of abnormal leaf forms in the living L. Tulip'

ifera are young leaves, and they would not be likely to become
detached and preserved as fossils.

2. We have every reason to expect numerous species in a

tree ranging over so many lands (Europe, Asia, America), and
throughout such a long period of time (Lower Cretaceous to the

present).

3. The Cretaceous was a period of development and variation

in the dicotyledons.

4- Ontogeny, or the individual development of modern types,

more or less parallels their phylogeny,or actual ancestry. Gen-
erally speaking, this applies to all animals and plants,

5. The weight of authority is all on the side of many species,

Lesquereux^ going so far as to say **from the remarkable diver-

sity of characters seen in the leaves of Liriodendron described in

this volume, I believe that no botanist would be disposed to

consider them as mere varieties of the original obovate simple

leaves.'' In criticising Holm's paper on Liriodendron, Professor

Lester F, Ward^'says "modern forms more likely represent the

phylogenetic stages through which the present living species has

passed." This is the view held b}- all, so far as I know, of the

various authors who have written of this group, as Newberry,

Lesquereux, Hollick, etc., in this country, and Heer, Ettings-

hausen, Unger, Saporta, Velenovsky, Massalongo, etc., abroad.

6. If stipules were present— and they must have been, since

Linophyllum populoides of the Dakota and Liriodendron alatum of

the Laramie show their incipient stages— they should occur as

fossils, either separately, if we assume them to have been fuga-

cious, as they are at the present time, or attached to the peti-

oles of the fossil leaves, if they were persistent.

* Flora of Dakota group, pp. 205, 206. ^ Am. Jour. Sci. III. 40 : 422. 1890.

Mo, Bot. Garaeri

1£03.
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In reply to the question whether each one of the described

species of Liriodendron represents a definite species established

in nature, we are compelled to answer in the negative ; for the

evidence that the majority of these forms were distinct species, in

any proper sense, is entirely insufficient. At the same time, we

are led to believe, from a study of these fossil forms in conjunc-

tion with the modern form and its varieties, that Liriodendron in

the course of its evolution has passed through a series of parallel

stages, as we will endeavor to show. It matters little whether

we call these stages species or stages.

The purpose of Holm's^° paper on Liriodendron is stated as

follows: **The object of these notes .... is to prove that, as

far as is known to the writer, there is not a greater difference

in the foliage between many of the extinct species of Lirioden-

dron than between a series of leaves from a very young tree or

from a branch of an older one of our living Z. Tulipifera
;'' and

he then proceeds to attack the validity of the various species.

Since 1890 a host of specimens, including many interesting

forms," have come to light, and much new material has been

published. Two works in particular may be mentioned, the last

labors of the pioneers Lesquereux" and Newberry ^^ being issued

posthumously, as well as various contributions from Hollick and

others on the plant remains from Long and Staten islands and

elsewhere. The time seems opportune for recording some

additional notes, and correcting several current inaccuracies.

It is far from the purpose to attempt to diminish or increase

"Proc. U. S. Nat. Mus. 13: 16. 1890.

"The following new species : Liriodendrppsis angustifolia Newb., L c, p. 84 5

Liriodendron alatum Newb., Hollick in Bull Terr. Bot. Club 21 : 467. 1894 ; L^ acu-

minatum hilobafum Lesq., /. r., p. 207 ; L.Snoiuii Lesq., /. r., p. 209 ; Z. succedens

Dawson, Trans. Roy. Soc. Canada n : 62,//. 8. fig. 36. 1893 (1894) ; L,, praetiiHpiMum
Dawson, I. cfig. 27/ and the winged petiole forms of Liriophyllum populoides Lesq.»

' Hollick, /. €,
'

h

"Flora of Dakota group, edited by F. H. Knowllon. Monograph 17 U. S. Geol.

Surv. 1 89 1.

^3 Flora of the Amboy clays, edited by Arthur Hollick, Monograph 26 U.S.

Geol. Surv. 1895,
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the number of described forms of Liriodendron, and so need-

lessly encumber the synonymy.
In comparing the ancient types of Liriodendron with the

modern varieties of Z. Tulipifera, the purpose is to establish the

fact that those ancient forms of leaves which were simple, or

with unnotched apices, or with winged petioles, and which some
authorities are inclined to exclude from Liriodendron, are

undoubtedly correctly identified as primitive forms of that

genus.

THE EVOLUTION OF LIRIODENDRON.

Following Holm, we would consider the primitive ancestral

type of Liriodendron to have been a simple, Magnolia-like leaf
;

for not only do all the modern relatives of Liriodendron have

such leaves (Magnolia, Anonaceae, etc.), but there is a progres-

sive simplification and reduction in lobation as we proceed back
in time, the most primitive known forms having ovate or oblong

:)Ie leaves [Jig, j) , VVe find in the growth of our modern L.

ipifera a parallel development, from the youngest entire or

merely notched forms to those of the mature, typically lobed

leaves.

Generally speaking, no significance can be attached to the

form of the cotyledons ; but in this case they represent almost

exactly the form we imagine to have been assumed by the

primitive Liriodendron leaf, which grew in the early Cretaceous
01" Jura-Cretaceous. (See Torreya 2: pL i. figs. 6-8, 1902.)

We picture this ancestor as a tree with simple, ovate or lanceo-

late leaves, short petioled and without stipules or bud-scales.

The vernation of the leaves was probably conduplicate, as in

the existing Magnolia, it being obviously improbable for it

to have teen reflexed in the ancestor of short-petioled leaves

such as those of Liriodendron simplex and L. primaevum. We
consider that this entire, oblang form of leaf, tapering at

both ends to a blunt point, was succeeded by a series of

forms ranging from Liriodendropsis aiigustifolia Newb. at the

one extreme, through Liriodendron simplex Newb., L. primaevtim

>
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Newb., and Z. Meekii Heer, to L.^semialatiim Lesq. at the

other.

This more or less closely related group includes four types

of leaves. The first, a narrow elongated leaf, with an emargi-

nate apex [Liriodefidropsis angiistifolia) ^ occurs in such numbers

in the Amboy clays and is so uniform in shape as to warrant its

consideration as at least a permanent variety, which developed

from the simple lanceolate ancestral form by a reduction of the

apex until it became emarginate in the Lower Cretaceous. The

second type includes certain leaves which have been referred to

L, simplex, and which resemble the preceding in outline, but are

somewhat broader. They would have been developed easily

from Liriode7idropsis angiistifolia by a slight shortening and broad-

ening of the blade of the latter; and like it, this form is found

in the Amboy clays. If we compare some of the figures of L.^

simplex with Lesquereux's Myrsine crassa^""^ they seem to be

identical.

The third type of leaf is connected with the preceding by

insensible gradations from the elongated emarginate forms,

showing a constantly increasing width of blade, together with a

shortening of its length, the emarginate apex becoming. less and

less so, until it is simply retuse. If these leaves were somewhat

shortened and broadened, they w^ould be identical with the

usual form of young leaves of Z. Tidipifcra, If Phyllites orbicu-

laris Newb. (Flora Amboy clays, 136.pl. 24. Jigs. y,8) be com-

pared with young leaves of Z. Tulipifera, they seem very similar

and possibly identical. The various fossil leaves referred to

Cohiteji primordialis Heer are also of this type, and the same may

be said of Sapotacites retiisiis Heer.'s Xhe resemblance of these

ancient Liriodeudron leaves to various leaflets of existing

Leguminosae has also been noted by several authors. We have

found Tulipifi

which shows conclusively that these ancient leaves are true Lirio-

deudron leaves. This type is represented by various fossil

'^ Flora Dakota group, pL 33, figs. 2,3.

^5 See Flora of Amboy clays, pL £3- figs, j, 6.
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forms referred io L.̂ simplex and L. primaevitm Newb., showing
every gradation in form from the elongated notched leaves

through the typical Z. simplex to the broad forms of L, primaeviim,

which show a tendenc}^ to develop fouf lobes, a stage reached

in Z. Meekii Heer. The typical forms of L. primaeviun are later

in point of time than Z. simplex, being found in the Dakota group,

which forms the lowermost layers of the Upper Cretaceous;

while Z. simplex begins in the Aniboy clays, long thought to be

the same age as the Dakota, but now referred to some of the

later Potomac series (Albirupean) of the Lower Cretaceous.

However, many of the forms which have been referred to *Z.

simplex are intermediate between it and L. primaeviim, there

being no very clear lines of demarkation among Liriodendropsis

angtistifoha, Liriodendro7i simplex, L. primaevum, and L. Meekii;

each being a modification of the preceding through insensible

gradations. It is but a step from some forms of L. priinacvum

to L. Meekii, and we have among our collections of L. Ttdipi-

fera many leaves that approximate those of L. Meekii in

shape.

The fourth type of this group represents the other extreme
of form, and is somewhat removed from the preceding three.

It preserves the pointed apex of the original ancestor, which

gradually broadened until it developed an obtuse basal lobe on
each side. This form is represented among our known fossil

torms by Liriqdendron semialatum Lesq., and among leaves of L.

Tulipifera by several specimens. L. semialatum is found in the

Dakota group, and would have had ample time to develop into

a broader leaf witH basal lobes during the long period of the

Lower Cretaceous when the Amboy clays were being deposited
along our eastern coast. The small leaves from the Upper Cre-
taceous of Vancouver island, described by Dawson as L. siicredens,

if they belong to this genus would be the natural descendants
of Z.. semialatum.

If we call the theoretical oblong-lanceolate form stage i,

the preceding five closely related leaf types fall naturally in a

gi-oup which may be called stage 2.
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Somewhat aside from the preceding are those forms included

in Liriophyllum, a genus established by Lesquereux in i^']^^

to contain certain leaves from the Dakota formation evidently

allied to Liriodendron. They are somewhat coriaceous in

texture, with obscure venation, and differ widely in outline from

any known forms of Liriodejidron, being (except L. obcordatnm^

which is probably not a Liriophyllum at all) square or broadly

rhomboidal in general outline, and split at the apex along the

line of the midrib about half way to the base, the two lobes

being sublobate or bilobate, and separated by an obtuse sinus.

Just what is the relation between these leaves and Liriodendron

is hard to say. We know of no forms of Liriodendron, either

ancient or modern, that approach very closely the peculiar

shapes oi Liriophyllum populoides, d^nd L. Beckwithii. Fig. i shows

the nearest form to Liriophyllum I have been able to find in

some ten years collecting. In no case, however, is the resem-

blance very close, the nearest being those which would be

identical with Liriophyllum populoides were the base somewhat

wider. Bilobate leaves with a deep, wide sinus at the apex are

common enough, the leaves tending to assume that form in the

vicinity of flowers, or where the nourishment is defective ;
but

none of them show any tendency to widen at the base, or con-

tract the width of the sinus as in the leaves of Liriophyllum

i^fig^ 2). There are two forms of Liriodendron leaves, either of

which I conceive could have been ancestral to Liriophyllum.

One is the common form of young leaves on modern shoots, and

needs but to become parted farther down along the midrib, and

to more largely develop the basal and apical lobes, to be a true

Liriophyllum. The other is some form similar to Lirioden-

dropsis angiistifolia, which, by a shortening and widening of the

blade, through some such form ?i% Liriodendronalatiim, might lead

to Liriophyllum. Of the two, the latter seems to be the more

i

tenable, for the orbicular notched leaves, first mentioned above,

have never been found in the fossil state, unless PhylliUs orbicti- \

laris may be so considered. It requires but a slight enlargement

'*Haydeii's U. S. Geol. and Geog. Survey, p. 482.

J

\



1902] NOTES ON THE PHYLOGENY OF LIRIODENDRON 55

of Liriodendropsis angustifolia to secure a form similar to Lirioden-

droit alatuniy and by a slight shortening and broadening of the

blade in the latter we obtain a form from which it is an easy

transition to Liriophyllum popiiloides, through forms with slightly

more ascending apical lobes, and with a greater development of

the basal portion of the blade

in a lateral direction. I

would consider LiriopJiylhim

obcordatum as co - 1 a te ra 1 1 v

descended from some simple

ovate form such as some of

the forms referred to Liriode?t~

dron primaevum. In either

case, a Icngtheninjr of the

E.WB.cJUX.

next to the last pair of pri-

maries, and the resulting

lobes, would give a form
identical with Liriophyllum

obcordatum. However, we do
not consider this a true

species of Liriophyllum
; it

IS either a young and ano
lous Liriodendron leaf, or a

'-">"/-"•,

leaflet of some species of Leguminosae, preferably the former.

Linophyllum populoides, the type of the genus, as the winged
argins of the petiole show, had advanced several stages in the

development of stipules. It is undoubtedly related to the ovate

simple forms of the ancestral leaf through a form similar to

Liriodc?idron alatum, as was just pointed out, possessing, as it

3

ma- Certain forms of leaves of Liriodendron

Tulipifera.

m

does, the winged petioles of the latter. Lesquereux's two figures

of Liriophyllum populoides have the petioles broken off, but both
show the petiole widening as it descends. In the figure of a

young leaf, the wings are in juxtaposition with the leaf blade,

while in the older leaf there is an interval of petiole, apparently
shownig that the wings grew down the petiole as it lengthened.
The immature leaf furnishes additional proof of its origin from

J
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a form without the widely spreading base, showing ascending

margins, and with but an indication of the spreading basilar

extensions or lobes which characterize the mature leaves.

Liriophylhtm Beckzvithii is either an abnormal form of L. popu-

loides, or a further extension and more pronounced development

of its salient characters. Of rare occurrence and large size, it

may simply represent a leaf of L^ populoides of extraordinary

size and more extensive lobation,induced by favorable conditions

of growth, just as we find extraordinarily developed leaves of

large size and extensive lobation on especially vigorous shoots

from saplings of L. Ttilipifera.

Sterile soil, lack of humidity, or some similar hard condition

may account for the development of the Liriophj^llum type of

leaf. The following facts would seem to imply this : In L. Tulip-

iferUy the leaves on the same twigs as the flowers tend to an

abbreviated blade. Again, by cutting off the shoots of the year,

and forcing next yearns buds to take their places, we obtain

leaves similar to the above. All of these forms approximate

Liriophyllum, and hint at its probable mode of origin. That the

peculiar ascending primaries offer no objection to this theory is

well shown in several small specimens of Z. Tulipifera leaves in

my collection, with a cleft apex and opposite ascending veins.

It would require only the slowly increasing development of an

opposite-veined and cleft-tip form like this to become the

opposite-veined, deeply cleft Liriophyllum.

As the Dakota time progressed, Liriodendron, fostered by

the humid and warm Cretaceous climate, developed rapidly, the

leaves increasing greatly in size, and with this went increased

lobation, the tendency being for those portions of the leaf blade

at the terminals of the secondary veins to increase at the expense

of the rest of the blade. These lobes are obtuse where a full or

an extra supply of nourishment is obtained, and acute where

there is any diminution of the supply. That the congenial

warmth, humidity, and rich soil of this period were the primary

factors in the great variation and development of the Lirioden-

drons is undoubtedly the case; for in modern tulip trees those



1902] NOTES ON THE PHYLOGENY OF LIRIODENDRON 57 •

\

growing in rich soil, or leaves on especially vigorous shoots from

old stumps, saplings, etc., show the greatest tendency to varia-

tion and large size, and trees in poor soil have smaller acutely

lobed leaves, and the leaves on large, mature trees are smaller

than those on saplings, and have the lobation reduced almost to

cuspidate points. Again, on individual shoots where the supply

of nourishment is reduced artificially, or where it is diverted for

the formation of flower and fruit, the leaves undergo great reduc-

tion in size and lobation, showing a tendency to assume a two-

lobed, Liriophyllum-like form. There is nothing particularly

new in this view, for we find in Lindley's Introduction to Botany

(P- ^36, 1839) the following; ''Lobation [of leaves] is deepest

and more pronounced in those individuals of the same species

whose vegetation has been least favored by humidity, and the

nature of the soil.''

Large leaves, affording a larger assimilating area, are of course

more advantageous in the performance of the functions of vege-

tation than smaller ones, and some of the additional advantages

accrumg when these large leaves are lobed instead of simple

may be enumerated as follows: The simple leaves are more
unwieldy and heavier, and therefore much more easily affected

and broken by winds and rain. In the lobed forms the sunlight
V

IS more completely utilized; there is economy of circulation

through more direct connection of parts; there are more leaves

to a given amount of material, and therefore more active assimi-

lating organs. The functional activity of two-lobed leaves,

havmg an area equal to that of a single simple leaf, ought to

be considerably greater.

The next stage in the genealogy of Liriodendron which has

been preserved is L. giga7iteum Lesq., which is reached by a

series of slight changes from the more primitive L. Meekii

through constantly enlarging and more lobate forms induced by
the environment indicated above. The petiole has become
greatly lengthened, and stipules had probably been developed;
for, although we have no trace of stipules except in the winged
petioles of Liriqphylhim populoides, of the Dakota znd Liriodendron
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alatmn of the Laramie, unless certain forms referred to Paliurus^^

are the remains of stipules, they must have been developed early

in the history of the group, before the vernation became fixed

and the petioles lengthened. L. giganteum had a very large leaf,

5 by 16.5*^'", with consequently large veins, oblique or rectan-

gular, oblong, obtuse lobes, and deeply emarginate apex. We
have a number of leaf forms of L. Tulipifera from particularly

luxuriant saplings that greatly resemble L. gigaiitetim. The

venation is similar; the general contour is similar, the lobes m
L. Tulipifera being a trifle less obtuse; and, \\V^ L. giganteum,

these are very large leaves, in fact in all extra large leaves of

Z, Tulipifera the tendency is to assume a form that approximates

Z. gigantetitn in a general way, and we have a number of such

forms in our collection. L. giganteum cruciforme Lesq. differs

but slightly from Z. gigaiitetim, the lobes being more nearly at

right angles and the intervening sinuses deeper and narrower;

the lobes are also somewhat less obtuse and more like some of

our specimens of Z. Tulipifera, Dawson's L, praetulipiferum from

the Upper Cretaceous is evidently related to L, giga?iteum. It

also resembles some of the forms of Z. Meekii, and is without

doubt closely related to the then existing ancestor of our modern

tulip tree.

The next species in the geological record is Z. oblongifolium

Newb. from the Amboy clays of New Jersey. Among the

various published figures of this species all are fragmentary and

of more or less uncertain affinity except one figure which shows

Tulipifi

ifoli

direct line of descent leading to Z. Tulipifera, from which the

latter has changed but slightly. Z. oblongifolium is somewhat

less lobate than the modern leaf, and has the lateral veins nearly

straight, ascending, and approximately parallel. There is no

doubt that Z. oblongifolium, L.praetulipifertim, and L. giganteum

'7 See Flora of Aniboy clays,//. 23. figs. 5, 9/ Flora of the Dakota group, //• J-5'

fi^s.6, 7; BulLTorr. Hot. Club 21 : pL lyj-fi^^S; Trans. N. Y. Acad. Sci. 12: //- ^•

figs. 12. 18, IQ.
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were very closely related, and probably had a common ancestor.

Among the leaves of L. T2ilipifcra we can find a perfect series

from L, oblongifolitim \,o L. giganteiim and L, practiilipifenim on the

one hand, to L. qiiercifolitim on the other. The latter was
derived from Z. oblongifoHum through leaves with increased

lobation.

The next fossil species is L. piniiatifidiun Lesq., and we note

that Lesquereux's two figures of this species differ considerably

from each other in shape. Both are fragments, and their nerva-

tion is dissimilar and remote from that which obtains in all the

other known forms of Liriodendron. While one may be a

Liriodendron, we are forced to consider the other as an alto-

f
gether different Quercus, at any rate

I not related to Liriodendron. We note in passing that Les-

quereux's Cissites obtiisilobus, also from the Dakota group (FI.

Dak. i6i. pL Jj.fig, 5), somewhat resembles the species under

discussion. Lesquereux'^ wrote later of Cissites as follows:

*'Velenovsky, in his Flora Bohm. Kreideformation, pt. 2, pi. 6.

fig^ 2, has a figure like this, and has named it Liriodendron Cela-

kovskii. It essentially differs in the lateral primaries being

basilar." We are inclined to think that this observation is a hint

at the true affinity of the specimen, for it has the indefinable look

of a Liriodendron leaf, and we have in our collection of L.

Tiilipifera leaves several that approximate Cissites obtusilobiis

.

CissiUs alatus Lesq. (FI. Dak. group, i6o. pi. 23. fig. 6. 1891)
in all probability also belongs here. Lesquereux was inclined to

'efer it to Liriodendron, and afterward compared it with L.

Gardneri Saporta, which it greatly resembles. We have also

L. Tulipifera leaves that resemble it, but somewhat remotely.

The American Cretaceous species of Liriodendron at this time

diverge somewhat widely from the line of descent leading to

the modern form, and develop into some curious lobate forms
that will be considered later.

We are obliged to go to Europe to find the stages subsequent
to L,j)blongifolitmi leading to L. Tulipifera. We find them nearly

' ^lora Dakota group, p. i6i, footnote.

I

/
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complete in the forms variously referred to L. Procacciiiii Unger,

Z. Haiieri Ettings., L, helveticum Fish-Oester, L. islaiidicufu Sap.

& Marion, all from the European Tertiary '^ formations, the

forms from the Pliocene being clearly identical with the existing

species. Schmalhausen''^ refers a leaf from the Pliocene (?) of

the Altai mountains to L, Tulipifera, and Saporta and Marion

consider certain of the forms referred to Z. islandicum as identical

with the modern tree.

With the advent of the Glacial period the European Lirio-

dendrons, along with Sassafras, Magnolia, Celastrus, etc., dis-

appeared from that continent, the glacial conditions undoubtedly

forcing them southward until further retreat was cut off by the

Mediterranean.

Returning to the curious lobate forms from the American

Cretaceous, we have four species and one variety that are unlike

anything seen in the modern species, and evidently not forming

a part of its ancestral line, but a collateral branch from it. The

most lobate forms found on the modern tree are quite different

from the long, narrow-lobed forms under consideration. The

least divergent form Is L. intermedium Lesq., and it is only known

from fragments of the upper part of the leaf. It was evidently

a large leaf, and might be derived from a form like L. giganteitm

by an extreme narrowing of the lobes. The next species, L.

Wellingtotdi Lesq., differs from the preceding in having the sup-

posed basal lobes of Z. interfnedium lengthened and curved

inward, ascending almost vertically nearly to the tips of the .

upper lobes. L. acuminatum Lesq.' differs from Z. Wellingtoini in

having the basal lobes somewhat reduced in length and all of the

lobes acuminate. The variety bilobatiim merely differs from Z.

actimi7iatum in having the basal lobes bilobate, thus greatly

resembling various forms referred to Aralia. Lesquereux com-

pares it with Z. islandicum S. & M. If it be a true Lirlodendron

'5 Diligent search fails to disclose Liriodendron in the extensive European Creta-

ceous system.

^Ueber tertiare Pflanzen aus dem Thale des Flusses Buchtornia am fusse des

Altaigebirges. Palaeontographica 33. 1887. Z. Cetakovskii\^\^x\. is probably not a

Liriodendron (Bull. Torr. Bot. Club, July 1902).

If

i:

L

(
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it is certainly a very anomalous form of leaf, and repre-

sents the extreme of development of the lobate leaf in this

genus.

We have next to consider Ward's Z. Laramie7ise. It is a more
recent species than any of the preceding American forms, being

from the Laramie. According to Stanton & Knowlton,^^ these

strata underlie marine Cretaceous and therefore belong to the

Montana formation. If this reference be correct, it leaves but

one American species besides the existing one subsequent to the

Cretaceous, If L. Laramieitse is a true species, the doubt being

caused by the known remains consisting of but the basal frag-

ment of a leaf, it was a comparatively simple form which

developed from the ancestral TuliptferaAikc form, which was

probably contemporaneous with it, although as yet no Z.

Ttilipifeja remains have been found in these strata. Modern
simple L. Tulipifera leaves similar to Z. Laramie?ise are very

common.

The last fossil form to consider is the remarkable Z. Snowii

Lesq., from the Dakota group. It is a large leaf, ovate in outline,

pinnately divided into several linear, obtuse lobes on each side,

which are attached by their whole bases to the midrib, but are

entirely separated from e^ch other by a considerable interval of

free midrib. While it differs so widely from any of the other

torms of Liriodendron as to seem to represent an unallied com-
pound leaf, there is something about it that stamps it as a species

of Liriodendron. The venation is also t3^pical of the genus. It

ay represent a further and extreme development from Z.

ptnnatifidiim, which originated, flourished, and disappeared during
the deposition of the Dakota group; we certainly have nothing
like it among modern Liriodendron leaves.

With the close of the Dakota period the Liriodendron group
seems to wane, having but one or possibly two species in the

Laramie, and none in the American Tertiary or more recent

formations, although the tulip tree flourished in Europe through-
out the Tertiary. While the extremely lobate species may have

m

21
Bull. Geol. Soc. Am. 8: 127-156. 1S96.



62 BOTANICAL GAZETTE [JULY

become extinct after the close of the Cretaceous, it is very prob-

able that the ancestors of the modern tree still flourished, and

we can only blame the imperfect geological record for the lack

Cotyledon or Magnolia-like, simple, elongated form

Liriodendropsis angustifolia

L. alafum
L. simplex

L. pnmaevum

Liriophyllum popuioides
eekii

L, Beckwithii

L. semialatum

L.^uccedens

L. LaramTense

L. oblongifolium

L. giga'nteum

L. quercifolium

var cruciforme

L. pinnatifidum

L. intermedium

L. Snowii
L. Procaccinii

L. acuminatum

var atum

L. Tufipifera

of evidence of their existence. It would seem that the numerous

Tertiary lakes would have furnished abundant facilities for fos-

silizing leaves from the trees that skirted their shores, or were

brought down from the adjacent uplands by the many streams.
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^
Matthew and Davis" have recently advanced reasons for con-

sidering a considerable number of the so-called Tertiary lake

formations to be flood-plain and aeolian deposits. If their argu-

ments are sustained, which seems unlikely except for restricted

areas, the absence of leaves from these formations becomes

explicable. Be this as it may, the record has thus far proved

^

barren, and we can only congratulate ourselves that the more

ancient record is so complete. We can better spare the record

of the Tertiary, for the modern form became practically fixed

in Z. oblojigifoliiim of the Amboy clays, or its undiscovered,

closely related contemporary, and has changed but slightly

in subsequent times.

^ A summary of these suggested relationships may be presented

as on opposite page,

Passaic, N. J,

"Matthew, W.D, Bull Am. Mus. Nat. Hist. 12:25. 1899; Gilbert, G. K.

17th Ann. Rep. U. S. Geol. Surv. 1895-6, part 2, p. 575; Williston, Kan. Univ.

Geol. Surv. Rep. 1S96; see also Fraas in Science 14: 210.



BRIEFER ARTICLES.

POLYEMBRYONY IN GINKGO.

(with four figures)

Polyembryony is common among the pines, but I have not seen it

recorded for Ginkgo. Recently in examining some material of Ginkgo,

collected in Washington, D. C, by Mr. R, F.

Griggs, the writer found a single case of poly-

embryony. The twin embryos were as complete

in every respect as the single embryos, except in

size. They measured lo""" in length,

which was about three-fourths the

average length of single embryos.

As is well known, the embryos are

dicotyledonous

in g e n er a 1

V

character, and when sectioned the cotyledons showed an elongation

of cells through the long axis, apparently the fibrovascular bundle.

The plumules were made up of several leaflets, a branch of the

fibrovascular bundle running into each; and near the surface sec-

1
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tions of a number of large resin ducts were observed. The accom-
panying illustrations are self-explanatory.—Mel T. Cook, Ohio State

University^ Columbus^ Ohio,

A ROOT ROr OF APPLE TREES CAUSED BY
THELEPHORA GALACTINA FR.

For thirty years or more apple growers in West Virginia, Ken-
tucky, southern Illinois, Missouri, Arkansas, and Oklahoma, have lost

numerous trees from root diseases of various kinds. The trees

attacked were generally young trees, from three to six years old. Dur-
ing the last few years investigations have been carried on in several

states, which show that the death of apple and other fruit trees, because
of root disease, is due to a number of different diseases; in other

words, that the term *'root-rot" cannot always be applied to one dis-

ease. Several fungi have been associated with root rot diseases. One
of these is widely distributed as a parasite of trees in the states men-
tioned above. Apple trees set out on newly cleared ground are

attacked by the fungus very soon after planting. The trees show no
signs of disease until the year of death. Diseased trees four and five

years old, with their root system almost entirely destroyed, can often

be recognized by excessive flower and fruit production, a phenomenon
frequently noted when plants are much weakened by disease. Dis-

eased trees die very suddenly, generally in the early summer. The
leaves wither and fall and within a few weeks the tree is dead. Disc.

eased trees always occur in groups, which indicates that the fungus
spreads through the soil.

The root rot disease caused by Thelephora differs from that caused
Dy Agartcus melleus in that no signs of disease are evident above ground
until the trees are dead. The fungus causing this disease has been
identified by Dr, E. A. Burt as Thelephora galactina Fr. The fruiting

t>ody consists of bright red orange leathery sheets which form on dis-

eased roots and around the base of the trunk. The fungus was trans-

ferred from oak roots to young apple trees, killing the latter within a
year.

An extended account of the mode of occurrence and growth of

Thelephora galactina \\\\\ be published before long.— Hermann von
SCHRENK, Shaw School 0/ Botany, St. Louis.
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STIPA HASSEI NOT A GOOD SPECIES.

(with one figure)

In Contributions from the National Herbarium i : 267. 1893, Dr.

Vasey describes several new species of grasses. One of these belongs

to the genus Stipa and is named Stipa Hassei in honor of its collector.

There are five specimens of this species in the

National Herbarium, all collected by Dr. Hasse in

the region of the Santa Monica range of Los

^ Angeles county, California. The type and a cotype

were collected in the spring of 1891, and the other

specimens were collected April 5, 1895.

All these specimens are but abnormal forms of

Stipa eminens Andersoni Vasey, caused by the growth

of a smut. The oblong grain, thin glumes, and

narrow, short-branched panicles, on which the

specific characters of Stipa Hassei YdiSty are based,

a 6 are due to the development of this fungus.

In the accompanying figure, a shows a spikelet from the type

specimen of Stipa Hassei Vasey, and b a spikelet from the type speci-

men of Stipa eminens Andersoni Vasey. Both are enlarged twice.

Ernest Norton Wilcox, Office of the Agrostologist^ Washington, D, C.

t
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CURRENT LITERATURE.
BOOK REVIEWS.
A university text.'

That there is need of a good general text-book of botany of university

rank, written from the modern standpoint and largely from American mate-
rial, has long been recognized. Professor Campbell is the first in this field,

and his purpose is ** to present in as compact a form as possible an outline of

the essentials of modern botany." His book treats of anatomy, morphology,
general taxonomy, physiology, and ecology, although the chapters are not

grouped under such general divisions.

It is a serious question whether the science of botany has not advanced
too far for any one man to undertake a general text of university rank. In

the nature of things, the writer's own field will be developed much more
extensively than the others, which perhaps are equally important as repre-

senting the present status of botany. The result will be a university text in

one phase of the subject, and a very incomplete and elementary text in the

other phases.

It is upon this basis that the book before us must be judged. The mat-
ter dealing with general anatomy, morphology, and the outlines of classifica-

tion, occupies 460 pages. In this field Professor Campbell's standing is

assured, and his grasp of the subject and his conclusions are derived from
an immense amount of personal investigation. This strong personal element
is attractive and useful, even though there may be much diversity of opinion
as to many of the statements and conclusions. It is a matter of regret, how-
ever, that in a university text so little attention is given to the discussion of

such important topics as the origin and evolution of sex, the appearance of

the sporophyte, etc. The materials are presented in somewhat encyclopedic
fashion, and as the author only intended the book as one of reference, per-
haps he has left it to the university teacher to develop his own theories and
lines of continuity.

The presentation of physiology occupies only 33 pages, which cannot
e claimed to be an adequate expression of the important place of physi-

^ ogy in modern botany, especially from the university standpoint. The
great brevity precludes completeness and often clearness, and sometimes

'Campbell, Douglas Houghton, A university text-book of botany. 8vo.
^^^+ 579, with 493 figures and 15 plates. New York : The Macmillan Company.
^902. $4.00.

1902]
67



9

68 • BOTANICAL GAZETTE [JULV

will probably result in misconception. For example, on p. 464, the inde-

pendence of water and solutes in entering the cell is ignored, although it is

fundamental; and on p. 489 there is hopeless confusion between rheotropism

and hydrotropism, fundamentally different phenomena.

In the two chapters devoted to ecology, the style is easy and pleasing,

but the presentation is altogether too brief and the matter too simple to

satisfy elementary instruction in a university. Many would also object to

the extreme teleological standpoint. The whole subject of ecology has been

making such rapid development that it has become dangerous for one unfa-

miliar with the great mass of recent work and literature to venture many

statements.

Perhaps the most noticeable feature from the standpoint of an organized

text is the lack of any typographical organization of captions. Of course it is

troublesome to coordinate captions so as to express the proper relationships

of subjects, but it is extremely desirable in a text for elementary instruction,
w •

even m universities.

After all, the book will stand for a mass of morphological facts, most of

which have passed under the author*s observation, illustrated to quite an

unusual extent by the author's own drawings, and largely derived in a most

desirable way from American material. From this standpoint it is very wel-

come, and will doubtless be largely used, as its author intended, for a book

of reference.— T. M. C.

Saccardo's Sylloge Fungorum.

Another volume of this monumental work, projected and edited by Pro-

fessor P. A. Saccardo, has come to hand. It is the sixteenth volume,* and is

of the same notable size and quality as those preceding. The fifteenth vol-

ume, devoted to synonym}', and prepared in collaboration with Professor E.

Mussat of Paris, has not yet been distributed, although it was expected to

appear in 1901. In the present volume are mentioned 4853 species, repre-

senting mycological activity during the preceding eighteen- months, t- ^-^

from June 1899 to December 1901, Complete diagnoses are given of all the

species except 490. which came in so late that only a citation could be

entered at the back of the volume. There is an excellent species and host

index, and a universal index of genera. The total number of species of the

fifteen volumes now aggregates 52,157. In this volume twenty-seven species

are described for the first time, and new names are proposed for five species

previously published.—
-J. C. Akthur.

'Saccardo, P. A., Sylloge fungorum omnium hucusque cognitorum; supple-

mentum universale, pars V, Auctoribus P. A. Saccardo et P. Sydow. Adjectus est

index totius operis. 8vo, pp. 1291, Patavii, 1902. 8l francs.
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MINOR NOTICES.
Miss Clara E. Cummings has published a list of Labrador lichens

collected by Professor E. B. Delabarre on the Atlantic coast of Labrador
during 1900. The list is a reprint from Bull. Geog. Soc. Phil. 3 : no. 4, and
contains 43 species.— J. M. C.

The experiment farm of the Horticultural Society of North Carolina

has published an attractive pamphlet calling attention to the many valuable

qualities of the "cow pea " {Vigna sinensis'). It is a full synopsis of the his-

tory, habits, and merits of the plant.— J. M. C.

It is very fitting that Dr. Robert Hartig^ just before his death should

have brought together a summary of his publications. The first 52 pages of

the work is taken up in brief reviews of his 38 papers. In the remaining

portion of the volume the author gives the results of his last work on the

influence of gravity, pressure, and pull on the form of the fir and the structure

f of its wood.— H. N. Whitford.
V. KoMARov has just published^ the first volume of a Flora of Manchu-

ria, mcludmg the vascular plants. All of the notes and descriptive text are

m Russian, and the Engler sequence is followed, the volume completing the

monocotyledons. The pteridophytes are represented by 74 species, the

smgle new one being a Nephrodium
; the gymnosperms comprise 29 species,

Piniis funebris and Abies gracilis being new ; while the list of monocotyle-
dons numbers 461, new species being described in Scirpus, Carex (2), and
Lilium. Of the monocotyledons, 86 are grasses and 122 sedges, Carex con-

taining 83 species.—
J. M. C.

Wulffs has made some recent contributions to the knowledge of arctic

plant ecology. The first paper treats of the transpiration of arctic plants.

By means of the cobalt paper method the relative transpiration activity of

some ten species, each under sixteen different climatic conditions, were

oetermined. The main conclusions are as follows: daily variation in tran-

spiration is absent
; as compared with temperate plants the transpiration is

uniformly weak
; there is a frequent falling off of transpiration in relatively

high temperatures and low humidity. A second paper treats of the occur-

rence of anthocyan in arctic plants. The distribution of coloring matter is

carefully noted in fifty species. Dried specimens were examined and found
to contain abundant sugar and little starch. This is in accord with the experi-

ents of Miyake and others, who found cold conducive to the production ofm

^Hartig, Robert, flolzuntersuchungen. Altes und Neues. vi+ 99, with 52
text figures. Berlin: Springer. 1901.

^ Acta Horti Petropolitani 20 : 1-559. 1901.

^WuLFF, Thorild, Botanische Beobachtungen aus Spitzbergen. pp. iii + l^S.
with

4 plates. E. Malmstrom. 1902,
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sugar rather than starch. The author concludes that the excess of sugar

causes the appearance of the anthocyan. This conclusion is based upon

Overton's experiments. A third paper deals with the distribution of plants

on a peculiar formation known as the " Polygonboden." In the last paper

the author has collected some miscellaneous floristic notes.— H, N. Whit-

ford.
NOTES FOR STUDENTS.

R. Knuth® has begun the publication of the results of his study of

Geranium, After the general distribution of the genus is presented, each of

the twelve sections is considered separately, the present paper including

Unguictdata (5 spp.), Siibacaulia (4 spp.), Tuberosa (4 spp.), and Bairachia

(38 spp.).— J. M. C.

In a preliminary papers on chromosome reduction in Larix ieptolepis

Ishikawa announces a condition similar to that described in his paper on

Allhan fisttilosum. In the prophase of the first division of the pollen mother

cell -twelve pairs of chromosomes appear. The chromosomes of the pair may

be variously united, sometimes forming tetrads. In the second division

twelve ring-shaped chromosomes are formed. The writer interprets the first

division as an "equation division," and the second as a "reduction division

in Weissman's sense. The full paper will appear in Jour, ColL Set. Tokyo,

—W. J. G. Land.

»i

J, M. Greemman® has published the general results of his long study of

the North and Central American species of Senecio, After an historical

account of the genus, the morphology of the dififerent plant members is con-

sidered, and the classification presented. About 300 species are included,

grouped into 22 sections, 14 of which bear Mr. Greenman's name. The sub-

genus Euse7tecio O. Hoffm, includes 21 of the sections, and Pseudogynoxts

Greenm, the remaining one. The species are merely listed under their tribes,

70 of them being unpublished new species. The geographical distribution

of the genus as a whole and of each section is presented in concise and tabu-

lated form,— J. M. C.

A NEW INTERPRETATION of the phenomena of sap pressure and bleed-

ing has been set forth by Molisch.^ He takes the position that all the cases

*Uber die geographische Verbreitung and die Anpassungserscheinungen der

Gattung Geranium im Verhaltnis zu ihrer systematischen Gliederung. Engler's Bot.

Jahrb. 32 : 190-208, 1902.

'Ishikawa, C, Ueber die Chromosomenreduction bei Larix Ieptolepis, Beih.

Bot. Centralb. n: 6-7. 1901.

'Monographie der nord- und centralamerikanischen Arten der Gattung Senecio.

Engler's Bot. Jahrb. 32 : I-33. 1902.

9MOLISCH, Hans, Ueber localen Blutungsdruck und seine Ursachen. Bot. Zeit.

60 : 45-63. 1902.

\r
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of bleeding which have been observed are pathological phenomena, depend-

ent either upon the stimulus of the wound by which the manometer was
brought into the tissue, or upon the development of abnormal tissue (such as

callus) covering the wound surface. The pressure arises, then, at or near the

wound surface and not far back in the plant body. Many experiments were

performed upon Juglans regia, Betula alba, etc., and all seem to support this

idea. The work of Figdor, C. Kraus, Pitra, and Wieler is discussed, and

evidence drawn therefrom in support of the new interpretation,— B. E. Liv-

ingston.

M, T. CooK^^ has published the results of a morphological study of Cas-

talia {Nyrnphaed) odorata and Nymiphaea i^Nuphar) advena. The develop-

ment of the megaspore and of the structures of the embryo sac is reported as

presenting no new features. The first division of the definitive nucleus is

followed by a wall across the embryo sac. In the upper chamber the endo-

sperm develops, while the lower extends as an haustorial tube to the chalazal

extremity of the ovule. The embryo is at first a spherical multicellular

mass, as described by Lyon and Conard, and later forms what the author, in

agreement with Lyon, regards as a single cotyledon. Following Lyon, he

would regard this as justifying the transfer of the Nymphaeaceae to the

monocotyledons.—J. M. C.

Miss Sibille O. Ford ^' has been studying the anatomy and develop-

ment of Ceratopteris thalictroides. She finds that the plant is annual, and is

often reproduced by adventitious buds originating in the angles between the

lobes of the leaves. The bundles are generally bicollateral, and the cauline

bundle system consists of an outer series of large strands and of smaller

medullary strands. The developing stelar system does not pass through a

siphonostelic phase as in most ferns with numerous vascular strands; but,

like certain Nymphaeaceae, breaks up immediately and becomes polystelic.

The sporangia are large, and have an imperfectly developed annulus. Miss

Ford considers Ceratopteris to be closely allied to the Polypodiaceae, and

also to show less marked affinities with the Marsiliaceae.— E.G. Jeffrey.

RosENviNGE" contributes a paper on spiral position of leaves in several

species of Polysiphonia. It is somewhat polemic, being directed against

oeckt. His figures are meager for the immense amount of mechanics

involved. He refutes Schwendener's contact theory, and makes clear the

fact that the position of the leaf depends upon the position of the daughter

Development of the embryo sac and embryo of Castalia odorata and Nymphaea
advena. Bull, Torr. Bot. Club 29 : 211-220. pis. 12-13. 1902.

"The anatomy of Ceratopteris thalictroides (L.)i Annals of Botany i6:95-i2l.

/^- 6. 1902.

RosENviNGE, L, KoLDERUP, Ueber die Spiralstellungen der Rhodomelaceen.
lahrb. Wiss, Bot, 37 : 338^364. pi. 6, 1902.
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*

nucleus and the direction of the segment wall. The nucleus assumes such a

position long before the wall appears. The leaf immediately below is rarely

of sufficient length to reach the apical cell, as Schwendener assumes, and

even when it does, stands out from the axis at a very appreciable angle.

Even though there appears to be a correlation between the position of the

lower leaf and the direction of the segment wall, we must look for some more

hidden stimulus than mere physical contact.— James J.
Wolfe.

A. G. Tanslev and Miss R. B. Lulham ^3 in a preliminary note describe

a new type of fern stele in species of Lindsaya from the Malay peninsula and

elsewhere. The tubular central cylinder has permanently a core of phloem

only, and is of considerable interest because it presents in the adult a condi-

tion which is a developmental phase only in other siphonostelic ferns. In

the same number of the Annals Gwynne-Vaughn'^ describes a curious axil-

lary organ in Hebninthostachys zeylanica. He suggests that the structure m
question may be a vestigial axillary bud, or perhaps of glandular nature, i.

G. HiLL^s makes a preliminary announcement of the discovery of a cambium

in the fibrovascular strands of Angiopteris evecta, L. A. Boodle^* also

describes lignification of the phloem in Helianthiis annuus. Treatment or

the sieve-tubes of old stems with phloroglucin and hydrochloric acid brmgs

about the pink lignin reaction, not only in the walls but also in the contents

of the tubes.— E. C. Jeffrey.

Hus '7 has published a systematic account of the species of Porphyra of

our Pacific coast, with notes on structure and distribution. One is surprised

to learn the great length of some of these plants, 325^" being recorded

for a specimen of P. perforata hviceolata, and over three meters for P. nereo-

cysfis. There are two forms of attachment ; the usual one discoid, and made

up of rhizoidal filaments ; and the second a cushion-like parenchymatous

type. The latter Is peculiar to P, naiadum, which occurs on Phyllospadix

and Zostera, and results in certain interesting peculiarities of growth and

structure. The cushion is at first a single layer of cells in thickness, and by

marginal growth extends over the leaf surfaces of the eel grass. An indefi-

nite number of fronds may develop from this cushion, any superficial cell

having the power of growth. The cushion is therefore a preliminary phase

^3 On a new type of fern stele, and its probable phylogenetic relations. Annals

of Botany 16: 157-164. 1902,

'4 On an unexplained point in the anatomy of Heiminthosiackys zeylanica. Idem.

170-173.

'5 0a secondary thickening in Angiopteris evecta. Idem. I73~i74>

**On lignification in the phloem of Helianthtis annmts. Idem, 180-183.

^7Hus, T., An account of the species of Porphyra found on the Pacific coast of

North America. Proc. Cal, Acad. Sci. Bot. 2 : 173-238. pis, 20-22, 1902.
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^ of the Porphyra plant, analogous to the Chantransia condition of Batracho-

spermum. It is a very advantageous adaptation to insure the continuous

production of numerous fronds. No new facts are presented respecting the

problem of sexuality in this group, but the observations are rather against

the statements of Berthold.—B, M. Davis.

In a second paper on the influence of tensions upon cell growth and
the direction of new walls Kny^^ concludes that when no other factors are

effective, growth takes place in the direction of a pull and at right angles to

that of a compressing force. Cross walls seek a direction perpendicular to

external pressure upon the dividing cell, but parallel to a stretching tension

exerted upon it. There are '* internal forces" at work in most living tissues,

which tend to prevent this reaction to tensions, *' heredity'' being apparently
the main one. This means, if we judge correctly, that the above principle

does not nearly always hold true, but that the direction of growth and of

I
wall-formation is mainly controlled by as yet unknown factors. Perhaps the

most definite result of experimentation here recorded is one obtained, at the

suggestion of the author, by M. Nordhausen on segmenting eggs of Fucus.

Although the first walls in these eggs are normally formed at right angles to

mcident light, when the eggs are compresse4 between glass plates these walls

always appear perpendicular to the plates, no matter if this direction be par-

allel to the incident light rays. Kny experimented upon roots of Vicia,

Malva, Raphanus, tubers of Ullucus, and stems of Impatiens, Begonia, Bryo-

phyllum, Ampelopsis, Salix, etc. Two plates showing the effect of tensions

upon the different tissues accompany the paper.— B. E. Livingston.

Dr. D. H. Scott '9 has recently published an account of some interesting

fossd stems, chiefly from the Lower Carboniferous of Scotland. Although
the specimens described have the Dadoxylon or Araucarioxylon type of

secondary wood, they differ strikingly from other known stems of Cordaites in

the possession of mesarch bundles of primary xylem. The fossils are grouped
under three genera. Calamopitys, Pitys, and Dadoxylon. Calamopitys is char-

acterized by a small pith, surrounded by a few comparatively large mesarch
primary wood bundles, and a thick zone of secondary wood. Pitys possesses
a very large medulla and numerous mesarch primary strands, which are

separated from the secondary wood by a broad interval of parenchyma. Of
the third type of stem, Dadoxylon Spenceri, Dr. Scott writes :

" The impor-
tance of Z>. Sp€7iceri lies in its being on the one hand a typical Dadoxylon,
with the type of secondary wood which we know belonged to Cordaites, while

Kny, L., Ueber den Einfluss von Zug und Druck auf die Richtung der Scheide-
wande in sich theilenden Pflanzenzellen (Zweite Mittheilung). Jalirb. Wiss. Bot.

37:55-98. 1901.

'^On the primary structure of certain Palaeozoic stems with the Dadoxylon type

wood. Trans. Roy. Soc. Edinburgh 40' : 331-365. ph, 2-6. IQ02.
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on the other hand it shows in a reduced form primary xylem comparable to

that of Lyginodendron or Poroxylon. It suggests, perhaps more strongly

than any of the other species described, a truly gymnospermous stem, which
f-

may well have belonged to one of the Cordaiteae, but which still retains the

last relics of the primary wood-structure characteristic of the Poroxyleae and

the Lyginodendreae." The article is illustrated by six plates, two of which

are photographic.— E. C. Jeffrey.

L, A. Boodle"^, in the third of his studies on the anatomy of ferns, sup-

plemenis the observations of Poirault on the Gleicheniaceae in several impor-

tant respects. One species, Gieichenia pectinataydt^^irts from the protostelic

type of central cylinder described by Poirault for a number of other species

of the genus in possessing a siphonostelic (solenostelic) cauline fibrovascular

system. The stelar tube has internal as well as external phloem and endo-

dermis. Boodle differs from Poirault in his morphological interpretation of

the curious masses of brown sclerenchyma surrounded by an endodermis,

which are often found embedded in the foliar traces of the Gleicheniaceae.

Poirault regards them, even where not actually continuous with the similar

very characteristic sclerenchyma of the cortex, as cortical sequestrations

included by the stelar tissues. On the other hand, Boodle thinks, because

the islands of brown sclerenchyma are sometimes continuous with similar

cortical tissue and sometimes not, that no argument for their morphological

nature can be drawn from continuity with the cortex or its absence. A com-

plete description is given of the anatomy of the rare and interesting north

Australian genus Platyzoma. The central cylinder is siphonostelic with an

internal endodermis but no internal phloem. The foliar gaps in this mono-

typic and extremely xerophytic genus are much more reduced than is the

case in the somewhat similar central cylinder of the Osmundaceae.— E. C.

Jeffrey.

The much-needed prothallium of Phylloglossum has been obtained

and studied by A. P. W. Thomas of Auckland, New Zealand. A preliminary

account" has been published, but the detailed account, with drawings, is in

hand for publication. Although adult plants were abundant, prothallia were

very rare, being discovered in only three localities. It is suggested that one

of the conditions lacking for the general and annual development of pro-

thallia is the presence of the fungus symbiont that occurs always within

the gametophyte. The prothallium is of the subterranean, tuberous typ'

expected. At first an oval tuber is formed, from which arises a cylindrical

"^Comparative anatomy of the Hymenophyllaceae, Schizaeaceae, and Gleichen-

iaceae. 3, On the anatomy of the Gleicheniaceae. Annals of Botany 15:703-747-

pls,3S-3Q. iqoi.

3X Thomas, A. P. W., Preliminary account of the prothallium of Pliylloglossuni

Proc. Roy. Soc. London 69 : 285-295. 1902.
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shaft more or less elongated, dependent probably on the depth of the primary

tuber. The top of the cylindrical body becomes expanded in various ways

and bears the first sex-organs. Finally the whole structure becomes very

irregular, and the whole upper part of the mature prothallium is green,

excepting the conspicuous archegonial necks. The antheridia and archegonia

seem to differ in no important particular from those of Lycopodium. The
embryo, immediately on its escape from the prothallium, forms the protocorm,

whose "pedicel " elongates and thrusts it to a safe depth (about 3""*). Crib's

claim that he sowed the spores of Phylloglossum and obtained a colorless

prothallium like that of Ophioglossum can only be explained on the hypoth-

esis that he saw merely the primary tuberous portion of the prothallium, for

the later and conspicuous part becomes even vividly green. On the whole, the

prothallium resembles that of Lycopodiiun cernuiim nearer than any other.

Bower's observations of the occasional branching of the strobilus, and of a

J
leaf some distance below the strobilus, are confirmed; but this leaf was

I*
always a sterile sporophyll, and no transition between prolophyll and sporo-

phyll was observed. Bertrand's claim that Phylloglossum is a reduction

form on account of its semiaquatic habit is controverted by the fact that the

plants grow better on a hilltop than on the slope, and Thomas never found

them in an actual swamp. The writer inclines to the view of those who
regard Phylloglossum the most primitive of living Lycopodiales.— J. M. C.

Karsten, in describing the embryology of the Juglandaceae," emphasizes

features in which this group resembles the gymnosperms, and expreses his

belief that the angiosperms are derived from the gymnosperms, Gnetum being

the point of contact. The forms studied were Juglans regia, J, cordiformis,

/. nigra, Pterocarya fraxinifolia, Carya amara, and C tomentosa. In Jtig-

la?is cordiformis at the time of fertilization, and even later, the union of the

carpels is delayed, thus leaving the ovules exposed, so that the condition

hardly differs from that in those gymnosperms with orthotropous ovules, as

Gnetum. There is an extensive sporogenous tissue in the nucellus, but any

further development is usually restricted to a single cell in the median plane.

The megaspore mother cell may develop directly into the embryo sac, or may
first give rise to a row of three or four megaspores, the two upper of which

never develop, but the two lower seem to have an equal chance. Many
cases were found in which there were two embryo sacs in the median plane,

lying one above the other, sometimes touching each other at the ends, but

often separated by several layers of sterile cells. A case is figured in which

the sac nearest the chalaza had been fertilized. In Juglans nigra the ^g^
cannot be distinguished from the synergids before fertilization. There is

probably no fusion of the polar nuclei, and if it takes place at all it occurs

Karsten, Geo., Ueber die Entwicklung der weiblichen Bluthen bei einigen

Juglandaceen. Flora 90:316-333.//./^. 1902.
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very late. Double fertilization was observed, andjthe writer believes that

in all cases the union of the male nucleus with the polar nucleus takes place

earlier than the fertilization of the Q%g. Although the occasional occurrence

of ambisporangiate flowers may indicate a reduced rather than a primitive

condition, the Juglandaceae are to be regarded as one of the lowest families

of the angiosperms.

Professor Karsten's arguments for the derivation of angiosperms from

gymnosperms are based upon embryological characters, and the most impor-

tant points are well summed up in his diagrammatic comparison of the embryo-

sacs of Gnetum and the angiosperms. as follows:

Gnetum Angiosperms.

Prothallium in lower part = Antipodals.

Egg cells Egg cell and synergids.

Endosperm nuclei = Polar nuclei.

The stimulus to development of em- 1
f
The stimulus to development of the

bryo and endosperm by fertilization !

of at least two egg cells.

embryo by fertilization of the egg,

and development of endosperm by

(^ vegetative reproduction.

Charles J.
Chamberlain.

Items of taxonomic interest are as follows : J. K. Small (Torreya

2 : 74. IQ02) has described a new Helianthus from the sea beach of Florida.

F. S. Earle (Bull. N. Y. Bot. Garden 2 : 331-350. 1902) has published

the first of a series of papers entitled ** Mycological studies." It contains the

announcement of the genus Ascocorticium in North America ; a synopsis of

the North American species of Periconia, 1 1 being recognized, 3 of which are

new Hyp
and Ohleriella fAmphisphaeriaceae) being new genera.— R. S. Williams

{idem 35^-380. P^s, 34-39) has published a preliminary list of Montana

mosses, including new species of Dicranum and Barbula.— R. Pilger

(Engler's Bot, Jahrb. 32 : 53-55. 1902) has described a new African genus

{Acritochaete) of grasses (Paniceae).— W. Schmidle {idem 82) has described

a new African genus {Characiella) of Protococcaceae.— A. EngleR {idem

108-125) has described the following new African genera : Lepidobotrys and

Nectaropetalum (Linaceae), Pedaliophyton (Pedaliaceae), and Pistaciopsis

(Simarubaceae).— E. Gilg {idem 139) has described a new African genus

{Dekindtia) of Oleaceae.— V. S. White (Bull. Torr. Bot. Club 29 :
251-280.

ph, 14-18. 1902) bas published a revision of the Nidulariaceae of North

America, Cyathia P. Br. {Cyathus Haller) containmg thirteen species, one of

which is new; Crucibulura Tul. with one species ; Nidula, a new genus con-

taining two species, one of them new; and Granularia Roth with three

species, two of them new.— Marshall A. Howe {idem 281-289) in "Notes

on American Hepaticae," discusses Cephalozia coiinivens, Telaranea, Arach-
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niopsis,2.n^ Riccia Campbelliana.— David Griffiths {idem 290-301) has

described new western species of Tilletia (2), Ustilago, Sorosporium (2),

^ Elmer D. Mer-
rill (Bull. 9, Bureau Plant Industry, Depart. Agric.) has published a revi-

sion of the North American species of Spartina, recognizing nine, one of

which {S. Bakeriixom Florida) is new.— C. R. Orcutt (West Am. Sci. 12 :

163-16^. 1902) has described new species of Mamillaria (2) and Echinocac-

tus.— A. P. Morgan (Jour. Mycol. 8:4, 1902) has described a new genus

{Acontzum) of fungi related to Cephalosporium, and containing three new
species.—B. L. Robinson (Rhodora 4 : 135-137. 1902) has described a new

{H. M. L. Ferxald
{diem —) has described a new species of Scutellaria {S. Churchilliana)

from Maine.— H. M. Hall (Univ. Calif. Publ. Bot. i : 1-140 pis. 1-14, 1902)
has described from the San Jacinto mountain new species of Elymus, Stipa,

^
Oxytheca, Potentilla (2), and Erigeron.— J. M. C

The rusts of cereals, especially the question of the transmission of

the disease by means of the seed, is made the subject of a recent paper by Dr. J.

Eriksson =^ in the first two issues of the Annates des Sciences Natiirelles of the

present year. The author reviews the sets of experiments made during the

years 1 892 to 1 899 to grow wheat, oats, and barley in pots protected from atmos-

pheric contagion by glazed cases of different designs, or by inserting the part

above ground of single plants into stoppered glass tubes. In spite of the most

careful protection rust appeared on the plants. The possible sources of this

infection are discussed in detail, and by a process of exclusion the conclu-

sion IS reached that it came through the seed, and not from spores floating

in the air, as generally assumed. In taking up the problem of the form m
which the fungus hibernates in the seed, it is shown that the generally

accepted view, that the mycelial life of the yellow rust {Puccinia glumarii??i)

may extend throughout the winter and up to the following harvest time, is

most likely an error. It is more probable that the rust which persists through

the winter dies out in spring, and that both the yellow rust {P. glumarum)
and the black rust (A ^ra/^fzw/V) possess mycelium having about the same
life period, and that the summer infection for both originates in essentially

the same manner. Seeds from rusted plants, it is asserted, are capable of

giving rise to rusted plants, with no external source of infection ; and the

author believes that the rust fungus exists in the seed in amycoplasmic form,

.

and may so exist as long as the seed is viable. Seeds sometimes bear sori

filled with teleutospores, but it is not from these spores that the infection is

derived

While it is impossible to demonstrate the mycoplasm, the fungus for the

=^3 Sur rorigine et la propagation de la rouille des c^reales. Ann. Sci. Nat, Bot.

^'iil- 15 :i"l6o. pis, /~c I 902.

m
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time having lost definite form and become intimately associated with the

protoplasm of the host, yet many observations and experiments are arrayed

by the author in proof of its existence. Moreover, certain analogous states

have been observed in other organisms. Among the most striking instances

are Rozella and Woronina, belonging to the Chytridineae, and parasitic on

Saprolegnia. According to the studies of Cornu and Fischer, when these

plants penetrate the host they become diffused for a time in the protoplasm

of the cell, and are then quite unrecognizable. Afterward they assume the

usual form and produce spores. In accordance with this theory rust may be

checked by treating the seed in a manner to kill the mycoplasm. A change

of climate, conditions of growth, etc., may also cause the death of the

mycoplasm, which will account for the fact that seed from rust-infested

fields when taken to another locality or a distant country often gives plants

free from that particular kind of rust.

In the third part of the paper the author discusses the various points

raised by different writers who have expressed an opinion upon the subject.

Only two American mycologists are mentioned, H. L, Bolley and M. A*

Carleton, The paper closes with a bibliography of works cited, naming over

forty authors and probably twice as many titles.—J. C. Arthur.
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NEWS.

Professor C. S. Sargent has been elected a foreign member of the

Linnean Society of London.

Mr. C. G. Pringle, the veteran collector, has been appointed keeper of

the herbarium of the University of Vermont.

Professor M. Treub will be absent from Buitenzorg from May, 1902, to

March, 1903, his address being Amsterdam.

Sir William Thiselton-Dyer, director of the Kew Gardens, has been

I appointed to the post of " Botanical Adviser" to the colonial Secretary of

State.

Dr. William J. Gies, adjunct professor of physiological chemistry in

Columbia University, has been appointed consulting chemist to the New
York Botanical Garden.

Dr. E. C. Jeffrey, Instructor in botany in the University of Toronto,

has accepted a call to Harvard University, bearing the official title Assistant

Professor of Vegetable Histology and General Morphology.

Professor D. H. Scott has been elected Botanical Secretary of the

Lmnean Society to succeed Mr. B. D. Jackson, who has served in that

capacity since 1880, and who now becomes General Secretary.

Dr. F. L. Stevens, instructor in charge of the department of biology of

the North Carolina College of Agriculture and Mechanic Arts, has been pro-

moted to the full professorship, and also appointed consulting biologist to the

Experiment Station.

Miss Laetitia M. Snow has been awarded the fellowship given by the

Baltimore Association for the advancement of University Education of

Women. She will use the fellowship in continuing her botanical studies at

the University of Chicago.

A VERY pretentious *'art portfolio," entitled "La grande flora de
Colorado de Montana y Llanos," has been published by Frank S. Thayer, of

Denver, Colorado. The only interest to botanists is that the series consists

of illustrations, reproduced from water colors, of twelve " native wild flowers."

The descriptions were prepared by Mrs. S. B. Walker, the well-known col-

lector and cultivator of Colorado flowers. Her work has been exceptionally
well done, excepting in so far as she has been handicapped by the require-

nients of publication and lack of competent proofreading.

1902]
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of

The Journal of Mycology has been revived by its founder, Professor W.
A. Kellerman, now of Ohio State University. The original editors, Messrs-

Kelkrman, Ellis, and Everhart, conducted it for four years, when it passed

under the control of the U. S. Department of Agriculture. Under this

arrangement three volumes (1889-1894) were issued. After an interval of

eight years it has now reappeared as a quarterly, the first number of the

eighth volume being published in May last. Such a journal should find

ample support among the rapidly increasing number of professional mycolo-

gists. The annual subscription is one dollar.

The subjects for the Walker prizes in Natural History, of interest to

botanists, are as follows : For 1903, "A monograph of any genus or group

Thallophytes ;'* for 1904, (i) " The reactions of organisms to solutions con-

sidered from the standpoint of the chemical theory of dissociation," (2)

" Relations of plants to electricity," (3) *'A statistical study of the relative

cross-fertility between the varieties of a species." For the best memoir a

prize of $60 may be awarded. If, however, the memoir be one of marked

merit the amount may be increased to $100 at the discretion of the commit-

tee. Information concerning the details of the competition may be obtained

from Glover M. Allen, Secretary, Boston Society of Natural History.

As A RESULT of a scries of experiments begun at Clemson College in

1901, and brought to a successful completion in the laboratories of the New

York Botanical Garden, Dr. Alex P. Anderson has developed a method by

which, with the application of heat to starch grains and to air-dry starch

in many forms, the granules or particles are expanded many times their

original dimensions, being fractured into innumerable fragments during the

process. As a result of this treatment a grain of rice is expanded to eight

or more times its original volume, while still retaining its original form.

Other cereals exhibit similar behavior. The process is applicable to nearly

all starchy seeds and starchy substances, greatly increasing their nutritive

availability. The products obtained are pleasant to the taste, and the process

may be varied to produce a great variety of flavors with any given cereal.

Furthermore, the material prepared in this manner is absolutely sterilized

and may be preserved or stored for long periods. The approval the products

have met from food and chemical experts suggests that the process may

prove of great economic and commercial value.
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FOR SALE AT
THE EXCLUSIVE PEN STORE

S"rATE STREET. (STEWART BUIUDING) CHICAGO

MABIE. TODD BARD
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^'' SMITH PREMIER

TYPEWRITERS
Because they possess those sterling features
that make them the most economical to
own. Good work all the time.

The Smith Premier

Typewriter Co.^

Syracuse. N. F".,

u,s:a.
Grand Prize^

Paris 1900,, .

Highest Award
Possible

I

»;..;

'^ THE BEST
Send for Catalogue

"H
Fifty

•SryLES

TRADE ^\ARK
REGISTERED

li-

r^^Tv

->=

'T)AULE.WmT
All
Dea

Y0UNTAINf>EN
RADDRES5 BlOOMSBURO.PA.

TTtTHY 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.

TRADE
THE,

Leading Typewriter
OF THE WORI^D

MARK.
POLYGLOT

Each

Each

i-.anguages. All immeaiatcly interchangeat

tions (Perfect Alignment, Impression, etc).

Conceded

cares
opnLUi% ftp Idtqnt

has its cares
ApX£TOV TT] f|}l£pa Jl KOCKl
Each day has its cares

Each has its 'cares
ynpo neuemcfi each

Each day has i ts careS
(Sin je5et Teine

CROWNING GLORY
The Best MANIFOLDER, where QUALITY and QUANTITY are desired
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WRITER
COMPANY

69th to 70th Street. East River

NEW YORK, N. Y.
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" THE NAME IS EVERYTHING."

stcrbrook
pen

gniarantee

Probate No.

ular stub

m e d i u m
Over 150
otber styles

every pur
stationers

Accept no

absolute

excellence
-JxZ^^uiu hjV_*.bV-i-

"-iT
I

I T ^

^ v— mll v_ f rt'TTJZ _"^

313 IS a pop-

pen, witb

points,
varieties

suit
Ipose. All
ave tbem.

substitute.

The Esterbrook steel Pen Co.

Works, Camden. N. J. « 26 John Street, N. Y.

P.'/' -L AiSl'^t X JVh^

LlHERIGHTj
^*-

^ 1 Bfc ...^JH.

r^/t| ^

:^- RECT
Is our advice to try

Dixon's

American Graphite

Pencils.

The satisfaction of using a pen-
cil that always does what is ex-
pected of it, sharpens to a fine
point and in which the lead
doesn t break, either in sharp-
ening or use, is not one of the
least comforts to a busy person.

g!™!:sJLeads_l>on't Break.
Their grades never vary.

Pencils for all uses,

^''''L ?''\ ^*^^'''"8^ «"' trade,
mark, the best of its kind.

^^^TP"^'^
^v your dealer, se„d us'^. for samples ^uorth double

Joseph Dixon CniciWe Co.,
Jersey City. N. J.
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*'I couldn't do without those

handy new devices now,
t»

said

an expert operator after obtain-

ing a

NEW
DENSMORE
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Our free Booklet illustrates the Ball Bearings,

Back Spacer, Justifier, Paper Regulator, etc.

Densmore Typewriter
309 Broadway, New York.
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©onnelle^ Sons
Cbe XaftesiOe press

PRINTERS AND BINDERS
THE PRINTING OF BOOKS DEMANDING TASTE AND CAREFUL EXECU-
TION, PRIVATE EDITIONS, COLLEGE CATALOGUES AND ANNUALS A
SPECIALTY. WE PRINT MORE FINE BOOKS THAN ALL OTHER HOUSES
WEST OF NEW YORK. OUR NEW FACTORY, RUN ENTIRELY BY ELEC-
TRICITY, IS THE MOST ADVANCED PRINTING PLANT IN THE COUNTRY.
THE LAKESIDE PRESS BLDG., PLYMOUTH PLACE, COR. POLK, CHICAGO.

It^

Mushoka-"Clear SKy Land"
Is an Indian word that fittingly describes one of the most de-

lightful spots for a summer outing on the American continent

The

I

New Royal MusKoKa
IS UNSURPASSED FOR LOCATION.

otd
Without a rival in the

perfection of its ap-

pointments and the ex-

cellence of its cuisine.

Descriptive literature,

time tables, etc., can be
had on application to

GILO. W. VAUX,
Asst Gen. Pass, and Tkt. Agt.,

GRAND TRUNK
RAILWAY SYSTEM
917 Merchants Loan and Trust

Building,

135 Adams Street,

CHICAGO, ILLINOIS. •'ROYAL MUSKOKA*' HOTEL.

Correspondence
Zbe tlnipetsttB of Chicago
offers advantages for non-resident stu-

dents through its Correspondence-Study

w M^ J Department which cannot be surpassed.

I n CX 1*1 iC^Mtf\T% Degrees are not granted upon work done
KM.M^%^M, VtWlrlvrll 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, P^^ilosophy , History*
Pedagogy, Socioiogy, the Languages. Literature, and Mathematics.

Circulars giving detailed information may be had by addressing

THE CORRESPONDENCE-STUDY DEPARTMENT,
University of Chicago, Chicago,
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Ride A COCK-HORSE to Banbur/ Cross,
Ip SEE A FINE LADY UPON A WHITL H
KINGS ON HER FINGERS.AND BELLSON H
bni SHALL HAVE MUSIC WHEREVER SUE

Spring & Summer
Years

Standard of Excellence

So SINGS THE fOND MOTHER IN NURSERY RHYME
10 HER CLAD INfANT.THE WHILE KEEPING- TIME;
And so can all mothers with tuneful refrain

ifLIGHT INJHE/R INfANTS.WHOSE HEALTH THtr MAINTAIN,

Through

fIfiS WINSLOWS SOOTHING SYRUP
^ OVER FIFTY YEARS SOLD
MliJONSOLMNFRSIN THE NEW WORLD AND 01

Only Trim

Sanitary Underwear

SPECIAL LIGHT WEIGHTS FOR SUMMER.

STATIONERY
BY MAIf

CDe Unimsity of Cblwgo Press

fo?
,1'*'*?*'°°''' facilities for filling mail orders

finVpapii '*^l!'
°^ stftionc^ and other

ILLUSTRATED CATALOGUE FREE

NEW YORK

:

BROOKLYN

:

BOSTON:
PHILADELPHIA
CHICAQO

:

/16 West 23d Street
1 155-157 Broadway
604 Fulton Street
230-232 BoylstonStn
924 Chestnut Street
82 State Street

^gentn b» all Principal Clt^s.

^*'

THE
WABASH

- \^^

yJ\'-

W4^

"^^**^

MODEl
IINE

.It-- i^

^^
J, ii^T _.x. ,

^-K^ - \-^\ -V^

w-f^

ifi.

^F.
^^'

.V h-J^' ^fl

Whiting-s Number OneStandard Linen
"* specially recommended

Qaality and

^novERsiTY
*r^«/

OP CHICAGO PRESS
CHICAGO, FLUNOIS

-^ hU

uacat
Do you erpect to treat yourself to s
vacation trip this siunmer? If so,

write for a copy of the

Wabash Summer Tour Book

gmac m great variety of attractive

tours with cost of tickcu and other

T a i u a b t e informatioa* Write na

bout any trip you may have ia

mind, it's otXT bnsxncss to help

th<^e who fraycl. :: ;: :- z:

C.S,Crane,G.P.&T.A., F. A. Palmer, A.G.P»A
St. t^is, m»^ ^Adams St., CMica^
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7/^e Paper for Printing byGaslight
If your dealvr cannot supply you senil 20^ for one

dozen 'txS size with developer,

THE ANTHONYSSCOVILL CO,
fZ2-l24nrth Avcniien(h1»l8iri StA AtlMBlock,IUacfoTphSt9waba4hAyc

NEW YORK CHICAGO
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RZ LENS is ihe fastest
UMfaiilN W«rU.

That's & cb^Lllengc and a fact demonstrated

beyond dispute.

^ i

-I

Though •ome lenses posacsc laiger relative

opening, actual practice demonstrates that
r

is !!ie fasfasi

ctrculai^ etc., kpply to jour dealer oc

C p. GocTZ Oj^kal Woifc. Room 6. 52 E. Uraon Sq, ItY.

Of

THE ALTOIST'S ENGINE3ER.
If yott wiLr. sENr> thbj address

of a person avho, tvithin a year,
will h^ave ush for the chicago
& Alxon Railway

- --jj?j=j:?jj;,-

(territory covered
above map), wb ^w
a pioi-ctrr, 414 x 3
At.TO>r's ENcmsTBER.
TION", YOTJ WILIi TEX.r.

OI7TI-TNED IN
MA ir- TO YOI7

, OF The
If, in addi-
TJS IN WHAT

VERTISEMENT, -WE WILL SEND TO
A i*a>ii»h:i:.et
CAMERA

ABOUT THE BlG-

Gbo. J. Charlton,
GaifBRAI. Passxwosir AoxifT. CHZOA.GO A

ORCHESTRA
Inetrumente, Violins. Flutes, Mandolins. G^,.
Banjos, &c. Lyon A Healy and ^.^^^^'^id br
struments are In useeverywnere ana arj?^^^^^^

leading music dealers. Ask for I>ept-^^.r^^
Illustrated, mailed /re«. It' s a money-saver.

wp- LYON & HEALY. - 38 Adams St., C^ ^W^
Tk« World*! Lmrfest Haaie Hons©. Sells •*KwfjUiliiS itaow" »

You WanI 2

of

Do
Genuine
in a

W. bsTC hundt«di of Cprigbk Pianos returned from «°\,^
which mast be diiposed of at once. These P'»°,,, !;„„«»
Steinways, Knabes, Fischers, Sterlings and other "«" '

, ,„
makes. Many cannot b. distinguished from new, /",, |,ht»

offered at a great •« a« discount, up
^

« low as $100. Also CD flM ^n? iiso »?«>«^
rlshta at $125, Si K I I If] *j^^ *„. " liS*.

A magnificent in- TRU 111 i'^^pT.'^os U
fully equal to many *

vyT t S5 Writ*
monthly payments accepted. Freight is only *. *' "raakt »
St once for complete list and full particulars. -"^"V *i,^no ««
great saving by securing your piano from ui. '^*i;.[ todsT*— t«dBs represented. "A Piano Book/ free, wriv

LYO HEALY
33 Adams St., CHICAGO.
largest maiic bout.; mU "£Y«r7tiiingkD0wa»

Rare OldW^^
XarResl and finest coUectiopon tnis^.gijBiJj

Fine catalogue <tree) containing &^ ^aU th*

labels in colora and Biographies^ ^^^
noted makers. I^is* a?<l P^i5i «^ J*^^".^
instraments from ^^^%^w^i^t
payments may be arranged. v^f{ Cer**"*^

LYON & HEALY, a«*

»
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Field
Toxjrist
Is an experienced tourist, one who has
learned that a good Field Glass is the extra

sense that brings the out-of-reach into easy
view. It is the same with the Sportsman,
Yachtsman, Ranchman, Residents at seaside
or mountain.

Bausch 4 Lomb'Zeiss
Binocular

:m-

STEREO
^_

Glasses

Are the Best in the World, used by the
armies and navies of the great nations. Small

,

Light, Enormous Field and Power. Bausch
andLomb Binoculars stand next. Cost leas.

AT ALL DEALERS

BOOKLET U.P. TELLS WHY
Bausch 61 Lomb OpticalCo*

rT

\^

J;-

New York ROCHESTER, N. Y. Chicago

CROWN

Nod/e

Chaste

Tone

Appearance

Durability Unquestioned

OEO.
Man ufacturer

BENT
Chicago

^

7
>

J&.,

5r ^-^

~j^'

V

THE PERFECT PHOTO

SHUTTER
Fits Any Lens Precise as a Watch

This new shutter does anything the photogrrapher can asV of \\

automatically; any desired exposure from Express Trains,

Athletes, and Race Horses to Time Exposures. The Smallest,

Best Made. Most Scientific. All worTcin^ parts enclosed.

Volute Shutter and Bausth & Lomb-Zeiss Auastigmat or

Plastigraat Lens is an ideal combination for yooT camera.

Send for descriptive Booklet U. P.

Bausch & Lomb Optical Co.,

New York ROCHESTER, N. Y, Chicago

:!^^™*Krt(v«ii«i- -.Ki-
^^^i.'-^r^^iit^^^i,^*^ .
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STYluE 4401.

Came witK the 20tK Century

and is the culmination of tlie combined

skill of artist and artisan, directed to

this end for nearly fifty years. It is es-

pecially designed tlse in chapels

small churches, etc. We have man;

styles and supply all needs,

BOSTON. fffWYOHK' eiflGAGO

,'" ^'
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Comparing the sizes of toilet soaps with Ivory

Soap the Ivory Soap should cost four times as much

as the toilet soaps. It is exactly the reverse, and when

. you buy Ivory Soap you pay about one-fourth as much

for it. The best people use Ivory Soap for their toilet

and bath, because of its purity.

IT FLOATS.
. Copyright 1899 by The Procter &: Gamble Co. Cincinnati
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n All Forms
of Bright'sl

Disease, Albuminuria of Pregnancy, Uric Acid
Diathesis, Gout, Rlieumatism. LIthaemia. Renal
Calcuff, and Stone of the Bladder

J y

Dr. Ceorge Ben Johnston, Richmond, Va., ex-President Medical Society of Vir-

ginia and Professor of Gynecolos^g and Abdominal Surgery, Medical College of Virginia:
•IF I WERE ASKED WHAT MINERAL WATER MAS THE WIDEST RANGE OF
USEFULNESS, I WOULD UNHESITATINGLY ANSWER BUFFALO LITHIA. It is a most
valuable remedy in many obscure and stubborn conditions which, at best, yield slowly, if at all, to

drugs.

beneficial

In URIC ACID DIATHESIS, GOUT, RH £i LITH^MIA. anJ the like

"Almost any case of Pyelitis and Cystitis will be al!e\ lated by ft and many cured.

ENT
its

the gravel-forming

treatment of the Albuminurfci
*1

Scarlatina In all forms of BRIOHT'S DISEASE,
except those hopelessly advanced, its good effects are pronounced
the meani of prolonging many lives In this trouble.'*

Shoemaker, IV!. D., LL. D., Professor of Materia

be

andl xpeu
tics in the Medico-Chinirgical College of Philadelphia, etc^ in the New York Medical
June 22, 1899: "The
raatiim and Gout. !

BUFEiio ImoAWirm »s doubly

exerts a moderately sttmulant effect

products

swift
action

Without

sufferina

Stone, together with consecutive pyelitis and cystitis, are avoided

itionabiy h the speedy removal of Ur!c producte

l^nefit, yet to PREVENT their formation is a service ^11 ^ant
This service is performed by the BUFFALO LlTHIAWATER ^ hen it corrects

those digestive failures which are responsible for the production of deleterious materials/'

mes L. Caben. M
Board of Hi

known

„_„, -,-D-, A.WI., LL.D., Foniwrlf Professor of Physiology amM
Surgery in the Medical Department of the University of Virginia, and President of the Nation-

Buffalo LithiaWater ^^ ^^^ ^^^ Diathesis h a

c^ource. It shoukl be recognized by the professlod as an

f <

Materia Aledica/'

Dr. J. W. Wallet, Professor of Chemistry, Univermty of Virginia. (Extract from r^jort

Spring No. 2)

:

of analysis of Calculi discharged
by patients under the action of

''it seems on the whole probable that the action of the water is PRIMARILY and MAINLY
upon LRIC ACID and the URATES, but when these constituents occor alon^ with and as

cementing matter to Phosphatic or Ox.uic Calciilus materials, tlie iattermay be so detac!-..;i and
broken down as to disintegrate the Calculus as a whole m these W ^ also thus

I ^
'^-nitdng of

SPrieg No. I fs botfi a hEWm and a BLOOD - _acdte PALE, FEEBLE, and
«MiC SUBJECTS Is to fce preferred. !a fee tisseoc*^ these ^mptoas No. 2 te to be p. cf

;
rred

OLUHm Is for salt by Dru^lsts ^s£r;:.Iy

T^timonials whidi defy ali imp^^atloD csr (^ic^wi^ sent to any

UFFALO LlTHIA SP

^.^
4»«^1*^^ >W-4»^^V

u

M
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AND
MME. EMMA CALVE
"Among all the instruments of the

renowned makers, here and abroad, I

today prefer the Weber because of its

sympathetic tone quality."

States,because

andbestforfhemor?^

NOTE

WALTER BA

most

X OH EVERY0\H

WD
SSTAS'JSHtO \7BO I>omr/^^sr^M,M4SS

Weber Pianos have hccn admired and

indorsed by great artists an

musical public for fialf a century.

Fifth Avenue, con i6th Street, New York

266 Wabash Avenue, Chicago

Great
The children

Forun
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usin4 the

01

5 o

c

16 E

E £

m 10

2.0
N X

3

3

#4-

3-0
« 5

3

SEND
FOR

CIRCULAR

&

Adci enclosing 25 cents

New YorK

0»

5*2

^
/

^^

£-

J

s,

^b^ established over ^<\^^-^'^%,f^^^^^,,^

3L VOSE pIa:io.

it..,- .-

-^ -^ J
;^

;Stmxr.erjtS liJ-
ex-

new lUICXP^t
tte oi

?^

Wnt^ fair Catalogue D and explaaatians.



Vol. XXXIV AUGUST, 1902 No. 2

THE

OTAN^I CAL AZETTE

EDITORS

JOHK M. COULTER and CHARLES R. BARNES,

WITH OTHER MEMBERS OF THE BOTANICAL STAFF
OF THE UNIVERSITY OF CHICAGO

3S0CIATE EDITORS
J. C. ARTHUR

Purdue University

CASIMIR DeCANDOLLE
Geneva

L B. DeTONI
University of Padua

ADOLF ENGLER
University of Berlin

LEON GUIGNARD
L'Ecole de Pkarmacie, Paris

ROBERT A. HARPER

JINZO MATSUMURA
IViseonsin

Toky

FRITZ NOLL
University of Bonn

VOLNEY M. SPALDING
University of Michigan

ROLAND THAXTER
Harvard University

WILLIAM TRELEASE
Missouri Botanical Garden

H. MARSHALL WARD
Universify of Cambridge

EUGEN. WARMINo
University of Copenhagen

VEIT WITTROCK
Royal Academy of Sciences

Sieckholm

vr-

CHICAGO, ILLINOIS

Cfie aniuer^?^-? of ClJicaga ^ttti

CDIPYKIGHT 1902 BY THE UNIVERSITY OF CHICAOO

-r ^

i^^
*>1

Jf'

>^

J% L ^' K" ^' '^" ' jjb j.-f-j— bi "^
,

' J^
"-Yj" -"Uj" i"*fc"i ^—1 ^"jirv- i—i*-- >



^>'-

'm^wjmihmm mmjjmm fc^ic"

.iii*-
-^ ^

, J

f

- ?
^ - r LT

^-

^^

^t,

:f^

-P'

5 For
beautifies the complexion. keeps the hands

eautvand Econorr

white and fair and imparts a constant
bloom of freshness to the skin.
As it IS the best and Irtsts longest, it is the
cheapest-v/hen worn to the thinness of a wafer
moisten and stick the worn piece on the new
cane- never a par e lost you \X5e
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Botanical Gazette
a /iBontbIs Journal JEmbracfna all 2)epartmcnt6 of JSotanlcal 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
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THE JUICES
Fred. D. Heald.

(with two figures)

<< the

VVjth the recent rapid development of physical chemistry,

the physiologist has recognized the fact that the application of

the methods of physical chemistr}' to problems of plant physi-

ology is highly important. Already fruitful results have been
obtained in a number of lines, and it only remains for future

investigations to increase and supplement them. Since

conductivity of electrolytic solutions stands in direct relation-

ship with certain phenomena," particularly with the osmotic
pressure and with the depression of the freezing-point, it has

seemed possible that the determination of the electrical con-

ductivity of plant juices, which are themselves electrolytes, might
yield interesting results. Some determinations of this character

have been carried out, and although the results are not all that

might be expected, they are, to say the least, promising, and
willjje recorded in the following pages.

conductivity of electrolytes has been an especially prom-
inent subject in the investigations of physical chemistry, so much
so that it may almost be called the Leitmotiv. The methods of

investigations and the principles established have recently
found application outside the province of physical chemistry. A
number of instances may be mentioned. The Division of Soils,

^- S. Department of Agriculture, has used the electrical con-
ductivity methods for determining the moisture content^ of

Th

thes e

' Bulletin no. 6 ; also no. 12.

8i

'\
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arable soils, and also for determining the temperature^ and the

soluble salt content^ of soils. Oker-Blom'^ has determined the

conductivity of blood, serum, and defibrinated blood for cattle

and hogs, but rather from the standpoint of the physical chemist

than from that of the physiologist. Recently the rate of flow of

underground water^ has been determined by conductivity experi-

ments.

APPARATUS

Since the apparatus used is probably not familiar to the

majority of botanists it will be described more in detail than

Fig. I.—For explanation see text

would Otherwise be justifiable. The general plan of the appa-

/. It consists essentially of a Wheat-

stone bridge in which the galvanometer is replaced by a telephone

{T) The resistance is measured along the wire adb^ which is

one meter long, and stretched along a board provided with a

millimeter scale. The resistance-box R contains resistances of

I, 10, 100, 1000, etc., ohms, and is used for putting into the cir-

cuit a resistance nearly equal to that of the electrolytic cell s.

In order to secure a uniform temperature for all measurements,

the electrolytic cell s is placed in a thermostat. The windmill

thermostat, such as is used in the laboratory of physical chem-

istry at Leipzig, is the most practical. According to Kohlrausch

' Bulletin no. 7.

3 Bulletin no. 8.

* Pfliiger's Archives 79: III-145

s Science 14 : 972. 1901,

i

L

I
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polarization effects can be avoided by using an alternating cur-

rent of high frequency, and consequently a small induction coil

(/) of very rapid vibration is added, which serves to transform

the current derived from the batteries (B).

Since the resistance of solutions varies within wide limits, it

was necessary to try a number of different kinds of cells before

one was found that was adapted to the work In hand. The first

form of cell tried is shown in Ji^. 2a. It has a diameter of 2^"^,

and the platinum electrodes [e) are fused into the ends of glass

a b
Fig. 2—For explanation see text

C

tubes, which are filled with mercury, and securely set in the hard

rubber stopper so as to keep the electrodes in a fixed position.

The electrodes are covered with a layer of platinum-black by

electrolyzing a dilute solution of platinic chloride between them,

the object being to increase the surface of the electrodes and

thus minimize the polarization effects. This type of cell was

found objectionable for two reasons : first, on account of the

amount of juice necessary to cover the electrodes ; second,

because of the small resistance offered, thus making a very indis-

tinct minimum with the telephone. The second form of cell is

shown in jig. 2b. The diameter of the cell was S""", and conse-

quently the resistance of a small amount of solution could be

measured, but the minimum obtained with the telephone was

indistinct. The form of cell which proved most satisfactory is

h^

I

.+i-
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shown in fig. 2c. In this U-cell the minimum obtained with the

telephone was distinct, the amount of resistance inserted in the

resistance-box varying from 500 to 2,000 ohms. The diameter

of the tube was 6"^™, and 5^*^ of solution was amply sufficient to

cover the electrodes.

In order to extract a small amount of juice from the roots,

stems, or leaves of plants a special form of press was necessary.

This press and the method of obtaining the extract have been

previously described.^

METHOD.

The capacity of the electrolytic cell must first be determined.

This is done by introducing in the cell a solution of known spe-

cific conductivity. For this purpose a ^^ normal solution of

potassium chloride was used, and the thermostat was kept at a

temperature of 25° C. This was the temperature at which all

subsequent measurements were made, the uniform temperature

being necessary, since the conductivity of electrolytes varies

with the temperature. After closing the circuit and starting the

coil, the movable contact {Jig, /, d) is pushed along the gradu-

ated resistance ab until the minimum for the telephone is found.

The resistances are then in the foUowinof ratio :

R \ bd \\ s : ad .

For the resistance,

R • ad
s

bd
'

and for the conductivity,

I bd

s R ' ad
'

The solution used was one of known specific conductivity /, so

we have the following relation :

, ,
bd

, , ad ' R
ad ' R bd

m

I := 0.002765,7 and from the readings made the value of /^, or

^Jour, Appl. Micr. and Lab. Methods 5: 1679. March 1902.

7 LeBlanc, Electrochemie (2te Auflage), p. 77, gives the specific conductivity of

-J^ normal KC! at 25'' C. as 0.002765.
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the constant for the cell, can be determined. If now the solu-

tion of potassium chloride be replaced by the juice which has an

unknown conductivity, and the minimum again found for the

telephone, we have the new value from which the specific con-

ductivity can be determined :

Specific conductivit}' >^X
M

R -ad'

MEASUREMr:NTS.

With the apparatus and according to the method just

described measurements were made to determine the con-

ductivity of the juice obtained from different parts of plants.

The following list represents those species used : Bela vulgaris,

Solaimrn tuberosum, Allium cepa, Raphanus sativus, Nuphar advena,

Cucumts sativuSy Amarantus retrojlcxus, Portulaca oleracea,

I. Beta vulgaris,
r

A number of preliminary measurements were made with the

juice extracted from the blades of the leaves, the petioles, and

the roots, with the following result as an example :

Blades of leaves

Petioles

Root -

specific cond. of juice

- 0.03652

0.03652

O.OI89I

It will be noted from these results that the specific con-

ductivity for blades of leaves and petioles is the same, hence in

the subsequent measurements leaf-blades and petioles are taken

together. In order to determine if there was any relation

between the conductivity and the amount of ash present in the

juice, the crude ash present in 5" of the juice was found. The
crude ash was afterwards dissolved in distilled water, diluted up to

the original volume of the juice and the specific conductivity of

this solution determined. The result is shown by the following

:

^^^^^^^^^™-^^^^^^^^^^^^^^^^^^^

Sp. cond. of juice Cnide ash from 5 cc
1

1

Sp. cond. of ash soL

Leaves .

Root ...

'

0.02676
0.01349 0.0626

0.0296
0. 01 10^

• _

\J 9 \J %~ ^ \J ^
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The conductivity of the juice from the leaves is shown to be

double that obtained from the root, and the amount of crude

ash is in accord with this fact, although the juice from the leaves

has a little more than twice as much crude ash as is found in the

juice from the roots. Since perfectly pure water may be con-

sidered as practically a non-conductor, it is evident that the

conductivity of the juice obtained is due to the substances that

were dissolved in the cell sap. From the results obtained for

the specific conductivity of the solution containing the ash, it

will be seen that the conductivity is due in large measure to the

dissolved salts, and that the organic products have played only

a slight part if any.

It may be noted here that these facts are in accord with the

general statements in regard to the ash content of plants:^ '*that

the proportion of ash increases from the root upwards to the

leaves/' The different varieties of Beta vulgaris analyzed by

Wolffs showed that the leaves contained a much larger amount

of crude ash than the roots. It would seem then that the con-

ductivity measurements are here a rough estimate of the rela-

tive amounts of ash present in roots and leaves. It must not be

forgotten, however, that the juice obtained would not contain all

the ash, since some constituents of the ash exist in the plant in

the form of insoluble compounds/''

2, SoLA^^UM TUBEROSUM.

Young vigorous plants grown on a heavy black loam were

used and measurements made for the juice extracted from the

leaves, the a^^rial stems, and the tubers. The results obtained

were as follows

:

Leaves
Aerial stems

Tuber

Sp. cond. of juice

0.01959
0.02449
0.01505

Crude ash from 5CC Sp. cond. of ash sol

0.0906
0.0781
0.0623

0.01857
0.02031
O.OT516

Vines, Physiology of plants, p. 130, 1886.

9 Wolff, Aschenanalysen, pp. 76-77.

^° Vines, Physiology of plants, p. 131. 1886.
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The specific conductivity for the aerial stems is higher than

that for either leaves or tubers, while the amount of crude ash

follows the general law already stated that the amount of ash

increases from the roots upwards to the leaves. Repeated

determinations of the conductivity of the juice taken from dif-

ferent specimens showed similar results, hence it is evident that

the conditions here are different from what was found for Beta

vulgaris. Considering only the tubers and the leaves, the results

again show the conductivity to be a rough estimate of the rela-

tive amount of ash ; but for the aerial stems the conductivity is

higher than it should be if ash alone is concerned. How then

IS the greater conductivity of the juice from the aerial stems to

be explained ? It is quite probable that it is due in part at least

to the greater amount of organic acids present. Titrations of

the juice are extremely difficult on account of the color, even

when the juice is considerably diluted, but the titrations made
mdicated more acid than in either leaves or tubers, Vv^hich are

rather alkaline. This conclusion is also substantiated by the

specific conductivity of the ash solution, which is considerably

less than obtained for the original juice. The relative amount
of ash obtained bvby Wolff'' for leaves and tubers was slightly

different from the above table. His analyses show that the

leaves contain nearly three times as much crude ash as the

tubers, but a considerable difference was shown by plants taken

at different periods in their growth. The different proportions

obtained may then be due to the different times and conditions

of growth.

3, Allium cepa.

The juice obtained from both leaves and bulbs was measured
with the following results : -

Leaves

Eulb

Sp. conf', of

juice

Crude ash from
cc

0.0125

0.00525

0.047

0.0229

Sp. cond. of ash

sol.

0.00921

. 00446

zx Wolff, Aschenanalysen, p. 75.

A'-^-
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The specific conductivity of the juice from the leaves is

shown to be more than twice that of the juice from the bulb,

and the amount of crude ash obtained from 5*^^ of the juice follows

about the same proportion. The figures for the specific con-

ductivity of the solution made up from the crude ash indicate

that the ash alone was not the cause of the conductivity of the

juice, but that the organic compounds were concerned. Other

determinations were made for this species, and all yielded prac-

tically the same results. It may also be noticed that the

specific conductivity of the juice from the stalk or stem of a

specimen in flower is but slightly in excess of that obtained

from the bulb. The relative alkalinity of the ash solution of

leaves and bulb is as 2.5 : l, which is in agreement with the

specific conductivity of the solution. The determinations of

the specific conductivity of the juice are thus shown in this

species to be a rough measure of the relative amounts of ash

present.

4. Raphanus sativus.

For the common garden radish only specific conductivity

determinations were made, using the juice obtained from leaves

and root. The results obtained from two different specimens

will show how nearly the specific conductivities correspond.

I. Specific cond. of

juice
IL Specific cond. of

juice

0.02105 0.02055

Root 0.020 r

I

0.01833

The difference here between leaves and roots is less than

that obtained for any previous measurements, but the conduc-

tivity of the leaf juice is still in excess of that obtained for the

root. No ash determinations were made for this species.

5. Nuphar advena.

All of the species used up to this point were taken

from places where they had been subjected to about the
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same conditions of soil and moisture. It was desirable to

make determinations for plants subjected to other conditions,

and Niiphar advena was selected as a good example of a hydro-

phyte.

Conductivity measurements and ash determinations were
made for the juice obtained from the blades of the leaves,

the petioles, the rhizome, and the roots. All parts of the

j)lant used^ were very carefully washed, and all moisture

removed from the surface with filter paper before the juice

was extracted. The results obtained are shown In the follow-

ing table :

Sp. cond, of

juice
Crude ash from

5CC
1

Sp. cond, ash
sol.

Blades of leaves . . . 0.009368 0.0328 0.00784

Petioles .... 0.009368 0.0327 00S22\J f l^> \^ V^ ^v ^ri

Rhizome 0.00761 0.0298 00822V/ * V' ^^ ^-^ ^' "

Roots O.006113 0.0226 0.00568
1

I

The above measurements show that there is a progressive

mcrease in the conductivity of the juice from the roots through
the rhizome to the leaves, the measurements for petioles

and blades of leaves yielding the same results. The crude ash

determinations show a like progressive increase from the roots

upwards. The crude ash was redissolved in distilled water and
diluted up to the original volume of the juice, and the specific

conductivity of the ash solutions determined. The result

obtamed for the rhizome ash deviates from what might reason-
ably be expected, being slightly in excess of that obtained for

he juice. The others show a slightly lower conductivity than
the original juice, showing that part of the conductivity was due
to other than ash constituents.
A comparison may be made of the specific conductivities in

this species and some nf thf» r,r^v-;nii« ^vamnles_ In Beta vnl-some of the previous examples.
sans the specific conductivity of the juice from the leaves IS

!

r -
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three times as great, in Raphaiius sativus it is over twice as

great, and in Allium cepa still in excess, although the difference

is not great. The results were what might anturally be expected

when we consider the aquatic habitat of Nuphar.

6, CUCUMIS SATIVUS.

For the garden cucumber measurements were made for juice

extracted from leaves, stem, and fruit. The roots being small

it w^as not possible to obtain the amount of juice necessary to

make the measurements. The results are as follows :

Sp. cond. of

juice
Crude ash from

CCC
sp. cond. ash

sol.

0.0127 O-O62I 0.01096
1

4

Stem 0.0149 0.0609 0.01497
F

Fruit

1

0.00632 0,0182 0.00383

This is the only species in w^hich the juice obtained from the

fruit was measured, and the examination of fruits of other species

is highly desirable. In this instance it will be seen that the

specific conductivity found for the fruit is only about half that

found for leaves. Here is also another instance in which the

specific conductivity of the juice from the stem is greater than

that found for the leaves and is not in accord with the amount

of crude ash found.

The specific conductivity^ of the solutions made from the ash

of leaves and stem indicates that little besides the ash constituents

were responsible for the conductivity of the juice. For the fruit

ash, the specific conductivity is but little over half that of the

original juice, w^hich indicates that other substances than the ash

constituents were concerned. Litmus tests and titrations indi-

cated that the conductivity was produced partly by the acid

content of the juice.
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7. PORTULACA AND AmARANTUS.

Conductivity measurements were made for two more species,

and the results will be given together. In each case roots,

stems, and leaves were used with the followinof results ;

1

i

1

1

1

1

Portulaca oleracea
Sp. cond. of juice

Ainarantiis

retroflexus. Sp. cond,
of juice.

1

0.02445
0.02154
0.01069

O.OI7II
O.OI519
0.01328

These figures show that for both species there is a progres-

sive increase in the specific conductivity from the roots upward.

No ash determinations were made for either of these species.

The results obtained and recorded in the foregoing pages

indicate that a method may be afforded of determining the

relative amounts of ash in different parts of the same plant.

Conductivity determinations of the juice from the same species

grown on different kinds of soil would probably yield interesting

results. It is known that the ash of any given species varies in

it oug^ht to beamount throughout the period of growth, and
possible to determine the extent of the variations by means of

conductivity measurements. If this is possible, then the much
more laborious process of an ash determination would not be

necessary.

It may be noted in this connection that there is a difference

of potential between the shoot and root of a plant, the root being

electro-negative and the shoot in a state of positive electrifica-

tion. Whether the greater conductivity of the cell sap in the

shoot is in any way connected with this condition remains an

open question. The facts at least are suggestive.

CONXLUSIOXS.

A number of conclusions can be drawn from the foregoing
records of conductivity determinations. Although others are

indicated, a greater number of species must be examined before
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any more definite relations can be established. From the data

at hand the following facts seem established :

1. Plant juices are good conductors, and the conductivity is

due in large measure to the dissolved mineral substances, while

the organic compounds play a minor part.

2. The specific conductivity of the juice obtained from the

roots of plants is always considerably less than that of the juice

obtained from subaerial parts.

3. The specific conductivity generally increases progressively

from the root upward, although in some cases the sap from the

stem has a higher conductivity than that from the leaves.

4. In the majority of cases the specific conductivity is a

rough measure of the relative amounts of ash present in different

parts of the plant.

Paksons Collegk,

Fairfield, Iowa.

f



ON THE NATURE OF THE STIMULUS CAUSING THE
CHANGE OF FORM AND STRUCTURE IN PROS-
ERPINACA PALUSTRIS.

CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY
XXXVII.

By William Burnet M c C a l l u m.

(with ten figures)

Although heterophylly in amphibious plants has long been

a subject of observation and experiment, as yet we are in

Ignorance of the real factors that determine which type of leaf

such a plant shall assume. The environment of a submerged
water plant is certainly a complex one, and there has not been

anything like a definite analysis of it. If we are to understand

the behavior of a plant when submerged, it is clear that there

must be a definite knowledge of the various factors concerned,

and of the influence of each one upon the plant. The literature

on the subject in the main discusses such topics as water medium,
diminished light relations, different oxygen and carbon dioxide

conditions, buoyancy, nutrition, and the like; but such terms are

general and indefinite, and convey little real information as to

the actual factors acting upon the primordial cells of the plant.

The demands of physiology can only be satisfied by a detailed

analysis of all the possible factors, each of which is a complex
' in itself, and a determination of the direct action of each resolved

component upon the protoplasm of those portions of the plant

involved.
^ Of course such an aim is only ideal and at present

cannot be realized, but it is, nevertheless, the ultimate goal to

be reached, before we can read the plant in terms of its envi-

ronment.

In the hope of obtaining some Information upon this question,

experiments were begun on Proserpinaca palustris in the autumn
of 1900, and are still in progress. The plants used have been
grown from seed or obtained from the low-lying lands about

1902]
93
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Chicago, where they grow abundantly. The work has all been

done at the Hull Botanical Laboratory of the University of

Chicago, most of the experiments having been carried on in the

conservatory. The results are given here only in outline. A

Fig. I.-—Typical air plants, bearing seed.

more detailed account will appear later, when other phases of

the work now in progress will be presented,

Pr^serpijiaca palustris grows in low, swampy situations usually

flooded in the spring and early summer, and subject to occasional

submergence throughout the season. The shoots develop equally

w^ell in air and water and present two very distinct forms. When
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grown in the air the leaves are lanceolate in outline, 5 to 5-5^™

long and 7 to 8 ""^ broad, with margins rather finely serrated

{^figs, I and j). The structure is that common to air leaves—
that is, thick cuticle, abundance of stomata on the under surface,

strong development of pali-

sades, and a well-developed

vascular system {fig^j). In

the stem there are the usual

vascular and mechanical tis-

sues, cortex, etc. The whole

form and structure is that of

a typical aerial shoot.

When submerged the
shoots that develop are en-

tirely different. The leaf is

finely dissected, consisting

of a slender central rib, with

from three to five thread-like

lobes on each side {Jigs, 2,

4, and S), which are often

only about 0.2 ^"^ in diameter,

and may become 2 cm long.

These filamentous divisions

are cylindrical in cross-sec-

tion, and show^ almost an en-

FiG. 2.— Water form in nutrient solution.

tire absence of stomata; the

epidermal cells are very small

and without any trace of cuticle, the outer walls being thin and

{fig There is an absence of any sort of differen-

tiation in the mesophyll, no trace of palisades appearing. The

chlorophyll has a marked peripheral placement, the outer cells,

which are spherical, being packed full, while the inner ones have

almost none. The mesophyll is very loosely arranged, and with

pious development of air chambers throughout. The dry

weight is just one-tenth that of the air leaf. There is an entire

absence of any sort of mechanical tissue or of xylem, both of

a CO
«
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which are conspicuous in the air leaves. The vascular system is

represented only by a weak development of phloem. The stem

of the water form is traversed by large and conspicuous air

chambers that connect with the leaves and the roots. The

mechanical tissue so conspicuous in the air

form is absent altogether, nor can any trace

of conducting tissue be seen. In the axils,

and along the leaf margins, and terminating

each lobe, are gland-like structures that pos-

sibly function as hydathodes.

No attempt will be made here to give any

account of the literature. A good deal of

work has been done upon other amphibious

plants, but the object of this paper is merely

to present some re-

sults of experiment on

Proserpinaca, and the

lite rat ure will be

passed over by merely
Fig, 3.— Aerial leaf.

mentioning a few of

w \

the more conspicuous investigations upon

the general subject.

Mer^ considers the aquatic form as due

in the main to weakened illumination and

nutrition. Constantin^ regards it a result fj^.^L Submerged leaf,

of the weakening of vegetative activity.

Schenck3 considers it largely a question of the relation to light

and to food absorption. Goebel, while recognizing the com-

*Mer E., Des causes qui modifient la structure de certain plantes aquatiques

v^g^tant dans Teau. Bull. Soc. Bot. France 27 : 194. iSSo.

"CONSTANTIN, J., Observations critiques sur I'epiderme des feuilles des veg^taux

aquatiques. Bull. Soc. Bot. France 32: 83. 1885.

Recherches sur la structure de la tige des plantes aquatiques. Ann. Sci. Nat,

Bot. VI. 19: 287-331. ph. 14-17. 1884.

Etudes sur les feuilles des plantes aquatiques. Ann. Sci. Nat. Bot. VII. 3 •

94-162. 1886,

^ScHENCK, Vergleichende Anatomie der submersen Pflanzen. 1886.

I
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Fig. 5.— Cross section of aerial leaf.

• .

plexity* of the conditions, regards light, or rather the lack of

light, as the chief factor. Wachter^ substantially agrees with

Goebel.

There seems to be thus an almost universal tendency among

writers to attribute

the difference in

structure between

aerial and water

forms to differences

in light or nutrition,

especially the former.

These terms, how-

ev^er, are very gen-

eral, especially nu-

trition, which involves so much as to mean little in the way of

explanation. Ultimately, there must be a critical analysis of the

conditions present in the water medium, of the individual factors

there that can act upon the growing cells, and the effect of each
of these on the behavior of the primordia.

Every living cell in a plant is surrounded at all times by a

thin membrane of water through which all substances entering
the cell must pass in

solution. No substance,
be it salt, organic com-
pound, or gas, can enter
or leave the cell in any
other way than by diffu-

sion as a solute through
this film of water. When Fig. 6.— Cross section of submerged leaf,

a plant is submerged this membrane is extended, its thickness

*GoEBEL. K., Pflanzenbiologische Schildenungen. Part II. 1891.

Ueber die Einwicklung des Lichtes auf die Gestaltung der Kakteen und anderer
Pfl zen. Flora 80: 96-116. figs. j. 1895.

Ueber der Einfluss des Lichtes auf die Lestaltung der Kakteen und anderer
Pflanzen. Flora 82 : 1-13.^^..^. 1899.

1,-,
^^^'^'^"^E^. W., Beitrage zur Kenntniss einige Wasserpflanzen. Flora 83:

j43 340. 1897.
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being the depth beneath the surface of the water; and all gases,

etc., and light which reach the cell from the exterior must pass

through this increased thickness of water. What different con-

ditions are here introduced, capable of modifying the life-

phenomena of the cell? Until we have a definite knowledge of

what these conditions are, i. ^., of the different physical con-

ditions involving the entrance of gases, salts, or light through

water measured by fractions of a millimeter or by centimeters,

we cannot hope to know much about the difference in the

environment of the cell in air and in water.

Merely for the sake of convenience in discussion, we may

arrange what seem to be the possible factors acting upon aquatic

plants^under the following heads : nutrition, light, temperature,

gaseous content of water, substances in the water, and what

seems to have altogether escaped notice, the influence of the

water itself, either acting as a contact stimulus (stereotropism),

or by diluting the cell contents and protoplasm. Of course, such

a classification of factors is essentially superficial. It would be

quite erroneous, for example, to consider nutrition apart from

light which involves photosynthesis, or from temperature, or gas

exchange, or absorption of salts ; but it will enable us to discuss

the matter more systematically and with greater clearness. It

is to be understood that the experiments are given here only in

outline,

I. Light.—A large number of experiments were conducted.

Plants were grown in the strongest sunlight available, and in

darkness, and in all stages between, the experiments always being

duplicated in water and in air. Plants were also grown in vari-

ous depths of water. The results were always uniform ;
the

light apparently having no influence whatsoever on the character

of the developing shoot. When in the water it produced the

water form, and in the air the air form, regardless of the illumi-

nation. Plants with their tips the merest fraction of an inch

beneath the surface, in both strong and weak light, produced the

water form; and those with their tips just above the water pro-

duced the air form, no matter what the illumination {^fig* 7)-

I

4

I

\
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These experiments were done many times, with many plants and
always with the same result. Objection may be raised that

light passing through water is not quite the same as that obtained

by shading;' and to make sure, plants were grown under double
walled bell-jars with the space between the walls filled with

water, so that all Ho-ht

coming to the plants

had to pass through

2 to 3<=™ of water.

The behavior here

was precisely the

same as in the other

cases, i. e., if the

growing tip w^as in

the air, the air form
was produced, even
when the experiment
was conducted in

^erj subdued light.

When conducted in

bright .sunlight' the
only difference ob- Fig, 7.—Submerged plants in very good and very poor

served

\

was a more
illumination.

Vigorous growth. These experiments show that the illumination

neither directly, nor indirectly by any subsequent changes that
It may involve, can play an essential part in the stimulus to the

water form.

One must hesitate before using this term.2. Nutrition.
It is so very vague and indefinite that its chief advantage lies in

Its convenience in covering a mass of ignorance. It involves

the absorption and the use of oxygen, the absorption of carbon
dioxide, and the formation of carbohydrates, and hence the

action of illumination
; the formation of proteids and hence the

absorption of the various salts, also the migration of food and
other substances, and all the factors that control this, the toxic

and other effects of various ions which may be present. In
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fact, the entire list of chemical and physical phenomena occur-

ring within the cell, diverse and complicated as these are, and

all the factors which can influence them are involved in nutrition.

Disturbances in these nutritive relations may be invoked by the

slightest increase or decrease in any of the factors concerned.

The change in concentration of a single ion may result in pro-

found changes in the cell. And if the water form of Proser-

pinaca is in any way involved in the nutritive relations it must be

because there is some factor, however slight, acting in the water

that is not acting in the air.

This we have seen cannot be connected in any way with the

light relations. The other possible factors are the relation to

temperature, to absorption of salts or ions, to carbon dioxide, or

to oxygen. To state, as is not uncommon, that such a phenome-

non is due to an increase or decrease of the general nutritive

condition of the plant is, of course, merely to say that it is due

to a change in one or more of these factors. Experiments were

conducted to see what effect these, as they are present in the

water, have on the behavior of the plant when submerged,

3. Temperature.—Most of the experiments were conducted at

the ordinary temperature of the conservatory. During the win-

ter some were kept at temperatures so low as almost to inhibit

growth, this occurring very slowly. Plants also were kept near

the hot water pipes at a temperature so high as occasionally to

kill some. In the summer the highest temperatures in the sun-

light were used. In all of these cases duplicate experiments

were conducted, some in air and some in water, so that the tern-

perature for the two was the same. Some were entirely sub-

merged, some with their tips just above water, some entirely in

the air, and some in the air with their tips bent over into the

water. In all cases the form of the leaf assumed had no relation

to the temperature; as long as any growth occurred the growing

points beneath the water produced the water form. In one case

tvyo tips at precisely the same temperature were not a centimeter

apart, one beneath water and the other above, with all the rest

of the plant submerged, and the former produced water leaves.
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while the latter developed the air form. Jn general, the optimum

temperature for the two forms, so far as could be observed, is

about the same. This indicates that temperature, in itself, is not

a factor in determining" which form shall be produced.

4. Salts.—The relations of carbon dioxide and oxygen to a

1*IG, 8.— Plants after being submerged two months.

possible stimulus will be discussed later under another head, as

well as the question of food salts. Plants were grown in distilled

in tap water, and in nutrient solutions. Some werewater

entirely submerged, with their roots in the soil ; others had the
soil washed away from the roots, and shoots and roots submerged
in the water. Some in both distilled and tap water were sub-

merged except the very tips, which were in the air. The same
was done in various strengths of nutrient solution. All of these

were repeated in strong and weak illumination. The results were
invariably the same. The finely divided leaf, with the aquatic
type of structure in the leaf and shoot, always occurred when the

growing tips were submerged, it mattered not whether in dis-

iHed water or in nutrient solutions, or in strong or weak illumi-
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nation; while when the. tips were in the air the broad leaves

were produced whether the rest of the plant was in nutrient solu-

tion or distilled water. Fig. 2 shows a plant grown in nutrient

solution, andy?^. 8 shows similar plants in water.

This seems to throw out the general conditions of nutrition,

so far as the salts are concerned, as having anything at all to do

with the production of the air or the water form. The size of

the leaf primordia that c^n be changed from one form to the

other may be mentioned here. The oldest leaf primordia that

are still folded in the bud averasie about 6"""^ in leno^th. Therej^V. K^^^^^ ^ .W -V.X.j^

are usually about nine primordia, and they successively decrease

in size, the smallest one that can be readily isolated being 0.2"^^

long. On the creeping shoots there are about eighteen primor-

dia, the smallest being 0.06'"°' in length. A complete change

from the one form of leaf to the other often occurs within four

internodes, which means that a primordium may be turned into

either an air or a water leaf after it has attained a length of from

3 to 4^"^.

5. Salts, ions, etc., as a stimulating cause.—The presence

in the water in solution of any such substance as salts, ions,

organic acids, or the like, as a stimulating cause to the water

form is conceivable. Its possibility, however, is precluded by

the fact that the behavior is the same in redistilled water, and to

a certain extent in a saturated atmosphere.

6. Relations to COg and to Og.—The gaseous content of the

water differs from that of the air. The air contains, per 1,000^*^,

209" O and 0.04^^ CO2 ; while water at 20° C. contains, per

1,000"^ 5.7^*= O and 0.3^^ COg, about 3V the amount of O, and 75

times the amount of CO^. But the rate of diffusion in the water

is much slower than in the air, and the cell may be able to use

both gases much faster than the slower diffusion will supply

them. The leaves cannot be lacking in oxygen during daylight,

for the evolution of bubbles of this gas indicates the excess of

the amount generated over that used. But the gas will tend to

pass off from all surfaces of the cell equally, and as much per

unit of surface will pass into the large and numerous air cham-
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bers as is given off from the external surface, and the combined

surfaces of the former are often greater than the latter. As
these air cavities are continuous through the leaf and stem up

into the growing parts, it follows from the laws of diffusion

that these latter when- illuminated must be supplied with an

atmosphere rich in oxygen. This internal atmosphere will vary

under different conditions, for during the night, or at times when
photosynthesis is not active, the excess of Og will diffuse out

and CO^ will accumulate. The gas obtained from stems of Pros-

erpiuaca pahistris growing in deep water and after several days

of dull weather contained O^ 4.4 per cent., N 35.6 per cent., CO3
10 per cent.; and the gas removed from the stems of Nuphar

> during bright sunshine consisted of O^ 35 per cent., N 65 per

cent., COg 0.6 per cent.

>
"

In the case of CO^, the slowness of diffusion may counteract

the higher percentage in the water. In a perfectly saturated

atmosphere, however, where the supply of CO^ and O is normal,

the plant for a long time continues the development of what is

essentially the water form. When grown in sugar (lactose)

solution the water form is still produced, though in these exper-

iments it has not yet been determined just how much growth

has occurred before fermentation has destroyed all the sugar.

It is quite possible too that the plant is unable to use the sugar

>

\

as food.

Plants were grown under water in glass vessels containing

atmospheres of different O^ and COg pressures as follows: (l)

one volume of water to an atmosphere containing an equal

volume each of CO^ and O^ ; (2) one volume water to an

atmosphere of three equal volumes of CO3 and one volume of

^^r;
(3) one part by volume of water to three parts by volume

of O3 and one third part CO^. For the last experiment the CO3
pressure was about five hundred times and the O^ approximately

five times as great as that of ordinary atmosphere; while in the

second case the O^ pressure was diminished one-third and the

COg pressure increased 250,000 times. In all cases the pressure

of the mixture was approximately 760™°" mercury; and the

\
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experiments were continued long enough to insure the satura-

tion of the water at these pressures, which in the case of Og takes

about a couple of weeks.

The results of the experiments were that in every case the

water form was produced. This shows that the lack of CO^, at

Fig. 9 — Plants grown first in water, then in air, then in water, then in air.

least, cannot be involved in the stimulus to the formation of the

water form, for the amount that diffused into the plant was, at

least in the one case, certainly greater than that which it gets

from the normal atmosphere. Of course it is possible that the
r

large amount might induce abnormal or pathological changes

which would prevent the normal development, but the two smaller

quantities produced the same results. While an increased pres-

sure of five times the normal O^ pressure still results in the water

form, it is possible that still higher pressure might act differently.

This is not probable, however, for two reasons: (i) the plants
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during these and other experiments during the day gave off Og
freely, and this could only occur when the cells are making

more than they can use and the protoplasm is supersaturated,

probably even more than in the air where the Og passes off with

less resistance; (2) because of the behavior in moist air where

Fig. 10.— A plant whose upper leaves have developed in saturated air.

the plants have the same amount of oxygen as usual in the

atmosphere.

7- Moist air.— The water medium necessarily has the effect

of entirely checking transpiration, so that its passage from the

cells is entirely prevented, and the cells and protoplasm are filled

to their utmost capacity with water. This condition, to a certain

extent, can be imitated by growing the plants in an atmosphere

saturated with water vapor. Such a thing as a perfectly saturated

atmosphere, so far as the plant is concerned, is necessarily

impossible, for the temperature of the plant is always slightly

higher than that of the surrounding medium, and so evaporation
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from it must occur. In a large number of experiments consid-

erable variation in this respect was noticed. Some plants when

transferred from the air into a moist chamber showed little

change, while others developed leaves somewhat intermediate

between those and the water leaves.
, Some, where extra pre-

caution to keep the atmosphere as near saturation as possible

and free from changes of temperature, produced essentially the

water form, as in fig, lo. The lobes are not so long, but the

form is the same. In the case of plants grown from seed in

moist chambers, several have reached as many as thirty-five

internodes and are still producing water leaves. In these cases

the amount of CO^ and O^ is the same as if the plants grew in

the ordinary atmosphere, so that here, at least, differences in the

amount of these gases cannot be any part of the stimulus to the

formation of the water form.

The essential feature common to the water and the moist air

is the inhibition of transpiration and the consequent choking

of the cells and diluting of the protoplasm with water. This

can be tested in another way, /. ^., by growing the plants entirely

under water and at the same time drawing the water out from

the protoplasm; or in reality causing evaporation, or transpira-

tion, by means of high osmotic pressure. Plants producing

water leaves were placed in nutrient solutions of a strength not

quite sufficient to plasmolyze them ; also in very dilute solutions

made up to the same osmotic pressure with KCl and also

Ca(N03)2. These were allowed to evaporate down, becoming

gradually stronger. When they reached a strength of solution

equal to about a ^ N salt solution the water leaves ceased to

form and the air type of leaf appeared. This shows that even

under water, if sufficient water be drawn from the protoplasm,

the air leaf will be formed. As the amount of light, COg, and

Og is the same here as in the water, and the water type is not

produced, it is evident that these form no part of the stimulus

to the formation of the water form. Further experiments along

this line are still in progress, with other salts and also with non-

electrolytes.
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8. Contact stimulus.— The young primordia in the sub-

merged plants are intimately surrounded by water, and it is pos-

sible that there might be some contact influence here which

checks lateral growth and causes^ the elongation of the lobes.

Contact stimulus (stereotropism) is well known among the

lower animals, as, for example, where the rhizoids of some of

the hydroid pol^^ps develop as a response to a stimulus of con-

tact from a foreign body. That this cannot be the cause, or any
essential part of the cause, is shown by the fact of the formation

of the water form in moist air, and also from the facts just men-
tioned, where this contact is present but the air form is pro-

duced.

As to the purely anatomical features of the plant, experi-

mental work is being carried on. A large mass of facts regard-

> ing the appearance of the various anatomical features under the

diverse conditions of experiment has accumulated and will be

presented later. One point only need be mentioned. Besides

the positive anatomical characters of the water form, there-are

what we may perhaps term negative characters, /. <?., an absence

of certain characters that usually accompany the air conditions.

These are the absence of such structures as lignified and cuticu-

larized tissues, stomata, mechanical tissue, and conducting tissue.

Experiments are under way to determine to what extent such

tissues are dependent upon definite external stimulating causes,

and to what extent they will respond if these be supplied under
the water.

The results of the experiments so far seem to justify the

assertion that the stimulus to the development of the water form
in the plant under discussion is not involved in the light rela-

tions, in the nutritive conditions, temperature, the gaseous con-

tent of the water, nor contact stimulus. The only factor which
IS constant in all cases where the w^ater form develops is the

checking of transpiration and the consequent increased amount
of water in the protoplasm. When the protoplasm of the pri-

iTiordial cells is in that condition of dilution which accompanies
the absorption of a large amount of water, the nature of the
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growth and the orientation of the cell division is such as to pro-

duce the water form, while those physical and chemical conditions

resulting from a partial withdrawal of water by evaporation [i.e.y

an increased density of the protoplasm) result in that sort of

cell behavior which produces the air form of the plant. Just

why this difference in the density of the protoplasm should

result in such a different behavior of the cells is a question which

this paper does not attempt to discuss. The answer can only

come with an increased knowledge of the mechanics of cell

division, about which at present we know almost nothing.

One other phenomenon must be mentioned. The results

given were all obtained from plants collected outside, which

were usually producing the air forms, or else from seedlings

grown inside. When some of these had been kept submerged

it was noticed that after several months they started to produce

the air type of leaf. This only occurred in some cases, and even

those in the same aquarium behaved differently. Also in the

case of those outside, which were submerged all winter, during

May and June many of them succeeded in producing air leaves,

though none were able to develop flowers. It would seem here

as if some of the plants after a time became accustomed to the

stimulus and refused to respond. Or it may be that as only the

air form is capable of fruiting, in the effort to produce flowers

the plant has the ability of self-adjustment to its conditions and

develops the air form in spite of its environment. Examination

of these primordia showed that the cells are smaller and the

protoplasm denser and less distended with water. It is possible

that the protoplasm is able to adjust itself, perhaps by the expul-

sion of water, into that condition in which it exists when in the air.

This, of course, is speculation, but investigations are under way,

which it is hoped w^ill give us some information on the subject.

In conclusion, I have pleasure in acknowledging my indebt-

edness to Professor John M. Coulter, Professor Charles R.

Barnes, and to Dr. B. E. Livingston, for much kind assistance

and advice.

The University of Chicago.
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CONTRIBUTIONS TO THE BIOLOGY OF RHIZOBIA.

I. RHIZOBIUM MUTABILE IN ARTIFICIAL CULTURE MEDIA.

Albert Schneider.

(with plate i)

Recently I began some further work on the biology of

rhizobia. The investigations carried on at the Illinois Experi-

ment Station at Champaign in 1893 were terminated before any

satisfactory results were reached, and it is only recently that an

opportunity has again presented itself to further pursue the

investierations.

The review of recent work done in the study of rhizobia will

^
be given in the second paper. A fairly complete list of refer-

ences up to and including the year 1897 ^^'^^^ t)e found in the

tnesota Botanical Studies of September 27, 1894, to which aMl

supplement was added in the Studies of May 29, 1897.

Since 1886 numerous investigators, especially those of

Germany and France, have attempted to make pure cultures of

rhizobia, and some of these have stated repeatedly that cultures

were obtained, but not a single investigator has thus far

given detailed information regarding them. Other investi-

gators, again, declared that rhizobia were incapable of being

grown in artificial media ; that they were, indeed, merely

plasmic by-products, to which the name Bakteroiden was given

by Frank and other German investigators. Another source of

confusion and difficulty was the fact that most investigators

recognized only one form (or species) of rhizobium, namely, the

Rhizobium legtiminosartim of Frank. Without entering again

into a discussion of the probable number of species, I shall out-

line briefl3^ ^^e present preliminary investigations.

I have made repeated attempts to obtain pure cultures of the

rhizobia found in the root tubercles of Melilotus alba, but with

either wholly negative results or only a very evanescent partial

success. So frequent were my total failures that I became
1902!
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almost converted to the opinion that this particular rhizobium

was either not an autonomous organism, or that it had lost the

ability to grow outside of the host-plant. I have had no

difficulty in securing cultures of the rhizobium found in bean-

root tubercles, for example, but for reasons which will be given

in a subsequent paper I was desirous of obtaining cultures of the

comparatively large rod-shaped to Y-shaped form found in sweet

clover. For some time after beginning the present series of

experiments it appeared that my efforts would again be without

positive results ; but my former experiences induced me to pro-

ceed more cautiously and more carefully, keeping in mind the

probable physiological peculiarities of this particular rhizobium

as compared with bacteria in general. Now I feel certain that

in 1893 I had several small pure cultures of this particular

rhizobium, but failed to recognize them, and they were destroyed

without being investigated, and, unfortunately, I was further-

more obliged to discontinue the investigations at a time when

I was becoming somewhat familiar with my subject.

In the following experiments young seed-grown plants or

Melilotiis alba were selected, which were about four inches high,

each plant having from six to fourteen fairly well developed,

mostly single, non-branching, more or less irregularly oval to

flattened tubercles. The roots and tubercles were thoroughly

and repeatedly washed in hydrant water, and dried with blotting

paper. A tubercle was cut into with a small sterilized knife, and

the knife-blade was lifted, thus breaking the tubercle across.

This prevented the blade from dragging exterior bacteria over

the interior of the tubercle. A short platinum needle was pushed

into the central portion of the tubercle and streak (line) cul-

tures made in Petri dishes w^ith Melilotus alba extract solidified

by means of agar. The inoculated Petri dishes were kept in the

dark at the spring and early summer temperature of the labora-

tory. Most of the dishes showed white growths in a day or

two. Examination proved these to consist of several motile

bacteria, including a large motile bacillus resembling B. anthracis

or B. siibtilis. In the course of about five days from the time or
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making the inoculations I noticed in several of the streaks a

very slight, translucent, glistening growth, which at once

reminded me of similar prrowths observed in mv former investi-

gations. Upon microscopic examination I found numerous

organisms, some simple and irregular in form, some Y-shaped,

some twice and three times forked, resembling the rhizobium of

the sweet clover to which I gave the name Rhizobium fnntabile

m 1892. Of these few small growths I made a number of test-

tube cultures. These cultures developed very slowly, but

steadily, producing (upon agar media) a transparent, glistening,

slightly elevated, smooth-margined growth of about the tenacity

(not stringy) and consistency of syrup. There was no color,

^
odor, or gas formation noticeable. Repeated microscopic

examinations showed these cultures to consist of organisms

having the morphological characteristics of R. jmitabilc of sweet

clover. These morphological characteristics, combined with the

very peculiar development of the cultures, led me to assume

that I had at last succeeded in obtaining pure cultures of R,

mittabile. H. B. Carey, working in the same laboratory, suc-

ceeded in obtaining numerous similar cultures from M. alba

tubercles by the fractional culture method. The evidence,

though requiring further proof, is sufficient to justify this report.

Inoculation experiments on M, alba growing in carefully steril-

ized soil are now in progress, which will be reported upon in the

second paper.

^licroscopic examination of pure cultures showed the rhizobia

in various stages of septation, budding, and branching. The
organisms are absolutely non-motile, showing more irregularity in

form, size, and branching than in their normal state within the

^
tubercle. They are embedded in a considerable quantity of

mucilaginous substance, which does not, however, form a dis-

tmctly circumscribed layer about the cell wall. Naturally the

\ study of the mode of multiplication is a comparatively easy task

with pure cultures. It multiplies by bi-septation, multi-septation,

and by budding and subsequent septation. In comparatively
rare instances there is evidence of budding resembling that of
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the yeast plant. Growth is usually uniterminal ; again it may

proceed in either direction or toward all of the extremities of

the branching forms, until the maximum size is reached, where-

upon it septates. Under favorable conditions, when food supply

is adequate, septation proceeds more rapidly and before the

maximum size is attained, forming zoogloea of only partially

developed rhizobia. When a fully matured organism septates,

the cytoplasm collects into two, more generally three to five,

masses, followed by a constriction of the cell-wall between the

plasmic masses. Branching forms seem to be due to arrested,

prolonged, or incomplete budding, and occur principally in the

older, more mature plants, though it may also be noticeable in

immature or undeveloped organisms. These peculiarities of form

and budding indicate a relationship to Saccharomyces, but there

are absolutely no fermentation phenomena in the media.

In the older, larger, and more matured cells are found those

small, usually spheroidal, highly refractive bodies to which

attention has been called by various investigators, notably Frank.

In the culture organisms, as well as in those found in tubercles,

these bodies, which vary in number from one to five, usually

occupy a peripheral position. They are highly refractive, in that

respect resembling spores. In 1894 I described them as modi-

fied spores, an opinion not seconded by Frank (a communica-

tion in writing). At present I have nothing to add regarding

their origin and probable function, though I am still of the opin-

ion that they may be spore-like etiologically, and might be des-

ignated sporoids. It seems evident that no true spores are

formed, either in the organisms of the tubercles or those grown

in media.

Rhizobium rnutabile grows in most media, liquid beef broth

gelatine, agar, beef broth, whether neutral, slightly acid or

slightly alkaline. It seems to grow better upon solid than in

liquid media. It grows best, as far as observations have been

made, upon solid M. alba extract agar. It is not anaerobic,

though it may be facultatively so. The fact that the culture

is colorless renders the study of deep stab growths difficult,



1902] CONTRIBUTIONS TO THE BIOLOGY OF RHIZOBIA 113

I >

f

t

4

especially if the media are not wholly translucent or transparent.

In liquid media there is a whitish sediment of rhizobia. There is

evidence that grow^ths on solid media become less translucent

with age.

The following is a brief summary of results of the present

series of experiments :

1. Rhizobinfn miitabile C2i\\ be isolated and develops in artifi-

cial culture media, forming a translucent, colorless, glistening,

semi-liquid growth.

2. It develops slowly, requiring from four to six days to pro-

duce a perceptible growth.

3. It is essentially aerobic.

4. It multiplies by biseptation, multiseptation, and a modified

form of budding.

5. It apparently does not develop true spores.

6. It is devoid of all active motion.

7. It undergoes great changes of form and size, with age and

also in different culture media. See figures.

8. Refractive bodies (sporoids) occur in the older organisms,

and seem to be characteristic of the species. Their origin and

function are as yet undetermined.

9. While of slow growth, it does not seem to be readily

destroyed. It maybe completely overspread by a foreign germ,

but as soon as conditions become unfavorable for the latter the

rhizobium is found to be still active and continues to grow and

multiply.

Northwestern University,

Chicago.

EXPLANATION OF PLATE L

The illustrations are from pen and ink drawings, made on a uniform scale

by means of an Abbe camera lucida. The drawing paper was placed on a

level with the base of a Leitz instrument. Magnification by means of a B.

and

a, Rhizobium miitabile from young root tubercle of Melilotus alba,

b, R. mntabiU grown in agar beef broth.

c> R, muiabile grown in beef broth.
d, R. mutabile grown in Melilolus alba extract solidified by agar.

1



NOTES ON CERTAIN SPECIES OF ANTENNARIA.

E LI AS Ne l so n.

Considerable attention during recent years has been given to

the study of the eastern species of Antennaria. Many species of

the middle Atlantic states and of the prairie states of the Missis-

sippi valley have been characterized by Professor E. L. Greene,

those of the District of Columbia and vicinity in particular

having been the subject of much field study by the same author.

Mr, M. L. Fernald has published a synopsis of the New England

species, supplemented by subsequent papers containing notes and

a key. Through the field and herbarium studies of Mr. Fernald,

and the notes and observations of various collectors, the species

of the New England states are perhaps better known than those

of any other region of equal area in North America. The most

recent synopsis of the eastern species is that which has appeared

in Dr. Britton's ManimL Thanks to the efforts of many collec-

tors, we are constantly becoming better acquainted with these

plants, but much remains to be learned even concerning the

eastern species.

A revival of interest in any long neglected group of plants,

is generally attended with much describing of species, resulting

in many new names, some of which must sooner or later be rele-

gated to synonomy. It is not at all surprising, therefore, to find

that several of the species now generally accepted have received

two or more names during the recent study of this genus.

What in many instances appeared to be very distinct, on further

examination in the light of more material often proves to be less

deserving of the specific or perhaps sub-specific recognition at

first accorded it, A fair representation of a species by speci-

mens from different localities in its range is necessary for an

adequate knowledge of the plant. The variations, relationship^

and distribution of each species needs to be worked out, and as

114 [august

1

i



1902] NOTES ON CERTAIN 115

.1

f

regards our eastern Antennarias this remains to be done for

most of them.

The plantain-leaved species are very polymorphous and
almost indistinguishable. It would not be at all difficult in any
large collection to spread out a series of specimens exhibiting a

gradation of A, neglecta through A. petaloidea and A. ambigens
into A, Parli?in, In spite of the frequent intergradations we do
recognize as tolerably well marked some categories of forms to

which it seems proper as well as desirable to assign binomial

names. Though authors will to some extent differ in judgment
as to the validity of certain species, it is gratifying to note
that different investigators in this group in several instances have
reached the same conclusions.

In the segregates of A. plantaginifolia, A, dioica, and A. alpina

of earlier American authors, the general habit and stature of the

plant, the outline and size of the leaves, the character and per-

manency of the pubescence, and the height of the involucres are

of most value for specific diagnoses. The outline of the bracts

of the pistillate involucres, especially as regards the bluntness or

acuteness of their tips, are of minor importance in distinguishing

species. In most of the eastern as well as of the western Anten-
nanas I have found that the tips of the involucral bracts (pistil-

late) vary from obtuse to acute or acuminate. The outh"ne of

the bracts has quite generally been given in recent descriptions,

and the bluntness or acuteness of their tips has in many instances

been taken as one of the distinctive characters of certain species

and sub-species. The amount of thickening or dilation of the

pappus bristles of the staminate flowers is also found to be sub-

ject to considerable variation in the same species.

It is a well established fact that parthenogenesis occurs in the
real Antennaria alpina. While there is at'present no evidence to

show that any North American species are propagated partheno-

genetically, it perhaps would not be at all surprising to find that

»t does take place in some of them. We at least know that

good seeds may be produced. Mr. Theo Holm, of Brookland,

• C., assures me that he has observed in that vicinity an abun-
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dance of seedlings, but which species they represented could not

be determined. They were found, ho^vever, near patches in which

A. Parlinii {A. arnoglossa)^ A, plaiitaginifolia^ and y^. neglecta w^ere

growing. In Antennaria, as well as in the related genera Gna-

phalium and Anaphalis, the plants may be polygamo-dioecious.

A, plajitaginifolia (^A. decipiens Greene), however, is the only

species in which I have observed perfect flowers.

In consequence of my distribution of North American Anten-

narias I have received many collections from various parts of

the United States and Canada, thus giving me an opportunity

to study among others the species of the eastern United States.

The material in the U. S. National Herbarium has been at my
disposal, and through the courtesy of Professor E. L. Greene it

has been my privilege to examine the types of his species. I

am under great obligations to Mr. M. L. Fernald for communi-

cations of specimens and other favors. The facts which have

been brought out in the course of my study of the eastern spe-

cies and the opinions I have been constrained to entertain are set

forth in the following notes, which I hope will not be without

interest to the students of this genus.

Antennaria labradorica Nutt. Trans. Am. Phil. Soc. 7:406.

1 84 1.— A very good species, originally described from Labra-

dor specimens. It is in part the A, alpitia of Britton's ManuaL
There can be no doubt as to its distinctness from A. alpina,

Nuttall himself says of it : **at first glance resembling A, alpina,

but more nearly allied to A. plantagineay Its affinities are with

A. canadensis and A, neodioica^ the brownish involucres suggest-

ing A. alpina. I have examined an undoubted specimen of this

species deposited in the herbarium of the Geological Survey of

Canada (sheet no, 14363). Since Professor Greene, who has

seen the same material, gives a brief characterization of the

species,^ I will here only record some measurements taken of

some parts of the plants on this sheet. Basal leaves 1-2*'°' long;

lowest pedicel of the inflorescence 3.5*^°^ ^^ng ; involucres ^-^

high.

' Pittonia 3:285. 1897,

mm
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Antennaria neodioica Greene, Pittonia 3:184. 1897.-

—

A.

neodioica attenuata Fernald, Proc, Bost. Soc. Nat. Hist. 28:245.

1898. A.rupicola Fernald, Rhodora 1:74. 1899. A, ahi?wides

Greene, Pittonia 4 : 83. 1899,—This species was described from

specimens secured near Stroudsburg and Bushkill in the extreme

eastern part of Pennsylvania. Typically it has involucres whose
outer bracts are obtuse and the inner acute. True A. neodioica

is much less common than the forms with narrow, attenuate

involucral bracts. The staminate plants are certainly ver)' rare,

being unknown both to Mr. Fernald and myself. Professor

Greene, however, seems to have had some staminate plants when
drawing up the original description.

Taken in its entirety, this species is readily separated from

any Antennaria to be found in eastern North America. It is

quite variable, and some of its forms have received sub-specific

or even specific names. Dr. Britton^ considers all the forms of

this particular category as representing only one species. In

this I think he is entirely right. I had myself, independently,

reached the conclusion that A. neodioica attenuata and A, alsinoides

are the same, and am now of the opinion that the form to which

these two names were applied cannot consistently be accorded

even sub-specific rank.

An examination of a series of specimens from localities rang-

ing from Ontario and the New England states to Maryland

shows that the species varies chiefly as follows : basal leaves

from relatively narrow with oblanceolate expanded portion

and then not clearly differentiated into blade and petiole, to

rather broad, the expanded portion obovate with a more dis-

tinct petiolar base; inflorescence from somewhat paniculate to

subcorymbose, either closely congested or tolerably open ;
bracts

from much acuminate to more or less obtuse, scarious or petal-

oid, rarely lemon-tinged. Were any two or more of these varia-

tions always associated, there would here be some justification

in recognizing sub-species. Professor Greene states that his A.

alsinoides as compared with the typical A. neodioica has its heads

•Science, n. s. 13:587. 1901.
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on shorter pedicels, and that its leaves are more "clearly differ-

entiated into blade and petiole/' the expanded portion of the

leaves being obovate. The congested character of an inflores-

cence is found to be by no means always accompanied by rela-

tively broad leaves, for some Ontario specimens examined by

me have an inflorescence answering to Professor Green's descrip-

tion, but the expanded portion of the leaf is oblanceolate. The

stolons are said to be equally leafy throughout, but that is quite

often the case in typical A, ?teodioica, Mr. Fernald assigns to

his A. 7ieodioica atteimata no other distinctive characteristic than

that exhibited by its involucral bracts. It does not seem well to

make sub-species on single characters, especially of a species

with such freely intergrading forms. The character of attenuate
F

bracts is accompanied either by relatively narrow or rather broad

leaves, and either by a close or tolerably open inflorescence.

Mr. Fernald has characterized another sub-species, viz., A,neodi-

oka grandisy of which I have seen no specimens. A, mpicola is

merely a dwarfish form of A. neodioica, with lemon - tinged

involucral bracts and basal leaves slightly narrower than is ordi-

narily the case in this species.

Antennaria PETALomEA Fcmald, Rhodora i :73. 1899.— ^•

7i€odioica petaloidea Fernald, Proc. Bost. Soc. Nat. Hist. 28:245.

Je 1898. A, neglecta siibcorymbosa Fernald, /. c, 246. A. Far-

wellii Greene, Pittonia 3^347. S 1898. A. petaloidea scariosa

Fernald, Rhodora, /. c, A. petaloidea ??wdesta Elias Nelson,

Proc. U. S. Nat. Mus. 23:710. 1901.— In this species we have a

connecting link between the unusually well marked A. negleeta

and A, ambigens. Though grading into A, neglecta it may be

distinguished readily from that by its corj-mbosely cymose inflo-

rescence and generally broader leaves. The heads are as a rule

more numerous than in A. neglecta. In that species, as noted by

Mr, Fernald, the staminate plant is quite as common as the pis-

tillate, while in this it is very rare. As in A, neglecta, the thin

tomentum of the upper surface of the leaves is either persistent

or deciduous. In outline the leaves vary from spatulate or

oblanceolate to obovate-cuneate, and in width from 7 to 17'"°'.

\
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The stolons, though generally' like those of A. 7ieglecta, are often

more leafy, and then resemble those of A, ambigevs, A. peta-

loidea, when constituted as a species by Mr. Fernald, was known
to him only from northern New England. I have it, however,

from two localities in Ontario, and Mr. C. K. Dodge has col-

lected it repeatedly in St, Clair co., Mich. Undoubted speci-

mens of this species have also been secured by Professor De
Alton Saunders in the Black hills of South Dakota. This col-

lection contains both pistillate and staminate plants. The latter

are 8-13^"^ high, with two to four heads to the cluster, the bracts

with oval to oblong, obtuse tips, and the pappus bristles with

moderately and uniformly thickened upper portions, or occa-

sionally very slightly dilated at summit.
w

I have examined the type of A. Farivellii, and find that it is

J
nothing else than A, petaloidea Fernald. What Mr. Fernald

^

and Dr. Britton^ have supposed to be A. Farwcllii is not that spe-

cies, but a much larger-leaved plant closely allied to A. ambigens.

The basal leaves in the type are lightly tomentose above, indis-

tinctly 3-nerved beneath, only 3-4''™ long, and not exceeding
13""^ in width.

Antennaria Paklinii Fernald, Gard. & For. 10:284. 1897.

A
.
arnoglossa Green e, Pittonia3:3i8. 1898. A. Parlinii amoglossa

(Greene) Fernald, Proc. Bost. Soc. Nat. Hist. 28 .243- 1898.—
The typical form of this species is a New England plant with

leaves green and glabrous above from the first, with stems beset

with purplish ciliate hairs and with large involucres of narrow

acuminate inner bracts. There are some deviations from this type

even in the New England states. The ciliate hairs are at times

absent, and the basal leaves often slightly arachnoid above.

Some Illinois specimens examined by me are also somewhat
arachnoid on the upper surfaces of the leaves, and very few cili-

ate hairs are present. In plants from Washington, D. C, and
* * •

vicmity the ciliate hairs are present in some, absent in others,

the leaves either wholly glabrous above or nearly so and the

involucral bracts either broad and obtuse or rather narrow. It

3 Rhodora i : 153. 1899. * iManual, 976.



T20 BOTANICAL GAZETTE [august

will be seen from the above account of its forms that as to invo-

lucral bracts, glandulosity, and presence of ciliate hairs it pre-

sents the same variations as A. ambigens. As to. stature, size of

leaves and involucres, and general habit it resembles that species

very closely and indeed it grades into it. Although there is no

sharp line of demarcation between these two species, yet it

seems w^ell to let the two names A, ambigcns and A. Parlinii

stand for the two categories of forms, those with permanently

tomentose upper surfaces of the leaves falling into the former,

and those with leaves smooth above or nearly so into the latter.

From A. plaiitaginifolia the species is quite readily separated, and

though thechief distinction is that of size thedifference isconstant,

and I think no one who once has formed a mental picture of the

two species would have any difficulty in distinguishing them.

Antenxaria propinqua Greene, Pittonia 4 : 83. 1899.— Origi-

nally described from staminate specimens only, collected at

Harper's ferry, West Virginia, but now also known to me through

plants secured by G. B. Ashcraft at Berea, Ohio. This collection

contains both staminate and pistillate specimens. Even the pistil-

late plants are rather low, only 16^"" high; the heads few and

closely congested, and the involucres 8 '""' high. The herbaceous

portion of the involucral bracts is livid green and glandular.

The inner bracts of the pistillate involucres are narrow and acu-

minate, while the outer are somewhat broader, their tips oblong,

lanceolate, or oblong-linear, acute or obtusish. The pappiJS

bristles in the staminate flowers are only slightly narrower at

the tips than those observed in some specimens of A, Parlinii.

m more specimens of A, propinqtia are at hand, we shall be

able to judge better of its claims to specific rank.

Antennaria Brainerdii Fernald, Rhodora i: 153. 1899.— I^

is doubtful whether this can be maintained as a distinct species.

As exemplified by Mr. W. W. Eggleston's specimens of 1899 and

President Brainerd's of 1900, it is certainly very closely allied to

A. Parlinii on the one hand and to A, ambigens on the other. In

both of those species, as we have alreadj^ noted, the presence or

absence of ciliate hairs is a matter of much variation, and m

Wh
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both the basal leaves are at times relatively as broad as those of

A. Braincrdii.

Antennaria ambjgens (Greene) Fernald, Rhodora 1:150.

1899.— ^- ar?wglossa ambigeiis Greene, Pittonia 3:320. 1898.

A. Parlinii ambigeiis (Greene) Fernald, Proc. Bost. Soc. Nat.

Hist. 28: 244. 1898. A.fallax Greene, Pittonia 3: 321.\x Greene, Pittonia 3: 321. 1898.

—

This is the commonest of the eastern species of Antennaria

which have large heads and ample, plantain-like basal leaves. It

ranges from Minnesota. Ontario, and Maine to Kansas, Missis-

sippi, and Virginia. As many other American species, it is quite

variable. It is nearly always more or less glandular, quite as

often so in the acuminate-bracted forms as in the typical one.

CiHate hairs may be found about the inflorescence, on the stems,

and on the margins and surfaces of the leaves. These hairs are

usually purple, but when occurring on the surfaces of the leaves

are colorless. The upper surfaces of the basal leaves are perma-

nently arachnoid or tomentose above, and the tomentum of their

lower surfaces is generally persistent. Often, however, it forms

a crustaceous coating which occasionally is deciduous in flakes.

The involucral bracts of the pistillate plants may be either nar-

row and attenuate or broader and petaloid. Often they are

purplish as in A. Parli?iii, There is some variation in the stature

of the plant, the leafiness of the stems, and the character of the

mflorescence, but these variations fail to furnish any diagnostic

characters. The staminate plant is somewhat lower and its

involucral bracts have ovate or oblong, obtuse, petaloid tips.

The pappus bristles are either clavellate or more or less dilated

and then bluntly toothed or somewhat lacerate, the filamentous

portion serrulate upwards.
The type specimens of A, arnoglossa ambigois were collected

near Brookland, D. C, and Professor Greene informs me that

he has found but one patch of it and that situated in a field

of ^isA./a//ax. These specimens are slightly glandular and
the tips of the outer involucral bracts are oblong and obtuse,

those of the inner acuminate. On one of the sheets the plants

have some purple hairs about the inflorescence.
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The type material of A, fallax was collected in the same

locality as that of A. arnoglossa ambigeiis. There are six sheets

labeled A, fallax in the herbarium of Professor Greene. On

three of the sheets the plants are without ciliate hairs, while on

the other specimens these are present. Only two of the four

specimens of pistillate plants have attenuate inner bracts, and in

only one of these are they setaceously pointed. One of these

specimens with inner attenuate bracts has some purple hairs

about the inflorescence.

There is thus a very evident gradation of A, arnoglossa amln-

gens into A. fallax, even in the original material. A careful

study of a larger series of specimens shows that the two cannot

be separated, being simply forms of one species. I have recently

learned through a communication from Mr. Fernald that further

observation in the field has led him to the same conclusion, and
r

Dr. Britton s also is inclined toward this belief.

AxTENNARiA PLAN4AGii\i FOLIA (L.) Rich, in Hook. Fl. Bor.

Am. I : 330. 1837.

—

Gnaphalium plantaginifolhim L. Sp. PI. 850.

1753- G- pla?itagi?iea L. Syst. Veg. Ed. 12. 2 : 545- ^7^7-

A. plantagiytea (L.) R. Br., Trans. Linn. Soc. 12: 123. 1818. A.

decipiens Greene, Pittonia 3 : 278. 1898.

—

A. nemoralis Greene,

Pittonia4: 41. 1899. This is the low, plantain-leaved species,

having small heads and foliage persistently arachnoid on the

upper surface. It is closely allied to A. ambigens and grades

into it. It is a comparatively glandless plant, tKe flowering

stems and the leaves being rarely at all glandular, and in no

specimens have I detected any ciliate hairs. The basal leaves

vary from round obovate to ovate or narrowly elliptic, and the

petiole is often much elongated, especially in the forms with

narrower leaves. The bracts of the pistillate involucres are

generally petaloid and obtuse or obtusish, but not infrequently

somewhat scarious and acute or acuminate in the inner. In the

staminate involucres the whitish tips are ov^al, ovate, or oblong,

and vary in different plants as to size and number. The pappus

bristles in the staminate flowers though generally very narrow

5 Manual, p. 796.
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and serrulate are at times somewhat dilated toward their apices.

I am unable to separate A. iiemoralis Greene from this species.

It is of the same size and has the same foliage characteristics as

A. plantaginifolia. Mr. Albert Ruth has sent me some material

secured by him in the same grove in which was collected the

type oi A.nonoralis. The leav^es in these plants vary from ovate

and elliptic to round ovate, and the arachnoid pubescence is

persistent on the upper surface. There were two pistillate plants

in Mr. Ruth's collection, and these have the narrow involucral

bracts characteristic of A. plantaginifolia.

Hermaphrodite flowers apparently are not infrequent in this

species. Plants with some flowers containing well developed

stamens and pistils and plump akenes have been detected in

three different collections. These specimens are respectively

^rom Biltmore, North Carolina, Takoma park, D. C. [E. N.

Wilcox, 1 901), and Knoxville, Tennessee [Albert Ruth, 1901).

They are in each case accompanied by sterile plants. They are

readily distinguished from both the strictly pistillate and the

staminate individuals by their involucral bracts, which are much
broader than in the former, but not as broad as in the latter; or,

to be more definite, their obtuse, white tips are from oblong-

linear to oblong. The pappus-bristles are coarser than those of

the pistillate flowers, slightly thicker toward their apices and

somewhat serrulate. In their general appearance the heads of

e individuals having some perfect flowers resemble those

which are strictly pistillate, and indeed I at first mistook them
for pistillate plants.

Antexnaria occidentalis Greene, Pittonia 3:322. 1898.

The plant w^hich I at present tentatively refer to A. occidentalis is

»' ^^^ ^- Fartvcllii of Mr. Fernald and Dr. Britton. It appears to

be quite distinct, and is known to me through specimens from
New York, Vermont, Ontario, Michigan, and Wisconsin. As to

th

th e mvolucres and the outline of the basal leaves, it agrees so

well with Professor Greene's description of A. occidcfitalis that I

refram from assigning it a new name until satisfied that it is not

that species.
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Antennaria argentea aberrans, subsp, nov.—Like the species,
4

but inflorescence racemosely paniculate.—Type in the U. S.

National Herbarium, collected by M. E. Jones on Mt. Shasta

in California, alt. 5,000 ft., June 18, 1897. There are only

pistillate plants on the sheet, and these are about 15^^"^ high, and

have oblanceolate, acute radical leaves 3-4^°^ l<^^g ^^^ 6-7"""

wide.

University of Wyoming,
Laramie.

\
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A SURVEY OF THE HURON RIVER VALLEY.
I. THE ECOLOGY OF A GLACIAL LAKE.

Howard S, Reed.

(with four figures)

i. introduction.

In the vicinity of Ann Arbor, Mich., there are a number of

glacial lakes and ponds which at no very distant day must dis-

appear if the processes now in operation continue. At present

they exhibit conditions of such interest that it has seemed very

desirable to preserve as complete a record as possible of their

extent, physical characters, and biological relations as they exist

today. The work here reported was carried on at the largest of

the so-called ** Sister lakes" west of Ann Arbor.^ It was under-

taken at the suggestion of Professor V. M. Spalding, of the Uni-

versity of Michigan, under whose direction the botanical survey
of which it forms a part is now in progress. It has been the

purpose of the writer to give an exact representation of existing

facts and conditions, and to study in a somewhat quantitative

manner the relative value of the several ecological processes at

work; necessarily some matters of theoretical interest are dis-

cussed.

The study of a glacial lake is of peculiar interest to students
of ecology. The physiography of the country in which such
lakes occur was entirely rejuvenated by the glacial action, and
the physiographic processes taking place now are precisely those
rapid developments characteristic of new land areas. Adapta-
tions to past conditions still remain, but with them are striking
and interesting adaptations to present changing conditions. The
general change has been from semi-arctic and hydrophytic to

temperate and mesophytic conditions. At the same time, there

J
A preliminary report of this work was published in the Proceedings of the

Michigan Acadenay of Science for 1901.
1902]
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has been a continuous reaction of plant life upon environment;
M

the advancing zones leave soils behind them different from those

they found. Sphagnum swamps and peat bogs, into which the

lakes now under consideration are changing, are the last stages

in the life history of glacial lakes.

The plant life of the small glacial lakes characteristic of

southern Michigan differs distinctly from most other hydro-

phytic societies. It is predominantly xerophil, while that of a

brook or river is predominantly hydrophil in character.^ It

differs from the flora of such lakes as have been studied by

MacMillan^ and Pieters '^ in not being influenced by waves, cur-

rents, spray, etc.

II. GEOLOGICAL HISTORY.

The lake selected for study is a *' kettle-hole " in the termi-

nal moraine which formed part of the northwestern shore of

ancient Lake Maumee, It is mainly fed by springs issuing from

the bottom and around the shores, though a small rivulet enter-

ing from the southeast contributes some surface water during

about half the year. The lake probably came into existence at

the close of the second advance of the ice sheet, and at that

time it was considerably larger than at present, due to the drain-

age from the melting ice. For some time following the forma-

tion of the lake it was apparently subject to sudden changes in

size and outline due to rapid fluctuations in the water supply.

There are two similar lakes within a mile to the eastward, with

which it formerly may have been continuous ; at present the

surface of the water is five inches lower than in either of the

other two lakes.

The original lake must have been from sixty to eighty feet

deep in its deeper parts, and the surplus waters were discharged

through an outlet to the southwest which emptied into the

Huron river. The eastern shore was fifteen or twenty ro

farther east than at present; while from the southeast a wide

^CowLES, IL C, Box, Gaz. 31 : 145, 190I.

3MacMili.an, C, Minnesota Botanical Studies, 50.

4PIETERS, A. J., U. S. Fish Com. Bull., pp. 57-79. 1901.

ds
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cape extended into the lake, which now appears as a hill near its

southeastern corner. West and southwest of this cape the

water's edge was about twenty rods back of its present position,

and the former western margin was approximately parallel to

the present one, but four or five rods farther inland. A shallow

bay extended off toward the northwest, which is still traceable

by the extension of plant zones in that direction. On account

of the steepness of the northern shore, the water on that side

extended only a few rods beyond its present limit.

This former extension of the lake has had a marked influence

upon the present plant societies. While it prevailed it neces-

sarily drowned out all terrestrial forms; then as the water level

slowly fell the aquatic and semi-aquatic species had the first

chance to get a foothold and become established upon the land

which was thus gradually uncovered. This was especially the

case on the east, west, and southwest shores of the lake, where,

on account of the gentle slope of the bottom, there was always

a wide strip of shallow water in which aquatics and semi-aqua-

tics could get a strong foothold and become established long

before it was suitable for the occupation of terrestrial forms.

Even today the zone of willows is destitute of any considerable

number of distinctly terrestrial plants.

At a certain stage in the recent geological history of the

region, as the water level fell, the large lake was divided into

two, the present lake and a similar, smaller one ten rods south of

it which has all but disappeared. The fate of this smaller lake

throws some light on the history of the present lake, as will be

shown later.

III. PRESENT CONDITIOxNS.

I- Physiographic relations.—As it now exists, the extreme
east and west diameter of the lake is a little more than thirteen

hundred feet long, the extreme north and south diameter is

seven hundred feet. Between the water's edge and the higher

ground which formerly constituted the shores is a swampy
border varying in width from ten feet to twenty rods. The
thick growth of vegetation in this border has nearly clogged the
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sluggish outlet at the southwestern corner of the lake. The

border swamp is interrupted on the south side of the lake by the

former delta of the brook entering at that place. The delta

rises several feet above the level of the surrounding shore and

differs from it very markedly in vegetation [fig^ /).

Fig. I.—South shore of the lake, part of the former delta plain in the foreground.
i

• The lake basin proper is surrounded by a shallow marginal

rim varying from forty to seventy-five feet in width and descend-

ing from the water*s edge at one side to eighteen or twenty feet

below the surface at the other. This marginal rim owes its

existence primarily to organic factors which are still at work

modifying and extending it. The soil for several feet in depth

is largely composed of organic material which presents the

usual successive gradations from vegetable detritus to muck and

peat. The bottom descends very rapidly from this rim to form

the main central basin, which averages more than fifty feet in
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depth. The soil of the central basin is almost pure loess-like

clay mixed with a little fine vegetable detritus which settles

from the water of the lake ; this area, so far as numerous dredg-

ings show, is entirely barren of vegetable life of any kind.

The water of the lake enters chiefly by underground channels

and from springs at the bases of the gravel hills surrounding the

lake. During the greater part of the year the supply is just

about equal to the loss by evaporation, and except during

seasons of maximum precipitation there is very little water

passing into the outlet. The water dissolves and holds in solu-

tion so much organic substance from the decaying vegetation in

the lake that a very perceptible taste is imparted to it.
' The

fine detritus held in suspension together with the dissolved sub-

stance renders the water brownish, making it impossible to dis-

tinguish objects more than six feet below the surface. The,

opacity of the water is an important factor in determining the

distribution of plants. Obviously there are no perceptible cur-

rents in so small a lake.

2. The plAxN'T societies.— The deep central portion of the

lake does not, so far as could be ascertained bj dredging, sup-

port any plant life; this cannot be due to the soil, for in other

lakes the same soil is covered with Chara and Potamogeton, but

is undoubtedly due to the feeble intensity of light at depths

greater than twenty feet.

The plants at the lake are grouped in five fairly well defined

-concentric zones, occupying all the suitable lake bottom less

than twenty feet under water, and all the land surrounding the

lake which feels the influence of the presence of the water.

Beginning with the innermost, they are:

^
C'^) ^ zone of Pota?nogeton, which extends in water from

eighteen feet to six feet in depth completely around the lake

just shoreward of the central depression, and forms a zone

averaging thirty feet in width. This zone is composed almost

exclusively of Potamogeton sosteraefolhis Schum., which grows
very luxuriantly, forming a dense tangled mat. The only other

plant found in this zone is P. hicois L.
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{b\ A zone of extending nearly around the lake,

occupying the territory between the preceding zone and the

water's edge. This forms a zone between thirty and seventy

feet In width, whose lakeward side is about six feet below the

surface of the water, while the shoreward side is limited by the

Fig. 2.— North shore of the lake ; Nuphar, Carex, and Salix zones ; the shrubs in

the background are mostly Fopuius tremuloides,

water's edge. The most abundant and characteristic plant in

this zone is Nuphar advena Ait. f. Its rapid growth and hardi-

ness make it a successful competitor in the struggle among

aquatic plants, and it is admirably adapted to the requirements

of an advancing plant society, growing as vigorously in water

six feet deep
[fig^

Associated

with it are Potarnogeton natans L., P. luce?is L., Chara coronata Ziz.,

Dulichiiim spathacetim Pers., and Typha latifolia L.

In places where for any reason Nuphar does not grow or

grows only sparingly, Potarnogeton zosteraefoliiis comes in ;
where

Nuphar grows well Potarnogeton is not found.
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((f) A zone of Carex and Sphagnum, whose surface is prac-

tically at water level, extends landward from the water's edge

from six to twenty-five feet. This is an exceedingly well defined

zone
{^fig, -?), and lying so close to the water level it is neces-

sarily saturated with water, and the tough mat of sedges is in

many places little better than a floating morass. The soil under-

lying it is composed entirely of black muck and decaying vege-

table matter. The most abundant plants are Carex filiformis L.,

Sphagjiiim, and Potcntilla palustris Scop.

[d^ A zone of Salix and Popidus, varying from ten to forty

feet wide, extends entirely around the lake and stands from

three to twenty-four inches above the preceding zone. The soil

of this zone is almost entirely of vegetable origin; in different

parts and at different seasons it contains varying amounts of

water. It never becomes mesophytic in character, and is often

hydrophytic, A very few vigorous mesophytic species occur

with the characteristic plants of this zone, but they usually show
changes of habit to correspond to their environment. The
characteristic plants of this zone are Salix alba L., var. vitellina

Koch, 5. liicida MuhL, S, myrtilloides L,, Poptdus tremuloides

Michx., and Ulmns americana L.

(^) A zone of Gramineae a7id Compositae lies just outside the

last zone, and is from six to thirty inches above it. In this zone

ere are adaptations to past, rather than to present conditions. It

IS the transition zone in which mesophytic species begin to mix
with hydrophytes, its landward border merges gradually into the

vegetation of the surrounding country. The greatest admixture
of terrestrial plants occurs on the north and southeast shores,

where the struggle between plants has been most severe for some

^
time. While it is difficult to designate distinctly characteristic

plants for this zone, the following are among the most constantly

recurring species: Spiraea salicifolia L., Monarda fistidosa L.,

Riimex obtusifalius L., Enpatorinm perfoliatnm L., Salix discolor

MuhL, Jtincus canadensis J. Gray, Epilobium colorahim Muhl.,

Hypenciim canadense L., Nepeta cataria L., Sambuciis ca7iadensis L.,

Acer rubnim L., Gentiana Andrewsii Griseb., Bidens bipinnata L.

th
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Careful collections were made during the entire growing

season, and included practically all the species occurring at the

lake. They represent fort3-three families
; 5 per cent, of them

are natives of arctic regions; 65 per cent, are natives of North

America.

3. Interzonal relations.—-A study of the different zones and

their relations to one another shows that their positions are not

permanent, but that they are slowly encroaching upon the lake,

and as a result are filling it with the soil they produce. Each

society of plants is a more or less active soil-forming agency,

and accordingly as the vegetation progressively changes the

advancing zones leave a different soil from the one they found.

The vigorous growth of Potamogetoii zosteraefolms adds by its death

and decay a very small amount of humus to the fine clay soil

upon which it grows. Nuphar is a much more active soil-

forming agent; its strong leaves and petioles projecting above

the surface of the water {^fig. 2) catch and hold most of the twigs,

plants, and leaves which are blown into the margin of the lake,

until they become water-soaked and sink. The debris resulting

from the decay of the water lilies, added to that which they have

captured, all goes to building up the bottom of the lake. On

account of the limitation of Chara to the Nuphar zone, and the

consequent absence of any extensive beds, it is not an active soil-

forming agent by the production of marl, as it is in some of the

glacial lakes of Michigan.s

In the intense competition among the plants of this crowded

zone there is a constant tendency to move out in the direction

of least resistance. Limited as it is on the landward side by less

favorable conditions, the zone must make its advance, if it makes

any, into deeper water, /. ^., into the Potamogeton zone, which it

appears to do just in so far as Nuphar is able to adapt itself to

the greater depth of water, or as the Potamogeton builds up the

bottom. At the other side of this zone there is a tension line

between the water lilies and the sedges. Whenever in any place

the bottom is not more than three or four inches below the sur-

5 Davis C. A., Jour. Geol. 8 : 485 and 498.
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face of the water, the sedges begin to move out and occupy the

territory thus prepared for them. Perhaps at first they send out

a few skirmishers that occupy the top of some muskrat's mound,

but generally they advance with an unbroken line and cover the

soft muck with a tough quaking mat of vegetation. No advance

Fig. 3.— Gravelly shore at southeastern corner of the lake; absence of Nuphar
and Carices results in a permanent shore-line. *

of any extent Is ever made without a fairly firm soil to grow
upon. Scirpus laciistris is one of the foremost plants in the

advance. As the Carcx zone crowds upon the Nuphar zone, so

in turn it is itself crowded upon by the Salix zone. Salix rostrata

a pumila
ing upon the Carices. On gravelly banks and in localities where

conditions are unfavorable for the growth of Nuphar, this process

of filling does not occur, because the preliminary process of

filling by decay cannot take place. The result is that the shore
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line in such places is quite well marked and permanent {fig- 3)^

A few rods south of the lake is the site of the *' dead lake*'

mentioned above, a description of which may, as suggested, throw

some light upon the life history of the present lake. At present

the only indication of the former pond is an elliptical depression

surrounded by representatives of the Gramineae and Compositae

zone, but in the spring of the year the depression is filled with

water to a depth of about two feet, in w^hich several species of

Polygonum grow vigorously. Before July the water has all dis-

appeared from this basin and for the remainder of the year it is

dry- In the center of the depression there is a group of sedges

and ferns which is surrounded by a wide belt of willows ;
outside

of these again is a zone of grass and terrestrial plants. The

whole state of affairs suggests that this has been the site of a

pond which has been steadily encroached upon by the zones of

vegetation in the manner previously described, until now the

pond is practically obliterated. The sedges have exterminated

the water plants and now the willows have all but exterminated

the sedges.

This pond, originating from the primitive lake, must have been

essentially the same in character as the lake under considera-

tion ; it seems reasonable therefore to conclude that the pond

represents an advanced stage yet to be realized in the life history

of the lake.

IV. ECOLOGICAL FACTORS.

The plant societies afford unmistakable evidence of the influ-

ence of the glacial epochs. The flora of glacial lakes may be

compared to boreal islands composed of plants forced southward

by the advance of the ice sheet. The sphagnums and sedges

flourish best in those conditions which best reproduce boreal

environment, and so long as any plant society remains which is

distinct!}' lacustral it will undoubtedly show traces of its boreal

origin.

Agencies now at work may be considered unde^r four groups

of factors, viz.: hydrodynamic, edaphic, atmospheric, and biotic.

^Whitford, H. N., Box. Gaz. 31 : 291. 1901.
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{^d) Hydrodyna7mc factors^ referable to the action or presence

of water. Small waves are created in the lake by high winds

which would eat away the light soil composing the shores but

for the fact that such shores are everywhere protected from

wave action by a border of water lilies {^fig. 2). Even in winter

this action is prevented because the dead leaves remain in situ

until the next year. The current of the brook entering from the

southeast sweeps away or covers with gravel the accumulations

of detritus at that point ; as a result, Nuphar and its associates

are not found there
[^fig* j). Aside from this local influence

hydrodynamic factors at the present time are so limited in their

action that they may be disregarded.

(^) EdapJdc factors^ depending upon the nature of the soil.

The humus in the soil formed by the decayed vegetable sub-

stances renders it very favorable for plants of the Nuphar,

'Typha, and Carex types. The presence of water saturated with

organic matter in solution plainly influences the character of the

vegetation. If Schimper's view ? of the effect of humic acid be

correct, the explanation of the xerophytic character of some of

these swamp plants is that the soil is practically undrained and

water with which it is saturated is rich in organic acids.

A microscopic examination of the soil from the deep basin

of the lake shows that it is almost entirely composed of finely

comminuted, bluish-gray clay with a very few particles of organic

debris. The soil from the Nuphar zone is largely composed
<^f fragments of epidermal tissue, moss-stems, diatom shells,

bast fibers, grains of sand, and crystals of calcium carbonate

from Chara. Chemical analysis shows that nitrates and

nitrites are not present in the soil, while phosphates are more

abundant.

That portion of the lake bottom which is covered with soil

of a calcareous or arenaceous nature does not seem favorable to

the growth of the characteristic plants of the lake; the only

ones which grow upon such soil are Potamogeto?i zosteraefolius and

a few blue-green algae. Evidently lime-containing soils are as

'SCHIMPER, A. F. W., Pflanzengeographie, p. 18.
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unfavorable for some other swamp plants as they are for sphag-

nums. 8

The plants might be classified as to edaphic relations in the

following manner : argillaceous soil, unattached microscopic

plants, diatoms, etc.;9 calcareous and are?iaceo7is soils, Potamogeton

Fig. 4.— Carex and Nuphar zones, showing the massing of these plants; July I

zosteraefoHus, Blue-green algae (rare), Scirpus lacustris, Potamo-

geton natans, Chara coronata, Equisetum, Panicum Crus-galli;

carbonaceous soils, Nuphar, Tjpha, and Carex societies, Salices,

Sphagnum, Populus.

{c) Atmospheric factors.—The most important of these is lights

because, as I believe, it is this which, aside from food supply^

chiefly governs the encroachment of one zone upon another. A
moment's consideration will show that the plants struggling for

light will have better illumination on the side of the center of

the lake than on the side toward the land. Take, for example^

the Carex zone {^Jig. 4), The young Carex and Sphagnum

^Ganong, W. F., Trans. Roy. Soc. Canada, 3 : 131. 1897.

9 Under better conditions of light, Chara and Potamogeton would doubtless occur-
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plants on the landward side of the zone are overshadowed by
the taller Salix and Betula plants, while on the other side there

is almost nothing to diminish the supply of light. In general

the plants of a zone which is successful in displacing another

zone have a greater capacity for the absorption of light than

those plants which they displace. One of the chief advantages

of Nuphar over Potamogeton is to be found in the fact that it

sends its leaves up to the surface of the water where they

receive the full intensity of the light instead of the diminished

amount which is able to penetrate the cloudy water to the sub-

mersed species. The lack of light caused by the cloudiness of

the water seems to be the only reason for the absence of vegeta-

tion from the central deep portion of the lake.

The amount of heat which the different aquatic plants receive

also varies with their distance from the surface of the water;

however, they seem perfectly able to adapt themselves to these

differences.

{d^ Biotic factors.— Fully as important as any of the fore

gomg factors are the conditions imposed upon plants by the

presence of other plants or animals; conditions to which they

must adapt themselves if they survive. The competition

between different societies of plants is mainly directed toward

obtaining light and food. The former has been briefly consid-

ered
; there are certain biological characteristics which are

favorable for obtaining the other. Perennial plants are the most

successful in the interzonal struggle; they are usually adapted
to xerophytic conditions by their rhizomes, waxed epidermis,

and hairy surfaces. There are also special advantages in their

manner of reproduction. The possession of underground root-

I stocks is one of the best adaptations to enable a plant to hold
Its own against its competitors; young plants are thus sustained

by the parent plant until they are fully capable of maintaining

an independent existence, and prompt occupation of a given

area is easier. The advantage of the willow lies in the great

number of seeds produced and the good means of disseminating

them. The advantage of the sedges is in the thick mat of
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rhizomes and the dense covering of long grassy leaves ; the

seeds are heavy and tend to fall on the territory already occu-

pied by the parent plant.

Tension lines are the strongest where the environment is

most equally favorable for each of two different societies; e, g.,

the boundar^^ between the Nuphar and Carex zones is the scene

of a severe struggle because the conditions are almost equally

suitable for both societies, but where the Nuphar zone borders

immediately upon the Salix zone the tension line is weak.

The ability to compete successfully seems to depend largely

upon the extent to which the plants are massed in solid ranks

;

such a plant society is generally able to force out other plants

from the territory available for occupation. The inherent vigor

and hardiness of these plant societies due to their northern origin

must also be reckoned in attempting to account for the success

with which they compete with other forms.

v. CONCLUSIONS.

The work as presented in the foregoing pages is the result of

an attempt to study the actual operations of known ecological

factors and leave a record of existing conditions in the life his-

tory of a glacial lake and its flora. Little attempt has been

made to discover new factors or to modify accepted ideas of

ecological principles. Most of the statements made can be veri-

fied by actual observation; some must be inferred from present

conditions. If carried farther, the work should consist in veri-

fying certain statements either by subsequent observation or by

laboratory experiment. The results of my study may

summed up as follows:

be

1. The comparative scarcity of terrestrial plants is a result

of the former exclusively hydrophytic conditions which gave

aquatic species an advantage which has since been maintained

by all other hydrophil species.

2. There is a striking predominance of northern species,

undoubtedly the result of the glacial invasion of recent geologi-

cal times, and of conditions which tend to reproduce boreal

environment.
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I 3. The strength of the tension line between zones is increased

\
by the soil-forming activities, because the soil which each zone

produces makes the lake more unfit for it and fit for the succeed-

mg zones.

4. An interaction of organic and inorganic agencies has

caused and is now causing an unmistakable advance of plants

into the lake, which is gradually being filled by the soil they

produce. The more important among these agencies are soil,

light, and morphological advantages.

5. The struggle for existence in each zone is less successful

on the landward than on the lakeward side of that zone.

6. The plants engaged in this sev^ere struggle show a marked

tendency to mass themselves in solid ranks.

Botanical Laboratory,
University of Michigan.



BRIEFER ARTICLES.

THE TRICHOME STRUCTURES OF ERODIUM CICUTARIUM.

(with fourteen figures)

The results of observations made by the present writer on the tri-

chomes of Erodium are so different from those recently published in

this journal^ that it has seemed worth while to present them in some

detail. About four more or less distinct forms of tfichomes were

found, some of these are glandular, others non-e^landular.

The trichomes of the hypocotyl are chiefly two to three-celled

short filaments tipped with a bulbous glandular cell {Jigs. /, 2, j)-

Those of the cotyledon are various ; thus the petiole bears some very

short glandular hairs (Jig. 6) smaller than those of the hypocotyl, also

kind with a long somewhat tapering basal cell {Jig- 4)- I^^ addition

to these glandular hairs there are some large unicellular hairs {Jigs^S^ 7)

scattered here and there among the others. " The blade of the cotyle-

don has in the basal sinus some of these same simple hairs. On other

parts of the blade the hairs are glandular. Most of them are short

{Jig, g), but there are also some longer ones {Jig^ S) similar to some ot

those on the petiole {Jig, 4),

The ordinary foliage leaves are somewhat different from the coty-

ledons in the trichomes they bear. The petioles have a great number

of small glandular Hairs {fig- id)^ and in some specimens not a few

longer hairs {fig* 13)- Often these longer ones consist of five or six

cells. In every case the proximal cell is far larger than the others. A

thick-walled, rough tuberculate trichome {fig^ 1 1) is also present. The

leaves are pinnately divided and, as would be expected, the rachis has

about the same trichome structures as the petiole. The long tubercu-

late form {fig* 12), however, is somewhat more common than the

others, and is here longer than on the petiole. Sometimes these tuber-

culate structures are two-celled, but this is not a common occurrence.

Scattered glandular hairs are also present like those seen on other

parts {figs. 8, id). The leaf blades bear many short tuberculate hairs.

These are of different sizes. Fig. 14 shows the most usual size and

'Preston, Carleton E., Two instructive seedlings. Bot. Gaz. 33 '-^S^-
^9°^*

140
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form, but some are likey?^^^. // and 12. They are placed chiefly on

the margin of the leaf blade and along the course of the vascular

bundles. With them are many short, glandular hairs like those of the

petiole
(^fig. id).

It may be noted that Solereder^ notes the presence of the glandular

hairs which are here described and figured. lie states that in Ero-
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Trichomes of Erodium ciciita ri 21m : /, 2, J, from the hypocotyl ; 4, 5, 6, 7, from

the stalk of the cotyledon; 5*, g, from the blade of the coty]edon ; /£?,//, from the

leaf petiole; is, from the rachis; 13, from the leaf petiole; 14, from the leaf blade;

all X 170,

dium, Geranium, and Pelargonium the cells of the stalk may be all

alike or the basal one may be swollen to form a pedestal-like structure

i^f-figs- 9 and 10 with 8 and /j).

Careful search was made both on the early and later leaves for tri-

chomes with the form of figs. 4, 8, and 13, but with the basal cell

thick-walled tuberculate. None were found on the material studied,

although reported in the paper previously cited. Beside this difference

in my own and Mr. Preston's results there are many others. He states

^SoLEREDER, Syst. Anat. d. Dicotvledonen. p. IQ3. 1899.
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that the only modified epidermal structure of the cotyledon is the mul-

ticellular glandular hair (represented by \ny fig. 8), while I found all

those shown in u\y figs. 4-g. He did not examine the hypocotyl.

By consideration of his results Mr. Preston builds up a theory of

the phylogeny of these trichoma structures which at once falls to the

ground in view of the results reached by me. It seems scarcely worth

while to propound theories of phylogeny based on a few observations

on a single species. I think also that the theory of the above named

writer to account for the lobing of the cotyledons is of no great value.

He suggests that the lobing of the foliage leaf is ''thrown back" upon

the cotyledon. This assumes firstly that "throwing back" can actually

occur, while as a matter of fact it yet remains to be proven ; and sec-

ondly that the cotyledons are homologous with leaves, something which

also remains unproven. The suggestion^ concerning the morphology

of the cotyledon made at the recent Chicago meeting of botanists of

the central states seems more reasonable than the one which would

consider the cotyledon as really a leaf,

—

Francis Ramaley, University

of Colorado,

TWO FERN MONSTROSITIES.
(with five figures)

During the summer of 1900 two remarkable fern monstrosities were

found on the Eaurel ridge, in northern West Virginia. Aspleniumpin-

natifidum Nutt. was found on a spot on the north side of the rocky

canon of Decker's creek, at an altitude of about 1400 feet. There were

not a dozen plants, all told, and none of them were quite normal. The

species is abundant and typical four miles to the north, across the

Cheat. The three accompanying figures illustrate the variability of

the Decker's creek material, and will describe the fronds better than

words can do. Individual fronds on most, but not on all, of the plants

were typical, and insure the determination. Fruiting fronds had nor-

mal sori. There were no rooting tips. The region is rather rich m
ferns, but I could not find Camptosorus in the immediate neighbor-

hood. The ''Aspleniuin ebenoides'' described by C. E. Waters in Fern

Bulletin of January 1902, with three different fronds on one plant, is

remarkably like this monstrosity.

3 Lyon, FIarold L., The phylogeny of the cotyledon. To be published in Postehta^

Annual of the Minnesota Seaside Station, season of 189 1.
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Polypodiuni vidgare L. was found in one of the formations known
locally as ''rock cities/' flat hilltops of sandstone, broken so as to leave

''t

^

N'

:>-

.x^

y.

^'^1

Figs. 1-3. A^plenium pinnatifidum.

Figs. 4-5. Polypodium vulgare acuminatum.

parallel '* streets" twenty or thirty feet deep and not so wide at an ele-

vation of about 2000 feet. Typical plants were abundant. But in

one small patch, hardly more than ten feet square and covering one
free rock, there was a marked tendency toward pointed tips of the

\
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frond segments. On young fronds especially the segments near the

apex were often more than twice their normal length, and acuminate.

On older fronds the modification was less excessive, and occurred as

frequently on basal segments. This looks like as distinct a freak as

var. cristatum or var. corniiium, or any of the monstrosities listed with

names in Rabenhorst's Kryptogamen-Flora. If a name for it is worth

while, it might be called monstr. acuminatum. - •

While they are not necessarily any support for De Vries* views on

the origin of new plant forms, the value of such freaks as these in the

study of the questions De Vries has brought prominently to the fore is

self-assertive.— Edwin Bingham Copeland, The University of Chicago.



CURRENT LITERATURE.
BOOK REVIEWS.
GoebePs Organography.

The first part of the second volume of this great work on the organ-

ography of plants has already been reviewed in this journal,' The second

and concluding part,° now before us, deals almost exclusively with reproduc-

tion in pteridophytes and seed plants. The principal subjects are (i) the

function of the shoot in reproduction, under which are included the flowers and

sporophylls of pteridophytes, gymnosperms, and angiosperms ; and (2) the

reproductive organs, the principal headings being the mature sporangia of

pteridophytes, development of sporangia, hypothetical phylogeny of the

formation of sporangia, apospory, microsporangia of seed plants, mega-

sporangia of seed plants.

The work, in large part, is based upon the author's own observations, and

many facts in the development of pteridophytes and spermatophytes, as well

as the theories drawn from them, are published here for the first time. As

might be anticipated from the writer's previous work, the biological side of

the subject is strongly emphasized. It is interesting to note that the term

"flower," while not made sufficiently elastic to include the sporangial region

of Onoclea, is nevertheless extended beyond the spermatophytes and applied

to the strobili of Equisetum, Selaginella, etc. According to the author, a

flower is "a shoot beset with sporophylls/' but how far the boundary is to be

pushed is a subjective matter. Bisporangiate flowers are regarded as primi-

tive, most monosporangiate flowers being due to suppression. Bower's

classification of the ferns into Simplices, Gradatae, and Mixtae is regarded as

useful.

It is very unfortunate that the book contains no index. The table of con-

tents is rather full, but cannot supply the place of an index when one wishes

to find some particular thing without a provoking delay. The references to

1 literature are meager and indefinite, and are to be found only as footnotes.

The book is essential to the morphologist and ecologist, and it is to be hoped

f that the English translation will not be long delayed.— Charles J.
Cham-

berlain.

'Botanical Gazette 31 : 204. 1901.

= GoEBEL, K.,Organographie der Pflanzen insbesondere der Archegoniaten und

Samenpflanzen. Zweiter Teil. Specielle Organographie. 2 Heft: Pteridophyten

und Samenpflanzen.- Zweiter Teil. 8vo. pp. 649-828. 107 illustrations. Jena:

Gustav Fischer, 1901. M ^.
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MINOR NOTICES.
Dr. Roland Thaxter,^ in continuing his studies of Laboulbeniaceae,

has described numerous new species, adding no fewer than forty to the genus

Labonlbenia, and describing as new genera Herpomyces (c^ spp.), Acallojnyces^

Ecteinomyces^ and Coreomyces— J. M. C.

The ninth part of V^xesntx^ Die Rohstqffe des PJfmizenreiches^ con-

eludes the nineteenth section on Untert?'dische Pflanzeniheile (to p. 570»

contains the twentieth part on Blatter tmd Krauter{y>Y>. 572-625), and begins

the twenty-first part on Bliithen tmd Bliithejitheile.— J. M. C.

Miss Alice Eastwood has published a Flora of the South fork ofKings

rivery being no. 27 of the publications of the Sierra club. This is the first

attempt to prepare a manual of the flora of the southern Sierra Nevada; and

the purpose of this preliminary publication is both to record the plants of an

interesting region and to provide a simple guide for those not specially

trained.— J. M. C.

Parts 213 and 214 of Engler and Prantl's NatUrlicheii Pflaiizenfamilien

have appeared.5 The former contains the conclusion of the Isoetaceae by

R. Sadebeck, and Cycadofilices, Cladoxyleae, Lyginopterideae, Medulloseae,

Cycadoxyleae, Protopityeae, and Araucarioxyla by H. Potonie ;
also a sup-

plement on Marattiaceae and Ophioglossaceae by von Bitter. The latter

part contains a continuation of the Pottiaceae by V. F. Brotherus.— J.
M. C.

Y. Yabe^ has published a revision of the Umbelliferae of Japan, the

prefatory notes being in English, and the body of the paper in Japanese.

The revision includes 40 genera and 95 species, 28 being endemic, and 12

introduced. The largest genus is Angelica, in which several new species are

described. The author appears not to have had access to the recent Mono-
m

graph by Coulter and Rose, all reference to their work being in connection

with the much earlier Revisio?i.— J. M. C.

Percy LeRoy Ricker has published "A preliminary list of Maine

fungi," being no, 3 of The University of Mame Studies. A ''historical

sketch of the study of the Maine flora" is given, followed by a "list of

works and papers treating of Maine fungi." So far as possible, the collection

containing the specimen cited is named, so that the right of any species to be

^ Prehminary diagnosis of new species of Laboulbeniaceae. V. Proc. Amer,

Acad. 38 : 9-57- 190?.

4 WiESNER, Julius, Die Rohstoffe des Pflanzenreiches, etc. Volume II, pp- 48^"

640. figs, isb-igg, Leipzig : Wihelm Engelmann, 1902. J/ 5.

5 Press of Wilhelm Engelmann, Leipzig.

•^Revisio Umbelliferarum Japonicarum. Reprint from Jour. Coll. Sci. la^p.

Univ. Tokyo. 16^: [repaged] 1902.
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regarded as a member of the flora can be tested. The classification is that

of Saccardo*s Syllogc Fungorum. The hst includes 370 genera and 1136

I

species.— J. M. C.

Professor Aven Nelson ^ has prepared a Key to the common
flowering plants of the Rocky mountain region, to be used by elementary

classes of secondary schools in their first contact with the local flora. Such

keys are insisted upon by publishers, much to the discomfort of botanists.

But if the}* are to be published at all, they should be prepared by some one

familiar with the flora. For the region presented in the Key before us no

better selection could have been made than Professor Nelson, and every page
shows familiar field contact. A few hundred plants of the spring and early

summer are selected from the thousands belonging to the flora, and their

•descriptions and the keys are admirably simple and direct. Of course the

author hopes that the little book will serve in inducing the proper study of

the flora through the regular manuals.— J. M. C.

C. H. OsTENFELD,^ Inspector of the Botanical Museum of the

University of Copenhagen, has undertaken to edit an illustrated arctic flora,

published in English, the first part of which has just appeared. At the

suggestion of Professor Warming, it was begun by the late Mr. O. Gelert,

who had associated Mr. C. H. Ostenfeld with him. In March 1899, Mr.

Celert died, but about half of Part I may be credited to him. The ferns and
seed plants of the arctic regions are recorded in many scattered lists, each

author using his own nomenclature, so that their study is quite troublesome,

This Flora Arctica includes all regions north of the limit of trees. A
prefatory bibliography cites about 95 titles. The pteridophytes are repre-

sented by 30 species; the gymnosperms by 3; and the monocotyledons by

'79» 54 of them being species of Carex. The printing and figures are

excellent, the descriptions clear and sufficiently full, and the keys very

simple.— J. M. C.

Heald's Elemefitary Biology^ is a laboratory guide covering a year's

work for college students. It is unique in that there is as much space

devoted to plants as to animals. Directions for working out a specimen of

€ach of the great plant groups, including Schizophytes. Fungi, and Lichens,

7 An analytical key to some of the common flowering plants of the Rocky
mountain region, pp. vii+ 94. New York: D. Appleton & Co. 1902.

Flora Arctica, containing descriptions of the flowering plants and ferns found
m the arctic regions, with their distribution in these countries. Part I. Pteridophyta.

%mnospermae, and Monocotyledones, by O. Gelert and C. H. Ostenfeld. Pub-
lished by the Carlsberg fund ; Copenhagen. 1902.

'Heald, F.D., Laboratory manual of elementary biology. 8mo. pp. Yiii-l-287.

Binghamton (N. Y.) : Willard X. Clute & Co. 1902.

»
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are given in minute detail. The forms described were chosen evidently upon

the basis of. their widespread distribution, rather than because they are typical

of the groups they illustrate, or are important from the standpoint of

evolution. Spirogyra, V^aucheria, and Chara are the filamentous forms

selected to give the student an impression of the green algae, and Marchantia

is the only liverwort. It is an open question whether the day for laboratory

guides has not passed. The well-trained teacher does not need on^— finds

it a hindrance in maintaining the plasticity of laboratory work, which should

change year after year with the availability of desirable material and the

personnel of the class.— F. M. Lyon.

A NEW LABORATORY MANUAL of botany has been provided by Dr. Otis

W, Caldwell." The book is the result of direct and personal contact with

the needs and possibilities of botanical instruction in secondary schools of

the middle West. It has avoided the too detailed and technical directions

of manuals better adapted to colleges than secondary schools; and at the

same time selects the essential features of the subject as now presented in

the best schools. It does not seek to eliminate the teacher or the good

reference book, but depends upon both to fill out and coordinate. It well

meets the demands of schools where time and facilities and the age of pupils

forbid the demands often made by zealous but inexperienced university

instructors. A good selection of material is presented, so that there may be

no difficulty in securing something illustrative. Of course, the wooden

teacher will think that everything mentioned is to be used, but for such no

suitable book can be written. The first part of the manual suggests

ecological and physiological studies ; the second part deals with the essentials

of morphology.— J. M. C,

The ninth part" of Y.x\^^x% Pflanzenreich is a book of 437 P^S^^'

containing the Myrsinaceae by Carl Mez. After the usual introductory dis-

cussion, the 32 genera of this great tropical family are presented. The seven

new genera are Conaftdriiwi^ Sadiria, Afrardisia, Tetrardhia, Amblya^t-

thopsis, Discocalyx, and Grenacheria. The total number of species described

is 933» of which 348 are new. The large genera are Ardisia (235 spp.)'

Rapanea(i36 spp.), Maesa (102 spp.), and Embelia (92 spp.)- The fossil

forms of nine genera are also described. The vast amount of material to be

investigated in a single family like this is an impressive illustration of the

magnitude of the work undertaken by Professor Engler and his associates.

A laboratory manual of botany, pp. x-|- 107. New York : D. Appleton & Co*

1902.

"Engler, A., Das Pflanzenreich. Regni vegetabilis conspectus. Heft 9

Myrsinaceae von Carl Mez, pp. 437. Leipzig: Wilhelm Engelmann, 1902. M ZZ'
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The tenth part^^ contains the Tropaeolaceae by Fr.Buchenau, who recognizes

50 species, but describes no new ones. The eleventh part*^ contains the

Marantaceae by K. Schumann, who after a somewhat detailed preliminary

discussion presents the 26 genera, 11 of \i\nz\\{Actoplanes,Sarcophryniiun,

Stachyphryniian, Halopegia^ Afrocalathea, Monophryniujn, CtenopJuyjiiiun,

Phacelophrynium, Pleiostachyay Motiophyllanthe, and AIo7ioiag?na) are des-

cribed as new. The species number 277, the large genus being Calathea

with 103 species, and 42 new species are described.— J, M, C,

In a paper on plant distribution Bruncken^* has contributed some

valuable ecological data. The first topic is the succession of forest types

in the vicinity of Milwaukee. Three mesophytic associations are dis-

cussed ; viz., oak, basswood-maple, and elm-ash. The oak is the most

prevalent, though evidence is not lacking that it would become replaced by

the basswood-maple association if not interfered Avith by man. Mixed with

the basswoodand maples near Lake Michigan the beech is found. This, the

author states, is probably due to lake climate. There is evidence that a more

^
xerophytic forest of white pine and white birch once prevailed along the

lake shore. The second topic is the distribution of the genus \'ioIa,

After a careful study of the distribution of the various species, the author

concludes that the occurrence of the more or less xerophytic species depends

on the amount and quality of the humus. The third topic is the upland

brushwoods of the Milwaukee region, their typical development being treated

in detail. The fourth section is a list of plants collected on the Door co.

peninsula, Wisconsin ; the fifth discusses the forests and brush lands of

northern Waukesha co., Wisconsin; the sixth presents lists of eastern Wis-

consin plants from the herbarium of the Milwaukee Public Museum; the

seventh is entitled "A tamarack swamp in Waukesha co.;" and the eighth is

a list of plants from Sheboygan.— H. N. Whitford.

A HANDBOOK of New England trees by Dame and Brooks ^s has been

added to the list of popular works in botany. Each tree is discussed under

several topics, as the habitat and range, habit, bark, winter buds and leaves.

fruiting characters, and the horticultural value. The description of the bark

and of the winter buds will facilitate the identification of trees in their

f wmter condition. The distribution of the trees in the different New^ England

^^ Ibid. Tropaeolaceae von Fr. Buchenau, pp. 36. Jfi.So.

^^Idid. Marantaceae von K. Schumann, pp. 184. A/g,20.

'*Bruncken, Ernest, Studies m plant distribution. Bull. Wisconsin Nat. Hist.

Surv. 2: 17-28, 137-169. 1902.

'sDame, Lorin L., and Brooks, Henry, Handbook of New England trees,

'With ranges throughout the United States and Canada. Boston : Ginn & Company,
1902. $1.35.

I
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States isf(ivenwith great care and thoroughness. In the case of trees of

infrequent or rare occurrence the authority for each station is given. The

accuracy of these citations is made still more prominent by a list of author-

ites cited and of the trees with reference to which each is quoted. The

discussions of the habit of trees also show clearly the result of accurate and

painstaking field observations. The book is illustrated from excellent draw-

ings by Mrs. Elizabeth Gleason Bigelow. If this volume is to help the student

in the field, as the authors purpose, one would wish that the distinguishing

characters of the trees were more fully emphasized. The fact that the New
• England pines, for example, with one exception, may be readily distinguished

by the number of leaves in a sheath is not made prominent. A beginner

might read several pages before knowing this simple guide to the pines. A
combination of the fruit and leaf characters of the elms, birches, maples,

and poplars'often furnishes a ready test for the determination of the species.

That such facts are emphasized, perhaps with one exception, neither by keys

nor by typographic arrangement, will detract from the serviceableness of this

pocket-sized volume in actual field work. Throughout the volume the authors

use the terms fertile and sterile in referring to staminate and pistillate flowers.

Such terms perpetuate a mistaken conception, and they are too antiquated for

the present knowledge of plant reproduction. With these two exceptions

this volume has a stamp of thoroughness and accuracy not often found in

botanical handbooks designed for popular use.— C. D. Howe.

A FLAX DISEASE of wide distribution and much economic importance

has been diagnosed, studied, and traced to its cause by Professor Henry L.

Bolley.''^ of the North Dakota Agricultural College ; and what is of practical

moment an efficient method has been found to check or possibly wholly pre-

vent the disease. Every cultivator knows that only a few successive crops of

flax can be grown on a given piece of land with profit. The yield constantly

decreases, and no system of manuring or cultivation has been found to over-

come the difficulty. An interval of seven to eleven years is required before

flax can be grown again with profit upon such a field. The trouble appears

to exist alike throughout Europe and America. Jt is now ascertained to be

due to a fungus, introduced chiefly with the seed, which is described as a new

species of Fusarium, as follows :

FusARiUM LiNl Bolley in Bull. N. D. Agric. Station no. 50. p. 37- Vegetative

hyphoe light colored, 0.7-3 M in diameter, septate, branching irregularly, ramifying the

tissue of the stem and roots of the host. Spore beds (sporodochia) erumpent, com-

pact, slightly raised, distinct but closely grouped upon the stems, pale cream to flesh-

colored. Sporophores rather short and closely branched, or conidia sometmies

arising from wart-like or nearly sessile prominences upon a compact stromatic base.

^^ Bolley, H. L., Flax wilt and flax-sick soil. Bull. N. D. Exper. Station, no. 5*^ ^

PP- 27-57. 1901.
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\ Conidia normall}- four-celled, fusiform, slightly curved or falcate, copiously produced

K in a bad-like manner from the stroma and from short branches of the sporophores^

27 X 3 M to 38 X 3-5 M. Living in the humus of the soil, able to attack the flax plant,

producing the disease known as "flax wilt," and causing the soil condition described

as "flax-sick soil,"

This fungus attacks the young plants of flax and spreads somewhat slowly

to older plants, and has the power to maintain itself for sometime saprophyti-

cally. The preventive is to moisten the seed before sowing with a solution

of formaldehyde, care being taken to have the seed well cleaned, as no means
have been found to disinfect bits of straw and imperfect seed mixed with good

seed.

The bulletin is a fine example of deductive and experimental research.

J. C. Arthur.

The botanical institute of the* University of Brussels has begun to

publish a collection of its work, of which Vol. V, with papers dated 1900 to

1901, is first to appear/7 Vols I-IV, containing papers from 1882 to 1900,

are in preparation. The volume at hand has the following attractive contents:

G, Clautriau, Nature et signification des alcaloi'des v^g^taux, and La
digestion dans les urnes de Nepenthes; E. Vanderlinden, Recherches

microchimiques sur la presence des alcaloides et des glycosides dans la

famille des Renonculac6es, with 2 colored plates ; J. Massart, Le lancement

des trichocystes c\\^z Paramoeciicm A urelia, Sur le protoplasme des Schizo-

phytes with 6 colored plates, and Essai de classification des reflexes non

nerveux
; L. Eruera, Sur la myriotonie comme unite dans les mesures

osmotiques, and Sur une Bact^rie de grandes dimensions: Spirilluin Colossus; ^

Fr. Van Rysselberghe, Influence de la temperature sur la permeability du

protoplasme vivant pour Teau et les substances dissoutes; J.Starke, De
la pr^tendue existence de solanine dans les graines de Tabac.

In the system proposed by Errera for the measurement of osmotic and

gas pressures, the ''tonie'* is the pressure of i dyne on i
^'^'"'^ of surface;

loooo of these make the myriotone, which is approximately too ^f an almost

phere. In the equation pv-RT, if p is expressed in myriotones, R equals

^•3^> The osmotic pressure of o.i mol. KNO3 is computed as ca. 443 myrio-

tones, considerably higher than the commonly accepted figure. Van Ryssel-

berghe finds that w^hile the temperature has great influence on the rapidity

of the movement, water and various other substances (glycerine, urea,

cafeine, methylene blue, and ammonium carbonate) can pass slowly through

the protoplasm at zero. He holds that the slightest pressure is adequate^ if

given time, to force water through protoplasm or any other permeable mem-

'^Recueil de Plnstltut Botanique (University de Bruxelles) puhlie par L. Errera.

Tome V. Bruxelles. 1902.
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brane. Massart, on the protoplasm of the Schizophytes, concludes that the

central body» even when it occurs, is not the homologue of a nucleus; nor is

the " couche corticale" the homologue of a plastid. He regards the Schizo-

phyceae as derived from the bacteria, but the group as a whole as nowise

related to any other organisms. In his last paper, Massart introduces a

deluge of new terms sufficient alone to form a supplement to any up-to-date

dictionary. The analysis of the subject is clear, and in large part logically

carried through; and a clean-cut vocabulary is prerequisite to clean-cut think-

ing, still more to lucid expression. Codifying such a terminology is an

unqualified service to those who use it, as Czapek's forerunner has well proven,

but every uninitiate will want to go armed with a'* Nomenclator Massartianus"

before "geanisopachynosis," "tonesagogic," " cathaptotropic," and the scores

more like them become familiar terms.— E. B. Copeland.

NOTES FOR STUDENTS.
Nine species of the Corallinae (verae) from Port Renfrew are described

:and figured by K. Yendo.'^ Three of these are new species, viz., Chcilo-

sporum MacMillani^ Corallina vancoiiveriensis, and Corallina aadeaia.

B, M. Davis.

*

The new 0^67//c^/^^-z'^/^^^^^a/^/(^^^ is a colorless sulphur-bearing organism

described by Arzichowsky,'^ and considered by him as a transition between

Oscillatoria and Beggiatoa. The sulphur grains are very small and he

close to the cell wall. The account of this interesting form is to be found

among the descriptions of several species of Beggiatoa. It deserves better

treatment in a language and a journal that will reach more botanists. The

paper is written in Russian, with a very short and unsatisfactory r^sum^ in

German.— B, M. Davis.

Pterygophora cahfornica is described and figured by MacMillan,^

who presents some interesting observations on its anatomy and development.

Pterygophora is a surge plant growing below the zone of Lessonia and above

that of Nereocystis. The general morphology is closest to Alaria, but the

distribution of the sori found in the lateral pinnae, together with the "dispo-

sition of cuticular caps in the paraphyses," suggest Lessonia. Some of the

plants are very large, being ten feet long with stalks three inches in diameter.

^H'ENDO, K., Corallinae verae of Port Renfrew. Minn. Hot. Studies II. 6 :
7II"

722. //f.jz-j^. 1902.

'9 Arzichowsky, W., Zur morphologic und systematik der Beggiatoa Trev. Bull.

Jard. Imp. Hot. 2 : 45-46. //. /. 1902.

'"'MacMillan, Conway, Observations on Pterygophora. Minn. Bot. Studies

TI. 6 : 723-741. //i-. ;-6p. 1902.



1902] CURRENT LITERATURE , 153

The latter show rings of growth. The young plants have a single blade, as

is true of all keljjs, the lateral pinnae developing as outgrowths from the

stipe below the blade in a manner similar to Alaria.— B. M. Davis.

Habitual polyembryony has been observed by Hegclmaier" in Euphor-
bia dHlcis]^.zi\. In about two-thirds of the half ripe seeds there is more than

one embryo, the number ranging from two to nine. In the ripe seed the num-
ber is smaller, usually two or three, and one of these considerably larger than

the others. The embryo which develops from the egg is the only one which

has a suspensor, and is also the one which becomes the largest embryo in the

ripe seed. Of the other embryos, some come from synergids and some from

cells of the nucellus. A large per cent, of the polyembryonic seeds are not

capable of germinating on account of the disorganization of the embryo.

Charles J. Chamberlain.

The timothy rust, which has generally been referred to Puccinia

graminis Pers., was set apart by Eriksson as the result of cultures in 1891-93,

under the name Puccinia Phlei-pratcnsis E. & H. In a recent article'^'' the

work of this period is critically examined, and many additional cultures, made
during 1894-T900, are reported. The conclusion is reached that the species

is autonomous, that it occurs on Phlettm prate7tse and Festuca elatior, and

that it may be transferred sparingly by cultures to Phleu??i MichcHi, Avcna
sativa, and Secale cereale, but not to Pklcum aspcrum, and other grasses.

Neither will it infect the barberry, and it appears to have lost the power to

form aecidia. It is doubtful if this species occurs in America. It has been

reported under Xht n2.mt P, graminis oncG^ upon Festuca elatior (Vermont,

1898), but examination of the original material reveals an error ; and once

upon /'/^/^////^^ra/^-/^^^ (Wisconsin, 1884), which has not been re-examined.

J. C. Arthur.

Hassexkamp=^3 describes the development of the cystocarp in two red

a^&ae, Thurefella Shottsboei and Chylocladia kaliformis, and his results sup-

port Oltmanns' theory of the relation which the auxiliary cells bear to the

fertilized carpogonium. He finds that when the carpogonium fuses with an

auxiliary cell, the respective nuclei remain quite apart, so that the union con-

cerns the cytoplasm alone. The sporogenous nuclei (sporophytic) are then

active in developing the fertile portions of the cystocarp with the spores.

91 Hegelmaier, F., Ueber einen neuen Fall von habitueller Polyembryonie.

Ber. Deutsch. Bot. Gesells. ig : 488-499. 1901.

Eriksson, Jakob, 1st der Timotheengrasrost eine selbstandige Rostart oder

nicht ? Ofv. K. Vet.-Akad. Forh. 1902 : 1S9-19S.

Hassenkamp, a., Ueber die Entwickehing der Cystocarpien bei einigen Flori-33

deen. Bot. Zeit. 60:65-86. //. 2, figs, 12. 1902.

f
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The results for Chylocladia are especially interesting, since they flatly contra-

dict the conclusions of Hauptfleisch (Flora 75:306. i8q2). The latter

described a number of secondary cell and nuclear unions following the

sexual act and resulting in a large fusion cell, Hassenkamp seems to have

overlooked a paper of mine (Box. Gaz. 21 : 109. 1896) which showed that

Haupifleisch's results for Champia, a genus closely related to Chylocladia,

were incorrect. This omission is the more conspicuous since Oltmanns

(Bot. Zeit. 56: 128. 1898) tried to smooth over the grave errors of Haupt-

fleisch by assuming that we were not dealing with the same form, Champia

probably presents the same conditions as Chylocladia, as may be judged by

comparing my figures with Hassenkamp's.— B. M. Davis.

KoHL^^ describes an accurate method of measuring the expansion and

contraction of pith cylinders, etc., when placed in solutions of different con-

centrations. The object to be studied is fastened upright by its base in a

suitable chamber provided with entrance and exit tubes for the application

and changing of plasmolyzing solutions. To the upper end of the object is

attached a thread which travels over two small pulleys at the same height

and some distance apart. It is sufficiently weighted at its other end to remam

taut, and bears a pointer between the pulleys. This pointer traverses a

fixed horizontal scale which furnishes a means of measurement,

In the same paper is described a new form of self-registering auxanometer

which the author designates 2l% photographic. A revolving cylinder, covered

with a sensitized collodion film, is enclosed in a dark box, in one of whose

sides is a vertical strip of metal provided with an opening of i
^'^ diameter.

This strip is long enough to allow vertical movement without admitting light

excepting through the opening. A minute incandescent lamp is fixed to the

strip in such a manner that the rays from the lamp traverse the opening at

right angles to the strip, and impinge upon the revolving film within the box.

By means of a filament passing over a wheel the sliding strip may be fixed

to any object whose upward movement is to be studied. As this rises the

beam of light moves downward over the film, which, of course, will need to

be developed in the usual way to bring out the record.— B. E. LiviXGSTON,

Edward C. Jeffrey^s has published a paper entitled "The structure

and development of the stem in the Pteriodophyta and Gymnosperms." The

author reaches the following morphological conclusions : There are two types

of cauline central cylinder, protostelic and siphonostelic ; the protostehc

central cylinder is more primitive, and in its single concentric vascular

strand no medulla is present; the siphonostelic central cylinder is tubular,

=*KoHL, F. G., Ein neuer Apparat zur Demonstration von Wachstums una

Plasmolyse-Erscheinungen. Ein photographisches Auxanometer. Ber. Deut. Bot.

Gesells. 20 : 208-212. 1902.

^5 Phil. Trans. Roy. Soc. London B. 195: 119-146,//?. i-b. 1892.
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has a medulla derived from the fundamental tissue, and is characterized by

the presence of foliar and ramular lacunae, or by ramular lacunae only; the

siphonostelic central cylinder sometimes ceases to be obviously tubular in

the adult, and in such cases may be termed adelosiphonic ; the siphonostelic

central cylinder is primitively concentric, but in the Angiospernis, Gymno-
sperms, Osmundaceae, etc., has become collateral by reduction ; the pith is

to be regarded as an inclosed portion of the fundamental tissue. The phylo-

genetic features of the results are as follows : There are two phylogenetic

types of tubular central cylinder, viz., that in which only ramular gaps are

present, and that in which both ramular and foliar gaps occur, the former

termed cladosiphonic, and the latter phyllosiphonic ; the use of these con-

stant and characteristic anatomical features results in the division of the

Vasculares into two great primitive stocks— the Lycopsida, which are

cladosiphonic and palingenetically microphyllous, and the Pteropsida, which

are phyllosiphonic and palingenetically megaphyllous ; the former including

the Lycopodiales and the Equisetales, the latter the Filicales, Gymnosperms,

i
and Angiosperms.— J. M. C.

Items of taxonomic interest are as follows : Alice Eastwood (Proc.

Calif. Acad. Sci. III. Bot.a: 285-293. 1902) has described new species of

Streptanthus, Polygonum, Eriogonum, Garrya, Convolvulus, Castilleia (3),

Mimulus, Phacelia, Gilia, Cryptanthe, Aster, and Madia, all from the Sierra

Nevada mountains of California.—W. A. Kellerman (Jour. Mycol. 8: 50-

51.//. I, 1902) has published a new species of Rhytisma on Ilex.— J. C.

Arthur [idem 51-56) has published 3 new species of Puccinia.— Ellis and

EvERHART {idem 62-73) have published 59 new species of fungi from the

vicinity of Tuskegee, Alabama.— P. Henxings (Hedwigia4i : loi-i 18. 1902),

in his first paper on Putteman's collection of fungi from Sao Paulo, has

described as new genera Piittemansia (Pezizaceae), Pseitdomelasmia (Lepto-

stromataceae), and 7>/r^^vv//w (Mucedinaceae); and from the Javanese col-

lection of Zimmermann the same author (/V/f/w 142) has described a new

genus {Zimmermaimiella) of Dothideaceae.— J. B. S. Norton (Trans. Acad.

Sci. St. Louis 12 : 35-4 r.//^.j--t?. 1902) has published new species of Cyperus,

Argemone, and Brauneria from the southwestern U. S.—T. Makixo (Bot.

Mag. Tokyo 16:119. 1902) has published a new ^cnws {Semiaquilegia) oi

Ranunculaceae from Japan, said to be intermediate between Aquilegia and

Isopyruni, and founded on hopyrum adoxoides.—). Matsumura (Jour. Coll.

Sci. Tokyo 16 : pt. 2, pis, 4, 1902), in his revision of the Japanese species of

AInus, has described 3 new species.— K. Yendo (/V/<?;////;. 7), in a revision

of the "Corallinae verae" of Japan, has described 20 new species.

—

Elmer
D. Merrill (Rhodora 4: 142-147. 1902), in "Notes on N. Am, grasses,

has described new species of Panicularia. Poa, Bromus. and Elymus,

J. M, C.

?>
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Intercellular karyogamy is the term applied to that condition in the -

basidiomycetes by which the nuclei are associated in pairs throughout long

periods of vegetative activity, but finally fuse in the basidium or teleutospore

at the end of the vegetative phase in the life history. The fusion is believed

by a number of investigators to be a sexual act, and the association of the

nuclei in pairs for so long a time is considered an extension of the period

when the gamete nuclei were really differentiated. There are several

accounts of the fusion of nuclei in the basidium, several botanists claiming

that only two nuclei enter this structure and fuse, while others (Wager and

Rosen) have reported as many as three, four, six, and eight concerned with

this phenomenon. Ruhland^^in a recent paper throws the weight of his

studies upon several of the hymenomycetes in favor of the predominance

and possible universality of two primary nuclei entering the basidium and

there uniting to form the secondary basidium nucleus, which later divides

just previous to spore formation. His conclusions thus accord with the

recent paper of Harper (Box. Gaz. 33 : i. 1902). We do not yet know when

the paired condition of the nuclei arises in the life history of any basidiomy-

cete, and this is a very important period, for events may occur at that time

which make these nuclei physiologically gametes. However, it is much to

know that these pairs of nuclei lie in a definite path of development which

ends with their final fusion in the teleutospore and basidium. The more

thoroughly we understand these processes in the basidiomycetes the sharper

appears the distinction between them and nuclear fusions in the ascus. The

two events have no morphological relation to one another. That in the ascus

is certainly not concerned with gamete nuclei, whatever may be its physio-

logical significance.— B, M. Davis.

=^«RuHLAND, W., Zur Kenntniss der intracellularen Karyogamie bei den Basidi-

omyceten. Bot. Zeit. 59:487-206,//. 7. 1901.
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NEWS.
The University of Vermont has received from Dr. W. Seward Webb,

one of its trustees, the sum of $6000 for the purchase of the herbarium of

C, G. Pringle.

In connection with the Royal Botanical Gardens at Peradeniya an

experiment station has recently been established for trying on a large scale

new products not yet staples. The purchased estate contains 550 acres.

At a recent meeting of Congress the serial publication known as

"Contributions to the U, S. National Herbarium" was transferred from the

Department of Agriculture to the National Museum, with a special appropri-

ation of $7000. This provides for an editorial assistant and an artist, and
will enable the Museum to republish certain numbers which are out of print

and in demand.

At the Pittsburg meeting of the Botanical Club of the A. A. A. S., the

Committee on Nomenclature made the following report through its chairman,

Dr. N, L. Britton :
" The committee reports that it has held meetings Decem-

ber 2g, igoo, and June 30, 1902, and that through a sub-committee has drawn
up the basis for a codification of the rules of nomenclature, including the

determination of generic types, as previously authorized. The committee

recommends that it be given authority to ask the cooperation of other

botanists and zoologists in the further consideration of the subjects referred

to it, and through their aid to prepare a list of as many types of North

American genera as may be possible for presentation, with its report, at a

future meeting.''

At the Pittsburg meeting of the Botanical Club of the A- A. A. S.,

C. L. Shear presided, and F. L. Stevens was appointed secretary-treasurer:

The following program was presented : H. L. Bollev, An anthracnose of

flax attacking the embryo within the seed coats ; N. L. Britton, Carpellary

structure of Sedttm piilchellum. An undescribed species of Hydrophyllum

;

Mel. T. Cook, Notes on material for class demonstration ; O. F. Cook. The
sterility of coffee varieties. Facts from the history of the cocoa-palm

;

Arthur Hollick, A bud from a buried cypress swamp; A. D. Hopkins, A
blank for phenological notes; F. E. Lloyd, Mutual variation in opposite

leaves, Vivipary in Podocarpus, A cheap and convenient laboratory aquarium,

Museum methods; demonstration of life histories; C. L. Pollard, The
Gray polypod in Washington, D. C; H. von Schrenck, On the germination

1902]
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of Arceiithobiiim piisillum ; A. D. Selry, A destructive disease of ginseng

under cultivation caused by Alternaria sp., A disease of forced cucumbers

apparently allied to the mosaic disease of tobacco, tomato, etc.; J. A. Shafer,

MarshaUia trinervata (Walt) Porter in Pennsylvania, An interesting Heuchera;

C, L. Shear, Notes on Sclerodenia pteridis, n. sp.; F. L. Stevens, Notes on

Scelerospora, Notes on Symplocos and Salvia, A new character in Hexastylis
;

C. F. Stewart and H.
J. Eustace, Frost blister of apple and quince leaves.

The following officers were elected for the ensuing year : F. E. Lloyd,

president ; A. F. Woods, vice-president ; W. R. Maxon, secretary-treasurer.

The recent sessions of the Botanical Society of America in Pittsburg

marked an important epoch in the histor}' of that organization, and may be

taken to be of great importance to the botanical interests of the entire

country. Although in existence but eight years as an organization, the

funds in the hands of the treasurer now amount to over $2,700. By the

adoption of a resolution at the Denver meeting in 1901 the society committed

itself to the policy of expending $500 per year in grants in aid of investiga-

tions as soon as the state of its finances would permit. The income and

funds of the society have shown a gratifying and unexpected increase, and

this feature of the policy of the society is to be put in force at once, as indi-

cated by the resolutions given below. It is notable that the grants to be

made by the society form an example of perhaps the only series of scientific

grants ever offered in America by means of funds contributed by actual

workers in the branch of science benefited. The first grants may be made

at the coming meeting in Washington, as indicated by the resolutions :

Resolved, That applications in aid of investigations may be made at any time by

members or associates in good standing. Such applications should be made to the

secretary, accompanied by a detailed statement in regard to the work for which the

grant is requested, and shall be referred by the secretary to the council. The council

shall report upon all applications at the next meeting subsequent to the date at which

they are received. The amount of any grant confirmed by the society may be drawn

by the applicant from the treasurer withhi six months after the meeting at which the

grant was made, after a proper receipt has been made therefor.

The recipient of a grant must make a report of the progress or of the completed

results of the investigations for which the grant was given at the next annual meeting,

and at every succeeding meeting until the work in question is finished. Such report

must be made in writing to the council, and may or may not be referred to the

society. Any and every paper dealing with the results of investigations carried out

by the aid of grants as above shall bear the imprint, ** Investigations prosecuted with

the aid of a grant from the Botanical Society of America.'*

Resolved, That at the next meeting of the society a grant or grants in aid of

investigation may be made in any amount not to exceed the total sum of '^'^^ hundred

dollars ($500.00) to members and associates of the society.—D.T. MacDougaI-, 5^^^^*

tary of Botanical Society of America,



f

1902] BOTANICAL GAZETTE 159

The following papers were read before section G of the A. A. A. S. at

the recent Pittsburg meeting : John M. Bates, The finding of Piiccviiaphrag-

^
)niti$ (Schum.) Korn. in Nebraska; Charles E. Bessey, An instance of a

change in the native flora, Note on the fuel value of cottunwood ; Charles

J. Chamberlain, The origin of the achromatic figure in PeHia; Mel T.

Cook, Comparison of the development of the embryo sac and embryo of

Clayto7iia Virgbiica and Agroste7n?na Githago ; John M. Coulter, Special

haustorial apparatus in connection with the embryo sac of angiosperms ;

Edwin B. Copeland, The ascent of the transpiration stream, Chemical

stimulation and the evolution of carbon dioxid
; J. W. T. Duvel, Conditions

influencing the vitality and germination of seeds; H. A. Hakdixg and F. C.

Stewart, A bacterial soft rot of certain cruciferous plants and Ainorpho-

phallus simenst% a preliminary report; George G. Hedgcock, The preva-

lence of Alternaria in Nebraska and Colorado during the drought of 1901 ;

A. S. Hitchcock, Notes on Agrostis; Marshall A. Howe, A note on tlie

vitality of the spores of Marsilea ; Henry Kraemer, The pith cells of

Phytolacca decandra ; D. T, MacDougal, Soil temperatures and vegetation
;

J. B. S. Norton, Sclerotinia fructigena ; George J.
Peirce, Some neglected

*

factors in discussions of heredity; Charles L. Pollard, Features of the

flora of Cuba; Fkank W. Rane, Effect of acetylene gas-light on plant

growth, plant environment, and plant diseases; Hermann von Schrenk,

Notes on diseases of western Coniferae ; August D, Selbv, A disease of

t

potato stems in Ohio due to Rhizoctonia; C. L. Shear, Arachnioiiis tracJiy-

spermiis, a new species of the Gymnoascaiceae ; F, L. Stevens, Studies in

Phycomycete {^r\\X\z-Si\\ovi^ Sclerospora gramnicola [^z.zz^\ F. L. Stewart,

The absorption of water; a function of the ligule and stipulaceous tissue of

the grasses ; E. Mead Wilcox, A review and criticism of the botanical cur-

riculum of some of our colleges and universities, from the student's stand-

puuit. The officers elected for the ensuing year are: F. V. Coville, vice-

preside7it ; C, J. Chamberlain, secretary.

The following papers were read before the Botanical Society of

America at the recent Pittsburg meeting: Mrs. E. G. r3RiTTON, Studies ot\

reproduction by gemmae of the prothallus of ferns, The genus Sematophyllum

(Raphidostegium), The North American species of Trichomanes; N. L.

Britton, Studies in Cyperus and other Cyperaceae; W. A. Cannon, Matu-

ration divisions in the pollen cells of hybrid cottons (by invitation) ; J. M.
Coulter, The relations of the botanical associations of the country. Par-

thenogenesis in seed plants; H. C. Cowles, Suggestions for ecological car-

tography, A comparative study of the sand dunes of the ocean and lake shore

(illustrated); B. D. Halsted (address of past president). Two centuries of

American botany; A. S. Hitchcock, North American species of Leptochloa ;

Arthur Hollick, Fossil ferns from the Laramie group of Florence, Colorado,
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Recent investigations in the Pleistocene flora cf Maryland (carried out under

the auspices of the Maryland Geological Surve)%and presented by permission

of the state geologist), illustrated; J. E. Kirkwood, The embryology of the

Cucurbitaceae (by invitation); MiSS E. M. Kupfer, Anatomy and physiology

oi Baccha?'is genisielloides ; D. T. MacDougal, The relations of light and

darkness to growth and development; W. B. ^IcCallum, The stimulus to

heterophylly in Proserpinaca pahistris (by invitation); W. A. ^Iurrill, The

genus Ganoderma in North America (by invitation); MiSS R. J.
Rennert,

Dimorphic structure of the phyllodes of Oxypolis fiUforr7iis {hy m.v\\?X\oxi)\

P. A. Rydberg, A study of Astragalus; H. von Schrenk, A disease of

Catalpa speciosa ; F. L. Stevens, Mitosis of the primary nucleus of Synchy-

triiim decipiens (by invitation); J. J. Thoknber, A green organism found in

water tanks and reservoirs in Arizona (by invitation); John Torrey, The

cytology of the secreting epithelium of Zea Mais (by invitation) ; R. H. True,

Tea fermentation ; L. M. Underwood, The genus Gymnogramma, and its

treatment by English botanists; Miss V. S. White, The Geasters of the

United States (by invitation); A. F. Woods, Some disorganization products

of plant cells; Charles Zelemy, The dimensional relations of compound

leaves (by invitation). The officers elected for the ensuing year are B- T,

Galloway, presidejtt ; F. V. Coville, vice-president ; Arthur Hollick,

treasurer; D. T. MacDougal, secretary ; William Tkelease and L. M.

Underwood, councilors.
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Chicago, and ELLA FLAGG YOUNG, Professor of Education in the University of Chicago
m «

^^^HE series as a whole aims to effect the union of educational theory and practice in distinction

^^ from vague enthusiasm, loose exhortation, and abstract theorizing. It endeavors to bring the

discussion of actual school practice to the test of the fundamental principles involved. These

principles are derived from modern psychology and social philosophy, and are stated in a simple and
w

non-technical manner. The series will bring its readers into touch with what is vital in contemporary

educational philosophy

No. I. ISOLATION THE SCHOOL Ella Flagg Young

This contribution discusses the vexed question of school organization in the light of recent psychological and

ethical thought, treating the school as an institution among other institutions. It shows the necessity of coop-

eration and inter-action among the various parts that make it up. more specifically the teaching and supervismg

factors. It is anticipated that the book will give a point of departure for future discussions.

i2mo^ paper^ net, 50 cents .... - - postpaid, SS ^^^is

No. PSYCHOLOGY AND SOCIAL PRACTICE By John Dewey

This contribution shows why psychology is necessary to the teacher in doing his work in social and moral direc-

tions. In distinction from those who oppose the psychological and the social ideals of education to each other,

it is shown how necessary they are to each other.

iSmOy paper, net, 25 cents «-....•- postpaid, 28 cents

No. THE EDUCATIONAL SITUATION By John Dewev

This contribution reviews the entire educational situation, taking up first, the Elementary School; second, the

High School ; and third, the College, showing how conditions due to their origin and past history conflict with

present demands and responsibilities and the nature of the readjustment thus made necessary.

l3ino, paper, net, SO cents Postpaid, S5 tmU

No. ETHICS IN THE SCHOOL By Ella Flagg Young

This contribution sets forth some of the working conditions especially as to the relation of teacher and pupii>

necessary to enable the school to perform its proper function—the formation of character.

iirno, paper, net, 23 cents -•-_..- - postpaid, 28 cents

No. PSYCHOLOGICAL ASPECTS
SCHOOL CURRICULUM

THE
By John Dewey

This contribution shows that the value of psychology is not limited to the matter of methods of teaching, bu

affects the subject as a whole.

j2mo, paper, net, 23 cents ••-..».. postpaid, 28 cents

No. TYPES MODERN EDUCATIONAL
THEORY By Ella Flagg Young

This contribution does for the various modes of educational reform already in vogue what Is done in the '^'j^

,

number of the series for the educational situation as a whole. The various types of schoo! standpoint an

method are set forth and compared with reference to the fundamental psychological and ethical principles.

l2mo, paper, net, 25 cents .... . . - postpaid, 28 cents

Six numbers. i2mo, paper Price for series on one order to

same address* net, $1.50 « postpaid, $i>75

J*or sate by dealers or ilnfvmlty of GDicago Preis, Clilca^o, THiw^^^
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Carte

OSES are always on

delicate china.

tableSjp

silver add the pleasure of a dinner

well cooked and daintily served

- k

the Season^s Delicacies

at Very IVIoderate Prices

OUR 8,000 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

SI. PAUL
MINNEAPOLIS
OMAHA
KANSAS CITY
DENVER

If you are going to any of

these places or to the Pacific

coast, kindly let me send you

time fables and other informa-

tion about our train service.

P. S. EUSTIS,
Ccn'l Pass- Agt., C. B. & Q. R. R.,

CHICAGO. ILL.

Ji,

Biig Four Route

I

FROM
CHICAGO

TO

Indianapolis, Cincinnati, Louisville,

the
South and Southeast.

^ DIRECT LINE TO

Asheville, N* C, and Florida

THE SCENIC LINE TO
r

Vi rginia Hot Springs and Washington, D.C
via the Picturesque

CHESAPEAKE & OHIO R'Y.

*.i. LYNCH, G.P,&T.A. W.P.DEPPE,Ass't6.P.&T.A

CINCINNATI, O.

J- C. TUCKER, G.H.A. 234 Clark! St., CHICAGO

cation
Do you expect to treat yonrself to m
vacation trip this summer? If so,

write for a copy of the

Wabash Summer Tour Book

giving a great variety of attractive

tours with cost of ticfcets and other

yaluable information. Write us
about any trip you nuay have in

mind. It*s our business to help
those who travel, :: :: ;: ::

C.S.Crane,G.P.&T.A,, F. A. Palmer, A.G.P.A..
Si. Louis, Mo. g^Aditms St., Chicago
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GOERZ LENS is the fastest
lens \m lis Ifnfi.

r

That'i a challenge and a fact demonstrated

beyond disputc.^

some Unses possess larger relative

actual practice demonstratea that

is the fasles}
*<,httt as chnL"

F« prices, circulars, etc. apply to your deajer or

C P. (miz Optkai Worl^ Room 6 . 52 L Uiuon S<|. N.Y.

TH:E ALTON'S ENGINEER.
If Yocr will skp^d the ai>£>rb:ss

OK A PERSON WHO, "WITHlN^ A YEAR,
^VILL HAVE USE FOR THE CHICAGO
Ac Alton Railway

(territory covered outlined in
ABOVE >rAP)» we

PIOTURBt 4^X3
MAIL TO YOU

INCHES, OE THB

TION, YOU WILL
PTTBLIOATION YOU

ORCHESTRA
Ouitars,

Banjos. &c. Lyon & Healy and *

^,^^^^"^old by
fitrumenta are in use everywhereaBd are eouj^

__ leading muBic dealers. Ask for ^^}-^^J^^la IJlu6trated, mailed /ree. If s a money-saver.

si LYON & HEALY. • 3« Adams St., CbicaS^* «;

The Worid*. Largest Slask House. Belto **KTerjt»«i"« Iuiowb io »

PIANO
Do You Wanf i

eenuine Bargain

in a Piano?
We have hundreds of UpriphI Pianos returned froin

"^^^dJ
which must be disposed of at once. These pianos i^^^
Steinways, Knabea, Fischers, Sterling and other wen ^^
makes. Many cannot b« distinguished from new, /«*

, ^U
offered at a great »« tf^ MB ^''''';^#n1 „c.w [JlK

A magnificent in- | W Hi I^'oo pianos. E»T
fully equal to many

i i,n,itt5 Writ*
monthly payments accepted. Freight is only ^^^^\zl' ^itt »
at once for complete list and full particulars. ""Jj^^no w»»*
great saving by securing your piano from us. ''^^X, today,
^teda. renJesented. "A Piano Book." free. Write toaay

LYON
38 Adam* St., CHICAGO.
larrett mwic boat*; sell - E^rythln* known to

RareO ;a

Larpesl and finest collection on tbis ^on ae
Fine catalogue (free^cont^nlng^O i^^^

the
labels in colors and Bl^grapm^^ ^ g^ o
noted mafeers. List and ^^^^"^^^ Mootbly
instramentH from $50 to ^^^[^^^ gent on
payments may be arranged, wum^^t^,
2S^aSn"uYa%^e\r^tre^b«m^^^^ St
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^PJiY YOUR VJiCATIOM EXPEMSESj^

The past* quarter century has seen the greatest^ advancement* in photography; \ti has also
included the developments of our photographic lenses and shutter until now their number
runs into the mQlions, used in every land and dime. In order to bring together a representa-
tive collection ofwork from this vast array of photographers wc have instituted a compe-
tition including every class of photography and from the simplest lens on the cheapest camera
to the most expensive anastigmat.

Bausch
LEN ES

omb Optical Co.
»

or UTTER.
musL have been used to make the pictures. That, is the only condition. The exhibits will

be judged in classes such as Landscape. Portrait*, Genre. Instantaneous, Hand Camera lar^e
and small, etc., and every one can have an opportunity to compete. It costs notiiing to enter

:

and the most> competent* and impartial judges will make the awards. If you are buying an
Outfits see tbat« the lens and shutter are Bausch <S2; Lomb*s make.

Spedol Booklet, tells about^ the Classes and Conditions

Bausch (Sip Lomb Optical Co
NEW YORK

Incorporated 1866

ROCHESTER. N. Y CHICAGO

CROV
Where a Small
Organ is Needed
for a chapel, small church, or convent.

-f|:

J

II J ^T

Noble

Chaste

Tone

Ap^pearance

MASON & HAMLIM

Durability Unquestioned
STYLE aaeo.

GEO.
Manufacturer

BENT
Chicago

this model is eminently satisfactory-. It's

very moderate price also adds to its pop-

ularity* Send for our illustrated cata^

logue,

i-i,' ti-lnralm€0,
BOSTON. NEW YORK CHICAGO.
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F you notice with regret that an expensive and beautiful

garment is soiled and doubt whether the color will stand

a washing, do not throw it away until you have ex-

perimented with Ivory Soap in combination with water

and good common If the water will the

run, Ivory Soap will not ; with common sense you will avoid

scalding hot water, exposure to the sun while wet, and will use

an iron only moderately hot.

The special work of this kind that Ivory Soap will do sur-

prises even old housekeepers of wide experience. Give it a test.

IVORY SOAP IS 99*>ioo PER CENT. PURE.
CCfYRlflHT 18$9 BT TmE MKICT£II ft £AmBL£ CO* CtWlNMATI
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Forms
of Bright's

Disease, Albuminuria of Pregnancy^ Unc Acid
Diathesis, Gout, Rheumatism, LithaerrJa, Rena!
Calculi

I and of the Bladder
1
Etc

J
Etc.

Richinond President Medical Society

"IF I WERE ASKED WHAT
sor of Gynecologg and Abdominal Surgery^ Medical C lege of Virginia:

HAS THE WIDEST RAiNCiE OFWATER
USEFULNESS, I WOULD UNHESITATINGLY ANSWER BLFFALO LiTHi A. !t fs a most

valuable remedy in many obscure and stubborn conditions which, at best, yield slowfv, if at all, to

drugs. In URIC ACID DIATHESIS, GOUT. RHEUMATISM, LITM.rM! A, and the fflce, it5

fv^neficial effects are prompt and lasting.

"Almost any case of Pyelitis and Cystitis will be alleviated by tt ana many cured.
*'

I have had evidence of the undoubted DfSiNTEORATLNQ, SOLVENT, and ELIMINATiNG
POWERS of this water IN RENAL CALCULUS, and have known its ioqg continued use to r^^^
itianently break up the gravel-foniilng habit.

Albuminuria and
•xcellent diuretic in Scarlatina In all forms <* BRlGHrS DISEASE,

the
anced, its good effects are pronoiiiic^ has been

»»

maker. Wf J LL. D., Professor of Materia JTecfica atui Therapeu-

tics in the Medico^hirnrgical College of Philadelphia, etc., in the New York Medical Journal^

June 22, 1899: . _ _^_

products
KJFFmO IrTMKVlMm ^^ «><^ub^y efhcient

and Gout. !t dissolves Uric Acid and Ph05phatic sediments

erts a moderately stimulant effect

cells, and thereby facilitates the s'.vift removal of insoluble materials from the body. Without such

&xMQn insoluble substances will precipitate In the Kidneys and Bladder. The intense suffering pro-

duced by Stone, together with con^cutive pyelitis and cystitis, are avoided by prompt elimination.

Unquestionably* althoi^ the speedy removal ot Uric Add and ottier products of faulty tissue

change is of conspicuous l^nefit, yet to PREV ENT their formation is a service still more important.

This service Is perft«ned by the BfJiraiO LlTHIM WATER ^^^^^ *^ corrects

dig^tive failures \\ the production of dcieterliMis
»i

»

ame

al Boa^ of Healthy says

y
WI.D., A* Mm LL.D., Formerly Profemor of Phynoiogy and

rgery in the Medit^ Diriment of the University of V:. y Isi^icuand President of V.

BUFFMO LrnOAVlMER ^" «^"^ Add Diath

be recognized by the profession us

5 a

known :er.i^^tit!C

artkte of Materia Medica
it SbOUia

r W. M !tet. Professor of Cfhemistrf
aiialysis of Calculi discharged

by patiente under the action of

, Uji'v^rsitg of Virgmm. (Ertract from rQK>rt

Boimii}LnuM fprfn. /'

ft*

upon
t seems on the whole probable that the action
U

s f
--

\-v

and these

at^ Is PRLVIARILY and

[>n5tItiK!Bts occur aloi^ ^r

Pfaosplu..:c or Oxalic Calculus materials, ti^ latter may be so detached and

as Ur- ttie Caicu 11^ m a wL^Ie Jsi fe'c^e cases. s 'sdtn
-- ^ -_

of

»»

Spring No. i"-V-T a NERVE mm a OOD TO^BC, and to PALE, f^EBLE * lEOd

is to De preferred, la the at^s^^es -.f
sjnii^ns No. 2 fe to be prefaned.

h for sak by G A
i-%^

*!.'*
? 9

'- \,^

ials wl ;ji (kfv Qi que^of^ salt to aay addtrs**
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Costs Less than ONE CENT a Cup

WALTER BAKER. rSl CO, Ltd.

A Weber Piano costs you a little more than

an ordinary good make, but the extra cost

will be the best part of your investment. It

is the tone of a Piano that gives it value and

settles its grade as a musical instrument.

Everything about a Piano, from its scale to

its case, if properly constructed, has a part

in the making of this tonal quality. It is

because each big and little part of a Weber

Piano is absolutely faultless that the

Weber Tone is unequaled. It isn't merely

mechanical skill that secures this result

;

it *s something akin to genius, i^ ^ *^

Esiablisked lyho.

Web W^areroom
AVENUE, NEW YORK

266 WABASH AVENUE, CHICAGO

PIANOS
aave

'...X.
e.i over SO > ^^^.r;,^/,a^ce5 can a^

pavmeiits evrry family m iB^ierare
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Botanical ©agette
B /nbontblYj 5ournal ^Embracing all departments of JBotanical Science

Subscription per year, $4.00. Foreign, $4.50.
The subscription price must be paid in advance.

Single Numbers, 40 Cents
No numbers are sent after the expiration

of the time paid for.

FOREIGN AGENTS:
Great Britain— Wm. Wesley & Son, 2S Esse

St., Strand, London.

VoU XXXIV, No. 3

18 Shillings 6 pence.

ContinentalEurope—GebruderBorntraeger,
Berlin S\V. 46, Schonebergerstr. 17a. 19 Marks

Issued September 25, 1902

CONTENTS
THE RISE OF THE TRANSPIRATION STREAM : AN HISTORICAL AND CRITICAL

DISCUSSION. Contributions from the Hull Botanical Laboratory. XXXVIII
(with one figure). Edwin Bingham Copeland - - - -

A REVISION OF THE GENUS NEMOPHILA (with plates ii-v). Harl'ey P. Chandler

THE EVOLUTION OF THE VASCULAR TISSUE OF PLANTS (with seven figures).
W. C. Worsdell ---.......

r

BRIEFER ARTICLES.
Suggestions on the Classification of Seeds. Comvay MacMillan - -

The Sensitive Plant as a Weed in the
Fairchild - -
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^EWS - - . .
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224

Tropics (with one figure). David G.
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247
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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 w^ork in re-making the pages into forms, press work, paper, binding,

f
tc. Separates containing half-tones may be expected to cost somewhat more than the rates given, the
mcrease depending upon the number of cuts and the amount of work required upon them.

Number of copies SO
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2.25

4.00

1.00

1.50

100

S2.00
2.75

5.00

1-35

2,00

150

«2.25

3.15

5.80

1.70

2.50

900

$2.50

3-50

6.50
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Manuscripts.— Contributors are requested to write scientific and proper names with particular care
and in citations to follow the form shown in the pages of the Gazette. Manuscripts should be sent to

Mttor of the Botanical Gazette, The University of Chicago, Chicago, KI.
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Every Botanist
Should be familiar with

the prominent works of

GEBRUDER BORNTRAEGER
PUBLISHERS

Symbolae Antillanae seu fundamenta Florae Indiae

Occidentalis edidit Ign. Urban. Lex.-Octav.

Das Werk erschcint in zwangloscn Lieferungcn von 8—12 Druckbogcn. Circa

JO Bogeii bildcn einen Band. Dcr Subscriptioiispreis dcs DriicJdwgens, betrdgt

go Pfg.; 7iach Ausgabc eines Bandcs iv^rd der Preis fur denselben erhoht. Es

sind erschicnen : Volnmen I complet. Broschirt J4 Mk. Volumen II complct.

Broschirt J2 Mk.

Bisherige Mitarbeitcr : Schlechtcr, Lindaii, RuJilajid, Biichenaii, Clarke, Mes,

C. de Candoilc etc.

Flora der Deutschen Schutzgebiete in der Siidsee von

Dr. C. Lauterbach und Professor Dr. C. Schumann. Mit Textfiguren

und zahlreichen lithographischen Tafeln. Lex.-Octav. Broschirt

40 Mk., im Halbfranzband 45 Mk.
Eine grundlegcjidc Flora dcr deutsche?i Bcsitzungcn in der Siidsee.

Lehrbuch der okologischen Pflanzengeographie. Eine

Einleitung in die Kenntniss der Pflanzenvereine von Professor

Dr. Eug. Warming. Zweite Auflagc bearbeitet von Dr. P. Graebner.

Brosch. 7 Mk. In Ganzeleinen 8 Mk.

ii

. . . . The book is essentially one of classification of the

aptations; and of the varied environments inhabited by plants

d it is one which ought to be read not only by botanists, but .b\

who care for the general questions concerning the distribiitior

living forms in water and on land.

—

Nature.

Write for free Catalogue; postpaid. Address:
w

Gebriider Borntraeger, Publishers J

Dessauerstrasse 29.

\

Berlin, S. W. 46. ,
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Send 12 cents, U* S* stamps^ for

Wm. Wesley& Son's Botanical Catalogue, 190

1

€ing

No* I37-J38of

THE
NATURAL
HISTORY and

SCIENTIFIC
BOOK
CIRCULAR

BOTANY
More than 3300 works,

classified under- 42

headings

104 pages

CONTENTS

:

Transactions of Scientific Societies Periodicals

History Biographies and Portraits

Early Botanical Science Linnaeus

Bibliography

Hcrbals

Handbooks

Microscopy Morphology and Physiology

Encyclopaedic works Classification Nomenclature

Cryptogams Phanerogams Fossil Plants

Natural distribution of Plants (Floras)

Agriculture and Horticulture to the end of the 1 8th century

Gardening Landscape Gardening

The Flower and Ornamental Garden

Husbandry Tropical Agriculture Commercial Plants

Medical Botany Forestry Diseases of Plants

William Wesley & Son^ Booksellers

Street^ Strand, London, England

AN INDISPENSABLE BOOK
J^O/^ STUDENTS OF BOTANY

METHODS IN
PLANT HISTOLOGY

BY
CHARLES J. CHAMBERLAIN, A.M., Ph.D.
Instructor in Botany in the Uni-versity of Chicago

|HIS BOOK contains directions for collecting and
preparing plant material for microscopic investi-
gation. It is based upon a course in boianicaJ
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 Uni-
versity of Chicago and with University Extension classes
away from the University. It aims, therefore, to meet the
requirements, not only of the student who has the assistance
oi an instructor in a fully equipped laboratory, but also of the
student who must work by himself and with limited appa-
ratus. Free-hand sectioning, the paraffin method, the cel-
!.?'*^*"-"^ethod, and the glycerin method are treated in con-
siaerable detail. In later chapters specific directions are
given tor making such preparations as are needed by thoseWHO wish to study the plant kingdom from the algae up to
tne tlowermg plants. Special attention is paid to theMaimng of karj'okinetic figures, because the student who
pasters this problem will find little difficulty in differen-
tiating other structures. Formulas are given for the
'^eagents commonly used in the histological laboratory.

i6o pp., 8vo, illustrated, cloth, {net) $1.50

For Sale by Dealers or by the Publishers

The University of Chicago Press
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THE RISE OF THE TRANSPIRATION STREAM: AN
HISTORICAL AND CRITICAL DISCUSSION.

CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY.
XXXVIIL

Edwin Bingham Copeland.

(with one figure)

K **I.e phenomene de Tascension dc la seve est reste jusqu'

a nos jours sans aucune explication plausible/' wrote Dutrochet

in 1837. Knight had said the same thing in 1801. During the
*

intervening century there have been a considerable number of

explanations, plausible enough to satisfy their authors, and a

very few which have commanded a \vide but temporary adher-

ence. Every theory proposed has been overthrown by direct

experiment, or shown to be in conflict with generally accepted

principles of physics.

The work of Dixon and Joly and of Askenasy during the

past decade has extended the knowledge already possessed in

physics as to the cohesive power of water, and by the application

of this knowledge these authors have developed a theory which
has since almost monopolized the field. Believing that the true

solution was to be found in this direction, I set up an apparatus

intended to illustrate its application more strikingly than had
been done before. This artificial tree had so much in its behavior

in common with real trees that when all was done I was likewise

unable to explain it.

Thirty-one pieces of glass tubing, each 3^"^ in diameter and

161
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about 40^"" long, were filled with plaster of Paris. As the plaster

began to set they were put in a dish of boiled water. They

were then boiled, cooled, and boiled again, boiled hard altogether

two hours, and left in the same water over night. Air could be

located by reflection between the plaster and the glass, as isolated

bubbles, making on an average probably one-fifth to one-fourth

of the area ; the amount of air remaining in this way varied in

different tubes. These tubes were connected with heavy rubber

tubing; this was done by filling the rubber connections with

fresh plaster paste and immediately forcing this out with the

pieces of glass tubing to be connected. A continuous tube of

plaster of Paris was thus made 12.4°" in height, reaching up the

well surrounded by three flights of stairs in the Hull Botanical

Laboratory. Four meters below the top was a T tube full of

plaster, w^hose free arm was closed. The lower end was con-

nected with a U tube full of water and mercury in equilibrium ;

this represented the root. At the top, above another T tube full

of plaster with the free arm closed, was the leaf—a sort of

inverted osmometer made by filling a funnel with plaster contain-

ing some K^FeCNg, tieing over it four sheets of parchment

paper soaked in K^FeCN^, sealing a glass wall around this,

and filling the cup thus formed with a concentrated solution of

CuSO^ and NaCl. The surface of liquid exposed was great

enough so that in the dry, warm air in the hall evaporation was

more rapid than the loss was supplied, so that after the first day

there was a slow precipitation, and after several days more water

had to be added to forestall drying.

The experiment was started at 3:18 p. m., January I4- ^

recorded with very numerous measurements the rise of mercury

in the closed arm of the U tube, most of which measurements it

would be a waste of space to publish. The rise was without

break or considerable irregularity. It was :

Until January 14, 4:18 p. m.. 3.0"^"^ Until January 17, 3:18 P. M„ 128.0"^"*

Until January 15, 3:18 P. m., 64.5 Until January 18, 3^18 P. M., iS^o

Until January 16, 3:18 P. M., I01.5

To obtain the decrease in tension in this manometer these
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figures must of course be doubled, the suction developed during

five days being then joi"^™.

From the very beginning of the absorption of water from

the U tube this was a successful demonstration that a column of

water above lo"" high in a porous substance, even in the presence

of free air, will not break under its own w^eight. In addition to

this it was very soon evident from the lifting of the mercury

that maintaining its continuity did not strain it to near the break-

ing point. With the removal of water from the tube and the

elevation of the mercury at its low^er end, the tension of the air

in the tube of course diminished and the bubbles expanded.

During these five days, however, the expansion was not sufficient

to cause any general confluence of the bubbles, even in the upper

end of the tube.

At 3:18 P. M., January i8, the leaf was removed and the

upper end of the tube closed tightly. The height of the mercury

thereafter was :

January i8, 4:18 P. M., 151.5'""' January 19, 11:30 A. M., 155.5""°

January 18, g:io p. m., 155.0 January 19, 3:18 P. M., 157-0

The cause of this rise must be sought in the elasticity of the

air in the tube. By virtue of this elasticity the suction of the

leaf is—to employ materialization as a figure of speech—stored

up, and only gradually transmitted to the root. Expressed in

terms used with natural trees, transpiration and absorption arc

not necessarily parallel. This stored up suction is probably rep-

resented purely by the rise of 5°"° before January 19, 11:30 A. M.

The subsequent more rapid rise I ascribe to the fact that the

temperature of the hall fell very decidedly that afternoon.

Such an effect of cooling, and the opposite result of warming,

appeared at some other times.

• That the tube could take up more water if the pressure

one atmosphere ww7<rj 314™'° of mercury— at the bottom were

increased was evident ; still, 1 thought it worth demonstrating.

To this end mercury was poured into the free arm of the U tube

until it stood even in both arms. At the same time the T tube

4"° from the top was opened and connected with a capillary



164 BOTANICAL GAZETTE [September

tube 1°^ l<^i^g f*^^^ of water, whose lower end was in a mercury

bath. This was done at 3.40 p. m., January 19. The height of

the mercury was :

At the bottom 4«i from the top

ram A r r^mmJanuary 19, 7:20 P. M., 9.0'"'" 450

January 20, 9:50 P. M., 28.5 530

The suction at the bottom was then 5
7°'°'. At i p. m. the

connection at 4"^ had sprung a leak. It was unfair to compare

tubes of such different caliber, so the U tube w^as replaced by a

capillary of the same bore as the other, as nearly as possible,

and arranged like it. Starting at 1:15 p, m., January 20, the

height of the mercury was :

At the bottom 4^1 from the top

January 20, 3:45 p.m., 130"^^^ 455""™

6:25 P. M., 186 494

g:io p. M,, 252 531

January 21, 10:30 A. m., 326 550

On January 23 at 10:30 a. m., bubbles having twice been

lemoved from the connection, the mercury at the bottom

reached 428mm

The experiments continued about two months, during which

I took several pages of measurements. At one time I arranged

the osmometer so as to record the volume of water it absorbed,

and found again that for a limited time it could be withdrawn

from the tube very much faster than it was taken up lower down.

I tried to determine the difference in the suction at the three

openings in the tube when the mercury should be drawn up at

each until they were in equilibrium ; but this was reached so

slowly that if there was no other accident, air always came out

of the main tube and interfered. During the whole time that

the experiment lasted there was a gradual increase in the air in

the tube, and with this a decrease in the difference in tension at

different heights.

The experiment ended with closing the T tube connections

and setting the root end in a solution of eosin. As the eosin

. rose slowly in the tube, it was very easy to see that it left air

between the plaster and the glass ; rather more air than was

t,
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there when the apparatus was set up, but still so little that it

was in small isolated flat bubbles.

While no experiment with any kind of an artificial tube can

have the force of a demonstration as to what occurs in a real tree,

the behavior of this apparatus was like that in trees as we know
it, not only in the general achievement of the elevation of water

to a still undefined height, but also in enough known details to

make it most probable that the same fundamental physical prin-

ciples are operative in both cases. But as already said, an

analysis showing the elementary factors by which the water is

raised has baffled me, even in my own apparatus.

The motive idea in setting up the apparatus— that the cohe-

sion of the water in the tube must be responsible for any suction

exerted more than lO"" below the top— was certainly a mistake.

This is shown by the readings of the manometers higher up, and

also by the continued rise of the mercury at the bottom, after

suction at the top ceased, January 18. Both of these observa-

tions indicate that the suction developed in the tube is not as

great as one atmosphere; that a difference in pressure of less
'

than one atmosphere between top and bottom will lift water

much more than \o^ under the peculiar conditions here present.

But how? It might be that when water is drawn from the top

of the tube it rarefies the air there, and that the suction so aris-

ing is propagated downward as largely as possible by the air,

and that the bubbles and as little water as possible separating

em are thus put in motion. In this way the suction necessary

to lift the water should be only equal to that of a column of

water equal to the total height of the indices separating the

bubbles. But I did not observe that the bubbles moved, and my
doubt as to their doing so is very much strengthened by the

final observation that the rise of the eosin solution did not drive

all the air before it. The tube did become more full of air

in the upper part ; but I think this was chiefly due to greater

suction there, this causing the air present to occupy more

space, and hasteninsf diffusion inward through the rubber con-

nections
; and two of the " leaves " used leaked. It may be taken

th
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as a fact that in wood there is no general upward movement of

free air. Therefore, if it is believed that the behavior of this

tube depends on the movement of the bubbles, the experiment

is not appropriate to the problem. I shall show that the cohe-

sion explanation is open to exactly the same objections in nature

which disqualify it in this tube. This leaves a true explanation

to be sought outside of the cohesion of the water, or the rise of

the bubbles ; by analogy this is probably true in my experiment.

The missing link in the problem is some play of surface ten-

sion. Assuming for the moment that the suction is transmitted

largely by the air and that the bubbles are carried upward, there

is still present continuous water in the plaster, and the upper

end of this column would then be subject to the pull of its own

12*" of vjdiier, plus the suction at the bottom. Its surface tension

— which I would rather call capillarity than cohesion here

might enable it to endure this strain. As a matter of fact,

though, the tension of the water in the plaster and that of the

air and the water around it at the same height must be practi-

cally the same. And since the surface tension opposes the

movement of the bubbles, but not that of the water, it is natural

that the latter should move when either must.

Any further discussion here would be duplicated in sifting

the theories on the ascent of sap in nature. The positive result

of our experiment is that the water column being continuous,

but air being present, a suction of less than one atmosphere can

still operate as a suction more than 12"^ low^er down.

There is an immense mass of published experimentation on

the rise of the transpiration stream, whose results are not doubted.

During the last four years I have repeated a large part of it for

the sake of first-hand familiarity, I shall not add to the litera-

ture by republishing work already unquestioned.

IL Dutrochet, in the work quoted in the introduction, says

that two forces cooperate to raise the sap : one of repulsion,

osmotic in its nature, in the roots ; and one of attraction, which

is also osmosis— Dutrochet calls it endosmosis— in the leaves.

The driving force in the ascent of sap is root pressure. Seve-
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ral explanations of its mechanism are conceivable. A sugges-

tion by Pfeffer, that an unequal distribution within the cell of its

osmotically active matter could cause a stream through the cell,

has sometimes been adopted as the best solution. But to main-

tain this inequality would use as much, or rather more, energy

than is required to keep up the osmotic pressure present and to

lift the water however far it is forced ; and this energy would

presumably be a net loss to the plant. Detmer (1877) and C.

Kraus regarded root pressure as a function of tissue tensions;

but the tensions to be observed do not justify this view; and if

they did, the solution would not be ultimate, for how should the

tissue tensions arise and be maintained ? Under the most advan-

tageous conditions external to the active cells, a rhythmic

variation in their permeability would result in a root pressure

corresponding to the loss of osmotically active matter. But

this would make an exceedingly poor machine, unless, as in the

original scheme of this kind, by Godlewski, an unequal distribu-

tion of the permeability works with the periodic variation. And
unequal permeability of different sides of the cell constitutes a

perfectly sufficient explanation without any periodicity.

The greatest pressure must be exerted on the side of the cell

where resistance to the passage of the solute is greatest. By

virtue of this greater pressure when the cell can contain no more

water, water will be taken up there, and given off on the other,

more permeable side, with at least as much of the solute as

would exert an osmotic pressure equal to that under which the

water escapes. Artificial cells illustrating this mechanism have

been constructed by Sachs (1882) and myself ( 1900).

far as its diffusion out of the tracheae into the cortex is resisted,

the matter dissolved in the sap in the tracheae exerts an osmotic

pressure against the surrounding cells, and to that extent a

root pressure can then be maintained without any subsequent

loss of solutes by the living cells. It seems probable to me
that this suggestion represents the mechanism of the bleeding

' Hofmeister's artificial cell (1S58 : 11 ; 1862 : 145), sometimes refered to as illus-

trating this action, had aU its membranes alike.

' In so
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of trees in spring better than does the preceding one. The two

are closely related, and it would be difficult to distinguish them

by experiment. Both have the source of energy in the concen-

tration of the sap. Either provides for only a limited period of

high pressure, while the supply of stored, dissolved, or soluble

material in the root is carried away by the sap. In its essential

features this explanation of the mechanism of root pressure was

offered by Brucke in 1844. He illustrated (pp. 194-6) the

proportionality of the concentration of the sap to the pressure

observed, and said: **VVirwerden in der Folge in einer andern

Abhandlung naher betrachten, wie sich die Zellen vermittelst

dieser loslichen und aufquellenden Substanzen zuerst strotzend

mit Wasser anfiillen, und wie dann, in dem sie immer noch mehr

Wasser anziehen, das was sie in ihrer Hohle nicht mehr beher-

bergen konnen, mit einem Theile der gelosten Substanzen als

Saft in die benachbarten Spiralrohren hineingepresst wird.'* I

cannot find that the treatise promised here ever appeared.

The parallel between pressure and concentration is illustrated

again by the w^ell-known use of the sap of birch and maple, trees

with high root pressure, as sources of sugar. Clark (1874^188)

found a root pressure in a Betida le?iia seventy feet high sufficient

to lift water 84.77 f^^t, the pressure in a root being higher yet.

Acer saccharinwn, with 3.57 per cent, sugar in its sap, registered

a pressure of 3173 feet of water. Clark also reports a pressure

of 49.52 feet—6.5 feet above Hale's figure—by grape, the sap

being sweet to the taste. The curve given by Schroder (1865)

for the concentration of the sap of birch during the season and

Clark's for the pressure are parallel, though ihe inorganic solute

decreases constantly. The same author (Schroder, 1869:280)

finds 3.44 per cent, sugar in the sap of Acer platanoidcs. The

bleeding sap of walnut contains 4 per cent, sugar (Hartig,

1862:88). In all bleeding trees the concentration of the sap

and the pressure are supposed to decrease together. In the

herbs also (Ulbricht) the concentration of the sap decreases as

bleeding go^s on. Almost all publications on the concentration

of the sap are in such terms that it is impossible to compute the
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osmotic strength with any approach to exactness, but they still

indicate that it is far more than sufficient to account for the

accompanying pressure. On the other side is a statement by

Duchartre (1859) that the water guttated by Colocasia is almost

like distilled. The analysis was by Berthelot, who found traces

of KCl, CaCOg, and organic matter. The earlier statement by

Schmidt, who does not seem to have evaporated the water, that

the guttated fluid is chemically pure water, is discordant with

all modern results. Unger
(
1S58) found 0.056 per cent, of solid

matter in it. For other literature see Burgerstein (1889:405).

To account osmoticallv for this oruttation the water would have

to be more concentrated than that absorbed by the roots by

perhaps 0.03 per cent, of KCl.

According to Strasburger ( 1891 :85i), *' Belegzellen "are rich

in content during the time of bleeding, but not afterward. Still,

Strasburger doubts their passing this content into the tracheae,

and so setting up a root pressure; but his reason against this

seems to be chiefly a priori, and based on the unsound assump-

tion that the cells would be obliged to lose the sap in the same

concentration in which they hold it.

In herbs, especially in young seedlings, it is very common to

find bleeding or guttation during only a part of each day. The
same plants in which guttated drops are found in the morning

are likely to contain air under a decidedly diminished pressure

in the afternoon. The reason is that the roots cannot furnish

water as rapidly as it evaporates. But it is also possible that the

activijty of the roots is less by day, the removal of the hydro-

static pressure in the tracheae stimulating the active cells to

become less permeable to their solutes' on that side, and so

economize their contents when it would be useless to let it

escape. Labillardiere, according to various text-books, says the

palm Arenga saccharifera bleeds a sap richer in sugar by night

than by day. The daily periodicity in pressure occurs also in

trees. The bleeding of Carpinus (Strasburger, 1891:841)

begins during the nis^ht and ceases before noon. Birches may
> - ^

also cease to bleed before noon (Detmer, 1887), but may con-
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tinue until after 2:00 p. m., even on bright days, as I have observed

in B. lenta. Ernst (1876:35) tells of water guttated by Callia^idra

Saman falling like a fine rain all day.

Root pressure rises rapidly with the temperature of the

ground. The bubbles of air in the tracheae enlarge when warm,

and, as Sachs points out (i860; Hofineister, 1862), this will

force water upward and may well work with real root pressure

in the spring bleeding of grape, maple, etc. I would hesitate

to ascribe so much importance to it, however, as does Stras-

burger (1891:833 seq.). If bleeding were very largely due to it

the daily periodicity would be reversed, as sometimes occurs,

especially near the close of the bleeding season (Hartig,

1863:277 ; Clark, /. c).

According to Wieler
( 1893:63) guttation is dependent on the

presence of free oxygen. Wieler construes this as an argument

that r.oot pressure is caused by differences in concentration mam-

tained within the cell. But Purjewitsch^s ( 1897)^ discovery of

the great influence of oxygen on diffusion through the proto-

plasm converts Wieler's point into a better one for the otherwise

more plausible theory that root pressure depends on permeability

to the solute.

The minor role played by root pressure in the ascent of sap

is obvious from the limited work possible by any pressure to be

observed, and from the fact that it is altogether absent at the

times during the season when transpiration is most active. On

the latter point enough has been said. As to the pressures,

those which I have cited are the highest ev^er recorded, with the

best subjects growing in our climate. With ordinary subjects

which show any root pressure at all it is usually only a few

centimeters, or only millimeters, of mercury. It is true that j*

the pressure as measured by manometers is an excess over the

counter pressure of the atmosphere. Root pressure unable to

overcome this can be demonstrated in many plants (Scheit

1886:701 ; Wieler, 1893:97 seq.) if the atmospheric pressure is

^From instances in which the food normally dififuses from the cell without

apparent change, I am unable to agree with Purjewitsch in ascribing the effect of the

presence or absence of oxygen to its action on enzymes.

i

1!

i
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removed ; but in living cells, when the gas higher up in the

stem is not more dilute than that outside, it must exert a similar

resistance of at least an atmosphere to the rising sap. In the

spring when root pressure is most active, manometers inserted at

different heights show pressures corresponding to columns of

Avater of the same differences in height (Clark ; Hofmeister,

Plora, 1858:4.) So water in the tree, when it practically fills the

lumina, will at most be shoved up as far as the same pressure

would drive it in a glass tube. As we will see later, this is not

necessarily the case when the wood contains a great deal of

rarefied air.

III. Let us now turn to the force of attraction. It is a mat-

ter of common understanding that the leaves have available

practically unlimited energy for the elevation of water if only it

can be so applied. Of the radiant energy absorbed by the

chloroph}'!! but a small fraction is used in photosynthesis ; and

evaporation, by cooling the leaf, enables it to absorb more heat

from the air. This energy is nearly all used for evaporation.

Whether we say with Mayer (1895 -366) that the cause of

•evaporation is '* die lebendige Kraft der Wassermolekiile durch

welche diese geneigt sind Dampfform anzunehmen," or with

Nageli (1860:38) that the energy is drawn from the tissue

itself, it ultimatel}^ comes as heat and light from without.

Whatever force has been used in drawing water up to the leaves

must be overcome when it has evaporated ; which slightly

•decreases the amount evaporated. At the same time, the same

force^becomes available for the elevation of more water. The
energy thus indirectly used in lifting is relatively inconsid-

erable. In a former note (1900), figuring the latent heat of

-evaporation, which varies with the temperature, at 536 calories,

the mechanical equivalent of a calorie being 424, I pointed out

that the energy used in vaporizing water would lift it about 142

miles. At ordinary temperatures the latent heat of vaporization

is enough greater to raise this to perhaps 156 miles. Of course,

no large part of this could be used in lifting (Rodewald, 1892).

Nageli (i860 : 39) says that the evaporation uses in general 131
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times as much energy as assimilation, which in turn uses eighty

times as much as it takes to lift the water ; obviously this

depends upon how far this is lifted.

It must be almost exclusively true in nature, as Askenasy

(^^95 : 333) has it in his very clear and concise scheme of the

energy changes in the rise of water, that the chief force in the

leaf which removes the sap from the tracheae and in spite of

which it evaporates, is osmosis. To be complete, it may be said

that imbibition intervenes between osmosis and evaooration to

get the sap through the wall of the mesophyll cells from which

most of it evaporates. On the other side, it also intervenes in

the walls between the living contents of the mesophyll and the

tracheae from which they draw water. Very likely a little water

passes out in the walls from the vessels to the point of evapora-

tion independently of osmosis; at any rate this is not prevented

by suberization of the anticlinal walls, as in the endodermis of

roots. When water evaporates from a mesophyll cell, the con-

centration of its sap increases and the tension of its wall is elim-

inated. In both of these ways, but at first in chief part in the

second way, the cell is enabled to draw more water from whence

it can, from the tracheae. Mechanically this elimination of the

tension of the wall suggests the elasticity of the wall by which

Bohm (1S64) at first sought to explain suction by leaves; but

the actual tension alwavs remains a stretchinof. In some of his

latest work (1890, etc.) the same author denied the play of

osmosis on the ground that transpiration is not stopped by

death. Evaporation does occur after death, evaporation of the

water in the leaves, and of as much more water as can be drawn

up before enough air diffuses into the walls and lumina of the

tracheae to close them to water; \n leaves of firm texture, espe-

cially in evergreens, this does not soon occur. But this is not

ground for doubting that in living leaves the water passes

through the cells, necessarily, by osmosis.

All water passes from the tracheae by imbibition, and so far-

as the mechanism of movement in the tracheae is concerned, it

matters not whether or not osmosis is active in the leaves (Ask-

nJl
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enasy, 1895 I
Dixon, 1896; Darwin, in Darwin, etc., 1896 :

336-7 ; Joly*. i'bid, 649) . Regarded purely as a transpiring

machine, the live leaf is superior to the dead one chiefly because

it does not incapacitate itself by drying. Dixon's suggestion

(1896, I) is a good one, that dead leaves transpire less than fresh

live ones because the collapse of their cells closes the inter-

cellular space. But his other idea, that the fact that flaccid live

leaves evaporate only half as much water as dead ones is due

to their loss of '* turgescence," seems to me to rest on a confu-

sion of the osmotic pressure of the solutes in the cell sap

J

as *' turgor — and the state of '*turgescence" caused by the

** turgor" when enough water is av^ailable. It is by virtue of its

''turgor" that the mesophyll absorbs water from the tracheae;

and the ** turgor" is greater, because when the cell shrinks its

sap becomes concentrated, in flaccid than in fresh leaves.

The osmotic pressure in the leaf ceils is much more than is

used in lifting water. From very numerous tests by plasmoly-

sis I can say that it is in general about equivalent to that of 3.5

per. cent KNO3. In some plants it is much higher ; for instance,

in grasses and in halophytes. In typical spongy parenchyma
the turgor cannot be accurately measured. In the bundle sheath

it seems usually to be slightly less than in the palisade tissue,

but this may be because the tests of the latter is less accurate.

It also seems to be on the whole a little higher in trees than in

herbs, but this also ma}- be because the cells are usually smaller

m trees, making the turgor appear too high. Dixon (1S96, II)

has undertaken to measure the turgor of leaves by ascertaining

the gas pressure sufficient to collapse the cells and force water

from them into the tracheae. The method is not a reliable one
until we know something about the pas^^age of the gases into

solution and their diffusion into the cells. We have no infor-

mation as to the turgor in the leaves of very high trees, 60 to

150"" in height, but to lift the transpiration stream it need not

be higher than that of herbs'.

The mesophyll cells supply themselves with water from the
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fibrovascular bundles, whose finest ramifications are fine trach-^

eides.

IV. So far, the mechanism of the movement of water is a

very simple problem. The difficulty is in the next step, in

explaining how suction in the tracheides and vessels of the

leaves can be propagated so as to cause an upward movement

along the stem, and even from the roots of lofty trees. Sum-

marizing a part of our empirical knowledge may facilitate a

subsequent analysis of the theories. The path of the transpira-

tion stream is, speaking for trees, in the younger wood. The

number of years' growth of gymnosperms and dicotyledons

which share in conducting it is very variable. Beside this radial

limit, the stream supplying any particular part of the crown

as a single branch— is also limited tangentially. A well-known

experiment by Th. Hartig (1853:313) illustrates this. He bored

five holes in a tree, meeting in the axis, and filled the cavities with

" holzsaurem Eisen ;" the tree was afterward cut forty feet higher

up, and the figure of a star, one ray corresponding to each hole

found stained. Experiments on the lateral movement of water

by overlapping cuts from opposite sides date back to Hale s.

As on various other points, the most valuable collection of data

is Strasburger's (1891 : 595 seq.\ 1893: 34, 37). Other more

notable work on transverse movement is by Darwin and PhillipSr

Vesque(i883, 1891 : 576), VViesner (1875). A limit to the ease

of lateral movement is necessary in order that any store of

water can be retained, while other water moves past.it from the

ground. It is also necessary for the maintenance of any pro-

portion of air and water in the individual channels.

With the exception of a time in spring when the lumen of

some trees becomes full of water forced there by root pressure^

the tracheae always contain a considerable amount of air. Scheit

maintains that the spaces in the lumen not occupied by liquid

water are filled with its vapor, and Sachs in his latest work

(1892) inclines toward the same view. But before Scheit's time

there was abundant proof of the presence of air, including anal-

yses by Bohm (1878), Faivre and Dupre, and others ;
and more

'i
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recently it has been redemonstrated by Schwendener (1886 : 563),

Tschapohvitsch, and Strasburger (1891 : 6yy), The air content

of the heart is rather fixed, but that of the sap wood decidedly

variable. With only the same class of exceptions as to the pres-

ence of air at all, the air in the tracheae is under a lower tension

than that of the atmosphere outside. This lower tension is one

of the reasons for the presence of air in the gaseous form. The
water absorbed by roots is saturated with air under the atmos-

pheric pressure and at ground temperature. In the trunk the

water is usually warmed and a part of the pressure is removed,

both tending to cause the air to come out of solution. It has

not been so easy to tell why there is not more air in the wood.

But Noll's recent discovery that there is an active osmotic move-

ment of gas between the wood and the air outside throws an

altogether new light on this question. At least for vessels in or

near the leaves, Noll shows that this osmosis w^ill be very largely

outward. Before this discovery, the only known immediate

cause of the diminished tension of the tracheal air, aside from

the relatively inconsiderable influence of occasional cooling,

was the removal of water from the lumina to replace that evapo-

rated from the leaves.

The less air the tracheae contain, the greater will be the

change in its tension with a given variation in the amount of

water present. Evidently the proportion of water present gives

an approximate, though not an exact measure of the tension of

the air. This proportion of water is in all cases least in summer^
the maximum being in winter in gymnosperms, and in spring in

dicotyledons (Th. Hartig, 1868 ; Ge'leznow, 1876. R. Hartig. Bot.

Zeit. 1883, disputes this). Th. Hartig (/. c, 20) tested the water

content of tw^enty-six kinds of trees, four feet from the ground,

before sunrise, and at 2:00 p. M.,and found the loss of water vary-

ing from 2 to 38 per cent. G. Kraus' most accurate work on
this subject comes to the same conclusions, epitomized by Kraus

himself in Sachs' Pflanzcfiphystolegie, second edition p. 601, as

follows: -Die Pflanzentheile (Stamme, Blatter, Friichte, Knol-
len, Knospen)

. . . . sind am Tage kleiner, bei Nacht grosser.
» y
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**Diese An- und Abschwellung resultirt aus dem periodisch

schwankenden Wassergehalt der Theile; dieser ist regelmassig

am Tage geringer, in der Nacht hoher." **Der ungleiche Was-

sergehalt der Organe bei Tag und Nacht ist seinerseits das Resul-

tat aus der ungleichen Thatigkeit der Wasser zu- und abfiihrenden

Krafte/' We will return later to the tensions associated with the

water content. The rarefaction of the gas in the tracheae is

often spoken of as causing a negative tension. The physical

condition of a gas makes it impossible that it should exert or

even transmit a real negative tension. A gas must always press

against whatever confines it; when the gas is rarefied the pres-

sure diminishes, but it can never become a suction.

While lateral movement of w^ater in the wood is difficult, its

passage lengthwise of the wood is exceedingly easy. This is

easily and conclusively shown by what is known as the '*Th.

Hartig experiment." As an instructive experiment, we owe this

to Sachs; but no one experiment can be identified as ** Sachs'

experiment," so the misnomer can profitably be retained. As a

matter of historical interest it may be remarked that the experi-

ment did not originate with Hartig. Boucherie (1841) had

made a technical application of it in substantially the same

improved form afterward employed by Sachs. And Biot [cf, Biot,

1841) preceded Boucherie, but I have not had access to his ear-

lier papers. Hartig showed that when water was forced out of

a stick by warming it, gravity could determine the place of its

appearance. Sachs' familiar experiment is to soak a stick in

water, dry the ends, place a drop on the upper end, and observe

that it is absorbed, while a corresponding drop 'emerges below.

Various woods make good subjects for this experiment, those

containing vessels allowing the freest movement. As inter-

preted by Godlewski (1882 : 585-7), it shows that the weight

of the water held in the wood is sufficient to overcome the resist-

ance to its movement. Schwendener (1886: 579; also Strasbur-

ger, 1891:773) showed that much less than this pressure is

required. Strasburger also showed that an excess pressure of

only 20 per cent, is required to cause a movement in sticks or

.-.,

1
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Acacia as rapid as that of the transpiration stream. Too much

air in wood hinders or prevents the movement of water, as

proven by Boucherie and many of his successors. It is for this

reason that shoots cut in air wilt though the cut end be after-

wards placed in water ; the lesser tension in the tracheae caus-

ing those exposed to fill with air at the outside tension. On the

other hand, when the vessels are well supplied with water, the

removal of part of it facilitates its movement in response to the

'^attraction " above— according to Dutrochet. It is my belief

that in lofty trees it would be impossible for water to be drawn

from the root while the tracheae are even approximately full of

it; though of course all that is certain or can be demonstrated

empirically is that there is a great deal of space occupied by gas

when transpiration is rapid.

In a capillary tube filled with a succession of bubbles of air

separated by water (Jamin's chain), the resistance to the move-

ment of the entire column of air and water is very considerable

(J Steinbrinck). While measurements

made in glass tubes are not valid for the tracheae (Strasburger,

1891 :8i5), the movement of the bubbles in the latter is inter-

fered with by the sculpturing of the walls and the remains of

the partitions (Kamerling, 1898, I: 978). The result is that a

pressure insufficient to move the bubbles will cause a flow of

water between the bubbles and the wall.

Vesque (18S2; Ann. Sc. Nat. 1883) and Capus observed

under the microscope that bubbles did not prevent a current

above and below them in the same vessel. Vesque [cf. 1891 :

384 ; the original publication was in the Annalcs Agrommiques
II : 1885) afterward determined that this current passed between

the bubble and the wall ; which was confirmed by Strasburger

(1891 -.701). Pappenheim (1892: 161) was unable to demon-
strate such a movement ; nor could Schwendener, who denied its

possibility (1886; 1892:920). I have not found Vesque's

experiments exceedingly difficult, either in glass tubes or in

tracheae, and will describe some of them briefly later in this

paper. The same phenomenon can be conveniently observed in
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the rhizoids of the Marchantiaceae. As we are told by Kamer-

ling ( 1897 : 12), after abubble is formed in one of the **pegged

rhizoids, it may increase in length downward as well as upward,

the water from the lower end flowing past the bubble. Another

of Strasburger's experiments (189 1 : 819) furnishes as positive

proof as that by direct observation; the same experiments which

proved that the Jamin's chain was held less firmly in tracheae

than in glass showed that a pressure insufficient to move the

bubbles would force water through the same tracheae.

V. Some of the theories as to the rise of water, and retaining

only an historical interest, may be mentioned very briefly.

Knight (1801 : 344) ascribed the ascent of sap to contraction by

the medullary rays, ''the silver grain,'' which somewhere touch

all the vessels. **Their restless temper, after the tree has ceased

to live, inclines me to believe that they are not made to be idle

wliilst it continues to live.'' If a tangential surface of wood is

exposed during the day, the silver grain appear as minute clefts

into which pins may be stuck and be found pinched fast at

night. This contraction, he thought, might elevate the water-

Bischoff (1836, Vol. II, pt. 1:238, 271) believed the sap to

be driven up, not in the vessels but in the cells, by the con-

tractility of the walls, acting under the influence of the livmg

contents. Bohm atone time (1878) held a similar view, omitting,

however, as he always did, any dependence on the activity of the

protoplasm. He called the movement (p. 230) *' une fonction

de I'elasticite des parois cellulaires et de la pression atmos-

pherique," But already in the same paper (p. 236) he recog-

nized that in cells with rigid walls their elasticity is replaced by

that of the air in the lumen,

Th.Hartig (1853), observing facetiously that his was the age

of steam, thought the cavities of the pits might act as millions of

little engines so numerous that when warmed even a very little

they could drive the water up.

The agitation of trees by the wind was plausibly used by

Spencer to move water in the vessels from the roots, where it

w^as most abundant, to the twigs and leaves where evaporation

1

J';
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created a constant demand; the arrangement being "a sort of

rude force-pump worked by the wind/'

Scheit suggested that slight differences in temperature might

raise the water **auf deni Wege der Destination *' (1885:477).
But, as Scheit himself pointed out, this would not raise any

mineral food.

VI. While the imbibition theory has had no champion since

the death of Sachs, it reigned too long to be passed over in a

sentence now. Granting Sachs* claim that the imbibition theory

was his personal intellectual product and property, it would seem
but fair to confine ourselves in discussing it to the final stage of

Its evolution. But it w^as in one of its earlier forms, afterward

outgrown by its great exponent, that the theory was dominant.

Sachs lists the publications in which this theory was developed

in his hands in his Vorlesimgen iiber Pfla?izenphysiologie (2d

edition, 225 ) . Its period of greatest vogue was about the

close of th^ seventies, after the publication of the paper **Ueber

die Porositat des Holzes/' The imbibition theory said that the
r

water was carried altogether in the walls of the wood elements,

where it was absorbed and held by imbibition. The substance

of the wood walls was believed to be very remarkable, in "Dass
sie (the walls) verhaltnissmassig nur wenig Wasser in sich

,

aufnehmen, dass dieses wenige Imbibitionswasser jedoch in ihnen

auffallend beweglich ist." The removal of any water from the

wood at the top of the tree caused a flow toward the point of

loss, the demand for water being thus propagated in the walls

to the roots, where it could be satisfied. It had been demon-
strated that the forces at play in imbibition far more than

sufficed for the elevation of the water; that the water moved
easily in wood was certain. That it moved in the walls seemed
to have been demonstrated by direct observation of air filling

the lumina
; by the experiment of Unger (1868), who injected

the lumina with wax without preventing the movement of

water; and later by Sachs' experiments with sharply bent

tendrils, etc.

Sachs elaborated no new theory of imbibition to account for
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the movement of water, Naegeli's micellar hypothesis being

generally accepted, and accounting satisfactorily for the great

force with which the water had to be, and is, held. As I under-

stand the micellar hypothesis, it regards the water as held

between the micellae by its surface tension ; at any rate, it would

say that imbibition and surface tension have a common mechan-

ical explanation. This is not altered in the least by the fact

that the presence of the spaces is dependent on that of the
w

water. Since the spaces are indefinitely small, the tension is

indefinitely great. In the evaporating surface these spaces

become still smaller as they lose water, unless it is immediately

replaced from behind, and the meniscuses formed in them are

of such ultra-microscopical minuteness that it is easy to suppose

they can draw water higher than any tree reaches. Assuming

always that the walls were the path of the water, the imbibition

theory was thus complete, and not in open discord with contem-

porary physical science. As this was not true of any other

theory it was but natural that this one was generally accepted,

and by a sort of reflex action this strengthened the faith in its

premise as to the path.

The identity of imbibition and capillarity was postulated by

DeLuc (1791: 12), but on evidence—the imbibition of alcohol

and ether—which has not been found generally sound. Hof-

mcister (1862:100) and Unger (1868), who were forerunners in

the modern development of the theory, treated them as the

same, as did Pfeffer in his unqualified acceptance of this theory

in the first edition of his Physiology. Naegeli and Schwendener

(Mikroskop. second ed. 380) say it is indifferent what the force

is called, though formulae based on measurements of tubes 01

appreciable size need not apply in these invisible interstices.

In 1865 (Handbuch, 213) Sachs entertained no doubt that

capillarity and imbibition were related. In 1S79 (Por. d. H.),

however, he regarded the phenomena as distinct, and afterward

became most insistent on the difference. This robbed the im-

bibition theory of its foundation in established physics, and it

is very doubtful if it ever could have obtained general credence

^" .J-

^;-'

I
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m this form. The inibibitionists never offered any physical

explanation of the supposed absence of high friction in the fine

pores of the wood; this was dismissed as a "natural property*'

of the wood substance.

The imbibition theory fell with the disproof of its first

premise, that the water moved in the walls. Unger's injection

experiment was repeated with the opposite result.' Elfving-

(1882714) plugged the lumina of pieces of wood with cocoa

butter and could force no water through them. Scheit (1884)
injected sticks with gelatin with the same result. Vesque

(1884:188) injected the tracheae of a living branch with cocoa

butter and the branch wilted. Errera (1886J, 31,11) repeated

this experiment using gelatin ; as did also Strasburger (1891 :540-
Dixon and Joly (1895) employed gelatin, paraffin, ice, and water

vapor to obstruct the lumina, causing wilting in each case.

Smith found the movement of water in cucumber stopped or very

nearly so by injection with gelatin; the plugging of the spiral

vessels by Bacillus tracheiphihts caused a gradual wilting, while

Fusarium niveiim, which fills the pitted vessels as well, causes a

sudden collapse of watermelon foliage. Vesque (1884), Kohl

(1885), and Darwin and Phillips (1885:366) made plants wilt,

or checked the absorption as measured by the potometer, by
squeezing them until the lumina were presumably closed. The
old observation (DeVries) that if a transpiring branch is cut in

the air it wilts was recognized as showing that plugging the

lumina with air closed the path of the water (Scheit, 1886:172).

Against the experiments with bent branches it was pointed out

by Russow (1883:99) and Scheit (1884) that bending does net

entirely close the lumina. And Dufour's inability to force

water through the bends under pressure was ascribed by the

opponents of his theory to the entrance of air where his wood
was exposed in cutting.

The movement of w^ater in the lumina was directly observed
by a number of investigators, notably Vesque. The well-known
presence in the lumina of colors and other substances used in

detecting the path of the transpiration stream had been ascribed
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to the abnormal direct atmospheric pressure against cut surfaces;

but without reason, as Van Tieghem (1870:278 seq>) found

decoctions absorbed by sound seedlings of Leguminosae confined

to the lumina of the vessels. Owcc the imbibition theory was

undermined, older objections to it, some of which Bohm had

been constantly raising, were granted recognition. It was incon-

testable that lamina of at least a part of the conducting elements

contained water; the imbibition theory could offer no explana-

tion at all of its presence (Bohm, 1878:225; Sachs, 1887:247).

The absence of a parallel between transpiration and absorption

(McNab, 1874:356; Vesque, 1878) was therefore unintelligible

to imbibitionists. The excessive difference in the facility of

transverse and longitudinal movement of water was not intelli-

gible on the basis of the distribution of the water of imbibi-

tion, the difference in other physical properties of the wood

walls being relatively small. The drying out of dead branches

of living trees would seem impossible according to the imbibi-

tion theory. And there are other minor objections to it which

need not be touched upon here.

Our permanent debt to the founders and supporters of the

imbibition theory is for placing great emphasis on the easy pas

age of water through the wood, 3 and for suggesting a physical

means for this passage. The water cannot escape passing through

occasional walls as it rises. And the work of Errera and or

Dixon and Joly, already cited, testifies that some water, though

far from enough to satisfy the demands of transpiration, can

travel in the walls for a considerable distance.

VII. An active role in the elevation of the water has been

ascribed by many writers to capillarity in the lumina of the ele-

ments of the wood.* At the same time it has been recognized

3 Even this is disputed by Janse.

-* Recognizing of course that capillarity is not an ultimate source of energy tor

the rise, but that this is furnished when the water is evaporated. It would indeed e

a careless attempt at an explanation which should seek in capillarity the energy

keep a stream moving upward; still, I cannot agree with Kamerling that this wou

be a ** logical error," since the law of the conservation of energy does not itself res
4

r

on logic.

s-

i
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that in tubes of such size as these lumina the lifting power of

capillarity is not exceedingly great. In a glass tube io/a in

diameter this should be about 3"". Strasburger (1891:875^7.)

found it less in tracheae than in glass, sometimes less than half

as much. While the lifting power is determined by the form

of the meniscus, it is possible enough that this should be influ-

enced by the nature of the wall. In the absence of direct con-

trary evidence on the same subject, which is wanting in

Schwendener's criticism (1892:912), Strasburger's statement

must stand.

The efficacy of capillarity is limited again by the dilution of

the air in the tracheae. Naegeli's classical work on capillarity

(1866, 1, 11) showed experimentally that with diminishing atmos-

pheric pressure the lifting power of a meniscus in a glass tube

decreases; slowly at first, but rapidly when the pressure

approaches zero. The theoretical ground for this is evident

from the intimate connection between surface tension and vapor

tension. Naegeli found the details to be remarkably dependent

upon the temperature. Since the air in the tracheae is always

rarefied when transpiration is at all active, and with excessive

transpiration the loss of pressure is great enough sometimes to

lead to the formation of bubbles of water vapor, the service

which capillarity can perform in the elevation of water is most

insignificant when the demand for water is most urgent. A
repeated, but so far as I can see entirely unwarrantable assump-

tion (Bohm, Ann. Sci. Nat. 1878:232; Elfving, 1885:536; R.

Hartig, Bot. Zeit. 1883; Sanio) has been that each wall across

the path of the transpiration stream furnished a fresh starting

point for capillarity to work from. There is no reason w^hy a

wall should offer any greater resistance to movement of water

downward in response to gravity than upward in response to

capillarity.

The Jamin's chain has never been shown to have any advan-

tage over a single meniscus in causing a movement of water.

For every added meniscus with an upward pull there is one of

the same shape whose concavity is dow^nward. The resistance
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offered by a long series of bubbles to longitudinal pressure has

given the Jamin's chain a place in some theories (Westermaier,

18S3; also Hartig, 1882; Vesque, 1S84), as an arrangement to

hold the water up, forces of a different nature being invoked to

elevate it. Statements as to this resistance of the *' chain m
glass tubes are very discrepant (Janse, Naegeli, Plateau— as

cited by Strasburger, 1891 '.815 — Zimmerman, 1883); accord-

ing to the experimental results of Schwendener (1886: 569) and

Strasburger (1891 :8i9) the resistance to the movement of the

chain as a whole is not usually very great in tracheae.

If the pressure against the upper end of such a column of

air and of water were diminished or removed, the result would

obviously be* an elongation of the bubbles, lifting the water sup-

ported by them. This would operate most at the top, and

would cease at a point down the column where the resistance to

the bubble's expansion was equal to its excess of tension. In this

way Schwendener (1893) thinks it likely that the diminished ten-

sion in the vessels might be able to lift some water as much as

15°" instead of the 10°^ to which a pressure of one atmosphere

could lift an unbroken column. Under certain imaginary condi-

tions, which as Schwendener showed do not really occur m
plants, a much greater height would be possible ;

Schwendener

(1892:934) suggests such a case in which the bubbles should

be 10°''^ long, in which Steinbrinck (1894 : 127) showed that the

top of the column might be lifted 142"^. As to the actual length

of the bubbles, Schwendener puts the average in Fagus at 0.33"°*^

that of the supported water being 0.14°'°'. Both Schw^endener and

Steinbrinck seem to assume in their calculations that a meniscus

will retain its full effectiveness in a vacuum, which, as has just

been pointed out, is not at all the case. Moreover, such a mech-

anism, in lifting water, would accumulate air at the top, and so

destroy itself, and therefore (Askenasy, 1895), even if it could

lift water once, it could not raise a constant stream.

During the last decade surface tension has been playing a

very prominent part in still another form in explanations of the

ascent of sap. The cohesive power of pure w^ater was demon-

it?
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strated by Naegeli and interpreted with an insight in advance of

his time. He says (1866 : 498) '*Viele Versuche zeigten, dass

in frisch gezogenen Capillarrohren die Spannung negativ warden

kann,ohne dass In dem ausgekochten Wasser Dampfbildung ein-

tritt;'' thus in one experiment the cohesion of the water sus-

tained a mercury column 44"^"^ in excess of that in the barome-

ter. Two other sentences outline Naegeli's interpretation :

'* Dieses Entzweireissen einer VVassersaule ist im Grunde nichts

anderes als Dampfbildung in derselben^ ;'* and concerning the

amount of resistance to such pulling apart, '* Es ware selbst

moglich, das es dafiir keine Grenze gabe." Bohm cites Helm-

holtz on this same point, the passage referred to (1874:492)
being on cohesion by very dilute sulphuric acid. Bohm himself

in 1890 (Bot. Centralb. 268) found that Salix with boiled roots

would absorb water and draw up mercury '* Stets bis zur Bar-

ometerhohe," when the total pressure of mercury in the water

must have been above one atmosphere. Strasburger (1S91 : 792)

got the same result with branches of Taxus and Tsuga. Bohm
then (1893 : 209) reported the lifting of mercury columns 22°^"^

above that of the barometer by Salix, and 161"'"' above it by

Thuja. In this paper Bohm seems to refer repeatedly to cohe-

sion when he speaks of capillarity.

A little later than this, Askenasy (1895) published an exceed-

ingly clear theory on the ascent of sap, in which the chief

role in making the pull set up by evaporation in the leaves ope-

rative at indefinite distances down the trunk was ascribed to the

cohesion of the water. The priority of the publication of

most of this theory belongs to Dixon and Joly, who published

abstracts of their work in 1894. The general acceptance of it

is due more largely to Askenasy, whose name is usually asso-

ciated with it. So is Strasburger's name, though he has not

publicly subscribed to it, and it is not in harmony with all of his

work. Like the imbibition theory, this one was complete in

that the premises, proven and assumed, were an adequate

foundation for the conclusion ; the factors, as the theory used

s Physicists are not agreed on this.
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them, were equal to their work. Its acceptance was naturally

prompt and widespread, giving a new interest to the study of

the cohesion of water from the physical side. Askenasy (1896:

441) was able to draw up mercury 82*^"" and again 89.
S'^"' by a

pull resulting from evaporation from a plaster of Paris surface.

Dixon and Joly (Trans. Roy. Soc. 1895:570), by a method

better calculated to indicate very great tensions, demonstrated

that columns of water could endure a longitudinal pull of more

than seven atmospheres before breaking, and that this was pos-

sible without absolute freedom from gas, and with bits of Taxus

wood in 'the water. By the same method Berthelot had

obtained negativ^e tensions, since variously estimated at 50 to

150 atmospheres There is a resume of some other work,

including some of Lehmann's own, in his Molccjilarphysik (I

:

243-5), ^^ which Naegeli is overlooked. Kamerling (189S;

465) showed on theoretical grounds, the same as Naegeli s

must have been, that in pure water ai rest the resistance to pull

must be infinite.

The supposed difficulty with other theories which the cohe-

sion theory sought to overcome was their failure to provide for

the transmission of really negative tensions, /. ^., tensions more

than one atmosphere less than the normal. So long as the ten-

sion remains positive there is no possibility of the exercise of

cohesion ; the least positive tension would itself prevent a rup-

ture of a column, whether of water or of water and air. But it

is argued that water can be lifted lo'" at most while its tension

remains positive; that when it is lifted higher, as in trees every-

where, negative tensions Tntist be present near the top. There

are two easy ways of determining empirically the opportunity

for the play of cohesion in the plant: measuring the tensions

actually present, and testing the result of artificially established

tensions.

We have already mentioned that the tension of the air is

ordinarily less than one atmosphere, and of course that of the

contiguous water is the same. Well known to older writers, but
^

too little considered, this fact came strongly to the fore with v.
|
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Hohners work (1879). He found (p. 113) that a suction of

40-50^"" Hg was not rare as late in the year as the end of Octo-

ber, Bohm (1877) found a suction by Crataegus of 61'^"'; by

Syringa and some Pomaceae of 25"^°^; and by Platanus of only

16''"'; and (Bot. Zeit. 1881.: 824) even in March a suction by

Crataegus of 40^"". In one experiment (Bot. Zeit. 1S81 : 819)

mercury was jerked into a vessel of Robinia 117^"^, but this

was not a rise of that distance.

In 1890 Bohm said that Salix with boiled roots would exert

a suction sufficient to lift mercury, as already quoted, **Stets

bis zur Barometerhohe." In 1893 he said that it was in

'-'successful" experiments that the mercury could be drawn as

high as the barometer by shoots whose lower end had been

cooked
; but only three experiments in 400 succeeded. In

one of these three the indicated suction was 2.2'^'" over an

atmosphere. We have already noted his results with conifers.

Strasburger ( 1 89 1 : 787) reports as the greatest observed

suction in any herb 28^" Hg [Amarantlms caudatus)\ in live

branches of dicotyledonous trees, 54''"'; in branches whose

lower end was boiled, 6y'''^\ and in conifers similarly treated, >

70^"^. Vines (1896) reported suctions of 116'^'^ and of II

inches by Helia?itluis mimins, 3 2o™™ by Prumis Latirocerastts,

^1% inches by Fagiis sylvatica, and 22]/^ inches by Taxus.

These pressures are to be subtracted not from zero, but from one

atmosphere (Vines, Annals of Botany 10 : 644). Data obtained

by Th. Hartig, Schwendener (i8S6),and others, by inserting

manometers in the trunks of transpiring trees, agree that tensions

of zero are not closely approached. A part of these figures may
be lower than they should be, because they only indicate the

point at which air came out of the cut end of the stem and pre-

vented the absorption of any more water.

On the other hand, figures obtained after removing air by

boiling or sucking it out of the cut end are likely to be too high.

There is no doubt that the transpiring cells could draw water

from the tracheae in spite of an absolute pull; that tensions of

zero or less are not transmitted and used to absorb water i^
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because the air in the tracheae expands until finally it closes then^

to the passage of water. Removing a part of the air makes a

lower tension necessary for what is left to plug the tracheae, and

so permits more than the normally possible suction. I have

illustrated this with a small branch of a greenhouse grown Euca-

lyptus, the cortex removed, inverted so that when any bubbles

were drawn from the stem they could not stay in contact with it

and prevent the absorption of more water. It was in air-tight

connection with a tube i"""" in diameter, full of water and stand-

ing in mercury. The mercury rose in one hour and fifteen

minutes loi'^"', where it was stationary. This suction was-

increased to 19 1"^'", but drew air from the pith and wood, and

fell slowly to 106^^. A little air continued to be extracted,

but the suction increased, until 52 hours after the experiment

began it was 173""°* ; and after 79 hours 235°^"^. The rise of mer-

cury had become very slow, and at this point a leak stopped the

experiment. The young leaves, up to those more than half

grown, were already becoming dry, though the cut end was, and

had constantly been, in water. It is because the possible suction

is chiefly a function of the air in the tracheae that Vines (1896:

538) finds that a large part of the leaves may be removed from

a branch without much effect on the suction. For the same

reason— because a part of the tracheae are closed— a suction of

less than the greatest the transpiration stream can exert may

nearly stop the absorption of water (Vesque, 1884; Strasburger^

1891 : 788). It seems clear to me that the evidence we have

warrants the conclusion that the tensions in the tracheae of liv-

ing plants^— at least of dicotyledons

—

-in nature are never even

approximately as low as zero.^

What happens if the tension is artificially lowered? Bohm

(1864:546) put more than a hundred Salix cuttings in a vessel

where the pressure against the absorbing ends was reduced to 8

to lo"'"' Hg. The result was *'Dass die Blatter nach zwei oder

hochstens drei Tagen vertrocknet waren. Das Absterben

*This was treated as an established fact by Naegeli and Schwendener (1877

380).

4-

5

\
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>erfol2:te in dcr Reorel bei kleinen Reichbeblatterten Pflanzen^ ^ *" """" -^"^^^

schneller als bei grosseren wenig beblatterten/' etc. Bohm's

conclusion (562), *'Dass die zum Saftsteigen erforderliche Kraft

von dem Luftdrucke geliefert werde/' is equivalent to saying

that an actually negative tension cannot be exerted to absorb

the water. Vesque (1884), working with sound water cultures of

oleander, found that the absorption became impossible when the

tension was one atmosphere minus 63''"' Hg. Strasburger

{1891:793), Scheit (1886, II), and Janse (1887:3-10) all agree

that dicotyledons wilt if water is available under too low a

pressure, and that the removal of nearly the whole atmospheric

pressure always makes it too low. Saussure (p. 30 of Ostwald's

Klassiker no. 16, p. 214 of original) describes a somewhat

different experiment explicable in the same way; vessels contain-

ing plants w^ith their roots in water were placed in vactio 2.x\6. lived

for weeks, and even grew, if protected from direct illumination.

Under the conditions the plant was in an atmosphere saturated

with water and did not transpire. Water may have diffused

rapidly enough to supply the demands of what growth occurred

in a ''vacuum/' In direct light the plants dried up, because the

leaves became warmer than the air, and water evaporated from

them and could not be replaced.

We have found not only that negative tensions do not occur

in dicotyledons in nature, but that an artificial elimination of

the positive tensions to which they are accustomed robs them of

the power to absorb and elevate the transpiration stream. There

priori o
theory which, for the sake of thoroughness, we will still con-

sider. Berthelot says (p. 332-3) ** A ce moment (when negative

tension has been caused bv coolinof) le moindre choc ou broisse-

ment, la moindre vibration fait reparaitre a I'instant, avec une

sorte d'ebullition, un leger bruit et une secousse plus ou moins

notable, le gaz dissous dans I'eau." Lehmann (p. 244), speaking

of water under a tension of one atmosphere minus 1,200 °"" Hg,

says " Erst bei erschutterunoren volQ^t in solchen Fallen das

Sinken zum normalen Standpunkt." Donny seems to be
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alone (according to Lehmann) in reporting that a jar did not

instantly release any negative tension, and his tension was only

that of one meter of water. Trees are almost never absolutely

at rest ; their very agitation by the wind has served once

(Spencer) to explain the rise of water. Kamerling, in the same

mathematical argument showing that the cohesion of pure water

at rest is not limited, proves that the kinetic energy of moving'

water may easily pull it apart. The transpiration stream not

only moves, but moves irregularly, which no negative tensioa

could survive. Because trees are not at rest and the transpiration

stream is in unsteady motion, we must regard any negative

tension in it as a priori impossible.

•While Dixon and Joly (1895:571) regard a continuous

column of water as an essential assumption in their theory, and

base it on Strasburger's statement that there is very little air it>

the youngest wood, Askenasy, adhering more closely to Stras-

burger, recognizes that the presence of some air is not an effective

bar to the movement of water in the same tracheae, and seems to

expect cohesion to operate around and past bubbles. I cannot

see the possibility. We believe cohesion to depend on the fact

that the first break in a column of w^ater must be an infinitely

small bubble, whose surface is a meniscus of infinitesimal radius

and a correspondingly great surface tension. In the wood

bubbles are present of a very appreciable size. When trans-

piration is most active, and cohesion is supposed to be most

necessary, these bubbles stretch and become practically cylinders.

Midway up its side the surface of such a bubble is very much

nearer that of a cylinder than of a sphere. The surface tension

of such a meniscus hardly deserves the name of capillarity

;

cohesion is out of the question. The low tension of the bubble

still further depresses the surface tension.

^

Capillarity and cohesion are usually names of manifestations-

of surface tension under different conditions. Applied to its

7 In a glass tube open at one end, the shape of the meniscus itself is a function o

the tension of the gas ; in the case we are considering this is not quite true, because

shape of the tracheae helps to determine that of the bubble.

d^
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manifestation in the single fixed set of conditions we have in the

tracheae, they are not distinguishable. Ten years ago Bohm
alone imagined (publicly) that capillarity could play the leading

role in the ascent of sap. It had been tried and found wanting.

Then it w^as named cohesion and sprang at once into popular

favor.

I have been assuming that the transpiration stream dqps not

rise in tracheae entirely free of bubbles. The evidence for

this is unlimited. It was formerly taken as an established fact,

and the imbibition theory rested very largely upon it. Since

this theory collapsed, Schwendener has shown again by most
careful work that when transpiration is active continuous water
** threads" are wanting. The experiments of Strasburgcr

(189 1 : 681-6), on which Dixon and Joly rest their case, were

obtained in this way: branches were cut, under water if pos-

sible, and left standing in shade or darkness for some hours,

until they had all the water they would hold ; then they were

examined and the youngest wood, which is most active in con-

ducting water, was found to ** contain very little air," or **the

air could be detected with difficulty." It is easy to substantiate

this observation. The subject of experiment has absorbed all

the water it can, with the help of the whole pressure of the

atmosphere, so there is no opportunity for the demonstration of

cohesion, however abundant and continuous the water. The
experiment gives no clue to the water content and its distribu-

tion when transpiration is active and w^ater less accessible, and

cohesion might be of service. Hartig(i88S) and Wieler (1888),

among others, have shown conclusively that it is just in this

youngest wood that the water content is exceedingly variable,

dependent on the supply and demand. Von Hohnel (1879 : 126)

found the lowest tension in the youngest ring. And an experi-

ment of Bohm's, already cited, shows that in the case of Robinia,

one of Strasburger's few dicotyledonous subjects, active transpi-

ration leaves the vessel far from full of water. The following

experiment hits the question squarely; it also covers the other

question of movement past bubbles, on which a superfluous

amount of evidence is not yet in print.
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A young branch of Eucalyptus globulus, with ten pairs of

expanded leaves, all horizontal, stood in water four hours. The

xylem was then full of water, excepting the large pitted vessels

which contained bubbles occupying about half of their volume.

Both sides of the stem for 2*="" were cut away almost half through,

leaving only a very thin strip, whicli was protected against desicca-

tion wjth vaseline. The structure was so fine that in the outer part

of the xylem only the pitted vessels were clear cut and individ-

ually distinct. The lower end of the branch was tied into a glass

tube containing a little water over a meter of Hg, the other end of

which tube was swung down so as to subject the cut end to a pres-

sure of 9^°" Hg instead of 74"^™ (the atmosphere). Within five min-

utes the water began to disappear from the pitted vessels, which

were soon visibly empty. The spiral vessels (primary) were but

little later losing their water ; while it was more than half an hour

before the lumina of the wood fibers became generally empty.

During the first part of this time the cut end was in contact with

water, the rubber tube connecting the plant with the glass tube

being bent i8o°, so that air escaping from the branch would not

collect against it. The branch used up its stored water, then,

not because other water was not at hand, but because it cannot

absorb it when the pressure is only 9*=°" Hg. After about fifteen

minutes the subject was kept horizontal under the microscope

and very likely water was no longer kept against the cut end.

To this point the experiment showed that, as Strasburgeriound,

while the conducting part of the wood fills with water when it

may be absorbed under the full atmospheric pressure, its lumina

become empty again when this pressure is removed. When the

leaves are called upon to exert a great suction, the continuous

threads of water whose cohesion might transmit it do not exist.

After the lumina became free of visible water, the suction

was removed, and the branch set in water for three minutes. Then

eosin was given drop by drop to the cut end. It was eagerly

absorbed, showing that the lumina had not filled to any con-

siderable extent with air from outside. Watching for the eosin

with the naked eve, it was between four and five minutes before

f

^



1902] RISE OF THE TRANSPIRATION STREAM 193

I detected it in the thin strip; then it had traveled the whole

length of it on one side of the pith, nearly the whole on the

other. It was absolutely confined to the spiral (primary) ves-

sels, next the pith, and was about equally distributed in three to

five layers of these. Twenty minutes later, isolated vessels out-

side of these (not the pitted ones) were injected. It was

exceedingly evident in these isolated vessels, as I had been able

to make out quite unsatisfactorily in the inner spiral ones where
the whole group was red, that columns of colored water were

separated by bubbles. With a high magnification I w^as able in

a few places, where the thickness of the wood did not interfere

too much, to see a very distinct red film lining the wall and con-

necting the indices of red liquid. It must be remembered that

ghborheo
carr}' the eosin. It seems to me that the conclusion is warranted
that the bubbles are not an appreciable obstacle to the passage

of the water. Strasburger describes exactly the same case.

To summarize the discussion of the cohesion theory: It is

applicable only in explaining the transmission of negative ten-

sions
; but negative tensions do not occur, nor do the positive

tensions present approach zero ; the movement of water is pre-

vented by artificially removing the normal positive tensions;

if negative tensions could arise they would be immediately
released as a result of the movement of the water and the agita-

tion of the trees ; more than an insignificant negative tension is

impossible in the presence of free gas or a vacuum, as the only
bar to the enlargement of the bubble is its surface tension, and
this decreases with the pressure ; when the tension is low and
transpiration is active, there are bubbles in all water conducting
elements.

\_To be concluded^



A REVISION OF THE GENUS NEMOPHILA.^

Harley p. Chandler,

(with plates ii~v)

The North American genus Nemophila is represented by

fourteen species and four varieties. Two species belong to the

southern states, one primarily to the Rocky mountains, and the

remainder to the Pacific slope, principally California.

It is one of the genera in which the tendency to variation is

very strong, and this has been the source of much error and

confusion in classification. Many of the common species were

described by Europeans who were innocent of field experience

on the Pacific coast, and this quite naturally resulted in mistakes.

The types of these species have not been easily accessible to

American botanists and confusion has been worse confounded

by their diverse interpretations of the meager published descrip-

tions.

The present paper was undertaken in the hope first of clarify-

ing the synonomy. To this end original descriptions have been

freely consulted, some forty type specimens have been exam-

ined, and drawings of two types have been obtained from

Europe. Exhaustive lists of acknowledged synonyms have not

been introduced, but all disputed names and those of recent

publication have received attention. The second and more

important hope of the writer was to contribute something to our

knowledge of the plants themselves, by a study of their varia-

tions in the field, as well as in the herbarium. The best way of

expressing both classes of results seemed to lie in a revision of

the genus.

Discussions of the various characters available for discrimi-

nating forms will be found in the remarks following the descrip-

tions of certain species. Here it will suffice to say that the

'Contributions from the Botanical Laboratories of the University of California.
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almost infinite variation makes an accurate limitation of species

absolutely impossible ; and most of the species as here described

include a great variety of more or less inconstant forms. Were
these all described they would fill a volume, but nothing would

be gained thereby. Convenience should be the aim of classifi-

cation, and this aim is most effectually defeated by the multi-

plication of uncertain species.

To avoid possible uncertainty in interpreting the descriptions,

it should be said that measurements of leaves are given as

including the petiole ; but the outlines as including only the

blade, except where there is a conspicuously tapering base.

The question of the relation of Nemophila to Ellisia is vital,

but must be left for future consideration.

The writer is indebted to the following persons for assistance

in the preparation of this paper, principally by the loan of

specimens: Mr, and Mrs. T. S. Brandegee, Miss Alice East-

wood (for the California Academy of Sciences), Dr. }. N. Rose

(for the United States National Museum). Mr. S. B. Parish,

Mr. H. M. Hall, Mr. J. P. Tracy, Prof. W. R. Dudley, Mr. Leroy

Abrams, Mr. J. G. Lemmon, Prof, Aven Nelson, Prof. C. V.

Piper, Mr. W, C. Cusick, Mr. Thomas Howell, Mr. Geo. Han-

sen, Mr. M. L. Fernald, Prof. L. F. Henderson, Prof. A. J. Cook,

Mrs. Mary H. Manning, Miss Winifred Paine, Mr. R. H. Piatt,

Mr. W, N. Suksdorf, and Mr. Ralph Hopping. Special acknowl-

edgment is due to the members of the Department of Botany of

the University of California, and particularly to Prof. W. L.

Jepson, at whose suggestion the study was first undertaken and

whose constant encouragfement and advice have been invaluable.

KEY TO THE SPECIES.

Flowers I
^"^ or more across (except no. 2).

Leaves (at least the upper) alternate; seeds less than 5.

Angles of stems and often veins of leaves beneath retrorsely prickly.

Petioles broadly winged and auriculate-clasping; flowers i to 3
cm

across I. N. aurita

Petioles not winged nor auriculate-clasping; flowers less than i*"
m

across 2, N. racemosa
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Angles of stems not prickly.

Branches 2 to 6*^"" long; all but the earliest leaves alternate; corolla

1 to 3*="* across, blue ----- 3. N, phacelioides

Branches 0.5 to 2^°^ long; only the upper leaves alternate; corolla i to

2 ^^ across, violet with whitish green-spotted center - 4. N, Kirtleyi

Leaves mostly opposite ; seeds usually 5 or more.

Corolla white with a dark purple spot at the tip of each lobe; scales

oblong, half free, rolled toward the filaments - 5. N, mactdata

Corolla blue or white without a spot at the tip of each lobe.

Corolla deep or pale blue, often veined with deeper blue and dotted

toward the center ; scales mostly broad, wholly adherent or free at

the tip ; cotyledons spatulate - - - - 7. ^V. Me7i2iesii

Corolla white or pale blue.

Cotyledons spatulate; corolla-scales linear, wholly adherent.

8. N. Mensusii atoma^ia

Cotyledons with orbicular or oval blade; corolla-scales oblong or

linear, part free - - - - q. A^ Me7t::iesit integrifoHa

Flowers r ^™ or less across.

Corolla tubular or tubular-campanulate.

Corolla equaling or longer than the calyx.

Leaves opposite ; seeds more than i ; Pacific coast.

Leaves oblong (rarely ovate) in outline, pinnately 5 to 7-lobed ;

corolla-scales linear, often reduced to hairy lines; seeds 2 to 12

(mostly 6 or 8) w, N. pedimciilata

Leaves spatulate in outline, 3 to 5-toothed or -lobed at the tip, with

cuneate base; corolla-scales small and laciniate, or obsolete.

12. N, spatitlaia

Leaves mostly ovate in outline, pinnately about 5-lobed, the upper

3 lobes confluent; corolla-scales mmute, various.

Plant hispid; lobes of leaves usually sharp; peduncles mostly

W
California - - 13. A^- parviflora

Plant with softer, spreading pubescence ; lobes of leaves more

rounded, the lower sinuses shallower
;
peduncles mostly exceed-

ing the leaves; foothills of the southern Sierra Nevada.

14. A", parviflora qiiercifolhx

Leaves alternate, mostly triangular-ovate, 3 to 5 -lobed ;
seeds mostly

I or 2 ; southern U- S, N.

Corolla mostly shorter than the calyx; leaves mostly alternate ;
seeds 1.

N.
Corolla open-campanulate or pelviform.

Leaves opposite, oblong in outline, with 5 to 7 oblong lobes pinnately

arranged; corolla mostly open-campanulate, not hairy within; scales

linear, often reduced to hairy lines - - • 10. A^. sepultix

V

L
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Leaves opposite, spatulate, elliptical or lanceolate in outline, shallowly

3 to 5-Iobed at the tip or entire; corolla mostly open-campanulate,

often hairy at the center ; scales oblong to linear, often half free» or

reduced to hairy lines - - - - - - 6, ^^. htnnilis

Leaves, especially the upper, sometimes alternate, typically with 5 to 9

suborbicular petiolulate pinnately arranged lobes, but very diverse;

corolla mostly pelviform, not hairy within.

Calyx-appendages evident; corolla white or bluish ; scales various.

17. N. exilis

Calyx-appendages minute or obsolete; corolla usually deep blue;

scales linear, ciliate - - - - 18. A^. exilis pulchella

I. N. AURiTA LindL, Bot. Reg. /. 1601. 1833.— Plant weak

and strag-gling, leaning on other plants for support: branches 2

to 6^"" long, hirsute, angled or winged, the angles armed with

sharp prickles w^hich aid in climbing: cotyledons not seen:

leaves all but the lower alternate, 5 to is'^"' long, more or less

deeply pinnatifid into mostly 7 to 13 entire or shallowly lobed

downward-pointing divisions ; retrorsely barbed along the prin-

cipal veins beneath; petioles winged, expanded below into an

auriculate-clasping base: flowers mostly in very loose naked

racemes at the tips of the branches : calyx-lobes lanceolate, 4 to

10"^^ long; appendages usually less than a third as long, spread-

ing: corolla with a short throat constricted below the top and

spreading- limb i to 3''" across, violet, paler outside; scales tri-

angular, usually fimbriate, below covering the base of the

stamens, above turning away from them, often 3""" long: nec-

taries prominent, one between each pair of scales : style 2 or 3

times as long as the ovary, cleft only at the tip : capsule globu-

lar, 5 to 9""" in diameter, thin-walled: seeds 4 per capsule,

globular, 1.25 to 3'"'° in diameter, conspicuously favose-reticu-

lated; caruncle none (?).

The whole plant is prickly, sometimes even to the calyx.

California and Arizona.

Mrs

Hopp
creek, Tulare co., Purpiis no. 1298; Kernville, Brande^ee ; Niles, Hall
no. 1648; Palo Alto, Dudley; Bixby creek, Monterey co., Brandegee

;

Monterey co., McLean, Plaskett ; San Luis Obispo, Lemmon ; Dos Pueblos,
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Santa Barbara CO., Brewer no. 396 ; Casitas pass, Ventura co.. Hall no.

3136; Santa Cruz island, Bra7idegee ; Fort IAo^sly^, Lemvion ; Los Angeles,

Hasse ; Santa Monica canon. Barber no. 53; Fallbrook, San Diego co., Hall

no. 515 ; Del Mar, San Diego co., Brandegee,

Arizona: Diamond creek canon, Norman C, Wilson,

The type was probably raised from seed sent by Douglas, who collected

principally at San Francisco and Monterey, and is most likely in the herba-

rium at Kew or at the British Museum.

2. N. RACEMOSA Nutt., in Gray Proc. Am. Acad. 10: 315.

1875.—Near A^. aurita, but less prickly: cotyledons with orbicu-

lar blade and lon^ petiole: the leaves shorter and broader in

outline and with fewer divisions, these more often toothed or

lobed
;
petioles never broadly winged nor auriculate-clasping :

flowers less than i^'" across, more plainly racemose: corolla-

scales narrow, often half free, sometimes obsolete.

Southern and Lower California.

Specimens examined : California: Santa Cruz island, j9r^/;///<^^^; San

Clemente island, Nevin &^ Lyon; Cajon heights, San Diego co., Easiivood

;

Del Mar, San Diego co., Brandegee ; San Diego, Alderson no. 1007, Brande-

gee^ SetchelL

Lower California: Guadalupe island, Anthony no. 254, Brandegee,

Francheschi no, 32, Greene ; Cedros island, Brandegee ; San Martin island,

Anthony no. 229, Brandegee ; Estaban, Brandegee,

Type locality, ** California/ San Diego, NuttalL Island of Catalina, Dall

& Baker."

3. N. phacelioides Nutt., Jour. Acad. Philad. 2:179. 1822.

—

J

Plant weak: branches 2 to 6*^"" long, spreading- or retrorse-

hirsute : cotyledons not seen : all but the earliest leaves alter-

nate, pinnately divided into 3 to 9 oblong, oval, or obovate, 2 to

5-cleft divisions, the upper three divisions confluent, the others

often distant: lower flowers terminal (though apparently axil-

lary), the upper loosely racemose: calyx-lobes lanceolate or

oblong, 5 to 10 '""^ long; appendages ovate or oblong, about half

as long, not reflexed : corolla pelviform, I to S""""
across, blue;

scales broad, sometimes part free, fimbriate : style twice as long

as the ovary, cleft for a third its length : capsule about 5 to 9"""°

in diameter: seeds 4 per capsule, ** obscurely compressed-punc-

tate," according to Gray.

\ -
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Only very scanty material of this species was accessible.

Arkansas and Texas.

Specimen exa?ntned: Texas : Waco, Miss S. A. Trimble,

Type locality, Arkansas.

4. N. KiRTLEYi Henderson, Bull. Torr. Bot. Club 27: 350.

1900.— Plant weak, diffuse : stems 5 to 20'^"' long, often pur-

plish, hispid with spreading or retrorse hairs: cotyledons spatu-

late : upper leaves alternate, lower ones opposite, all triangular-

ovate in outline, pinnately parted into usually five oblong or

ovate, entire or i or 2-toothed divisions: peduncles exceeding

the leaves: calyx-lobes lanceolate, 4 to 8"""" long, enlarging in

fruit, minutely pubescent and long-ciliate ; appendages lanceo-

late to ovate, a third as long or less: corolla pelviform, little

exceeding the calyx, i to 2 ^^'^ across, "with violet border and

whitish center, conspicuously green-spotted near the junction

with the stamens;" scales broad, trapeziform, strongly fimbriate

on the free edge: style nearly twice as long as the ovary, cleft

for a third of its length: capsule globular or slightly elongated,

4 to 7^°^ in diameter: seeds 2 to 4 per capsule, ovoid, 2 to 3

long, deeply pitted, the pits covered with deciduous scales;

caruncle cap-like, evanescent.

Idaho and eastern Oregon. May be looked for in northeastern

California.

mm

Henderson

Oregon: Pine creek, C7/^/,r/&.

The type locality is Salmon river hill, beyond Florence, Idaho county

Idaho, and the type specimen is in the National Herbarium.

5. N. maculata Benth., Jour. Hort. Soc. Lond. 3: 319. 1848.

Branches ascending or decumbent, 10 to 30*'"' or more long, from

almost glabrous to strongly hispid : cotyledons spatulate : leaves

opposite, the lower 3 to 5
^^^^ or more long, pinnately parted into

5 to 9 ovate or sub-orbicular, mostly I to 3-lobed divisions ;
the

upper shorter, usually with but 3 or 5 entire lobes at the tip and
a cuneately tapering base, or lanceolate and entire : peduncles

surpassing the leaves : calyx-lobes oblong-Ianceolate to ovate,

4 to 10 "i"^ long; appendages lanceolate to linear, one fourth to

one half as long, reflexed : corolla pelviform, i to 4^"^ across,

%
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much exceeding the calyx, white with a dark purple spot at the

tip of each lobe and rows of purple dots radiating from the

center ; scales oblong to oblong-linear, half free, mostly rolled

toward the filaments, ciliate, 2 to 3
^"^ long : style cleft about a

third its length, 2 or 3 times as long as the ovary : capsule

globular, 3 to lO"'"' in diameter: seeds usually 5 to 12 per cap-

sule, globular or slightly elongated, 1.5 to 3
^"^ long, sparingly

pitted, scaly.

This Nemophila shows three types of leaf and they are not infrequently

all found on one plant/ The lowest leaves are deeply pinnate, resembling

those of ^V. Men2iesii ; the next are shallowly lobed at the very tip, and have

a long cuneate base ; while those at the ends of the branches are often lanceo-

late and entire. The second form is the most common and characteristic-

Depauperate specimens are not rare. The original collector called the plant

Nemop/iila speciosa, but this name was not published with a description.

Sierra Nevada mountains, mostly between 2,000 and 5,000 feet

altitude.

specimens examined: California : Forbestown, Butte co , E, Brooks

:

Penn valley, Nevada co., Jepson ; Placer co., Bolander nos, 455 ^ ^^^ 45^^^

Rose springs, El Dorado co,, M. H. Gates; Clinton, Amador zo., Hansen

no. 88; Calaveras Big Trees, Brewer no. 2098, Brandegee, Greene; Pine

ridge, Fresno co.. Hall Q^ Chandler no, 167 ; Kaweah river basin, /?. Hopping

no. 138 ; Mineral King and Coburn mills, Tulare co., Brandegee ; Tulare co.,

Purpus nos. 1732, 3059, and 5706.

The type was raised in England from seed collected by Mr. Hartweg on

an excursion " along the right bank of the Chuba [Yuba] river to the moun-

tains [Sierra Nevada],'* It is probably in the herbarium at the Royal Gai-

dens, Kew.

6. N. HUMiLis Eastwood, Bull. Torr. Bot. Club 28: 150-

1901.— A^. Congdoni Eastwood, /. c. 151.— In vegetative charac-

ters resembling N, maciilata: leaves spatulate, elliptical, or

lanceolate in outline, like the middle and upper leaves of that

species : peduncles about as long as the leaves : calyx-lobes only

2 to 5
"""^ long ; the appendages a third as long : corolla open-

campanulate, 5 to 10'^'° across, without a purple spot at tip or

each lobe, but often with purple dots toward the center; scales

from broad, laciniate and often half free to mere hairy lines

which are often obscured by a mass of loose hairs at the center

of the corolla : style once to twice as long as the ovary.

h

;

X

V
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The available material of this species is unsatisfactory and it needs study

in the field. Its affinity seems to be closest with .V. maculaia, from which it

is readily distinguished by its smaller flowers, destitute of the purple spot at

the tip of each corolla-lobe. It inhabits higher altitudes than that species.

Sierra Nevada mountains fr(xm ?ilARiPOSA county northward.

Specimens examined: California : Emi<:jrant gap, Placer co., J/. E.

Jones: Summit, Vi-xz^x zo., Eastwood {y\}^€)\ Deer Park inn, Placer co., C
/. Fox, Jr.: Tioga road and Hetchy Hetchy road, Tuolumne co., Congdon

;

Hogan mt. and Konitz's place, Mariposa co., Congdon.

ry[:)e in the herbarium of the California Academy of Sciences, San Fran-

cisco, collected '* on the trail between Summit and Summit Soda springs, in

Placer county, June 9, 1898,** by Miss Alice Eastwood, who states that it

grew on a bank where the ground was still wet from the recently melted snow.

N. Mexziesii H. & a., Bot. Beech. Voy. 152. 1833, not of

Syn. Fl., Bot. Cal., etc.

—

N. insignis Benth., Trans. Hort. Soc. n. s.

i:4/9- 1835- N, liiiiflora F. & M., Sert. Petrop. fol, & t. 8.

1846. N. hetcrophylla F. & M., /. c. N. modesta Kellogg", Proc.

Cal. Acad. 7 193. 1877. -^- uitenncdia Bioletti, Erythea 3 '• Ml-

1895. N, Brandegei Eastwood, Bull, Torr, Bot. Club 29:471.

1902. N, macrocarpa, Eastwood, /, r.— Branches slender or

stout and succulent, ascending, mostly 10 to 25'''° long, more or

less hirsute-pubescent with spreading or appressed, not always

retrorse hairs: cotyledons usuall}^ spatulate: leaves mostly oppo-

site, the lower 4 to 9^"^ long, pinnately divided into 5 to 9 oblong,

ovate, or suborbicular, mostly 2 or 3-lobed or -toothed divisions ;

upper leaves reduced and less divided in proportion to their dis-

tance from the root: peduncles slender, spreading, usually twice

as long as the leaves: calyx-lobes lanceolate or ovate-lanceolate,

4 to 10^"^ long; appendages lanceolate to linear, half as long or

less: corolla pelviform, divided about three-fourths the way to

the base, i to 3.5^^ across, from light to deep blue, veined deeper

blue or purple, lighter-colored and often dotted, but seldom hairy

toward the center; scales varying from broad and wholly adher-

ent to narrow and part free, laciniate, ciliate or entire, often

crisped: style 2 to 4 times as long as the ovary, parted for

about a third its length: capsule elongated-globular, 5 to 10^^

in diameter: seeds 5 to 25 per capsule, I to 2°''" long, oblong-
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ovoid or globose, scaly, rough, with a few deep pits; caruncle

stipe- or cap-like.

Commonly called ''baby blue eyes." Like all other Xemophilas, this

species is exceedingly variable and sufficient allowance has not been made

for the fact by some authors. It is particularly susceptible to moisture con-

ditions. Where the soil is wet we find a succulent plant with sparse

pubescence ; where it is merely damp these characters are less pronounced ;

and where it is very dry the other extreme is reached— a very slender plant

with dense pubescence. The variations in color are also striking (see note to

the variety atomaria). Near the foggy coast of northern and central Cali-

fornia the flowers are pale blue, usually dotted toward the center ;
in the

Sacramento and San Joaquin valleys and in the sunny south coast ranges a

deeper color predominates ; while in southern California^ which is practically

desert except where reclaimed by man, a still more intense color is found.

This is in accord with the common observation that in deserts flowers are

brighter than in moister, less sunny regions ; and since there are no accom-

panying variations which are at all striking, there seems to be sufficient

reason for regarding as one species what a lay observer might distinguish as

several different forms.

While mostly hermaphrodite, flowers with sterile anthers are occasionally

found. They are smaller and deeper-colored than the others and according

to Miss Alice Eastwood^ they are associated with a more robust habit in the

plant. Her investigations indicate that there is no marked difference in the

seed-producing qualities of the two sorts of flow*ers.

There has been much confusion in the application of the specific names

Menzieni and tnsi^nzs, and the writer has investigated the matter with some

care. The Botany of Beechey's Voyage \^2lS issued in parts. Page 152, on

which the description of N. Menziesii appeared, is in Part 4, issued in 1833,

two years before the publication of N, insignis. On page 372 (Part 8, 1840)

an expanded description is given and two forms, a and ;3, are noted : "a. cor-
[

olla calycem vix duplo superanle" is stated to be the form described on page

152 ; "^. corolla calycem plus duplo superante" is given as equivalent to N.

insigniSy which had been published in the time between the issuance of pages

152 and 372, Hooker and Arnott, then, who were co-workers with Bentham

and probably had seen the type N. insignis, found nothing to distinguish that

species from A\ Menziesii except a slight difference in the relative size of

corolla and calyx, a character in which the field student of these plants can-

not but recognize considerable variation. Indeed, Hooker once declared that

N. insignis ought to be called N. Menziesii.^

*Erythea 3 : 152.

3 See Jackson, in Journal of Botany 31 : 29S. Bot. Mag. /. 3774*

t
1
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As for the original descriptions, each easily includes the other. The only

possible remaining ground for separating the two species lies in the fact that

Hooker and Arnott describe their plant as having leaves precisely like those

of A^, parviflora. There is no large- flowered species which has leaves of that

style except A^. phacelioides, with which they were well acquainted and which

does not grow in the same part of the continent as A^. Menziesii. Moreover, had

the leaves been essentially different from those of N. insignis, Hooker and

Arnott would surely have made note of the fact in contrasting forms a and /3.

These considerations seem to the author to establish the identity of A.

msignis with N, Me7iziessi, and the priority of the latter name.

Dr. Fischer de Waldheim kindly sent to the Herbarium of the University

of California a flowering branch from the type specimen of N, heterophylla.

An examination of this and a consideration of the original description (which,

by the way, it contradicts in having the upper leaves always opposite and

Tiever sessile) show that it is one of the countless forms of N, Menziesii {wot

of N, parviflora, as Gray and others have thought). N, liniflora is another

of these forms. Had Fischer and Meyer themselves collected in California,

they would have known better how to allow for variation in Nemophila.

In the expanded description of N, Menziesii referred to above, we find

*' coroUae (caeruleae parcenigro-punctatae) . . .
/' If the corolla is dotted,

tt is probable that the type is the form must common in the north coast

ranges of California, namely, that which Mr. Bioletti has separated as A^.

intermedia. But such a consideration aside, A^. intermedia is not a good

species (see above and note to N, Menziesii var. atomarid).

Throughout California, except in the north and the high

mountains.

Specimens examined: California: Ukiah, Purdy ; Mendocino co.,

Ckand/er; Ft. Koss, Davy no. 1673; Adobe canon, Sonoma zo., Michener &»

Bioletti; Santa Rosa canon and Kenwood, Sonoma co., M, S, Baker; Vaca-

ville, Jepson, Piatt; Mt. Tamalpais, C/iandler no. 281 ; Angel island, San

Francisco bay, Michener &^ Bioletti; Oakland, Brewer no. 2764, Holder no.

2520; Berkeley, fresh material ; Briones hills, Contra Costa co., Chandlerno.

595; Bryants, Contra Costa co., Chandler no. 575; Moraga valley, Contra

no. 162A! Aft. niahlo. rjurndler no. o70 : San Francisco,Hall
Chandler, Davy no. 2975, Jepson, etc.; Palo Alto, Dudley; Tres Pinos,

Dudley; Pajaro hills, Monterey co.. Chandler no. 410; Monterey, Plaskett

;

Pacific Grove, Chandler; San Luis Obispo co.. Brewer no. 406, Mabel M.
Miles no, 146; Santa Barbara, 5ra;/^^^^^/ Santa Susanna mis., Breu^er no.

216; Leonis valley, Z^a^/j no. 2610; Claremont, Martha Allen, Chandler;
San ^^rn^rdxno, Parish no. 25, Setchell ; Gavilan, Riverside co., Hall no.

2931
; Winchester, Hall; Temescal mts., Hall no. 406; San Jacinto, Mrs,

Gregory; San Jacinto mts,. Hall: Temecula. Cleveland; Banner, Brandegee

;
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Santa Ysabel, ^/^/^r-?c?;z/ ^2iX\Y€i\y^t, Brandegee ; RosQd^le, A drams ; Lerdo,

Bra?ideg^e; Tulare, Daij no. 3102 ; Kaweah, /?. Hopping no. 166 ;
Grape-

Woohey
H.

M. S. Baker; Penn valley, Nevada cc, Jepson; Sutter co., Jepson; Chico,

Winifred Paine ; ''California," Thomas Bridges, t^o, 170.

The type was collected in California by the botanists of the Beechey Voy-

age, all of whose collecting was done at San Francisco and Monterey. It is in the

herbarium at the Royal Botanic Garden, Kew, and is said to have no flowers^

^ 8. N. Menziesii atomaria (F. & M.) Chandler, comb. nov.

—

A^. atomaria F. & M., Ind. Sem. Hort. Petrop. 2:42. 1835. A^.

Men N,

Jepson, Fl. West. Mid. Cal. 434. 1901. N.

Jepson l,c, (a garden escape). N.Joh

Torr. Bot. Club 29 : 472. 1902.— More succulent anci less

pubescent than the type, often nearly glabrous: calyx-lobes

shorter and broader; corolla rather smaller, somewhat more

deeply divided, white or pale blue, dotted or rarely only veined

dark blue-purple or black, hairy at the center; scales very nar-

row, usually hairy, scarcely or not at all enlarged or free at the

tip, often reduced to a mere line of hairs.

Some authors find the style more deeply divided than in the type.

This variety intergrades with the type in every character and the varia-

tions are not always concomitant, so that there are frequently specimens {e, g.r

Chandler no. 1276, Humboldt co., Cal.) which may be referred almost equally

well to either. Plants which in every other respect answer to var. atomana

L^

N,
Monterey, Cal.) have the scales reduced to a mere line of hairs. Between

these extremes there is every variation.

In a series of a half dozen living specimens from Kenwood, Cal., M^ S.

Baker^'C^zi^ were several instructive series. In color and marking of corolla

three distinct steps were observed on as many plants: A^ flowers white, dotted

with blue to the edge ; B, flowers slightly bluish, veined deeper blue, dotted

toward the center ; C, flowers bright blue, veined darker blue, white (but not

dotted) at center. In the matter of succulence, a series of three plants

showed a decided increase of pubescence and an approximately correspond-

ing decrease of succulence as the type was approached. The shape of the

calyx-lobes varied less uniformly.

5 Bioletti, Erythea 3 : 140.
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A species is probably now being evolved in the direction of greater suc-

culence, less pubescence, smaller and lighter-colored flowers, shorter calyx-

lobes and narrower corolla-scales ; but on account of the complete

intergradations and the frequent lack of concomitance in variation, it seems

best to retain the form as a variety. For this same reason N. intermedia,

which lies between N. Menziesii ^n^ the variety, is excluded.

Most of the variegated garden Xemophilas should probably be referred

to this variety.

Coast Ranges of California, in moist tlaces.

Specimens examined : Oregon: Elk Head, Douglas co., Howei/.

California: Smith river, Del Norte co., P, £". Goddard ; Hupa, Hum-
bolt CO., Chandler, Davy &^ Blasdale no. 5739, Mrs, Mannin^^ ; Ukiah, Purdy ;

Round valley, Mendocino co., /F^.T/^r/;^^;;;; Napa river basin, /t;/'it;;/;Vountville,

Jepson; "ionom^., Michener &^ Bioleiii ; Kenwood, M. S. BaA-er; Cloverdale,

Setchell; Point Reyes, Dazfy no. 1684. Eastwood; Olema.'An'j' no. 681;

Fairfax, Michener &^ Bioletti; Mt. Tamalpais, Chandler no. X^-:^, Jepson

;

San Francisco, Chandler, Qtc,\ San Mateo co., Tidestrom; Loma Prieta mt.,

Davy nos. 441, 54 [, and 604 ; Alma, Santa Cruz co., Brandegee; Glenwood,

Santa Cruz co., Michener &= Bioletti,

The type locality is *' circa coloniam Ross in Nova California," near the

present town of Fort Ross. The tvpe specimen is doubtless in the herbarium

of the Imperial Botanic Garden at St. Petersburg.

0. N. Mexzikstt TNTKHRrFOTTA Parish. Krvthea6:oi. iSqS.—
N, rotata Eastwood, Bull. Torr. Bot. Club 28: 159. 190 1. excl, pi.

Orciitt,—Plants slender, often prostrate : cotyledons with orbic-

ular or oval blade: 'leaves usually (not always) somewhat less

divided than in the type, sometimes even entire or with only a

few lobes at the tip and a cuneately harrowing base : peduncles

sometimes shorter than the leaves: flow^ers smaller than in the

type: corolla pelviform to almost rotate, often only i^"' across,

pale blue or white, veined blue, usually hairy and dotted with

purple toward the center; scales oblong to linear, half free or

attached by one of the narrow edges, variously hairy or laciniate.

The leaves of this variety are infinitely various and a great ran^^e of

shapes is often found on the same plant. The scales are also various, but

almost never wholly adherent; the most common form seems to be a linear

scale which is attached for half its length, then turns outward at an obtuse

angle and comes to a bristly acuminate point.

The var. integrifolia is a southern analogue of the var. atomaria, from

which it differs chiefly in less succulent habit, greater pubesence, shape of
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cotyledons, less divided leaves, peculiar corolla-scales, and geographical

range. Where the ranges of the two varieties meet the)- intergrade (Leonis

valley, Davy : Casitas pass, Hall),

Of the variety as described here, the type specimen is an extreme form,.

having mostly entire leaves.

Southern California.

Speciviens exa7ntned : California: Elizabeth lake, Los Angeles co.^

Haliuo, 3081 \ Antelope valley, Davy; Leonis valley, Z>a^y/; Pasadena, il/.

E, Jones; Santa Monica. Barber; Claremont, Illingworth, Sanborn; San

Bernardino mts., Hall, Parish no. 4196; Palomar, Hall no. I951 ;
Ramona,

Brandegee ; San Jacinto m\s,, Hall no, 2266; Encinitas, El Volcan, and Point

Loma, San Uiego co., Brandegee ; Witch creek, San Diego co., Alderson;

Laguna woods, San Diego co., Cleveland ; San Diego, Eastwood {ty^t of N*

rotata).

The type locality is Waterman canon, San Bernardino mountains, and the

type specimen is in the herbarium of S. B. Parish^ at San Bernardino.

10. N. SEPULTA Parish, Erythea 7:93. 1899.

—

^^ Menziesii

miniitiflora Suksdorf, Deut. Bot. Monatsch. 18 : 133. 1900. N^

deiua Howell, Fl. N. W. Am. 466. (Mch. 21) 1901. N. nana

Eastwood, Bull. Torr. Bot. Club 28: 151 (Mch 27) 1901. N.

exigua Eastwood, /. c. 157. N. Plant

prostrate, or very rarely sub-erect : branches from mostly a few

centimeters to 4^"^ long, sometimes winged, sparingly pubescent

:

cotyledons spatulate : leaves opposite, 2 to 5^"^ long, oblong in

outline, pinnate into 5 to 7 mostly oblong, rarely toothed divi-

sions: peduncles shorter or longer than the leaves, strongly

deflexed in age and sometimes burying the capsules : calyx-

lobes lanceolate, 2 to 5™"^ long; appendages from a third to

three-fourths as long, spreading or reflexed : corolla open-cam-

panulate, the lobes longer than the tube, 3 to 7"^™ across, white^

often dotted with blue toward the center; scales linear or

reduced to hairy lines: style from once to twice as long as the

ovary, divided for a third or a half its length: capsule globose,

3 to 6°^°^ in diameter: seeds usually about 4 per capsule, irregu-

larly elongated-globose, 2 to 3"""^ long, coarsely pitted and

minutely scabrous (when typical), scaly ; the caruncle cap-like.

Plate L

This species is very close to the succeeding and also shows affinity with
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N,Menziesii, Field study is needed with reference to the shape and mark-
ings of the corolla.

From Washington to Southern California.

Specimens examined : Washington: Clark co., Suksdorfno. 2315 ; Klick-

5 (co-type of N, Menzieni min\

Howell : Oreeron citv. Howell
Crook CO., Howell ; F

CO., Leiberg x\o, 2180.

W. Hoop.

M.
N. alatd) ; Mohawk valley, Plumas co,, Lemmon ; Sierra valley^

Sierra co., Lemmon; Stony creek, Amador co., Hanseft no. 1522 (type of N,
exigiid)

; Bartlett mt., Lake co,, Eastwood (type of ^V. nana)\ San Bernar-

dino mts., Parish nos, 1842, 3782 (co-lype), and 4908.

The type locality is Bear valley. San Bernardino mts,, California, and the

type is in the herbarium of Mr. S. B, Parish, at San Bernardino.
r

II. N. pedunculata Dougl., in Benth. Trans. Linn. Soc. 17:

^75- ^"^17-—N, humifusa Kellogg, in Eastwood, Bull. Torr. Bot.

Club 28:41. 1901. A^. Atistinae Eastwood, /. c, 143.—Plant

prostrate, in open places spreading in dense mats, or among
underbrush decidedly lax: branches mostly 5 to 30''"' long, spar-

ingly pubescent : cotyledons mostly with oval blade and narrow

petiole; leaves opposite, 2 to 5*=™ long (in rare cases 8^"" long),

oblong (or rarely ovate) in outline, pinnate into 5 to 7 broad,

usually toothed or lobed divisions : peduncles shorter (or some-

times longer) than the leaves, strongly deflexed in age and

sometimes burying the capsules: calyx-lobes lanceolate, [.5 to

4°"° long
; appendages narrower, usually less than half as long,

spreading or reflexed : corolla tubular or tubular-campanulate,

the lobes about as long as the tube, scarcely exceeding the calyx,

2 to 3^°^ across, white or pale blue ; scales linear or reduced to

hairy lines : style from once to twice as long as the ovary,,

divided for a third or a half its length : capsule globose, mostly

2 to 4^°^ in diameter : seeds 2 to 12 (mostly 6 to 8) per capsule,

elongated-globose, 1. 5 to 2.5"""* long, coarsely pitted and

mmutely scabrous, scaly ; caruncle cap-like, often having a nar-

row prolongation at one side. Plate IL
N. Austinae may prove distinct enough to become a variety. It is
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marked chiefly by its often shallowly 5-lobed leaf, which is ovate in outline,

and its few seeds (2 to 4 per capsule). The type came from Davis creek,

Modoc county, California, M?'s, Aiisibiy and specimens C(-^llected by the

writer at Marble mountain, Siskiyou county, are similar. The form should

be observed for other characters.

From Washington to Lower California.

Specimens examined: Washington: Klickitat co., S2£ksdorf nos. 262,7*

2638.

Oregon : Dalles city, Siiksdorf no. 2639.

A^.

Marble int., Siskiyou co., Chandler x\o%. 1649 ^"^^ 1706: Susanville, Lassen

CO., Bra7tdege€ ; San Francisco, Kellogg {xy^^^ of N. Juunifiisd), Chajxdler wo,

1800; Coyote creek, Santa Clara co., Chandler no. 929; Island of Santa

Cruz, Brandegee ; Santa Inez mts., Brandegee ; Porterville, Tulare co.,

Dudley.

Lower California : Japa valley, Orctitt no. 1 128, in part.

The type locality is the Columbia river and the type specimens are in the

herbarium of the Royal Botanic Gardens at Kew.

12. N. spatulata Coville, Bot. Death valley. 156. 1893-

N. inconspiciia Eastwood, Bull. Torr. Bot. Club 28: 144' IQO^'

not N. ificonspicua Henderson. N, pratensis Eastwood, ibid.

29:474. 1902.—Closely related to N. pedttnadata, but differ-

ing in the following particulars : leaves spatulate in outline,

3 to 5- toothed or -lobed only at the tip, with long cuneate

base : corolla often with a purple spot at the tip of each lobe

and a few dots at the center ; scales small and laciniate or obso-

lete : style sometimes scarcely evident : seeds fewer (mostly 3

or 4) per capsule ; caruncle cap-like, without a prolongation at

one side.

The type specimen is itself an intergrade and dangerously near N. pedun-

culata. At the other extreme the variation is toward ^V. mactdafa, which it

approaches in leaves and corolla markings.

Southern Sierra Nevada and Sax Jacinto mountain, California.

Specimens exa?nined: California : Sierra Nevada mts., Fresno co.,

Hall &^ Chandler nos. 104, 411 and 423; Bearskin meadow, South fork

King's river, Eastwood (type of N. inconspiciia Eastwood) ;
Sierra Nevada

mts., Tulare co., Death valley expedition nos. 1522 and 1671 (type); San

Jacinto mt., Hall no 2406.

"Type specimen m the United States National Herbarium, no. 1671,
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Death valley expedition ; collected August 21, 1891, in Whitney meadows,

Sierra Nevada, Tulare cc, California, by Frederick V. Coville/*

13. N. PARVIFLORA Dougl., in Benth. Trans. Linn. Soc. 17: 275.

1837.

—

^' inconspiaia^ Henderson, Bull Torr. Bot. Club 27:349.

1900, not N. incoispictia Eastwood. N. macrophylla Eastwood,

Bull. Torr. Bot. Club 28 : 144. igoi. A^. ptistidata Eastwood, /. c.

M5- N^ N, Kellogg

L c, 147. N. Plaskettii, Eastwood, /. c. 147.— Stems mostly weak,

decumbent or ascending, 3 or 4^°^ to as many decimeters long,

hispid : cotyledons with orbicular or oval blade and long slender

petiole : leaves mostly opposite, i to 6'^'" long, various but typi-

cally ovate in outline, pinnately 5-lobed, the lobes toothed or

lobed. the upper three often confluent, the lateral occasionally

petiolulate : peduncles seldom as long as the leaves: calyx-lobes

triangular or lanceolate, i to 4""°* long; appendages less than half

as long, lanceolate, spreading: corolla mostly tubular-campanu-

late, 2 to s"""" across, little exceeding the calyx, white or suffused

with blue ; scales minute, various but usually half free and ciliate

or laciniate : style once to twice as long as the ovary, divided about

half way: capsule globose, 3 to 5'°°' in diameter: seeds usually

4 per capsule, but varying from 2 to 5, irregularly 'globose,

deeply pitted and minutely roughened, scaly; caruncle stipe-

like, Plate III.

From Idaho and Washington through Oregon and the Coast
Ranges of California.

Maco
N.

Henderson ftvoe of N,

Wh
Puget sound, Wilkes Exped., no. 90 ; Seattle, Piper; upper valley of the Xes-

qually, Allen no. 61 ; Klickitat co., StiksdorJ no. 172 ; "Washington Teni-
tory," Dr. Cooper; •* Washington,** Brandegee,

4<

&-Hl
Howell : Sauvie's island. Howell

California: Sommes bar, Siskiyou co.. Chandler no. 1537; Redwood
creek. Humboldt co., Chandler no. 1270; Hydesville, Humboldt co., Tracy;

Rowe's station, Mendocino co., Chandler no. 1037; Ukiah, Purdy ; Mendo-
cino, Brown no. 742; Inverness, Alarin co., Eastwood; Rlt. Tamalpais.

n
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Chandler xio%, 515, 769, etc., Eastwood (iypQ of N, micra7itha) ; San Mateo

CO. y Kellogg &^ Brannan ; Wrights, Santa Cruz zo., Brandegee ; Big basin,

Santa Cruz mts., Dudley ; Santa Cruz mts., Kellogg &^ McLean (type of A^.

Kelloggu); Santa Lucia mts., Monterey co., Plaskett wo, 32 (type of N. Plas-

kettii)\ "California," Vasey.

The type locality is the Columbia river and the type specimen is in the

herbarium at the Royal Gardens, Kew.

/14, N. PARViFLORA queicifolia (Eastwood) Chandler, comb,

nov,— xV. qitcrcifolia Eastwood, Bull. Torr. Bot. Club 28:142.

1901.— Plant with softer, more spreading pubescence than the

type: leaves with more rounded lobes and shallower sinuses, the

lower of these scarcely deeper than the upper : peduncles mostly

exceeding the leaves: calyx-lobes mostly oblong.

This variety is separated on what are usually rather unstable characters,

but here they seem constant enough to warrant a separation, especially since

the geographical range is quite remote from that of the type.

Foothills of the southerx Sierra Nevada.
Specimens examined: California: Pine ridge, Fresno co., Liall e-^

Chandler nos. 91 and 250 ; Sequoia mills, Fresno co,, Eastwood (type);

Kernville, Brandegee ; Greenhorn mts., Kern co., Palmer no. 32; San

Emidio canon, Kern co., Davy no. 2070.

Type in the herbarium of the California Academy of Sciences, San Fran-

cisco ; collected at Sequoia mills, Fresno co,, by Alice Eastwood.

15. N. MiCROCALYX (Nutt,) F. & M.— Ellisia microcalyx Nutt.,

Trans. Am. Phil. Soc. II. 5:191. 1833-7. ^' raminciilacca

Nutt., /. c. Nemophila microcalyx F. & M. Sert. Petrop. t, 8, 1 846.

Near N. parviflora, but differing principally in the following par-

ticulars : leaves broader at the base, often only 3-parted, mostly

alternate : peduncles shorter : corolla-scales often obsolete :
seeds

usually only i or 2 per capsule.

Southern United States, From Virginia and Florida westward

TO Arkansas and Texas.

Specimens exainined : Tennessee: Knoxville, Ruth; Nashville,^. H^

Curtiss no. 2125, Gattinger,

Arkansas : Little Rock, Hasse.

Louisiana: St. Martinsville, Za/'^^/^/j.

Type locality, "Arkansas, Alabama, etc."

16. N, BREViFLORA Gray, Proc. Am. Acad. 10 : 315. 1875.—-̂ •

parviflora of Torr. in Wats. Bot. King Exp. 249, excl. char.
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Plant usually weak, though often fleshy: branches decumbent or

ascending, 5 to 35'''^ long, sparingly hairy: cotyledons spatulate:

leaves (all but the lowest) alternate, 2 to 5"^"" long, triangular-

ovate in outline, deeply pinnately parted into mostly 5 oblong,

falcate, entire or i or 2-toothed divisions : peduncles shorter

than the leaves : calyx-lobes oblong- to linear-lanceolate, 2 to
^mm long in flower, enlarging greatly in fruit, nearly or quite

glabrous except for the strongly ciliate margins ; appendages

proportionately broader, less than half as long, reflexed : corolla

mostly tubular, not exceeding the calyx, about 2"""° across, white

or purplish
; scales narrow, trapeziform, fimbriate : style scarcely

longer than the ovary, cleft only at the tip: capsule globular, 3

to 5"^^ in diameter: seeds i per capsule, globular, 2 to 3.5

in diameter, pitted and minutely roughened, scaly, often blood-

red
; caruncle cap-like (?), evanescent.

Rooky mountains from Utah to Montana and westward to

mm

Washington and Oregon. Not yet found in California, but to be looked

for in Modoc and Siskiyou counties.

Specimens examined : Washington: Yakima region, ^r^?^^/*?^^^; Falcon

valley, Suksdorf; "Washington/* F^^^y no. 403.

Howell
Steins mts., Leiberg no. 2498.

Montana
: Summit G, N. Ry., Williams no. 170 ; Bridger mts., Rydberg

&^ Bessey no, 4860.

Idaho: Coeur d'AIene mts., Leibergno, 1062; Latah co., /*/><?/-; Craig

mts., Hejiderson no. 2748.

Wyoming: Yellowstone park, Nelson no. 5566, Tweedy no. \oi\ Teton

forest reservation, Brandegee,

Utah : Bear river canon. Watson {King exped,) no. 869 (type).

The type was collected at Bear river canon, Utah, July, 1869, by Sereno

Watson, as no. 869 of the Clarence King expedition, and was determined by
Torrey (not by Watson, as Gray implies in his citations) as N, parviflora. It

IS in the United States National Herbarium.

17. N. EXiLis Eastwood, Bull. Torn Bot. Club 28 : 148. IQOI-

^.flaccida Eastwood, /. c, 149. N. inaequalis Eastwood, /. c.

M9- N. Jiispida Eastwood, /. c. 152. N. divaricata Eastwood,

^' ^' ^11^ N. t€7i€ra Eastwood, /. c, 153. N. gracilis Eastwood,
/. c. 154. ^^ nemoreiisis Eastwood, /. c. 155. N, glauca East-

I
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wood, Lc. 156,. N, fallax Eastwood,/, c. 156. N. diversifolia

Eastwood, /^/^. 29:473. 1902, N. decumbens Eastwood, /. t:.

Plants when growing in deep shade weak and only moderately

hairy; in more open places usually more stout and hispid: branches

from a few centimeters to 6^^ long: cotyledons with orbicular or

oval blade and slender petiole : leaves exceedingly diverse in

form and size, i to lo'^'" long; the lower opposite, mostly pinnate

with 5 to 9 suborbicular, often 2 or 3-lobed divisions on narrow

petiolules ; the upper often alternate, less divided, not rarely

entire: peduncles slender, shorter or longer than the leaves,

spreading: calyx-lobes from ovate- to linear-lanceolate, 1.5 to

gmm \qx\^ ; appendages proportionately broader, most!}' less than

a fourth as long, reflexed : corolla pelviform or broadly cam-

panulate, 4 to 10™™ across, white or bluish; scales various,

semicircular, oblong or triangular, occasionally half free, entire

or laciniate : style from i to 3 times as long as the ovary, parted

for from a third to a half its length : capsule globular, 2 to 4

in diameter : seeds 2 to 5 per capsule, elongated-globular, scro-

biculate ; caruncle cap- or stipe-like. Plate IV.

This species includes several forms which have long been classed with /v.

parviflora. It represents a larger range of variation than any other Nemo-

phila, but these variations are nearly all directly referable to life relations.

In view of the attempt which has recently been made^ to define several spe-

cies in this group, a discussion of the characters employed in discrimination

of the forms seems worth while.

Habit, pubescence, and leaves do not afford satisfactory characters, for

they all depend to a great extent on the life relations of the individual. For

example, plants growing in deep shade tend to produce broad leaves and

sparse pubescence, the degree of dissection of the leaves and the density of

the pubescence being fairly accurate measures of the intensity of the light

mm

received ; moisture very strongly increases the general thrift of the plant and

diminishes the pubescence ; competition prevents spreading and lengthens

the internodes ; so, too, soil, temperature, wind, and a dozen other factors

have their influences. When we remember that not one, but all of these

factors are operative on each plant, and when we realize that we are dealmg

with one of the most unstable of genera, we are constrained to put little faith

in vegetative characters.

•Eastwood, Bull. Torn Bot. Club 28: 137 ei seq.

s*

J
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Miss Eastwood has divided the small-flowered Nemophilas into eight

groups based upon the shapes of the corolla. These distinctions are too fine.

Such factors as age, the time of day, the degree of shade, or the amount of

nourishment received by the individual plant may easily make great differ-

ences in the appearance of pressed flowers. For example, in the morning a

plant may appear to have tubular flowers, while in the afternoon, when the

light is more intense, the same fl"owers may open wider and become tubular-

campanulate. If pressed in the morning condition, the flowers even when
soaked up will appear tubular, and correspondingly for those pressed in the

afternoon condition. As an instance of how dangerous such a close division

on this line may be, witness that Miss Eastwood has placed N. sepulta in

Section i, "Corolla tubular, minute," when that species almost invariably

has open-campanulate flowers.

The position of the corolla-scales is also unreliable. In the living flowers

of most species the scales stand nearly perpendicular to the corolla ; so their

position in the pressed flower is accidental, or at most represents a very slight

inclination from the perpendicular in the living flower. One frequently .finds

in the same flower some scales folded towards the stamens and others folded

away from them ; so that in most cases very little significance can be attached

to their position.^

The shape of the scales is also exceedingly diverse, apparently much more
so than in the large-flowered species. Plants which agree in every other

particular often show quite different scales, and there is sometimes consider-

able variety on one plant or even in one flower.

The writer has found no character which seems perfectly satisfactory for

discriminating species. In so variable a genus as Nemophila, and more

particularly in this most variable group, concomitance in variation should be

demanded before a form is named ; otherwise there is no limit to the number
of species we may make and our classification will become a burden. Some
of the species here reduced may prove to present such concomitance when
they are better known ; but at present the writer does not feel justified in

maintaining them.

Unfortunately, the type specimen of iV. exilis is not a typical form of the

species as here described. The writer does not find the corollas of the type

"distinctly salverform," and he inclines to the opinion that their approxima-

tion to that form is due te the flowers shriveling before being pressed.

Flowers of even so open-flowered a species as N. Menziesii have been seen

where this had occurred with a similar result. If this character should prove

to have value, however, and if it can be connected with other characters, the

remaining forms should be separated as \^x\^Xy flaccida. Plate IV represents

the form published as N. nemorensis, which is the most common one about

San Francisco bay, and which is taken as typical of the group of forms which

make up the species.
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It is perhaps worthy of note that the leaves which are least divided are

most often alternate. This tendency is shown on very many specimens, and

is extreme in the forms separated as N.flaccida and N. inaeqtialis.

From southern Okegox through northern and central
California.

Specimens examined : Oregon : Rogue river valley, HowelL

California : Hupa, Humboldt co., Mrs. Manning / Mendocino co., Bol-

anderxiQ. 4647, Brandegee, Chandler nos, 1035 and 1065, Eastwoods Purdy,

Westerman; Solano co, ^ Setchell; Napa co,, /(?/^^«/ Rutherford, Chandler

no. 630 ; Sonoma co., M. S. Baker, Bolander nos. 3802 and 381 1, Samtielsno,

174; Windsor, Mrs. Swett; between Clear lake and Bartlett springs, East-

wood (type of N, hispida) ; Mt, St. Helena, Eastwood (type of X. divaricata) ;

Russian river, Brandegee (type of N, inaequalis) ; Marin co.. Brewer no 938 ;

f'airfax, Eastwood {^y^^ of A^. nemorensis), Michener &^ Bioletti; Mt. Tamal-

pais, Chandler nos. 256, 76S, etc., Davy no, 143, Eastwood, Michener &*

Bioletti etc.; Sausalito, Kellogg &^ Harford no, 785 ; Angel island, San

Francisco h-^y.Davy no. 6885, McLean, Michener <S-' Bioletti; Berkeley,

Chandler nos, 554, 567, 1802, 1803, 1804, etc., Davy nos. 6920, 6922, etc.,

Greene, Hall, etc., and fresh material; Oakland, Chestnut, Holder y\o,2^Zc);

Moraga valley, Contra Costa co., Hall no. 1625 ; Mt. Diablo, Chandler nos,

948, 949, and 985; Briones valley, Contra Costa co.. Chandler nos. 580 and

580A; Antioch, Davy nos. 907 and gr6; Martinez, Chandler no. 850; Stan-

ford University, Dudley, Rutier no. 6; Loma Prieta mt., Santa Clara co.,

Davy no. 72a; Evergreen, Santa Clara co., Davy nos. 532 and 608; Pitt

iver, Shasta co., Brown no. 261 (type of N, flaccidd) ; Iron canon, Butte co.,

Mrs. Austin no. 272; Chico, Winifred Paine ; Big Chico creek, Austin no.

2037 (types of both N.glauca and N.fallax); Stites, Colusa co., Brandegee;

Applegate. Placer co., Helen Smith (type of .V. lenerd); Stockton, Sanford;

Rose springs, Eldorado co.. Gates; Amador co., Hansen nos. 1377 and 2064;

Gwin mine, Calaveras co., Jepson no. 1785; Milton, Calaveras co., Davy

no. 1390; Yosemite, Bolander no. 4820; Fresno, Btickmi^tster {iy^^ ol N.

gracilis); Kaweah, Hopping no. 8; Grapevine spring, Tulare co., Woolsey

;

" California," Bigelow {Whipple expedition).

Type in the herbarium of the California Academy of Sciences, San

"Francisco ; collected "on the Hog ranch road, Tuolumne county, California,

by J. W. Congdon, June 9, 1897."

^ 18. N. ExiLis pulchella (Eastwood) Chandler, comb. nov.

N.pulchella Eastwood, Bull. Torr. Bot. Club 28: 157- ^9^^'

,
Calyx-lobes linear, extending almost to the base ; the appen-

dages very minute or more often entirely wanting: corolla

•Totate-campanulate, mostly deep blue ; scales linear, ciliate.

rt^l

^
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Foothills of the southern Sierra Nevada.

Specimens examined: California.- Fresno co,, Eastwood, Eisen

;

Sequoia pafk, Jepson no. 622; Kaweah, Hoppirig no. 37; Eraser's mill,

Tulare co., {J^.Rrandegee ; Salt creek, Tulare co., Eastwood {X.y'^t) \ Cramer,

Tulare co„ Bra?idegee ; Bear creek, Tulare co., Purpits no. 1720.
'

Type in the herbarium of the. California Academy of Sciences, San

Francisco ; collected by Alice Eastwood on Salt creek, Tulare county, Cali-

fornia.
J

University of California.

' EXPLANATION OF PLATES II-V.

Plate II. Ne?nophila septdta Parish.
r

Specimen from the type locality (Parish no, 4908) ; natural size.

Plate III. Nemophila pedunculata Dougl,

A. Portion of the type; natural size.

B. Analysis, drawn from a plant collected by Dr. Thomas Coulter in

California (no. 480).

Plate IV, Nemophila parviflora Dougl.

A. Type specimen; three-fourths natural size.

B. Analysis, drawn from a specimen in the herbarium at Kew,

Plate V. Nemophila exilis Eastwood.

Specimen from Berkeley, California (typical of the species, of which the

type specimen is regarded as an extreme form); natural size.
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THE EVOLUTION OF THE VASCULAR TISSUE
OF PLANTS.

W. C. WORSDELL.

(with seven figures)

It is a sign of the times and of the natural progress which

botanical science is making that the evolution of the more

deeply seated part of the organization of plants is beginning

to receive attention. The most vital and important part of the

anatomical structure is doubtless that of the vascular system,

and it is the development of this

1/ upward through some of the most

important groups of plants of which

I propose to take a general survey.

We appear to be justified in

#1"""^ looking for the primary origin of

the complex vascular structure of

the stems of cormophytes in the

single solid stele, the protostele, con-

Fig. I.—Theprotostele;x, xylem; sisting of a central mass of wood,
/jr, protoxylem

; /y^, phloem. , j j u ^ ^^r»^ nf*^

or xylem, surrounded by a zone or

bast, or phloem (yf^ /), this in its turn having been derived from

the primitive conductive tissue of the sporophytic stem of some

bryophytic ancestor. If we take the great group of the ferns

this structure always appears as the first stage in the individual

development of each type, as has been shown by the researches

of Leclerc duSablon* and others. This is also the type found in

the mature vascular structure of several of the most primitive

ferns, such as the Hymenophyllaceae, Lygodium (Schizaeaceae),

and Gleichenia, among modern forms, and Botryopteris among

fossils.

*Sablon, Leclerc du, Recherches sur la Tige des Foug^res, Ann. Sci. Nat.

VII. II : — , 1890.Bot. VII. 11:
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The next stage in general evolution, as the writer holds, is

that in which a pith arises in the center of the solid stele [fig* -?.),

on the outer limit of which an endodermis, or starch-sheath,

may or may not be present ; this is seen in such forms as Platy-

zoma (Gleicheniaceae,) Schlzaea, the Ophioglossaceae, and in the

fossils Zygopteris and Anachoropteris

(Botryopterideae). The possibility,

however, of these forms having been

reduced from type 3 is not excluded.

In all these ferns the protoxylem, or

p/i

—X
./////

first-formed portion of the wood, is

either situated within the metaxylem,
or later-formed portion, a short dis-

tance from the periphery, or else, as

in Lygodium, quite at the periphery; Fig. 2.— The tubular stele

that is to say, the xylem is chiefly "^^^^ central pith: x,px,ph,^,%

ce?itripetal in its development.

The solenostele is the name given to the third stage of differ-

entiation, in which to the internal endodermis is added an internal

^one ofphloemi^fig. 3 ,\\ this is found in Matonia,Loxsoma, Aneimia

-px

mfig. /.

Mexica?ia (Schizaeaceae), and in

a few other plants, such as Medid-

losa stellata among the Cycadofi-

lices.

^ The dialystelic condition ap-

pears to have been the next step

onward, in which the tubular

solenostele becomes split up into

a number of secondary solid

steles or concentric strands

[fig, 4), the protoxylem, as in

the previous stages, being situ-

ated at or near the external limits of the xylem. This structure

is directly due to the crowded arrangement of the leaves on the

stem, so that frequent gaps in the original solenostele become

inevitable in order to allow of the passing out of the leaf-trace

Fig. 3.— The solenostele: reference

letters as before.
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bundles ; the whole is thus merely a variant on the solenostele, in

which latter the leaf-insertions are not crowded ; both conditions

J
iph

ostelic, or tubular type of stele. Van Tieghem^ was therefore

in error in regarding the dialystelic condition as derived merely

ph

r)—-X

Fig. 4.

dition.

from branching of the primitive

solid stele. Dialystely is very com-

mon in ferns, occurring in Maratti-

pU^ aceae, A?ieimia Phyllitidis (Schizae-

aceae) , Cyatheaceae, Dicksoniae,

and in almost all Polypodiaceae, the

most advanced of the fern series.

The vascular cylinders of Osmtmda

T., ..
1 . ,- reFalis and (9. cinjiMHomea probably

i he dialystelic con- ^ ^

represent, as Jeffrey ^ has recently

suggested, reduced ionns, in a greater

and a less degree respectively, of the dialystelic condition. It is

also found in several of the Cycadofilices, the group inter-

mediate between ferns and cycads, such as the Medulloseae and

Cladoxylon, all fossil types.

If we now take these last named polystelic plants as our

starting point, we may trace from them the origin and evolution

of the vascular tissue of the gymnosperms. The modification

which eventually produced this latter consisted, as the writer,

along with Potonie.s holds, in the gradual reduction of the con-

centric type of bundle or stele to form the first and simplest

collateral tyT^Q. lx\?iiorm\\\ie Medullosa anglica Xh^rc is a single

ring of concentric steles. The theory which the writer regards

as best explaining the facts is this : in order that it might give

rise to the next succeeding type, as he regards it, represented

by such forms as the fossil Cycadofilices, Lyginodcndron Old-

"JEFFREY, E. C, Trans. Brit. Assoc. Adv. Sci. 869. 1897; Mem. Bost. Soc. Nat.

Hist. V. 5: 160.

3 Van TiEGHEM, Ph., Sur la Polyst^lie. Ann. Sci, Nat. Bot. VII. 3: —• ^^^^'

Traite de Botanique, p. 1370. 1892.

Jeffrey, E, C, The structure and development of the stem in pteridophytes

and gymnosperms. Phil. Trans. Roy. Soc. June 1902.

SPOTONIE, Lehrbuch Pfianzenpalaeontologie, iSgg.

1'
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m

hammm, Poroxylon, and others, each concentric stele compos-

ing the cylinder of Medullosa underwent a reduction of the tissue

on its inner side, whereby the phloem and the whole of the

secondary wood of that side vanished, leaving behind

is known as a mesarch bundle, consisting of a central

external protoxylem, with a group

of primary metaxylem on both its

inner and outer side, or solelv in

the former region ; as a rule, a

greater or less development of

secondary wood and phloem occurs

on the outer side of each bundle.

The secondary wood usually extends

across the gaps separating the bun-

dles, toform a continuous solid cvlin-

der enclosing a pith, thus tending

eminently to obscure the original

and primitive condition of a ring

what

or an

ph

/

—X

p

2

Fig. 5.—The primitive mesarch

type : reference letters as before

;

x^, secondary xyleui.

ot reduced concentric strands i^fig. 5). That these latter are

each of them really a vestige of a concentric bundle, such as

that of Medullosa, is shown very well in the case of Lygifwden-

dron Oldhamiiim by the arc- or horseshoe-shaped outline of the

bundles, as also by the occasional occurrence of secondary xylem

and phloem on the i?i?ier sid^ of some of the bundles, exhibiting

an inverted orientation, as if to remind us that the concentric is

the original type of structure of these strands. Dr. D. H. Scott^

supposes that the stem cylinder of Lyginodendron has been

derived from the single solid stele of Heterangium (another of

the Cycadofilices from the Coal-measures), by means of the

extinction of the whole of its central solid xylem with the excep-

tion of the primary tracheides on the immediate inner side of

each protoxylem group. But the w^riter fails to see much ground

for holding this view. The very compact stele of Heterangium,

with the neatly and evenly circular outline of the inner limits

*^ Scott, D. H., Studies in fossil botany, p. 340, 1 900.
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of the secondary wood, exhibits no sign whatever of having*

given rise to the more or less distinctly individualized curved

bundles of the cylinder of Lygiiiodendron Oldhammtn, The

writer, on the contrary, believes it to be the homologue of a

single stele of Medullosa, and can trace a gradual reduction in

Efes: #

..a.-

—

,x 2

the number of steles in these

plants, from the very numerous

ones oi MediUlosa Solmsii, ^rsily,

to the very few steles (two or

three in number) of M. anglica

i'-pith <^r Colpoxylon, and finally, to

^:y- X

ence letters as before.

the single large stele of Heter-

angium or of Megaloxylon. He

may add, moreover, that the

derivation of the tubular from
Fig. 6.-The endarch type : refer- ^j^^ g^^j^ g^-^j^ jg ^^ be SOUght

for, not in these semi-gymnos-

permous forms, but much farther back, viz., among the ferns.

When we arrive at the stage of our modern cycads, which are

certainly descended from some of these cycadofilicinean plants,

a further modification meets our eyes, for here we find the

mesarch bundle of the stem cylinder almost entirely replaced

by the e?uiarch type, in which the innermost primary or cen-

tripetal group of xylem has vanished, so that the protoxylem

which, once upon a time in the ancient concentric bundle, occu-

pied the center of the latter, now constitutes the most internal

portion of the bundle, viz., that nearest the pith [fig. 6), But

the older mesarch bundle has not become completely extinct

throughout the group, for in that most primitive of axial organs,

the peduncle of the cone, the centripetal xylem in part persists,,

as can be well seen in Stangeria and Bowenia. Those cycads,

such as Cycas, Encephalartos, Macrozamia, and Bowenla, which

possess more than one vascular cylinder in the stem, one withm

another to the number sometimes of a dozen (a truly striking

character), are descended from such types as those Medulloseae

haWng more than one cylinder or ring of concentric bundles.
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as has been practically proved by the occurrence of obvious ves-

tiges of the concentric type of structure, such as prevails among
the MeduUoseae, both in the vegetative stems and in the pedun-

cles of all the pluricylindric forms of modern cycads.

In the Coniferae, from the yew tribe upward to the pines, as

also in the Gnetaceae, all trace of

the primitive mesarch type of bundle

has disappeared from the stem, and

we find the endarch type, with pro-

toxylem impinging directly on the

pith, universally prevailing. That

ancient Devonian and Carboniferous

plant, Cordaites, and our modern
maidenhair tree, Giiikgo biloba,

assumed also, in accordance probably

with the exigencies of their arboreal habit, the endarch type of

ph

Fig. 7.— Concentric bundle of

leaf-stalks.

bundles in the stem. But Pitys aniiqria, P. primaeva, Calamopitys

fascicnlaris, C. beiiiertiana, and Dadoxylon Spe?iceri, forms perhaps

allied to Cordaites, still retain the older mesarch type.'

As regards the foliar organs of all of these plants we have

been considering, it is found that the primitive character of the

vascular structure is in them much more persistent than it is in the

stem. The concentric fern-type of bundle is still present in the

leaf-stalks of Lyginodendron (Rachiopteris) and Heterangium,

that of the former plant consisting of a solid stele with three or

more protoxylem groups at its periphery, the whole being sur-

{A In Medullosa, Cordaites, and mod-

ern cycads the bundles of the leaves are collateral and mesarch

in structure
; as are also those of the foliage leaves of conifers,

although here the centripetal primary xylem is either greatly

reduced or modified to form a quasi-new structure, the transfu-

sion tissue. In Ginkgo this reduction also obtains in the foliage

leaf. But in the most primitive vegetative foliar organs of the

plant, the cotyledons, both in Ginkgo and Cephalotaxus (the

7 Scott, D. H., On the primary structure of certain palaeozoic stems with the

Dadoxylon type of wood. Trans. Roy. Soc Edinburgh 40: [pt. II]. 1902.
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most ancient of the conifer group), the mesarch structure of the

bundle is as pronounced and well developed as it is in the case

of the cycads or Medulloseae. As regards these two latter

groups, the writer regards their mesarch bundles as derived from

the splitting up of one or more concentric bundles like that of

Lyginodendron. In any case the mesarch collateral bundles of

the foliar organs of all these plants are to be regarded, like

those of the stem, as reductions from the concentric type. But

this concentric type actually occurs here and there in the sporo-

phylls of the cycads.

On arriving at the level of the angiospermous plants, all trace

of any vestige of the old concentric type of bundle in the form of

a mesarch structure has completely vanished both in the stem and

in the leaf, the purely endarch structure prevailing everywhere.

The fact of this type of structure occurring well-nigh universally

in these plants which, in other parts of their organization, are seen

to be the most advanced in evolution of all plants, is an indication

that this type of vascular structure is also to be regarded as the

most advanced, because the most advantageous and the best

adapted to the requirements of the plants exhibiting it. The

writer, however, considers that the conclusions drawn by Jeffrey^

from the study of the vascular cryptogams, as to the origin of

the vascular tissue of the stem are rather too hastily applied to

the case of the angiosperms. We are not yet in a position to

say whence the vascular system of these latter plants was-

derived. All we dare surmise is that, looking far enough back,,

it is probable that the vascular tissue of the angiosperms had an

origin similar to that of the forms below them in the scale.

The cause of the disappearance of the primitive mesarch

structure can be seen in tracing the evolution of the vascular

tissue from such forms as the Medulloseae upward. Obviously,

the most economical method of increasino: the amount of vascu-

lar tissue for purposes both of conduction of w^ater and food

substances and of resistance to bendinof strains would be by

the addition, through the means of a cambium, of new tissue

ife cylinder; now, in pro
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portion as the tissue in this region increased in thickness, there

took place, correlative!}^ therewith (what, indeed, would be, a

priori, obviously expected) a gradual reduction of the centripetal

vascular tissue, viz., that on the medullary side of the protoxylem,

whether secondary or primary. This can be seen beautifully

exhibited within the Medulloseae group itself, eventually culmi-

nating in the stem structure of modern cycads. The process

of elimination of the centripetal xylem proceeded apace, until

finally the endarch stem structure of Cycads, Coniferae, Cordaites,

Gnetaceae, and Dicotyledons, as being by far the most econom-

ical and advantageous method of vascular formation, eventually

prevailed.

In the case .of leaves there has not been such a demand for

modification of the vascular tissues as was the case with the

stem, hence the longer persistence of the older character in

these organs.

In roots the primitive centripetal structure of the wood has

been far more persistent, probably for the purpose of enabling

these organs to resist central tension strains.

In Monocotyledons, although true secondary thickening does

not occur, the endarch type of bundle nevertheless obtains ;

where the concentric structure is found, as in those cases of

bundles with a central phloem, this is merely to be regarded as

a modification of the endarch t3^pe.

Kevv, Surrey, England,

SI
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SUGGESTIONS ON THE CLASSIFICATION OF SEEDS.

Modern botanical text-books do not present a classification of

seeds in accordance with modern ideas of their structure and function.

It comes as a distinct surprise to the average student of plants when
r

he, for the first time, appreciates that some familiar herb, shrub, or tree

may bear during a single sep.son a score or more different types of

seeds. Nor does the great complexity underlying the concept of the

seed seem to be fully comprehended by the plant breeders and seed

growers. Indeed, no method has been devised for recognizing the

types of seeds that theoretically exist, nor, so far as I am informed, has

a nomenclature been provided by which one type may be delimited

from another. Under these circumstances it seems desirable to set

down a simple classification of the more fundamental types of seeds

in the hope that future experiment will indicate marks by which they

may be recognized, and that some new light may thus be thrown upon

the problems of hybridization, seed control, variation, mutation, and

evolution of varieties and species.

To define the word '*seed'' in a manner technically accurate is

exceedingly difficult. Underneath the seed lie the following con-

ditions, in the absence of any of which the seed does not exist as

such :

1. Alternation of generations. No seed is ever produced by non-

alternating types of plants.

2. Heterospory. Among alternating types seeds are not produced

by homosporous forms.

3. Intraspecificsymbiose. Heterosporous types devoid of intergen-

erational symbiosis do not produce seeds.

The seed is in no exact sense an organ of the plant that bears it ;

it is rather an aggregate in the family life of the species. In it tis-

t

sues and structures belonging to three consecutive generations are uni-

formly present either transitorily or permanently. While its significance

for the persistence of the species may be very great, it cannot be
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regarded as a reproductive organ in the sense in which an antheridium,

archegonium, or sporangium is so regarded.

A common definition of the seed describes it as a ''ripened ovule."

The full value of this is appreciated when one finds the ovule defined

as an ** immature seed/' Seeds, however, occur in plants destitute of

ovules, in the ordinary sense, and in any event a thorough definition is

desirable. The following statement covers, to some degree, the mod-

ern concept of the seed: ''A seed is an ultimate, trigenerational, sym-

biotic unit in the plant life-history, integrated from tissues and

structures belonging to two sporophytic generations and the interven-

ing gametophytic phase/' By a somewhat vague and imperfect analogy

the seed might be compared with the " household " in human society.

Like the average household it comprises organisms linked by consan-

guinity and consecutive in development.

Thus defined, seeds maybe classified into the following groups, the

significance of which is essentially phylogenetic.

I. GENERAL CLASSIFICATION.

Seeds facultative. A. Pseudosperms.

Example, Selaginella.

Seeds obligatory, B, Eusperms.

r. Embryos monomorphous.

a, Pteridophytic seeds, I. Pteridosperms.

Example, Lepidostrobus.

*. Archespermic seeds. II. Archesperms.

2. Embryos dimorphous.

a. Metaspermic seeds, IH. Metasperms.

In the above it will be observed that the basis for the separation of

seeds into the two fundamental groups is determined by their appear-

ance as (i) unnecessary or (2) necessary aggregates in the life of the

species. In by far the great majority of seed-bearing plants seeds are

characteristic and are normally developed as such. In Selaginella cer-

tain megasporangia have been observed to remain for a long time inde-

hiscent, and in this condition, their spores having germinated, and the

eggs having been fecundated, to assume the character of seeds. This

is, however, not the rule in the genus but the exception, hence such

seeds have here been named facultative seeds or Pseudosperms, to dis-

tinguish them from the obligatory seeds or Eusperms of plants in which

indehiscence of the megasporangium has become the rule, and the seed

is thus fixed as a normal unit in the life-history.
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It will also be observed in the limitations of the classes of

Eusperms that the double fecundation of Nawaschin and Guignard is

accepted as a true fecundation. This position is capable of defense,

but even if later proved untenable the two classes of x\rchesperms and

Metaspernis are sufficiently distinct to justify the nomenclature.

II. STRUCTURAL CLASSIFICATION.

Seeds integrated with placenta. |A. Synspernis.

(Insemin^es of Van Tiegheni/ e, g.y Loranthaceae.)

Seed integrated separately from placentaT B, Aposperms.

(Seminees of Van Tieghem.)

Under the head of structural classification should be mentioned

also the division of seeds into monocotyledonous and dicotyledonous

according to the character of the embryo, into albuminous and exalbu-

minous, according to the persistence of the endosperm, into ategmi-

nees, unitegminees, and bitegminees (Van Tieghem), according to the

presence and number of the integuments, etc., but these classes are

after all of comparatively secondary importance. They do not brmg

into view fundamental differences between seeds, but only incidental.

For example, the difference between the monocotyledonous and the

dicotyledenous embryo is probably by no means of fundamental

importance, but represents different adaptations of haustorial organs

during intras^minal life ; the difference between albuminous and c;xal-

buminous seeds arises through nutritive adaptations between embryo

and endosperm and is of secondary importance; the difference

between seeds with one or two integuments is after all a question of

indusial development and need not be given great weight. It is true

that these distinctions are of great value to the taxonomist and enable

him to classify plants to advantage. Yet in comparison with the dis-

tinctions brought out below they are probably less significant in the

specific life.

^The classification of flowering plants constructed by Van Tieghem principally

upon the basis of seed structure contains much of interest. Unfortunately it is not

natural, the characters taken for primitive being in many instances either vestigial or

derived. Thus it results in an inversion of relationships. This is well illustrated by

the position given to such a family as the Loranthaceae. On account of th(* high eco-

logical specialism of the plants herein included degenerate structures would be certain

to appear. It is precisely these that Van Tieghem accepts as primitive. This fact m
itself is perhaps a sufficient commentary on the taxonomic value of the Van Tieghem

sequences.

^

ft

i
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III. GENETIC CLASSIFICATION OF METASPERMS.

A. Seeds with parthenogenetic embryos.

A. Parthenosperm.

I. Both embryo and endosperm parthenogenetic.

I. Euparthenosperm (i)

II. One plant, either embryo or endosperm, not parthenogenetic.

11. Hemiparthenosperm

a. Endosperm result of fecundation, embryo parthenogenetic

a, Parthenembryosperm

1. Effective pollen arising in same flower with seed.

1. Autembryosperm (a)

2. Effective pollen arising in neighboring flower on same stock.

2. Geitonembryosperni (3)

3. Effective pollen arising in flower of another stock.

3. Xenembryosperm (4)

4- Effective pollen arising upon stock of another species or variety,

4. Bastardembryosperm (5)

b. Embryo the result of fecundation, endosperm parthenogenetic.

b. Parthenendosperm

1. Effective pollen arising in same flower with seed.

1. Autendosperm (6)

2. Effective pollen arising in neighboring flower on same stock.

2. Geitonendosperm (7)

3. Effective pollen arising in flower of another stock.

3. Xenendosperm (8)

4. Effective pollen arising upon stock of another species.

B. Seeds with no parthenogetic embryos.
4. Bastardendosperm (9)

B. Gamosperm
a. Embryos arising through autogamy.

b. Embryos arising through allogamy.

a. Autosperm (10)

b, Allosperm

I. Embryos arising through geitonogamy.

r. Geitonosperm (11)

2. Embryos arising through xenogamy.

c. Embryos hybrid.
2. Xenosperm (12)

c. Bastardosperm (13)

The figures 1-13 following the names designate fundamental seed

types all of which theoretically might arise upon a single plant- Nat-

'^rally, however, seeds of one or two types will be produced in abun-

dance by the individuals of a species, while others will be extremely
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rare. In the genus Viola, for example, plants with cleistogamous

flowers will normally produce both autosperms and xenosperms. In

Polygala, species exist capable, from the ecological relations of their

flowers, of producing a greater variety of seeds. These would differ

essentially in their manner of development, while resembling each

other structurally to such a degree that they would be indistin-

guishable by any of the ordinary tests. Furthermore, it may very #

well be that the xenosperm borne on a stock which is itself the

development from a xenosperm will differ intrinsically from the

xenosperm which is borne upon a geitonospermous or autospermous

stock. Thus a new element of complexity is brought in and an

explanation is perhaps afforded of so-called "sports" or mutations,

Here also may be an explanation of certain genera which include

large numbers of closely related "species." May it not be possible

that in a species there will be distinctive xenosperm, autosperm,

geitonosperm, and parthenosperm varieties, the continual production

of which gives an appearance of related species rather than of special

seed varieties? For example, would this explain Crataegus, Rubus,

and Hieracium? And may not the mutation forms of De Vries be

plants which have arisen from rare and unusual seed -types, developed,

however, in accordance with the laws of plant reproduction?

In any event the consideration of the regular causes that underlie

the observed individuality of seeds may lead to useful results m
plant-breeding. It seems very certain that to regard seeds as

necessarily equivalent because borne upon the same stock is a grave

and positive error. They may even pass all the ordinary tests and

yet be extremely unlike, so much so that they will upon development

give rise to plants so different that they may rightly be classed as

different species. Returning to the analogy mentioned above, it

would seem as if there were no more reason to deny individuality to the

seeds borne in a head of grain, upon prima facie evidence, than there

would be to deny the individual character of each household in a city.

Conway MacMillan, University of Minnesota.

THE SENSITIVE PLANT AS A WEED IN THE TROPICS.

(with one figure)

Everyone who has traveled much in the tropics knows that

Mimosa pudica is a weed which srives considerable trouble to the

I

i
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planters, but so far as I am aware no photographs of the way it lux-

uriates have been published. It may be interesting to those who have

not seen the plant in its own home to look at a photographic repro-

duction of a large patch of it which I observed recently in Ceylon.

I was returning from Peradeniya to Colombo and the train stopped

for a few minutes at a way station in the lowlands, an hour's ride

from the city, just long enough, in fact, to allow me to get a snap-shot

Mimosa pulica, as it grows luxuriantly in Ceylon.

of a field quite disfigured by Mimosa. The cattle pastured in the

field had eaten the herbage closely around the plant, leaving it strictly

alone, and as it crept across the meadow it killed out all other plants,

forming a dense deep patch of spiny, creeping stems and delicate pink

blossoms, which resembled miniature dandelion or thistle heads gone
to seed.

The leaves were all expanded horizontally as I approached, but

when my feet shook the soft earth, like a hermit crab draws into its

shell, or a coral'pulls in its tentacles, the plants, in the radius of the

shaken ground, quickly folded their leaflets together and dropped their

leaves into the characteristic position of rest which everyone knows
who has seen the living plant.

To one acquainted only with the delicate specimens in European
and American greenhouses, the novelty of walking over such beds of
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it in the tropics does not soon wear off. I have been on railway

lines whose embankments were covered with Mimosa, and watched

with keen amusement, as the train advanced, the quick falling of the

leaves like the progress of a roller on the seacoast.

In Ceylon the planters complain that it is among their most

troublesome weeds, and one sees it everywhere in the cocoanut groves

and tea plantations. Though highly interesting and valuable in a

botanical laboratory. Mimosa pudica is quite useless on a tropical

estate. '/

.>
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CURRENT LITERATURE.

MINOR NOTICES.
The tenth part of Wiesner's Die Rohsioffe des Pflanzenreiches'-

concludes the twenty-first section (641-684) on Bluthen und BMdhetitheile,

contains the twenty-second section (685-781) on Samen, and begins the

twenty-third section on Friichte.—]. M. C.

'•The mosses of Alaska = is the title of the 29th paper from the Harri-

man Alaska Expedition, and J. Cardot and I. Theriot are the authors. Not
only are the mosses collected by the Harriman Expedition of '1899 included,

but also species previously reported from the region. The whole number
enumerated is 280, of which 124 are new to Alaska, and 46 new to science.

The 26 new species are distributed among the following genera: Cynodon-
tium, Dicranum, Trichostomum (2), Barbula (4), Rhacomitrium, Ulota,

Orthotrichum, Entosthodon, Webera, Bryum (8), Polytrichum, Brachythecium,

Plagiothecium, and Hypnum (2).— J. M. C.

In a study of the conditions influencing the germination of the spores of

Agarictis campestris. Miss Margaret C. Ferguson ^ has found " that if a few
spores are able to germinate under the cultural conditions, or if a bit of the

mycelium of A, campestris be introduced into the culture, the growth result-

ing will in either case cause or make possible the germination of nearly all

the spores of the culture, provided, of course, that the other conditions are

pot such as to inhibit germination." Cultures in various substances and
under different conditions showed much variation in germination but no very

constant results. The article is accompanied by three plates, illustrating the

growth of A. campestris and culture methods employed.— R. E. Smith.

The thirteenth (1902) report of the Missouri Botanical Garden con-

sists chiefly of a paper by Dr. Trelease. entitled "The Yucceae" (pp. 27-

'33» P^s, rod). The four genera are Hesperaloe, with two species ; Hespero-

yucca, regarded as a monotypic genus; Clistoyucca, d. subgenus of Engel-

mann's raised to generic rank and containing one species; Yttcca, with

'WiESNER, Julius, Die Rohstoffe des Pflanzenreiches, etc. Volume ir, pp.
641-800. yf^j. ^00-^^6*. Leipzig: Wilhelm Engelmann. 1902. J/ 5.

* Proc. Wash. Acad. Sci. 4: 293-372. //j. 13-23. 1902,

^ A preliminary study of the germination of the spores of Agaricus campestris and
other basidiomycetous fungi. Bull. 16. Bureau Plant Industry, U. S. Dept. of Agnc.

PP- 43. Ph, 1-3, 1902.

'9^2]
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twenty-eight species, six of which are new; and Sanmela, a new genus com-

prising two species. Detailed synonymy, descriptions of numerous varieties,

and full discussions of relationships are presented. The plates for the most

part are reproductions of excellent photographs, showing habit and certam

details ; three plates are devoted to seeds, and twelve to geographic distribu-

tion.—-J. M. C.

Verschaffelt^ has studied the occurrence of hydrocyanic acid in

developing shoots of Pruniis Padus and /*. LaurocerasuSy with the following

results : As the buds open and the shoot develops, the HCN-compounds

increase in amount as rapidly as do the other substances, so that the per-

centage amount of these compounds changes very little. It seems that these

hydrocyanic bodies appear independently of light, and that they are not

derived from the internode below the growing bud. In what form the

hydrocyanic acid occurs is not yet determined. That maceration is neces-

sary before complete distillation of the acid can occur would seem to indi-

cate the presence of some compounds which can be split by an enzyme. The

marked occurrence of benzaldehyde in the distillate from the developing

buds makes it probable that glucosides related to amygdalin are present,

B. E. Livingston.

A RECENT BULLETIN of the U. S. Department of Agriculture, Bureau of

Soils, contains three valuable papers by Briggs and Lapham^ on soil physics.

Following are some of the conclusions : (i) dissolved salts in general do not

increase the capillary rise of soil waters
; (2) concentrated solutions of all

salts materially decrease capillary activity, but this effect is less marked with

sodium carbonate than with natural salts; (3) the capillary rise of water m
moist soil is much greater than in soil which was air-dry at the beginning of

the experiment; thus for sea-island soil it was found that the maximum rise

in dry soil was 37^"", while the limiting value of capillary movement in moist

soil was not less than 165^""; (4) suspended clay may be advantageously

separated from soil solutions by means of a porous clay filter tube and a com-

pressing air pump, the solution being forced through the filter by increased

air pressure.— B. E. Livingston.

A NEW SERIAL PUBLICATION has appeared, entitled University of Call-

fomia Publicaiiofts, Botany, and intended to be a series of original papers in

botany. Each volume will contain about 350 or 400 pages, and the subscrip-

tion price is S3. 50, the papers comprising those on general botany and West

Coast botany. Professor W. A, Setchell is the editor of the series.
w

F

+ VERSCHAFFELT, E., On the prussic acid in the opening buds of Prunus.

Koninkl. Akad. van Wetenoch. te Amsterdam. 31-41. (Je 25) 1902.

sBriggs, L. J. and Lapham, M. H., Capillary studies and filtration of clay from

soil solutions. Bull. 19. Bureau of Soils, U. S. Dept. of Agric. 1902.

;
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The first number is a paper by Harvey Monroe Hall,^ entitled " A botani-

cal survey of San Jacinto mountain". The general features of the mountain

as to position, topography, soil, climate, and geology are given. This is fol-

lowed by an account of the plant distribution, both on the basis of life zones

and phytogeographic formations. The latter are presented as chaparral, for-

ests, undergrowth, meadows, riparian formation, pond formation, and crest

formation. The factors affecting plant distribution are discussed under the

heads of altitude, temperature, moisture, slope exposure, desert winds, rock

surface, avalanches, land slides, and water courses. The flora is said to be

composed of distinct boreal and austral elements, with an admixture of cer-

tain Arizonan and New Mexican species. A catalogue of the species collected

in or above the yellow pine belt includes 9 gymnosperms, 'jZ monocotyledons,

and 365 dictotyledons. New species are described in Elymus, Stipa, Oxy-

theca, Potentilla (2), and Erigeron.— J. M. C.

F. Heydrich7 has presented a novel theory as to the homology of the

tetrasporangium in the Rhodophyceae, This structure he regards as the

predecessor of the cystocarp and hence a true sporophyte. The idea is at

least a suggestive one, but its establishment would require a far more careful

and thorough investigation than the author apparently has made. He bases

his work on Oltmann's studies, where it has been shown that the fertilized

nucleus of the carpogonium passes out into the auxiliary cell and there by

division gives rise to the spores. This nucleus, however, never undergoes a

secondary fusion with the auxiliary nucleus. Heydrich finds that two cells

are concerned with the production of the tetrasporangium. These cells arise

from a pericentral cell of a branch, homologous with the cell and branch from

which the procarp arises. The nucleus of the cell nearest the parent branch*

the stalk cell, he considers as the fertile energid. This nucleus now divides'

one daughter nucleus remaining in the stalk cell, the other passing to the

distal cell, which is now the tetrasporangium mother cell. No nuclear fusion

takes place, but instead the original nucleus breaks down, possibly contribut-

ing somewhat in the way of food to the immigrant. The spores all arise from

the entering nucleus. This is a striking parallel with the behavior of the fer-

tilized nucleus of the carpogonium as reported by Oltmann and others.

The examination embraces quite a wide range of forms, including repre-

sentatives of both the zonate and tripartite types of division, in all of which

these conditions are true. Lack of detail in the figures, brief treatment of

Tnany important stages, homologizing structures, in some cases on external

appearance alone, together with dogmatic statements as to the kinship of

nuclei when no mitotic figures are shown, fail to carry the conviction that this

*Univ. Calif. Publ. Bot. i: 1-140.//J. 1-14. 1902.

' Das Tetrasporangium der Fiorideen ein Vorlaufer der sexuellen Fortpflanzung.

-Bibliotheca Botanica 57.
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theory is to be regarded as firmly established on fact. However, it deserves

investigation,— J. J. Wolfe.

. The mitoses in the megaspore mother cell of several" liliaceous

forms, especially Galtonia candicanSy Scilla sibirica, and Ttilipa Gesnertanar

are described in great detail in a paper by Schniewind-Thies.® In Galtonia

the mother cell usually gives rise to a row of four potential megaspores, but

occasionally only two cells appear in the row, one of which may germinate

directly to form the embryo sac, a transition between the condition in Lilium,

where the megaspore mother cell develops directly into the embryo sac, and

the condition where one of four megaspores produces the sac. In any case^

the first mitosis m the megaspore mother cell shows the reduced number of

chromosomes. The second division in a form like Lilium corresponds in all

essential details with the second division in a form which is to have two or

four megaspores, and there is a similar correspondence in the third divisions.

In Scilla it is interesting to note that while the number of chromosomes m
the gametophyte is eight, the number in the sporophyte varies from eight to

sixteen. In Tulipa, at the first mitosis in the mother cell, each of the

daughter nuclei contains twelve chromosomes, and in the two succeedmg

mitoses this number is maintained at the micropylar end of the sac ;
but at the

chalazal end the sporophyte number may appear at the second division, or the

number may vary, fifteen, sixteen, and twenty-one having been counted. The

writer believes that the new generation begins with the reduction division,

both in the embryo sac mother cell and in the pollen mother cell, and he has

no doubt that the processes in the ovule and in the microsporangium of angio-

sperms are homologous. The four potential megaspores correspond to the four

microspores (pollen grains); cases of two potential megaspores show a step

toward the further reduction which is found in forms like Lilium. The fact

that the megaspores take the form of a row is due to position, there being

opportunity for early isolation and rounding off as in microsporangia

Charles J. Chamberlain.

no

NOTES FOR STUDENTS-
MakovL The

embryo develops continuously, the hypocotyl passing out through the

micropyle while the seed is still attached. The phenomenon is said to be

well known in Japan, but does not seem to have been recorded in English.

J. M. C.

«Die Reduction der Chromosomenzahl und die ihr folgenden Kerntheilungen m
den Embryosackmutterzellen der Angiospennen. 8vo. pp. 34. pls^s* Jena: Gustav

Fischer. 1901.

9Rhodora2: I13-117. /^j. j. 1902.
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F. Pechoutre'° has made an extended study of the development of the

ovule and seed of the Rosaceae, He describes in detail the formation of the

ovular protuberance and the integuments. He finds remarkable uniformity

in the development of the sporogenous tissue, a large number of species, repre-

senting all regions of the family, showing the many-celled archesporium and
general characters of the classic Rosa livida. The early stages in the

development of the embryo were studied in numerous forms, special stress

being laid upon the various phases of the suspensor. All gradations are

shown from the small, more or less elongated filamentous form to the short

and compact massive type.— J. M. C.

In Lteferung 213 of Engler and PrantVs Natiirlichen Pflanzenfamilien,

Potonid discusses the Cycadofilices. He notes that this alliance, originally

set up in his Pflanzenpalaeo7itologie (1898), has been adopted by Dr. Scott in

his Studies in Fossil Bota7iy, and by Mr. Seward in the arrangement of the

vegetable fossils in the British Museum. Anatomical characteristics make it

very probable that the forms included under the heading Cycadofilices are

intermediate between the ferns and gymnosperms, although practically noth-

ing is yet known of their reproductive organs. The illustrations, where they

are not original, are largely reproductions of the admirably clear figures in

Dr. Scott's recent text-book of palaeobotany.— E. C. Jeffrey.

M. L. LuTz " show^s by cultures that certain algae and fungi are able to

absorb and apparently to assimilate amides without first breaking thern down
mto ammonium salts. His experiments were performed upon Pleurococcus

viiniahis and Raphidiion polymorphui?i for algae, and upon Pencillittm glau-

cum for fungi. A number of amides were tested. The results are in general

in accord with those of Czapek ^^ in the same field, a fact to which the author

calls attention in a note. The only point of disagreement between the two

series of cultures independently made by these two authors is in regard to the

effect of butyramide upon Aspergillus. Czapek failed to obtain growth in

this substance ; while Lutz records an excellent development therein.— B. E.

Livingston.

The effect of dissolved oxygen and carbon dioxid upon the develop-

ment of plankton has been investigated by Whipple and Parker. ^3 The phys-

^"^ Contribution a Tetude du developpement I'ovule et de la graine des Rosacees.

Ann. Sci. Nat. Bot. VIII. 16: 1-15S. figs. r66. 1902.

" Recherches sur la nutrition des Thallophytes a Taide des amides. Bull. Soc
Bot. France 48 : 325-334. 1902.

'*Zur Kenntniss der Stickstoffversorgung und Eiweissbildung bei Aspergillus

ntger. Ber, Deut. Bot. Gesells. 130-139. 1901. Also, Untersuchungen iiber die

Stickstoffgeweimung und Eiweissbildung der Pflanzen. Hofmeister's Beitrage i :538-

560. 1902.

'3 Whipple, G. C. and Parker, H. N., On the amount of oxygen and carbonic

acid dissolved in natural waters and the effect of these gases upon the occurrence of

microscopic organisms. Trans. Amer. Micr. Soc. 23 : 103-144. pis. ig-22. 190I.
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ical principles underlying' solution of these gases and the methods best

adapted to their determination in natural waters are quite fully treated.

Ordinarily both carbon dioxid and oxygen are necessary for the life of the

micro-organisms in natural waters. Consideration of the relative amounts of

these gases is shown to be of great value in explaining certain problems of

vertical and seasonal distribution. What seems to be a causal relation is

pointed out between the great carbon dioxid content of ground waters and
r

their peculiar tendency to support diatom growth. Interesting curves and

tables accompany the paper.— B. E. Livingston.

John Cutler Torkey,^^ in studying the *' Cytological changes accom-

panying the secretion of diastase," concludes that among the grasses ''diastase

of secretion" arises in the nucleus of the epidermal cells of the scutellum

;

that zymogenesis begins in the nuclei before the advent of the resting period ;

that at some time during the first and third days of germination the diastase-

secreting cells swell to three or four times their original size ; that during the

first and third days there are " waves '* of secretion, so that this process may be

described as intermittent, but from that time on, until final exhaustion of the

cells, the secretion is more continuous ; that the secreting cells begin to

degenerate about the tenth day; that it is highly probable that the chromatin

takes an active part in the zymogenesis ; that the nucleus is in this case very

clearly the metabolic center of the cell ; and that there is a marked differ-

ence in secretory processes in plants and animals,— J. M. C.

L, Cockayne'^ continues the account of his studies of the seedlings of

New Zealand and Chatham island plants. He finds that many species com-

mon to New Zealand and Chatham islands are similar in their young stages,

but become different in their adult forms, the New Zealand forms becoming

strongly xerophilous in structure, while those from Chatham island retain

their juvenile characters, A number of New Zealand species pass through

three distinct stages in their individual development: first the juvenile form,

then this gives place to an extremely xerophilous form, and finally this is

replaced by a form which resembles the first. Similar forms from Chatham

island do not pass through the xerophilous stage, and the New Zealand

plants when grftwn under favorable conditions of moisture omit this stage

also, resembling the juvenile form throughout. The author considers the

bearing of these facts on the relationships and history of the flora of these
^

two regions.—W. B. McCallum.

Valuable determinations of the constituents of the fruit of the cocoa-

nut {Cocos 7iticzfera) are given by J. E. Kirkwood and W. J. Gies.^* The milk

'Bull. Terr. Bot. Club 29: 421-435. 1902.

'SAn inquiry into the seedling forms of New Zealand phanerogams and their

development. Trans. New Zealand Inst. 33: 265-299. pis. 10-12. 1900.

"^Chemical studies of the cocoanut with some notes on the changes during

germination. Contrib. N. Y. Bot. Garden no. 26. Bull. Torn Bot. Club 20 : 32 1-359-

//. iQ, figs, i~6. 1902,



1902] CURRENT LITERATURE 257

>

of the green nut is an aqueous solution containing large proportions of a

reducing sugar (probably a mixture of dextrose and galactose) and some cane

sugar, together with much hydrochloric and phosphoric acid in combination

with both alkaline and earthy bases. There is very little proteid in either

milk or endosperm. In the mature nut the milk contains little monosac-

charide and much cane sugar. The mature endosperm contains much fat

and insoluble carbohydrate material The fat is mainly glycerides of capry-

lic, lauric, myristic, and palmitic acids. Besides cellulose, a polysaccharide

gum is present in considerable quantity, and several sugars, but these only in

small amount. The proteid present is largely edestin. A diastatic enzyme

and oxydase occur in both milk and endosperm, but no appreciable quantities

of any protoelytic or adipolytic enzyme were found.— B. E. Livingston.

Miss Ethel Sargant'7 has long been studying the vascular system in

monocotyledonous seedlings, and has reached the conclusion that the sym-

metry and structure of the vascular system of the seedling can be used as a

guide to the phylogeny of the Liliaceae. She regards the genus Anemar-

rhena as a primitive type in the family, two opposed collateral bundles occur-

ring in the cotyledon. This is taken to represent the " bicotyledonary *' system

of a remote ancestor. In other words, the monocotyledons are specialized,,

reduced forms of dicotyledons, in which two separate cotyledons have

gradually united. It will be recalled that Mr. H. L, Lyon'^ has suggested on

the other hand, that the dicotyledonous condition has been derived from the

gradual splitting of the single cotyledon of monocotyledons. Miss Sargant

calls attention to the fact that among monocotyledons the apex of the cotyledon

often remains within the endosperm, a habit that ''would naturally lead in

course of time to the fusion of the cotyledons within the seed." In a later

number of the same journal ^^ Mr. A. G. Tansley objects to this *' reduction"

theory.—J. M, C.

George James Peirce^ has studied "The root-tubercles of bur clover

{Medicago denticiilata\^\\\^:) 2a\A oi some other leguminous plants." His

conclusions are that though the bacteria that form the tubercles are usually

only slowly motile in artificial cultures, this proves nothing as to their motility

in the soil ; that the proportion of root hairs affected is very small ;
that infec-

tion of the roots may be resisted by cutting off the infected ends of the root

hairs; that the bacteria enter a root hair by softening or dissolving a small

portion of the wall and moving or growing through this ; that the infection

thread is chemotropically attracted to the layer of cells next the central

cylinder; that the tubercules originate only endogenously and from the same

'7 The origin of the seed-leaf in Monocotyledons. New Phytol. i : lOJ-Hj- 1902.
i

'Minn. Bot. Studies 643-655. 1901. '^New. Phytol. i : I3i-I33- I902.

so Proc. Calif. Acad. Sci. III. Bot. 2 : 295-328. //. sq, 1902
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layer that gives rise to lateral roots, and hence are morphologically lateral

roots ; that tubercles are largest and most numerous near the surface of the

soil ; that the presence of bacteria prevents the infected cells from forming

starch grains; that the bacteria cause the degeneration and almost complete

destruction of the nuclei ; that infected cells soon lose the power of division,

though not of growth ; that the relation of the bacteria to their host-cells is

parasitism ; that it is difficult to understand how the plant as a whole can

profit by an association which injures and finally destroys the cells.—J. M. C.

LuiGi BUSCALIOXI," in an extensive preliminary notice, describes his

studies on the development of the root in the monocotyledons. His restilts

are new and interesting in many respects; and their early publication in extenso

is to be desired. The author calls attention to the fact that in the root of

the same species the periblem and plerome may originate from a common

meristem, or have distinct and separate initials according as the root is of

larger or smaller size. The medulla in the case of large roots often shows its

community of origin with the cortex by the presence of raphide cells such as

are characteristic only of the extrastelar fundamental tissues. The apparent

medulla, which is often present in smaller roots, the author does not consider

to be a true medulla, and designates it medullifonn tissue. These results are

of great interest from the standpoint of existing stelar hypotheses. The root

would seem to be a specially favorable organ for the investigation of these

problems, both on account of its primitive structure and the clear limitation

of the primary meristems. Another novelty is the announcement that the

origin of the tracheary elements of the root is centrifugal, in spite of the fact

that the order of their lignification is centripetal. In the Dioscoreaceae and

Asparagaceae, the mother cells of the tracheary elements are multinucleate.

—E. C. Jeffrey.

L. GuiGNARD^^ has added certain Solanaceae to the list of plants in

which "double fertilization" has been observed. His work was chiefly with

^ 1 was seen of N, riistica,

D. stramonium, ;xi\i. Z>. Tatula to indicate that they exhibit the same phenome-

non. In Nicotiana the generative cell divides in the pollen grain, while in

Datura it divides after entering the pollen tube, and in both cases the male

cells are small and ovoid, or very slightly elongated. In Datura a remark-

able change in the form of the tube nucleus was observed to occur in the

tube, a very much elongated and irregular filamentous form being assumed.

In both genera the tube enters a synergid and discharges, the two male cells

rapidly approaching the egg nucleus and the polar nuclei. In Nicotiana the

»' Suir anatomic de cilindo centrale nelle radice delle Monocotiledoni. Malpighia

15 276-296. 1902.

"La doable fecoiidatioa chez les Salan^es. Jour. Botanique 16 : i45-i67- fi^^'

45' 1902,

1;

I
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polar nuclei do not fuse until after fertilization, while in Datura the fusion is

complete before fertilization. The usual position of the polar nuclei or the

tusion nucleus during fertilization is in contact with the egg. The first divi-

sion of the primary endosperm nucleus is followed by a transverse wall across

the sac, dividing it into two approximately equal chambers. In Datura this

is followed by other transverse walls, so that the sac consists of four super-

posed chambers. In both genera the subsequent divisions of the endosperm

cells occur in various planes and are accompanied by wall formation.—J. M. C.

Items of taxonomic interest are as follows : Gottfried Luze (\'er-

handl. Zool.-Bot. Gesells. Wien 52:304-305. 1902) has described a new

genus {Pseuiiocalea) of Staphyleaceae from southeastern Europe.

—

LeRov
Abrams (Torreya 2 : 122. 1902) has described a new Hemizonia from Cali-

fornia.— N. L. Brixton {idem 123) has described a new Hydrophyllum

from Minnesota.— Henry Eggert {ide?n 123) has described a new Verbena

from Texas^;^C. L. Shear (Bull. Torn Bot. Club 29; 449-457. 1902) has

described new species of Secotium, Scleroderma, Cucurbitaria, Fusicladium,

Illosporium, Phragmidium. Aecidium (2), Diatrypella, Pleomassaria, Cam-

arosporium, and Haplosporella, and has established the following new

genera : Cryptoporus (formerly a section of Polyporus) and Plectroihrix

\
(nearest to Monosporium).— E, J. Durand {idem 458-465) has described

' new species of Discomycetes in Ciboria (2) and Sclerotinia,— F. Lamson-

ScRiBNER and E, D, Merrill {idem 466-470) have described new species

of Argrostis, Elymus (2), Festuca, Sitanion, and Trisetum.— Alice East-

wood (z^^/// 471-474.//. i>/) has described five new species of Nemophila from

the Pacific coast.— Spencer LeM. Moore (Jour. Linn. Soc. Bot. 35 : 305-

367. pL 8. 1902), in describing numerous new African Compositae, has pub-

lished a new genus [Artemisiopsis) of Inuloideae.—P. Hennings (Hedwigia

41 : 1 45-1 49. 1 902), in completing his account of the Javanese fungi collected

by Professor Zimmermann, has described a new genus [Discomycopselld) oi

Leptostromataceae.— J, M. C.

Miss Blanche Gardner,^^ in studying cell division in root tips of Vicia

Faba, concludes that the nucleolus plays an important part in heredity. The

statement is made that "the nuclear thread dips into the nucleolus" at one

or several points and continues so until the nucleolus transfers itself into the

thread. After the nucleus has divided, nearly all the chromatin is passed

back and forms the nucleolus again. The conclusion is reached that the

nucleolus is not a nutritive center. "The nucleolus is, at least in large part,

a mass of chromatm material packed together in rounded form during the

resting stage, and during this stage it is the important chromatm center.

During division it becomes transformed into chromosomes. The nuclear

'3 Observations on growth and cell division in the root of Vicia Faba. Contrib,

Bot, Lab. Univ. Penn. 2: 150-182. pL 3, 1902.
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thread formed in the earliest stages of division merely serves as a path along-

which the nucleolus passes its chromatin/' The author has evidently over-

looked or failed io take into consideration the chromatin-nucleoli or karyo-

somes, which in well stained preparations of Vicia are always visible in the

resting nuclei. The fact that in some forms of mitosis the true nucleolus—
or plasmosome — is at the time of division entirely cast out of the nucleus

into the cytoplasm, where it degenerates, has not been taken into considera-

tion. That the nucleolus does contribute something to the chromatm is

probably true, but it is very doubtful if it plays such an important part as has

been assigned it by the author. The conclusion seems to be based largely

on the staining reactions of iron-haematoxylin and Bordeaux red. Most cytol-

ogists now place little reliance on staining reactions.—W, J. G, Land.

A TURNIP ROT has been under study for some time by Professor M. C.

Potter of the Durham College of Science, England, and a number of articles

have been published concerning it. In a communication to the Royal Society

on June 12 the parasitic activity of the disease organism, Pseiidomonas

destructans, is minutely described. By direct observation it was seen to

swell the wall of a healthy cell to two and a half times its natural thickness

within an hour, by action of cytase which it excretes. The swelling could

be recognized almost at once upon the introduction of the germs. Almost

an hour, however, was required to make evident the toxic action by which

the protoplasm is killed, followed by contraction and separation from the

wall. The penetration of the cell wall by the bacteria was also directly

observed, the time required being about three hours. All stages of this

operation were well demonstrated by fixing, paraffin imbedding, and section-

ing. Differential staining, using ruthenium-red for the walls and Lowit s

method for the bacteria and their flagella, brought out the fact with great

clearness. The enzym secreted by the organism is incapable of acting upon

the mature and old epidermis. Entrance into the plant under field conditions

appears to be largely through wouiids. Such an unequivocal demonstration

of a bacterial disease of plants is a notable addition to our knowledge 01

plant pathology, and is especially interesting as it comes from across the

Atlantic, where it has been, and is still, much the fashion among writers of

all classes to deny that bacteria are capable of originating disease in plants.

J. C. Arthur.

In a paper read before the Society for Plant Morphology and Physi-

ology, J. M. Macfarlane=4 gives an historical r^sum^ of the progress of

plant cytology. He classifies the problems of plant cytology as morpholog-

ical, physiological, experimental, ecological, evolutionary, and taxonomic.

He suggests that the nucleoplasm and general cytoplasm may be regarded

'^Current problems in plant cytology. Contrib. Bot. Lab. Univ. Fenn. 2: I^S"

204. //. /<?. igo2.
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as the vegetative substance of the cell, the chromatin granules as the highly

specialized hereditary substance, and the linin as an intermediate substance

which transmits hereditary peculiarities in a slow degree from the cytoplasm

to the chromatin, and that the linin is in part the bearer of hereditary quali-

ties. He considers that undue prominence has been given to the chromatin

granules as the bearers of heredity. He thinks more light would be thrown

on the tropisms if the cytological changes that originate or accompany them

were accurately determined. He believes that the only correct guide to the

evolutionary affinities of the plant groups and the development of species

within these groups is to be found in the study of the morphological details

of varieties and species based on the cell as the ultimate factor; also that it

will not be possible to classify on a natural plan until exact information has

been obtained and recorded in terms of cell life, of structural features, such

as for example pigmentation of certain areas, the upbuilding of unicellular

or multicellular hairs of definite structure, or the development of thickening

zones, etc. When such data have been accumulated *Mt will be possible to

classify plants on a natural plan, instead of, as now, by selecting one or two

Jjoints of resemblance— not necessarily of morphological contact — as a

taxonomic basis."—W. J. G, Land.

In A PRELIMINARY paper concerning a series of experiments now in

progress at Harvard Botanic Garden. A. B. Plowman =5 gives some interesting

results. Both soil and water cultures of seedlings subjected to as near

normal conditions of temperature, light, and moisture as possible, were

treated with both static and kinetic charges, through a range of potential from

0-5 to 500 volts. Seeds near the anode were killed by a current of 0.003

amperes or more, while those near the cathode were little affected or even

stimulated. In both water and soil cultures of seedlings the same facts were

established. In case the current was allowed to act for a sufficient length of

time the ill effects wxre produced at all points between the electrodes, but

slower in the soil cultures. With a current of 0.08 amperes or less the seed-

lings near the cathode showed an increase in the rate of growth. A provi-

sional theory based on the disputed ionic theory is offered in explanation.

From certain facts established by experiment the conclusion is made that

negative charges stimulate and positive charges paralyze the protoplasm of

young seedlings. For example, a positive charge of 500 volts killed lupine

seedlings, while a negative charge of similar potential actually stimulated the

plants
; in water cultures subjected to a weak current of electricity the root-

tips turn towards the anode. The explanation for the latter is that the side

of the root tow^ard the anode is retarded in its growth by the positive ions,

while the opposite side is stimulated by the bombardment of the negative

''^ Certain relations of plant growth to the ionization of the soil- Am. Jour. Sci^

14 : 129-132. 1902.
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ions. Since the plant body is electro-positive to the soil, the negative elec-

trons are being discharged to the plant in its normal physiological activity

and are beneficial, while the reverse condition is detrimental.— F. D. Heald.

The experimental morphology of the potato tuber has been taken up

again by V6chting.=^^ The French variety '* Marjolin" v^as grown in pots in

garden soil. In darkness at a temperature of 6-7" C. few roots, but numer-

ous new shoots, are dev^eloped. The latter take the form of small tubers, and

never bear the small leaves normally produced in darkness. At a tempera-

ture of 25-27'* C (about the optimum for growth) both roots and shoots are

produced in large numbers, and the latter all have the form of normal etiolated

shoots. As the temperature is decreased below the optimum, more tubers

and fewer leaf-bearing shoots are produced, and in the neighborhood of the

minimum for growth all the shoots are tuberous. The temperature seems to

be directly effective in this response. If new tubers have begun to form in the

cold, and then the culture be transferred to the optimum temperature, tuber

formation ceases and the development of leafy shoots begins, to continue while

the temperature is suitable. A corresponding change from the formation of

leafy shoots to that of tuberous ones follows a change of temperature in the

o]>posite direction, but leafy shoots started in the cold continue to grow as

such at low temj)eratures. However, they change their res[)onse to the grav-

ity stimulus entirely ; while at the higher temperature they are* negatively

geotropic, at the lower they become positively so. The influence of the

amount of water in the soil is almost as important as that of temperature.

At a temperature suitable for the production of leafy shoots a culture with

little water produces only tubers. When water is added to the soil leafy

shoots are developed. In cultures with dry air above the soil, the leaf-bearing

shoots creep along the surface of the substratum. The author concludes they

are positively hydrotropic. The partial pressure of oxygen is not effective

in determining the formation of new tubers or leafy shoots. But with the

partial pressure of this gas the roots fail to be provided with the usual hairs.

—B. E. Livingston.

CoPELAND^7 has studied the mechanism of the opening and closing

movements of stomata in a large number of forms well distributed through-

out the plant kingdom. Several methods were resorted to in determining the

way in which the various stomata open and close, the main one being the

observation of tangential sections of the leaf. Observations of cross and

longitudinal sections and of the stomata /;/ situ were also made use of.

Unless the methods are at fault (and there seems no reason to believe that

^^VoCHTiNG, Hermann: Ueber die Keimung der Kartoffelknollen. Bot. Zeit.

60: 87-114. /A. j-^. 1902.

^^Copeland, E. B,, The mechanism of stomata. Annals of Botany 16 :
327'3^4-

pi. /J. 1902.
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they are), it appears that active movements of stomata are much more com-

mon than we have been led to believe. And the method of opening and

closing, apparently always dependent upon an osmotic change in volume of the

guard cells, is as various as are the plants in which it occurs. Absorption of

water with its accompanying increase in the volume of the guard cells results

in so altering the shape of these cells, by bending or stretching their walls, as

to open the pore between them. The mechanical types of stomata studied

are illustrated by figures and are tabulated hy the author in the following

scheme, which is copied froui his concluding paragraph. *'The pore opens by

1. A change in shape, rather than by stretching the walls, in which the

change is

{a) An increase in the depth of the guard cell, in which there is chiefly

concerned the entire wall except the dorsal (Medeola, Equisetum), the

inner half (Mm"um), the outer half (Funaria), the dorsal half (Lycopodium),

the ends (Osmunda).

(^) An increase in the width of the slender stoma (Sagittaria).

2. Stretching the thin dorsal wall (Amaryllis).

3. A change in shape, with or without much stretching, at the ends of the

guard-cells, which forces the dorsal wall, with the passive middle part of the

cell, either directly backward (Gramineae), or upward and backward (Coni-

ferae).

4. Combinations of the types of Amaryllis and Mnium (Helleborus), and of

Amaryllis and the Gramineae (Achil)ea).*'^ B. E. Livingston.

Spindle formation in Agave americana has been described recently

by Osterhout.-® Considerable attention was given to technique, especially to

fixing. About forty fixing agents were tested by watching their effect upon

the living cell, and it was found that some of the most highly recommended

solutions produced profound disturbances in the cytoplasm. For most objects

fixing agents were found which produced no visible change in the living cell,

as far as could he observed with a 2"'"* oil immersion lens during the applica-

tion of the reagent ; but even in some such cases the material undergoes

structural changes after a few hours, and the time must be shortened accord-

ingly. Flemming's strong mixture proved to be the best in most cases; very

fair results were obtained with iridium chloride, platinum chloride, palladium

chloride, and Flemming's strong mixture with an excess of chromic. Material

was washed from two to eight hours in running water and then dehydrated.

Mixtures of absolute alcohol and bergamot oil were used for clearing. Gen-

tian violet was used for staining kinoplasm. If the stain washes out too read-

ily, some gentian violet should be dissolved in the absolute alcohol. From
two to twenty seconds' immersion in dilute iodide iodine solution just before

transferring to the absolute alcohol often gives a sharper differentiation.

^OSTERHOUT, W. J. v., Cell Studies. I. Spindle formation in Agave. Proc. Cah

Acad. Sci. III. 2: 255-284. ph. 23-28. 1902.
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The summary of Professor Osterhout's work on spindle formation in

A^^aife americayia is partly as follows : During early stages in the first divis-

ion of the pollen mother call the spindle is enclosed in a special membrane

of cytoplasmic origin, which forms a complete investment around it. The

functions of the membrane appear to be comparable to those of the nuclear

wall and the limiting membrane of the cytoplasm. There is no weft of fibers

such as is usually described for this stage. The spindle-forming fibers are

radial from the beginning, and are attached both to the nuclear and spin-

dle walls. The second division differs radically from the first, the spindle-

formation resembling, in general, that described for the S{)ore mother cells of

Equisetum.

The plates are in three colors, reproducing the effect of the safranin-

gentian violet-orange stain.— Charles J. Chamherl

A PHYSIOLOGICAL STUDY OF THE ANTiPODALS has been untertaken by

T, Ikeda.^ Investigations on Tricyrtis hi?-la form the subject of the first

paper and it is expected that others will follow. Besides observations on

microtome sections prepared in the usual way, microchemical reactions were ^

tested on free-hand sections from fresh materials. The archesporial cell

becomes the megaspore mother cell directly without a previous division into

a primary wall cell and primary sporogenous cell ; the mother cell gives rise

to four megaspores, of which the one nearest the chalaza is functional. In

the first division of the mother cell the chromatin forms tetrads strongly

resembling those of such forms as Gryllotalpa, as described by zoologists.

Double fertilization was observed. The endosperm does not form a parietal

layer, but the nuclei are evenly distributed throughout the sac, A consider-

able amount of endosperm is formed before the division of the fertilized ^^^y

one of the figures showing twenty nuclei m a single section. The chief inter-

est in the paper lies in the microchemical investigation. In early stages no

starch is found in the ovule, but as development proceeds starch appears in.

the funiculus and outer integument, and the outer and inner surfaces of the

inner integument become cutinized except in the micropylar region. Starch

then appears in the inner integument, though not as abundantly, and dextrin

can be detected in the antipodal end of the sac. Just before the fusion of

the polar nuclei, dextrin is evident in the micropylar portion of the inner

integument and also in the antipodals and ^^g apparatus, while the starch

has disappeared from the inner integument and appeared in the nucellus.

After fertilization, the dextrin disappears from the integument and is pres-

ent only in the fertilized egg, and starch has almost entirely disappeared

from the integuments and is scanty in the funiculus, but after a few divisions

of the embryo starch becomes abundant in the integuments and in the endo-

=^ Studies in the physiological functions of antipodals and related phenomena of fer-

tilization in Liliaceae. Bull. ColK Agric. Tokyo Imp. Univ. 5 : 41-72. ph. 3-4- ^902.
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sperm. The chalaza and conducting region have a soluble carbohydrate

instead of starch, Microchemical tests, to;^ether with the cytological features

of the antipodal cells and the anatomical structure of the neighboring tissues,

lead to the conclusion that in Tricyrtis the antipodals are the center of

absorption of raw materials, of their elaboration into the proper form, and tlie

means of transmission of food to the proper place. The dextrin in the

micropylar portion of the integument is believed to serve for the nutrition

of the pollen tube, while that in the ^^^ supplies the embryo during its early

stages. The cutinization of the inner integument makes it necessary for most

food material from the exterior to pass through the antipodals.— Charles J.

Chamberlain.



OPEN LETTERS.

WEBB'S "STUDY OF SPIRAEA. »*

In the June number of the Botanical Gazette there appeared a paper

by Mr. J. E. Webb under the title •' A morphological study of the flower and

embryo of Spiraea." InlooRing through it I noticed that the illustrations of the

sections of the flowers represented obdiplostemonous flowers with but two car-

pels and a simple raceme, all characters which do not agree with the true

Spiraeas. It became apparent, therefore, that the paper did not deal with

Spiraea japonica Linn, f., but with Astilbe japonica Gray {Hoieia japonica

Morr. and Decne. Spiraea japo7tica Hort.), an herbaceous plant belonging io

the Saxifragaceae. Unfortunately it does not happen infrequently that mor-

phological and physiological researches are based on wrongly named plants.

Of numerous similar instances I shall mention here only one I came across a

few days ago in the Botanische Zeitung (47 ; 629, 1889), where a paper by J.

H. Wakker on ** Bau und Dickenwachsthum von Abriis precatoriiis " is pub-

lished. The figure on the plate of a flattened stem and the mention in the

text of '*der Gattung Phaseolus ahnliche Blatter" left little doubt that the

plant under consideration was not Abrus precatorius but Rhynchosia phaseo-

loides, which is sometimes confounded with the former on account of the smii-

larity of the seeds. The article was reviewed in Just's Botanischer Jahresbe-

richte without the error being noticed. As also in the present case Webb s

pa{)er has been mentioned in other journals without attention being drawn to

the misleading names, I thought it advisable to point out that the paper chiefly

deals with Astilbe, and thus refers mainly to Saxifragaceae, and the Spiraea

japonica there cited should be changed to Astilbe japonica Gray, and the Spi-

raea astilboides to Anmcus astilboides, while Spiraea salicifolia, with only one

illustration, will remain as the correct name.

—

Alfred Rehder, Arnold
m

Arboretum,
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NEWS.

Fhe bryologist Hugo von Klinggraeff died April i at Paleschken, West
Prussia.

Dr. B. Schmid, privatdocent at the University of Tubingen, died

J

April 28.

Professor Antonio Mori, Director of the Botanic Gardens at Modena,

died April 6.

Mr. E. W. D. Holway spent the month of September in the mountains

of western Canada collecting fungi.

Professor Dr. G. Leimbach, of Arnstadt, I'huringia, and publisher of

the Deutsch. Bof, Monai^schrift, was missing from his home on June i r. and

on June 13 his body was found at the foot of a cliff,- from which he had evi-

dently fallen.

The last report (13th) of the Missouri Botanical Garden shows that

the mounted herbarium consists of 364,953 specimens, 23,942 of which are

thallophytes. The library contains 36,016 books and pamphlets, and at pres-

ent 1,133 serial publications are received.

Mrs. William Stuart, of Purdue Universit}^ for som^ years assistant

in botany to Dr. Arthur, and for the last year associate horticulturist in the

Experiment Station of that institution, has been appointed horticulturist in

the University of Vermont to succeed Professor Waugh, who goes to the Mas-

sachusetts Agricultural College.

The Uredineae are to receive monographic treatment by P. and H.

Sydow of Berlin. Gebriider Borntraeger announce the early appearance of

the first part of the work. It is to appear in parts over a period of three or

four years, and will eventually form three volumes, each containing about

1,000 pages, with a large part of the species illustrated, and all known species

included with their synonymy. The price will be about 60 marks per volume

to subscribers.

M. J. C. Willis, Director of the Royal Botanic Gardens, Peradeniya,

Ceylon, proposes to be absent from Peradeniya until March 1903, on a tour

through England, the United States, Japan, etc., for the study of agricul-

tural and botanical organizations in those countries. Letters on departmental

business should be sent to the Acting Director, Mr. J. B. Carruthers at Perad-

e^^iya
; private letters to the Royal Societies* Chib, 6^ St. James St., London,

^902] 2,7
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i
S. W., tiil October ist, and to Olga, San Juan co., Washington, U. S. A. till

December 15th.

The Division of Forestry Extension, organized in the r5ureau of

Forestry on July i, to supersede the Section of Tree Planting, is to have

charge of all work that deals with the creation of forests .where at present

there are none. Field parties are' now at work in New Hampshire, Massa-

chusetts, New Jersey, Nebraska, Oklahoma, Arizona, Washington, and Ore-

gon. In connection with the system of cooperation with private land

owners in planting the Bureau of Forestry at the beginning of the present

field season had arranged 224 planting plans in 172 localities of twenty-nine

different states. The majority of these plans are for woodlots of individual

land owners, but in some cases plans are being made for corporations, cities,

and even states. The bureau has also established nurseries in the two forest
r

reserves recently established in the sand-hill region of Nebraska. The prin-

cipal species used at first will be jack pine, western yellow pine, white fir, T

and Colorado blue spruce. The bureau has also recently taken up a study

of the tendencies of natural forests to extend over land devoid of forest

growth. Field parties are now investigating the reproduction of white pine

on pastures and abandoned lands in Massachusetts and New Hampshire ;

another field party is studying the san^^e problem in Oklahoma in connection

with the hard wood growth which composes the timber belts of that region ;

and a similar study is being made of the Prescott reserve in Arizona. The

reclamation of shifting sand dunes has also been taken up as a problem by the

bureau. The regions most severely affected are the dune regions of the

Atlantic and Pacific coasts, the lake district region of Michigan, and the

Columbia river district of Washington and Oregon. Two field parties are at

work on this [)roblem, the one investigating the dune district along the Atlan-

tic coast and the other the Columbia river district.
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The following method of writing citations, adopted by the Madison Botanical Congress and

Section G, A,A,A.S., having been now tested by seven years" use, is earnestly recojmnended to

writers and editors. Contributors to the Botanical Gazette are requested to conforyn to it.

The exainples given below are intended to illustrate the application of the principles in a variety

of cases.

In each complete^itation there should be given the following items :

a. Author's surname in full, followed by a comma. Given names or initials may also be

used.

b. Exact title, verbatim, following the capitalization required by the usage of the language

in which the title is written, but not necessarily the capitalization employed.

c. Name of periodical or work ; if abbreviated, ambiguity should be carefully avoided,

c/. Series, if any, in Roman capitals.

e. Volume number in bold face Arabic numerals, followed by colon. In case there is no

volume number, the number of the part, heftj lieferung, or fascicle is to occupy this place but

is to be printed in Arabic numerals of ordinary face. When a volume is composed of parts

separately paged the number of the part is to be written as an index figure to the volume num-

ber. Volumes in parts with continuous paging require no designation of parts. Separate

volumes should not be indicated when paging is continuous. The year sometimes constitutes

the only volume number. It is not necessarily the year of publication.

/. Page, in Arabic numerals of ordinary face. In case paging of the paper is in Roman
numerals these should be used, preferably small caps. Re-paging in reprints and separates is

to be indicated by enclosing the numerals in parentheses. In case the original paging is

unknown an em dash should occupy its place, the reprint paging being given in accordance

with the foregoing rule. No individual or unique paging is to be cited under any circumstances.

g. Figures, plates, and exsiccatae are to be primed in italic Arabic numerals, the number

designating the figure or plate to be preceded by the abbreviations yf^. and//., respectively, m
italics.

h. Exact date should be given if possible, written in the mode and with the abbreviations

for months used by libraries (Ja, F, Mr, Ap, My, Je, Jl, Ag, S, O, N, D). The year at least

should be given.

u Punctuation. Except the comma following the author*s name, and the colon following

the volume number, all the items are to be separated by periods. If another citation follows

in the same line it is to be separated from the first by an en dash.

• y. If it is considered desirable to give other data than series number (if any), volume num-

ber, page, and date, these should be added in brackets, after the date. But useless or unneces-

sary data should be avoided.

k. Citations of reviews, abstracts, and all such secondary references should be enclosed

in parenthesis.

EXAMPLES.
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von Quito. Bot. Centralbl. 54 : 324-331. 1893.
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Mo. Bot. Gard.2 : bq-ii-j, pi, 1-48. 22 Ap 1891.

TULASNE, Ann. Sci. Nat. Bot. III. 7: pL s.fig.j. 1847.

SCHUTT, F., Bacillariaceae. Engler and PrantPs Natiirl. Pflanzenfam. L i^: ii7- ^^96.

Ellis and Everhart, Pyrenomycetes 491. 1892.

Saccardo, p. A., Syll. Fung. f\ 481. N i8go.

Linn. Sp. Plant. 6=: 125. 1852. [ed. Willd.]

Gray, A., Man. Bot. 225. 1890. [6th ed,]

Mez, C, Bromeliaceae. III. Flora Brasiliensis 115: 425-634. pi. 81-114. i F 1894-

Bailey, The Japanese plums in North America. Bull. Cornell Agr. Exp. Sta. 62 : S'S^- I^ ^^^^

[IlluSt.J (The figures are not numbered.)

Peck, C. H. Rep. N.Y. Mus. 47:—(18). N 1894.

Ellis and EvERHART, N.A.F. 1642. F 1889.
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A MORPHOLOGICAL STUDY OF THUJA.

CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY.
XXXIX.

W. J. G. Land.

(with plates vi-vni)

Material for the study of Thuja occidejitalis L. was collected

in the vicinity of Chicago during the late spring and early summer
of igoi. A few collections were made in June 1902, in order to

determine whether the time of fertilization varies in two suc-

cessive seasons. The trees were visited twice each week and

material fixed immediately after' the remov^al of the branches.

Branches were also kept in the laboratory, some having water

pressure applied to the cut end of the stem, and collections were

niade daily, AH the material from which illustrations are made
was taken from a single tree, the most vigorous one to be found.

Collections were made from many other trees in order to deter-

mme whether the periods of the various stages of development
are the same in different individuals of the same locality. Little

difference could be observed.

For stages before the formation of archegonium initials i

per cent, chromo-acetic acid was most useful, but for later stages

It was not so good, as it was not possible to secure rapid pene-

tration of the tissues even when used at a temperature of 80^.

A modification of Carnoy's formula was found to give the best

results for fertilization and succeeding stages, although many
fixing agents were given a thorough trial. None of the fixing

249
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agents proved entirely satisfactory. Flemming's triple ntrtun

gave good results for pollen tubes and early stages in the develop-

ment of the archegonia, but by far the most satisfactory stain

was Haidenhain's iron alum-haematoxylin. Delafield's haema-

toxylin combined with orange G was best for embryos. Secti0ns

were cut 3 to 5 ^ thick.

>p

THE POLLEN GRAIN AND POLLEN TUBE.
F

No attention was given to the formation of microspores

from the mother cell, their study being taken up shortly after

Uig^ The appearance of the

/. It

MeVhods

pollen grains at the time of shedding is shown in

does not appear that prothallial cells are cut off.

which easily demonstrate the prothallial cells of Pinus a'nd sum-

lar forms have failed to show any such structures in "Thuja,

However, considering the ephemeral nature of prothallial cel!'^

o^in most gymnosperms, and the small size of the microspor >

Thuja (20/X in diameter), it is possible, though not probabiO,

that they may have been overlooked. So far as could be deter-

mined, the next step after the separation of the tetrads is the

organization of a tube nucleus and a generative cell {fig*
^)'

The microspores of Cupressus Beiithamiana and of Biota orientaits

seem in every respect like those of Thuja occidentalism

In material collected June 2, 1901, the pollen tube had pene-

trated a short distance into the nucellus {figs. J-4)^ '^^^ ^
"'

erative cell had already divided, and both the tube and siaU-

nuclei were in advance, and close against the large bod}" c

One of these nuclei is invariably somewhat smaller th:. 1
tii

1.

other. fig smaller nucleus is not shown, as it iiv

immediately beneath the larger one. Conspicuous protopia&m

streams radiate from the tube and stalk nuclei downward tc ^

end of the pollen tube, but little cytoplasm is foun^ auov

body cell. The nucleus of the body cell is in gener:.- ^

'

w

the

rjrsi 1

and is [surrounded by a thick sheath c^--

A deeply staining spot, presumably kinoplasmic in .i«*vare.

in the cj^toplasm. Strasburger (11) shows this ^^X)t ^n
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figures of Juniperus, and Chamberlain shows similar structures

associated with the male nuclei of Pinus Laricio. The finely

granular areas in the body cell of Pinus, as described by Miss

Ferguson (8), and the kinoplasmic regions described by Coker

(5) for the c^^ of Podocarpus seem to consist of the same sub-

stance. The spots, though generally present in the body cell,

were not found in the male cells of Thuja. These structures

are suggestive of the blepharoplasts of Ginkgo and certain cycads,

aad may be a survival of some such structures possessed by

ancestors from which the Pinaceae have descended.

Before the appearance of the archegonium initials (June 16,

1901), the penetration of the pollen tube is relatively slow, but

at this time its downward movement is much accelerated. The

tube quickly pierces the remaining rows of nucellar cells, spreads

itself over the mouth of the archegonium complex, and absorbs

almost entirely the remnants of the neck cells, thus laying bare

the upper ends of the eggs {fig. 10)^ The body cell elongates

(fig. 5) and divides into two hemispherical cells of the same

size, this division taking place immediately before fertilization.

That both cells are functional is shown by the fact that when

only one pollen tube enters the complex two embryos are formed.

In many instances it was observed that the contents of the pollen

tube, which was in advance of the others, had fertilized two

eggs. The equal size of the male cells is another evidence that

both are functional.

Arnoldi (i) finds in Cephalotaxus the two male cells of the

same size. Strasburger and also Belajeff (3) figure the male

cells of Juniperus as equal. Arnoldi's (2) figures of the male

cells of Sequoia show them to be equal. According to Coulter

(6) the male cells of Pmus Banksiana are alike in size and volume.

Chamberlain (4) finds the same to be true of Pifius Laricio. In

cycads male cells are equal. Belajeff (3) observed that inTaxus

one of the male cells is much smaller than the other and does

not enter the ^g^ at all, Coker (5) finds one functioning male

cell in Podocarpus. In Pinus Strobus Miss Ferguson (8) reports

them as unequal, with the larger cell invariably in advance.
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There can hardly be any doubt that the occurrence of two equal

male cells is more primitive, and that any difference in size or

loss of function is a more specialized condition. It seems

reasonable to suppose that both male cells are functional in all

forms which have archegonia collected in a complex, for there is

nothing to prevent each male cell from reaching an ^g^^ In forms
w

where the male cells are unequal in size the archegonia are scat-

tered, thus making it practically impossible for the second male

cell to function, and this will of course account for the reduced

size.

Three to four pollen tubes appear to be the normal number

in Thuja. They either pursue different routes through the

nucellus or pass down side by side. In the latter case, one has

its tip in advance of the others. In numerous instances it was

observed that when the eggs fail to function, as they frequently

do, the pollen tube penetrates to the bottom of the complex and

in some instances pierces the jacket cells. When this occurs
^

the male cells increase very much in size as the tube nears the

bottom of the archegonium complex
{^fig^ /). In one instance

the cells were 50 ^ in length. The longer diameter of the hemis-

pherical male cell at the time of fertilization is in general 20 A^.

DEVELOPMENT OF THE ARCHEGONIUM.

Early stages in the development of the endosperm were not

studied, but the process seems to be similar to that described

by Jager (9) for Taxus.

The archegonium initials are differentiated about the middle

of June, their number being usually six. They rapidly elongate,

become conical, and as yet have very little cytoplasm {fig-
^\

The nuclei move toward the outer end of the initials and the

neck cells are cut off
{fig, p). So far as could be determined

they are cut off simultaneously. Each neck cell divides by

anticlinal walls, forming from two to six cells, and there is no

periclinal division. Almost immediately after the last antichnal

wall is formed the neck cells begin to disorganize, and they are

soon almost entirely assimilated by the central cells, which at

this time are increasing in volume at a very rapid rate.

^
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About the time of the cutting off of the neck cells, the

jacket cells appear. At first they are poor in contents, but soon

become filled with dense cytoplasm, and the adjacent layer of

prothallial cells also shows a marked increase in activity. Proto-

plasmic connections between the jacket cells and the central

cells were not seen, but it is possible that they were overlooked

owing to the extreme thinness of the dividing wall. It is not

believed that the nuclei of the jacket cells pass into the central

cells, as reported in Cephalotaxus by Arnold! (i).

Shortly after fertilization the jacket cells break down, and in

many cells the chromosomes become separated, and are then in

a favorable condition for counting, the gametophyte number

being twelve.

After the neck cell has been cut off, the nucleus of the central

cell lies very close to the upper end of the cell
[fig, 10^ and

enlarges so much that its longer diameter is sometimes more

than four-fifths of the diameter of the ^gg- A large vacuole

{figs. lo-ii) now rounds out in the center of the cell. Cyto-

plasmic masses collect at each end of the central cell, and are

connected with each other by a thin layer at the periphery of

the central cell. Two deeply staining masses, presumably

kinoplasmic in nature, are present. The one near the nucleus

resembles somewhat the mass mentioned in connection with the

body cell, but it is not so sharply limited. The other, in the

lower end of the egg, sometimes stains so densely that it often

resembles an overstained nucleus.

At this stage the tip of the pollen tube is in the mouth of the

archegonium complex, and is separated from the central cells by

remnants of the neck cells.

THE VENTRAL NUCLEUS.

Karyokinetic figures showing the cutting off of the ventral

:leus were obtained in material fixed June 20, 1901, and June

(fig. 12). It takes a position at one side of and a

little above the tgg nucleus, almost in contact with the wall of

the G^g, and usually on the side nearest the center of the arche-
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gonium complex. It is not separated from the egg by a wall,

but lies free in the cytoplasm of the egg. The figures of Stras-

burger (ii) and Belajeff (3) show that it takes a similar position

in Juniperus,

Arnoldi (2) claims that there is no ventral canal cell in the

Cupresseae, and among the Taxodieae he failed to find it in

Cunninghamia, Sequoia, Cryptomeria, and Taxodium. Coker

(5), however, finds a ventral nucleus in Taxodium, although it is

not separated from the ^gg by a wall, lying free in the cytoplasm

of the ^%%* He also finds the ventral nucleus very prominent in

Podocarpus, but here also no wall is formed. Strasburger (iij

as long ago as 1879 figured the spindle in Juniperus. There

can be no doubt that the free ventral nucleus without a separat-

ing wall is a specialized condition. A similar reduction in the

neck canal cells can be seen as one traces a series through the

bryophytes and pteridophytes. In most of bryophytes the

number of neck canal cells is rather large; in the pteridophytes

the number has become small, often only two, and even here a

wall seldom forms between the two nuclei. In most gymnosperms

there is a definite ventral canal cell, cut off by a conspicuous

wall ; in Taxodium, Podocarpus, and Thuja the nucleus is formed,

but the wall is suppressed. This may be the case in the forms

described by Arnoldi (i, 2), and may have led him to think that

the ventral canal cell was not represented. We doubt whether

a ventral canal cell is lacking in any gymnosperm, and believe

that the absence of such a cell, or at least a nucleus representing

it, could be established only by the most indubitable evidence.

When an archegonium has not been fertilized, there are indi-

cations that the ventral nucleus divides {Jig. ij). Coker (5)

holds that in Podocarpus these divisions are amitotic. In Thuja

after fertilization there are frequent instances of a further

division of the ventral nucleus, and these divisions are mitotic.

Coulter and Chamberlain (7) suggest that in some cases the

ventral nucleus in Pinus may be fertilized instead of the cgg^ A
number of the writer's preparations of Thuja lead him to believe

that both the ventral nucleus and the eggr in the same archego-
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nium may be fertilized. In fig. ly the proembryo is well

advanced, while the ventral nucleus has formed a group of four

cells— three of which are shown in the figure, as it was drawn

from a single section— which certainly suggests a proembryo in

the four-celled stage. Another preparation shows eight cells

with indications that walls are soon to appear. The proba-

bility of such a fertilization is strengthened by finding occasion-

ally in the same ovule embryos growing upward into the nucel-

lus
{^fig. -?/), as well as downward into the endosperm. These

embryos are so old that it was not possible to determine defi-

nitely if their suspensors are connected with a common arche-

gonium, but such appears to be the case. The embryos grow-

ing upward into the nucellus are not so vigorous as those grow-

ing downward into the endosperm.

The

FERTILIZATION.

contents of the pollen tube are discharged into the

space immediately above the archegonium complex, but it does

not appear that very much enters the ^'g'g. Traces of the cyto-

plasmic contents of the pollen tube can usually be seen in the

upper end of the egg, usually showing as densely staining

masses. In some cases the tube and stalk nuclei enter the ^%%,

in others only one of these nuclei enters, but in the great major-

ity of cases they do not enter the cytoplasm of the o,^^ at all,

but disorganize in the space above the archegonia. Fig. 14 shows

the male cell entering the (^gg. At this stage, in general, the

large vacuole which occupied the center of the ^g% has disap-

peared, and the ^gg nucleus has taken its place. Soon after

coming in contact with the ^gg the male nucleus slips from its

sheath and moves downward toward the e nucleus. The

actual breaking out of the male nucleus from its cytoplasmic

sheath was not observed, but numerous preparations showed

remnants of the sheath in the upper end of the t.g%. Fig. 15

shows the male cell just after its escape from the sheath, and

also shows one of the rare cases in which the large vacuole is

still present at this stage. The male nucleus passes down, and

\
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V

on coming in contact with the ^gg nucleus presses the side of

the latter inward (Jig. 16) , and finally fuses with it. A close

series of stages covering the period from the escape of the male

nucleus from its sheath to final fusion was not secured. The

time from the rupture of the pollen tube to the formation of the

fusion nucleus is very short. Ovules taken on June 20, 1901,

from a twig bearing perhaps a dozen cones, showed all stages

from the formation of ventral nuclei to well developed suspen-

sors. Not infrequently a male cell in contact with the tip of an

^%%^ and proembryos of four cells may be found in the same

complex.
THE PROEMBRYO,

The fusion nucleus is in general below the center of the ej

and remains in this position until the first division is completed.

The dividing nucleus is surrounded by a mass of deeply staining

cytoplasm
{fig. 18), which as the spindle disappears closes in

between the two nuclei and envelops them, as shown infig.ig.

The spindle, as in the first division of the ^gg in other gymno-

sperms, is intranuclear. When the two nuclei are in the stages

shown in figs, ig-20, the cytoplasm above begins to thin out,

showing in many instances a vacuole-like space between the

ventral nucleus and the proembryo. This space is never entirely

free from cytoplasmic masses. In some preparations, as well

as in all later stages, it appears more like a break in the con-

tinuity of the cytoplasm than like a vacuole [figs. 22-2j).

The two nuclei sink to the bottom of the egg, lose their

rounded form {fig. 20) , and divide simultaneously {fig 21);

while the ventral nucleus has enlarged considerably {figs. 22'-2j)

and is quite conspicuous.

The four nuclei resulting from the second division of the

proembryo usually arrange themselves in pairs, as shown in

fig, 22, which is reconstructed from serial sections. The third

division of the proembryo is also simultaneous {fig. 2j), and

gives rise to eight free nuclei, and walls appear shortly after

this last division. Among the cycads and in Ginkgo, after ferti-

lization, there is a long period of free nuclear division before any
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walls are formed. In Podocarpus sixteen or thirty-two free

nuclei are formed; and in Taxus and Cephalotaxus a like number.

In Thuja the number of free nuclei is constantly eight, while In

Pinus and its allies the number is only four. Even so small a

number as two is reported by Strasburger (11) as occasionally

occurring in Ephedra; and in Gnetum, according to Lotsy (10).

there is no free nuclear division at all. It would seem that

there is a gradual transition from an extensive free nuclear division

to a condition in which the first division of the c^^ is followed

immediately by the formation of a wall. In the development of

the embryo Thuja has not advanced so far as forms like Pinus,

although in its cyclic arrangement and in the reduction of the

male gametophyte it has proceeded much further,

A wall transverse to the long axis of the oospore now sepa-

rates the eight nuclei into two groupsj each group having four

nuclei. The nuclei of the lower group are completely walled in,

and from these the embryo develops. Walls parallel to the

long axis of the oospore extend from the transverse wall upward

a short distance into the cytoplasm of the oospore, thus walling

in the nuclei on three sides, but leaving them freely exposed to

the cytoplasm above {Jig. 24). The ventral nucleus is still

( visible but shows marked signs of disintegration.

' The four nuclei of the upper group now divide simultaneously,

and w^ls are formed transverse to the long axis of the arche-

gonium {figs. 24-23). The proembryo at this time consists

of twelve cells; two tiers of four cells each, and the group of

four in the tip, which were formed at the time shown in Jig. 2j,

The upper tier of incompletely walled nuclei, produced by the

division shown in Jig. 24, soon disintegrate. The second tier

rapidly eloncrates and forms the four suspensors {Jig. 26).

r n

A

i

r A single embryo is developed from the lowest group of cells,

which is thrust downward by the suspensors. In the Abieteae

each cell forms an embryo. Coulter (6) has shown that in

Pinus Laficio two embr^-os maj- develop at the end of a single

suspensor. In Thuja there is a tendency to form two groups of

I cells. The line of division is clearly apparent in the earlier

f
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Stages of the embryo, especially in cross sections {^fig* 28).

The line of division disappears as the embryo becomes older.

My acknowledgments are due to Professor John M, Coulter,

and Dr. Charles J. Chamberlain for assistance rendered during

the progress of the work.

The University of Chicago.
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EXPLANATION OF PLATES VI-VIIL

The figures, with the exception of figs. 8, 9, 10, 11, and 2B, were drawn

with Abb6 camera lucida, Bausch and Lomb ~^^ objective and ocular 2, For

figs* S, g, 10, II, and 28 a Bausch and Lomb \ objective and ocular 2 were

used. The magnification oifigs, 8, g, 10, 11, and 28 was 450; all others 850.

The plates are reduced to one-half the original size. The abbreviations

used are : b^ body cell ; v, ventral nucleus ; m, male cell ; o^ egg nucleus

;

s, suspensor
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4

Fig. I. Pollen grain shortly after separation of tetrad.

Fig. 2. Pollen grain showing tube nucleus and generative cell.

Fig. 3. Pollen tube with tube and stalk nuclei in advance of the body

cell.

Fig. 4. Pollen tube entering nucellus.

Fig. 5. Body cell preparing to divide.

Fig. 6. Tip of pollen tube with two male cells and tube and stalk nuclei.

Fig. 7. Male cells at the bottom of an archegonium which failed to

function.

Fig. 8. Longitudinal section through upper end of prothallium. showing

archegonium initials.

Fig. 9. Archegonium complex after neck cells have been cut oS.

Fig. 10. Archegonium complex just before cutting off the ventral

nucleus; jacket cells very active, neck cells disintegrating, and body cell

preparing to divide.

Fig. 1 1. Transverse section through middle of an archegonium complex,

showing the large vacuoles.

Fig. 12. Cutting off the ventral nucleus.

Fig. 13. Probable division of the ventral nucleus.

Fig. 14. Male cell entering the ^g,g.

Fig. 15. Male nucleus after slipping out of its cytoplasmic sheath.

Fig. 16. Male and female nuclei in contact.

Fig. 17. Division of ventral nucleus in upper end of oospore ;
only three

of the four nuclei shown ; below is the proembryo, with the suspensors begin-

ning to elongate

Fig. 18. Division of the fusion nucleus.

Fig. 19. The two nuclei resulting from the division of the fusion nucleus;

the ventral nucleus is above.

Fig. 20. The two nuclei at the bottom of the egg.

Fig. 21. Second division of the proembryo.

Fig. 22. Four nuclei resulting from the second division ; the ventral

-nucleus above.

Fig. 23. Third division of the proembryo; this figure shows the last

simultaneous division of the nuclei.

Fig. 24. Upper tier of nuclei dividing to form suspensors.

Fig. 25. Second tier elongating into suspensors.

Fig. 26. Suspensors, with embryo.

Fig, 27. The most advanced one of a number of embryos growing

upward through the nucellus ; in the preparation from which the figure is

drawn there are the usual number of embryos growing downward.

Fig. 28. Transverse section of an embryo, showing bipartite appearance.



THE RISE OF THE TRANSPIRATION STREAM: AN
HISTORICAL AND CRITICAL DISCUSSION,

CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY,
XXXVIIL

Edwin Bingham Copeland.

[^Concluded fro?n page /9J.]

VIII. The theories ascribing the rise of sap to the atmospheric

pressure and to differences in the tension of gas within the wood

are not fundamentally distinct. It istrue that Bohm felt called

upon to drop the former when he accepted the latter; and R.

Hartig advocated the latter while altogether discrediting the

other. But if the living cortex of the root be regarded as inactive,

it is clear that an excess of pressure outside will force water into

the root, just as surely as it will make it move in the wood toward

the point where the pressure is least. This is realized in dead

roots, which, as Is well known (Saussure ; Hansen
; Janse ; Bohm,

1889), can temporarily at least supply the demands of transpira-

tion. In the living root the influence of the atmospheric pressure

must be the same; it may be opposed by friction or aided by

osmosis ; but in itself, so long as there is water outside the root

and the pressure within is less than an atmosphere, it will push

the water inward. Pressing water into the root must directly or

indirectly press other water up the stem. The cortex of the root

.

is easily permeable to water; and water outside but in contact

with it will be subject to and will transmit the full pressure of

the atmosphere. There is, therefore, no foundation for the idea

(Strasburger, 1893: 55 ; Goppelsroeder, 1901 : 211) thatthe atmos-

pheric pressure cannot operate to raise the transpiration stream

merely because the walls obstruct the passage of the air itself.

When root pressure is not active the atmospheric pressure is

probably the chief cause of the passage of water into the root;

at least this conclusion is indicated by the excellent work of

260 [OCTOBER
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Vesque (1884), who found the absorption by oleander roots to

be proportional to the pressure, both below and above one atmos-

phere. Vicia was found less sensitive to slight differences in the

pressure, \vhence it appears that osmosis plays a larger part in

its absorption of water.

The atmospheric pressure theory says that the water-conduct-

ing structure of a tree is something like a large water barometer,

m water is withdrawn from the top of it to be evaporated,

the atmospheric pressure against the bottom forces water up to

make good the loss. The water column, instead of being con-

tinuous, is broken by bubbles, each supposed to have a tension

corresponding to its height in the column. The tension of these

bubbles will cause a local movement, and their elasticity will

make any adjustment of a disturbance gradual, so that the

dependence on the atmospheric pressure is not immediate, but

ultimate (and entire).

The evidence for this theory, aside from Vesque's work, which

has never been adequately appreciated, is chiefly the presence of

rarefied air in the tracheae.^ We have already dwelt sufficiently

on the extent of this rarefaction. The theory demands that there

be an uninterrupted decrease in the tension of the air from below

upward; this must hold, however, only in each individual water-

path, and need not be at all true of the tree as a whole. R.

Hartig (Die Gasdrucktheorie) is quoted as reckoning the differ-

ence in tension sufficient to move water between adjacent tracheae

at 0.00004 atmospheres, and as making elsewhere an even lower

estimate, Manometric determinations of the tension are practi-

cally valueless unless it is certain that they are made in the same

path. All that has ever been proven (R. Hartig, Bot. Zeit. 1883,

among others) is that the tension is on the whole less near the

top of the tree, near where the water evaporates, than it is lower

down. There is no sound experimental evidence that in any

single water-path of any tree there is a constant increase in pres-

sure all the way down to the roots. But on the other hand, the

fact (Strasburger, 1893: 61-63) that in the crown of the tree

differences in tension depend upon the intensity of the transpira-

\:

'k^-
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tion, but not on the height^ is not an objection to the theory,

because in the crown there must be a poor opportunity to test

the tension in the same path twice ; and the transverse equili-

bration of tensions is limited even in Tilia, where it is easiest.

The time and place of the occurrence of low tensions in trees

permit no doubt as to their being the result of transpiration.

They occur in the youngest wood, whence the water is drawn to

the leaves; and they are greatest in the summer season of most

active transpiration, in spite of (and also as a cause of) the fact

that absorption by the roots is most active then. The usual daily

variation is very conspicuous. In mosses with specialized con-

ducting strands energetic transpiration results in the same way

in the appearance of greatly rarefied gas (Haberlandt : 1883, and

1886: 416). Not only is it a general rule that the tension is

lower during the day, but in many cases the tension exceeds an

atmosphere by night, giving way to a relative suction when

transpiration becomes active, as was mentioned in discussing

root pressure. In our climate this occurs in summer only in

herbs, but Molisch (Ann. Jard. Bot. Buit. 1898) reports it in

lofty Javanese w^oody plants.

That the lower tension following transpiration will have as

its result a forcing up of water from below until the tension is at

least in part eliminated is almost self-evident. I do not recall

seeing this questioned, except in one or two passages by

Strasburger. After finding that branches of Taxus and Tsuga

can absorb water under almost no outside pressure, he denies

(1891: 796) that the tension of bubbles in the wood has any

importance. And in speaking of the possibility of low tension

in the upper part of a tree (1893 : 60), where he says **So miisste

fiir diese Erscheinung eine andere Ursache als die der Wasser-

hebung gesucht werden," I am uncertain what ''Ursache" may
mean. But in many places Strasburger takes the other view.

For instance ( 1 89 1 : 871), " Die auf tracheler Saugung beruhende

Wasseraufnahme aus dem Boden kann dann (after transpiration

ceases to be active) fortdauern, bis dass die Bahn mit Wasser

gesattigt ist," and (1893: 81) **Vorallem muss aber die negative
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Gasspannung, die in solchen (zeitweise entleerten) Bahnen

herrscht, zu deren Wiederfiillung beitragen. Ihr Einfluss diirfte

stets dominirend sein/'

That transpiration and absorption are not parallel has always

been inexplicable except on the basis of a storing up of the

"suction" (rather, reduced tension) by the rarefied gas in the

tracheae. And this involves the assumption that the differences

in tension suffice, in practice if not in theory, to lift the water.

The one great objection to this theory is that the pressure of

one atmosphere at sea level is equal to that of a column of water

only lo"' high, which is no considerable part of the height of

large trees. The bare dogma ''it cannot be" is not instructive

nor stimulating, but has been much too effective in discrediting

this theory. The atmospheric pressure certainly cannot cause

an upward ^ow of a continuous column of water more than lo""

high ; but except when root pressure is active and can act with

the atmospheric pressure, it may well be doubted if such a

column of water ever occurs in trees. The atmospheric pressure

would be ineffective against it solely because its downward

pressure would be greater. But it is well known that pressures

in excess of an atmosphere never are found in actively trans-

piring trees.' At whatever height the pressure in the tree may
be tested, it is always found such that the local application of a

counter pressure of an atmosphere would move the water present

upward. The problem is to explain how a pressure of one atmos-

phere decreases so gradually that it does not become zero in

several times lo" height of water, air, and wood. Denying the

possibility has distracted attention from the real question. The

conclusion of this paper will be occupied with this problem.

IX. The belief that the forces operating below— atmos-

pheric and root pressure— and the tension of whatever kind

arising from evaporation by the leaves were altogether inade-

'For the explanation of Figdor's (1898) apparent discovery that high pressures

are the rule in the tropics, see MoJlsch (1902 ; 53-55 ; also Gregor Kraus, 1895 - 216).

A. N. Prentiss is referred to by Clark (1874: 190) as telling of trees in Brazil which, if

cut during the dry season, suck in air " so forcibly as to cause a sound, amounting

almost to a groan."

1
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quale to explain the ascent of sap left the one obvious alterna-

tive of some motive agent distributed along the stem. The only

modern theories along this line making any pretence at

completeness have sought this intermediate force in the activity

of living cells. There are two distinct theories of this kind,

Westerm Accord-

West

path of the transpiration stream, and their osmotic activity

furnishes the motive power. The vessels, and even some inter-

cellular spaces (1884:1106-10), serve as reservoirs or landings

for the water, its running down in them being prevented by

capillarity. The limit on the height to which the water can well

be carried at a stretch in the parenchyma alone is placed by

Westermeier at 3'=°'. It is not shown in detail that the structure

of any tree is such as this theory demands ; still, the association
^

of tracheae and parenchyma is a striking phenomena, from

which, in fact, Westermeier got his idea. Such rapid movement

by osmosis in living cells as this theory provides for is known
Î

nowhere else.

Godlewski's theory is in better accord with the generally

accepted fact that the tracheae are the chief path of the transpi-

ration stream ; he holding that the water passes through living
j

cells, the medullary rays, only at occasional intervals, receivmg
;

each time an impulse like that of root pressure, which carries it f

some distance up in the tracheae. Godlewski's idea was that the

water moved upward instead of falling in the tracheae, when

forced into them by living cells, because of differences in the

tension above and below; which would make this theory subject

to the same limitations as if the living cell feature were omitted

(Zimmermann, 1885). Janse (1887:34-48) sought to obviate
J

|

this difficulty by ascribing the water's failure to sink to friction.

There is no escaping the fact that water will sink in wood (unless

hindered by too much air) by its own weight. For this explana-

tion to hold it would be necessary then for the living cells to

raise the water faster than it could run back, which is not to be

expected of osmosis, and would be very wasteful at best.

/

/
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Janse suggests that the medullary rays will always pass water

in the same direction, being able to distinguish the upper end by
virtue of the stem's '' polarity." But the weight of evidence ever

since Hales has been that the water moves with equal readiness in

either direction (Hoffmann, 1850:842; Hartig, 1861:22; Unger,

1868:397; MacNab, 1874:363; and Bohm, Ber. Deut. Bot.

Gesell. 1890. On the other side Rauwenhoff, Reinhold, and

Meyer, 1897, the latter only contra Bohm's work). In view of

the fact that the transpiration stream does not become more
concentrated as it rises, the mechanism of its propulsion must be

different from that we have found most likely in root pressure.

Godlewski, therefore, embraces Pfeffer's suggestion that a stream

may be driven through a cell if a difference in internal concen-

tration be constantly maintained ; and he seeks the energy to

keep up this unequal distribution of solutes within the cell sap

in respiration. The expensiveness to the plant of this operation

is evident.

Aside from the isolated instance reported by Janse (1887:

30-32), in which the path of eosin carried by the transpira-

tion stream seemed to traverse the medullary rays, the positive

experimental evidence used to prove the activity of living stem

cells is that "root" pressure is greater farther up than at the

base of a stem, and that rootless parts of plants bleed. Bara-

netzky (Abh. Naturf. Gesell. Halle 1873: 51-53) is authority

for the greater pressure higher up, but he experimented with

only four individual Helianthus and Ricinus plants, too few to

guarantee the results; and Detmer (1877. cf. Wieler, 1893)

reached the opposite conclusion. I have found the pressure of

Helianthus higher on the whole when the seedlings are cut near

the ground, but have tested only a dozen plants.

Baranetzky (/. c. 53) also cut a piece fifteen feet long out

of a maple stem, closed both ends, cut a series of wounds in it,

and peeled the lower end and set it in water. After eight days

the wounds, especially the lower ones, began to bleed daily, from

U A. M. to 1:30 p. M. It was exposed to the sun from 10:30

until evening, and in spite of the fact that the temperature in the
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shade rose until 3 P. m,, it is possible enough that its bleeding

was coincident with its hours of becoming warmer. That the

sap became bitter and astringent shows that its extrusion was not

due to any normal activity of living cells ; but the true explana-

tion is probably the same as that of Pitra's experiments. Pitra

made numerous experiments differing from Baranetzky's in that

the piece of a stem was submerged except the upper end, which

was provided with a manometer. Bleeding was likely to begin

after eight or more days. Pitra had here substantially the same

physical apparatus as an osmometer. The sap in the wood is

slightly more concentrated than the water outside ; between

them the cambium or youngest immature wood would be a very

imperfect semipermeable membrane, and the callus or healing

tissue formed in and over the exposed surface within a few days

(cf. Molisch, 1902; Wieler, 1893: 150) would make a much

better one, A continuous layer of uninjured cells between the

sap and the water would insure success ; accordingly when the

leafy branch was immersed and the cut end, with the manometer

attached, was above the water, a pressure was more' certain to

be developed. This experiment shows also that in such experi-

ments the water moves toward the base of the stem just as well

as toward the leaves, Wieler (1893: 30-33) has repeated these

experiments, likewise making an osmometer each time, so that
|

his results are most naturally construed as having no bearing on

the normal movement of the transpiration stream. C. Kraus has

published an enormous number of instances of so-called bleed- \

ing from various isolated parts of plants In at least a part of

these the conditions were such that by the formation of a wound

tissue an osmometer was formed. I have not had access to all

of C. Kraus' work, but what I have seen makes me quite ready

to accept the opinion of Molisch that the extrusion of water was

always a direct or indirect effect of wounding, and without any

relation to the rise of sap in healthy plants. Molisch's own

work (1899) on the voluminous bleeding of sugar producing

palms was more of a puzzle in the absence of information on the

histogenetic results of the wounds inflicted, until his paper of
j
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1902 classing this with the work of Pitra, Bohm (1892), and C.

Kraus. Looked at in this way, we have here a complete layer

of live cells formed across the water conducting tissues, making

still another osmometer ""— an enormous nectary. The water

being drawn into this nectary from the conducting elements by

osmosis, it is exactly the same, so far as concerns the problem of

the ascent of the water, as though it were drawn by the same

force into the transpiring cells of the leaf.

Strasburger, who can speak with most authority, says the

structure of many trees, notably Dracaena (1893:17), is much
less favorable to the action of living cells than is that of gym-
nosperms, which were Godlewski's chief subject of discussion.

The most conclusive argument against the activity of liv-

ing cells in the ascent of sap is its moving freely upward in stems

where the cells have been killed by poisons or by boiling. More
or less injurious stains have always been used to detect the path

of the transpiration stream. Of more violent poisons, KgFe
CNg was carried up in experiments for the same purpose by

Rominger, Hoffmann (1848; 1850 : 796,842), Von Mohl (1851 :

23i),andVanTieghem (118 seq.) Boucherie (1840), in experi-

ments in which the poisons must have risen more than lo'", had

various ones absorbed, especially iron pyrolignite. This was also

carried up more than forty feet in an experiment already described

by T. Hartig (1853 :3I3), and was afterward carried downward

in a reversed transpiration current in an experiment by the same

author(i86i : 23). Saussure (1804) let CuSO^ be absorbed,

which killed the plants after a few days. Dutrochet (1837: 214)

found that H^SO^ strong enough to discolor them would rise

in stems; from which he did not fail to conclude that living

cells were unnecessary to its movement. Strasburger's work on

the conduction of poisons culminated with an experiment (1893 :

10-17; other work, 1891 : 607-625) in which picric acid rose

21.9^ in an oak.

Experiments in which boiled parts of plants conducted water

"Osmometers, so-called, are not commonly used as real "measures " of osmosis ;

osmoscope would be a much better word.
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have been made by Hansen, Weber, Janse (1887 :2i), Bohm

(Bot. Centralb. 1890; 1892 II; 1893), Vesque (1891:583),

and Strasburger (1891 1645 seq,). Strasburger boiled the lower

12"" of a 15"" high Wistaria, after which water rose at least 10.8"

from the base. When part of a stem has been boiled, the living

part above it usually wilts after a few days. Weber found

and Janse confirmed it— that the living part above, or both

above and below, the boiled part had become impervious by the

growth of tyloses, or other healing devices, such as would be

used to cut off an injury arising in any other way. It is, then,

the activity of the live part, and not any inactivity of the killed

part which is the immediate cause of the stoppage of the trans-

piration stream. There is no direct evidence that any activity

of living cells is necessary, even to keep the dead conducting

elements in lasting proper condition.

It was never more difficult than it is now to say safely that

any performance is not possible by living cells. But it has been

'most thoroughly proven that their assistance is in no way neces-

sary in the ascent of sap; it is therefore exceedingly improbable.

More than this, it is evident that if water be withdrawn from any

vessel by living cells and returned to the same vessel higher up,

or to any other vessel in easy communication with it, the water

will run dowm again unless it be prevented by friction or by some

force outside the living cells. Friction is not available, since

water will sink in wood by its own weight ; and without friction,

a force which can hold it from running down can also draw it

up, without any help from the living cells. The work of living

cells in lifting water can be effective only w^hen these cells form

a closed layer without a leak. Root pressure is made possible by

the presence of such a layer of cells. But an unbroken layer of

living cells across the entire path of the transpiration stream, or

even across so much of it as supplies water to a single leaf, is

unheard of in the stem of any plant. It is the tracheae w^hich

are uninterrupted. It is precluded by its structure, then, that

the stem of any plant should serve in the elevation of sap as the

root does in setting up root pressure.

f

\.

y
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When Pfeffer (1892:258-267) attacked the problem of the

rise of sap, by the method of eliminating impossibilities, Stras-

burger had cut out the assistance of living cells as this last resort

;

though Pfeffer was so reluctant to be left without any that he

questioned the sufficiency of Strasburger's proof. As far as

Pfeffer reached any conclusion, it is this (260) :
'* Ohne irgend

einc bestimmte Voraussetzung iiber die Mechanik der Wasser-

bewegung in den Leitbahnen, kommen wir also zu dem, librigens

auch schon aus anderen Argumentationen gezogenen Schlusse,

dass das Wasser anderweitig, d, h. durch in den Leitbahnen

entwickelte Krafte, in die Hohe geschafft und somit das in sol-

cher ( !
! ) VVeise auf hoheres Niveau gehobene Wasser den

aus den Gefassbiindeln schopfenden Zellen geboten wird." *' Wie
aber im Naheren der Betrieb zu Stande kommt, ist ganzlich

unaufgeklart."

X. Of the various theories on the ascent of the sap we have

found no other to have so much in its favor, logically and

empirically, as that which says the ultimate cause of the upward

movement of water in the wood to replace the loss by transpira-

tion is the pressure of the atmosphere against the water absorbed

by the roots. To the sufficiency of this theory it is objected

that at most the atmospheric pressure can push water up only

10"", and this objection is not refuted, but rather better applied,

when it is pointed out that the downward pressure of water

actually occurring in transpiring trees of whatever height is never

such that one atmosphere cannot overcome it. The kernel of

the whole problem is, why is this atmospheric pressure exhausted

so slowly with the ascent of the tree that, whatever height is

reached, and however rapidly and forcibly water may be drawn

from the wood, some pressure always remains?

Vesque (1884:195) proposes that in measuring the 10"

which the atmosphere can push up only the indices of water

between the bubbles should be counted, for the bubbles have no

effective weight. The suggestion is good as to water at rest

;

and would be valid and final as to the rising stream if the bub-

bles moved with the water ; then our problem would have been
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solved by Malpighi. But the bubbles do not move. As Vesque

himself was first to show, the water moves past the bubbles,

without as a rule disturbing their position. In the present state

of our knowledge, this seems to require that liquid water be

always continuous from one index of it to the next along the

wall. If the pull from the leaves is operative around the bub-

, bles, there is no known reason why that of gravity should not be.

But if it were, the total pull of the water in the stem would seem

to have to be equal to that of an unbroken column of water of the

same height. And no such pull can be detected.

Every feature, active or structural, of the environment of the

water in the wood is a part of the complex whose composite

result is the rise of the water. Modifying any of these features

must influence the movement of the water. Of two physiologi-

cal factors— removal of the water by transpiration, and the

pressure of the atmosphere— we know that in the entire absence

of either the water does not rise. Any theory which leaves out

of consideration any part of the environment of the water might

reduce the rise of it to an equation, but would not prove its right

to acceptance. The atmospheric pressure theory, taken alone, is
[

in this negligent position. To be complete, it must reckon with
|

the tensions, surface or other, and with the friction, external and

internal, of water moving in the lumen, against the walls, and at

times in the walls of the wood. Absolute completeness, such as

would explain the rise of water in beech but not in oak wood, is

not at present a goal; but any theory ought certainly to include

every phenomenon of the rise of water in many or all trees, or

show that those omitted are irrelevant.

Nothing about the rise of water strikes one who has seen it as

more characteristic than its movement between the bubbles and

the wall. When transpiration is at all active, the water must

travel more than half of its course in this way. It must move

very much more rapidly here than in places where it fills the

entire lumen. Surely no theory can be complete which does not

include a mechanical explanation of this passage of the bubbles.

Science has become so broad that no man can be proficient
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in many of its branches, and as the field of labor is divided, we
turn to the physicist for skill in the solution of such purely

mechanical questions as this must be. But while as keen a

worker as Schwendener can find no physical ground for even the

existence of a flow past bubbles, we have only ourselves to rely

on for an explanation. The soundness -and thoroughness of

physiology is usually measured by its nearness to physics and

chemistry; but in the present state of physical knowledge on

this point no theory can rest on it and be acceptable. The

problem is distinctly outside of my province, and the experi-

ments I have made on it were for the personal satisfaction of

feeling a new field, without any thought of clearing it. I will

speak of only two or three of them.

As stated before, Vesque's experiments in glass tubes are easy

to repeat. If a coiled hair is pushed into a wet tube it straightens

in part, but will hold up an obstruction such as a bit of copper

slid down from above ; and this will afford considerable opposi-

tion to the rise of a bubble let in from below ; while the hair

runs down the side of a tube from the water above to that below

the bubble. With care, bubbles can sometimes be held in place

by the hair alone, but not as certainly. I have found it con-

venient to set the tube, so fitted up, in a vessel of water on the

top of a microscope ; the focusing adjustments of the micro-

scope served to elevate or lower the vessel. Measurements were

with a cathetometer. The meniscus in the tube being well above

the obstruction to the bubble, the vessel was slowly raised ;
the

bubble was stationary, while the meniscus higher up slowly rose.

Nothing else was to be expected ; this need show only that the

surface tension in the angles formed by the hair and the wall is

sufficient to hold in the angle water which connects that above

the bubble with that below it.

In a Jamin's chain, the bubbles moving with the water, and no

water passing them, capillarity will hold the highest meniscus an

indefinite height up in the tube. If Vesque's suggestion, that an

atmosphere should lift in the wood a total of 10"* of water,

exclusive of bubbles, is tenable, the height to which the highest
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meniscus in a tube with a bubble pai?t which water flows should

be greater than in the same tube of unbroken water ; but at first

sight that looks unlikely. Some experiments seem, however, to *

indicate that it occurs. Thus, in a tube 1.3™"' in diameter (as

nearly as I could measure), the height from the water outside to

the meniscus within was 23"""^; with two bubbles in the

tube the height was 23.9"'"'; after they were removed it

was 23.1'""'. But in most instances I found the added .
;

height, after introducing a bubble or two, to be about

0.1 """", which is too little to rely on as anything. Working

with a tube obstructed by a hair alone, I have seen a

bubble without any other provocation than an accidental

jar, slide above the hair and make a Jamin's chain, and

carry about 3™"" of water with it, so that the total water

held up was 27.2 """", instead of 24.2'""'. The energy to do

this must have been furnished by the change in shape of

the bubble. One more of these experiments will suffice.

A piece of glass tubing was blown in the shape illustrated,

and a bubble put in whose outline is shown by the curved

lines at the two extremities of the figure; a hair passing around

the bubble. Keeping the tube upright, it was subjected to an

added pressure of 70 ^'^ Hg. Within ten minutes the bubble was

reduced one-half, as represented by the inner bounding lines;

the immediate effect of compressing the bubble was to make

the meniscuses at its two ends of different shape, and this differ-

ence caused water to flow up around the bubble.

While these experiments and others show the facility with

which water can pass bubbles in vessels of uneven contour, they

throw no light on the force which carries it around the bubbles

in the tracheae; which is the question that needs answering. The

ease of the movement, and its rapidity, and above all the pressure

relations involved in the tracheae, are still quite in the dark.

Since the water moves farthest and fastest here, it is greatly to

be hoped that physicists will soon take a position with which we

can get in touch.

Another problem hardly less in the dark than the physics of

ii
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the films of water around the bubbles is the resistance to be

overcome by the movement of the transpiration stream. These

two problems have much in common, but this one admits of a

more conclusive experimental answer. According to most of the

evidence we have, more energy is required to overcome this

friction than in the actual lifting of the water. But this evidence

is most noticeable for the discrepancies in it— cf., e, g. Janse with

Strasburger or Sachs. In the most recent work on this subject,

Curtiss (1901) concludes that the resistance offered by a stem to

the flow of water at a fixed rate is not proportional to the length of

stem. He also finds that the same force is required to overcome

this resistance, whether it is applied as a pull or a push ; which

at most can be the case only within limits, because of the influ-

ence of the tension on the size of the bubbles. The rapidity of

the movement of water can involve no inconvenient measure of

friction, or the plant would provide for a slower current by allow-

mg the conducting tissue a greater cross section. Instead of

doing this the tree restricts its conducting area with tyloses,

'*gum/' and changes in the wood itself, whose only known effect

where they occur is to hinder the movement of water. In many
trees, as in Robinia, the specialization is most decidedly toward

the restriction of the transpiration stream to the youngest wood.

If it should be proven on the physical side that the water

surface in contact w^ith the bubble, in breaking half of the bonds

that held it in the liquid state, had acquired some of the motility

of a gas, the clearing up of the physics of the water surface

would altogether alter our attitude in theory toward the friction

problem. The idea that the surface of a liquid is more rigid than

the interior, certainly arose from faulty experiments, but the

truth of the matter is yet to be shown. If it should be found

that the surface shared the properties of gases again in their

relative indifferences to altitude, as Sachs suggests for the

water of imbibition— and as is not at all impossible with a half-

way vaporized surface— the calculation of the 10"' of water as

the sum of the liquid indices alone will be justified at once. It

is conceivable even that the elevation of water by surface tension
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in the stem be active, the source of energy being the cooling

of the stem, which would remove the lO^ limitation altogether.
|

Arendt's observations, apparently of ascending currents main- I

tained by capillarit}^, have not to my knowledge been corrected or

explained. It is safe to assume that the plant does not work on

a dangerously narrow margin, and lo™ of water in a tree lOO"^

high would leave a proportion of air for which we know no par-

allel. But it is idle to take advantage of what we do not know

to spin out speculations.

This is not a satisfactory state in which to leave a subject.

But it may still be regarded as something in '* this most nebulous

of subjects/' as Darwin calls it, to have pointed out where our

theories fail, and where our densest ignorance lies. The rise of

water to make good the loss by transpiration is due to the

pressure of the atmosphere, or to this and other forces coop-

erating with it and regulated by it. Much farther than this we

cannot go until there is a physical explanation of the repeated

botanical observation of the passage of water between bubble

and wall.

Stanford University,

California.
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SOME NOTES ON THE! ECOLOGY OF THE DELA-
WARE COAST.

CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY.
XL.

Laetitia M. Snow.

(with map and ten figures)

J observations here recorded

were made at Rehoboth Beach, Delaware, as a small addition to

the increasing collection of data from the Atlantic seacoast. In

sequence and nomenclature an attempt is made to harmonize

these results with those obtained by Mr. Kearney^ and Dr.

Harshberger^, on Ocracoke island and the New Jersey coast,

respectively. The Britton and Brown nomenclature is used

throughout, with the synonyms from Gray's Manual, where such

occur, in parentheses. The list of plants does not claim to be

complete, as the work was done during the summer months, and

therefore the flowers of many species had disappeared, while

other forms had not yet flowered, making identification difficult

and at times impossible. Many forms were doubtless over-

looked in the one or two visits which limited the opportunities

for study In some parts of the field. The algae and fungi were

not studied, while the lichens and mosses received the most

superficial attention.

I. GEOGRAPHY.

The region studied extends from Cape Henlopen to a little

over a mile south of Rehoboth, including a tract of land about

six and a half miles long, by one-half to one mile in width, lying

on the mainland, instead of on a fringing chain of islands, which

is the usual condition along the Atlantic coast. The trend of the

' Kearney, T. H., The plant covering of Ocracoke island. Contrib. U. S. Nat.

Herb. S : 261-319. figs. 18, 1900.

Harshberger, J. W., An ecological study of the New Jersey strand flora.

Proc. Acad. Philad. Oct. 1900.
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coast line is almost due north and south, and the ocean currents

come predominantly from the southeast.

II. PHYSIOGRAPHY.

A. Topography.—From the northeast end of Maine to the

Florida peninsula the Atlantic coast is more or less fringed with

islands, the shore lines of Delaware and Mar^-land being no

Fig. I.—Shore south from Rehoboth, showing sandstone layer upon which is a

dune ; Douglas House at left, one mile to the south.

exception to the general rule. Here the bays and lagoons

extend far into the mainland, usually surrounded by swampy

tracts, broken up into sub-bays by low lying islands, and often

connected by slowly flowing streams. In the course of time

the lagoons and bays become filled up by sediment and plant

remains. This process of filling up could be studied wnth great

advantage in the Henlopen region, for all the stages from lakes

through storm-flooded areas and swamps to the meadows are

found, although the lagoon stage is past.

The sea beach is smooth and usually has avery gradual slope
;

the sand is fine and compact and is not easily drifted, therefore
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there is a tendency for low, more or less fixed dunes to form.

Diagonally across the cape, however, is a large active dune,

which by comparison with the 75-foot lighthouse seemed to be

about 80-90 feet high. To the southwest of this are several

smaller active dunes, becoming lower and more stable toward

the south. A row of small dunes, somewhat fixed, edge the

beach around the cape, enclosing a region of swamps, meadows,

lakes, and low dunes. South along the beach extends a line of

dunes, with a second series back from it, the distance between

the two varying greatly at different places. Meadows, swamps,

lakes, and small dunes occupy this space.

The second series extends in a very irregular line across the

cape (see map), and since these dunes must have been blown in

from the coast it is natural to suppose that the coast at one time

was parallel to them (S.E.-N.W.), instead of projecting to the

northeast as now. The supposition that Cape Henlopen has

grown out from a S.E.-N.W. coast, and is still growing, is sup-

ported also by the formation of hooks on the western shore by

the southeast ocean currents. Such cape and hook formation is

described and figured by Gerhardt3 from the coast of Europe.

Back of the second series of dunes a plain slopes to the

thicket and forest, broken in places by meadows and sm

dunes, and interrupted by fields. This plain, for want of a bet-

ter name, I have called a "heath;" physiographically it corres-

ponds with that type, although it is not characterized by the

typical plants.

B. Soil.— I. Character.— The soil is predominantly sandy

throughout, usually nearly to the surface, where a thin layer of

humus appears in the moister regions. The beach is nearly pure

sand, with a few patches of clay in hollows, where it is deposited

by the wash of storms. From Rehoboth for about a mile south

there crops out along the beach a deposit of sandstone. This

being much more resistant than pure sand stands out in step-like

structures, upon which dunes are usually superposed {fig^ /)• I"

aGERHARDT, Paul, Handbuch d. Deustch. Dunenhaues. Berlin. 1900- PP- 43"

46, 61-63.

all
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r

Map of region from Cape Henlopen to Rehoboth bay. Adapted from Coast

Chart no. 127, U. S. Coast and Geodetic survey.
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several places, however, the dunes have either not formed there,

or have passed back, leaving a golden brown slab of hard

material. On the beach pieces of iron ore were found, washed

from an undetermined source. Back in the dune region are

tracts of lancl almost totally destitute of vegetation {^fig. 2).

These desert spaces are rain-washed in times of storm, and hold

water for some little time, the water washing into the depression
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Fig. 2.— Bare space between dune series; second series immediately beyond, on

crest of which a thicket is forming ; forest beyond.

from a higher region, and then evaporating, covering the ground

with a deposit of sand and clay, which becomes baked in the

hot sun. The ground is so unfavorable for the existence of

plants, that very little vegetation Is found here. In the swamps

and meadows a layer of humus covers the sand to a greater or

less depth, according to the character of the vegetation, the

exposure, and the length of time of deposition.

2, Soil water.— Water level is very near the surface, in

most places only a slight depression being needed for the devel-

opment of a swamp. The water furnished by pumps in the vil-

I
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lage is strongly impregnated with iron, showing that a stratum

of ferruginous material underlies at least part of the region.

III. CLIMATOLOGY.

A. Rainfall.— Besides lacking state geological and topo-

graphical surveys, Delaware has no Weather Bureau station, and
therefore the statements concerning the climate must be very

general. From the Rainfall Division of the U. S. Weather Bul-

letin, 1897, the following facts were obtained. The mean annual

precipitation is 40-50 inches in the Middle Atlantic states. The
distribution here is more uniform than in any other part of the

country, 20-25 inches being the usual amount in the growing

season (April-September), the least recorded for this period

being 10-15 inches.

B. Heat and light. —-During the two months spent at Reho-

both a verj^ imperfect record of temperature and direction of the

wind was kept, and in the absence of accurate reports the results

will be used for comparison, The temperature figures for the

New Jersey and North Carolina stations were kindly furnished

by the U. S. Weather Bureau, the mean temperature for July and

August, 190 1, being as follows :

July August July August

Atlantic City, N, J. - 75 74 Cape May, N. J.
- 75.6 7^

Rehoboth, Del, - jj,j 78.4 Cape Hatteras, N. C. 78.9 79.5

Even on cloudy days the light on the coast is more intense

than inland, on account of the reflection from the sand surface,

while on bright days it is almost blinding. The amount of heat

radiated by the sand is considerable, and taken inconection with

the reflected light must necessarily have great influence upon the

flora, only those plants appearing that are able to adapt them-

selves to these severe conditions.

C. Wind-—The direction of the wind, as well as its force, is

very important with reference to the shape and size of the dunes.

For the two months during which these observations were made

the prevailing wind was southwest, alternating with northeast

J No observa-

tions being made during the other months, no conclusions as to
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the prevailing wind for the year can be drawn. The oaks and

cedars bend away from the shore, as is usual, their outer branches

suffering from the salt-laden wind, while the more protected

limbs grow fairly well, thus producing a one-sided plant. The

prevailing wind is not necessarily the dune-forming wind. For

that other factors must be considered: the strength of the wind,

the sweep over an expanse of surface, the absence of obstacles

in the path, and lastly the angle at which it meets the shore.

At Cape Henlopen the northeast wind is probably the strongest,

having a sweep over the mouth of Delaware bay, and meeting

the shore at a large angle; hence the dune is moving across

country southwest. Farther down the coast the northeast wind

meets the shore at a small angle, while the lighter east wind

strikes perpendicularly. In this case the dune movement

depends upon which factor is the stronger. The dunes here

have become practically fixed, but what little movement there is

appears to be directly west.

IV. PLANT FORMATIONS.

As a matter of convenience in harmonizing the two regions,

the order used by Dr. Harshberger is adopted here so far as pos-

sible. Although adjacent situations, the conditions differ some-

what, because the region from Henlopen to Rehoboth bay is at

a higher stage of physiographic development than the New

Jersey beaches.

A. Treeless open.— i. Beach formation.— {a) Lower beach.

For reasons pointed out by Dr. Cowles^ and Dr. Harshberger^,

the lower beach is incapable of supporting vegetation. We find

it composed of bare sand, extending back, usually in a gentle

slope, to the line of summer driftwood.

{b) Middle beach,—(i) Succulent zone,—At Rehoboth and

northward the summer tides wash up to a ridge of driftwood

and debris, where the loose sand first gathers, seeds rest and

-^COWLES, H. C, The ecological relations of the vegetation on the sand dunes of

Lake Michigan, Box. Gaz. 27 : 1 14-185. 1899.

5 Loc. cit. 639,

I
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germinate, and such plants as Cakile sp., Salsola Kali, Xanthiimt

sp., and Atriplex areiiaria are found. Here also we find tufts of

Ammophila arejiaria [A. ancndinaced), although it is not a char-

acter plant. This succulent zone is in some places confined to

the ridge of debris around the bases of the low dunes, in others

it extends much further back. It may reach many feet inland,

to the foot of the higher dunes, or may even form channels by

which the sea enters inland lakes in times of storm. The name
of the zone indicates the structure of two of the characteristic

species, Cakile and Salsola, and of the rarer Atriplex.

(ii) Low Ammophila dune zone.—From the line of summer
driftwood to that of winter driftwood has been called by Dr.

Cowles'5 "middle beach," while above the winter drift line the

"upper beach" extends to the foot of the dunes. Here condi-

tions are different. The winter drift line usually lies at the foot

of the higher dunes, although logs are sometimes found on the

low dunes. Hence there is no "upper beach" corresponding to

that on the Lake Michigan strand, but what corresponds to the

*' middle beach " is more or less distinctlv divided into two

zones, which are designated here as "succulent zone" and *'low

Ammophila-dune zone." As the name indicates, the upper belt

is characterized by low dunes held by Ammophila arciiaria, in

association with Panicum amariiui and Cenchrus tribiiloides, while

scattered mats of Euphorbia polygonifolia and bunches of Oenothera

hiimifusa occur. Xanthium comes up from the lower zone in

places, and Leptilon ca?iadense {Erigero?i ca?iade?isis) wanders to

some extent from the higher dunes. From the fact that the

winter drift line lies back of these dunes, it seems probable that

they are of annual formation. This question was not settled

definitely, but in July they appeared to be rather large and firm

for spring planting. North of Rehoboth the succulent zone is

very narrow or entirely wanting. The beach is wide and bare

and slopes to the first ridge of dunes, the low Ammophila-dune

zone being omitted, or no distinction appearing between it and

the next belt. At the Cape the same conditions obtain, the

^Loc. cit. 115.
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lighthouse dune coming down, a bare, loose slope, to the beach.

South of this is a hollow, formed by active dunes, and in which

lies a swamp. Just in front of this swamp are the remains of the

only low Ammophila dunes in this part of the region.

2. Dunes.— {a) Outer series.—South of Rehoboth this outer

series is practically fixed. The sea face is exposed to storms

from the sea, and is sharply eroded. North of Rehoboth this

series is more active, being formed of loose sand partially held

by Ammophila, the activity increasing until the lighthouse dune

^v ^^P^^^'TT^^ . A

Fig. 3.—Southwest from lighthouse ; lighthouse dune in foreground ; swampy

hollow at center; active dunes ("pine graveyards"), beyond which is a pine forest.

forms the climax. In this region they have a rounded form due

to their activity. For most of the distance from Rehoboth to

the Cape this series varies in height from 6-10 feet, getting

higher to the north, where it culminates in the 80-90 feet light-

house dune. In places it slopes from its crest into a heath,

although it is usually followed by a dune complex or swampy

meadow. Just south of the lighthouse dune lies the previously

mentioned semicircle of active dunes enclosing a swamp. Other

dunes stretch in a S.E.-N.W. direction, showing a northeast

wind action. On the windward slopes of these dunes are several

?V the remains of the forest over•* pine graveyards '' ? [jig^ j^ ^

which the dunes are now passing, A little further south, at the

7 COWLES, /OC, Cit. 2q8.

L
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life-saving station (see map), the dunes have retreated quite a

distance, and the place now occupied by active dunes was once

a line of fixed pine dunes, for the active crest shows knobs still

held by pines, and the dead trunks falling on the windward side.

Coming from the beach over the waste of drifting sand, back of

the life-saving station, and climbing to the crest of this active

dune, one is startled by the contrast formed by the view towards

the west with that on the windward side of the ridge. The dune

is sweeping into a marshy meadow, apparently stretching for

Fig. 4.— Southwest from life-saving station dune; extreme right, rejuvenated

face of old pine dune appearing again at center; active dunes to left ; desert waste in

middle distance showing a grass island.

miles to the southwest, and cut up towards the coast by ridges,

upon which stand tall pines. One ridge is seen running nearly

perpendicular to the active dune, and others at smaller angles.

Fig. 4. shows the rejuvenated face of one of these ridges. Between

this rejuvenated dune and the shore just south of the life-saving

station lies an active dune complex, containing meadows and

swamps. Further to the south the complex spreads out and

borders a broad level desert ( fig

4, partially covered by water), the outer line of dunes following

the shore, the inner ridge swinging off to the southwest. As

the outer series north of Rehoboth is the frontal ridge, it has the

sloping sea face sparsely covered with Ammophila, as is the case
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with the low frontal dunes south of the village. South, however,

the face of the first series of higher dunes is eroded, more prob-

ably on account of the fixed condition of the dunes than from

any protection which the frontal line offers. This eroded surface

has very' little vegetation, some few plants from the top having

fallen and taken root. In places where the erosion is not so

great, this slope is characterized by Ammophila, Etiphdrbia poly

-

gofiifolia, and Leptiloit ca?Lade?ise, Over the edge, on the more

protected slope also appear Cassia 7iictitans, Oeiiothcra humifusa,

Sirophostyles helvola {S. angidosd) , Panicum amarum, lonactis Una-

riifolitis {^Aster li7iariijoliiis) , Rumex sp., etc., grading into heath

forms, as Lechea mhior (Z. thymifolia') , Baptisia tiiictoria, Myrica

cerifera, Baccharis halmifolia, Rhus copallina, Diospyros virgifiiana,

followed by clumps of Pmus rigida, Juniperus virgifdana, and

Querciis digitata {Q.falcatd), This first series borders the cape in

a practically complete line, openings allowing the sea in times

of storm to wash into the depressed area within. This region is

covered mostly by swampy meadows (the dominant form being

apparently Sparti?ia patens) with open water in places. In this

extended swampy area rise small rounded or elongated dunes,

the higher ones topped by pines {Pi?ms rigida). In one clump

of pines, occupying a depression surrounded by dunes, an under-

growth of Myrica cerifera and cranberry indicated a pine swamp

flora. Such swamps doubtless occupy similar situations in the

depressed area.

{b) Hudsonia complex,— Back of the protecting ridge of the

first series lies a region of general depression in which at certain

places low dunes extend in all directions, forming a complex,

and held mainly by Hudsonia tome?itosa. In places the formation

is almost pure, in others various forms appear. These dunes are

rounded in form, and about a foot or two in height, correspond-

ing to the habit of the plant holding them. Swamps and

meadows extend among these dunes, produced in most cases by

the flooding in of the sea daring winter storms, the ground

remaining wet for most of the year. This complex is best seen

south of Rehoboth, between the sea and Silver lake. f
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[c] Swamps and meadows.— The swamps found between the

two series of dunes are undrained for at least part of the year,

the history of Silver lake being a good example of what prob-

ably takes place in the majority of lakes and swamps of this

region. During winter storms the sea comes in through open-

ings in the outer ridge and floods the lake until its boundaries

extend around the low dunes in its vicinity. During the summer
months the lake margin retreats, leaving wet soil, and sometimes

water standing in the depressions. This drying process nearly

converts Silver lake itself into a swamp, very little open water

being visible, an increase only occurring at times of unusually

high storm tides and during showers. The first event occurs

but rarely, and the amount contributed by the second method is

not sufficient to supply the loss occasioned by evaporation

during the hot dry days.

Around the edge of Silver lake grows Scirpus americanus {S,

p2i?fge?is), the growth being much more luxuriant at the north

end, where the water is fresh. In places also occur Cyperus

ferox, C, diandrus elongatiis, and ^. Nuttallii. At the south end of .

the lake, where the main entrance from the sea lies, were found

such strand forms as Polygonum maritbmimy Do?idia americana

[Suaeda li?iearis), and Atriplex hastata {^A. patuliim hastatuni)

;

while at the northern end the formations show a tendency toward

fresh-water forms, passing from a swamp to a wet meadow and
+

thence to drier conditions. Here we find such forms as Scirpus

amertca?iuSy Hydrocotyle umhellata , Hypericum canadense, Cassia

nictita?is, Pluchea catnphorata, Li?ium virginianum, Li?iaria ca7ia-

densisj Ftiirena sqiiarrosa, Xyris flextiosa, becoming gradually

replaced by Spa7'iina patens [S, ju?icea) , Ambrosia artemisiaejolia,

Solidago sempervirens, Erechtites hicracifolia, Giiaphaliumpurpureum,

Erigero7i ramosus (^. strigosus), Carex silicea (^. strannnea monil-

tformis), Junais te?i2iis, Fimbristylis castanea, and Scirpus subtermi-

7ialis terrestris. Xauthiiim sp., Molhigo verticillata, and other more

xerophytic forms appear on low elevations and toward the dunes.

West of the lake lies a small meadow worthy of mention

because it holds a plant assemblage not seen elsewhere, although
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some forms present are the usual meadow species. Following

the belt of Scirpus amencaiius and Spartina pate7is which borders

the water of a small lily pond west of Silver lake is an associa-

tion of Strophostyles umbellata {^S. peduncularis), Diodia virgi?nana,

and Cyperus cylindricus. Higher up appear Hieracium Gronovii,

Asclepiasiyicarnata, Galiumpilosum, Gnaphaliumpurpureum, Solidago

sempervirens, Festuca rubra, Pa?iicum amarum, P. sphaerocarpon, and

Siegliiigia seslerioides [Triodia cuprea^, out of which assemblage

rise the stalks of Kosteletzkya virginica. One place a little more

depressed supports Iris sp., Achillea Millefolium, Daucus Caroia,

Rhexia Mariana, Lactuca canadensis, Prunella vulgaris {Brunella

vulgaris) , Salvia urticifolia , and Viola sagittata . Eupatorium

hyssopifolium and Solidago canadensis occur also, showing a tend-

ency toward drier conditions.

That Silver lake extended in former years much beyond its

present boundaries may be supposed from at least three things.

First, by comparison with the chart of the Coast Survey no.

127, from which the map given has been copied, with what cor-

rections appeared to be needed ; second, from the presence

around it of meadows, whose hydrophytic forms are being

replaced by mesophytic species ; and third, the presence of a

clump of Iris on the east shore of the lake, but no longer in

swamp conditions, being now on top of a flat dune.

The Hudsonia complex, back of the first line of dunes, and

protected from the ocftan winds, is subjected on its western edge

to winds sweeping over the lake and the plain beyond. The

dunes here show a windward slope covered with roots and debris

of dead plants, uprooted and destroyed by the wind action

{Jig, 5), Toward the south end of the lake these dunes become

low and are occupied chiefly by Spartina pate?is.

Across the lake, on its western border, rises the second series

of dunes, bending round the meadow described above, and

including in the bend a thicket of sumac [Rhus copallind),

wax berry [Myrica cerifera), pines, cedars, oaks, and Baccharis

halmifolia. Northward the depression between the two series is

broad, and we find many mesophytic areas, probably the remains

\
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of former swamps. Southward the depression narrows and for

some distance is occupied by a road. Farther south it broadens

out into a bare rain-washed area of hard baked soil with few

plants, such as Paniciim sphaerocarpon^ Antennaria plantaginifolia

^

Io7iactis linariifolius , Diodia teres , Plantago aristata , etc. This

bare space passes seaward into a wet meadow which in turn

slopes toward the dunes, Sparti?ia patens replacing the meadow

Fig. 5.— East shore of Silver lake, showing at extreme right windward faces of

dunes moving eastward; the swampy character of shore of the meadow extending

northward.

forms, among which may be mentioned Sefiecio tomeiitosKS, Hier-

acium Gronovii, Gnaphaliiim piirptirenmy Viola sagittata, and giving

place to Ammophila toward the crest of the dunes, which here

slope directly to the beach, no low dunes being present.

North of Rehoboth the two series open out in a V, near the

apex of which lie Hudsonia dunes and swamps, one of which

n*-

is a pine swam p. In this was found the typical pine swamp

flora, OsmUTida regalis, Dryopteris Thelypteris {^Aspidium Thelypteris)^

Oxycoccus macrocarpiis {yacciniwn tnacrocarpon) , with Xyris flexu-
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osa, Rliexia virginica, Myrica cerifera^ Rims copallhia, and Smilax

rotuiidifolia. No Sphagnum was found, however, during the one

visit paid to this swamp. In another swamp in this region

appeared an association of Polytrichum sp. and Lycopodiutn iiiun-

datum; while in still another Iris sp., Hibiscus Moscheutos, Senecio

tome?itosus, and Viola sagittata were grouped together.

On the Hudsonia dunes between the two series we find,

^

- .y
.'^'

44. H^ --f
'i*

*- -
. y

Fig. 6.—Hudsonia complex south of Eehoboth, a nearly pure formation ;
heath

character is not developed; Hudsonia dune in left foreground.

Hudsonia tomentosa^ Lespedeza frutescens

capitata^ Meibomia obt

Crotalaria sagittalis
,

Euthamia carolima?ia

rigida, P, virgi?iia?ia

f

Stroph helvola, Solidago canadensis,

lifolia), Myrica cerifera, Finns

'>Ps\ and Juniperus

with some bushes of Gayhissacta resinosa^ Vaccinium corymbosiitn,

V. atrococcum (F, corymbosum atrococcum), and Oxycocctis erythro-

''pus ( V. erythrocarp. ce

{fig

Farther north extends a low, flat meadow, swampy in places

1^
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and containing lily ponds {fig. 8), Here were found such char-

acter plants as Sparti7ia patents ^ Hibiscus Moschcutos, Solidago sim-

pcrvirens, Jtmciis scirpoides, J. tenuis, Sabbatia stellaris, Polygomun

hydropiperoideSy Xyrisflexuosa.cic, Andropogon virginicits and Carex

silicea occupying a little higher ground. Some portions of this

swampy meadow are undoubtedly under water during the winter

*iW(Nr»
^1«!

^
'^

*-*

--^

.^ -

V,.-'-^'

Fig. 7.—Hudsonia complex north of Rehoboth, with heath-like character somewhat

developed ; looking toward Henlopen light to northeast from the board walk ; coast

with first series of dunes shows in right background ; clumps of Myrica, oaks, pines,

with Hudsonia dunes in center background.

storms, the sea coming in through openings in the dunes of the

first series.

This meadow area stops rather abruptly on its northern edge,

at the desert-like expanse referred to above, which extends nearly

two and a half miles north and south, by five-eighths of a mile at

its widest point. Several inlets give an opportunity for the sea to

flood this region during storms ; in fact, the whole sandy area is

reported to be covered with water "three foot deep" in winter,
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but during the summer a part of it at least was dry. The process

of filling up and reclamation seems to be progressing from the

meadow, where adventurous plants are creeping out over the

waste. This end must be higher than the northern end, for

during a part of the summer the water remained in the latter.

Several low dunes lie scattered like islands on this desert, their

^ ^ _

Fig. 8.— North from board walk on second series, a continuation to left oifig* H
meadow showing in right background with a lake at left ; the continuation of the

second series at left.

flora, consisting apparently of grasses and sedges, making a

weak attempt to spread over the sand. Why has not this region

a swamp flora? Swamps are frequent in the inlets, therefore lack

of water is apparently not the cause. Only two trips were taken

over this desert ; they were excursions, therefore careful investi-

gation was impossible. It gave promise, however, of yielding

more interesting results.

i^d) Second series,— This series has been mentioned so fre-

quently in the discussion of other regions that little needs be

\
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said here. Ammophila characterizes the crest, associating with

heath forms as the plain slopes toward the west. Just north of

Rehoboth is a good example of this condition. Here scant

Ammophila growth is accompanied by Lespedeza proctimbens,

Sarothra ge^itianoides {Hypericum ?indicaule)y Lespedeza capitata^

Helianthemum canadensCy and Pinus rigida just over the crest;

while four clumps of Panicum virgatum stand out on the wind-

ward side among the scant vegetation creeping up from the

Hudsonia complex.

3. Heath.— Although small portions of heath occur in

many places on the lee side of the first series of dunes, the heath

proper must be considered as starting from the second series

and extending back to the forest. Its chief characteristic appears

to be its large number of species of varied distribution, with very

few that stand out as character forms, even the most common
plants not being characteristic of all parts of the heath. Just

south of Rehoboth occurs the most typical piece of this forma-

tion {fig. g) , being less interrupted by roads, cultivated fields,

etc., than elsewhere, consequently most of the forms mentioned

were collected in this region. It is a wilderness of Baptisia

tinctoria and blackberries {Rubus villosus, R. cuneifolitis, R. cana-

de?isis^ , with occasionally almost meadow-like growths of

Ammophila, In clumps or singly rise cedars {Junipehis vir~

giniand), persimmons {Diospyros virgmiand)^ pines {^Pimis virgin-

tana, P. rigidd), oaks {^Quercus digitatd) ^ Primus maritima, P.

pennsylvanica, Myrica cerifera, Rhus copallina^ and Helianthemum

canadense^ with an occasional Sassafras sassafras (5". officinale).

A bush or two of Rosa humilis appeared at two points, and holly

{Ilex opacd) at only one. Among the herbaceous dicotyledons

from rare to frequent were observed Solidago juncea, S. canade?isis,

Eupatorium alburn,^ E, hyssopifolium, Erigeron ramosus, Leptilon

canadense. Aster ericoides, Gnaphalium obtiisifoli^im [G, polyceph-

alwn) , Achillea Millefolium, La.ctuca canadensis, Hieracium Gronovii,

Ascyrum hypericoides, Sarothra gentianoides, Asclepias tuberosa,

Linaria canadensis, Trichostema dichotomum, Meibomia arenicola

{Desmodium lineatum) , M. obtusa. (Z?. ciliare), Rumex sp., and in

4
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Hiidsojiia

tions. Of the monocotyledons, next in importance to Ammo-
phila 'idrop^

it are alsoAmmophila decreases toward the west. With

associated in different places (besides various dicotyledons)

Agrostis alba, A. hyemails {A, seabra), Eragrostis pectiiiacea, Pa?ii-

FiG. 9.—Heath south of Rehoboth, looking nearly due west.

cum sphaerocarpon, P. viscidiun [P, scoparitim), and Poa com-

pressa; Paspalum setaceum occxxrvmg rarely. In many places there

appeared a carpet of lichens and mosses, the most prominent of

which were ''reindeer moss" {^Cladoiiia rangljerina) and Cerato-

doH purpurea, while Geasters occurred frequently in such situa-

tions. Lianas were almost entirely absent, Parthenocissus

quinquefolta {Ampelopsis quinqiiefolio) being found at only three

points, Vitis aestivalis on one dune summit, while Sfnilax rotimdi-

folia occurred only in the pine swamp described.

At one point south of Rehoboth, a single dune rising from a

bare space has developed upon its summit a heath flora, com-

t

^

I

'^.
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posed of plants which occur elsewhere only rarely or not at all.

Among a thicket of blackberries, indigo, and cedars was found

the only plant of Crataegus coccinca [C. pruijiosa Wendl.) appear-

ing in the whole region. Vitis aestivalis and Festiica octoflora [F.

teneiia) were also found here only. Besides these, there appeared

the usual heath forms: Andropogon, Leches,, Mei^omia obtusa^

Lespedeza capitata, Hudsonia, Panicurn sphaerocarpon, with Solidago

sempervirens , Galiimi pilosutn^ and Poa pratensis. By roadsides

and near dwellings were found such plants as Pla7itago lanceolata

^

Poa pratensis y Daunts Carota, Achillea Millefolium^ Lepidium virgi?n-

cum. Chrysanthemum Leuca?ithemum^ etc., while one clump of

Opuntia sp. occurred back of a cottage at the extreme end of the

village.

B. Wooded region.— i. Thicket formation.—This forma-

tion was merely glanced at in one situation, therefore no general

idea can be formed of its character. At this one point were

found Aroftia arbutifolia [Pyrus arduti/olia) , Mains malus i^Pyrus

malus^ from cultivation, Seriocarpus astroides (5. conyzoides)^ Ilex

glabra, L opaca, Vacci?tium corymbosttm, V, arboretint, Jwdperus vir-

giniana, and Piniis rigida. With these forms occur man}" heath

species, for this formation grades on the one hand into the heath

and on the other into the pine forest.

2. Forest formation.—About a mile west of the village the

oak woods appear as a belt back of the pine region. Here

appears Quercus digitata^ which gives place to Q, alba, Q. coccinea^

and Q. nigra, with an occasional Hicoria ovata {^Carya ovata) . In

the oak woods a canal has been started towards Rehoboth bay,

but it is now abandoned, forming a deep cut partly filled with

water and supporting a swamp flora. The excavation has broken

up the fixed condition of the soil, and just west of the canal, pos-

sibly composed of the excavated sand, rises a fair-sized dune

{Jig. 10). At this distance from the coast the northeast and

southwest winds seem to be about equal, and the dune is **going

both ways,*' a process resulting in a flattening of the crest. It is

of rather loose sand, with very little vegetation; grasses and

occasionally a composite or sedge were all that gave it character.

m
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Back in the country, pine and oak belts alternate for some dis-

tance, but no attempt to study this region was made.

V. CONCLUSIONS.

Dr. Harshberger^ and Mr. Kearney ^^ ^° have given sufficiently

extended discussions of the geographical affinities of the floras

of New Jersey, Ocracoke, and Virginia, to render any additional

^^

^r-.

Fig. 10.—Dune west of Rehoboth.

remarks unnecessary, only a few words being required to place

these observations in line. The conditions on the Delaware

strand are in general similar to the conditions on the whole

Atlantic coast, the Gulf,"'" and Lake Michigan shores. The

beach is characterized by a succulent zone, in which Cakile and

^ Lqc. rzV.,658. 'The plant covering of Ocracoke island, p. 312

10 Report on a botanical survey of the Dismal Swamp region, p. 458- Contrib.

U. S. Nat. Herb. 5 : 321-585. 1901.

"Lloyd, F. E. and Tracy, S. M.,The insular flora of Mississippi and Louisiana.

Bull. Torn Bot. Club 28 : 61-10 1. ph. 8-/T. 1901.

"Webber, H. J.. Notes on the strand flora of Florida. Science, N. S. 8:658.

1898.
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Salsola almost invariably occur, although their accompanying

forms, Xanthium and Atriplex, are not so widely distributed.

On the dunes the character plant, Ammophila, is of northern

distribution, and is not found south of Chesapeake bay, but is

abundant on the Michigan coast. Of its associates, Euphorbia

polygonijolia, Leptilo?i canadense, and Cenchrtis tribuloides are widely

distributed, Panictint amarum is absent from the lake flora, and

Oenothera humifusa extends along the Atlantic coast only to

New Jersey.

Back of the first line of dunes, the combination of low dunes,

swamps, and meadows offers a wide choice of habitat for plants,

and we find many plants of wide range. The dune -holder

Hiidsonia tomentosa is a plant of northern distribution, Maryland

being its southern limit, but it has a western range. Associated

with Hudsonia, such forms as Myrica cerifera and Baccharis

halmifolia are distributed along the Atlantic coast, but neither is

found on Lake Michigan. Many grasses, sedges, and legumes

are widely spread and need not be taken into consideration.

Strophostyles helvola^ very characteristic in Delaware, is mentioned

only in the reports from New Jersey and Mississippi. Spartina

pate?is shows a preference for salt conditions, appearing all along

the sea and gulf strand, but not forming a part of the lake flora.

Among the plants characteristic of the heath we find some

widely distributed grasses and Ju?nperus

virginiana stands out preeminently the most widely spread.

Qtiercus digitata and Diospyros virginiana extend from Rhode

Island and New York to the gulf; Rhus copallina is mentioned

only in the New Jersey and Virginia floras ; while the widely

spread Rhus radicans {R, Toxicode^idroti) was found at Rehoboth

in only one situation in the woods. Of the pines, Pinus Taeda^

reaching (according to Britton and Brown) its northern limit in

Delaware, was not found, although it is reported at Cape May,

the peculiar conditions there obtaining accounting for its

presence. ^^ Pimis rigida and P. virginiana^ however, extend

north and south of this region.

'3HARSHBERGER, 632.

m
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A surprising lack of lianas was observed in the Delaware

region, Parthenocissus occurring occasionally, and Vitis aestivalis

and Smilax rotufidijolia appearing in one situation, while

*' trumpet creeper "was collected in the surrounding country.

This scarcity of climbers is in striking contrast to the condition

described for other strand regions.

The pine swamp flora (Osmunda, Dryopteris, Oxycoccus, etc.)

is composed of the usual undrained swamp forms, but no

Sphagnum was found, and apparently the same is true ot New

Jersey, although one or two species are reported for Virginia/^

The similarity of strand conditions is therefore shown by the

similarity of floras, for regardless of a wide difference in

temperature there is a striking resemblance between the lists of

forms found in New Jersey and Delaware and those reported for

Mississippi, Louisiana, and Florida, while in spite of the fresh

water condition on Lake Michigan the occurrence there of

many genera and species which also inhabit the ocean strand

bears evidence of common factors in the environment. These

seem to be the excessive light and heat and strong wind-action

of the sandy regions, the last being probably the most important

element. In addition, the power of a large body of water in

equalizing temperature explains in part the presence of many

forms on the New Jersey, Delaware, and the Gulf coasts.

I wish here to express my thanks to Dr. C. F. Millspaugh of

the Field Columbian Museum, Mrs. Agnes Chase of Chicago,

Dr. J. N. Rose of the National Museum, and Dr. J. W.
Harshberger of the University of Pennsylvania, for their kind

assistance in identification ; and I wish also to acknowledge my

for valuable criticism and suggestions.

J

The University of Chicago.

^* Kearney, Dismal Swamp 428
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BRIEFER ARTICLES.

*

A NEW WESTERN CAMASSIA.

In 1880 Mr. William N. Suksdorf collected in Falcon valley, Wash-

ington, specimens of Camassia, which were sent to the Gray Herba-

rium for identification. One of these specimens was correctly referred

by the late Sereno Watson to Camassia escuhnta Lindl.; the other, an

incomplete specimen, and a duplicate collected in 1883, were referred

to C, Leichtlinii Watson. Since that time the same collector has care-

fully watched the growth of these plants in the field, and has even

brought several species of the genus into garden cultivation for the

purpose of ascertaining their true systematic position and relationship.

Full notes and additional complete specimens have been forwarded

the writer by Mr. Suksdorf, together affording the satisfactory separa-

tion of the plant from the species with which it has been hitherto con-

fused, as well as from all other described species of the genus. It is

fitting that this new Camassia bear Mr. Suksdorf's name, and the

author takes great pleasure in dedicating it to him. A description is

herewith appended :

'-Camassia Suksdorfii Greenman, n. sp.— Bulbs ovate, i to 2™ in

diameter: leaves narrowly lorate, 3"^"" or less long, 0.5 to 2*"™ broad;

scape 3 to 7"^"° high, few-flowered : bracts lance-attenuate, membranous,

mostly shorter than the elongated 1-3. 5*^" long arcuate-ascending

pedicels: flowers regular, blue or in the dried state somewhat violet,

fully 5*"™ in diameter when completely expanded
;

perianth segments

lanceolate, 3 to 3.5"" long, about 8*°" broad, mostly 5-nerved, in the

later stages closing over the ovary and becoming somewhat spirally

twisted : cells of the ovary about T2-ovuled : capsule 1.5 to 3.5*'°' long,

10 to 12""* in diameter, obtwsely angled : seeds ovate, 3 to 4™"" long.

—

Washington, in wet meadows. Falcon valley, Suksdorf, no. 251, June-

July 1883, and July 1880, Suksdorf, no. 509; near Bingen, altitude

600"°, 21 May 1900, Suksdorf, no._2663, A white-flowered form of
^ L

this species was collected in a wet meadow in W. Klickitat county,

Washington, altitude about 600™, 19 May 1891, Suksdorf, no. 2023.

The species here proposed is distinguished from Camassia esculenia

1902] 307

J*

''^



3o8 BOTANICAL GAZETTE [October

Lindl. by the larger flowers, longer pedicels, which usually exceed the sub-

tending bract, and by the larger fruit and seed. In the mature specimens

the capsules are erect and disposed on arcuate-ascending pedicels, so that

the fruiting raceme is 4 to s''™ in diameter instead of 2 to 3*^"^ as in C esculenta.

From C. Leichtlinii Watson, to which Suksdorf's no. 509 was referred, C.

Suksdorfii differs in the color of the flowers, the less sharply triangular, thin-

ner, and less conspicuously nerved capsule. The seeds, moreover, in C
Suksdorfii are longer and have a more bluish luster than in C. Leichtlinii,—
J. M. Greenman, Gray Herbarium.
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CURRENT LITERATURE.
BOOK REVIEWS.

Vegetation der Erde.

The vegetation of the Illyrian countries forms the topic of the fourth

volume ' of this splendid series of monographs edited by Engler and Drude.

The area covered by the work ignores political and to some extent phytogeo-

graphic boundaries, embracing the field which Dr. Beck has for many years

made peculiarly his own. In a general way the region under discussion cor-

responds to the ancient Roman province of Illyria, and includes Servia,

Montenegro, and the western portion of European Turkey, as well as the

southern part of the Austro-Hungarian empire. The Slavic tongues domi-

nate in most of the Illyrian regions, and many of the best botanical workers

have been natives. Among those prominent in phytogeographic study have

been Visiani, Sendtner, Vandas, Baldacci, Panci6 and Adamovi^. Since 1886

Beck has published many important papers which have amply fitted him for

this monograph. The bibliography includes about 800 titles.

After a brief treatment of the geography and climatology, the formations

are described in detail. Among the most interesting of the formations are

the well-known Mediter^-anean evergreen forests and thickets, in which forms

with broad leathery leaves (Schimper's sclerophylls) dominate. The pecul-

iar evergreen thicket, known as the maqui or macchie, is the most typical of

Mediterranean formations and does not depart far from the sea; among the

character plants are the arbutus, laurel, myrtle, olive, evergreen oaks, Spar-

tium, juniper. This unique vegetation is believed to be due to the unique

climate, the winter being mild while the summer is hot and dry. In some

places near the sea Pinus halePensis is a leading plant, preceding the maqui

rather than following it. Woods are also composed of Pinus nigra, laurel,

and various oaks. Vast areas are covered by rocky heaths, especially in

limestone regions; under favorable conditions near the sea a rock heath is

an early stage of the maqui.

In the interior the forests are dominated for the most part by deciduous

'Beck von Mannagetta, Dr. Gunthkr Ritter, Die Vegetationsverhaltnisse

der iilyrischen Lander begreifend Siidkroatien, die Quarnero-Inseln, Dalmatien,

Bosnien und die Hercegovina, Montenegro, Nordalbanien, den Sandzak Novipazar

und Serbien, 8vo, pp. xv-[-534, with 6 full page plates, 18 text figures, and 2 maps.

Leipzig; Wilhelm Engelmann, 1901. Subscriber's priced 20, bound M 21.50;

separate price M 30, bound M 31.50.
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oaks. Piniis nigra appears early in rock formations inland ; with this excep-

tion there is little in common between the Mediterranean and inland forests.

There are great areas of rocky heath inland having the physiognomy but not

the fioristic features of the heaths near the sea. The inland heath, too, is

potentially a forest, while the coastal heath is an expression of the Adriatic

climate.

A third section deals with the mountains and many interesting features

are here described. There is a decided dominance of xerophytic associa-

tions, alpine meadows and similar formations being rare. Magnificent forests

of beech, fir, and spruce characterize the lower portions of the mountains,

just above the oaks. This forest type is not found on the seaward side of the

mountains because of the severe climate, which permits only xerophytic trees

like Pinus nigra to prosper. The beech approaches the lowlands more than

do the spruce and fir, while the latter are more characteristic of the higher

mountain districts. Various pines dominate in xerophytic areas. The sub-

alpine thicket is composed of pine, juniper, and various other shrubs which

form a typical " krummholz." The alpine plants embrace a large number of

endemic species, but there are also many widespread forms.

The work concludes with some chapters on the floristic subdivision, his-

tory, and relationship of the Illyrian countries. Though the subdivision

is purely floristic, rainfall is regarded as the chief distributional factor. The ^

book is well up to the high standard previously set by Willkomm, Pax, and

Radde. It is also of peculiar importance since it is the only available work

which sums up for general use the broad facts of plant distribution in south-

eastern Europe.—H. C. Cowles.

MINOR NOTICES.
Kenneth K. Mackenzie, assisted by B. F. Bush and others, has pub-

lished a Manual of the flora ofJackson county, Missouri."" It brings together

the records of several local floras, beginning with the Flora of Jackson county

by Mr. Bush in 1882. So far as the reviewer knows, this is the first manual

with full descriptions and keys devoted to a single county published in

the United States. The advantages of such a manual for local use are very

evident, and the students of botany in Jackson county are specially favored.

The book is exceptionally well printed, and with its keys, glossary, and

indexes is a very complete manual. The summary shows that 1141 species

and 51 varieties are included.—J. M, C
A NEW disease of cultivated bananas near Alexandria, Egypt, has been

noted for three years.^ It is characterized by a sudden check of growth, the

leaf-points and central leaf blacken and die, putrefaction sets in and proceeds

^8vo, pp. xix-(-242. Kansas City, Mo. 1902.

3FAWCETT, William, A banana disease. Bull. Bot. Depart, Jamaica IX, lOO-ioS-
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downward in the latter, and the stem bears many small, crippled leaves.

Nematodes were found to be the cause of the trouble. Recently the same

disease has again appeared near Alexandria. Microscopic examinations

showed that the nematodes were more abundant in the secondary roots than

in the main ones. The secondary roots are destroyed, the food supply is thus

cut off and the growth is checked in consequence. The matter is complicated

by the presence of other species of nematodes. ** Trap-crops " are suggested

for the removal of most of the nematodes. This it is argued will remove so

many that they will not be especially injurious. No other definite remedy is

given.—P. Spaulding.

NOTES FOR STUDENTS.
P. J. O'Gara,^ of the University of Nebraska, has conducted experi-

ments which indicate that Sphaeropsis r/wina of the sumac and S. maloruM

of the apple are the same fungus. At least, the former will cause black rot

in the fruit of the apple, and will also produce the typical " canker " on the

branches just as readily as the latter.^—J, M. C.

Mrs. E. G. Brixton and Miss A, Taylor 5 have published an account of

the morphology and anatomy of Vittaria lineata. The prothallium is irreg-

ularly branched and consists of a single plate of cells. It has remarkable

powers of vegetative propagation and produces gemmae very similar to

those described by Goebel for V, elo?tgaia. The antheridia are very

numerous, and are produced either upon the ventral surface of the pro-

thallium or upon the gemmae, and rarely upon the same prothallium as the

archegonia. The development of the antheridium is of the usual polypod

type, with funnelform wall and cap cell, and twelve or twenty-four sperms

are produced. The long stalk of the sporangium seems to be formed chiefly

by a single row of three or more elongated cells, longitudinal divisions

occurring next to the spore-case. The interesting observation is made that

the small stalk-cells at the base of the spore-case become very much inflated,

and when the case opens they tilt it back. Long-stalked, branching, and

multicellular paraphyses occur among the sporangia, the terminal cells being

elongated, curved, and enlarged at apex.—J. M. C.

Items of taxonomic interest are as follows : Spencer LeiM. Moore
(Jour. Bot. 40 : 305. pi. 441. 1902) has described a new African genus {Affipho-

ranihns) of Caesalpineae from Damaraland.—E. L. Greene (Pittonia 5 : i-

56. 1 902) has published 6 new species of Acer, 22 new species of Microseris,

14 new species of Phacelia, 7 new segregates of Viola canadensis^ 8 new

acaulescent violets, a revision of Romanzoffia (10 species, 8 of which are

^Science 15 : 434-435. 1902.

5 The life history of Vittaria lifteata. Memoirs Torr. Bot. Club 8 : 185-211.//?.
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new), a revision of Capnorea (14 species, 8 of which are new), 5 new species

of Cryptanthe, and 3 new species of Compositae (Helenium, Thelesperma,

Vernonia).—C. DeCandolle (Urban's Syinbolae Antillanae 3^:i59--74-

1902) in his monograph of West Indian Piperaceae recognizes 70 species in

Piper (21 new), 3 in Verhuellia, 79 in Peperomia (4 new), and excludes Sym-

bryon Griseb.

—

Janet Perkins (Engler's Bot. Jahrb. 31 : 481-494- 1902) has

completed her study of Styracaceae and has revised the genus Lisianthus

(Gentianaceae).

—

Alice Eastwood (Bull. Torr. Bot. Club 29: 523-525. 1902)

' has described new western species of Castilleia, Lappula, Corydalis, and

Campanula (2).—H. D. DeBoissieu (Bull. Herb. Boiss. II. 2 : 803. 1902) has

described a new genus {Melanosciadum) of Umbelliferae from China, belong-

ing to the Smyrnieae.—J. M. C.

Professor Strasburger, in his first paper*' on double fertilization,

insisted that in fertilization two processes should be recognized : the stimula-

tion to development and the mingling of ancestral qualities, the latter process

being the essential one, and the stimulation to development only providing the

conditions which make it possible to attain the advantages which result from

a mingling of ancestral plasma masses. In a recent paper ^ he defines very

clearly his own views and makes critical references to recent work. Fluctu-

ating variations do not furnish a starting point for the formation of new species.

It is the principal function of fertilization, through the mingling of ancestral

plasma masses, to keep the species characters constant. This view agrees

with that of Richard Hertwig and approaches that of Solms-Laubach in so

far as the latter regards '* so-called fertilization," or the fusion of hereditary

masses, as an essential element in fertilization ; but Solms-Laubach regards

the stimulation to development as an equally important attribute of fertiliza-

tion. Strasburger, however, defines the "so-called fertilization" definitely as

the union of the two hereditary plasma masses and believes that it was to

insure this essentially "generative fertilization" that in the course of phylo-

genetic development the inability of the sexual cells to develop independently

without fusion became more and more marked. The term "generative fer-

tilization*' is used to designate a union of ancestral plasmas, in contrast with

"vegetative fertilization," which is merely a stimulus to development. Were

it not for the fact that the two processes occur simultaneously, the distinction

would have been recognized long ago. The term "fertilization *' has often

been loosely used in cases like many nuclear fusions in fungi, where there is

no union of hereditary masses, but only a stimulus to development. While

Strasburger would be willing to admit that the stimulus to development might

be due to chemical or physical influences, he insists that "generative fertili-

<* Strasburger, Ed., Einige Bemerkungen zur Frage nach der doppelten

Befruchtung bei den Angiospermen. Bot. Zeit. 58 : 293-316. 1900.

'Strasburger, Ed., Ueber Befruchtung. Bot. Zeit. 59: 1-8. 1901-

i
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zation" is not a purely chemical process. Winkler suggests that bastards

might be produced by chemical fertilization. Strasburger regards this as

impossible and believes that the essence of fertilization lies in the union of

organized elements. The view that the epigenesis of form is only an expres-

sion of the epigenesis of chemical power might, perhaps, appeal more to

the physiologist than to the morphologist who has studied more deeply the

developmental history of organisms. No doubt morphologists busied them-

selves too long with a one-sided mechanical view of ontogeny. If the chemi-

cal theory does not in the same way go beyond the mark, the two views

united should be useful in extending our knowledge.— C, J. Chamberlain.

In a rather extended paper Van Tieghem* indicates his ideas of taxonomy

as developed in the light particularly of researches upon ovular anatomy and

morphology. For some time systematists have been familiar with the revolu-

tionary attitude of the dean of French botanists, and his long successions of

new families of plants have been duly noted in the bibliographies, but have

not produced any general modification, either in Germany or America, of the

current taxonomic sequences. Indeed, it would be a somewhat serious matter

if it became necessary to rearrange herbaria upon the Van Tieghem system,

since it is a complete bouleversement of the Engler-Prantl order, which has

recently pretty generally superseded the old Benthamian arrangement of the

families.

The object of M. Van Tieghem is apparently to develop a new classifica-

tion founded upon the methods of reproduction in plants; how successful he

has been must be left to the consensus of botanists to determine. The

reviewer, after a careful examination, finds himself unable to follow Van

Tieghem either in the general plan of his system or in the detail of its elab-

oration. To go over the points one by one would be impossible in a brief

review, and I shall select but a couple of examples for criticism, believing

that they will illustrate the system as a whole.

Van Tieghem begins by dividing the plant kingdom into two subking-

doms which he calls Diodee's or Prothalle^s and Adiodeis or Aprothalle^s,

One finds that in the Adiode6s, which is the lower group, types from Proto-

coccus to Polytrichum are included. Here too are such forms as Vaucheria

and Fucus- In the Diode^s are the ferns and flowering plants. The dis-

tinction between the two subkingdoms according to Van Tieghem is the pro-

duction of the eggs directly upon the "plant-body"

—

naissance directement

sur le corps aduite— in the Adiodeis, and upon a special rudimentary body

the prothallium— in the Diode^s. Van Tieghem characterizes the former

as '* direct" formation of the ^^^^ and the latter as** indirect." Such a clas-

sification ignores the homologies established by Hofmeister an
<

* ''Van Tieghem, Ph., L'oeuf des plantes, consider^ comme base de leur clas-

sification. Ann. Sci. Nat. Bot. VHI. 14: 213-390. 1901.
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universally since his time. It is at variance with modern ideas of alternation

of generations and its significance. It fails to preserve the unity of the
+

archegoniate series, but breaks it in two in the middle, separating closely

related forms and throwing Anthoceros into one subkingdom and Phyllo-

glossum into another. This is distinctly reactionary and opposed to the great

current of embryological research from Von Mohl to Bower. The further

subdivision by Van Tieghem of hisDiodees xnio Exoprothallees 2iTidEndopro-

thalleh is equally artificial and objectionable.

Turning now to a matter of detail. Van Tieghem places at the bottom

of his class Homodiode^s the Inovulees, characterized by the absence of

ovules. That brings the Loranthaceae practically to the bottom of the

dicotyledons, a most improbable position for a group of metaspermic par-

asites. Reduction in such plants might be expected in connection with

the high ecological specialization, but rudimentary structure would be

altogether astonishing in the family to which the mistletoe belongs. It is

rather in the aquatic medium that one would expect the primitive dicoty-

ledons, and, indeed, in such plants as Nelurabo, investigated by Lyon, and

Ceratophyllum, studied recently by Strasburger, the transition from the

monocotyledonous to the dicotyledonous habit can be seen. No system that

confuses reduced structures such as the placentation and ovule of the Loran-

thaceae with genuine rudimentary and simple structures can command wide

adherence.

From top to bottom, both in the general and in the special portions, the

Van Tieghem classification seems to be an inversion of the truth. Neverthe-

less, it is a distinctly ingenious and stimulating piece of work, and has already

more than justified the labor spent upon it by its venerable and distinguished

author, in the light it has thrown upon some of the smaller and more obscure

groups of dicotyledonous plants. That it will be generally accepted is

improbable, and it seems doubtful whether it will gain much currency even

in France. The students of systematic botany, however, will be fully repaid

by reading it, for it is both brilliant and interesting.—CoNWAY MacMillan,

Nearly fifty years ago there was described a species of Dischidia

with remarkable double pitchers. Pearson ^ now makes an examination of

the phenomenon. He finds double pitchers in four species of the genus: /?.

complex Griffith, Malacca; D, pectenoides Pearson, n. sp., Philippines; Dis-

chidia sp., Borneo; Dischidia sp., Borneo; the last two are undescribed, and

in very imperfect condition. The pitchers in these species, as in the other

pitcher-producing species of the genus, of which by no means all show this

characteristic, are morphologically leaves, the inner surface of the pitcher \

being homologous with the under surface of the foliage leaf. The origin of
f

9 Pearson, H. H. W, On some species of Dischidia with double pitchers. Jour.

Linn. Sec. 35: 375-390- pi- 9- 1902.
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the simple type of pitcher seems to result from an early arrest of apical

growth and a rapid growth of the central portion of the morphologically upper

surface with a consequent bulging out. In the double pitchers, the structure

of which is described in detail, the inner pitcher may be supposed to have

been formed first, since in the development of the pitchers of Z?. Rafflesiana

apical and basal growth in the leaf ceases at an early stage, and the pitcher

has assumed a definite form, so that in species with the double pitchers a

resumption of apical growth, with the accompanying involution which gives

rise to the inner pitcher, can hardly be supposed. As to the function of the

pitchers, conclusions based on herbarium material must necessarily be unsat-

isfactory. Fairly complete investigations have quite conclusivel)' shown that

the pitchers of D. Rafflesiana are to be regarded as living "flowerpots,** con-

taining, as they usually do, water and soil and being supplied with a copious

root system. In the four species under consideration, all of which are

epiphytes, and clearly xerophytic in structure, the author was able to examine

the contents of nine pitchers, all of which contained roots, and in all cases

more or less soil in the outer but none in the inner pitchers. It seems, as

Groom believes to be the case in D. Rafflesiana, that the greater the amount

of soil the greater the development of roots in the outer pitcher. That ants

bring the soil into the pitchers of these species the author of the paper con-

siders certain, the ants making their nests in the pitchers. To what extent

the plant depends upon the food material contained in these organs is

unknown, but the indications are that they are of no inconsiderable impor-

tance. As to the benefit derived by the ants from this symbiotic relation, the

pitchers are convenient shelters and nesting places, for which the four species

may be assumed to be better adapted than D, Rafflesiana, on account of the

narrower entrances and more commodious forms. As to the function of the inner

pitcher, they may possibly serve as a place of refuge for the ants in case of

danger from drowning. There is some indication, in D, ^ectenoides at least, of

a possible function as a feeding ground, the food material being a sweetish

substance, evidently a decomposition product. Examination of the inner wall

of the outer pitcher reveals the presence of a dense weft of superficial myce-

lium, the explanation of the presence of which was impossible. A similarity

to forms described by Muller in the " fungus gardens ** of some South American

ants was noticed. Dischidia, then, shows a series of modified leaves more

remarkable perhaps than any other known genus, the highest specialization
^

of which is found in the four species here described, where the adaptation to

the residence of ant colonies as well as the economy of water seems to have

reached its highest point.—J. Arthur Harris.

Edgar W. Olive ^^^ has oublished a detailed arrount of the Acrasieae.

10 Monograph of the Acrasieae. Proc. Boston Soc. Nat. Hist. 30: 451-513. phn

j-5. 1902.
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whose problematical relationship to the Myxomycetes has been the subject

of considerable discussion. The two groups of Acrasieae (Guttulinaceae

and Dictyosteliaceae) agree in that the vegetative individuals assume the

form of amoeboid cells which never pass through a swarm cell condition, and

in that the individuals during the fructifying period unite to form colonies

(pseudoplasmodia); but they differ widely in the general character and struc-

ture of their fructifications, the Guttulinaceae showing little or no differentia-

tion, and the Dictyosteliaceae considerable differentiation both in structure

and function. In certain forms two types of division were observed ; one in

the young individuals shortly after germination, occupying a number of hours

and accompanied by prolonged nuclear changes that resemble karyokinetic

division ; the other during the subsequent active amoeboid condition, resem-

bling direct division and taking place usually within a few minutes. In a dis-

cussion of the sytematic relations of the Acrasieae, the author states that

there can be no question as to the common origin of the Myxomycetes and the

Acrasieae, but that when the two groups are carefully compared it appears

unlikely that the former have been derived directly from the latter, since the

amoeboid stage is in reality the only feature strictly comparable. The families

and genera recognized are as follows : Sappiniaceae : Sappinia Dangeard (i

sp.) ; Guttulinaceae: Gnttidinopsis Olive (3 spp.), Guttulina Cienkowsky(4

spp.); Dictyosteliaceae: Acrasis Van Tieghem (i sp.), BicfyosU/tum Breield

(7 spp.), Polyspho7idyHum Brefeld (3 spp.), Coenonia Van Tieghem (i sp.).

—J. M, C,

One of Dr. Engler's latest conceptions, which is already beginning to

find concrete realization, is a vast botanical garden, which shall display the

characteristic plant formations of the world. The underlying idea in Dr.

Engler's scheme is floristic rather than ecological, although typical edaphic

plant societies find representation. He had already outlined in detail his plan

for an alpine garden— this has received very favorable mention, and may be

referred to somewhat fully in these pages at another time. In a pamphlet" of

nearly a hundred pages Dr. Engler gives a plan of the garden and states his

ideas in full as to the floristic subdivision of North America north of Mexico.

The four chief divisions are Arctic, Subarctic, Atlantic, and Pacific. The

Arctic division is like that of Europe and is not treated. Subarctic North

America is subdivided into eastern, central, and western districts (Bezirke).

Atlantic North America is subdivided into four provinces; lake, Mississippi

and Alleghany deciduous forest, south Atlantic evergreen, and prairie. Pacific

"Engler, Dr. Ai>olf, Die pflanzengeographische Gliederung Nordamerikas

erlautert an der nordamerikanischen Anlage des neuen Koniglichen botanischen

Gartens zu Dahlem-Steglitz bei Berlin. Separate reprint from Notizblatt Konigl. Bot.

Gart., Appendix IX. Svo. pp. iv-f- 94, with plan and distribution map. Leipzig: Wil-

helm En^Iemann. 1002. M 2,aq,
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North America is subdivided into three provinces: Pacific conifer^ Rocky
mountain, southwestern arid or semi-arid. All of these areas are further sub-

divided and characteristic formations and species are given in some detail.

Occasionally there are errors to be found in the alignment of species, as might

be expected in a paper which is largely a compilation from the works of

Sargent, Brendel, Mohr, Kurtz, Pound and Clements, and others. However,

the broad outlines of the work are remarkably true to the facts. It is par-

ticularly interesting to see Atlantic and Pacific America separated into

primary divisions, recognizing that the great cleavage lines m the United

States run north and south. Ecologists have always known that the plant

formations of this country had such an orientation, but many students of

floristics during the last decade have attempted to make their great cleavage

lines run east and west. We may hardly regard the question as settled,

but rather opened up for further study. The details in Engler's paper are

remarkably true in most instances; indeed one is obliged to confess that it is

the best floristic presentation of the vegetation of this country which has yet

appeared. Though designed to indicate the plan of a botanical garden in

Germany, it is nevertheless so important a contribution to American phyto-

geography as to be a necessary work of reference.— H. C. Cowles.

R. H. Yapp" has recently treated of the anatomy^ biology, and systematic

position of Polyodium {Lecanopieris) carnosiun and Polypodiu??i sinuosum.

As to systematic position, he concludes that while that of P, carnosum has

been a debatable one, both of the forms should be regarded as closely allied

species, both from external features and internal structure. Both are Malayan

epiphytes. P, carnosum grows only in the higher branches of trees and

usually on fairly high mountains, where it forms thick encrusting masses often

several feet in length ; while P, sinuostim, whose creeping rhizomes not form-

ing such thick masses as those of P, carnosum are frequently seen quite near

the ground, and usually on the trunk itself or on the main branches of its

host, is often found almost at sea level. The distribution oi P, simiosKm is

more extended than that of P, carnosum. The thick fleshy rhizomes of these

epiphytes are tunneled by a system of galleries similar to those of Myrmecodta

and Hydnophytum^ and like them invariably inhabited by ants. The origm

of the galleries is similar in the two species. About 1-2™" from the growing

point and after the differentiation of procambium and protoderm, the paren-

chymatous cells in certain definite areas undergo a more rapid increase in

size than those of the remaining ground tissue, the difference in size becom-

ing more marked farther back from the apex. These zones of tissue, whose

cells have increased so remarkably in size with little or no division, are sur-

" Two Malayan myrmecophilous ferns, Polypodium {Lecanopteris) carnosum

(Blume), and Polypodium sinuosum Wall. Ann. Botany 16:185-231. pis. 10-/3.

1902.
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rounded by a zone several layers deep of relatively small brown cells, which

has been developed by radial and longitudinal division during the increase

in size of the cells of the included tissue. At a distance of 2''"' from the

apex, the large cells, which have been filled chiefly with water, the walls hav-

ing merely a film of protoplasm, break down, giving rise to the ant galleries,

which are thus of lysigenous origin. The arrangement of the galleries is in

both cases regular, although not exactly the same, a main ventral longitu-

dinal gallery giving off two lateral series of galleries to the branches and

two vertical series leading to the leaf-cushions, branching soon after leaving

the ventral gallery to form two longitudinal series of dorsal chambers. Com-

munication with the external air is secured by short passages excavated in

the soft tissue of the younger parts of the stem by the ants themselves.

While the function of the galleries is still somewhat obscure, the large-celled

tissue seems to have been developed as a special water-reservoir, but its

early disintegration may indicate an important function in the galleries, as

aeration or to a slight extent absorption of water. There is no evidence that

the galleries are an adaptation on behalf of the ants. In P, carnosum the

marginal lobes upon which the sori are borne are reflexed at maturity so

that they are turned upward, this being possibly an adaptation to secure the

distribution of the spores during a strong wind, which would be most favor-

able for a high growing epiphyte.—J. Arthur Harris.
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NEWS.
Professors Hugo de Vries and Julius Wiesner have been made mem-

bers of the Accademia dei Lincei.

Dr. N. L. Britton was in England during August and September com-
pleting his investigations of American Carices and Crassulaceae.

J. B. Dandeno, formerly instructor in botany at the St. Louis Normal

School, has been appointed assistant in botany at the Michigan Agricultural

College.

Coulter and Rose's Monograph of the North American Umbelliferae

has been reprinted by the Department of Agriculture, and was issued Sep-

tember 22, 1902.

Among the fall announcements of Henry Holt & Company is Plant

Physiology by George J. Pierce ; and among those of D. C. Heath & Com-
pany is An introduction to Botany by W. C. Stevens.

There was an attendance of forty-four in botany at Woods Hole this

summer, including the staflf and investigators. Among the latter were Pro-

fessor Duggar, Drs. Miyake and Overton, and Mr. George D. Fuller.

L. Cockayne, whose fine work on the vegetation of Chatham island, Xew
Zealand, will soon be reviewed in this journal, has been granted a passage in

the government steamer to the Antarctic islands. He plans to sail during

December and will carry on ecological and floristic studies.

The Botanical Society of America will hold its ninth annual meet-

ing at Washington, D. C, December 29, igo2. to January 3, IQ03, under the

presidency of Dr. B. T. Galloway. The address of the past president, J. C.

Arthur, and a program of scientific papers will be given at the sessions.

A biographical sketch of the late Marc Micheli, prepared by C. de

Candolle, and accompanied by a portrait and bibliography, is published in

Archiv, Set, Phys. et Nat. Geneva of July, 1902. The bibliography includes

thirty-four botanical titles. Micheli was born October 5, 1844. and died June

29, 1902.

The Bureau of Forestry has established a dendro-chemical labora-
* * ^

tory in cooperation with the Bureau of Chemistry, to study the chemistry of

forest products. The laboratory is in charge of William H, Krug, and its

first work has been a study of the chemical composition of the wood and bark

of various oaks (chestnut, white, red, and black) and the western hemlock.

Dr. Alex. P. Anderson has resigned his position of curator of the

1902] 319
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herbarium of Columbia University to become an expert to the syndicate now

engaged in developing the new method of treating starchy grains, etc.,

recently discovered by Dr. Anderson in the laboratories of the New York

Botanical Garden. Dr. Anderson is fitting up a laboratory for the continu-

ance of his work at Minneapolis.

—

Science.

The Kirby Lumber Company, whose holdings are in southeastern

Texas, has requested the Bureau of Forestry to prepare a working plan for its

lands. The lumbering operations of this company extend over a tract of

1,250,000 acres of pine lands, which contain about 80 per cent, of all the long-

leaf pine of Texas, This vast single body of virgin forest is uninterrupted

except for the clearings around the villages and farms which it encloses.

The editor of Science for the fifth year has published statistics in

regard to the conferring of the degree of doctor of philosophy by American

universities. It is of interest to botanists to know that during this period

( 1 898-1 902) fifty-three doctorates in botany have been conferred. The thir-

teen conferred during I902 are as follows : W. A. Cannon (Columbia), G. P.

Clinton (Harvard), J, W. T. Duval (Michigan), T. C. Frye (Chicago), C. S.

Gager (Cornell), C. A. King (Harvard), A. A. Lawson (Chicago), B. E. Liv-

ingston (Chicago), Florence M. Lyon (Chicago), K. Miyake (Cornell), E. W.

Olive (Harvard), R. H. Pond (Michigan), and C. E. Preston (Harvard).

During the past summer two ecological parties have been in the field

from the University of Chicago. Dr. Henry C. Cowles, with a party of four-

teen, has been studying the climatic and edaphic influences on the flora of Mt.

Ktaadn, Maine. The results were very satisfactory, since a large number of

plants and photographs were collected to supplement the field observations.

Mr. Henry N. Whitford, with a party of eight, has been working in the

vicinity of Flathead lake, Montana. Mr. Whitford plans to stay through a

part of October, and is making a detailed map of the region. Messrs. C. D.

Howe and L. H. Harvey, and Dr. B. E. Livingston have been doing individual

work in Vermont, Maine, and Michigan.

We learn from Nature that at the Belfast meeting of the British Asso-

ciation in September, Professor J. Reynolds Green, president of Section K
(Botany), delivered an address dealing with the position of research in plant

physiology, and its importance in agriculture. Papers were presented as

follows : The morphology and past history of the Araucarieae, by A. C. Sew-

ard and Sybille Ford; Internodes and their relation to morphological

problems, by Percy Groom; The dorsiventrality of the Podostomaceae, by J.
C.

Willis ; The function of the nucleolus, and The nucleusof the Cyanophyceae,

by Harold Wager ; Sex in the genus Diospyros, and Foliar periodicity in

Ceylon trees, by H. Wright ; Fossil Nipa seeds from Belgium, by Messrs.

Seward and Arber,

I
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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 strenjjTthen their
whole system, and greatly in-
crease their capacity for men-
tal and j)hysical labor, by the
use of
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ZkHghtfal After Baffarn^ A Lnzaiy After Slurio^
Beautifies and Preserves the Complezlotu

A positive rcHef for PRICKLY HEAT, CHAFING and SOT-
BCRJ^ and aU afflictions of the skin. For sore, blistered

and sweaty feet It has no equal. Removes all odor of

perspiration. G«t 3I£NX£2ik'S (the original), a Hitk higher

f» price^ perhaps^ than worthier substitutes^ but there

Sold everywhere, or mailed for S5 cents. (SamplefresJ)
GKBHARI* MEX.VE.V CO.. Newark, ST. J.

FRAGRAXT

A perfect Dentifrice for the

Teeth and uth

SOZODONT LIQUID

SOZODONT TOOTH POWDER
Large LIQUID and POWDER

25c

2Sc

75c

tc

mouth

Adenfistwrifes:

As an antiseptic and hygienic

urns

dially recommend Sozodont. I consider

it the ideal dentifrice for children's use."

SOZODONT is sold at the stores, or it vrill be

sent by mail for the price. Mention this Magazine.

HAI^Ij 4k BUCKEL., Xew York.
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Your baby plays on the floor

where dust and

Before

floor

diluted

eepin prinkl

pet with properly

Platts Chlorides.

The Odorless Disinfectant
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PROMOTES
HEALTH.

Fits
Perfectly,

ALL WEIGHTS AND SIZES
FOR ALL WANTS.

Protects against
Temperature Changes*

WOMEN! Jaeger Underwear means for you
more comfort than yon have ever experienced,

perfect freedom of limbs, and the best fit

possible.

MEN! This means for you Warmth, Com-
fort, Ease, Healrh, and exactly meets your
requirements.

BOYS AND GIRLS! Can enjoy outdoor
and indoor life without the dangers of ordinary
underwear.

BABIES I This means for them freedom
from colic and cold, is non-irritating, and
assures happiness to the mother.

ILLUSTRATED CATALOGUE FREE
Showing also our various Jaeger articles.

DR. JAEGER S. W.S. CO.'S OWN STORES.
N£W TORR: 16 West 28d 8t., 155-157 Brofidway.

nROOKLYNt 504 Fulton Street,
BOSTON: 9S0-28e TtoyUton Htreet.

PHII4AOELPHIA1 1510 Cbefttnut i*treet.
CHICAGO t 8a State f^treet.

AGENTS IN ALL PRINCIPAL CITIES.

Skia Disedcses
If you suffer from Eczema,
Salt Rheum, Ringworm, Itch,

Ivy Poison, Acne, or other
5kin troubles,

rozone
will cure you.

Cures sunburn in 24 hours. In cases
of Prickly Heat and Hives it will stop
itching at once, also will relieve mos-
quito bites.

Hydrozone is a scientific Germicide^
Used 3,nd endorsed by leading physi-

cians* It is absolutely harmless,
yet most po^verfui healing agent.

As these diseases are caused by parasites,
killing ihem without causing injury to the suf-

ferer, naturally cures the trouble.

Sold by leading druggists*

^OplJ* to any one sending- me 10c. to cover actual

* mKC^Ld postage. wi!l send a bottle containinfi- suffi-

cient to prove to your entire satisfaction the claims here

made. Pamphiet sent free. Address

59 W. Prince St., Mew Yorki

Ride a cock horse to Bakburv Cross.
To SEEA FlNt LADY UPONA WHITL HORSE.

RfNGS ON HER FINGERS.ANO BELLSONHER TOES,

She shall have music wherever she goes,"

>5h?l
,ip.
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MANY ADVANTAGHS.
V

Perfect in fit, never ragged or uncomfortable. Very
convenient, stylish, economical. Made of fine cloth and
exactly resemble linen good*. Turn down collars arc
reversible and give double service.

NO LAtiNDRY WORK.
When loncd, discard. Tea coflMV or five iMirs of

CitffM. »5C. By mmll, j^c. Send 6c in U. S. stamps for
*4^plc collar or pair of cuiia. Name size an<! style,

REVEH3IBLE COLLAR CO.. Deot. 12. Boston.

A
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So SINGS THE fOND MOTHER IN NURSERY RHYflE

To HER CLAD INFANT.THE WHILE KEEPING- TIME;

And so can all mothers with immi wum
DeUGHT in THEIR INMNTS.WHOSE HEALTH THEY MAINTAIN,

Through , ^ ..,n
flRS.WlNSLOWS SOOTHING SYRUP

OVLR FIFTY YEARS SOLD

I

MOTHERS lyORlDM
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BEARS A LABEL WITH THIS TRADE MARK /trademark
-vr**

•

Many people stiffer from a weak skin. They perspire easily and chill easily,

cannot bear drafts and are apt to take colds, broncJiitis, pneumonia or rhtumatism.

As a rule they tvear woolen underwearj the heavier the garment the weaker the skin.

The Dr: Deimel Underiuear-of POROUS LINEN is the correct garment

for the skin. It gives tone and vigor to Under it the skin becomes strong

and active^ capable of protecting the body against chills and internal congestions.

A Luxury in Summer and a Necessity in Winter

The Best Houses Everywhere Sell It

For catalogue and samples of the material, address

The Deimel Linen=]V\esh
491 Broadway, New York

5AN FRANCISCO
1 1 1 Montgomery St.

WASHINGTON, D. C.

728 ISth St., N. W.
MONTREAL, CAN.

2202 St. Catherine St

LONDON, ENG.
10 Bread St,, G. C«
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S)onncllei^ ©one
TLbc %aJkesii>e press

PRINTERS AND BINDERS
THE PRINTING OF BOOKS DEMANDING TASTE AND CAREFUL EXECU-
TION, PRIVATE EDITIONS, COLLEGE CATALOGUES AND ANNUALS A
SPECIALTY- WE PRINT MORE FINE BOOKS THAN ALL OTHER HOUSES
WEST OF NE'W YORK. OUR NEW FACTORY, RUN ENTIRELY BY ELEC-
TRICITY, IS THE MOST ADVANCED PRINTING PLANT IN THE COUNTRY.
THE LAKESIDE PRESS BLDG., PLYMOUTH PLACE, COR. POLK, CHICAGO,

-and your copy's made,
cloths to handle—^no

the crank
No wet
damp blotters to ,

screwing down letter-press.

It stands always ready.
The pressure of the copy-
ing-rollers is always the
same. Never a blurred letter,

nor an indistinct copy.
Every copy clean

and perfect—
no faint copies
to Sfuess at.

Copies made
on the Rapid
Roller Let-
ter Copier can be
filed right with the
letters received.

Send for Cat. 3303

Yawnian i Erbe Mfg. Co.,

lochester. N. Y.

Branches in N. y., Phila..,

Boston, Chi., San F., aad
seven other cities.

emtmn
Of Wedding Stationerjr has
something to commend itself

to people of taste and refine-

ment over the common, ordi-

nary kind.

Prices

-Arc as low as work of our

standard can be named.

We send you finely engraved
plate and loo of latest style

visiting cards for $1.50.

Monogram and initial work
a specialty.

High class correspondence
papers.

140-142 Monroe St.

EsUhlUhediZ^ CHICAGO.

SON SOLID GOLD FOUNTAIN PEN
and a pint of inK fox* onlx
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THE Edison, Jr, Wizard Fountain Pen is as good a pen as was ever offered to the public at Any
Price. It is impossible to make a better Pen, The Pen is guaranteed 14 Karat Solid Gold, fitted m a

handsomely chased Para Rubber barrel, and easily outclasses all others as to high-grade workmanship,
durability, and price. Money refunded if not as represented- We offer this pen at the very low pnce o!

$1,00 postpaid, and present to each purchaser a package of Mr. Edison's famous Wizard Ink Tablets, in

any or assorted colors, which dissolved in water makes one pint ol the best Fountain Pen Ink ever pro-

duced. This exceptional offer is made to induce everyone to try our ink, knowing that when once used no

other can take its place. The U. S. P. O. Dept., as well as the principal Railroads. Banks, and Boards 01

Education throughout the country have adopted it. Agents wanted. Write for descriptive circular.

THOMAS A. EDISON, JR. CHEMICAL CO., Dept. *T,'* 35 Stone St., Hew York-
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SPENCERIAN
The Standard of
Excellence for

over forty years
STEEL PENS

SPENCERiAN
N,?J7.,,PENC0.

,

Select a pen for geur writrng f,

a sampte card of special numbers for cor-

respondence* 12 pens for 10c»^ postpaid*

SPENCERIAN PEN CO.
349 Broadway, NEW YORK CITY
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Neither is the tele^aph, telephone

or tlie railw^;

BUT IT PAYS
because thej'
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^^^ SMITH PREMIER

TYPEWRITERS
Because they possess those sterling features
that make them the most economical to
own. Good work all the time,

The Smith Premier

Typewriter Co.^

Syracuse. N. V.,

U.S.A.
Grand Prize^

Paris 1900...

Highest Award
Possible
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Send for Catalogue

Fifty
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^' fbUNTAINf^EN
D EAL^^ OR Address. BlOOMSBURG, Pa.

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.
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Mark.
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Each day

Each

THR
Leading Typewriter

OF THE WORLD
The Only POLYOLOT-Using a HUNDRED Type Shuttles in TWENTY-SIX

Languages. All immediately interchangeable. Now adds to its Conceded Perfec-

tions (Perfect Alienment. Impression, etc.).
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- THE NAME IS EVERYTHING."

Estcrbrook
pen

guarantee

Professional

Expert
Favorite.

Over 150
otTier styles

every puf
stationers

an absolu'te

excellence

Accept no

No.Ai. Tlie

Penman's
Very elastic

varieties

suit
pose. All

have them.

substitute.

The Esterbrook steel Pen Co.

Works, Camden, N. J. 26 John Street, N. Yj,
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RECTION.
Is our advice to try

Dixon's

American Graphite

Pencils.

The satisfaction of using a pen-
cil that always does what is ex-

pected of it, sharpens to a fine

point, and in which the lead
doesn't break, either in sharp-
ening or use, is not one of the
least comforts to a busy person.

Dixon's leads Bonn Break,

Their grades never vary.

Pencils for all uses,

each one bearing our trade-

mark, the best of its kind.

//" fw/ S0I4 hr your denier^ send us
ibc. for samples luortk double.

Joseph Dixon Crucitle Co.,

Jersey City, N. J.
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Investigation Means Investment
BY YOU IN THE

ORO HONDO EXTENSION OF THE

GREAT HOMESTJi ^ LEDGE
AT LEAD, SOUTH DAKOTA.

-
1 1 _^^9F>-

-.-^
'..^SPb. .!.*-£•r^^J

$115

The Original Investors' Accumulated
Y^ £2 A, Xt* X The great fortunes that have been

XTOIltS drC tnC l/arSCSt. -^^^^ -^ ^^^^^^ ^^^ ^he large profits

^ on mining stocks by individual hold-

ers have been made by those who went in at the beginning and stayed in until the value of their

holdings increased many hundred per cent. THE HOMESTAKE has never missed a monthly

dividend in twenty-five years and has ore
blocked out now sufficient to run crushing StOCk Sold for $
and cyanide plants night and day for thirty-

five years.

Oro Hondo Adjoins Homestake Property
and extends two miles on same ledge, which is 456 feet wide. The indications are that it

is as great a property as the Homestake.
The Burlington & Missouri River Railroad passes directly over the property, and is within two

hundred feet of the main shaft. The railroad has put in a sidetrack at this point.

With full knowledge of all economical business methods, and with an ore body so extensive

that it is practically unlimited, the managers of the Oro Hondo Mining Co. are simply manufacturers

on an enormous scale, and with a positively certain market for their product. Mining on purely scien-

tific principles is the surest business in the world. The farmer may have bad crops, the manufac-

turer overproduction, the business man depression of trade, but the world always buys gold at a

fixed price.

An Investment Now at the Opening Price Promises

to Largely Increase in Value in a Very Short Tim^

We earnestly urge that you act at once in buying this stock. The price today is 50 cents a share (par

$1.00) , but the price wUl be advanced from time to time as the development work progresses. The stocK we
offer is full-paid, non-assessable treasury issue, and is sold for the purpose of developmg the property, ine
luUest particulars will be gladly furnished to every person interested in the property.

We stand back of every statement we make, and particularly request that our correspondents

ask for specific information on any point not perfectly clear. Send for book, given to inquirers,

containing valuable and interesting information on "Reduction of Gold Ores ;" also illustrated

prospectus of the Oro Hondo.
The stock will be listed on the leading mining exchanges.

If a number of prospective investors desire to visit the property and verify the conditions existnig. as

stated m our advertisement, we shall be willing and pleased to personally conduct such a party ^it^„^,ttSt«OWK expert at our expense. No inconvenience whatsoever would attend such a trip. The finest Puiiman
accommodations wiU be provided to within one thousand yards of! the main shaft in the city of Lead m sixiy

hours from Hew York or Philadelphia and thirty six hours from Chicago or St. Louis.

The Oro Hondo Mining Co. refers to First Nailonal Bank, Denver, Colo. ; First National Bank, Lead, South Dakota;

Western Bank, Denver, Colo.

REGISTRARS OF STOCK—International Trust Co., Denver, Colo.

rwoHa

Address all Communications and Make all Checks Payable to the Fiscal Agent*,

Broad Exchange Building xxj^ir a Tijr-r^ A -r^ .-\ o r\r\ land Title Building
NEW YORK CITY^ WM. A. MEAR3 & CO. PHILADELPHIA

>. 615 Bank of Commerce Building. Minneapolis, Mina.

Laclede investment Co.. St Louis, Mo.
Mich. 25 North Pearl Street, Albany, N. T.

loot Union Trust Building, Cincinnati,
36 Ballerstem Building, Hartford, Conn
Michigan Trust Building, Grand Rapide
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Shredded Whole Wheat Biscuit is the direct reflec-
tion of Nature. It is the whole wheat—nothing added,
nothing taken away. It is the NATURAL food in-
tended by Nature for man's use, because it contains
All the Fropertms in Correct Proportion Necessary to
Nourish every Element o/ the Human Organism. Man's
'snorance as to the uses of the dififerent parts of
the wheat was originally accountable for the re-
moval of portions of it in order to make white
flour. Custom and habit are accountable for
the continuance of this vital error. Faulty
bones and teeth, weak bodies and minds /
are the result of the white flour eatiiiij
practice." .

Shake otf the pale, sickly yoke and nour-
ish every part of your God-griven mind
and body with NATURAL fo<xi—thrusC
the white bread eating habit flrmly
aside, be well and strong and "Dare
du all that maj WeomPiL mna.*' S^ol4
bj all (Jrnrers. Send for "The Vital
Question" Cook Book [FreeJ-
THF. NATl RAL KOOU CO,

Aiagarii Falls, ». ¥.
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^^^^T^^^\ Makes pictures in black and white,

V J Y |\, V 3 0^ '" ^ variety of tones by the use
^"^ of Cyko toner. It is the paper that

enables you to produce the best print your negative
is capable of giving.

Art Cy-Ko out-cykos even Cyko. The paper is

very heavy and produces the most beautinil of
*^ ' Doz. 4x5 Cyko w th Developer. 20 cents.

If your dealer cannot supply you, send to

THE ANTHONY & SCOVILL CO.
123-124 Fifth Ave. (17th and iSth Sts.) , New York
Atlas Blk. (Randolph St. and Wabash Ave.) , Chicago

A Wonderful Material I

PANTASOTE
Waterproof—Greaseproof—Stainproof

Also Germproof and FIREPROOF ! Unlike other leather

substitutes, it contains no cellulose, rubber or other danger-

ous and objectionable sub-
stances, and is also en-
tirely odorless.

Pantasote docs not peel
or crack, is not affected by
heat, cold or climate.

Looks like Morocco leath-

er, wears better and costs

half. Tested nine years
with un-

T

A

qualified
success.
Made in
plain leath-

er grains or
richly em-
bossed de-

s i g n s • all

St and aid
colors,

A Piece
18 X 18 in.
for 35cents
In ststmpt.
Free sample
15x6 In. for

3c. Stamp aiLd
your uphol-
sterer's a d -

' Awarded GOLD MEDAL at Buffalo.

CAUTION—There are dsneerous and worthless Imiutioas ; genw-

(ac has Pantasote stamped on foods.

PANTASOTE CO., Dept. Z, 1 1 Broadway, New York

nm^^-.,-,

A Striking Example
of the result of nearly a half century of

i

experience in organ manufacture is here

shown.

STYLE 4404.

This model is one of our new desig^ns

for chapel use, and is already a favorite.

Catalogue of all styles free.

illas0n^
BOSTON. WEW YORK. CHICAGO,

CROWN

Noble in Tone

Chaste in Ai)pearance

Durability Unquestioned

f

Ir

GEO.
Manufacturer

BENT
Chicago
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NOTICE! The amount of this check will b« placed at ihe disposal of

competent judges to be awarOcd for ihe best photographs made with

Bausch & Lomb Lenses and Shutters submitted for judgment on or

before January i, 1903. Classes for all kinds of work and for Kodak^

Premo. Poco and ofher band cameras with B. & L. Lenses being provided.

Wl
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(TO
?^^

ROCHESTER, N. Yv
"vt^bo will send full information on request-

l^---
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ORCHESTRA
Instrumente, Vioiius, Flutes, MandoLlas, Guitars,
Banjos, &c. Lyon A Healy and * 'Washburn" In-
struments are In use eFerywbere and are sold by
leading music dealers. Ask for "Dept. Q" Catalog,
Illustrated, mailed /re«. It*8 a money-saver.
LYON & HEALY, • 35 Adams St., Chica^, IS.

The World*! LmrsMiansic Uoiuc* Selli *»£rcr7Uiias Kbowk in Sa»ic."

PIANO
Do You Want a
Genuine Bargain
in a Piano?

WahaTehtindrtdi of Upright PiMios returned from rantmff
which must be disposed of at once. These pianos include
Steinways, Knabes, Fischen, Sterlings and other well known
makes. Hany cannot be distinguished from new, yet all are
offered at a great
Ulowas tlOO. Also
rfcfatR ai «IJ5,
A magniUcent in-
fully equal to many
monthly payments accepted

di9connV Uprighti
beautiful new U|H
tI3S.fl50andtIfi5.
strnment at 9290.
$400 pianos. Easy

Freight Is only about IS, Writ*

FROM
ftt once for complete list and full particulars. Tou can make a
great eaving by securing your piano from ui- Every piano war-
ranked aa represented. "A Piano Book," free. Write today.

LYON
38 Adama S\,^ CHICAGO.

WoxU'« IftTftft moiic boot*; mII ''IirVTihInf known tn

Rare Old Violin
L^r^eet and fineet collection on this continent.
jR'me catalogue ffreej containing: 50 fac-simile
labels in colon and Biographies of all the
noted makers. List and particulars of Solo
Inatraments from $50 to $l&000. MoDtbly
payments may be arranged, violins sent on
fseren days examination. 2'ormal Certificate
of Oenuinen^w with each Instrument.

LYON & HEALY. as AdisfSt
Ckicag*.

GO
Internation^kl

Competition

$1500 i

or equivalent in

maistsfact^res if preferred

FOR PAPiriC«L*«S ADoncss

e. p. eoert Ortlcal Olorm
ROOM 6, 52 E. imiOW SQUARE, W.T.

Main Office, Berlin— Friedenau—Germany
Branches, London—3-6 Holbora Circus

Paris—22 Rue de L' Entrepot
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J of Bright s

Disease, Albuminuria of Pregnancy, Uric Acid
Diathesis, Gout, Rheumatism, Lithsemia, Renal
Calculi, and Stone of the Blddder

J
Etc

I
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Dr. George Ben Johnston, Richmond, Va., ex-President Medical Society of Vir-

ginia and Professor of Gynecologg and Abdominal Surgery^ Medical College of Virginia:
••IF I WERE ASKED WHAT MINERAL WATER HAS THE WIDEST RANGE OF
USEFULNESS. I WOULD UNHESITATINGLY ANSWER BUFFALO LITHIA. It is a most
valuable remedy in many obscure and stubborn conditions which, at best, yield slowly, if at all, to

drugs. In URIC ACID DIATHESIS, QOUT, RHEUMATISM, LITH^EMIA, and the like, Its

beneficial effects are prompt and lasting.

"Almost any case of Pyelitis and Cystftis will be alleviated by It and many cured.
'•

1 have had evidence of the undoubted DISINTEGRATING, SOLVENT, and ELIMINATING
POWERS of this water IN RENAL CALCULUS, and have known its long continued use to per-
manently break up the gravel-forming habit.

•*
It is an agent of great value in the treatment of the Albuminuria of Pregnancy, and Is an

excellent diuretic in Scarlatina and Typhoid Feven In all forms of BRIGHT'S DI5EA5E,
except those hopelessly advanced, its good effects are pronounced* 1 believe it has been
the means of prolonging many lives in tJiis trouble."

John V. Shoemaker, M. D., LL. Oi., Professor of Materia Medica cmd Tfierapew

tics in the Medico-Chimrgical College of Philadelphia, etc., in the New York Medical Journal^

June 22,1899: "The BUffM^^ l^OflA WffTER ^^ I>OUBLY EFFICIENT in Rheu-

matism and Ocmt. It dissolves Uric Acid and Phosphatic sediments, as well as other products

difficult of elimination, wiiile at the same time it exerts a moderately stimulant effect upon the renal

cells, and thereby facilitates the swift removal of insoluble materials from the body. Without such

action insoluble substances will precipitate in the Kidneys and Bladder. The intense suffering pro-

duced by Stone, together with consecutive pyelitis and cystitis, are avoided by prompt elimination.

Unquestionably, although the speedy removal of Uric Acid and other products of faulty tissue

change is of conspicuous benefit yet to PREVENT their formation is a service still more important

This service Is performed by the
^

?

lAimhWater when it corrects

those digestive failures which are responsible for the production of deleterious inaterials,"

James L. Cabell, WI.D,, A.M., LL.D., Formerly Professor of Physiology and
Surgery in the Medical Department of the University of Virginia, and President of the Nation-

al Board of Health, says: '^BUFFilLO LlTHIA^SfeiT!! '" ^** ^^^^ Diathesis Is a

welI=kiiown therapeutic rescHirce. It 5!:juld be reo^rtized by tiie profession as an
article of Materia Medica."

Dr. J. W, Wlallet, Professor of Chemutry^ Univernty of Virginia. (Extract from r^jort

of analysis
by patients under the action

Spring No. 2)

:

**It seems on the whole probable that the action of the water is PRIMARILY and MAINLY
u i:t URATES, but when these constituents

Urethral

Phosphatic or

disintegr^to -A ±' zM ^mr

occur along with and

teaffc Calculus materials, *iie latta'may be se detached a

Calcuhis as a wiioie in tiiese cases, ^so ftus admitftng

Spiing No. 1 is both a ^^ERVE and a BLOO
ANAEMIC SUBJECTS is to be preferred. In

FEE
iNo. 2 IS to be pr

fe for salt by ^oc^s and Dnig^ls '-W--

^ci lally.

Te^imorJafs which defy ^ Imp^tatkm or »>* tions seat to any i'ft

PRIET BUFFALO LITH ING

-D *
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I Baker Cocoa
and

CHOCOLATE
have held the market
for 122

stantly i

with con-

ing sales

\^^'i

Lmf^\

(i) because they are pure and of

high grade
; (2) because they yield

the most and l^est for the money
j

(3) because they are unequaled

TRACE- MARK ^^^ smoothnesSj delicacy, and flavor

Ovtr trade-nrvArk is on
the genuine go

package of

WalterBaker&Co.
l^itxxited

Dorchester, Massachusetts
40 Highest A^vards in Europe 6i America

Piano building: as a fine art has

never been more highly exemplified

than by our recent productions*

Send for description of our new

Style A Grande the most remark-

able Small Grand ever produced

by any maker. Its length is but

5 feet 4 inches*

»-

V

I

I

I

THE WEBER PIANO COMPANY
108 FIFTH AVE., NEW YORK
266 WABASH AVE., CHICAGO

I

{

P?

J

m-

IJ^K^Bjtt^

0$barre bcea establisbttf over 50 VEA RS- By oux'—
family ;. :Bodera..' -^^^^^^^Jl-' ". ,a^

Wtuc for Cataiogtie O znd

. VOSE * SONS^^^

deliver

plaaadoos.

PIANO CO

acw piaao in your 9'*%^*te free of '^^ sc

Boston
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^Botanical (Basette
B /nbontbls Journal JEmbracint

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.

FOREIGN AGENTS:
Great Britain— Wm. Wesley & Son, 28 Essex

St., Strand, London.

Vol. XXXIV, No* 5

18 Shillings 6 pence.

ContinentalEurope— Gp:RROL)ERl<nRNTRAKUKR,

Berlin S\V. 46, Schonebergerstr. 17a. 19 Marks

Issued November 20, J 902

CONTENTS
ON THE DEVELOPMENT OF CERTAIN PIPERACEAE (with plates ix-x). Duncan

S, Johnson --------..,
THE STRUCTURE OF THE STARCH GRAIN (with plate Xi and texa figures),

Henry Kraemer --
CONTRIBUTIONS FROM THE ROCKY MOUNTAIN HERBARIUM. IV. Aven Nelson

BRIEFER ARTICLES.
A New Hepatic from the Eastern United States (with plate xii). Alexander

W^ Evans - - - ... . , . ..
CURRENT LITERA TURE,

MINOR NOTICES • • - - - - - - - -

NOTES FOR STUDENTS -------..
NEiVS ............

321

341

355

372

376

377

3«8

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, binding,
etc. Separates containing half-tones may be expected to cost somewhat more than the rates given, the

increase depending upon the number of cuts and the amount of work required upon them.

Number of copies
L

Letter-press, for 4 pages or less

Letler-press, for 8 pages or less

Letter-press, for 16 pages or less

Single plates (i double — 2 single) . . . .

Covers, with title (paper like Gazette cover)

.

50

;gi.6o

2.25

4.00

1.00

1.50

100

52.00

2.75

5.00

1-35

2.00

150

$2.25

3.15

5.80

1.70

2.50

200

$2.50

3-50

6.50
2.00

3.00

Manuscripts.— Contributors are requested to write scientific and proper names with particular care

and in citations to follow the form shown in the pages of the Gazette. Manuscripts should be sent to

Editor of the Botanical Gazette, The University of Chicago, Chicago, III*

Books and Pamphlets for Review should be sent to the same address.

Missing Numbers will be replaced/r<fir only when claim is made within thirty days after receipt of the

number following.

Special to Foreign Subscribers*— The attention of foreign subscribers is called to our special rate,

necessitated by the pavment of extra postage. Until further notice the prices as indicated above should

be remitted to our foreign agents.

All remittances should be made payable to the order of The University of Chicago.

All 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, HI., as second-class mail matter.!



[JUST PUBLISHED]
Send 12 cents, U. S. stamps, for

Wm» Wesley& Son^s Botanical Catalogue^ 1 901

Being

No. J37-J38 of

THE
NATURAL
HISTORY and

SCIENTIFIC
BOOK
CIRCULAR

BOTANY
More than 3300 works,

classified under 42

headings

J04 pages

CONTENTS

:

Transactions of Scientific Societies Periodicals

Bibliography History Biographies and Portraits

Hcrbals Early Botanical Science Linnaeus

Handbooks

Microscopy Morphology and Physiology

Encyclopaedic works Classification • Jll.enclature

Fossil PlantsCryptogams Phanerogams

Natural distribution of Plants (Floras)

Agriculture and Horticulture to the end of the 18th century

Gardening Landscape Gardening

The Flower and Ornamental Garden

Husbandry Tropical Agriculture Commercial Plants

Medical Botany Forestry Diseases of Plants

William Wesley & Son^ Booksellers

28 Essex Street, Strand, London, England

Mamer pvixcQ in IFlaturat Ibistor^
mi

BY the provisions of the will the late Dr. William Johnson W^alker 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 $60 may be awarded; if, however, the memoir be one of marked men ,

the amount may be increased to $100, at the discretion of tnc Committee.
For the next best memoir, a prize not exceeding $50 may be awarded.
Prizes will not be awarded unless the memoirs presented arc of adequate merit.
The competition for these prizes is not restricted, but is open to all.
Attention is especially called to the following points: • j

1. In all cases the memoirs are to be based on a considerable body of original and unpublished work, accompaniea

by a general review of the literature of the subject.
a. Anything in the memoir which shall furnish proof of the identity of the author shall be considered as debarnng

the essay from competition. ,. >

3. Preference will be given to memoirs showing Intrinsic evidence of being based upon researches made direc y
in competition for the prize. , . ,

4. Each memoir must be accompanied by a sealed envelope enclosing the author's name and superscribed wi

motto corresponding to one borne by the manuscript, and must be in the hands of the Secretary on or before April i 01

year for which the prize is offered.
+

FOR 1903
1, A monograph of any genus or group of Thallophytes.
a. Contributions to the life history of Sporozoa.

SUBJECTS FOR 1904
I. The reactions of organisms to solutions, considered from the standpoint of the chemical theory of dissociation.

3. Relations of plants to electricity,

3. A statistical study of the relative cross-fertility between the varieties of a species.
4. The chemical and physical reactions in cell narcosis.

'S- Causes of volcanic eruptions. . . -^
6. The effects of past or present physical changes of the earth's surface on the development of species {e. ^m

work, changes of sea level, mountain building, etc.).

Boston Society OF Natural History "QLOVER M. ALLEN, Secretary
Boston, Mass,, £/, 5, A,
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the Season^s Delicacies

at Very Moderate Prices
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OUR 8»ooo miles of rail-

road reach out from

Chicago. Peona and
St. Louis to all the important

cities in the west and north-

west such as

ST. PAUL
MINNEAPOLIS
c:y^AHA
KANSAS CITY
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,
GcnM Pass. Agt.. C. B. & Q. R. R.,

CHICAGO, ILL.

PLANT NAME
Scientific and Popular
By A. B. LYONS, M. D.

T^HE most complete and authentic Botanical
*- synonym book yet published in the United

States. More than 2000 genera and fully 4000

species of plants are included. The index contains

more than 13000 titles. The American botanist's

library is not complete without it.

Published by NELSON, BAKER & CO., Detroit, Mich.

Will be sent by the publishers to any address on receiiit of

the price, $2.50

4 '



When calling please ask for Mr, Grant

Books
Whenever you need any book, or

any information about books, write
J

to me and you will receive prompt

attention and low prices.

my stock Books

in all departments of literature is

very complete.

Big Four Route

FROM
CHICAGO

TO

Indianapolis, Cincinnati, Louisville,

the

South and Southeast.

DIRECT LINE TO

Asheville, N. C, and Florida.

Hssortiticnt gatdlogues

and special slips of books at re-

duced prices sent for a lo-cent

stamp.

."grant
23 West Forty-Second Street, New York

Mention this advertisement and receive a discount.

THE SCENIC LINE TO

Virginia Hot Springs and Washington, DX
via the Picturesque

CHESAPEAKE & OHIO R'Y.

W. J. LYNCH, G.P, &T.A. W.P.DEPPE,Ass'tG.P.&T.A.

CINCINNATI, O.

J. C. TUCKER, G.N.A. 234 Clark St., CHICAGO

^^wym Lf^

S)onnellev Son6
Cbe XaftcsiDe press

PRINTERS AND BINDERS
THE PRINTING OF BOOKS DEMANDING TASTE AND CAREFUL EXECU-
TION, PRIVATE EDITIONS, COLLEGE CATALOGUES AND ANNUALS A
SPECIALTY. WE PRINT MORE FINE BOOKS THAN ALL OTHER HOUSES
WEST OF NEW YORK. OUR NEW FACTORY. RUN ENTIRELY BY ELEC-
TRICITY, IS THE MOST ADVANCED PRINTING PLANT IN THE COUNTRY.
THE LAKESIDE PRESS BLDG., PLYMOUTH PLACE, COR. POLK, CHICAGO.

,^/^^^V^- ^^^i^^i^^^^-^Â ^^^^ ^̂^^ '̂^^̂ ^-'^^^^^

^be mnivctsit^ ot dbicaao
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

materially shortened. The work offered includes courses in Theology, Philosophy, History,
Pedagogy, Sociology, the Languages, Literature, and Mathematics.

Correspondence
Instruction

itailed information may b

CORRESPONDENCE
The University of Chicago
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Modern Eloquence

THOMAS B. R£:£I>
£aitOT*-in.Cl%ief

I^HE publication of Modern Eloquence {i^n handsome library

volumes) is an event of premier importance. For the

first time the best After-dinner Speeches, Lectures, Addresses,
Anecdotes, Reminiscences, and Repartee of America's and
England's most brilliant men have been selected, edited,

arranged, by an editorial board of men— themselves eloquent
with word and pen—who have achieved eminence in varied

fields of activity.

lliese gems of spoken ihot4ght were fugitive from lack of

proper preservative means until the Hon, Thomas B. Reed,
upon voluntarily retiring from the Speakership of the House
of Representatives, gathered about him these men of mark and

experience in literature, his friends and co-workers in other fields, and began the task

of preparing this great work. North, East, South, and West, and the Mother Country as

well, have been searched for gems in every field of eloquence.
Here was a lecture that had wrought upon the very souls of great audiences ; there

an after-dinner speech, which ''between the lines" was freighted with the destinies of

nations. Here was an eulogy expressing in few but virile words the love, the honor,
and the tears of millions, and there an address pregnant with the fruits of a strenuous
life's work. Or, perchance, a reminiscence, keen, scintillant repartee, or a story potent
in significance and aflame wath human interest. Matter there was in abundance, for

English-speaking peoples are eloquent, but the best—only the greats the brilliant, the

Worthy to endure, \\2.% been the guiding rule of Mr. Reed and his colleagues. Their
editorial labors have been immense.

Whatever the view^point, this work is without precedent. It has no predecessor, no
competitor. Speeches that have been flashed across continents, lectures that have been
repeated over and over again to never-tiring audiences (but never published), addresses
that have made famous the man, the time and the place— these are brought together
for the first time, and with them a large number of the wittiest sayings of the wittiest

men of the nineteenth century.

For an hour for a whole evening in the easy chair at home— for the study of

— for the man ambi-style and diction that have electrified brilliant assemblies
tious to become a successful or popular public speaker, and for the one who
has to prepare a toast or an address^— this work is a never-failing source of

charm and inspiration. Nor is this solely "a man's work." "The ten-

derest tribute to woman I have ever read," said Senator Dolliverwhen
he read the manuscript of Joseph Choate's after-dinner speech

A
Fine

Portfolio

Posted Free.

The Pilgrim Mothers."

MODERN ELOQUENCE is sumptuously published in

John D.

Morris & Co.
Philadelphia

lo octavo volumes, but moderately priced. To properly
present this electric library, Portfolios conj prising Table
of Contents, fine photogravures, chromatic plates,

sample pages, and other interesting material have
been prepared. One of these portfolios with
full particulars regarding bindings, prices,

terms, etc., will be mailed on application.

4

Gentletnen: Referring loyour
^" advertisement of Hon. Thos, B,

O* Reed's library of Modern Eloquence

I shaJ] be pleased to receive pxjrtfolio of

sample pages, photogravures, and chro*

matic plates ; also full particulars regarding

bindings, prices, etc.

N'ante

Mail Address

JOHN I>. MORRIS (Sii» C O.,

PvilslisHers, PHila<leli>Hia
[A 86]



Every Botanist
Should be familiar with

the prominent works of

GEBRtJDER BORNTRAEGER
PUBLISHERS

Die Glykoside. Chemlsche Monographic der Pflanzengly-

koside nebst systematischer Darstellung der kiinstlichen

Glykoside von Dr. L I. L, von Rijn, Director der Relchsver-

suchsstation in Mastricht. 8vo. Cloth, $2.50.

Das Werk giebt—wie es bisher noch nirgens geschehen— eine eingehende

chemische Behandlung der Glykoside efassfe

chafien dieser Korperkh

liiMgsmethode^ die Grunde^ welche zur Aiifstellung der Cofistitutionsfi

gefuh

K. iDid sonstigen Freunden der
j

phyiochemischen Forschiing sicher mit grosser Freitde begriisst werden %vird.

Die Harze und die Harzbehalter. Histonsch-

kritische und expermentelle, in Gemeinschaft mit zahlreichen

Mitarbeitern ausgefiihrte Untersuchungen von Professor Dr.

A. TscHiRCH, Director des pharmaceutischen Institutes der Uni-

versitat Bern. Mit 6 Tafeln. 8vo. Half calf, $5.00.

Das Werk stellt zum ersten Mai das ^esammte Material dieser wichiigen

Pfli Die

iftlichen Undersuchungen werden auch fur die Praktiker, besonders fur die,

sich mit Harzen und Harzproducten hescJidftigen, von Interesse sein, da jede

'onelle Technikja atif wissenschaftlicher Grundlage ruht.

Write for free Catalogue; postpaid. Address:

Gebriider Borntraeger, Publishers )

Berlin. S. W. 46

Dessauerstrasse 29.
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ON THE DEVELOPMENT OF CERTAIN PIPERACEAE.

Duncan S. Johnson.

(with plates IX-

In an (J
F

p. 9) that Piper and Heckeria have ''essentially typical Angio-

sperm embryo-sacs." This statement was based on observations

covering the critical stages in the development of this structure.

Since then I have studied the embryo-sac in these genera in

detail, for the purpose of discovering any possible clue to the

derivation of the peculiar type of embryo-sac found in the

related genus Peperomia. The more important results of a study

of these forms are given here, together with an account of the

fate during germination of the various structures found in the

fruit of Peperomia.

I. THE OVULE, SEED, AND FRUIT OF PIPER.

The two species of Piper studied were Piper adwica L. and a

species determined as PipermediMm ]2lC(\, The development of

the former, as far as followed, agreed closely with that of Piper

medium; it will therefore suffice to describe and figure the latter

in detail.

The flowers of Pipermediiim occur rather loosely scattered on

a spike 4 to 8"=^ in length. In the development of the flower

the three outer stamens appear first, then the three inner ones.

Each stamen has four pollen-sacs {Jig. i,ps), and the whole

development of the stamens shows no noteworthy peculiarities.

Soon after the stamens are formed the wall of the ovary appears

321
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as a usually three-lobed ring just within the inner row of

stamens {fig. -?, cp). These lobes ultimately fuse together except

the stigmatic tips {fig. i,st)^ and form a rather fleshy ovary wall,

with at first a broad, somewhat capitate tip {figs, s^ ^^)- Finally

the ovary becomes somewhat barrel-shaped, and when ripe is

about 2"^°^ long and 1.5"*"^ in diameter, while the withered stig-

mas appear as slight papillae at the upper end {fig. 14, si).

From an early stage of development there are found in the

wall of the ovary numerous scattered oil-secreting cells with

nucleated protoplasts {figs. 5^ 11 , oc). In the nearly ripe fruit

the carpellary tissue is differentiated into three distinct layers,

the outer including the epidermis. The latter is made up of

slightly elongated cells with papillose outer walls. At the base

of the ovary are found a few scattered, multicellular, pointed

hairs similar to those found more abundantly on the base of the

spike, and to those shown for Heckeria in fig. 16, The first

layer of tissue below the epidermis is of several layers of rather

loose parenchyma cells, among which are scattered oil-contain-

ing cells {figs. II y 14, 75, <f/'). The second tissue layer is of

from five to ten layers of closely packed cells, elongated longi-

tudinally to the fruit and without interspersed oil-cells {figs, n,

14, 75, cp''). While both these outer layers of the ovary wall

are continuous around the whole circumference, the third and

innermost layer is discontinuous and confined to the six longi-

tudinal grooves in the integument [figs. 14, ij, cp'^^. This layer

is made up of somewhat elongated cells WMth trabeculate walls,

thickly interspersed with oil-cells. At the border between the

second and third layers and opposite the grooves in the integu-

ment occur strands of vascular tissue {figs. 11, 14, 15, vb), show-

ing from three to eight or ten tracheids in transverse section.

These strands continue on into the loose parenchyma of the

stylar region where the tracheids become considerably swollen

and sometimes detached from each other {figs, //, /-/).

The ovule, w^hich is terminal on the axis, arises just as the

carpel lobes are closing in above. The two integuments appear

nearly simultaneously just after the archesporial cell becomes

distinguishable {fig. J, tin, otn). The outer integument soon

i
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becomes much longer than the inner and closes together above

the latter {^figs. 5, d). The inner integument a little later

becomes much thicker than the outer, of three layers except near

the micropylar end, and finally forms the principal seed-coat

{^figs. 6y II, 12, ij, i^.t'tn). One or two layers of cells of the

outer integument are recognizable in the ripe seed. The inner

walls of the inner layer are thickened with a granular deposit

resembling that found in the inner layer of carpellary cells in

Peperomia. The primary hypodermal archesporial cell divides

before the integuments have developed far, to form a tapetal

ceil above and the definitive archesporial cell below {Jig- 4, tp,

es). The tapetal cell later divides further to form four or five

la^'ers of cells abov^e the embryo sac in the ripe seed (Jigs. S, 12,

^J» ip)y not how^ever, forming so sharply marked a group of cells

as in Peperomia pellucida (Johnson, igoo^, p. 2). The single

definitive archesporial cell becomes a megaspore directly, with-

out further division. It increases greatly in size, as does its

nucleus also {fig- 6, es) , but in so doing does not encroach upon

the cells above it in the nucellus in such a way as to indicate

that these are anything other than tapetal cells [figs. 6, 7, 5*, p, eSj

tp) , No evidence was discovered at any stage of the formation

of sister megaspores destined to final absorption by the func-

tional one, as in so many Angiosperms.

The division of the megaspore occurs soon after the inner

integument has closed in to form a narrow micropyle above the

nucellus. This division occurs in the manner so frequently

described. Of the first two nuclei formed one goes to each pole

and there each divides [Jig. 7). The four nuclei thus formed

are frequently found grouped rather closely in the middle of the

embryo sac [Jig. 8)^ or in other cases we find a pair near each

pole. The eight nuclei formed at the next division soon group

themselves in the typical manner to form the ripe embryo sac

{fig- P)' The exact derivation of the polar nuclei has not been

made out with absolute certainty, but there seems no reason to

doubt from the condition shown in Jig. g that it is as commonly

found in the Angiosperms.

In the ripe embryo sac the large ^%^ and the two smaller per-
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sistent synergids have well-marked cell walls
{fig^

lo). The

large endosperm nucleus is found in a considerable mass of pro-

toplasm, usually near the middle of the embryo sac
{^fig-

lo^ espn).

The distinct antipodals early become sunken in the very bottom

of the embryo sac. They seem never to increase in number nor

greatly in size, but persist, though slightly crushed, even in the

ripe seed {figs. 12, /j, 14). During the ripening of the embryo

sac it continues to broaden, and when the endosperm begins to

form it is nearly globular {fig. ij), and in the ripe seed it may

be even broader than long {fig. 14)

.

No clear evidence of fertilization or even of the penetration

of the pollen tube to the embryo sac has been obtained. Many

pollen grains were found on the stigma, some of which had evi-

dently begun to germinate.

In the further development of the embryo sac the endosperm

nucleus is at first most active. This nucleus divides repeatedly

by mitosis. The daughter nuclei become distributed throughout

the peripheral cytoplasmic layer of the embryo sac {fig^ -^^)»

and after twenty or more free nuclei have been formed cell-walls

appear between and about these, and a peripheral layer of cellu-

lar endosperm is formed {fig. ij). Later the central vacuole is

filled up with endosperm cells {fig. 14), probably by the division

of those of the peripheral layer, since no free nuclei were dis-

covered in the vacuole within the first layer of endosperm cells

formed. In the ripe seed the endosperm forms a somewhat top-

shaped mass of several hundreds of cells {fig- 14)-

During this development of the endosperm the ^gg changes

but little except in size at first {figs, 10, 12, ij), but later it

divides up to form a globular embryo, which in the oldest seeds

(probably ripe ones) consisted in longitudinal section of

thirty or forty cells, and showed no differentiation save a slightly

seen

(/^.

iM
12, ij), though the former were not seen in the ripe seed.

In the mature seed the embryo is about 0,06'^°' in diameter,

the endosperm is 0.3"*°^, and the whole seed from micropyle to

basal wall 17™^ long by 1.2"*"' broad in the middle.
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The contents of the cells of the embryo in the seed seem to

be chiefly protoplasmic. The cells of the endosperm possess

large nuclei and are filled around this with a substance evidently

chiefly proteid in nature, and probably similar in function to that

to be mentioned in Heckeria and Peperomia. From the time the

ei^ht-nucleate embryo sac is formed the nucellus swells rapidly,

and by the time the endosperm-nucleus begins to divide the cells

of the nucellus are beginning to fill up with starch. In the ripe

seed the cells of the nucellus are solidly packed with starch

{^figs, i4y 15, psp^, except the cells near the micropyle and those

of the peripheral layer of the nucellus generally, in which the

starch grains are smaller and there is a somewhat larger propor-

tion of protoplasmic contents. The crushed and distorted

nuclei of the starch-filled perisperm cells are distinguishable

even in the mature seed.

No seeds of this species capable of germination were avail-

able, but it is natural to suppose that the process of sprouting

must resemble closely that to be described in Heckeria and

Peperomia, in which genera the structure of the ripe seed is

essentially that just described.

II. THE DEVELOPMENT AND GERMINATION OF THE SEED OF

HECKERIA.

Material of both H. umbellata and H. peltata was available,

but a complete study was made of the former only.

The ovary of this form arises as a ring-like outgrowth of the

axis of the spike above a slightly peltate bract {fig. 16), and

between the two stamens, which appear somewhat earlier than

the carpels. The edges of this ring soon become three-lobed,

probably indicating the presence of three carpels in the ovary ;

and as the walls of the ovary close in above, each lobe stretches

out to form a somewhat elongated division of the stigma {figs.

22, 24, si). From the time the carpels close in above the ovule

until the fruit is ripe, there are found scattered through the car-

pellary tissue oil-secreting cells, the protoplasts and nuclei of

which remain active until a very late stage of development {figs.

//, 22, 24, oc). In the mature fruit these are still present and
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completely filled with globules of an oily or waxy substance.

The stigmas of the ripe fruit are much shrunken {Jig* 2g), The

walls of the ovary near the base of the ripe fruit are of six or

eight cells in thickness, the cells being generally elongated with

the axis of the fruit but not clearly differentiated into layers as

in Piper^mediiim, The inner cell-wall of the inner layer becomes

irregularly thickened with granular material, as in the case of

Peperomia pellucida. About the upper end of the seed the tissue

of the carpels becomes thickened to a mass of rather loosely

packed, thin-walled parenchyma cells with oil-cells scattered

among them. There are no definite vascular bundles above the

very base of the fruit, but scattered tracheids occur, especially

in the region just below the stigma. The outer cell-walls of the

epidermal layer of the ovary are finely granulated. The hairs

which occur abundantly on the bracts {^fig. 16) are wanting on

the ovary. The nucellus of the ovule arises in a strictly basal

position, at about the time the walls of the ovary are closing

together above. The single hypodermal archesporial cell is dis-

tinguishable somewhat later, and is undivided up to the time

when the integunfients appear [fig, 77, arsp) . A tapetal cell and

the definitive archesporial cell are formed in the ordinary man-

ner [fig. 18), and before the integuments have closed above the

nucellus the tapetal cell divides to two or three layers [fig*
IQ^

tp), which persist in the ripe seed [figs. 2j, zy, 2g).

The two integuments arise in the usual way, and nearly simul-

taneously, from the base of the nucellus [figs. //, 18^- The

outer integument develops far enough to close in above the inner

[figs, ig, 22), and becomes two or three cells thick, but only the

inner walls of the inner layer ever thicken greatly, and in the

mature seed only the inner layer of cells of this integument is

distinguishable, the outer layer being crushed against the sur-

rounding carpellary tissue. The inner integument closes to a

narrow micropyle, the cells of which finally grow over to inter-

lock closely from opposite sides [fig. 2j). This integument

soon becomes three-layered, or it may become six-layered

above, and in the ripe seed the walls of all these layers of cells

become thickened and brown to form the principal seed coat.
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The Inner layer is made up of radially elongated, prismatic

cells, the middle layer of periclinally expanded ones, and the

outer of more or less cubical cells {^figs, 24, ^§, 27).

The mature seed is distinctly triangular in transverse section,

but the surface of the fruit may be five or six-angled from the

pressure of adjacent fruits upon each other In the closely packed

spike.

The definitive archesporial cell gives rise immediately to a

single megaspore, no indication of degenerating sister megas-

pores being seen {jigs, ig, 20, 21), This single megaspore,

after enlarging slightly, gives rise to two, four, and finally eight

nuclei in the typical manner {figs. 20,21, 2j), The large egg

and the two synergids, all with distinct cell-walls, occupy the

upper end of the elongated embryo sac. The polar nuclei fuse

to form a large endosperm-nucleus {figs. 2j, 2j), which may be

located near either the base, middle, or upper end of the embryo
sac. The antipodal nuclei collect at the extreme base of the sac

and do not develop cell walls until somewhat later than the egg

and synergids {figs. 2j, 25).

At about the time of fusion of the polar nuclei the embryo

sac ceases to elongate and begins to broaden rapidly, so that the

mature embryo sac is nearly spherical in form {fig- ^i). At

this stage the egg and synergids are somewhat flattened against

the upper end of the embryo sac, and the very large antipodals

bulge into the cavity of the sac from below {figs. 24, 2j),

As in the case of Piperjnedinm mentioned above, the synergids

and antipodals are long persistent {figs. 26, 2j), though appa-

rently not quite so long as in the latter genus. The number of

antipodals found below the endosperm mass in the nearly ripe

seed is frequently but three; sometimes, however, there may be

as many as six or eight {fig. 28), which probably arise by the

division of the three primary ones, after their cell walls are

formed. The prominence of the antipodals here suggests that

their function is an important one. They are placed at the base

of the embryo sac, in what is probably the direct line of food

transit to the sac, and perhaps play a part in the transmission or

possibly in the elaboration also of this food material, though the
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shape of the older embryo sac seems to indicate that their power

of breaking down and absorbing surrounding tissues is not as

great as in many other known cases.

The embryo sac becomes filled with cellular endosperm before

the egg divides
{^fig. 26), The very first division of the endosperm

nucleus has not been seen, but when four nuclei have been formed

these are found to be separated by cell walls, so that I believe

that a cell wall is formed immediately after the first and each

succeeding division of the endosperm nucleus, and thus the

endosperm is cellular from the very first. This feature of the

development at once recalls the case of Peperomia pellucida

(Johnson, 1900^), but differs strikingly from that of the

closely related genus Piper, as described above. Similar marked

differences in the mode of formation of the endosperm in closely

related genera have been already noted by Hofmeister (1859,

p. 555 et seq,\ and Hegelmaier (1885, p. 92). Evidently pecul-

iarities of this sort cannot be taken as adequate indications of

relationship, as has been recently suggested by Cook (1902) in

the case of Nymphaea and Sagittaria.

The cells of the endosperm of Heckeria are at first largely

vacuolated and possess large nuclei. The first' cell-walls formed

radiate from the egg [fig. 26), but later the walls come in some-

what irregularly [figs. 2J, 28'). In the ripe seed there are two

hundred or more endosperm cells surrounding the embrj^o, in

from two to five layers, and occupying a broadly top-shaped

space at the upper end of the seed [fig, 2g). The vacuoles of

the endosperm cells at this time are filled closely with prote.id

granules, except some of the cells near the embryo, which have

but little contents.

The first division of the ^gg occurs some time after the forma-

tion of endosperm begins, whether in consequence of fertilization

or not has not been made out with certainty. The direction' of

the first wall in the few cases seen is oblique, and the arrange-

ment of the cells in the many older embryos seen make it certain

that this is the general rule {figs. 2j, 28>^ In the ripe seed the

embr^'o consists of several hundreds of small elongated cells,

making a globular mass about 0.05""™ in diameter, undifferen-

more
<
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tiated except for a slight projection above, which perhaps is a

secondarily developed, rudimentary suspensor {^fig. 2g). As
the embryo pushes down into the endosperm the latter seems to

close in above so that the embryo often comes to lie nearly

centrally in the endosperm.

The germination of the seed in Heckeria iimbellata {fgs, 30,^1)
is essentially like that of Peperomia pellticida, and will be men-
tioned in connection with the discussion of this process in the

latter genus.

III. THE GERMINATION OF THE SEEDS OF FEPEROMIA AND
HECKERIA.

The ripe fruit of Peperomia pellticida is oval in form^ with a

slightly pointed upper end, being about O-Ss"""" long and 0.6'""^

wide. It is made up, beside the seed, of four or five layers of

carpellary tissue. The outer or epidermal layer is made up of

bulging, thin-walled cells interspersed with knob-like glandular

hairs, perhaps hydathodes in function {fig-J^^) The inner layer

of the ovary-wall is of very large cells, with coarsely reticulate

outer walls and with the basal walls irregularly thickened with

granular material {figs. J2, jj). Between this layer and the

epidermis are two or three layers of delicate, flattened cells.

The seed proper is 0.6"'"^ l^^g ^^d 0.45"^"^ in transverse diam-

eter. It is surrounded by a single integument, the two cell-laj-ers

of which have their walls thickened and of a very dark color.

The inner walls of the outer layer of the integument fit against

the cells of the perisperm, especially at the upper end of the

seed, with a very wavy outline {figs. J2, jj). In an earlier

paper (Johnson, igoo^, fig. 75) I was misled, by the much more

regular line of cell-walls separating the outer layer of perisperm

cells from those within, into thinking this the line of separation

between integument and perisperm. The interpretation given

above is however the correct one, as has been shown b}^ Camp-
bell (1901, p. 3), and the lower index line from m/ in the figure

IS referred to above, should run only to the inner, wavy border

of the inner of the two darkly shaded cell-layers. All of the cells

represented as containing starch in this figure belong to the peri-

sperm. The great bulk of the seed within the integuments is
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made up of nucellar tissue, or perisperm, richly stored with starch

{fig. 32), the grains of starch in the outer cells being finer and

less abundant than in the inner ones.

Near the upper end of this perisperm mass, separated from

the integument by but two or three layers of cells, lies the some-

what oblately spheroidal mass of endosperm [fig- 3 2) . This mass

is O-Oq"""^ to 0.1"'"' in diameter, and is made up of forty or more

cubical cells with darkly staining contents, including abundant

aleurone grains (Johnson, igoo^, fig. 13).

The embryo is rounded or slightly elongated, without a well-

marked suspensor or other sign of differentiation, and lies at the

upper border of the endosperm {fig. 32), It is surrounded lat-

erally and below by one or two layers of endosperm. It is 0.03 5"^"*

to 0.04"'"' long, and is made up of about fifteen cells.

In many sections of the ripe seed a group of cells, correspond-

ing in position to a sjmergid, is found near the upper end of the

embryo, and seems entirely distinct from the endosperm (John-

son, 1900^, p. 6). Observations made thus far fail to show anything

peculiar in the fate of this group of cells during germination.

These cells and the six other peripheral cells outside the endo-

sperm (Johnson, 1900% fig. 13) are soon crushed aside by the

swelling of the latter in sprouting.

Seeds of Peperomia pelhicida collected in Jamaica in August

1900 germinated readily in October of that year. They there-

fore do not need this long rest apparently necessary for the

seeds of Sauninis cermius (Johnson, 1900^, p. 369)- The

exact course of development, that is the time of ripening and the

length of rest required by the seed under the normal conditions,

must of course be followed out in the tropics. In Baltimore the

behavior of the seeds is as described below, when allowed to

germinate on wet filter paper or chopped Sphagnum, at a tem-

perature of is"" to 20°, before an unshaded window, but not in

direct sunlight.

No external change whatever is visible in the seed for about

a week, except an immediate slight swelling of the carpellary

tissue, but important changes are going on within. The embryo

grows to o.i"'"'in diameter, remaining globular in shape, and is

Mi
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at this time made up of two hundred and fifty cells or more {^fig>

Jj). The endosperm cells divide actively, chiefly by anticlines,

I
swelling meanwhile to encroach upon the perisperm, and upon

reaching a diameter of 0.3°*"^ begin to burst the integument

near the micropylar end, but remain as a complete sac about

the embryo [Jig'- 34)-
As germination continues the embryo elongates, the two

cotyledons form below, and the primary vascular strand of the

hypocotjd appears ifig^Jj)- -The endosperm uses up the con-

tents of the surrounding perisperm cells, crushing in their walls

at first, and then pushes out above between the rent edges of

the integument and carpel {fig^ 35)- I^ so doing it either

pushes aside or carries up with it the persistent group of tapetal

cells and the overlying stigmatic regions of the carpel. The

embryo remains enclosed within the endosperm sac until it is 05""^

long or more, at which time the cotyledons are 0.15"^"* or 0.2""^

long, and have each a rudimentary vascular bundle connecting

with that of the hypocotyl.

Soon after this size is reached the rapid elongation of the

embryo pushes at first the tip and then the whole of the radicle

through the upper part of the sac of endosperm (fig-J^^)- Still

later by the elongation of the cotyledons all but the tips of the

latter are pushed out of the endosperm [Jig. J?)- A swelling

of the- radicle, somewhat below the middle, first indicates the

limits of root and hypocotyl. Below this root hairs soon appear

abundantly, and later secondary lateral roots {Jigs^ J7, Jq)-

Above on the hypocotjd and cotyledons, even while the latter

are still enclosed by the endosperm, numerous glandular hairs

and many stomata are formed [figs. JJ, 38), Within the coty-

ledons between the vascular bundle and the upper surface of the

leaf there is found at this stage a single layer of cells with

darkly staining contents whose exact nature and function are as

yet undetermined {Jig- 38).

As the root of the seedling elongates it curves downward to

enter and anchor itself in the substratum by numerous root hairs

and secondary roots. Then the hypocotyl elongates and thus

raises the cotyledons with the adhering endosperm in the air
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{^fig. J7). The endosperm at this time is closely in contact

with the tips of the cotyledons and even forces its way In

between them somewhat {figs. 35, 36). At the outer or upper

part of the endosperm it is somewhat thickened and forms thus

a collar which tightly grasps the tips of the cotyledons and fills

completely the rent in the seed-coat {figs. 37, 38, esp). This

collar evidently serves not only to hold the seed on the tips of

the cotyledons, but also to prevent the exit and loss of any dis-

solved food material on its passage between the perisperm and

the embryo. This collar must also prevent pretty effectually

the entrance of water from without to dilute this food material,

or of bacteria and fungi to destroy it. The walls of the endo-

sperm cells are comparatively thin throughout, and no indication

of thinner spots in their walls or those of the cells of the coty-

ledons was seen.

The endosperm cap, pushed on by the swelling cotyledons,

finally crushes in the previously emptied perisperm cells, until

it fills about half the bulk of the seed. After this the absorp-

tion may go on until practically all the starch is removed from

the remaining perisperm cells, while the walls of these cells

remain distended just as when full of food material {figs. 36,

38). When the seedling is about 15^"°" high, the starch of the

perisperm being then nearly exhausted, the wasted remains or

the seed and fruit
*

slip off from the tips of the cotyledons.

Then the curve in the hypocotyl straightens out, and the cotyle-

dons open out widely to allow the still very small plumule to

develop and expand {fig. jp). During the transference of the

starch from the perisperm to the embryo, cells of the former can

be seen in which the end near the endosperm is nearly devoid or

contents, except for a faintly staining, apparently slimy substance,

while the opposite end is still closely packed with starch grains.

The chemical changes taking place during this process and the

exact mode of transmission have not been made out satisfacto-

rily as yet, but it is hoped that these may be followed out m
detail as soon as a supply of fresh seeds can be obtained.

The ripe seed of Heckeria unibellata differs from that of Pipe-

romia pelliicida somewhat In shape and size {figs. 2^,32), but
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chiefly, for our present purpose, in the considerably more massive

embryo of the former. This is however still undifferentiated

except for the slightly developed suspensor {fig. 2g), The pro-

cess of germination is also practically identical in both species,

except that the embryo becomes slightly more differentiated in

Heckeria before bursting through the endosperm {^figs, jo^ji,

The point of chief interest in the germination of these gen-

era, in addition to the deferring of the formation of the organs

of the embryo to the time of germination, is the behavior of the

scanty endosperm. The endosperm of Peperomia and Hecke-

ria does not at any time during its development contain any

considerable amount of starch, though a few scattered grains

may appear in it during germination. These latter are perhaps

portions of the carbohydrate which arc temporarily fixed in solid

form during transmission through the endosperm. The cells of

this tissue in the ripe seed are pretty rich in protoplasmic con-

tents, with large nuclei (Johnson, 1900^, fig, ij)^ and the vac-

uoles are filled closely with aleurone_ grains. These facts sug-

gest that the chief function of the endosperm in these genera is

not the storage of ordinary reserve food material, as this func-

tion is served in these seeds by the perisperm. The later his-

tory of the endosperm here indicates, though absolute proof

must come from careful chemical work, that it really serves as a

digestive apparatus for breaking down and absorbing the mate-

rial stored in the surrounding perisperm and passing it on to the

embryo. If this interpretation is the correct one, then the endo-

sperm here fulfills the function which in many other seeds is per-

formed by a part of the embryo itself, as for example the scutel-

lum of the grasses (Haberlandt, 1896, p, 212). The aleurone

and denser protoplasmic contents of the endosperm cells gradu-

ally disappear as germination proceeds, but the cell-walls remain

plump and uncrushed till a comparatively late period of devel-

opment, except a few cells of the inner la^^er near the tips of the

cotyledons [figs. 36, j8). The fact that the cell-contents dis-

appear first from the inner layer of the endosperm might suggest

that this material goes directly to the embryo, but it seems quite
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as possible that it may pass to the outer layer and thus keep this

in condition to continue the absorption of starch from the peri-

sperm. Only a careful chemical study of the cell-contents of

all these tissues during the progress of germination can decide

these questions definitely.

The restriction of the functions of the endosperm to the pass-

ing on, during germination, of the food material without to the

embryo within has, so far as I have been able to learn, been

pointed out in Sauriirus cermius only (Johnson, 1900^ p. Zl^^^

Humphrey (1896, p. 16) suggested that the single, aleurone-

containing layer of endosperm in Canna might have some such

function, but did not follow this out in germination. In the

germinating seeds of Canna I find that this layer of endosperm

persists till a late stage of this process as a sac about the haus-

torium, the relation being such that material from the perisperm

must pass through the endosperm to get to the embryo, and it

seems probable that it may play the same part as that suggested

in Peperomia and Heckeria.

In many other families it has been shown, by Hartz (1885)

and others, that the storage tissue in the seed outside the embryo

is perisperm, and not endosperm, as stated in the older (and

many of the newer) books. This is true, for example, of the

Polygonaceae, Chenopodiaceae,Phytolaccaceae, Caryophyllaceae,

and others, and, contrary to the accepted authorities, there is

present in a considerable number of these forms that I have

studied a small amount of endosperm also. In all cases of these

perisperm-containing seeds w^hich were sprouted, the endosperm

was found to persist for some time during germination, and thus

to be capable of taking part in the transference of food material

to the embryo.

Observations thus far made lead me to believe that in the

perisperm-containing seeds mentioned the embryo sporophyteof

the second generation is never nourished by the parent sporo-

phyte directly, but always through the intermediate gametophyte.

In general, then, we find that the food substance supplied to the

embryo by the nucellus may pass through the endosperm and be

stored in the embryo during the ripening of the seed, as m
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Cucurbita and Phaseolus ; or secondly, the food may be stopped

in transit between the nucellus and the embryo, and stored in

the endosperm, there to be held during the resting period of the

seed, and delivered over to the embryo only at the time of

sprouting, as in Ricinus, Zea, and apparently all Gymnosperms
;

or finally, the food supply for the developing embryo may be

stored in the nucellus itself until the time of germination, when

it is passed on to the embryo through the endosperm, as in

Saururus, Peperomia, Phytolacca, Canna, and others.

IV. SUMMARY AND CONCLUSIONS.

Campbell has shown (1899, p. 453) that the nearly ripe

embryo sac of Peperomia pcllucida differs from that of all other

Angiosperms studied up to that time in the presence of sixteen

free nuclei derived from the megaspore nucleus. The writer

found the same species to be peculiar also in the formation of

the endosperm nucleus by the fusion of eight of these embryo

sac nuclei, and in the persistence of seven others of these near

the wall of the sac, one of them near the egg in the position of

a synergid (Johnson, 1900^, p. 4). The ripe seed has a single

integument, contains an undifferentiated embryo of about fifteen

cells surrounded by a very small endosperm, which \s cellular

from the two-nucleate stage on, contains chiefly aleurone, and is

surrounded in turn by an abundant perisperm stored with starch^

The study of. several other species of Peperomia by Campbell

and the writer has shown that these agree with P, pcllucida in the

features noted.

The development of the ovary, ovule, and embryo sac in

Piper and Heckeria differ widely in several respects from that

found in the related genus Peperomia. The ovary in both

genera seems to be syncarpous. Two integuments are found in

both. A tapeta! cell and a single megaspore are formed from

the archesporial cell in each genus. The megaspore gives rise

in the usual way to a seven-nucleate embryo sac. The anti-

podals and synergids are long-persistent. The embryo in the

ripe seed is very small, of forty or more cells in cross section,

and globular except for a very short suspensor.
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The endosperm-nucleus of Piper divides to twenty or more

free nuclei, and then simultaneously cell-walls are formed about

all of these. In Heckeria the endosperm-nuclei are separated

from the beginning by cell-walls. Both genera resemble Peper-

omia in that the endosperm is comparatively slight in amount in

the ripe seed and contains no starch, an abundant supply of the

latter being stored in the surrounding perisperm.

In the germination of Peperomia and Heckeria the swelling

of the endosperm and embryo bursts the seed-coats, and the

endosperm protrudes through the rent as a sac which continues

to surround the embryo until after root and cotyledons are dif-

ferentiated. The embryo is truly dicotyledonous. The root

finally pushes out through the endosperm, but the latter remains

about the tips of the cotyledons and imbedded in the seed till all

the starch of the perisperm is absorbed.

The present studies have failed to show, in close relatives of

Peperomia, any peculiarities in the development of the embryo

sac which are clearly intermediate between that found in this

genus and that of typical Angiosperms.

The striking differences in the mode of formation of the

endosperm in these three related genera shows again, as has

been demonstrated by Hofmeister (1859) and Hegelmaier (1885),

that characters of this kind are often of no value as indications

of relationship.

The position taken by the writer in an earlier paper (Johnson,

1900^, p. 9), that these peculiarities in Peperomia are secondary,

a view supported by Strasburger (1900, p. 293) and Goebel

(1901, p. 806), seems still the most reasonable one.

The case of Gunnera, where Schnegg (1902) has shown that

the embryo sac contains sixteen or more nuclei, and that the

endosperm nucleus is formed by the fusion of eight or ten of

these, might at first sight seem to indicate that we have here

again the persistence of a character which Campbell believes

to be primitive. A consideration of the evidently distant rela-

tionship of these genera, however, together with the fact that

no other Angiosperm known shows any relic of this supposed

primitive type, makes it probable that Peperomia and Gunnera

have secondarily and independently developed this type.

> \
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As to the systematic position of Peperomia, the writer sees at

present no reason to doubt that it is })roperly placed among the

Piperaceae. Whether the Piperales as an order are to be regarded

as very primitive forms is not so clear. It is, of course, possible

that the absence of floral envelops here is primitive. The pres-

ence of pcrispcrm in the seed is a character found in many of

\ the simpler orders of Angiosperms, but it has probably been
* secondarily acquired, since we find nothing in the higher Ptcri-

dophytes or Gymnosperms to suggest that it is primitive. A
survey of the Dicotyledons shows that perisperm is at present

known in the seeds of Piperales, Aristolochiales, Polygonales,

Centrospermae, and Ranales. All of these orders, as has been

pointed out by Schimper and Lesquereux, are old geologically,

and possibly represent branches of a single stock or phylum of

the Dicotyledons (see Bessey, 1897, P- 33)- ^ '^'^ inclined to

believe, as many of the older systematic waiters have held, that

the Piperales are much more closely related to the Polygonales

than the position assigned them by Engler (1S98) indicates.

Within the Piperales it is evident that the flowers of Piper and

Heckeria are more complex in structure (probably primitively

so) than those of Peperomia. This is indicated by the syncar-

pous ovary and the presence of two integuments. It is not clear

to the writer that Saururus is " distinctly more specialized" than

some of these higher Piperaceae, as suggested by Campbell

(1901, p. 114), nor that the Saururaceae are derived from the

Piperaceae.

The morphological features of the germination of the seed in

Peperomia and Heckeria indicate that the aleurone-containing

endosperm of these forms acts as a digesting and absorbing appa-

ratus for transferring the starch stored in the perisperm to the

embryo.

In several other genera, of the Cannaceae, Polygonaceae,

Phytolaccaceae, Caryophyllaceae, and others, a thin layer of

endosperm separates perisperm and embryo and seems to serve

the function above mentioned. The embryo sporophyte is per-

haps everywhere nourished through the gametophyte and not by

the parent sporophyte directly.

..1
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I am under obligation to Captain J. Donnell Smith for the

freest use of his library and herbarium material, and to Mr. W.

C. Coker for collecting seeds of Peperomia and Heckeria in

Jamaica.

Johns Hopkins University,

Baltimore.
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EXPLANATION OF PLATES IX-X.

Abbreviations used: ant, antipodal ; arspy primary archesporial cell
;

or,

subtending bract ; cot, cotyledon ; cp, carpel ; cp^, external layer of carpellary
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tissue (including epidermis); cp^, middle layer of carpellary tissue ; cp^, inner

layer of the same ; em, embryo ; es, embryo sac ; espy endosperm
; espn, endo-

sperm nucleus; hy, hydathode ; iin, inner integument ; />?, integument ; vtp,

micropyle
; nc, nucellus ; o, ovum or egg ; oc, oil-containing cell ; oin, outer

integument ; osp, oospore
;
phi, plumule ; p7t. polar nucleus; ps, pollen sac

;

pspy perisperm ; rh, roothair; s^, synergid ; st, stigma; sta, stamen; sto,

stoma ; tp, tapetal cells ; vb^ vascular bundle tissue.

All figures are camera drawings, and all are from microtome sections

exceptyf^5. /,j7,andj'9.

Figs, i-iS- Piper medium Jacq.

Fig. r. Superior view of young flower; the stigmas are often three in

number, X 30.

Fig. 2, Tranverse section of an ovary slightly younger than that shown

i^T^^- 5» showing indications of the three constituent carpels. X 50,

Fig. 3, Longitudinal section of ovule at the beginning of formation of

integuments. X 360.

* Fig. 4. Similar section after the formation of tapetum. X 360,

Fig. 5. Longitudinal section of ovary when integuments have just closed

in at the micropyle. X 50.

Fig. 6. Longitudinal section of ovule from such an ovary, X 360.

Fig. 7. Longitudinal section of a nucellus containing a four-nucleate

embryo sac. X 360.

Fig. 8. Similar section at a slightly later stage. X 360.
' Fig. g. A similar section of an eight-nucleate embryo sac. X 360.

• Fig. 10, Longitudinal section of a ripe embryo sac; the nuclei of the

synergids from the adjoining section shown in dotted lines. X 360.

Fig. II. Longitudinal section of a nearly full grown fruit. X 30.

Fig. 12. Detail of micropylar region of same, with embryo sac showing

multinucleate non-cellular endosperm. X 360.

Fig, 13. Longitudinal section of somewhat older embryo sac, and adjoin-

ing portions of nucellus, showing peripheral layer of cellular endosperm ; the

synergids indicated in dotted lines are from the adjoining section. X 175.

Fig. 14. Longitudinal section of ripe food and seed, showing relative

development of embryo, endosperm, and perisperm. X 30.

Fig. 15, Transverse section at about the middle of ripe fruit. X 30-

Figs. i6~ji, Heckeria twibellaia L,

Fig. 16. Part of longitudinal section of spike, passing through three

ovaries and their subtending bracts. X 360.

Fig. 17. Longitudinal section of an older ovary and the enclosed ovule.

X 175-

Fig, 1 8. Longitudinal section of still older ovule showing tapetum. X 360.

Fig. ig. Longitudinal section of still older ovule. X 360.



340 BOTANICAL GAZETTE [November

Fig, 20. Longitudinal section of ovule with four-nucleate embryo sac.

X 360.

Fig. 21. Longitudinal section of slightly older ovule, X 360.

Fig. 22. Longitudinal section of fruit with nearly ripe embryo sac. X 125,

Fig. 23. Detail of embryo sac from section shown in last figure. X 360.

Fig. 24. Longitudinal section of fruit with ripe embryo sac. X 5*^-

Fig. 25. Embryo sac of same, with surrounding portions of nucellus and

inner integument ; synergids from adjoining section. X 360.

Fig. 26. Longitudinal section of an older embryo sac with a several-celled

endosperm. X 360.

Fig. 27. Similar section of still older embryo sac with twelve-celled

embryo, X 360.

Fig. 28. Similar section showing six antipodals. X 360.

Fig. 29. Longitudinal section of ripe fruit. X 55..

Fig. 30. Longitudinal section of germinating seed; theperisperm above

the dotted line has been exhausted of starch. X 75.

Fig. 31. Similar section at a later stage of germination. X 30.

Figs. J2-JQ, Peperomia pelhicida Kunth.

Fig. 32. Longitudinal section of ripe fruit. X 55.

Fig. 33. Terminal part of a similar section at an early stage of germina-

nation. X 175.

Fig. 34. Longitudinal section of same at still later stage, showing tip of

integument and carpel burst off by swelling of endosperm and embryo, X 3^-

Fig. 35. Detail of embryo and endosperm of same. X I7S<

Fig. 36. Longitudinal section of germinating seed (with adhering carpel-

lary tissue), showing radicle pushed out through endosperm. X 55-

Fig. 37. Surface view of seedling with seed about ready to drop from the

cotyledons. X 30.

Fig, 38, Detail of same, showing seed and tips of cotyledons. X S^-

Fig. 39. Seedling with expanded cotyledons, showing plumule, X 5-
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THE STRUCTURE OF THE STARCH GRAIN.'

Henry Kraemer.

(with plate XI AND TEXT FIGUREsl

There have been a number of hypotheses advanced to explain

the origin, nature, and structure of the starch grain, (i) It was

originally considered to be a bubble filled with a liquid, or, as

stated by Nageli, " einer mit Flussigkeit gefiillten Blase/'

According to Von Mohl, Raspail considered that the starch

grain consists **aus einer in Wasser unloslichen blasenformigen

Hijlle und einem loslfchen gummiartigen Inhalte." (2) Then

(^834) it was considered that to a central or excentral point

layer after layer was added, the peripheral layers thus being the

last formed, this view having been advanced by Fritsche (i)

and supported in a more or less modified form by Treviranus (2),

Lindlej^ (3), Schleiden (4), Braun (5), Schacht (6), Criiger (7),

and Unger (8). (3) Payen (9) in 1838 conceived the idea that

growth took place from the outside, that through one or more

funnel-like openings at the periphery of the grain new substances

entered and new layers were formed therefrom, the outer layers

thus being the oldest, in contradistinction to the view advanced

by Fritsche. (4) Then followed a series of contributions in

which the growth of the starch grain w^as likened to that of the

cell wall and the formation of cells. This theory, with certain

modifications, was advocated by MQnter (lo), Walpers (ii),

Reissek (12), C. Nageli (13), Kutzing (14), and Hartig (15).

(5) While Nageli (16) recognized that assimilation starch arose

in plastids, he considered that most starch grains arose free in

the cell sap under the influence of living protoplasm, and it was

not until 1880 that Schimper (17) demonstrated that all starch

grains develop within plastids and that in the reserve starch

grains the leucoplastids finally disappear. Schimper further

showed that the outer portion of the grain is the youngest,

'An abstract of a preliminary paper on this subject was presented to the Society

for Plant Morphology and Physiology, December 1899.

1902] 341
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and thus substantiated the view of Fritsche concerning its devel-

opment.

If we consult any of the standard works on organic chem-

istry, we find that the formula which is generally accepted for

starch is n {Q^ H^^^ O^), this being the formula recognized by

Pfeffer, Tollens, and Mylius. It is supposed that the molecular

composition is quite complex, the grain being composed of

different single groups of Cg H^^j O5 or multiples of the same.

While this formula may be accepted in a general way, still it has

been shown that there are at least two substances which enter

into the composition of the starch grain. Nageli (16) has

shown that the starch grain consists of two different substance*=,

one which is soluble in ferments, and called by him granulose,

and another which is insoluble in saliva, and called by him starch

cellulose. He showed that when the starch grain was deprived

of its water the lamellae were not apparent, and therefore he

concluded that the layering was due to a difference in the

amount of water present in the different lamellae. This view

has given rise to the formula suggested by W. Nageli (18) for

the starch grain, which is 6Cg H
^ ^^

O^ -j-Hg O, or C3 ^ Hg g O3 i-

Maschke (25) considered that the starch grain consisted of

alternate layers of cellulose between which starch substance was

deposited in two modifications, one soluble in water forming the

light-colored lamellae, and another insoluble in water forming

the dark layers. This view was not adopted, however, and

Nageli's theory prevailed until 1886, when Arthur Meyer (19)

demonstrated that the substance termed cellulose by Nageli, and

which was termed '* farinose" by Von Mohl (20), gave reactions

similar to artificially prepared crystals of amylodextrin. In

1895 Meyer (21) further considered the composition of the

starch grain and stated that it is made up of (i) a-amylose, (2)

^-amylose, and (3) amylodextrin, a decomposition product of

amylose. He also expressed the opinion that inasmuch as there

is an anhydride of dextrose which does not readily take up water,

there is probably also an anhydride of amylose which even on

boiling with water is hydrated with difficulty, and that this is

the substance that has sriven rise to the belief that there is
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present a starch cellulose. This latter term, according to Meyer,

has been used for a number of different substances : (i) mixtures

of amylodextrin and a-amylose
; (2) solutions of a-amylose and

/3-amylose
; (3) solutions of yS-amylose with various other sub-

stances, as nitrogen-holding substances, impure fatty products,

pure amylodextrin, and the walls of plant cells which are con-

tained in commercial starches unless carefully purified. He
obtained the a-am^-lose upon treating starch paste (Starkekleister)

with malt solutions (Malzauszug) and by the action of hot

dilute solutions of hydrochloric acid upon the whole starch

grain. The portion remaining (^-amylose) is distinguished

from the portion dissolved in that it is not soluble in water and

becomes slightly reddish, and not blue with iodine.

One of the earliest views in regard to the development of the"

starch grain was that new layers were added to those previously

formed, these being separated from each other by layers of air

which were later called " Adhasionsflachen,'' *' Contactflachen,"

and '*Grenzflachen" by Dippel (22), Strasburger (23),and Krabbe

(24) respectively. These terms, however, have been mostly

used by these authors in describing the structure of cell walls.

In 1858 Nageli (16) advanced the theory that the starch grain

consists of elementary particles, later termed by him ** micellae,"

which he supposed to have the form of parallelopipedal prisms

with rectangular or rhomboid bases. Furthermore, according

to Nageli, these micellae possess a watery film, are embedded

in a mother liquor which differs from them in composition,

and are held together by certain forces. The growth of the

starch grain is effected by the interpolation of new material

among the particles already formed, this new substance being

utilized in part in increasing the size of the micellae already

formed, and also to form new micellae, which develop and

arrange themselves according to the laws which the micellae

previously formed have obeyed This theory is known as the

''intersusception theory," while the earlier one is spoken of as

the ''apposition theory." In addition to these two views in

regard to the structure of the starch grain, Schimper (17) con-

sidered that it is made up of sphere-crystals which he called
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*'Spharokrystalloide." Meyer (21) has enlarged upon this view

and considers the starch grain to be made up of two kinds of

acicular crystals, which he calls ** Trichiten," these being com-

posed of a-amylose and )8-amylose, there being also present in

the grains that are colored red with iodine, amylodextrin and

dextrin. He further says that most starch grains consist alto-

gether or nearly so of amylose, and that these are colored blue

with iodine. These latter starch grains are made up of sphere-

crystals of amylose, arranged in layers, and these layers may

consist of crystals of either a-amylose or /3-amylose, or both,

some starch grains containing in addition, as already stated,

large amounts of amylodextrin and dextrin.

Starch grains are distinguished from one another by the follow-

ing particulars : (i) The origin in the plant; (2) the shape of

the grain; (3) the size of the grain
; (4) the position of the point

of origin of growth ;= (5) the shape of the point of origin of

growth; (6) distinctness of lamellae; (7) the direction of the

lamellae; (8) behavior toward dilute iodine solutions; (9) the

temperature at which the *' Kleister " or paste is formed and its

consistency
; (10) the behavior toward various reagents, as chromic

acid, calcium nitrate, chlor-zinc-iodide, sulphuric acid, diastase,

etc.; (11) the appearance as viewed by polarized light. These

differences in starch grains not only from different sources, but

even in those of the same origin, tend to show that instead of

starch being a uniform substance, it is made up of several sub-

stances, these occurring in varying proportions but appearing

to be more or less definitely arranged. '

The author may briefly state that he conceives the reserve

starch grain to be the direct product of the polymerization of

soluble carbohydrates of either the glucose or cane sugar group,

together with the abstraction of water. This process is carried

on under the influence of an organized body— either protoplasm,

or a plastid, or both. The products thus formed consist of two

" The terms " hilum " and " nucleus " have been employed to distinguish the cen-

tral or excentral marking, around which the lamellae or layers of the grain are arranged.

These terms, however, are open to criticism, inasmuch as they are employed for

another and specific purpose. The expression "point of origin of growth" seems to be

better on account of its being less confusing, and is moreover descriptive and accurate-
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crystalloidal substances, namely starch cellulose^ and granuloses

and also a colloidal substance. These occur as followis: i^a) In

the point of origin of growth we find the colloidal substance

associated with a small proportion of cellulose as also in the

alternate lamellae
; (^) in the other layers occurs the granulose

associated with a small amount of colloidal substance and pos-

sibly also some cellulose; (<r) the peripheral layer of the grain is

not readily acted upon by reagents and is quite elastic and

more or less porous, probably consisting of an anhydride of

cellulose
; (^) in some cases some of the dextrins or some of the

non-colloidal or crystalline carbohydrates, as maltose, dextrose,

levulose, etc., may be present, but these are probably formed as

a result of alterations taking place in the grain.

There have been a number of important contributions on the

subject of the origin and structure of the starch grain, and while

the views of the authors appear to be more or less at variance,

still this is not to be wondered at, and it is highl}^ probable that

future observations will harmonize some of these conflictinsf

views.

The illustrations of potato starch grains in the different text-

books show two kinds of grains, one in which the point of the

origin of growth and alternate lamellae are light in color, as

figured by Sachs (26) ; and the other in which the corresponding

parts are dark in color, as figured by Strasburger (27). There

is in reality no difference in these grains, this apparent difference

being due to the manner of focusing upon them {figs. 1,2), that

is, whether viewing the lamellae from above or from below, or,

as the Germans would say, by *'tiefe oder hohe Einstellung."

The two views of the successive lamellae thus obtained may be

compared to the appearances obtained with two entirely different

substances, the one corresponding to a more or less definite solid

substance, as an oil globule, and the other to a body such as an

air babble (or vesicle filled with air or any other gaseous or

3 Cellulose was a terra first applied byXageli (16) and corresponds to the farninose

of Von Mohl (20) and probably to the ^S-amylose of Arthur Meyer (21). Granulose

another term which is generally accepted to have been coined by Nageli (16), was

adopted by Von Mohl (20) and apparently corresponds to the a-amylose of Arthur^

Meyer (21).
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rarefied material). The appearance as observed in the oil globule

corresponds to that of the layer next to the point of origin of

growth and the layers alternating with it. The appearance of

a

\

Figs. i-io.—Potato starch grains, showing the effect of chromic acid and

other reagents.

the air bubble corresponds to that of the point of origin of growth

and the layers alternating with it. There is this difference,

however, that instead of the purplish hue so characteristic of

the air bubble, there is a reddish field in the starch grain which

that it is of an entirely differentmay be taken as indicating
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composition. A possible explanation of this phenomenon may
be that in the air bubble the violet rays, owing to their length

and velocity, completely overshadow the red rays ; whereas in

the starch grain the layers containing other substances offer a

resistance to and refract the violet rays and leave the red only in

view. As a result of this physical examination of the grain we
observe that the successive layers differ in density, and that these

correspond to the '* water-poor " and ** water-rich " lamellae

described by Nageli (16).

We further find in some of the potato starch grains that at the

periphery of the point of origin of growth, as well as upon the

inside of one or more of the layers corresponding to it, there is

a dark line much resembling the peripheral layer of the grain

{fig- 3)' This probably led Dippel (22), Strasburger (23), and

Krabbe (24) , to consider that the lamellae did not differ in char-

acter, but that this appearance of lamellation was due to lines of

contact, as already stated. Krabbe in the chapter dealing on the

**SpiraIstreifung der Bastfastern '' further distinguishes between

*'Grenzflachen" and ''Contactflachen.'* He says: *'Schichten mit

derselben Streifung, jedoch mit verschiedener Steilheit derselben,

vorliegen, da wird ihre gegenseitige Abgrenzung dadurch noch
w

deutlicher, das die Grenzflachen der Spiralbander in der Con-

tactflache der Schichten nicht immer aufeinander Stossen."

A further evidence that there is a marked difference in the lay-

ers of the grain is the effect produced by staining reagents {figs.

^Qyjo)' On treating starch grains with weak aqueous solutions of

safranin and gentian-violet/ it is observed that certain parts of the

grain take up these stains more readily than others. The gen-

tian violet stain is more pronounced in its effect upon the potato

starch grain {fig- 35), it being held by the point of origin of

growth and the lamellae alternating with it. Safranin, on the

other hand, is a better differential stain for wheat starch grains

[fig^ of the lamellae (usually not

more than three or four of them being affected) and in numer-

*The method used by the author consisted simply in treating the freshly isolated

starch grains, or the commercial starches, with weak aniline dye solutions and allow-

ing them to dry at an ordinary room temperature.
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ous radial clefts or channels. (/<r. does not

appear to take up these stains as readily as either wheat starch

or potato starch, and there is no differentiation of the lamellae.

II

\A

?o

12

18

21

i9

22

Figs, i 1-22.—Wheat starch grains ; 11-20, showing the effect of chromic

acid and other swelling reagents ; 21-22^ showing a direct disintegration ot

the grains through the action of ferments.

This is probably due to the peripheral layers being denser and

less permeable. Salter (28) in speaking of the staining of the

grain says that it is dependent upon the absorption of the ani-

line dye, and that in no case does it seem to have a selective or

I
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specific action on the layers. The figures of Salter, however, show
that the stain is taken up by certain parts of the grain more than

others, and in another place he states that '*die Lamellen die im

frischen Starkekorn als dunklere Linien erscheinen sind die-

jenigen welche den Farbstoff am reichlisten einsaugen." In

speaking of Me^^er's work he goes on to say: ''Meyer erwahnt

dass bei der Farbung mit Methylviolet der Farbstoff besonders

von den weicheren Lamellen beibehalten wird." , The only

unfortunate thing is that we do not know to what layers these

authors refer when they speak of "weicheren Lamellen" and

lamellae with *' dunklere Linien/' There seems to be no doubt,

however, that what they have in mind corresponds to my own
observations, that is, it is the layers which are colloidal in char-

acter which take up the stains; in other words, the point of

origin of growth and the layers alternating with it.

Another interesting feature serving to differentiate the layers

of the starch grain is the behavior toward dilute iodine solutions.

The layers which are not affected by the aniline stains become
blue with Iodine, the alternate layers and the point of origin of

growth remaining unaffected. The layers thus affected by

iodine are the ones which are rich in granulose and are more

clearly defined in the grains of potato and wheat starch than in

corn starch. These layers become crystalloidal in character on

treatment with water at 60'' or 65"^ C, for about an hour, and

also with chromic acid, calcium nitrate, saliva, and other

reagents.

5

The behavior of potato starch toward these reagents may be

{figs, i-io)

{M
followed by the development of the crystalloidal character of the

lamellae (y?^- j), which is most pronounced in those colored

blue with iodine; this is followed by the production of small

tracts or channels {fig. 4) connecting the contiguous lamellae,

particularly in the middle of the grain ; succeeding this there is

the formation of channels which are larger and plume-like in

appearance
{fig, 5), the grain meanwhile swelling quite percep-

sProc. Acad. Nat. Sci. Philadelphia 53 : 450. 1901.
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tibly, the middle portion becoming clearer and assuming a

zigzag outline (_/?^. 6), between which and the periphery of the

grain a number of crystalloidal lamellae arise {^fig^ 7) ; the

2«

.' .V'

fc. "1*, ,-' /

25

31

34

Figs. 23^34.—Corn starch grains, showing the effect of chromic acid and

other swelling reagents.

grain now becomes spherical and marked by a number of con-

centric lamellae near the periphery; the latter finally ruptures

{fi^- ^) and then follows a gradual solution of the grain, the

peripherical la^^er sometimes recurving like the cutin layer of

an epidermal cell on treatment with sulphuric acid {figs, g, 10).

s

\
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{fig^

{figs

formation of narrow, interrupted or continuous, radial channels

near the periphery of the grain [fig-ij), which are sometimes

connected with lamellae occurring near the middle of the grain
;

the grain meanwhile swells quite perceptibly, the center becomes

clearer [fig. 14), the contents are crowded into crescent-shaped

halves which are still slightly connected at the poles [figs. 15-

17) ; the contents of each of the halves of the grain consist of

crystalloidal lamellae in which are then produced small tracts or

channels connecting the contiguous lamellae [fig, 17)) the

halves in some instances finally separating and slowly dissolving

{figs. 18-20). In some cases, on the other hand, there is a

corrosion of the grain at the periphery, followed by gradual dis-

{fi£^^

{fig-

{fis^

the latter becomes larger and in some cases more or less zigzag

{.fig^ -^i) in outline ; between this and the periphery of the grain

arise more or less interrupted or continuous radial channels

usually the latter); the crystalloidal structure of this grain

develops slowly and is most pronounced when the grain has

swollen to two or three times its normal size; at this stage we

find that the center of the grain has become clear and the point

of origin of growth has become obliterated in some cases [fig.

24), and between it and the periphery occur numerous crystal-

loidial lamellae similar to those observed in the potato starch;

finally the peripheral layer ruptures and there is a gradual dis-

integration of the grain {figs, 26, 30,33). Sometimes the grain

appears to separate into as many parts as there were arms to the

point of origin of growth {figs. 27, 28,34), particularly

acted upon by saliva or diastase.

A number of authors since the time of Nageli have shown

that the lamellae of starch grains differ in constitution and

structure, and that there are at least two distinct kinds of

lamellae. This view is confirmed not only by a microphysical

examination of the grain, and by treatment with weak solutions

when

<
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of iodine and aniline stains, but also by treatment with water and

various reagents as just pointed out. Both Salter and Meyer

appear to hold to the theory that there is a distribution of crys-

talloidal substance in particular lamellae. Salter quotes Meyer

as saying: 'Mie schattierten Schichten bedeuten die schwach

lichtbrechenden relativ lockeren, an fester Substanz relativ

armen, an Interstitien reichen Schichten, die hellen sind also die

stark lichtbrechenden Schichten aufzufassen, welche die meiste

feste Substanz enhalten." Here again it is unfortunate that the

descriptions do not enable us to determine which layers are

meant. It is likely, however, that the layers described as

''schattirten Schichten" are the colloidal layers, and those desig-

nated as ** hellen Schichten'' are the crystalloidal layers.

In summing up the observations herewith presented, we find

that the starch grain consists of colloidal and crystalloidal sub-

stances, these being arranged for the most part in distinct and

separate lamellae, that is, at the point of origin of growth, and

in the alternate lamellae the colloidal substance preponderates,

associated with the crystalloid cellulose ; whereas in the other

layers the crystalloidal substance, consisting for the most part of

granulose, occurs in greater proportion.

As a further evidence of the presence of these crystalloidal

and colloidal areas we may say that the peculiar behavior of

the colloidal layers toward aniline stains is analogous to the

behavior of a section containing mucilage cells toward these

dyes, the latter being taken up by the mucilage cells alone.

Furthermore, as the characteristics of mucilage cells are most

pronounced in anhydrous media, as concentrated glycerin, so a

similar effect is observed in the starch grain, but owing to the

action of the glycerin in readily forming soluble starch, the

preparations of the starch grain, like that of the cell wall, when

thus stained are best preserved in Canada balsam.

The crystalloidal character of certain of the lamellae as

observed in connection wjth the swelling of the grain might be

considered to be in the nature of microscopic clefts, but it

should be said that we know of no colloid that behaves in this

manner, and such an assumption does not seem to be well

:j.r.
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founded. Furthermore, this appearance (crystalloidal) might

be considered as due to an internal folding of the substance of

the lamellae, but this would only arise in case of a contraction

or reduction in the area of the lamellae
; but as we have already

seen the grain is swollen from two to four times its original size,

and even in the fragments of the disintegrating grains th^ crys-

talloidal character is pronounced. It seems more likely, as I

have already pointed out, that the reason this structure is not

apparent under natural conditions is because the refractive

properties of the crystalloidal substance so nearly resembles

that of the associated colloid. The use of certain reagents,

however, which are more or less penetrating in their action,

cause an imbibition of water by the colloidal portions with con-

sequent swelling of the grain, and hence a contrast in refractive

power with the more insoluble crystalloidal substances.

College of Pharmacy,

Philadelphia.
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EXPLANATION OF PLATE XL

Fig. 35. Potato starch grain treated with weak aqueous solution of gen-

tian-violet.

Figs. 36-39. Wheat starch grains treated with weak aqueous solution of

safranin.

Fig. 40. Corn starch grain treated with weak aqueous solution of safranin.
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CONTRIBUTIONS FROM THE ROCKY MOUNTAIN
HERBARIUM. IV.

AvEN Nelson.

SOME CHENOPODIACEAE

Probably the most characteristic plants of the great saline

plains of the West and the similar basins of the intermountain

country are the Chenopodiaceae. Some of the genera in this

family are known by name, at least, to most people. Such, for

example, are greasevvood, the salt-bushes, winter-fat, Russian-

thistle, etc. Many of the species in this family are of remark-

ably wide distribution. As they become better known it is

found that the range of some, once supposed to be quite circum-

scribed, is really quite extended. The strongly alkali-impreg-

nated areas are so inhospitable that most plants are unable to

occupy them, and nearly all the members of this family have in

some way become tolerant of such soils. So far as the effect

upon vegetation is concerned, all of the saline districts are essen-

tially the same, the differences in the soil being apparently one of

degree rather than of quality. This fact coupled with another,

that this family has little competition on this kind of soil, may
account in a measure for the unusually wide range of some of

the species. Of course the other factors of environment are

operative upon these plants as upon others, but they seem less

potent than the soil in producing specific variation.

ATRIPLEX.

The foregoing remarks have been suggested by a rather

extended study of certain species of Atriplex occurring within

the Rocky mountain region. Not satisfied w^ith the view

afforded by the specimens in the Rocky Mountain Herbarium,

the loan of another large collection was solicited.' Some notes

" I wish to express my thanks to Dr. William Trelease, Director of the Missouri

Botanical Garden, for the privilege of examining all the specimens illustrating the

species considered in this paper which are contained in the Engelmann herbarium

and the general herbarium of the Garden.

1902] 355
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upon the results of the examination of this material may be of

interest, especially since it served, in part, to disclose the new

species herein proposed,

Atriplex canescens (Pursh) James, Catalogue 178.—This

well known species is strongly marked by its winged fruits, and

is more widely distributed than any of the species known to»the

writer. A very large series of specimens, covering a range

extending from the Dakotas to California, show no marked dif-

ferences, none sufficiently constant to constitute even a geo-

graphical fornr.

Atriplex aptera, n. sp,— Perennial, from a woody base, the

annual stems fascicled, decumbent at base or even depressed,

more or less branched, 1-3^"^ high : leaves narrowly bblong, 2-4^"*

long, 5-8™"" broad, mostly obtuse, the base cuneately narrowed

to a subsessile base : fruiting spikes paniculate, crowded, brac-

teate ; the bracts linear-lanceolate, gradually reduced upward or

wanting : dioecious, only the pistillate plant seen ; fruiting

bracts united, scarcely stipitate, somewhat indurated, densely

scurfy, appendaged with three or four more or less vertical rows

of short vertically flattened processes, some of these often

expanded but scarcely wing-like.

This is the only species that makes a close approach to A, canescens. It

is readily distinguished, however, by its smaller size, less woody condition,

and the wingless scurfy fruits. A. canescens occupies dry clay, chalk, and

marl cliffs and ridges ; while A, apiera occurs (so far as known) on moist

saline flats. It is a most excellent forage plant. The tyj^e is Elias Nelson

738, Laranxie, Wyoming, September igoi,

Atriplex hymenelytra (Torr.) Wats. Proc. Am. Acad.

9:119.—The remarkable fruiting bracts will not permit this

species to be confused with any other. From the available

specimens it would seem that it does not come into the Rocky
mountain region proper, but extends from southern Utah into

southern California.

Atriplex confertifolia (Torr.) Wats. Proc. Am. Acad.

9: 119.—^This is peculiarly a Rocky mountain plant, but has an

extended north and south range, in fact across the United States.

Atriplex acanthocarpa (Torr.) Wats. Proc. Am. z^cad.

s

\
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9 : 117-—Though sometimes attributed to Colorado and Utah, it

is doubtful if it comes so far north. The Colorado and Utah

plants usually so named may stand as follows :

Atriplex cuneata, n. sp. — Perennial, with woody base, from

two to several decimeters high, branched from the base, the

branches decumbent: leaves numerous, on the erect branches of

the current year, 1-3^'" long, entire, thick or semi-fleshy, from

narrowly to broadly elliptic, obtuse at apex, cuneatcly tapering

into a short petiole : flowers dioecious ; the staminate densely

clustered in the upper leaf axils and \\\ terminal spikes ; the

pistillate axillary, one or more in each cluster : fruiting bracts

united except at the tip, thickened and forming an ovate or sub-

globose fruit, rather thickly covered with irregular, rigid, flat-

tened processes.

This species is closely allied to A. aca7ithocarpa (Torn) Wats,, in fact is

probably included, in part, in Watson's description (Proc. Am. Acad. 9 : 117).

It is probably not a part of Obione acanthocarpa Torn Bot. Mex. Bound. 183,

In any case, we must consider the typical form of that species as erect; the

leaves thin, undulate margined, oblong or lanceolate, usually acute and

many of them subhastate. Excellent specimens of typical A. acanthocarpa

and of the now proposed species show marked dififerences in many respects,

which will 2iCCo\iTil for the fact that the latter has as often been distributed

as A. Ntittallii as under the former name. Its range seems to be from wes-

tern Colorado into Utah and south to New Mexico and Arizona.

Specimens examined: Chas, Wright 573, expedition of 1849; Brande-
^ gee 1086, S. W. Colorado, 1875, i^ ^^ Hayden Survey; Alice Eastwood^

Grand Junction. Colorado, 1891; AL E.Jones 5443, Emery, Utah, 1894 (type,

in Rocky Mt, Herb.); Baker, Earle, and Tracy 420, Mancos, Colorado, 1898 ;

Myrtle Zuck, Holbrook, Arizona, 1896.

Atriplex Nuttallii Wats. Proc. Am. Acad. 9: 116.—This

is preeminently the characteristic saltbush of the Rocky moun-

tain plains. It is not so tolerant of alkali as most of the other

species, some of which always replace it in strongly saline areas.

It IS a most valuable forage plant, surpassed in quality, but not

I

in quantity, only by the following :

Atriplex pabularis Aven Nelson, Bull. Torr. Bot- Club

25 : 203.—^The known range of this well marked species is being

gradually extended. It has been found now in several of the

saline districts of Wyoming and will no doubt be found else-

where.
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Atriplex eremicola G. E. O., Bull. Torr. Bot. Club 25:284,

is very closely allied to the preceding, distinguished principally

by a more branched, woody, and decumbent base.^ It may have

to take varietal or even lower rank.

Atriplex expansa Wats, Proc. Am. Acad. 9: Ii6.—A very

large part of the specimens found under this name are quite dis-

tinct from typical A, expaiisa. In the collections of the Missouri

Botanical Garden only two were found to be true A. expaiisa,

while there were several which are now named as below. The

typical form apparently extends westward from New Mexico on

either side of the ** boundary." It Is a much larger plant,

"growing in intricately entangled masses 6-10 feet in diameter

and 4-6 feet high." Stems and branches have fairly long inter-

nodes, the spikes interrupted, leafless toward the apex.

Atriplex philonitra, n. sp.—Annual, silvery-white, with a dense

scurfiness, freely branched throughout, widely spreading and

forming low tangled masses, 2-4 ^^ high: leaves in young plants

from broadly ovate to orbicular, ^-nerved, 1-3''™ long, on peti-

oles mostly exceeding the leaves ; in older plants very numerous,

rhombic-ovate or subcordate, on the branches becoming acute,

gradually smaller and bract-like: monoecious, androgynous and

also with unisexual clusters, floriferous and leafy-bracted through-

out, the crowded clusters at the closely approximated nodes of

the spike-like branches : calyx small, only the tips of the sepals

free : anthers large : fruiting bracts suborbicular, about 5

broad, barely united above by the irregularly toothed narrow

margins, the backs appendaged by short, thick, flat processes :

radical superior.

This has heretofore been confused with the preceding, from which the

three forms of flower clusters on the same plant, and the crowded bracteate

spikes easily distinguish it. The axial branch of each plant is usually wholly

staminate. Most of the specimens collected in the Rocky mountains north

of New Mexico and ticketed A. expansa will be found to belong here. I

make the type of the species my no. 8171, Laramie river, Wyoming* Sept.

igoo.

Atriplex argentea Nutt. Gen. 1:198.-

—

A. voluta?is Aven Nel-

'For distinctions in seed (fruit) characters see ** Seeds of commercial saltbushes,

Bull. 27, U. S. Dept. of Agric, Div. of Bot.

mm
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son, Bull. Torr. Bot. Club 25:203.—In this species we have one

of the most variable plants in respect to habit and size that has

ever come under mj observation. The original Nuttallian form

is small and erect, but the large number of specimens at hand

seem to furnish a complete series leading up to the other extreme

represented by the large ** tumble weed," often a meter in diame-

,
ter, that was described as A. voUUans, The distinctions as to

I

1

the fruit characters are not sufficiently marked to maintain the

latter as a species. ^ Its polymorphism is correlated with its

wide range.

J

Atriplex PowELLii Wats. Proc. Am. Acad. 9:115.—Though
this species is accredited to S. W. Colorado by Coulter's Manuiil,

I am not sure that it rests upon any specimens except the type,

which was grown under cultivation from seeds obtained from

Arizona.

Atriplex Wolfii Wats, Proc. Am. Acad. 9:1 12.—This

excellent species is still quite rare in herbaria, all the specimens

seen by me being from Colorado. Allied to it but quite dis-

tinct, as wull be seen, is the following :

Atriplex tenuissima, n. sp.—Annual, branched from near the

' base, the slender branches racemosely branched into filiform

branchlets, 2-3*^"^ high, moderately white-scurfy throughout:

leaves numerous, bract-like, oblong to lance-ovate or broader,

j_^ mm long: floriferous from near the base; the few-flowerd

(1-3?) clusters axillary (pistillate plant the only one seen):

fruiting bracts very small, mostly less than 2 ""^ long, triangular-

ovate, completely united, forming a subpyramidal fruit irregularly

and rather numerously tuberculate below the middle.

This proposed species is based upon a specimen in the Herbarium of the

Missouri Botanical Garden, M, E, Jones 6525, Gunnison, Utah, Sept. 15,

Igoo, altitude about 1600 ". Distributed as^. WoIJii, to which it has some

resemblance in habit, but the foliage and fruit are very distinct.

Atriplex SACCARiA Wats, Proc. Am. Acad. 9:112.—During

several years of collecting in southern Wyoming", nothing answer-

ing to this description has yet been encountered, in this the

supposed type locality. It seems barely possible that the species

rests upon one of the numerous v^ariations of the following:

3 See Mr. G.N. Collin's valuable bulletin cited in the preceding footnote.

1

#

J
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Atriplex truncata (Torr.) Gray, Proc. Am. Acad. 8:398.

If this species, like A, arge?itea,ht confined within the limits of
\

the original description, it becomes quite local and meagerly

represented,* Several forms, differing among themselves as to

habit and size, and even to some extent as to fruit characters,

seem best to leave united with it. A year ago the writer

marked some of these forms for specific rank, and (unfortunately)

went so far as to distribute two of them with herbarium names,

'' inedy The numbers so distributed are 8141 and 8170.

Including these forms its range now seems to be from W.

Nebraska to Oregon.

Atriplex Suckleyana (Torr.) Rydb. Mem. N. Y. Bot. Gard.

1:134.—The original range, **upper Missouri and head-waters

of the Yellowstone," may have added to it '*near the North

Platte and some of its tributaries."

Atriplex spatiosa, n. sp.—A large erect annual, freely and

divergently branched, often i™ high, greenish-gray, minutely

scurfy throughout : leaves ovate 2-5 ^"^ long, coarsely and irreg-

ularly toothed, cuneate at base, rarely subhastate, nearly sessile,

acute at apex with a minute cusp ; the floral gradually reduced,

becoming lanceolate and bract-like : monecious, androgynous at

least above, the flowers in small axillary clusters and in ebrac-

teate terminal spikes: calyx deeply 5-cleft: fruiting bracts

small, rarely 5
""^ long, ovate-triangular or orbicular, appressed,

free above, with green border, hastately toothed near base or

with several smaller teeth, the back crested with a semicircle

(usually) of small slender green appendages.'

This species came under my observation some three years ago, but the

specimens secured happened to be found on loose banks and raihoad grades,

and it was suspected that it might be an introduction. It is proposed even

now with some hestitation but with more confidence, since in the Herbanum

of the Missouri Botanical Garden is found a specimen by Dr. Vasey, no. 4o7

(Powell's Colo. Expd. 1868), which undoubtedly is the same thing, though it

was distributed as Obione argentea. Two others occur which are probably

the same, namely, Harden, Ft. Pierre, 1853; ^.nd ////r^^(?^/t 439» Kansas,

1895; these also as A. argentea. The relationship is nevertheless rather

with A. rosea L.

The type number is 8140. Granger, Wyoming. Aug. I900; Elias Nelson

737, Laramie, Wyoming, Sept, I901, may be named as the co-type.
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Atriplex carnosa, n. sp,—Annual, stout, branched, at length

widely and diffusely so, sometimes nearly i
"^ high : stems

green, subglabrous : leaves thick and fleshy, oblong-lanceolate

or broader, 3-7 ^"^ long, on petioles less than half as long, mostly

entire, the larger ones subhastate or with one or more .large

teeth near the base: fruiting spikes numerous, more or less

panicled, at first dark green, becoming dark purple at maturity
;

the large fleshy clusters closely approximated, producing an

almost continuous spike often i
^"^ in diameter: fruiting bracts

triangular-ovate, about 5
^"^ long and broad, usually one or

more small teeth on the margins, smooth on the back or with

one or two fleshy tubercles: radicle inferior or subascending.

This is a member of the A, patula group. A, patula does not occur in

this region except as an introduction. Dr. Watson (Rev. N. A. Chenopodi-

aceae) states that the American form of A. hastata also differs somewhat

^ from the European A, hastata L. It may of course at some time be sepa-

rated. The other two varieties recognized by Watson are wholly distinct

from the species now proposed, leaving only^, lapathifolia Rydb. Mem. X.Y.

Bot. Gard. 7:133 with which to compare it. From this it seems to be distinct

by its great fleshiness, its large spikes and lax habit, and hastately toothed

leaves.

It occurs only in moist strongly alkali-impregnated soils, and seemingly

extends from Nebraska across the middle Rocky mountains into Utah. The

!

I

Wy
Wy

CHExVOPODIUM,

Two years ago a very anomalous Chenopodium was dis-

covered, growing in an alkali lake bed. The soil was moist, but

the surface was covered with efflorescent salts. The plants were

abundant and uniform in habit. The only known species that

the plant suggested was Cglaucum, This led to an examination

of C. glaucutn and to further collections. After having seen

many authentic specimens of both the introduced eastern form

and the indigenous western form of C. glaticum there seems to

be the best of reasons for designating this a new form as fol-

lows :

Chenopodium succosum, n. sp.— Stout, erect, 5-8 '^'^ high,

freely branched, the branches ascending or suberect, straw-

(
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colored, the whole plant fleshy and exceedingly succulent

(specimens curing slowly and saved with difficulty) : leaves from

broadly lanceolate to oblanceolate or even linear in outline, entire

or irregularly toothed (often hastately toothed and resembling

those of Moiwlepis chenopodiodes), 2-5^"^ l^^i^^g* c»^ petioles about

half as long, green on both sides and not noticeably mealy;

floriferous thoughout : flower clusters axillary, spicate, very

numerous; calyx membranous; the sepals usually 3, suborbic-

ular : pericarp thin, rather loosely covering the small dark brown

seed.

It is at once distinguished from C.glaucum by its erect habit, size, succu-

lence, greenness, crowded inflorescence, and small seeds. Type no. 8i82ti,

Albany co., Wyoming, Sept. 5, 1900.

Chenopodium Watsoni, n. n.— C. olidum Wats. Proc. Am.

Acad. 9:95, not C. olidwn Curt, Fi. Lond. fasc. V. /. 20.

Chenopodium subglabrum (Wats.), n. sp.— C. leptophylliim siib-

glabnim Wats. Proc. Am. Acad. 9 : 95,—The following characters

seem to indicate that this rather rare plant is not very closely

allied to C. leptophyllum Nutt. It is glabrous, usually bright

green ; loosely and slenderly branched, the branches very widely

divaricate; the few-flowered clusters scattered on the branches.

In this last respect especially it is as strongly marked as in its

habit. The flowers are often borne singly and never more than

two or three in a cluster. The fruit is large and depressed, and

the calyx loose and open at maturity. Of several specimens

examined in the herbarium of the Missouri Botanical Garden,

no. 274, by Mr. Waugh, Stillwater, Oklahoma, shows the fully

developed characters especially w^ell. The range of the species

Territory,

In contrast with

Wy

oblongifolium of C
It is often difficultleptophyllum seems much less well marked,

to say whether a given plant should bear the varietal or specific

designation. Under this varietal name, however, a form has

been found that by reason of its habit and other characters

seems to deserve specific rank.

Chenopodium desiccatum, n. sp.— Annual, densely white mealy
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throughout, freely branched, the branches paniculately branched,

low and spreading, about i^"" high (broader than high): leaves

entire, from oblong to linear, mostly acute, some of them short

pctioled, 1-2'^'" long: floriferous throughout ; the small clusters

in dense panicles which are naked towards the apex : calyx

thickened with the dense mealiness, brittle, enclosing the fruit,

the large (more than i"""") shining-black seed easily separable

I
from the pericarp.

Nelson, Mill creek, Wj
:tion bv /. H. Coiven.

(wholly typical as represented in the Rocky Mountain Herbarium), July 29,

1S96, may be designated the co-type.

Chenopodium cycloides, n. sp.— Animal, about 4*^"^ high,stout-

ish, divergently branched from near the base, nearly glabrous:

leaves narrowly linear (the early ones wanting), 5-25""™ long,

scattered on the branches or more crowded on slender branch-

I

lets, lightly scurfy on both sides: sepals 5, not scurfy, mem-
branous, at maturity somewhat united and spreading, simulating

a rotate wing about the large brown depressed or lenticular

fruit: pericarp thin, close-fitting, transparent: seed more than
jmm broad, embryo annular.

Of this seemingly remarkable distinct species I have seen but one collec-

tion, no. 435, by A, S, Hitchcock, Sand hills, Grant co., Kansas. It was

distributed as C. leptophyllum, to which it is most nearly related, notwith-

standing its very different appearance. The habit of the plant and its

winged fruits at first sight suggest a Cycloloma rather than a Chenopodium.

The type is the above number as it is found in the Herbarium of the Missouri

Botanical Garden ; the co-type, same number in the Rocky Mountain Her-

barium.

DONDfA.

In the transfer of the different species from Suaeda to

Dondia, there seems to have been some misunderstanding of

the synonomy. Dr. Watson in his Revision (Proc. Am. Acad.

9:87-90) seems to have had this perfectly clear, and there the

synonomy may be found in full up to that date. The following

new combinations seem to be necessary:

Dondia Moquini (Torr.), n. comb.— Cheiiopodhia Moqinni Torr.

Pacif. R. R. Rep. 7:18. 1856 ; Suaeda Torreyana Wats. Proc. Am.

\

t
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Acad. 9:88, 1874; Doftdia mtiltiflora Heller, Cat, N. A. PI. 3.

1898.

Dondia multiflora (Torr.), n. comb.

—

Suaeda friiticosa multi-

flora Torr. Pacif. R. R. Kept. 4: 130. 1857 ; 5. stiffrutescens Wats.

Proc, Am. Acad. 9:88. 1874; Dondia suffrutescens Heller, Cat.

N. A. PL 3. 1898.

Dondia erecta (Wats.), n. sp.— Suaeda depressa erecta Wats.

Proc. Am. Acad. 9:90. 1874; Dondia depressa erecta Heller,

Cat. N. A. PI. 3. 1898.

This is given specific rank, not because a depressed erect plant is an

anomaly, but because by reason of its constant well marked habit it is quite

distinct. Not only is it erect, but its narrow leaves and strict branches give

it an aspect quite its own.

MISCELLANEOUS SPECIES,

Recently a specimen of Abronia fragrans Nutt. was received

from T. D. A. Cockerell, of New Mexico. It seemed so differ-

ent from the Wyoming form of that species that it led to an

inquiry as to the typical A. fragrans. All the literature indicates

a viscid pubescent plant, and that is just what we find in speci-

mens secured to the southward and eastward of Wyoming. The

Wyoming form, which seems to extend northward and westward,

differs so essentially, it seems to me, that it may well bear a

varietal name.

Abronia fragrans glaucescens, n. var.—Growing in clumps,

freely branched, suberect, 15-25^"" high: stems glabrous or

nearly so below, upwardly becoming puberulent and subviscid:

leaves wholly glabrous, light green above, lighter and more or

less glaucous below (often silvery-glaucous): the white flowers

crowded in the involucres and forming spherical clusters 5
*^™ ^^

more in diameter (locally known as "snowballs *'): fruit termi-

nating in a conical beak one-third as long as the narrowly winged

obconical body.

Abronia cheradophila, n. n.

—

Abronia are?iaria Rydb. Mem, N.

Y. Bot. Gard, 1:137; ^^^ ^- arenaria Menzies, ex. Hook. Exot.

Fl./. igj.

Allionia glandulifera, n. sp.— Perennial from woody rootstocks:

stems one or more from the crowns, somewhat dichotomously

4
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branched, finel^^ striate, silvery-glaucous below, greener upward

and becoming glandular-pubescent, 3-5*^™ high: leaves linear-

lanceolate, mostly with one or more pairs of lateral nerves,

obscurely undulate-toothed, glabrous or the uppermost viscid-

mmpubescent, green and nearly normal in texture, 7— 1
2*^"* long, 5-10

broad: inflorescence a large freely branched cyme, nearly naked,

densely viscid or glandular-pubescent throughout, even on the

small bracts : involucres mostly three-flowered, salverform in

anthesis, i*^"^ or less in diameter, the bracts elliptic-ovate, sub-

acute, distinct nearly to the base: perianth white or pinkish,

broadly funnelform, 7-10™"^ '<^i^g. hirtellous without and within;

its limb deeply four-lobed, each lobe bifid, giving eight subequal

obtuse elliptic segments : stamens three, well exserted as also the

style : fruits narrowly obovate, about 5
^^ long, inconspicuously

ribbed, somewhat tumidly rugose, moderately pubescent.

This is the Rocky mountain form of what has passed as A, linearis Pursh,

but from that it is readily distinguished by its broader leaves of normal text-

ure, its viscid-pubescent paniculate cyme, and the bifid lobes of the perianth.

ENOMEGRA/—Coarse perennial herbs with thick milky

(white) sap and alternate pinnate or bipinnate leaves; green or

sometimes glaucescent but not blotched with white; densely

hispid-spinescent on stem and capsules and more sparsely so on

the toothed lobes of the leaves and on their veins; also a short

puberulence which on the stem and especially on the capsules

tends to become hispid. Flowers subsessile, in close clusters on

the ends of the leafy simple stems. Sepals 3, hispid near the

cornuate, subcucullate apex, conspicuously reticulate veiny and

inequilateral by the wing-like membranous margin on one side.

Petals 4—6, white, suborbicular or reniform. Stamens numerous,

filament and anther both narrow, sub-equal. Stigma dilated,

four-lobed. Capsule cylindric-ellipsoid, four-valved. Seeds

numerous, flattened, scarcely pitted. (Anagram of Argemoiie!)

This genus must rest mainly upon the color of the sap (no one seems to

have made the observation that it is white), the character of the pubescence,

the simple stems, and the crowded inflorescence. The glaucescent blotching

* This new genus unintentionally reached publication first in the writer's Key to

Rocky mountain flora (1902), p. 27, but it seems best to give it this fuller additional

publication.

^T
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with white in Argemone is noticeably absent in Enomegra. Argeynone mter-

media and Enomegra hipinnatifida are often associated in the field but are

never confused. The veriest tyro distinguishes them almost as far as he can

see them, as I have repeatedly proven. Even children before breaking them

down say ''yellow" (sap), '* white>" "yellow," "white." etc. Possibly the

genus is monotypic but I rather suspect not. In either case some of the

characters given above are specific rather than generic. Collectors too often

make inadequate notes, and even in plants of this family the color of the sap

is not mentioned. I have not collected personally the second of the species

that follow.
\

if

Enomegra bipinnatifida, n . comb.—Argemone hipinnatifida

Greene, Pitt. 3 ; 346.

Enomegra hispida, Aven Nelson, Key Rocky Mt. FL 27.

Argemone hispida Gray, PI, Fendl. 5.

Draba Tiber, n. sp.—Stems several to many from a short branched

caudex, moderately stout, 1-2'^'" high (including the long fruit-

ing racemes), lightly pubescent with mostly simple hairs: basal

leaves densely rosulate on the crowns, oblanceolate, 1-2 ^^'^ long,

tapering into a short petiole or subsessile, moderately stellate-

pubescent as are also the stem leaves ; stem leaves few, oblong,

sessile but neither auriculate nor clasping : inflorescence crowded

in fruit as well as in flower; flowers yellow, small: sepals sub-

glabrous: petals spatulate, 4—6^"^ long: fruiting from near the

base up, the dense raceme leafless and ebracteate above the

middle: pedicels stoutish, ascending, about 5"^™ long: pods

lanceolate, 10-12'"'" long, puberulent with mostly simple hairs,

24-36-seeded, usually strongly twisted; style evident (i

stoutish, glabrous.

In habit this species simulates D, streptocarpa Gray, but in some of the

floral and fruit characters it is most nearly allied to D, siirculifera Aven Nel-

son. From the latter it dififers in the smaller leaves, long crowded fruiting

raceme, narrower petals, more numerous seeds, and the denser and more uni-

form pubescence. D. surctdifera occupies shaded slopes, under cliffs and

trees in subalpine stations, while D. uber is found on open alpine slopes.

Type no, 7875, Telephone mines, August r, 1900.

Lesquerella macrocarpa, n. sp.—Moderately stellate-pubescent

throughout; freely branched from crown of a slender taproot;

the branches decumbent-spreading with assurgent tips, 7-15^™

long: crown leaves from orbicular to obovate, 7-20'""' long,

mm
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mostly short petioled ; stem leaves from broadly to narrowly

oblong or oblanceolate, 15-30 ^^ long including the short taper-

ing petiole : raceme crowded even in fruit, naked above

:

petals obovate, emarginate, two of them with slightly narrowed
mm m
long :

and claw -like base, 5-7"''" long: pod nearly globose, 5-8

diameter, two or three ovules in each cell ; style 2-3"^"^

pedicels recurved, 5-10"^"^ long.

This excellent species has the appearance of a Physaria» but of course is at

once separated by the fruit. It was secured on naked clay flats and ridges

on the Red desert, near the Bush ranch, Sweetwater co, Wyoming, June 10,

I900. The type number is 7081. It was again collected not far from the

type locality in June 1901, by J/t^rr/// and IVikox, no. 568.

Opulaster Ramaleyi, n. sp.—Shrubby, 1-2"" high; the stems

and older branches brown with fibrous-shreddy bark; young

branchlets green, glabrous and somewhat angled : leaves numer-

ous and large, broadly ovate or subcordate in outline, some of

them slightly incisely 3-lobed, the margin more or less doubly

crenately dentate, 2-7*^"" long and almost as broad, glabrous on

both sides except occasionally some ciliolations on the veins

below: pubescence on pedicels soft and rather long, somewhat

tufted and substellate; on hypanthium and calyx short, hoary-

tomentose: sepals ovate, acute, soon reflexed in blossom but

erect in fruit, about 3™°" long: petals orbicular, slightly exceeding

the sepals: anthers dark purple: ovaries four, loosely united to

the middle, densely pubescent; carpels elliptic, inflated, more

than twice as long as the sepals, about 7 '"^ long, moderately

divergent, nearly distinct, pubescent, somewhat laterally com-

pressed at apex and terminated by the short style, usually

three maturing (sometimes only two): seeds single in the cells.

obovoid, shining, about 2 mm long.

kh -u^

%

',-A--

This is O. opulifolius probably, in so far as Rocky mountain specimens

have been so named. It is not the O, opuHfolitis (L.) Kuntze of the eastern

United States. The characters as given show that, and it is at once evident

to the eye when both species are seen together. The type specimens are nos.

108. 793, and 874 by Francis Ramaley, all from the same locality, near

Boulder, Colorado, 1900 and 1901. The earlier number is in blossom, the

two later in fruit. No. 2406 by G, E, Osterhout, 1901, is the same and from

the same locality.

I'?.
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Anogra Nuttallii, n. comb.

—

Oenothera albicaidis Nutt. Fras.

Cat., name only; T. & G, Fl. N. A. i : 495 5 ^^t Pursh, Fl. Am.

Sept. 733; 0, Nuttallii Sweet, Hort. Brit. Ed. 2: 199.—Perennial

from woody horizontal rootstocks with short vertical caudicesor

crowns: stems one to several from the crown, erect, 5-10^™ high,

freely branched above, the somewhat shreddy bark white and

glistening; branchlets slender, widely divaricate: leaves very

numerous, somewhat fascicled at the axis, softly and minutely

puberulent on the lower surface, broadly linear, acute at apex,

tapering gradually to the nearly sessile base, margin entire or

merely denticulate; the primary ones of the fascicles 4-10

long, 5-8™™ broad; the secondary ones similar but quite small:

flowers in the crowded terminal axils of the branches, some-

what drooping in bud: calyx glandular-puberulent on the tube;

calyx-lobes narrowly lanceolate, 2-3 ^°* long, about as long as

the tube, scarcely puberulent, the tips free: petals white, broadly

obovate, entire or denticulate at the broad apex, nearly as long

as the reflexed calyx-lobes: anthers linear, 15^°^ long, as long

as the filament: stigmas exserted, linear, about 10'""' long:

mature capsule cylindrical, about 3
*^"^ long, pale, minutely puber-

ulent except on the rather broad whitish sutures, not contorted:

seeds narrowly ovate, light green, copiously speckled with

purple, indistinctly striate under a lens, about 2 ""^ long.

I have long intended to give a nanic to this perfectly vaUd species. In

fact I have distributed some specimens under the herbarium name Anogra

arenaria. A more careful study of the synonomy convinces me now that

the above name is tenable. Oenothera albicauHs Nutt. never was a synonym

of O. pallida Lindl. Bot. Reg. 14://. 1142. It was evidently the purpose of

Sweet to distinguish this species ]of Nuttall from Pursh's species of the same

name, as it was also of Spach in his Baumannia Nuttalliana (Hist, Veg.

4: 352) and Anogra Nuttalliana (Nouv. Ann. Mus. Par. 4 : 339).

This species is very common on sandy plains and banks from Nebraska

to Utah. It is at once distinguishable from Anogra pallida by the pubescent

leaves, inflorescence, and capsules; the larger flowers (resembling those of

A, albicaidis Pursh rather than those of A. pallida), and the larger straight

capsules and characteristic seeds.

Lavauxia Howardi (Jones), n. comb.— Oenothera Hozvardi

Jones, Zoe 3: 301.— For some reason this species has been com-

pletely ignored by recent writers on the allies of Oenothera, as
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has also Oe?iothcra JoJmsojii Parry, Am. Naturalist 9: 270. Jones

suggests the possibility that the species he describes is 0. Jolm-

soni, but at the same time points out characters that unmistakably

distinguish the two. While the description of 0, Johnsoni is

very meager, yet in so essential a matter as the character of the

capsule it is very explicit. Certainly no observer, least of all

Parry, would have compared a large perennial such as Lavauxia

Hozvardi with the small annual Lavauxia priminervis (Gray)

Small, which has a capsule similar to that attributed to 0. Johnsoni.

The species to which Lavauxia Hozvardi is closely allied is Z.

brachycarpa (Gray) Britton Mem. Torr, Club 5: 235; Oenothera

brachycarpa Gray, PI, Wright i : 70, and Coulter, Contrib. U. S.

Nat. Herb. 2: 116; but here again the character of the capsule

serves to distinguish these two. In the latter it \^ smooth and

acute, with narrow wings ; while in the former it is larger, oblong-

obtuse, broadly winged, and cinereous pubescent. The leaves

also are all oblanceolate, tapering into the petiole, from entire to

coarsely and irregularly toothed, therefore the lamina continuous

and not distinguished into lateral and terminal lobes.

The species occurs on arid denudated hills from northern

Colorado through Utah to Nevada.

COLORADO AND W^YOMIXG THORxNS.

Crataegus Wheeleri, n. sp.— Probably a small shrub, the

branches slender and virgate : leaves narrowly oblong to elliptic,

3-5^"^ long, 1^2^"^ broad, from acute to obtusely rounded at

apex, cuneately tapering at base to a slender petiole one-fourth

to one-half as long as the blade, the shallow crenate serratures

wanting on the cuneate base, light green and glabrous below,

brighter green but obscurely and sparsely appressed strigulose

above, firmer in texture and somewhat glossy above at maturity

:

spines slender, flexible, glossy black, 2-3*=^ long: flowers small,

12-14^111 bi-Q^d, on slender glabrous pedicels, in close few-

flowered corymbs; calyx-tube obconic, glabrous; calyx-lobes

small, triangular, at length reflexed : petals suborbicular, about

^mm -^ diameter: stamens 20 \ anthers yellowish-white: pistils 5 :^

•fruit small, sub-globose, 6-8"^^ in diameter, purplish-black (in

dried specimens), in few-fruited suberect clusters; flesh seem-
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ingly very thin and dry: nutlets 5, nearly smooth, about 5
mm

long.

This species is not so well represented before me as 1 wish it were, but it

is so evidently distinct from the known Rocky mountain species that I have

no hesitancy in pronouncing it new. Among the western species it is most

nearly allied to C rividaris Nutt. The size of the tree or shrub is not

known to me, but from the herbarium specimens I suspect that it is quite

small. H. N. Wheeler

1898. no. 533; co-type, C. S, CrandalVs collection in the Black canon of

the Gunnison, Colorado, August 22, i8q6.

Cartaegus cerronis, n. sp.—Tree-like in form, 2-5"^ high, rather

widely branched; trunk short and stout, with rough bark
;
young

twigs brown, passing into the gray of the older ones ;
lenticels

small, nearly white: leaves broadly elliptic-ovate, 3-5^™ long,

2-3"^"^ broad, coarsely and serrately few-toothed, the teeth with

finer gland-tipped acute serrations, acute or acuminate at apex,

the abruptly cuneate base entire or remotely serrulate, light

green and perfectly glabrous below, sparsely ciliate pubescent

above, especially on the veins
;
petiole slender, without glands,

chaneled above, 5-20'"'^ long: thorns numerous, short (2-3*'''

stout and thick for the length, straight, rarely a little deflexed,

very dark morocco-red, with small light-covered lenticels: the

paniculate corymb 5-10-flowered, congested in blossom but

more open in fruit : calyx tube only 2-3"^°^ long, shorter than its

lobes; lobes ovate, with a broad gland-margined acum.ination

:

petals suborbicular, with shallow crenations, noticeably reticulate

veined, 6-8^^ broad : stamens few (1-8, mostly 5-8); anthers

large, purple: pistils 5: mature fruit not at hand; nutlets 5.

This excellent species seems to be an inhabitant of Colorado and

Wyoming. I take as the type Baker's no. 46, Cerro summit, Colorado (alti-

tude about 2500"'), flowers June 7, fruit July X2, 1901 ;
excellent flowering

specimens, 660 Ra^naiey, near Boulder, Colorado, May 20, igoi. The fol-

lowing numbers from Wyoming, by the writer, are probably the same, though

only fruiting specimens are at hand: 2491, Pass creek, i8g6; 606, Casper,

1894; also 5060, by E. Nelson, Seminole mts., 1898. It has probably at

times been distributed as C rividaris Nutt., but it has rather the appearance

of C Dotiglasii Lindl.

Crataegus sheridana, n. sp.— Becoming a small tree 3-5

high ; the young twigs gloss-brown or red-brown, becoming

m
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grayish on older branches ; lenticels rather few and large ; spines

slender, noticeably curved and deflexed, 4-5^™ long, dark brown,

the glazed surface marked by the few whitish lenticels: leaves

oval to almost orbicular, coarsely and incisely toothed with

rather blunt gland-tipped serratures, the rounded or abruptly

cuneately-narrowed base merely serrate and scarcely decurrent

upon the slender petiole
;
pubescence various, sparse and softly

strigose on lower surface of leaves (mostly on the veins),

minute and appressed on the upper, ciliate on the petioles, the

youngest twigs, the pedicels, the calices, and fruits: corymb

5--11 flowered: calyx-lobes ovate-lanceolate, with several glands

on the margins, 4-5'"°' long: stamens (seemingly) 8-10: pistils

3 or 4 : nutlets 3-5, often slightly crested-bisulcate dorsally,

about
s"""" long: fruit nearly spherical, 8-9"""" in diameter, scar-

let-red.

The Crataegus here described has passed for C macratttha Lodd.
^ While it may be most nearly allied to that it is doubtful if anything referable

to that species occurs in the Rocky mountains. Another close ally of it is

found in C Piperi Britt., from which it differs in pubescence, the absence of

glands on the petioles, in the straight styles, the shorter filaments, and the

smaller differently colored fruits.

The type is no. 8673, Sheridan, Wyoming, July 24, iQor ; fully ripe fruits

from same locality October, 1902, Sundance, Wyoming, July 2, iSg6, no.

2104, seems to be the same.

University of Wyoming,
Laramie,
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A NEW HEPATIC FROM THE EASTERN UNITED STATES.

(with plate xii)

Although the species of Diplophylleia described below is not

uncommon along the Atlantic coast, and has long been known to

hepaticologists, it has been confused with other members of the genus-

As the synonymy shows, Sullivant referred the plant to Jungermannia

obtiisifolia Hook., now known as Diplophylleia obtusifolia Trevis. This

distinct species is widely distributed in Europe and has recently been

reported by Stephani from Japan/ The only American station, how-

ever, which can be quoted with any degree of certainty is Hector,

British Columbia, where it was collected in 1889 by Macoun and dis-

tributed in Canadian Hepaticae, no. 100. Austin threw doubts upon

Sullivant's determination of the eastern plant, but instead of recog-

nizing in it a distinct species referred it as a forma minor to his

Scapa?iia albicans, var. taxifolia. Nearly every writer on the Hepaticae

now regards this so-called variety as a species distinct from Diplo-

phylleia albicans (L.) Trevis., and it appears in recent literature as D.

taxifolia (Wahl.) Trevis. With regard to the exact status of Austin's

var. taxifolia fninor, no views have recently been expressed except

those of Pearson,' who apparently accepts the old determination of

Sullivant.

Diplophylleia apiculata, sp. nov.

—

Jungermannia obtusifolia SulL,

Gray's Manual, Ed. 1, 694. 1848 (not Hooker). Scapania albicans^v^x.

taxifolia minor Aust. Hep. Bor.-Amer. 23. 1873.— Yellowish-green,

more or less tinged with brown or red, growing in depressed mats

:

axes o . I y"""" in diameter, sparingly pinnate, both primary and secondary

prostrate at the base and ascending toward the apex, with abundant

pale rhizoids in the prostrate portions : leaves imbricated, deeply and

unequally complicate-bilobed ; antical lobe erect-spreading, ovate,

0.4"^™ long, 0.2'""' wide, slightly narrowed at the base and attached by

an almost transverse line of insertion, not decurrent, apex varying

from rounded to subacute, mostly apiculate, margin entire or indis-

tinctly and irregularly denticulate; keel slightly concave; postical

^Bull. Herb. Boissier 5 : 78. 1897. "Hepaticae of the British Isles, 242. IQOO.
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lobe falcate, linguiform, 0.75'""^ long, o. 3'"'" wide, scarcely narrowed

at the almost transverse base, apex obtuse to subacute and usually

apiculate, the apiculum consisting of one or two cells, margin sub-

entire or sparingly and irregularly denticulate, especially toward the

base, occasionally with one or more coarser teeth near the apex, postical

margin usually forming a distinct but wide angle with the keel; cells

of lobes isodiametric in apical region and along free margin, 12/i in

diameter at the apex, 18X 12/x in the middle, and 32X 12/x at the base

and along keel, cell-walls somewhat thickened, the thickening more or

less uniform but with evident trigones in the median and basal portions

of the Iobes,cuticle varying from densely and finely verruculose to nearly

smooth; inflorescence autoicous ; ? inflorescence usually on a short

branch, more rarely on an elongated branch, sometimes innovating on

one or on both sides, commonly without innovation ; leaves increasing

rapidly in size toward perianth; bracts mostly in two or three pairs,

similar to the leaves, their lobes obtuse to rounded but usually apicu-

late at the apex, antical lobe 0.85"^"^ long, 0.35™" wide, postical lobe

\.2^^ long, 0.45™™ wide; perianth about one-third exserted, obovoid,

1.4'"'" long, 0.7"^"' wide, narrowed toward the base, somewhat con-

stricted at the mouth, slightly compressed and with four to six grooves

in the upper part, separated by rounded keels, mouth irregularly lacer-

ate with setulose divisions, the ultimate setae sharp, one to three cells

long: ^ inflorescence borne on a leading branch, more rarely on a

short branch, often proliferating at the apex and again floriferous;

bracts in two or three pairs, similar to the leaves but with a strongly

convex keel, antical lobe broad, inflated at the base; antheridia borne

singly
;
paraphyses wanting : capsule oval, reddish-brown, borne on a

slender stalk; spores 13^1 in diameter, yellowish, minutely verrucu-

lose : gemmae borne in irregular masses at the apices of the upper

leaves of a branch, composed of one or two angular cells.

On shaded banks. Rhode Island: Providence and Exeter (C^//m^).

Connecticut: Killingworth {Hail); Woodbridge and Hamden {Eaton)\

Orange {Evans). Pennsylvania: Philadelphia {James\ District of

Qoi^JMmK {Holzinger). Virginia: Comer creek {Mrs, Britton and Miss

Vail). Georgia: i:z\\\Aix\ii2^\s{Underwood\ The specimens from Orange,

Conn., in the herbarium of the writer, may be designated as the type.

Exsic: Muse. Alleg, 230 (as Jungermannza obtusifolid)\ Hep. Bor.-

Amer. 23 (as Scapania albicans^ var. faxifoHa minor).

Whether the inflorescence of Z?. apiculaia is invariably autoicous or

whether it may sometimes be dioicous is difficult to determine, since it
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EXPLANATION OF PLATE XIL

Fig. I. Branch with perianth, antical view. X 36.

Fig. 2, Branch with ^ inflorescence, antical view. X 48

Fig. 3. Branch with old perigonial bracts. X 48.

Fig. 4. Cells from middle of postical lobe. X 420,

Fig. 5- Cells from apex of same. X 300.

Fig. 6. Cells from margin of same near base. X 300.

Fig. 7. Perichaetial bract. X 48.

Fig. 8. Teeth from mouth of perianth. X 300.

Fig. 9- Cross-section of perianth in upper third. X 48.

The figures are all drawn from the type-specimens.
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MINOR NOTICES.
C. H. ROBisoN, instructor in biology in the high school of Oak Park,

Illinois, has published a pamphlet entitled "Outlines for field studies of com-

mon plants " that deserves attention. It is the result of a large and success-

ful experience in such work with pupils of high school age. The price is

25 cents, and copies can be obtained by addressing the author.—J. M. C.

W. L. Jepson' has published a school flora for the Pacific coast, a com-

panion book to Nelson's Key to Rocky mountaz7t flora and Coulter's Analyti-

cat key to flowering plants for the northeastern states. Of all these areas

perhaps Professor Jepson's was the most difficult to treat in the selective way,

since it comprises three very dissimilar botanical regions. However, no one

is better fitted to have made this selection than the author, and the descrip-

tions show the great personal familiarity of the field student.—J. M. C.

The seventh part of the Catalogue of Canadian plants has just

appeared. The sixth part was published in 1892, and contained a list of the

Canadian mosses. The present part contains the liverworts and lichens.

The liverworts number 196 species, and the lichens 614. An extensive

"Addendum to Part VI" (138 pp.) is also published, bringing up to date

"our knowledge of American mosses north of the United States." Professor

Macoun is to be congratulated upon the persistent way in which this very

valuable catalogue is being pushed to its completion.—J. M. C.

The volume of the Proceedings of the Indiana Academy of Science for

1901, just issued, contains the following botanical papers: Flora of Eagle

lake and vicinity, by H. W. Clark ; The vegetation of abandoned rock

quarries, by Mel T. Cook; Contributions to the flora of Indiana, by

Stanley Coulter; Effect of the composition of the soil upon the minute

structure of plants, by H. B. Dorner ; Correlation of forestry and the sci-

ences, by W. H. Freeman ; A study of the histology of the wood of certain

species of pines, by Katherine E. Golden ; The germinative power of

the conidia of Aspergilhis Oryzae, by Mary F. Hiller ; A collection of

myxomycetes, by F. Mutchler ; Spore resistance of loose smut of wheat

to formalin and hot water, and Some additions to the flora of Indiana, by

William Stuart ; Forestry in Indiana (Presidential address), by M- B.

Mepsox, Willis Linn, A school flora for the Pacific coast, vi+ 96. New York :

D. Appleton and Company. 1902.
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Thomas ; Notes on apple rusts, and Notes on the genus Stemonitis, by H. H.

Whetzel ; The plant ecology of Winona lake, by Lucy Youse. The sec-

retary of the Academy is John S. Wright, Indianapolis, Ind.—J. M. C.

NOTES FOR STUDENTS.
Students of stem anatomy will be interested in a recent paper of

Solms-Laubach* upon the branching of Isoetes lacitstris. The occurrence of

a large number of branching specimens of unusual luxuriance and size, in a

lake visited by the author in 1897, led him to a detailed study of the stem and

a review of the literature upon the subject.

—

Florence M. Lyon.

Tobler3 finds that the thallus of one of the Rhodomelaceae, namely

Dasya elegatts^ breaks down into single cells and cell-groups under certain

conditions, and that these cells retain their vitality and finally develop new
thalli, after the manner of the process which occurs so often in the Con-

jugatae and Confervoideae, The exact conditions under which this breaking

down occurs were not worked out, but the author is sure the active stimulus

is not one of increase in concentration of the external solution.

Observation that the ultimate branches of Bryopsis phonosa fall off and

exhibit a marked power of growth somewhat similar to that just described,

and that they sometimes form long siphonaceous tubes much resembling

those of Vaucheria, has been made by Wright* and recorded in a recent note.

—B. E. Livingston.

Two FUNGUS DISEASES of the white cedar {Cttpressiis thyoides) are

described in a recent paper by Harshberger.^ These are caused by Gy??inO'

sporangium biseptatnm Ellis, and G, Ellisii (Berk.) Farlow, both of which

grow in the wood of the cedar. The author discusses the normal structure

of the cedar wood, paying special attention to the number of tracheids in the

various- annual rings, and the conditions which influence their development.

The influence of the growth of the fungus mycelia in the stems is evidenced

by the formation of swellings, which show a large increase in the number of

tracheids and increased activity of the phellogen. In the swellings caused

by G, biseptatuniy many of the tracheids appear to be plugged by a substance

which the author calls ** fungus gamboge." A detailed description of the

structure of the swellings, the mycelia, and a consideration of the relation of

the host cells and the hyphae follow.—H. voN Schrenk.

'Solms-Laubach, H. Graf zu, Isoetes lacusiris, seine Verzweigung und sein

Vorkotnmen in den Seen des Schwarzwaldes und der Vogesen. Bot. Zeit. 60:179-

206. pi. 7. 1902.

3TOBLER, F., Zerfall und Reproductionsvermogen des Thallus einer Rhodome-

lacee. Ber. Deutsch. Bot. Gesell. 20:357-365. 1902.

^Wright, E. P., Note on Bryopsis plumosa. Notes from Bot. School Trin. Coll.

Dublin. 1:174-175. 1902.

5 Harshberger, John W., Two fungus diseases of the white cedar. Proc. Acad.

Nat. Sci. Philadelphia, 1902: 461.
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A NEW SUGGESTION as to the nature and origin of protoplasm has been

made by Herrera/ By triturating the acetate, carbonate, or chlorid of cal-

cium with glacial phosphoric acid, and then treating the resulting substance

with salt solutions, the author obtains a mass which behaves under the

microscope very much as does protoplasm. It shows amoeboid motion, a

vacuolar or granular structure, plasmolyzes in certain cases when treated

with plasmolyzing solutions, can be stained with methyl green, has its move-

ments accelerated by sodium chlorid, etc. Herrera ventures the tentative

hypothesis that "natural protoplasm is an inorganic metaphosphate impreg-

nated by various substances absorbed or secreted under special osmotic and

electric conditions," From the standpoint of such an hypothesis the theoret-

ical explanation of the first appearance of the living substance upon the

earth might not be such a difficult problem as it has heretofore seemed.

B. E. Livingston.

In a preliminary note Kuckuck^ describes the phenomenon of

zoospore production in Valonia ovalis. Parts, of the protoplasm contained

in the one-celled, bulbous thallus divide into zoospores, which escape through

several openings produced by an apparent local absorption of the cell wall.

After the escape of the zoospores these openings close and the remaining

protoplasm occupies the entire cell, which resumes its normal vegetative

appearance and continues the normal life processes. This is a case where

during a very active period the protoplasm exists perfectly free from the

conditions of turgor, so important at all times in most plant organisms ;
during

the escape of the zoospores the large vacuole of the cell is in direct connec-

tion with the external solution through the several openings. Another curious

fact is that the reproductive portion of the plasma is not separated by a wall

from the vegetative part. In this respect Valonia differs from the other forms

of the Siphoneae which have been studied ; in them either the whole cell

takes part in zoospore production and thus ends its career (Botrydium), or

the portion so taking part is cut off from the rest by a wall formed previous

lo the actual division into zoospores (Codium, Bryopsis, Vaucheria).—B. E.

Livingston.

In a continuation of his studies on the lichens, Baur^ makes valuable

additions to our knowledge of the development of the apothecia in a number

of genera, and a r6sum6 is given of the evidence for the sexuality of the

lichens. The ascogons and trichogynes of Parmelia and Pertusaria are

specially described and figured. Particularly interesting are Baur's observa-
+

* Herrera, A, L., Le protoplasma de metaphosphate de chaux. Mem. Rev-

Soc. Sci. "Antonio Alzate," Mexico 17:201-213. 1902.

7KUCKUCK, P., Zur Fortpflanzung von Valonia Gin. Ber. Deutsch. Hot. Gesell.

20:355-357- 1902.

'Baur, E., Die Anlage und Entwickelung einiger Flechtenapothccien. Flora.

88:319-332. //j. /^^/j. 1901,
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tions on Pertiisaria co7?imu7tis. Krabbe who studied the same lichen states

that he found no trace of sexual organs or of a differentiation of ascogons

and paraphyses. Baur's sections show the characteristic thick, coiled

ascogons and trichogynes and the later developed ascogenous hyphae most

sharply differentiated from the surrounding vegetative tissue from which

arise the paraphyses. Of special interest in this lichen is the capacity for indef-

inite development shown by the ascogenous hyphae. Growing and branch-

ing richly at their tips and dying off at their basal ends as they advance,

they spread through the thallus and form apothecia at various points, even

2 ^^ distant from the original trichogyne and ascogon from which they arose.

Such extended independent growth of the ascogenous hyphae forms a good

parallel to what Watnio has already claimed for Cladonia. Baur also

describes the development of the pyrenolichen Pyrenula nitida, and finds

here also the characteristic differentiation of ascogon and trichogyne. The
recent work of Baur and others has made the morphology of the ascocarp for

the entire family of the lichens better known than it is in any other similar

series of Discomycetes.—R. A. Harper.

Since the appearance of Czapek's answer to Wachtel's paper on the

method of bent tubes to demonstrate the sensitiveness of root-tips to the

gravity stimulus, we have had a desire for some entirely different method by

which this long-discussed question could be attacked anew. Czapek's posi-

tion seemed to be established, but the lack of confirmatory evidence from

other sources has been still noticeable. In a recent paper by Francis Dar-

win^ a new method of approach is described. It is a modification of that

used by him ^° in showing that the cotyledon of Setaria, Sorghum, etc., is the

perceptive region in geotropic curvature of the hypocotyl. Since the root tip

is slimy and the whole organ mechanically weak, it is impossible to fix the

tip in a horizontal tube and have it support the weight of the rest of the

seedling. The new method obviates this difficulty by affixing the cotyledons

to the end of a long lever free to move in both a vertical and horizontal

plane. The lever is of course counterbalaned, and thus the cotyledons (of

beans in this case) are able to move freely in any direction in a spherical

plane, whose radius of curvature is the length of the supporting lever-arm.

When the cotyledons are so supported the root-tip is placed in a horizontal

tube (of straw, dandelion scape, etc.), and complete turns are executed by the

curving root. The method is difficult of operation, and a large number of

experiments failed because the root-tip slipped from the tubes. But the author

believes he has demonstrated in this way that as long as the tip is horizontal

the response of the growing region produces a continuous curve resulting in

^Darwin, F., On a method of investigating the gravitational sensitiveness of

root-tip. Jour. Linn. Soc. 35:266-274. figs. i~io, 1902.

"Darwin, F., On geotropisra and the localization of the sensitive region. Ann.

Eot. 13:567-574-/^-^^. 1899.
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a spiral like those produced by similar treatment in the hypocotyls of grass

seedlings.—B. E. Livingston.

The almost hopelessly complex chemical changes which are con-

stantly taking place during the life of the organism are gradually beginning

to yield to modern methods of experimentation. Recently two papers have

appeared on the transformations occurring in phosphorus compounds during

germination, one by Iwanow", the other by Zaleski".

The former used seedlings of Vicia saliva grown in phosphorus-free

Knop's solution, and determined the amounts of the various phosphorus com-

pounds at the beginning of the cultures and after 5, 10, 15, 20, and 29 days.

Determination was made (i) of total phosphorus content, (2) of inorganic

phosphorus, (3) of the phosphorus or lecethin, (4) of the phosphorus of pro-

teid compounds, and (5) of that of soluble organic compounds. Zaleski used

seedlings of Ltipinns angiistifolius
^ grown in phosphorus-free sand, and

determined the phosphorus (in the same categories of compounds as those

determined by Iwanow) at the beginning of the cultures and after 10, 15, and

25 days. Both authors find that during germination inorganic phosphates

increase at the expense of organic phosphorus compounds. Iwanow presents

evidence that most of this phosphorus comes from the breaking down of

phosphorus-containing proteids ; some is from the soluble organic bodies

bearing phosphorus, and a very little arises from the decomposition of lecethin,

Zaleski determined that the decrease in organic phosphorus is mainly in the

cotyledons, while the most marked increase in inorganic phosphorus is in the

axial organs. He shows also that young and vigorous tips of seedlings of

Vicia faba, placed in glucose solution, exhibit a less marked decrease in

organic phosphorus compounds, as well as less rapid growth, than when these

are placed in water. He concludes that the sugar retards both growth

and the process of phosphorus-transformation, and that therefore it is possible

to suppose a direct relation to exist between the breaking down of organic

phosphorus-containing bodies and growth itself.—B. E, Livingston.

BURKILL'3 has investigated the variation in the floral organs of Ranun-

culus arvensis. From a study of about 7,000 flowers, from seed obtained at

Kew, England, and at Bonn and Heidelberg, Germany, he reaches essentially

the following conclusions : Each set of floral organs varies according to a

law of its own, and none of the curves agrees perfectly with any theoretical

probability curve. Although the different whorls respond differently to con-

ditions of favorable or unfavorable nutrition, there is always an apportionment

*' Iwanow, L., Ueber die Urawandlungen des Phosphors beim Keimen der Wicke.

Ber. Deutsch. Bot. Gesell. 20: 366-372, 1902.

"Zaleski, W., Beitrage zur Verwandlung des Eiweiss phosphors in den Pflanzen.

Ber Deutsch. Bot. Gesell. 20 : 426-433. 1902.

'3BURKILL, I. H., On the variation of the flower of Ranunculus arvensis. Jour.

Asiatic Soc. Bengal 71:93-120. 1902.
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of the available nutrition to the four sets of organs, no set ever being omitted

because of the low vitality. If one set of organs is abmodal, all the other

sets are likely to be abmodal, but especially the sets which follow. There is

a gradual loss of vigor from beginning to end of the flowering period, though

a slight recovery just before death was occasionally observed. Of all the

floral organs the stamens are most influenced numerically by the relative

vigor of the branch, the number being proportionately greater or less accord-

ing as the whole number of floral parts is above or below the mode. As a

result of this greater sensitiveness of the androecium, the flowers are rela-

tively more staminate at the beginning of the flowering season than at any

time thereafter. The degrees of constancy in the several sets of organs,

beginning with the highest, are in the order: sepals, petals, carpels, stamens.

A parallel is drawn between this condition and the relation of these parts to

the natural classification^ in which it is pointed out that sepals tend to be

constant in number through the larger subdivisions of the Spermatophytes,

petals in lesser divisions, carpels in the families, and that stamens are so

inconstant as to be of little use numerically in a natural classification. The

paper is a valuable contribution to our knowledge of floral variation, but the

discussions of the problem and the interpretation of the results are rendered

vague, and at times incomprehensible, by a diction which constantly suggests

the possession of psychic attributes by the various organs or sets of organs.

G. H. Shull.
4

- Items of taxonomic interest are as follows : Arthur Hollick

(Torreya 2 : 145-148. pis. 3-4. 1902) has described a new species of fossil

ferns from the Laramie group of Colorado in Anemia (2), Acrostichum,

Polystichum, Gleichenia, and Stenopteris.—T. D, A. Cockerell {idem 154)

has described a new Astragalus from New Mexico.—C. V. Piper (Bull. Torr.

Bot. Club 29:535-549. 1902), in discussing the biennial and perennial west

American species of Lappula, has described 9 new species.—V. S, White
{idem 550-563), in giving a preliminary list of fungi from Bar Harbor, Mount

Desert, Maine, has published new species of Hydnum (2) by H. J. Banker,

and of Boletus, Clitocybe, Cortinarius, and Flammula by C. H. Peck.—J. S.

Cotton (/^^/;^ 573-574) has described new species of Glyceria, Astragalus,

and Orthocarpus from Washington.— G. F. Atkinson (Jour. Mycol. 8 :
106-

107. 1902) has described two new genera of Basidiomycetes under the names

Tremellodendron (Tremellineae) and Eocronariiitm (Auriculariaceae), and

^^o{ide7n iio-iig) 23 new species distributed among 16 genera.—G. P.

Clinton {idem 128-156) has published in preliminary form the results of his

studies of North American Ustilagineae, presenting a list of the species with

their hosts and distribution, and including descriptions of new species.—H.

Christ (Bull. Acad. Internat. Geog. Bot. 11:189-274. lqo2\ in giving an

account of the Chinese ferns collected by Pere Bodinier, under the title

Filices Bodinierianae, has described new species of Antroph) turn, Polypo-
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dium (4), Niphobolus, Adiantum» Doryopteris, Blechnum, Asplenium (3),

Aspidium (4), Polystichum (5), and Gleichenia ; the same author (Bull. Herb.

30155.11.2:825-832. 1902), in reporting concerning the collection of Pere

Faurie [Filices Faiirieanae) from Korea, has described new species of

Athyrium (2) and Aspidium,—C, L. Pollard (Proc. Biol. Soc. Washington

15:201-203. IQ02) has described two new violets from the eastern United

States. Western

revision of Allium as represented in the Great Basin and adjoining regions,

including 3 new species; has presented the Nyctaginaceae of the Great

Plateau, including new species pf Boerhaavia (2) and Acleisanthes ; has

described new species of Leptotaenia and Gilia; and has revised the nomen-

clature of a number of species of Astragalus, including descriptions of 4 new

species.— B. Fedtschenko (Acta Hort. Petrop. 19 : 183-349, 1902) has pub-

lished a detailed revision of Hedysarum, recognizing 78 species, of which 3

are new.—J, M, C.

In jhe present paper Neger^^ has extended the ecolo<^ical studies

begun on Phyllactinia to the whole family of the Erysipheae. Very interest-

ing data are given as to the methods of attachment, as also the setting free

and distribution of the perithecia, and the scattered observations of a number

of authors are brought together and summarized. The perithecia of Sphaero-

iheca and Erysiphe are not spontaneously set free from the substratum, and

the appendages here serve for attachment. On the other hand, the per-

ithecia of Podosphaera, Trichocladia, Microsphaera, and some Uncinulas are

broken loose as a result of unequal shrinkage of the upper and under walls

of the perithecia in drying. This makes the ripe and dry perithecium either

flat or concave on its under side, as has also been observed by Galloway.

Just how this deformation leads to the setting free of the perithecia is perhaps

still not clear. The interlacing of the appendages serves to hold adjacent

perithecia together so that they fall from the host leaf in masses rather than

singly. In Phyllactinia the perithecia are set free by the bending downwards

of the spine-like appendages which thus lift up the perithecium from the sur-

face of the leaf. The author also discusses the question as to the causes which

lead to the formation of the sexual and asexual fruit organs, and concludes

that the conidia are favored by a fresh vigorous condition of the host plant,

while the perithecia are more likely to be formed in well developed mycelia

on mature parts of the host, which, however, must not have been already

exhausted by a too abundant crop of conidia.

The earlier paper ^^ describes very extensive germination experiments

and studies on the form, length, irritability, etc., of the germ tubes of the

'-•Neger, F. W., Beitrage zur Biologie der Erysipheen. Flora 88: 333-370-

ph. 16-17, 1 90 1,
«

»5Neger, F, W,, Zur Kenntniss der Gattung Phyllactinia, Bcr. Deutsch. Bot.

Gesell. 17: 235. 1899.
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conidia. The author believes that in such genera as Erysiphe the characters

of the germ tubes may be advantageously used in defining the limits of diffi*

cult species. In every case the germ tubes showed themselves incapable of

nourishing themselves from any nutrient media offered. Their size was

limited strictly by the amount of reserve material present in the spore.

Different lots of conidia also varied widely in the percentage of germinaiion.

Light favors germination and the germ tubes are in many cases positively

heliotropic. In many cases also the germ tubes show themselves sensitive to

contact stimuli. A considerable series of infection experiments were made,

and although the evidence was by no means conclusive many results indicated

that in the mildews, as in the rusts, we have numerous cases of physiological

species, inhabiting only one host plant, within the limits of the species as at

present commonly accepted. Cases are also pointed out in which it seems

likely that the ascospores may be capable of infecting a wider series of hosts

than can the conidia. The theoretical aspects of the data so obtained are dis-

cussed at some length. A further interesting observation of the author is

that the little known conidia of Phyllactinia are borne in the ordinary basipetal

series and not singly as described by Tulasne. Of theoretical interest further

is the suggestion that the development of hyphae and haustoria, which pene-

trate to the interior of the host leaf, as described by Palla and Smith, is corre-

lated with the degree of hypertrophy produced by haustoria in the epidermal

cells of the host. The haustoria restrict themselves to the epidermis in cases

like Sphaerotheca, in which the cells of the latter are hypertrophied, and

thus ( ?) produce an abundant food supply for the parasite.—R. A. Harper.

Recent Contributions to American Phytogeography: the Eastern

United States.—E. F. Williams (Rhodora 3 : 160-165. 1901) makes a com-

parison of Mounts Washington and Ktaadn, finding general similarity.

Mount Ktaadn, however, has a more rugged and arctic aspect, the timber

line being exceedingly low; an interesting colony of lowland plants was

found well up toward the summit.— J. W. Harshberger (Plant World 5 :

21-28. rgo2) gives a brief ecological account of Mount Ktaadn, in which the

lowland timber areas are also described.—C. D. HowE (Science 15:462.

1902) gives a preliminary account of his studies on a delta plain in Vermont

;

the development of the vegetation is traced from the beach, through the

Pinus rigida stage, to the culminating forest of beech and maple. The life

history in Vermont is found to be essentially like that in Michigan, as worked

out by Cowles and Whitford.—C H. Shaw (Bot. Gaz. 33: 437-450- 1902)

discusses very suggestively the development of vegetation in morainal

depressions near Woods Hole. Physical agents are found to control the

filling of ponds in some cases, as evidenced by open marginal belts of water.

Euthamia graminifolia flourishes on sandy shores by reason of its running

stems; beyond this there are no plants until the depositing zone is passed,

where Limnanthemum and other runnerless plants occur. Marginal ditches

«
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about floating mats are explained by the great abundance of falling leaves,

which smothers out the vegetation. The vegetation is not xerophytic in

structure in the earlier stages.—A. Hollick (Bull. N. Y. Bot. Gard. 2 :
381-

407. 1902 ; see also Torreya 2 : 58-59. 1902), in a paper dealing chiefly with

geological phenomena, gives a short account of the vegetation of Cape Cod.

Apparently the dunes of Provincetown were once well forested, while it is

now difficult to secure artificial reforestration. To account for this Hollick

advances the view that a forest can develop pari passu with the increasing

piles of sand ; if, however, the trees are cut off, the drifting sand makes refor-

estration difficult or impossible. The vegetation is treated in tw^o groups,

that of the forest (dominated by PifiMS rigida, Quercus rubra, and Q, velutina\

and that of the bare sands, subdivided into beach and dunes. Reference has

previously been made (Box. Gaz, 31: 134. 1901) to the excellent work of

Hollick on the forests of New Jersey.—J. W. Harshberger (Proc. Acad.

Nat. Sci. Philadelphia igoo: 623-671) has made an ecological study of the

New Jersey strand flora. He finds a plantless lower beach, a middle beach

with Cakile and other succulents, and an upper beach with much Oenothera

humifusa, a plant of southern range. The seaward dunes are dominated by

Ammophila, while farther inland Myrica cerifera and Hudsonia assume the

leading place. The tree-clad strand is dominated by weather-beaten jum-

pers, and there is also a jungle zone of trees, shrubs, and lianas. The salt

marshes are also considered.—C. F. Saunders {idem 544-549) describes the

pine barrens and sphagnous bogs of New Jersey.—A. MacElwee {idem

482-490) considers the flora of Edgehill ridge, Montgomery county. Pa.,

three societies being discussed, namely, sunshine, shade, and sphagnous bog.

T. H. Kearney (Contrib. U. S. Nat. Herb. 5: 261-319. 1900) has pub-

lished a short but interesting account of the vegetation of Ocracoke island.

North Carolina. While many forms are common to northern beaches and

dunes, such plants as Croton maritimus dominate on the beach, and Uniola

panicnlata on the outer dunes. Live oaks rule in the groves, and Ilex vomi-

toria in the thickets. The salt marshes have many familiar northern types.

The mingling of salt and fresh water forms is explained by alternations of

salty spray and rainfall
;
perhaps, however, fresh conditions are encroachmg

upon the salt, leaving the salt marsh forms as relicts. Interesting anatomi-

cal studies upon salt marsh plants confirm the prevalent notion of their xero-

phytic structure. The island is placed in Merriam's Austroriparian, though

many typical plants are absent and others present.—D. S. Johnson (Box.

Gaz. 30 : 405-410. 1900) gives some ecological notes on the seed plants and

algae at Beaufort, N. C.

T. H. Kearney (Contrib, U. S. Nat. Herb. 5: 321-585. I90i)givesa most

excellent account of the vegetation of the Dismal Swamp region. The paper

is splendidly illustrated with plates and numerous figures, and is one of the

most valuable of recent contributions to plant geography. He regards the region

as belonging to Schimper's ever-moist warm temperate zone, though differmg
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from most similar regions in that deciduous trees dominate instead of ever-

greens. The salt marshes with Spartina, Salicornia, and other characteristic

plants pass gradually into Typha swamps. Among the noteworthy ''adapta-

tions '* are sheaths which prevent the access of salt water, anchoring rhizomes,

and a number of well-known xerophytic structures. The beach flora is sparse,

and resembles the more northern beaches. Dunes are well developed and are

in some cases eighty feet high ; Ammophila is the character plant of the outer

dunes, but the more southern Uniola also has a place. The occurrence of

Saltx longifoHa, Cephalanthus, and Baccharis on the dunes is cited as an

evidence of the sand moisture
;
perhaps they also indicate the advance of a

dune over a swamp. The occurrence of Acer rubrum and Nyssa sylvatica

on the lee dune slopes may have a similar explanation, as is the case on Cape
Cod, The abundance of Pinus Taeda with live oaks on the forested dunes

gives a southern aspect, though many of the character plants remain such far

to the northward ; lianas are highly developed. The usual xerophytic
** adaptations " are noted, though neither the soil nor air is dry. Thecharac-

ter of the drainage is the chief factor which determines the nature of the

inland vegetation, Pmus Taeda is the leading forest tree, though it is readily

followed by hardwoods in most places if removed. Abandoned fields are first

colonized by Andropogon virginictis, and later by pines. The leading decidu-

ous tree is Liquidambar, although oaks are abundant ; Fagus occurs in rich

soil. The swamps are of two types: (i) the dark or black gum swamp^

which contains Acer rubrum and Taxodium as well ; (2) the light or "Juni-

per" swamp, in which Chamaecyparis rules, and in which there is less water,

though what occurs is more acid. This region is the northeastern terminus

of Merriam's Austroriparian ; many southern and a few northern plants

reach here their limits. The analysis of many important topics is keen, and

the paper is a highly welcome addition to ecological literature.

C. C. Adams (Biol. Bull. 3: 115-13T. 1902) in a most valuable paper dis-

cusses the southeastern United States as a center of distribution. His data

are derived in the main from zoological material, but his conclusions are of

general interest. Among the criteria for determining a distribution center,

aside from fossil evidence, he gives the location of greatest differentiation,

of dominance or abundance, of maximum size, of productiveness, of con-

tinuity and convergence of lines of dispersal, of least dependence upon a

restricted habitat, of continuity and directness of variation along radiating

lines of dispersal. Using these and other criteria Adams shows the south-

eastern United States to be a great center of dispersal, at least for animals.

The chief highways have been the Atlantic coast, the Mississippi valley, the

Appalachian mountains. He makes a just plea for the dendritic as against

the zonal study of life ; lines of dispersal and divergence give a clue to many
of the great biological problems. This type of study is dynamic and genetic,

and thus has a great advantage over the more common methods.— Reference

has been previously made to the work of Kearney in the Appalachian
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region (BoT. Gaz. 31:208. 1901), also to Gattinger^s Tennessee flora

(BoT. Gaz. 32:428. 1901). in which the various regions of the state are

described as to their vegetation.

R. M. Harper (Bull. Torn Bot, Club 27:320-341; 4i3-43<5. 1900) has

given some interesting data concerning the flora of Georgia. Northern and

southern Georgia are quite different, the former having a flora like that

farther north, while southern Georgia has true southern types. Lists are

given of many plant communities. More recently (Science 16:68-70. 1902)

the same author has written a brief account of the botanical features of the

Lafayette and Columbia formations. He finds that it is possible to distm-

guish these formations by the plants which grow upon them. Eriogonum

tomentosum and Froelichia Floridana especially characterize the Columbia

sands. Harper (Bull. Torn Bot. Club 29 : 383-399. 1902) has also published

a paper which deals with the distribution of Taxodium. ' He thinks that

there are two species, 7*. distichum and T. imbricarium, and that the latter

always occur on Lafavette soil, the former never. It seems to the reviewer

that T imbricaritim will prove to be merely an ecological variety, similar to

varieties of ferns and violets which Sadebeck years ago experimentally trans-

formed to the parent species.

C. L. Pollard (/'/aw/ rr^r/^ 5: 8-10. 1902) notes how the mangroves

and other species assist in the formation of the Florida keys, commencing

where the corals leave off. Rhizophora is the pioneer, but is soon followed by

Laguncularia and Conocarpus. When the mangroves die out, we have the

"hammock" land.— Chas. Mohr's flora of Alabama has been reviewed in

these pages (Box. Gaz. 32 .'371. 1901). This work is on^ of the most com-

plete and satisfactory that has yet appeared in this country, being nothmg

less than a mine of floristic and ecological information. He notes that in

Alabama Merriam's life zones correspond with the geological formations

rather than with the climate. The hemlock and sweet birch occur far from

their main range, and are relicts of the glacial invasion. A number of

interesting endemic and local forms are noted.— Lloyd and Tracy (Bull.

Torr. Bot, Club 28:61-101. igoi) have made an ecological study of the

insular flora of Mississippi and Louisiana. This paper is a noteworthy addi-

tion, especially as it gives us a means of comparing our northern and south-

ern coasts. The islands are deposits of Mississippi river detritus; in some

cases the mud is still the surface material, in other cases it is covered by

sand. On the beach northern forms like Salsola and Strophostyles are

mingled with the more tropical Ipomoea. Dunes are formed by Paniciwi

amarum and Uniola. The palm Serenoa, and other plants form "pedestal*

dunes. Sand plains are described of various types, culminating in a forest

of pines and live oaks with an undergrowth of palms. A unique set of

vegetation conditions is found on the shell strand. Among the leading salt

marsh plants are Batis, Avicennia, and Salicornia.

A. J. Filters (U. S. Fish Commission BuU. 1901 : 57-79) contributes an
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important paper on the plants of western Lake Eri^. The groups of water

and swamp plants are presented. The usual hydrophytic "adaptations'' are

found, and a number of anatomical figures are given. Some excellent plates,

showing the life forms of character species, especially Chara, accompany the

article.— H. W. Clark (Proc. Ind. Acad. Sci. iqoi : 128-IQ2. 1902) gives

a list of plants with ecological notes from Eagle (or Winona) lake, Indiana,

and vicinity.— Miss Lucy Youse [idem 192-20-I-) discusses the plant ecology

of Winona lake. She treats the dynamics of the vegetation, sketching the

changes from the lake and swamp stages to the forest or prairie, and from

the bare morainic hills to the forest of beech and maple.^W. M. Mills
(Chicago: The Quadrangle Press. 1902) has also studied the above lake,

mainly from the standpoint of physiography, but adds some ecological notes.

— M. T. Cook (Proc. Ind. Acad. Sci. 1901:^66-272. 1902) sketches the

development of vegetation in abandoned rock quarries at Greencastle,

Indiana.—E.J, Hill(Bu1L Torr. Bot. Clubag : 564-570. 1902) gives some notes

on recent adventives in the Chicago flora.—F. E. McDonald (Plant World

3: 101-103. 1900) describes a sand dune flora in central Illinois, along the

Illinois river. Uunes of pure sand, some a hundred feet high, are formed.

Querctis Marylandica is the leading tree. As might be expected, many species

are common to the Lake Michigan dunes.— H. C. Cowles' paper on the physio-

graphic ecology of Chicago and vicinity appeared in this journal (Box. Gaz,

31:73-108, 145-182. 1901). as well as H. N. Whitford's paper (?^^;/z 289-

325) on the genetic development of the forests of northern Michigan, and

E. J. Hill's paper {idein 29:419-436. 1900) on the flora of the White Lake

region, Michigan.— C. A. Davis (Jour. Geol. 9:491-506. 1901) has con-

firmed his previous view on the origin of Michigan marl (see Box. Gaz.

31:361. 1 901), and adds some new results.—Emma J. Cole's catalogue of

the Grand Rapids (Michigan) flora has been noticed (Box. Gaz. 31 : 437.

1901); a number of southern trees, such as Asimina, Cercis, Carya, Morus,

Nyssa, Gymnocladus, Liriodendron, Cornus florida, probably find here their

northern limit.— V. M. Spalding (Science 15:402. 1902) has projected a

survey of the Huron valley, Michigan. The influence of artificial changes

on certain plastic forms has been very great.— H. S . Reed (Bot. Gaz. 34 : 1 25-

139. 1902) has contributed the first paper to the above survey. His topic is

the ecology of a glacial lake, and the paper is particularly valuable because of

its dynamic treatment and careful quantitative work.— H. C. Cowles' paper

dealing with the influence of underlying rock upon the vegetation has been

reviewed previously (Box. Gaz. 33:316. 1902)— B. E. Livingsxon (Report

Mich. Geol. Surv. 1901 : 79-103. I902) has published on the distribution of the

plant societies in Kent co., Michigan. His results will soon be published in

this journal, and it may be merely noted here that his physiographic results

agree with those of the reviewer. He strongly urges the moisture-retaining

power of the soil as the decisive factor in plant distribution.— E. Brunxken's

valuable studies in Wisconsin have been noted (Box. Gaz. 34:149. 1902).

H. C. Cowles.
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NEWS.

Dr. Theodor von Heldreich, director of the Botanical Gardens at

Athens, died recently at the age of eighty years.

Professor A. Engler, of the University of Berlin, has been for some

time engaged in a botanical expedition to Africa.

Professor F. E. Weiss, of Owens College, Manchester, England, has

been visiting some of the prominent botanical laboratories of the United

States.

In the new edition of his Plant Breeding, which will probably be in

the market next month, Professor Bailey will include a full presentation of

the recent theories of De Vries and Mendel.

Dr. E. Perceval Wright, Professor of Botany at Dublin University,

calls attention to the fact that the Herbarium of Trinity College contains such

collections as Harvey's extensive series of Algae, Thomas Coulter's collection

of Californian plants, etc., and has kindly offered to give any information m
his power concerning them,

4

Erratum.—In Mr, Chandler's paper on Nemophila (BoT. Gaz, 34 : 194-

215. ph. 5-5. 1902), the legends of Plates /Fand Fshould be interchanged,

_ N. exilis Eastwood, and Plate K being N. parviflora Dougl-

As a consequence, the two plate numbers should be interchanged in the
F

"Explanation of plates/* p. 215,

According to a recent estimate made by the Bureau of Forestry into

the losses from forest fires, the conclusion is reached that in an average year

60 human lives are lost, $25,000,000 worth of real property is destroyed,

10,274,089 acres of timber land are burned over, and young forest growth

worth at the lowest estimate $75,000,000 is killed.

Sargent's Silva of North America is complete with the publication

of volumes XIII and XIV this autumn. This great work has been twelve

years in preparation, contains 750 plates from drawings by C. E. Faxon, and

describes and illustrates 567 species of American trees north of Mexico. A
new work only less extensive, by the same author and artist, and entitled

Trees and Shrubs, will begin to appear this autumn. It will be published in

several large quarto volumes, with four parts to a volume, and will illustrate

new or little known woody plants, especially those of the northern hemisphere

which may be expected to flourish in the gardens of the United States and

Europe.
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A Wonderful Material I

TASOTE
Waterproof—Greaseproof—Stainproof

Also Germproof and FIREPROOF I Unlike other leather

substitutes, It contains no cellulose, rubber or other danger-

ous and objectionable sub-

stances, and IS also en-
tireiy odorless,

Fantasote docs not peel

or crack, is not affected by
heat, cold or climate.

Looks like Morocco leath-

er, wears better and costs

half. Tested nine years ^^ i i /
with un-
qualified
success.
Made in
plain leath-

er grains or
richly em-
bossed de-
signs* all

It and ard
colors.

A Piece
18 X iS in.
for 25 cents
In stamps.
Free sample
15x6 in. for

sc. stamp and
your uphol-
ccerer's ad-
dress.

Awarded QOLD MEDAL at Buffalo.
CAUTION—There arc dangerous and wortliless imitations; genu-

ine has Pantasote stamped on i^oods.

PANTASOTE CO., Dept. Z, 1 1 Broadway. New York
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Mouse roof
All our organs have this important

feature. They are all

Moms roof

STYI.E 4405.

^
We not only make the best possible

instrument, but we construct it so that
it shall give the best service for the
longest time. Style 4405, one of our
latest models, is especially desirable for
chapel use.

mmm%%n i i€a.
BOSTON. JEW YORK. CHICAGO.

CROWN

Noble in Tone

Chaste Ai>i}earance

Durability Unquestioned

GEO. P. BENT
Manufacturer Chicago

MONON
TRAINS FOR

La Fayette

W.Baden Spt{

Fr.Uck Spr

Louisvflfe

MammothCave

Chattanooga

NewOrleans

All Southern

Cities
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v
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IN
CI

u travel betweei

HIC/VC
UISVI

00 vi/\

MONON
[TRAINS FOR

Indianapolis

Dayton

Cincmnati

Asheville

Atlanta

Jacksonville

StAugus^ne

Tampa

Havana.
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LUXURIOUS PAP1-OR AND OIWlKC
OA.RS SY OAY. - __
F^ALACE SLCEl>liN4GAND COMPAf"-

6 TRAINS DA.IIJY BETWBEW
CHICAGO ANO TY^m, OHIO 'W^^
WH.MCDOEL FR^KJ. RCZD-tfc«.»^«s^ACT CHASHWO^Wli
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LICORICE TABLETS
(5 a 10? PACKAGES.)

FOR
MADE

GLYCERINE TABLETS,
( 10^ POCKET TINS.

)

FOR RELIEF OF
HOARSENESS &THROAT AFFECTIONS.

r

ITALIAN PEPPS,
( lO^ ALUMINUM POCKET PACKET.;

A HANDY POCKET STAMP BOX WHEN EMPTY

GUM IMPERIALS
BOXES

ASSORTED

IF NOT SOLD BY YOUR DRUGGIST.
mailed free upon receiptof price.

863 Broadway, n.y.city.^e^cuS^
I

COMPANY3
EXTRACT OF BEE
STRENQTH FOR THE STRENUOUS
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MAN CANNOT

IMPROVE

NATURE.
/ Man has not yet succeeded

' in his attempt to paint the
lily or perfume the rose. The

white flour miller has, however-
attempted to improve upon the
Whole Wheat as a food and failed
because be has taken a part away
from a perfect whole.
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18 the wheat, the tchoU wheat, and nothina but the tcheat It is a Naturally Organized Food, that is. con-

tains all the properties in correct proportion necessary to nourish every element of the human body, boft

cooked'* cereals are swallowed with little or no mastication and, therefore, the teeth are robbed of their

necessary—NATTHAL—exercise, causing weakness and decay. Shredded Whole Wheat Biscuit bemg
crisp, compels vigorous mastication and induces the NATURAL Sow of saliva which is necessary for

NATURAL digestion. Shredded Whole Wheat Biscuit builds Strong Bodies and Sound Teeth, and

makes possible the Natural Condition of Health.

Sold by all grocers. Sendfor ''The Vital Question'' Cook Book (free.) Address

The Natural Food Co., Niagara Fails. n,y.
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Cyko A Night Printing Paper.
Cyko is the most perfect of all

Developing Papers.
Made in a variety of surfaces and speeds
adapted for all classes of negatives.
NO DARKROOM REQUIRED.

One dozen 4x5 Cyko with developer
20 cents. Send to

THE ANTHONY & SCOVILL CO.,
122- 124 Fifth av., Atlas Block,
New York. U.S.A. Chicago.
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^= SVPFERERS FROM

DYSPEPSIA ^^° o™^*^

STOMACH TROUBLES
t

Can Find Quick Relief by Using

an absolutely harmless germicide.
It subdues the inflammation of the
mucous membrane of the stomachy
thus removing the cause of the disease,
and effects a cure.
For any stomach trouble it will do

good and generally cure.
Used and recommended by leading

physicians.

Sold by leading druggists.

FRFF ^ ^^'^ ^^^^ ^y ^^^^ ^" receipt of

11, .

2t>c.,to cover actual postage, a
liberal sample, that will prove the claims I
make to your entire satisfaction. This prepara-
tion cannot harm you, and in most cases gives
wonderful results. Address

69 W. Prince St, M^w Ya^kM

Internsitional

etition

$1500 in

GasH Prizes
equivalent in

manufactures if

rOR PARTICULARS ADDRESS

P. 6ocr2 Optical WorKs
ROOM 6, 53 E. UNION SQUARE, N.Y.

Main Office, Berlin- Friedenau-Gekmanv
Branches, London—3-6 Holborn Circus

Paris—22 Rue de L'Entrepot

«« Short Line
BETWEEN

CHICAGO-TOLEDO

THROUGH PULLMAN SERVICE

FREE RECLINING CHAIR CARS

ON

ALL WABASH TRAINS

F. A.
G, P. & T. Agent

St» Louis

PAI^MER
A. G. P. AGEWT

Chicago



M^sm £0
it~0 ' ^.

••^••••^ SOL^D .ROUND THE, WORLD

. / J^OT^:

l)utttr0

1^

s/'AxJUL^

NOTICE! The amount cF ffiTs checl wltl fee pTiceJ it fT»e disposat of

GOTOpctent judges lo be awarded for the best photographs madtf witli

Bausch & Lomb Lenses and Shutters submitted for judgment on or
before January ip i^oj. Classes for all kinds of work and for Kodalr^

Prcmo« Pocoandotlicib^nd cameras with 6. & L, Lenses being provIdccL

^fiXA^ ^i'^^'l^
tro

V"

ROCHESTER, N. V,-.

'who^wiir sen4 full information on request
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CopyTii^ht, iQoa

by C. & A. Ry.

ART CALENDAR
Fourgraceful poses from life; figures ten inches
high, reproduced in colors. Highest example
ol lithographic art.

**THE OXI.Y WAZ"
to own one of these beautiful calendars is

to send twenty-five cents, with name of publi-
cation in which you read this advertisement,
to Geo. J. Charlton,General Passenger Agent,
Chicago & Alton Railway, 328 Monadnock
Building, Chicago, III,
The best railway line between Chicago,

St. Louis, Kansas City and Peoria.

:!

ORCHESTRA
Instruments, Tiollns, Flutes, Mandolins, Guitars,
Banjos, &c Lyon & Healy and *'Wa6hburn" in-
struments are in use everywhere and are sold by
leading music dealers. Asfefor "DeptG" Catalog.
Illustrated, mailed/rcf. It's a money-saver,
LYON k HEALY, - 38 Adams St., Cfaicaeo, flL

The World's Larpeat Music Houe. SeTU •^STcrjUiing KaowB U Sulc'*

Do Yon Want a

Gennfne Bargain
in a Piano?

We haT« hundreds of UpTight Pianof returned from rentinf

tfhich must be diiposed of at once. These pianos include

Steinwiya, Knabea. FiBcherf, Sterling! and other well known
nakefl. Many cannot be di»tinguiihed from new, yet ail are

offered at a great

Mlowaa tlOO. Alto

rlshu at %n\
A magnificent in-

fully equal to many
,_

- *, -r •*

monthly payment! accepted. Freight U only about $5. Write

at once for complete list and full particular*. Yon can make a
reat laTing by securing your piano from ui. KTery piano war*

ranUdaj represented, *'A Piano Book." free. Write today.

discount Uprights
beautiful new iJp-
tI35,$I50andtl6&.
strumeot at 9290^

•400 pianos. Easy

EALY
38 Adams St.. CHICAGO.

Vodd'i largcci mntic hovf*; aaa "ETaryihicgkaownlB^^^'

Raid dVio! 4

Largest and finest collectionon this continent.
Fine catalogue (free* containing" 50 (ac-simil©
labels in colors and Biograptiles of all the
noted mafeers. I-iat 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, ^hui^'*^
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In AU Forms
of Bright's

Disease, Albuminuria of Pregnancy, Uric Acid
Diathesis, Gout, Rheumatism, Lithaemia, Renal
Calculi, and Stone of the Bladder, Etc., Etc.

Dr. George Ben Johnston, Ttiehmond, Va., ex-President Medical Society of Vir-
giriia and Professor of Gynecologg and Abdominal Surgery, Medical College of Virginia:
•IF I WERE ASKED WHAT MINERAL WATER HAS THE WIDEST RANGE OF
USEFULNESS. I WOULD UNHESITATINGLY ANSWER BUFFALO LITHIA. It is a most
valuable remedy in many obscure and stubborn conditions which, at best, yield slowly, if at all, to

drugs. In URIC ACID DIATHESIS, GOUT, RHEUMATISM, LITH^MIA, and the like, its

beneficial effects are prompt and lasting.

"Almost any case of Pyelitis and Cystitis will be alleviated by it and many cured.
"1 have had evidence of the undoubted DISINTEGRATING, SOLVENT, and ELIMINATING

POWERS of this water IN RENAL CALCULUS, and have known its long continued use to per-
manently break up the gravel-forming habit.

J

" It is an agent of great value in the treatment of the Albumiouria <rf Pregnancy, and is an
excellent diuretic in Scarlatina and Typhoid Fever. In all forms of BRIGtrPS DI5EASE,
except those hopelessly advanced, its good effects are jpronounced* i believe it has been
the means of prolonging many lives in this trouble.'*

John V. Shoemaker, IVI. Zmj LL. D., Professor of Materia Medica and Hierapett-

tics in the Medico-Chirtirgical College of Philadelphia yete.^ in the New York MediealJoumal,
June 22, 1899: "The BUFEALO LflWAWATER ^^ DOUBLY EFFICIENT in Rheu-
matism and Gout. It dissolves Uric Acid and Phosphatic sediments, as well as other products

difficult of elimination, while at the same time it exerts a moderately stimulant effect upon the renal

cells, and thereby facilitates the swift removal of insoluble materials from the body. Without such

action insoluble substances will precipitate in the Kidneys and Bladder. The intense suffering pro-

duced by Stone, together with consecutive pyelitis and cystitis, are avoided by prompt elimination.

Unquestionably^ although the speedy removal of Uric Acid and other products of faulty tissue

change is of conspicuous benefit yet to PREVENT their formation is a service still more important.

This service Is performed by tlie BUFFALO LlTHIA VftCTER ^h^« » corrects

those digestive failures which are responsible for the production of deleterious materials.
"^

James L. Cabell, M.D., A.M., LL.D., Formerly Professor of Physiology and
Surgery in the Medical Deparirsient of the Univeruty of Virginia^ and Premdent of tlis Nation-

al Board of Health, says: "'^"'"fTALO hfTMBRViMER *" ^^ ^*^ Diathesis is a

well-known therapeutic resource. It should he recognized tfy the profusion as an
article of Materia Medica."

Dr. J. W. Matlet, Professor of dm^'^trg, XTnivermty of Virginia. (Extract from report

by 'lt£iL'^.^L^'^i'^i r '.o iniflaMster sprfng ^o.zy.

"It seems on the whole probable that the action of the water is PRIMARILY and MAINLY
wi?on URIC ACID and the URATESt but when these constituents occur along with and as

cementing matter to Phosphatic or Oxalto Cafcuius materials, tiie latter may be so de^died and

broken down as to disint^rate tiie Caiculus as a ^irtKjIe In these cases, also thus admitting of

Urethral discharge/'

Spring No. 1 Is boiii a PIERVE and a BL!?*^ TWK, and to PALE. FEEr H, and

^MICLbjHCTS is to be preferred, to Sie absaoct <rf ti^se symptons No. 2 !s fe be prrferred

I

Is fm sate tsy Groccis and

Testimonials which defy al! frr; . . ioa «r OfM&^ams sent to any

FFALO LITHIA SPBIN'GS
^ 4
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Baker's Cocca
and M :*
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\

have held the naarket

for 122 yeaLFs with con*

3? stantly increatsing

(i) because they are pure and of

high grade
; (2) because they yield

the most and best for the money

;

(3) because they are unequaled

TFtAOE-MAHK for smoothncss, delicacy, and flavor

mark is on every package of

the genuine goods

m

WalterB T -'^ f*%A^^ '-ails'''

A

&.Co.
Z^imited

Dorchester, Massachusetts
40 Highest Aw'ards In £uropedLAznerlca

*v"« . .

Admired and endorsed by Great Ar-

tists and the Musical Public for half

a century; exclusively used by the

Maurice Grau Opera Co.

The Mascagni Opera Co.
and by

Kocian and Julie Geyer

on their 1902-3 transcontinental tours

THE WEBER PIANO COMPANY
108 FIFTH AVENUE, NEW YORK
266 WABASH AVENUE, CHICAGO

r^^rtVM^

HTHE outer skin constantly sheds itself in minute epidermal scales.

These minute scales, unless cast off, dog the pores so that

they are unable to throw off the impurities Thw new skin which
is constantly forming is fair and transparent, and will permit the
egress of impurities that arise from the blood or from retarded
digestion, if the desquamation of the epidermis is prompt and fre-

quent enough—HAND SAPOLIO aids it

Does what soap cannot do^ by a met&od of its own. If you want a velvet sfcta,
don't PUT ON preparations, but TAKE OFF the dead skin, and let the new,
perfect cuticle furci a its own i«atjty. An exemjalification of the luxury <rf

aeanliaess. Imparls vigor and life sensatioo. Energizes the -arhf^U. Vxidv.
otinginp a glow ^.:i , a"

A PURE ARTICI^
TJUL-E. FROM AHIMAi- TATS

r- -^^-^ttisa

V
kave beca cstabtished 0vcr 50 YEARS. Bjot

a VOSe vl^no. We take old instrunr .^^m c:t^-

of

aa4

,^s new piano m you



Vol. XXXIV DECEMBER 1902 No. 6
P

,S.

THE

OTANICAL AZETTE

EDITORS

JOHN M. COULTER and CHARLES R. BARNES,

WITH OTHER MEMBERS OF THE BOTANICAL STAFF
OF THE UNIVERSITY OF CHICAGO

i

ASSOCIATE EDITORS
I- C ARTHUR

Purdue University

CASIMIR DeCANDOLLE
/ Geneva

J. B. DeTONI
Universify of Modena

ADOLF ENGLER
Univerdiy of Btriin

LEON GUIGNARD
VAcole de Pkarmacie^ Paris

ROBERT A. HARPER
Wisctms n

IINZO MATSUMURA
Imperial University, Tokyi

FRITZ NOLL
University of Sunn

VOLNEY M. SPALDING
University of Michigan

ROLAND THAXTER
Harvard Universiiy

WILLIAM TRELEASE
Missouri Botanical Garden

H. MARSHALL WARD
University of Cambridge

EUGEN. WARMING
University of Copenhagen

VEIT WITTROCK
Royai Academy of Sciences

Stockholm

--"+n

HICAGO, ILLINOIS

lluljlislic !j5 tl)f nlDcrsitp of €Mu
Cfte UnilJfriif^ af Cfeicass pxtii

OP¥ SIGHT 1902 BY ^HE UNIVERSITY OF CHICAGO

I
^ * ^

rih
- ' -f j^^ ^K .

.
_--_ -^M^Vayir'. ^-^ -^^*.> 3



I

\

'*

r

T

m

Aiirig-hU .; ':Te^

J^

^ -. -—L ^4^ ^^ .l-^i-^aTV-?'



Botanical (3a3ette
a /ftontbls Journal Mmbxacirxi

Subscription per year, $4.00. Foreign, $4,50* Singl
The subscription price must be paid in advance. No numbers are sent after the expiration

of the time paid for.

FOREIGN AGENTS:

Cents

Great Britain— Wm, Wesley & Son, 28 Essex

St., Strand, London.

Vol. XXXIV, No. 5

18 Shillings 6 pence.

Continental Europe—GebruderBorntraeger,
Berlin SW. 46, Schonebergerstr, 17a, 19 Marks

Issued Decemfcer 22, 1902

CONTENTS
A MORPHOLOGICAL STUDY OF CERTAIN ASCLEPIADACEAE. Contributions

FROM THE Hull Botanical Laboratory. XLI (with plates xiii-xv). Theodore

C Frye - - - - - - - > . ,.
THE ROOT-HAIRS, CAP, AND SHEATH OF AZOLLA (with tlate xvi). R. G. Leavitt

STUDIES IN THE FERTILIZATION OF PHYCOMYCETES. Contributions from the
Hull Botanical Laboratory. XLII (with plate xvii). Frank Lincoln Stevens)

389

414

figures), Edward W, BerryNOTES ON SASSAFRAS (with plate xviii and four

BRIEFER ARTICLES.
A Date-Leaf Boat of Arabia (with three text figures). David G. Fairchild

A Variable Larkspur. T, D, A, Cockerell . , . - _

CURRENT LITERA TURE.
MIN^OR NOTICES - • - - - - - - -

NOTES FOR STUDENTS -.-.----
NEWS -.-•-.--.,.

420

426

45J

453

455

457

467

Not less than 50 separates of lead-

actual cost of the

Separates, if desired, must be ordered in advance of publication. Not less than 5c

ing articles will be printed, of which 25 (without covers) will be furnished gratis, 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 var)' from the figures given,
and will depend upon the amount of work in re-making the pages into forms, press work, paper, binding,
etc. Separates containing half-tones may be expected to cost somewhat more than the rates given, the
increase depending upon the number of cuts and the amount of work required upon them.

Number of copies

Letter-press, for 4 pages or less

Letter-press, for 8 pages or less

Letter-press, for i5 pages or less

Single plates (l double =: 2 single) . . . .

Covers, with title (paper like Gazette cover)

.

100 150 300

$2.00 I2.25 $2.50

2-75 3-15 3-So

5.00 5.80 6.50

I-3S 1.70 2-00

2.00 2.50 3-00
i

1

Manuscripts.— Contributors are requested to write scientific and proper names with particular care

and in citations to follow the form shown in the pages of the Gazette. Manuscripts should be sent to

Editor of the Botanical Gazette, The University of Chicago, Chicago, III,

Books and Pamphlets for Review should be sent to the same address.

Missing Numbers will bereplaced/r<f^ only when claim is made within thirty days after receipt of 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

be remitted to our foreign agents.
Ail remittances should be made payable to the order of The University of Chicago,

All correspondence regarding subscriptions, advertisements, and bills rendered, should be addressed t«

The University of Chicago Press, Chicago, 111.

[Entered at the Post-Office at Chicago, III,, as fecond-clais mail matter.]
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THREE MONTHS' TRIAL OFFER

CtDofolti proposition:

beautiful Sent with Three
Photo-Engraving Months' Trial

the Garden Subscription
Gethsemane Biblical World

CENTS

vo

an

BIBLICAL WORLD is a monthly magazine

to the interests of students of the Bible

an indispensable aid to clergymen, Sun-

day-school teachers, and Y. M. C. A. conductors.

.\s a special inducement to interest new readers

the BiblicalWorld, the publishers offer to send

prepaid as a premium a photo-engraving 11x9
inches of the Garden of Gethsemane suitable

for framing. This offer is made for a limit-

ed time only and should be accepted at

University of
Chicago Press.

Gentlemen :

Inclosed find

2S cents, for which
please enter my sub-

scription for the Biblical

Worldforthree months, and
send at thesayne time the photo-
engraving of the Garden of
Gethsemane.
Name ^

once. picture will sent

Address^ ^State,

present subscribers free of charge
r

STS2 Ellis Avenue, CHICAGO

\

\



Cbc Cbristmas
Century

'T^HE Christmas number of The Century Magazine is such a
-- splendid, all around Holiday issue that one could take a grreat

read. Here
detailing the contents,—more than

(.)
4i ff

Chree Important features
(Only three out of many)

Che Righ-Cdatcr JMark of Color Reproduction
Howard Pyle's superb paintings, illustrating "The Travels ot

the Soul." This is what Mr. Pyle wrote to The Century Co.
when he saw the proofs:

'*! wish to express to you my great and sincere admiration for the
way in which you have reproduced my pictures, I had never hoped to

have such really great results. . < . It appears to me that if you print

the magazine at all like the proofs, you will have reached the high-water
mark of color reproduction. Very sincerely yours,

(Signed) Howard Pyle/*

And there are other color-pictures in the number, with beautiful

illustrations in black and white.

{z) first Chapters of a J^ew Story by the Huthor of
u
JMrs^ CCliggs of the Cabbage patch
For seven consecutive months one of the six most popular books

in the United States has been *' Mrs. Wiggs,"—and with reason,

for it is a book that does the reader good,—you go and get halt

a dozen copies and send them to your friends. " Lovey Mary,^

Miss Hegan's new story, has all the charm of " Mrs. Wiggs," and

that lady herself is one of the characters. It begins in this num-
ber and will continue for four months.

(3) 3 JMost etilightening Hrticle on
Che dnited States Steel Corporation

truthful

Trust

it carries on its business. enry

one of an important series which The Century is printing on the

different so-called Trusts.
These three features alone are

enough to sell the Christmas Century,

^^0 ^llbm!rth^1^ ^^^^ begin their yearly subscription with this Christmas
«.w v^uvowi iwi o

j^^jj^^gj. ^yiii receive the November number free of charge,

and so begin the volume and ALL THE SERIALS. Price $4.00.

rbe Cer.tury Co., anion Square, )Hct^ Y^rk
#
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Catalogues New
At very LOW prices issued monthly and mailed ^y

FREE on application ^^

Second-hand Books
COATS OF ARMS of prominent American families

Plain and in colors Send for list

PAUL DuCHAILLU'S THE VIKING AGE
Two handsome volumes 8vo, cloth, gilt, 1181 pages.

Published by Scribner, N. Y., at $7.50 {Neiv),
Net, $3.75

The early history, manners and customs of

the ancestors of the English-speaking nations,

illustrated from the antiquities discovered in

mounds, cairns, and bogs, as well as from the

ancient sagas and eddas, with map and 1,366

illustrations.

KATHERINE SCHUYLER BAXTER'S A
GOD CHILD OF WASHINGTON;
PICTURE OF THE PAST
Illustrated with X50 portraits and views, photogravures
of rare originals, 410, cloth, gilt, 651 pages, N. Y.,

1897, Publisher's price $10.00 (^VVw). Net, $4.00

Great events, fine old manor houses scattered

through New York and other colonial states, as

well as their renowned owners and their friends,

valuable old letters and rare portraits relating

to the Revolutionary War and the War of 1812,

never before reproduced, go to make up the at-

tractions of the book to the present reader and
its value to the future historian.

SCHARF'S HISTORY OF THE CONFED-
ERATE STATES NAVY
Large 8vo, cloth, 884 pages, 73 illustrations, Albany,

1S94. Price reduced from $3.50 to Net, $1.50

From the laying of its first keel to the sinking

of its last vessel ; its struggle with the United

States navy; the engagements in the rivers and

harbors of the South and upon the high seas;

blockade running ; first use of ironclads, etc.

SIR C. WYVILLE THOMPSON'S VOYAGE
OF THE '* CHALLENGER"
Two volumes large 8vo, cloth. Published by Harpers,

N. Y., at $13.00 {New). Net, $3.00

The Atlantic ; a preliminary account of the

general results of the exploring voyage during

the years 1873 and the early part of 1876 ; with

many colored maps, charts and illustrations.

SENAT0;R JOHN SHERMAN'S RECOL-
LECTIONS Two volumes royal 8vo, cloth, gilt,

1274 pages, Chicago, 1895. Published price $7.50

{New). Net, $3.00. THE SAME in lull library

sheep. Published at $10,00. Net, $3.50. ALSO half

morocco, full gilt. Published at $12.00. Net, $3.00

Forty years in the House, Senate, and Cabinet.

Illustrated with photo portraits, views, fac-sim-

iles, letters, and with an analytical index.

JOS
EstablisHed 1870

Mcdonough. y« Olde BooKe Man
39 (Eti 41 Coltimbia Street, Albany. N. Y.

THE UNIVERSITY OF CHICAGO PRESS
Contributions Education

By JOHN D E IVE y. Professor and Head of Department of Philosophy in the University of

Chicago, and ELLA FLAGG YOUNG, Professor of Education in the University of Chicago.

The scries as a whole aims to effect the union of educational theory and practice in distinction from vague
enthusiasm, loose exhortation, and abstract theorizing. It endeavors to bring the discussion of actual school

practice to the test of the fundamental principles involved. These principles are derived from modem psy-

chology and social philosophy, and are stated in a simple and non-technical manner. The series will bring

\X^ readers into touch with what is vital in contemporary educational philosophy.

No. I. ISOLATION IN THE SCHOOL
i2mo^ paper^ net^ 50 cents - - -

Ho. a- PSYCHOLOGY AND SOCIAL PRACTICE

No. 3.

No* 4.

No. 5.

No. 6.

By ELLA FLAGG YOUNG
postpaid, S4 cents

By JOHN DEiVEY
postpaid^ 27 centsi2mo, paper, net, 23 cents - - .

EDUCATIONAL SITUATION -

izmo^ paper^ net^ jo cents - . -

ETHICS IN THE SCHOOL -

I2wff, paper, net^ 2jr cents

THE CHILD AND THE CURRICULUM
i2mo, paper, net, 2S cents - -

TYPES OF MODERN EDUCATIONAL THEORY By ELLA FLAGG YOUNG
I2mo, paper, net, 25 cents - - - postpaid, 28 cents
Price for series on one order to same address, net, fi^o,' postpaid, fi.bj

By JOHN DEIVEY
postpaid, S3 cents

By ELLA FLAGG YOUNG
postpaid, 27 cents

Postpaid, 28 cents By JOHN DEWEY

For Sale by Dealers
or iltilvmity CDlcago fxm, Ullnois
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Dining

Service Carte

OSES are always on

delicate china,

tableSj

silver add to the pleasure of a dinner

well cooked and daintily served

All the Season's Delicacies

at Very Moderate Prices

^^s&

OUR 8»ooo miles of rail-

road reach out from

Chicago, Peoria and
St. Louis to all the important

cities in the west and north-

vfest such as

ST. PAUL
MINNEAPOLIS
ORRAHA
KANSAS CITY
DENVER

If you are going to any of

these places or to the Pacific

coast, kindly let me send you
time tables and other iniorma-

tion about our train service-

P. S. EUSTIS,
Gen'I Pass. Agt., C. B. & Q. R. R,t

CHICAGO. ILL.

Correspondence
Instru tion

^£>e VXnivcvsifQ ot Chicago
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

materially shortened. The work offered includes courses in Theology, Philosophy, History,
Pedagogy, Sociology, the Language59 Literature, and Mathematics,

Circulars giving detailed information may be had by addressing

THE CORRESPONDENCE-STUDY DEPARTMENT,
The University of Chicago, Chicago, 111.

S>onnellc^
Zbe XakeeWe press

PRINTERS AND BINDERS
THE PRINTING OF BOOKS DEMANDING TASTE AND CAREFUL EXECU-
TION, PRIVATE EDITIONS, COLLEGE CATALOGUES AND ANNUALS A
SPECIALTY. WE PRINT MORE FINE BOOKS THAN ALL OTHER HOUSES
WEST OF NEW YORK. OUR NEW FACTORY. RUN ENTIRELY BY ELEC-
TRICITY, IS THE MOST ADVANCED PRINTING PLANT IN THE COUNTRY.
THE LAKESIDE PRESS BLDG., PLYMOUTH PLACE, COR. POLK, CHICAGO.
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Every Botanist
Should be familiar with

the prominent works of

GEBRiJDER BORNTRAEGER
PUBLISHERS

Botanische UnterSUChungen* S. Schwendener zum lo. Febmar 1896

dargebracht. Mit Bildniss Schwendeners, 14 Tafeln und 45 Textfiguren. Lex.-

Octav. ' Broschirt 25 Mk., in Halbfranz 28 Mk.

Enthalt werthvolle Arbeiten von Schulern Schwendeners : Haberlandt^ Volkens^

Schumann^ Reinhardt^ Kolkwitz^ etc.

Hilfsbuch fiir das Sammeln parasitischer Pilze mit Beruck-

sichtigung der Nahrpflanzen Deutschlands, Oesterreich-Ungarns, Belgiens, der

Schweiz und der Niederlande nebst einem Anhang iiber die Thierparasiten von

Dr, Gustav Lindau, Kustos am Konigl. Botanischen Museum und Privatdo-

cent der Botanik an der Universitat Berlin. Taschenformat. Dauerhaft gebun-

den I Mk, 70 Pf.
r

„ . . . . Auf den kryptogamischen Exkursionen, die ich seit mehreren Jahren

?nit meinen Zuhorern iinternehme, hat sich mir oft der Mangel eines Baches fuhlbar

gemacht, das in kurzester Form die Ndhrpflanzen und die auf ihnen beobachteten Ptlze

auffuhrt

Wie das Buchlein aus den Bedurfnissen der Praxis hervorgegangen ist, so soh

es auch ausschliesslich praktischen Zwecken dienen (<

Hilfsbuch fiir das Sammeln der Zoocecidien mit Berucksichti-

gung der Nahrpflanzen Europas und des Mittelmeergebietes von G. Darboux,

Professor der Zoologie an der Universitat Lyon und C. Houard, Assistant am

botanischen Institut der Universitat Paris. Taschenformat. Dauerhaft gebun-

den 2 Mk.

Mit Hilft

ofc Galle wieder-

fifiden, und zweitens sollihm das Buchlein bei gegebener Pfli
anfuhren, die aufjener Pflanze vorkomnien.

Write for free Catalogue; postpaid. Address:

Gebriider Borntraeger, Publishers J

Berlin, S. W. 46

Dessauerstrasse 29.
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AS IT ENTERS UPON ITS

FREE
A large

OCTAVO

VOLUME
or

824 Pages

To all NEW
Subscribers to

THE LIVING
AOE for the
year 19i>3 there
will be sent
FREE, until
the edition is

exhausted,
THIRTEEN
WEEKLY
ISSUES for the
three months,
October,
November and
December,

SIXTIETH YEAR AND 236TH QUARTERLY VOLUME
still maintains the high standard of literary excellence which has
characterized it from the beginning. It presents in an inexpensive
form, considering its great amount of matter, with freshness, owing
to its weekly issue, and with a satisfactory completeness equalled

by no other publication, the best Essays, Reviews, Criticisms, Serial

and Short Stories, Sketches of Travel and Discovery, Poetry, Scien-

tific, Biographical, Historical, and Political Information, from the vast

field of Foreign Periodical Literature.

The following list includes some of the writers represented in a single year's

numbers of The Living Agb
Algernon Charles Swinburne, Sir Gilbert Parker,A.T. Ouiller-Couch,The Bishop of Ripon,

Augustine Birrell, Mrs. Alice Meynell, W. B. Yeats, Andrew Lang, Katharine Tynan, Max-
well Grav, Sidney Lee, Herbert Paul, Sir Edwin Arnold, Edmund Gosse, George Meredith,

Fiona Macleod, Maurice Maeterilnck, Hilaire Belloc, Sir Wemyss Reid, John Buchan, Sir

Rowland Blennerhassett, Eugene Melchior de Vogue, Leslie Stephen, Lord Rosebery, Paul

Bourget, W. L. Courtney, Professor Edward Dowden, Henry Lawson, Arthur Christopher

Benson, Max Beerbohm, Jane H. Findlater, Owen Seaman, W. E. Henley, The Hon. H. H.

Asquith, Pierre de Coubertin, William Watson, W. S. Lilly, Maxine Gorky, G. M. Trevetyan,

Sir Lewis Morris, John Morley, Emily Lawless, Theophile Gautien Prince Kropotkin.

PUBLISHED EVERY SATURDAY
And giving about 3,300 Pages a Year of the Best Literature.

Permanent Value.
Popular yet of

Subscription Price^ $6.00 a Year. Single Number^ IS Cents

TH
P. O. Box 5206

LIVING AGE COMPANY
\3% BROMFIELD STREET, BOSTON

When calling please ask to see Mr. Grant

LIBERAL DISCOUNT

AROUND THE CAPITAL

.^

BEFORE BUYING BOOKS
WRITE FOR QUOTATIONS

An assortment of catalogues and special

slips of Books at reduced prices

sent for lo-cent stamp

V

TO THE READER
Please renfiember that whenever you need a Book, or
any infonnation 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 either case I will make you Special prices.

F .

Mention this advertisement and receive a discount

'•r;-

UJ

V

^
\

\

contains more facts

and faces (all of the

Members of Cong-
ress and others) than
any other book yet

published. It is the

busy man's book.
Although being cur-

rent history in con-

densed form, it is

constructed on the

theory that it is far

better to laugh than
to weep ; and the au-
thor, realizing that

information coming
in a pleasant guise

is ways lasting and
beneficial, bel leves
its mission to amuse
will be doubly en-

hanced by its power
to instruct.

For Sale by All

Booksellers or

mailed, postpaid, to

any part of the
world on receipt of

price. Cloth, $2.00;
Half Morocco, $3.00;
Full Morocco, $5.00.

THE] NUTSHELL
PUB. CO.,

DEPT 6.

Fifth Avenue r

New Tork.
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Methods Plant Histology
By CHARLES J. CHAMBERLAIN, A.M., Ph.D., Instructor in Botany in the University of Chicago

CONSTANT HELP Teachers and Students of Botany

CONTAINS DIRECTIONS FOR COLLECTING AND PREPARING
PLANT MATERIAL FOR MICROSCOPIC INVESTIGATION

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 assist-

ance of an instructor in a fully equipped laboratory, 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-

tipns 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-

ing of karyokinetic figures, because the student who masters this problem will find little difficulty

in differentiating other structures. Formulas are given for the reagents commonly used in the

histological laboratory,

i6o pp., 8vo, illustrated, cloth, {net) $1.50; postpaid $1.59

For sale by dealers or by the publishers

The nive Chicago Pre Chicago, Illinoi

[JUST PUBLISHED]
Send 12 cents, U. S, stamps, for

Wm. Wesley& Son^s Botanical Catalogue, 1901

Being

No. I37-J38of

CONTENTS

:

Transactions of Scientific Societies Periodicals

THE
NATURAL
HISTORY and

SCIENTIFIC
BOOK
CIRCULAR

BOTANY
More than 3300 works^

classified under 42

headings

104 pages

Bibliography History Biographies and Portraits

Hcrbals Early Botanical Science Linnaeus

Handbooks

Microscopy Morphology and Physiology

Nomenclature

Fossil Plants

Encyclopaedic works Classification

Cryptogams Phanerogams

Natural distribution of Plants (Floras)

Agriculture and Horticulture to the end of the J 8th century

Gardening Landscape Gardening

The Flower and Ornamental Garden

Husbandry Tropical Agriculture Commercial Plants

Medical Botany Forestry Diseases of Plants

William Wesley & Son, Booksellers1

28 Essex Street, Strand, London, England
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PLANT NAME
Scientific and Popular
B y A. B- LYONS, M. D.

(

T^HE most complete and authentic Botanical
-*• synonym book yet published in the United
States. More than 2000 genera and fully 4000
species of plants are included. The index contains
more than 13000 titles. The American botanist*s
library is not complete without it.

Published by NELSON, BAKER & CO., Detroit, Mich.

Will be sent by the publishers to any address on receipt of
the price, $2.50

The University Chicago cennial Publications I

FIRST SERIES. The First Series consists of ten volumes represenling the work of research
Departments of the University- These articles are also issued in separate form as reprints

SECOND SERIES. The following octavo volumes of the Second Series are announced

:

of the several

Size, quarto.

The Life and Repentaunce of Marie Magdalene
By Lewis Wager. A morality play reprinted from the

original edition of 1566-67. Edited, with an Introduction,
Notes, and Glossaria! Index, by Frederic Ives Car-
penter, pp. xxxv + gi, doth, net^ $x.oo; postpaid, $1.08,

The Second Bank of the United States
By Ralph H, C. Catter^vlu 538 pp., cloth, net, $2.00;

postpaid, $2,25.

The Poems of Anne Countess of Winchilsea
From the original edition of 1713 and from unpublished

manuscripts. Edited, with an Introduction and Notes, by
Myra^ Reynolds, pp. cxxx + 350, cloth, «<r/, $2.50; post-
paid, $2.65.

Assyrian and Babylonian Letters. Belonging to the
Kouyunjik Collection of the British Museum, with an
Introduction on the Letter Literature.

By Robert Francis Harper, pp. xvi + 142, cloth, net,
$6.00; postpaid, $6.12.

Light Waves and Their Uses
With 108 drawings and three colored plates. By Albert

A. MiCHELsoN. (In press.) 164 pp., cloth, net, $2,00;
postpaid, $2.15.

La Perfecta Casada
For el M^STRO F. Luvs de Leon. Texto del Siglo XVI,

Reimpression de la tercera edicion, con vanantes dc la
primera, y un prologo. For Elizabeth Wallace. (In press}.

The Role of Diffusion and Osmotic Pressure in Plants
By Burton E. Livingston. (In press).

Legal Tender. A Study in;English and American Mone-

tary History.
By SopHONJSBA p. BreckenridgE. (In press).

A History of Greenbacks. With Special Reference to the

Economic Consequences of their Issue.

By Wesley Clair Mitchell. (In press).

Studies in Logical Theory , ^^t,^„
Edited by John Dewey, with the co-operation of memcer:.

and fellows of the Department of Philosophy. (In preparation;.

Lectures on Calculus of Variation
By OsKAR BoLZA. (In preparation).

Studies in General Physiology
Sy Jacques Loeb. (In preparation).

The Finality of the Christian Religion ^

By George Eurman Foster. (In preparation;.

The Study of Stellar Evolution
By George E. Hale. (In preparation).

Predecessors of Goethe in lUly in the Eighteenth Centoiy

By Camillo von Klenze. (In preparation).

Glacial Studies in Greenland ,

By Thomas C. Chamberlain. (In preparation;

-

The Place of Apocalyptic Messianism in the Teaching

of Paul
By Shailer Mathews, (In preparation).

\

UNIVERSITY OF CHICAGO PRESS, CHICAGO, ILL-



vin Modern Rloquence
E publication of Modern Eloquence (ten handsome library

_ _ .
volumes) is an event of premier importance. For the

first time the best After-dinner Speeches, Lectures, Addresses,

Anecdotes, Reminiscences, and Repartee of America's and
England's most brilliant men have been selected, edited,

arranged, by an editorial board of men— themselves eloquent

with word and pen—who have achieved eminence in varied

fields of activity.

These gems of spoken thought were fugitive from lack of

THOMAiS B. RKED proper preservative means until the Hon. Thomas B. Reed,
Editor-in-CKief upon voluntarily retiring from the Speakership of the House

of Representatives, gathered about him these men of mark and
experience in literature, his friends and co-workers in other fields, and began the task

of preparing this great work. North, East, South, and West, and the Mother Country as

well, have been searched for gems in every field of eloquence.

Here was a lecture that had wTOught upon the very souls of great audiences ; there

an after-dinner speech, which ''between the lines" was freighted with the destinies of

nations. Here Avas an eulogy expressing in few but virile words the love, the honor,

and the tears of millions, and there an address pregnant with the fruits of a strenuous

life's work. Or, perchance, a reminiscence, keen, scintillant repartee, or a story potent

in significance and aflame with human interest. Matter there was in abundance, for

English-speaking peoples are eloquent, but the best— only the great^ the brilliant, the

worthy to endure, has been the guiding rule of Mr. Reed and his colleagues. Their

editorial labors have been immense.
Whatever the viewpoint, this work is without precedent. It has no predecessor, no

competitor. Speeches that have been flashed across continents, lectures that have been

repeated over and over again to never-tiring audiences (but never published), addresses

that have made famous the man, the time and the place— these are brought together

for the first time, and with them a large number of the wittiest sayings of the wittiest

men of the nineteenth century.

For an hour— for a whole evening in the easy chair at home— for the study of

style and diction that have electrified brilliant assemblies— for the man ambi-

tious to become a successful or popular public speaker, and for the om
has to prepare a toast or an address— this work is a never-failing source

charm and inspiration. Nor is this solely "a man's work." "The ten- X Portfolio

derest tribute to woman I have ever read," said Senator Dolliver when
he read the manuscript of J
'*The Pilgrim Mothers." / Morris ^ ww-

MODERN ELOQUENCE is sumptuously published in ^ Philadelfhia

10 octavo volumes, but moderately priced. To properly <^ (r^«^/^«*«.'Kererringtoyour

present this electric library, Portfolios comprising Table ^,< ^:S:t:^':,t^:^S^^^
Of Contents, fine photogravures, chromatic plates, ^ ishaii be pleased to reccWc portfolio ot

sample pages, and other interesting material have <& sample pages, photogravures, and chro-

been prepared. One of these portfolios with / ^^^^^^ p^^^^^ ^^^ ^"^^ particulars regarding

full particulars regarding bindings, prices, ^ bindings, prices, etc.

terms, etc., will be mailed on application. / Name

~ Mail A ddress

JOHN O. MORRIiSCS^C O.t

[A 86]



The Journals of the University of Chicago

BEING THE DESCRIPTIVE LIST OF ONE WEEKLY, FIVE

MONTHLY, ONE BI-MONTHLY, THREE QUARTERLY,
AND ONE SEMI-QUARTERLY PUBLICATIONS J^ ^ ^

THE BIBLICAL WORLD
Edhed by President W, R. Harper, A popular illustrated

monthly magazine. Subscription price, in the United States,

$2.00 a year; foreign, $2.50; singfle copies, 20 cents.

The Biblical World is 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, $3.00; single copies, 20 cents.

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.

, with illus-

tates, $4.00

TEE BOTANICAL GAZETTE
Edited by John M, Coulter. Published monthl

trations. Subscription price, in the United ^

a year ; foreign, $4.50 ; single copies, 40 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.

XH£ 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 \% 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 AMERICAN JOURNAL OF SEMITIC
LANGUAGES AND LITERATURES
Edited by President Wiluam R. Harper. Published quarterly,

Subscription price, in the United States, $3.00 a year; for-
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 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.

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, $3.50; 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, %ajoo a

year; foreign, $4.50; 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. Laurknck Laughlin. Published quarterly,

Subscription price, in the United States, $3-oo » Y^ar; for-

eign, $3.40; 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
Editeded by the Divinity Faculty of the University of ^}^^^^%^

Published quarterly. Subscription price,in theUmted^btates,

$3.00 a year; foreign, $3-5°; single copies, 75 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 ELEMENTARY SCHOOL TEACHER
Edited by The University of Chicago School of Educatjot,

John Dewey, Director. Mrs. Ella F. Young, Mana|")^

Editor. Published monthly, except in August and »e|^

tember. Subscription price, in the United States, $1.5°

year; foreign, $3,00; single copies, 20 cents.

A monthly periodical for teachers, principals,

and superintendents. Each number contains prac-

tical plans for teaching in every grade from tne

kindergarten through the eight grades and inc

pedagogic schools.

THE UNIVERSITY RECORD
Edited by the Recorder of the University. Published monthly

Yearly subscription, $1.00; single copies, 10 cents.

The University Record is the official monthly
piib-

lication of the University of Chicago

FREE ON REQUEST ADDRESS

THE UNIVERSITY OF CHICAGO
PRESS\3t^ CHICAGO, ILLINOIS



BARNE5 LATE5T BOOKS
Contains more than one hundred illustrations in

color and black-and-white from original sketches by
the author. In this book we see through the eyes of a

trained artist some of the fairest spots on the face of

the globe. Includes part of the East Indies, the

Philippines, Japan, and a journey home through
Manchuria, and Siberia in flower-time. The book is

full of sunshine, humor, and an artist's delight in

the beautiful countries visited.

This book reveals places and things unknown to

people of leisure, travellers, and even newspaper
correspondents. It is unique because it represents

Morocco the Real, the Oriental, the Esoteric. It is a

romance with the true spirit of adventure.

An exquisite study of nature, with a touching love

story intertwined. A beautiful holiday gift

"The author has that tender, almost feminine touch with

his characters that marks the exquisite grace and re-

finement of James Lane Allen."

—

Minneapolis Times.
i^VT^TL""

A notable characteristic of " Home Thoughts " is that

they appeal to everyone. They are particularly valuable

as gift-books, **The product of keen observation,

tender sympathy, and dexterous literary composition."

Two on Their Travels

Mrs. Archibald R. Colquhoun

8vo. Beautifully Illustrated. $J.50 net

Hidden Manna
A Romance of Morocco. By A. J. Dawton

Author of "African Nights Entertalnmeats,"
etc i2mo. $1.50

THE LOVE STORY OF
ABNER STONE

8vo.

By Edwin Carlile LItsey
$1.20 net (postpaid $1.39)

HOME THOUGHTS
First and Second Series

By 'X" (Mrs. James Farley Cox)
Theset,2vols. : $2.40 «^/,* half calf, $6.00 net

BARNES CO., Fifth Avenue, New York

The Velocity of Light
(preprint from the university of CHICAGO
DECENNIAL PUBLICATIONS, VOL. ix)

By ALBERT A. MICHELSON,
Professor and Head of the Department
of Physics in the University of Chicago

PROFESSOR MICHELSON'S researches

on this subject while at the United States

Naval Academy attracted wide attention

among physicists. Following the line of his

early experiments he now describes a new
method by which the velocity of Hg^t, the

accurate determination of which is of such

great importance in physical and astronomical

research, may be measured with a very narrow

margin of error. .• .• .' : : : .' .' .'

12 pages, 4to, paper^ with illustrations^

net 2J cents : : Postpaid, 27 cents

FOR SALK BY DEALERS OR

The XTniversity of Chicago Press
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USE

AN IDEAL
CHRISTMAS
PRE.SE.NT

Useful. Reliable. Attractive.

Various Styles of Binding.

The New Edition has 25,000 new
words. 3364 pages. oOOOiilustrations.

LET US SE-ND YOU FREE.
"A Test in Pronimclation " which
atfords a pleasant and instructive
evening'''s entertainment.

Illu8trate<l pamphlet also free.

G. 6 C. Merrlam Co., Puba-t
Springfield, Mass.
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A MORPHOLOGICAL STUDY OF CERTAIN
ASCLEPIADACEAE.

CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY.
XLI.

Theodore C. Frye. I1\

(with PLATES XIII-XV)

In a previous paper (7) the results of a study of the pollen

of certain Asclepiadaceae were published, and during that investi-

gation the remarkable structure of some of the floral organs

attracted attention, Thepresent paper is the result of their study.

The species studied were Asclepias Cornuti Dec, A. Stdlivantii

Engelm., A. nibra L., A. phytolaccoides Pursh, A. tuberosa L., A,

incarnata h.^ A. obtusifolia M i ch x. , A. verticillata L. , Acerates

longifolia Ell., and A. viridtflora Eaton. The material was all

collected in the vicinity of Chicago, and in the field plunged into

weak chromo-acetic acid. The safranin, gentian-violet, orange

combination proved to be the best stain for critical work,

although it was often better to omit the orange. The stages

were most completely followed in A. Cormiti, and the following

account applies to it unless otherwise stated. The chief diffi-

culty lies in the small size of the embryo sac. A, Sullivantii

is a better form, since it has a larger flower, but it was not found

in time for young stages. The other species were examined for

comparison, and show essential similarity; but any important

disaa^reement is noted.

The family has received considerable attention, but aside
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from taxonomy most of it has centered about the latex and the

poUinia. Chauveaud is the only recent writer who has examined

the embryo sac. The latex will not be considered in this paper,

except incidentally ; and pertinent literature will be noted under

the different topics. Schacht (lo) states that in A, CormitiWv^

primordia of each set of floral members arise simultaneously and

separately, while the sets arise in centripetal succession. Chau-

veaud (3) reports the centripetal order in CynMichiirn L. {Vin-

cetoxictim Moench). Payer ^ is referred to in this connection,

but his book was not accessible.

From the upper surface of the somewhat swollen mass of

meristematic tissue destined to bear the flowers of the umbel

many hemispherical projections arise, each of which gives rise

to a single flower. The outer ones are the first formed. This

agrees with the centripetal order of opening of the buds in the

umbel. Each flower grows from the axis of a bract which

slightly precedes it in origin. One might expect that a careful

investigation of an hypogynous, apocarpous, actinomorphic,

almost polypetalous flower would reveal its acyclic ancestry, but

in no case could any precedence be noted among members of

the same set, nor any confluence of primordia. The umbels in

A. tuberosa are terminal, as shown by longitudinal sections

tlirough the stem tip {jig. 7), and the same is probably true of

the other species.

About the time the carpels appear, the calyx begins a growth

of epidermal hairs {Jig. 2), mostly on the dorsal surface. Later,

when the sepals are reflexed, hairs are also formed on their ven-

tral surfaces, which are then exposed. The sepals are reflexed

with the petals at the time of the opening of the bud, but after

the latter drop off, the former fold tightly up against the carpels.

In this second closing their function is again probably protec-

tive. The reflexion of the sepals and petals seems to be due to

turgescence of cells on their adaxial sides near the base. It is

suggested that perhaps the exposure of the adaxial surface of

the basal part of the sepals, due to the dropping off of the

corolla, causes loss of turgescence and consequent infolding.

'Traitd d'organog^nie comparee de la fleur. Paris. 1857.
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The glands do not seem to have been observed by Schacht

(10), although they are easily seen with a hand lens. Chauveaud

(3) saw them within the calyx of Cynanchum, and gives their

structvire and formation without attempting to explain their

function or stating their number. Schumann (11) in charactei-

izing the genus Asclepias says the glands within the calyx are

paired or single, but makes no mention of their occurrence else-

where on the plant.

In all the species studied, between the calyx and corolla and

alternating with the members of the former, groups of glands

were found. In the mature flower there are from one to six in

each group, the number and size varying even in the same flower.

Usually they are side by side {^fig> 5), but sometimes they are

radially placed {fig. <5). They are also scattered singly on the

swollen top of the common peduncle. Near the base of a bract

of the involucre on its adaxial surface as many as a dozen may
be found

{fig. 7). Dr. H. C. Cowles called my attention to

their presence in A. Sidlivantiiy in the axils of the leaves, and

and also near the base of the lamina on the adaxial surface of

the midrib. I have observed them at the latter point in her-

barium specimens oi Asclepias speciosa, A. exaltata, A, Sullivantii^

A. Cornutiy A. jalisca?M, A, arenaria, and would not be surprised

if careful examination revealed them in many others.

Taking the development of the glands inside the sepals as an

illustration, they appear about the time the carpels begin to

show, but on other parts of the plant they appear earlier. At

first there is only one representing each group, and it arises from

the sepal on its adaxial surface quite near the base and lateral

edge. Later others appear on each side of the first and thus

the group is formed. The middle (oldest) ones usually remain

the largest. In their formation {figs. 3, 4) the division of the

hypodermal cells forms a protuberance of isodiametric cells over

which the epidermis continues. The elongation of the interior

cells then increases the length of the protuberance, while the

epidermal cells elongate radially over the whole or a part of the

surface and function as gland cells, as is shown by their deep

stain, volume of protoplasm, and large nuclei {fig. 8). These
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glands are almond-shaped, the flattening being due probably to

pressure, since those on the end of the common peduncle are

cylindrical. The base is more or less narrowed into a stalk
;

and those in the axils of the bracts are two or three times as

long, proportionally narrower, and more distinctly stalked.

Sometimes the epidermis at the tip is not glandular. Some of

those on the end of the common peduncle are as much as iioo^t

long including the stalk. They remind one here of multicellular

glandular hairs. The evidence as to the function of these

glands is negative. Their distribution and early appearance pre-

cludes the idea of any connection with cross pollination. I have

never seen an insect pay any attention to them, although I have

often watched for it.

Chauveaud (3) reports that in Cynanchum the corolla, after

some elongation, unites with the stamens, but later becomes free.

The petals of the species studied are not at anytime united with

the stamens, although a transverse cut through a bud at an early

stage gives such an appearance, because the organs are closely

appressed and cut at an angle. At base the corolla forms a short

tube, which has probably arisen as a ring from the receptacle.

The dorsal surface bears stomata and becomes hairy ; and the

ventral surface just before the bud opens becomes papillose.

The stamens have been much studied. Schacht (10) gives a

figure showing the beginning of hood and horn in A. Cormiti,

Corry (4) traces the detelopment of the wings in the same spe-

cies. He also follows the development of the sporangium,

wrongly deriving it from a single sporogenous cell. Chauveaud

(3) traces the development of the stamen of Cynanchum with

its hood or horn, and describes some features in the development

of the pollen. Strasburger (14), Gager (8), and the writer (7)

have given the history of the microspores. Stephens (13). how-

ever, seems to have seen the tetrad divisions ; and from an unpub-

lished paper now in my hands it seems that Miss Langley, now

deceased, of the University of Michigan, traced correctly the

pollen formation in 1S97.

The stamens and petals early arise from a common ring

slightly elevated above the insertion of the other sets. From
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the reflexion of the epidermis where the two whorls unite, and

from the meristematic character of the cells composing the ring,

one is led to conclude that it is of toral origin. The whole

stamen in its older stages shows a remarkable tendency to form

intercellular spaces, the tissue resembling the spongy parenchyma

of a leaf.

The filaments unite to form a ring about the carpels. By
their growth upwards against the head the anthers are pushed

into a lateral position {figs. g-ii). At five points, corresponding

to the five lines along which the filaments have united, they do

not fit up against the head so tightly. These are the gateways

to the stigma.

At the base of the united stamens are two spaces somewhat

tetrahedral in form, bounded by the stamineal ring and the two

carpels. The general tendency towards the formation of loose

tissue expresses itself here in the formation of two protuber-

ances from the base of the stamineal ring, filling these spaces

{fig's. 20, 2iy They are large enough to be seen easily with the

naked eye and might be taken for rudimentary carpels, but their

late appearance and the bulging of the stamineal tissue into them

reveals their origin. Eichler (6) figures diagrammatically what

he calls disk glands in a similar situation in Vinca minor. But

these projections in Asclepias, while easily mistaken for glands

under a hand lens, do not give the dense stain obtained in other

glandular tissue of the flower.

Just before the ovules appear, when the pollen has reached

the mother-cell stage, the filament pushes out on its dorsal side

a crescentic protuberance whose convex side is towards the base,

and in whose concavity a papilla appears {fig^ 16). The cre-

scentic projection is destined to become the hood, and the

papilla the horn. The young hood and horn are meristematic

at the tip. Spiral vessels appear in the one bundle of each sta-

men about the time the hood begins to grow. These bend,

forming a loop in the hood as it grows larger. When the latter

has reached its full development, the vessels extend seven-eighths

of the distance to the tip and bend sharply back upon them-

selves [fig, 18), The vessels in the filament must have increased
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their length, after thickenings had been formed, to at least fifteen

times. Whether this was due to the formation of new cells or

to the elongation of those present was not determined with cer-

tainty, but I am strongly inclined to believe that both things

occur. One finds scattered short cells with very close spirals

not yet well marked, beside them may be long cells with spirals

so long drawn out that their spiral nature is almost lost, the cell

walls perhaps even disappearing, the whole showing disorganiza-

tion. In fact, all the stages in the ontogeny of a vessel may be

found in a single longitudinal section of a forming loop. This

makes it appear that the spirals form while the cells are not very

greatly elongated ; that the elongation of the cell takes place

by the widening of the part of the wall between the spirals,

due either to growth of the cell or to tension arising from the

growth of the surrounding tissues ; that when the cell has become

extremely elongated it collapses and disorganizes, while several

cells beside it have meanwhile formed spirals, thus preserving

the vascular continuity. Since there is only one bundle in a

stamen, the nutrient solutes would find it necessary to pass to

the anthers by way of the tips of the hoods. There is no direct

connection between anther and pedicel. The tissue of the inner

side of the filament forms aerenchyma, thus being able to keep

pace with the curving of the bundle without leaving any great

hollow. The mature hood is then largely composed of a tissue

resembling the spongy tissue of a leaf, but without chlorophyll

The horn is carried up some distance by the growth of the

hood, but has no connection whatever with the fibrovascular

bundle
{^fig. i8), as one is led to think from one of Schacht's

figures. It seems to be built by the division of the cells near

its apex, and the later transformation of its tissue into aeren-

chyma, for its whole interior is filled with very loose tissue

(/^- -^P)- I^ Acerates, as the name implies, there is no horn.

However, the bundle passes into the hood as in Asclepias, while

in Cynanchum (3) it simply curves into the base of it. The
direction of the bundle in relation to the hood may prove to be

of value in determining relations among the Asclepiadaceae.
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The hood and horn are known to enclose the nectar, but the

part played by the horn in pollination is not clear.

The formation of the anthers, with their wing-like projections

and two sporangia, as well as the development of the microspores,

has been worked out by the writers referred to above. In general,

the account is the same for all the species examined.

The development of the male gametophyte is pretty well

known. Corry (5) saw the generative and tube nuclei in A, Cor-

nuti, but supposed the larger to be the generative cell, Stras-

burger (14) found the small one to be the generative cell, and

the writer (7) found the same in A. tuberosa. Gager (8) observed

the first division of the microspore in A. Cormiti^ and the division

of the generative nucleus.

A. vcrticillata proved to be the best form for the study of the

pollen grain, and hence it is here taken as the type, although the

others agree with it in general features. The generative cell,

flattened out against the wall usually in lenticular or hemispheri-

cal form
{^fig, 22) and varying in size, soon loosens and approaches

the tube nucleus {fig. 2j). The two nuclei are greatly dif-

ferent in size and both have the chromatin in granular threads.

The generative nucleus usually has massed about it a quantity

of denser cytoplasm of finer structure and bounded by a definite

wall. The wall sometimes persists until division is complete

{fig. 26), and at other times division follows its resorption (figs,

24, 2s), The lenticular form is gradually changed to crescentic,

oval, or even spherical. The division forming two male ce

occurs about the time the buds open. It is not quite simulta-

neous in the same anther, although the amount of variation is not

great. In all cases observed, division occurs near the tube

nucleus. In fig. 25 eight chromosomes were counted, but not

with absolute certainty. Those in the vegetative cells of the

stamens are about the same in number, contrary to expectation,

but they are so extremely small that a definite statement is not

warranted. The condition of the cytoplasm in the pollen grains

of the same anther seems to vary. In some it is reticulated, in

others homogeneous. In almost all one finds groups of the

deeply staining bodies of undetermined nature {fig- 24). In

lis
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JL verticillata they are almost spherical The determination of

their nature has been left to Mr. Gager, who announces work in

progress on them. I have found bodies in yl. tuberosa in the

latex tubes resembling those in the pollen of that species in

staining properties and in form, thus adding weight to the food

theory. In some pollen grains there are single spherical bodies

of varying size, resembling those in the groups in their staining

capacity {fig. 25).

Concerning the pistil Schacht (10) states that the two carpels

roll in adaxially, each forming a loculus, while the fusion of their

tips results in the head (Corry's *' style table"). He also figures

an ovule showing a nucellus. Corry (5) has gone at length into

the formation of the head and especially into the origin of the

corpusculum and caudicules. Schumann, however, doubts his

conclusions. In regard to the development of the ovules almost

nothing has been done except in Cynanchum, in which Chauveaud

(3) reports that there is no nucellus, no integument, and only

one megaspore.

The arrangement of the carpels in relation to the outermost-

sepal seems not to be a constant one, although usually one is

opposite. The carpels remain separate except at their tips. The

loculus formed by the rolling in of the edges opens in the head

a short distance above the stigma. The cleft on the inner sur-

face is never completely lost.

Quite early, before ovules appear, before even the edges of

the carpels have rolled in to any considerable extent, the tips of

the carpels come in contact and begin fusion, forming the head.

This is about the time of the first division of the archesporium

in the anthers. The ends of the carpels enlarge enormously,

forming a somewhat spherical mass (the head) with a funnel-

shaped depression at the top, which is sometimes deep, some-

times shallow
{fig.

28'), The fibrovascular bundles of the carpels

flatten out, and by the juxtaposition of their edges form a hollow

cylinder in the center. At the apex the cylinder spreads, forming

a funnel. Corry (5) figures it doubling back towards the base,

but diligent search revealed no such case. The stigma has long

been known to be situated just beneath the head, although some
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writers have considered the head stigmatic. Corry (5), limiting

the term stigma to that portion fitted for the reception of the

pollen, naturally regards the head stylar. One is led to conclude

from his statements that he believed the tips of the carpels were

abaxially reflexed to the functional stigma, seeing an argument

for it in cases of the reflexion of the fibrovascular bundle. The
conductive tissue, however, does not follow the path which a

definite location in a recurv^ed leaf would give it; and if it is not

definitely placed in the carpel, its outcrop, the stigma, is not

more definitely located. Those who believed the head to be of

stigmatic origin thought the functional stigma to be under the

corpusculum. The question here is a phylogenetic one. Has
the stigma always been where it now is, the head developing

above it later ; or, teleologically speaking, has the stigma moved
to adapt itself to the modifications of the floral organs? The

papillose epidermis of the funnel-shaped depression in the top of

the head, the suggestion of conductive tissue in appearance of

the cells beneath this epidermis, the absence of a downward

curve in the tips of the bundles, and the continuation of the

conductive tissue above the functional stigma, all indicate that

the homologue of the stigma in other plants is the funnel. We
may then regard the head as an abaxial thickening of the style

immediately beneath the stigma. We would then have later the

formation of a new stigfma beneath the head, and the cessation

of functional activity in the one at the top. The strongest argu-

ment in favor of Corry's theory, however, and one not mentioned

I
by him, is found in the Apocynaceae. Here one finds stigmas

on the equator of a fusiform head, a stage between the terminal

stigma of the Gentianaceae and the subcapital one of the

\ Asclepiadaceae.

\ Incidentally, many of the stages in the formation of the

caudicules and corpuscula were observed and Corry*s account

(5) confirmed.

The conductive tissue lines the placenta and the canal that

forms the continuation upwards of the cavity of the ovary. Just

beneath the head it spreads out as a disk or funnel, reaching the

surface in a circle under the head (/^. 28), The stigma there-
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fore forms a band completely surrounding the head at that level,

but because the upward projections of the styles unite closely

with the head, the stigma is accessible only through the alar

chambers, corresponding to the intervals between the stamens.

The conductive tissue lines the canal to its end.

In the formation of the ovules rounded projections {^fig. 2g)

are pushed out in longitudinal rows, the lowest in each row being

the oldest. Before there is a distinct differentiation of funiculus,

one of the h^^podermal cells at the upper outer angle of the

ovule can be recognized by its larger nucleus and different stam

as an archesporial cell {fig. 2q). Occasionally one finds two or
m

three archesporial cells side by side {fig^jo), but in such cases

one seems to outgrow the others, for in no case was more than

one in its later well developed stage {fig. ji) found in the' same

ovule. The epidermal layer over the archesporial cell is the only

sterile part of the nucellus. Schacht (lo) figures a nucellus

projecting from the ovule like a papilla. Such forms I could

not find in A. Cornuti^ and they must be exceptional. By the

cessation of growth in the nucellus, and its continuation around

it to form the single integument, the nucellus comes to appear

deeply sunken {fig, J4), The nucellus is short lived, being very

soon replaced by the embryo sac. It seems remarkable that

there should be no nucellus or integument in Cynanchum as

reported by Chauveaud. If one takes the view that he over-

looked an evanescent nucellus his story accords well with that

in Asclepias and Acerates, his *' revetement protecteur tres epais

becoming the integument. Its appearance and manner of forma-

tion are about the same as the integument of the genera studied

The archesporial cell reaches a size equal in section to a

dozen of the surrounding cells. No parietal (tapetal) cell is

cut off, and by two successive divisions a row of four megaspores

is formed {figs. J2,jj). This does not always occur during the

same stage in the development of the integument, as sometimes

it occurs when the nucellus is not yet covered, and at other

times when the nucellus is deeply imbedded in the body of the

ovule. To avoid confusion the two cells resulting from the first

division of the archesporial cell will be called daughter cells*



I 1902] A MORPHOLOGICAL STUDY OF ASCLEPJADACEAE 399

Both daughter cells and megaspore will be numbered beginning

nearest the micropyle.

The number of chromosomes in the division of the arche-

sporial cell could not be determined. In the division of the

daughter cells of A. Stilliva7itii five were counted in several

cases, but not with certainty. There are approximately half as

many, however, as in the vegetative cells. The two daughter

cells do not always divide simultaneously. In A. tiiberosa only

one case of this division was observed, and in that they were

not widely separated in time, although the micropylar daughter

cell was the later to divide, and the spindle in it {Jig- 33) was

smaller. In A. Sulliva?itii many dividing daughter cells were

found, and in no case were the divisions in the same ovule

simultaneous. In some cases, however, the equality of the

megaspores leads one to think that this may sometimes be the

case. In the cases observed, the second daughter cell was

always the first to divide {Jigs. 3g^ ^o). The difference in time

appears to vary, if one may judge from the difference in devel-

opment of the third and fourth megaspores at the time of

division of the first daughter cell. Sometimes the third and

fourth megaspores have undergone little change when the first

daughter cell divides; sometimes one of the two has considera-

bly enlarged, usually the fourth ; and sometimes the third is

already largely resorbed
{fig^ 39^^ The fourth megaspore does

not always function as the embryo sac, but any one of the four

may, the relative frequency rapidly decreasing from the fourth

to the first. All were seen to form sacs in A. Sullivantii except

/fT\. and verv nrnh;ihlv that rould be found. The
{fig-

first was seen to form the sac in A, tuberosa {fig- 36). Occa-

sionally one finds two {fig-

that one is finally crowded out is evident from the absence of

more than one mature embryo sac in an ovule. The functioning

of other than the most deeply seated megaspore has been

reported before in several cases, but its frequency in A. Sidli-

vantii is rather remarkable. In perhaps lO per cent, of the

cases observed the fourth megaspore did not become the embryo

sac. In A. tuberosa and A. Cornuti the per cent, is much smaller.
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The resorption of the three arrested megaspores takes place

rapidly, so that one might easily overlook the stage completely.

In A, tuherosa the megaspores farthest from the functioning one

seems to be resorbed first {figs* 33, 36). One would suppose

that the nearest would be the first to disappear, for in the disor-

ganization of the surrounding cells those nearest are the first to

change. In A. Sullivantii^ from the cases of disorganization of

the third cell wliile the first and second are still in good condi-

tion, one gets the suggestion that before the first daughter cell

divides it offers greater resistance to disorganization than it does

fig^ e that the first daughter

cell before its division either aids in the disintegration of the

third megaspore or utilizes its space as the fourth absorbs it.

Among the Asclepiadaccae, therefore, we find one of the

strongest arguments for homologizing the row of four cells in

the ovule with the tetrad of microspores. It is known (7) that

in the formation of microspores each cell of a hypodermal

archesporial plate divides, forming a parietal and a primary spo-

rogenous cell. The latter without division functions as a mother

cell, which gives rise, with reduction of chromosomes, to a row

of four microspores, each of which develops a male gametophyte.

In the formation of megaspores usually a single hypodermal

archesporial cell does not divide to form a parietal cell, but

functions directly as a spore mother cell, giving rise, with reduc-

tion of chromosomes, to a row of four megaspores, any one of

which may develop a female gametophyte.

But what is the significance of the retardation in the division

of the first daughter cell ? No cases of the first preceding the

second are reported, and the question as to the origin of this

retardation becomes pertinent. In tetrad formation among the

pteridophytes the daughter cells divide simultaneously. The

possibility of a relation between the retarded division and the

suppression of functional activity In three of the four mega-

spores is suggested. If such a relation exists, there are three

possibilities :

I. The suppression of three of the four megaspores may

cause the retardation in division of the cell forming two func-
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tionless ones. This would presuppose some unknown cause

operating" to suppress three, probably the same which operates

to reduce the number of megaspores in heterosporous pterido-

phytes. It has been suggested that the central position of the

fourth megaspore gives it an advantage over its fellows in food

supply. If nutrition is obtained from the resorption of the sur-

rounding cells and the influx of food stuffs, this claim receives

added weight when it is remembered that the fourth megaspore

is nearest the point where the later formed vessels end. The

retardation would then be regarded as the beginning of the

suppression of a useless division, The apparent variation in the

relative time of division of the two daughter cells adds weight to

this view, and cases like figs, j8 and jg suggest that there may
be here a transition between the row of four and of three. If

one were to find a case like^^. j<J alone, it might easily be mis-

taken for an example of the formation of only three megaspores;

but from the size and appearance of the nucleus of the first

daughter cell, and from the fact that such stages must have been

passed by ^^. jp, it seems clear that the first daughter cell would

have divided again. But if retardation were more pronounced

in a case like fig. jp, one can readily see that resorption might

occur before the first daughter cell divides, and the condition of

three megaspores would be established. It is possible that in

some such way the reduction in numbers of megaspores took

place in those spermatophytes in which onl}' three or fewer meg-

aspores have been reported.

2. The retardation in the division of a daughter cell may cause

suppression of some megaspores. This would presuppose some

unknown cause for the retardation. The earlier division of the

second daughter cell would no doubt give the third and fourth

megaspores an advantage over the first and second, but it would

not account for the much more frequent predominance of the

fourth than of the third unless the relation to food supply were
+

again introduced.

3. Both retardation and suppression may be due to a common

unknowm cause.

That retardation in division resulted from loss of function
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seems to be the most satisfactory hypothesis at present. Since

no case of retardation in division of the second daughter

cell was observed, it would be interesting to know the relative

time of division of the two when the first or second megaspore

predominates. Since only one case of the division of the daugh-

ter cells was observed in A. tuberosa, no conclusions can be drawn

concerning the meaning of the smaller spindle in the first.

The embryo sac passes rapidly through the typical two, four,

and eight-nucleate stages {^figs. 42, ^j), and the usual ante-fertil-

ization stage of the sac is reached. Occasionally one finds more

than three antipodals {^fig. 45), but it is quite the exception, and

only once were fewer than three noted. The synergids resem-

ble the egg very closely in many cases and can be distinguished

from it only by the relative nearness of their nuclei to the micro-

Py^^ {.fiS^'43~4^) ' The number of cells at the micropylar end

was constant, although Chauveaud (3) figures five micropylar

cells in'the sac of Cynanchum,and believed that the five embryos

sometimes found were due to the fertilization of all of them.

The sac enlarges very rapidly, soon destroying the nucellus and

much of the surrounding tissue. In one case noted it had

replaced the surface of the ovule {fig- 44) ^ while in several

instances it had come near it.

In this connection it may be noted that in two ovules a tra-

cheid was observed near the base of the embryo sac and slightly

projecting into it, showing that the thickening of their walls had

occurred before the sac had reached its full development {fig*

48). In only two other genera of angiosperms has the occur-

.rence of tracheids in the nucellus been reported : in Castanea by

ss Benson (i), and in Casuarina by Treub (15)- The occur-

rence of a tracheid near to such a rapidly enlarging embryo sac

raises the question whether increased conduction had not been

the cause of its formation. That increased conduction leads to

increased formation of tracheary tissue seems evident from Voch-

ting's experiments with the potato and other tubers. That it

causes the formation of tracheary tissue where there has been

none phylogenetically there is no evidence except in the evolu-

tion of vascular from non-vascular plants. Could the tracheids

M
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radiating from the base of the ligule in Isoetes (12) have any

relation to those in the ovules of Asclepias? In any event, in

the ovule one would expect the formation of leptome rather than

of hadrome from such a cause. This throws us back upon Miss

Benson's (i) suggestion that this is an indication of a degenerate

chalazal vascular strand once extending into the nucellus. Judg-

I ing from the form and arrangement of the cells between the end

of the vascular bundle, which appears later, and the sac, the

tracheid is just about where the former, extended, would meet

the latter. That a primitive feature so nearly lost, even among
the lower Archichlamydeae, should appear among the Asclepia-

daceae seems remarkable, and suggests a doubt as to its primi-

tive character.

The fertilization of the Asclepiadaceae has long been a sub-

ject of interest. )

pollen tubes in the ovary and noticed that they were attached to

the ovules, but like all other botanists of his time he supposed

the tubes reached the ovary by way of the caudicules and the

head. According to Brongniart (2), Ehrenberg rediscovered the

tubes, but considered them permanent structures. He observed

that the tubes issue from the side of the pollinium, thus disprov-

ing the theory of fertilization through the caudicules, and leav-

ing the location of the stigma in doubt. Two years later Brong-

niart (2) properly located the stigma, and traced pollen tubes from

the pollinia into the style. Since he wrote before insect pollina-

tion had received much attention, he accounts for the develop-

ment of the pollen tubes within the anther by the passage of a

hypothetical liquid from the corpusculum into the pollinia by

way of the caudicules. Whether pollen tubes do sometimes form

within the anthers, or whether Brongniart was mistaken in the

location of the bursting pollinia is still a matter of doubt. Corry

(5) says that flowers artificially pollinated with their own pollen

remain sterile, although the tubes penetrate the style. He
observed one nucleus, probably the tube nucleus, enter the tube,

and traced the tubes to the ovary. Chauveaud (3) reports that

in Cynanchum he found pollen grains putting out tubes within

the anther. Gager (8) reports that in AXornutixXx^lvHo^ nucleus
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enters the pollen tube in advance of the male cells. He found

the tubes in the micropyle, and the two male cells, when they

reached the ovule, were still spherical and unaccompanied by the

tube nucleus.

The pollen tubes penetrate the stigma in a mass and pass down

the hollow of the style. All penetrate into the same ovary. The

tissue seems to be no obstacle, for they could get into the stylar

canal without such penetration by a slightly less direct route.

In the ovary they spread out, fan-like, over the surface, forming

a mat. To reach the micropyle a tube grows up between the

ovules, or when the ovules are somewhat isolated it follows the

funiculus, or even passes directly across the cavity to reach

its destination. Reaching the sac it usually passes along the

inner surface of the wall until it gets above the synergids,

where it seems to burst, discharging the contents for some dis-

tance into the sac. Sometimes one of the synergids is destroyed,

but there seems to be no regularity about it. In A, tiiberosa the

male cells are in advance of the tube nucleus and near the tip of

the tube when it penetrates the stigma {^fig. 47) ^
differing in this

respect, according to Gager, from A, Cormiti. In their passage

down the tube the male cells advance more rapidly than the tube

nucleus, so that the latter reaches the upper part of the ovary

about the time the male cells enter the embryo sac. The tube

nucleus goes no further, and may be found there after the endo-

sperm has begun to form. Experiments with tubes grow^n in

weak sugar solutions show, as one might expect from their deli-

cacy, that the tubes are very sensitive to changes in osmotic

pressure. By slight changes one can cause the contents to flow

back and forth in the tubes without injuring the walls. The flow

can be watched under a compound microscope. When the tubes

are burst by too rapidly decreasing the osmotic pressure on the

outside the rupture is always at the tip. This raises the question

whether in killed material much dependence can be placed upon

the position of the nuclei in the tube, either in reference to one

another or to the end of the tube. The killing fluid might easily

cause flowing and change in position, and the sensitiveness of

the delicate tubes to changes in osmotic pressure makes it seem
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probable that this often occurs. It seems that the normal burst-

ing of the end of the tube after penetrating the embryo sac might

be due to the same cause.

The polar nuclei have usually not fused when the tube bursts.

j

The antipodal one is somewhat below the middle of the sac,

while the micropylar one is usually somewhat above it {^fig. 48),

I

Before the polars have fused, one of the male cells unites with the

antipodal one, and about the same time the other male cell fuses

with the egg {fig- 48). The male cells are crescentic in form,

reticulated with granules, and not conspicuously unlike in size.

In one case a male cell was found fusing with the polars after

their union. This does not seem singular, however, when we

recall the method of pollination. Insect pollination requires

some range in time for the process. Fertilization may then occur

at different stages, or the embryo sacs must remain stationary in

the proper stage until the male cells arrive. But unfertilized ova-

ries show that the embryo sacs pass into the seven-celled stage

{figs, 4j, 44, 46)\ that is, the polars unite whether fertilization

has taken place or not. Again, the older ovules are nearer the

base of the ovarian cavity, while the pollen tubes enter in a

mass at the top. The younger ones it seems, in any given

ovary, would be fertilized first, with the result that fertilization

in different stages of fusion of polars would occur. In fact, the

literature of doubleTertilization gives us instances of fertiliza-

tion before, during, and after fusion of polars, but not all in the

same species. The fusion of a male cell with the antipodal

polar is characteristic of A. Cormtti when fertilization occurs

before fusion of the polars; but it is not unique in plants, for

Guignard (9) reports seeing a case of it in Liliiim Mariagon, He
thinks, however, that the male cell goes to the polar nearest it at

the time of its issue from the tube. The conditions in A, Cornuti

make such a theory improbable, at least for that species. The

micropylar polar was in all the cases observed nearer the end of

the tube than the antipodal {fig, 48), yet in all cases of fertili-

zation before polar fusion the male cell fused with the antipodal

polar. If the male cells have independent motion, the question

arises as to what impels the male cell in one plant to seek the

t
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micropylar polar and in another the antipodal. To say that the

upper polar has the greater attraction because it is sister to the

eg-g is not sufficient, for in A. Cormtti the polar most distantly

related to the ^%^ has the greater attraction. Nor will prox-

imity account for it, for the micropylar polar is nearer the end.

of the tube than the antipodal. It might be supposed that inci-

dentally this lends weight to Strasburger's view that the male

cell is carried by the streaming of the protoplasm, but in this

case we should have to suppose the streaming to be towards the

antipodal polar. If the polars are in any way carried by the

stream, we should expect that the streaming would more often

be from the end of the tube towards the farthest polar, but that

the polars are carried to any considerable extent is doubtful.

Another objection is the proximity of the micropylar polar in

some cases to the end of the tube. It seems as though the male

cell would unite with the micropylar polar if the latter had the

same affinity for it as the antipodal polar. On the whole, I am

inclined to believe that the antipodal polar has for some

unknown reason a stronger attraction for the male cell than has

the micropylar.

The sac after fertilization is greatly increased in size by the

development of the endosperm. The first division of the endo-

sperm nucleus occurs soon after fertilization, but the actual

division was' not observed. The second and third divisions

.rapidly follow, forming eight endosperm nuclei [fig- 50). Up
to this time the nuclei divide simultaneously and no walls are

formed. The number of chromosomes in the endosperm could

not be determined, but there were more than in the megaspores.

In many cases there was a tendency towards the massing of the

endosperm about the egg. The cytoplasm of the sac seems to

increase in volume as the number of free nuclei increases. In

the eight-nucleate stage of the endosperm the formation of the

walls by indentation begins [fig. §6). The division into sixteen

nuclei seems to be nearly simultaneous, since few cases could

be found where there were between eight and sixteen nuclei.

By this time the cells have become somewhat walled off {Jig-

3

and the divisions from this time on are not simultaneous. The
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antipodals may still be seen flattened out against the sac -walls

when there are approximately thirty-two endosperm nuclei

(y?^. 5^). Frequently in this stage one of the synergids could

still be recognized as a small, poorly staining nucleus, crowded

into the space at the base of the ^g<g {^fig^ 5^)-

The ^^^ after fertilization forms a distinct wall and rests. No
division occurs before the endosperm has passed its sixteen-celled

stage {^fig^ 5/). This leads one to question whether the reported

cases of endosperm division before fertilization, e, g,, Casuarina

(15), may not be due to misinterpretation, the resting tgg being

mistaken for an unfertilized one.

Some changes of interest occur in the ovule after fertiliza-

tion. Before fertilization the placenta begins the formation of a

longitudinal ridge under each row of funiculi. This continues

to grow higher until when the seeds mature it is a membrane

about 3
^^ high. In it can be seen plainly with the naked eye the

bundles passing to the ovules. On account of the growth of the

lateral portions and ends of the ovules, and possibly pressure

from the ovary wall, funiculo-micropylar flattening takes place.

It seems that growth along the sides has most to do with the

flattening, for the tissue in the edges is quite meristematic.

About the time of the third division of the endosperm the epi-

dermis at the micropylar end of the ovule — the one nearest the

top of the ovary— becomes intensely active. The cells elon-

gate enormously and form the pappus. The hairs composing it

remain single cells with a single nucleus in each. Chauveaud (3)

reports two nuclei in each in Cynanchum. The pappus is tightly

packed in the grooves between the placental ridges, and the free

ends extend towards the apex of the pod. The micropyle in A,

Cornuti and A. Stdlivantii is still visible with a hand lens when

the seed begins to turn brown. The funiculus never thickens

much, so that in its later stages it is little more than a vascular

bundle and is very easily broken off.

The changes resulting in the formation of the pod also

deserve attention. At or shortly before the time of fertilization,

the outer epidermis becomes active, as is shown by its deep

stain and protoplasmic contents. The surface usually becomes
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covered with papillae, specially where the ovary narrows into

the style. The papillae in A, Cornuti sometimes develop into

long finger-like projections, as observed by Brongniart (2)

,

although sometimes they form only rounded knobs. Fertiliza-

tion causes the rapid development of a dense covering of hairs

on the outer surface and sometimes a few on the Inner. Each

hair is composed of a single row of cells which arises from an

epidermal cell. Another result of fertilization Is the develop-

ment of a meristem layer just beneath the inner epidermis.

There are signs of this meristem just before fertilization, but it

remains only a sign unless fertilization occurs. The result of

the activity of this meristem is the rapid thickening of the ovary

wall, which is accompanied by the formation of dorsiventral

bundles. Preceding fertilization there is In the carpel only one

bundle, centrally located. From this other bundles form later-

ally when pod formation begins, but at first all are parallel to

the surface of the carpel. The elongated elements which later

form the dorsiventral vessels were first noticed when the endo-

sperm was in the two to eight-nucleate stage. With the forma-

tion of dorsiventral vessels there is a rupture of the parenchyma

between them, forming cavities. These are well under way by

the time the ^gg undergoes its first division. Further develop-

ment of the cavities results in the formation of a pod com-

posed of two walls separated by a large space bridged only

by bundles with a casing of parenchyma. The cavities extend

even into the papillae, which in the mature pod vary from almost

nothing to 6"^"^ in length. The dorsal bundles remain closely

applied to the dorsal wall of the cavity. The layers of cells

next the inner surface become elongated in different directions,

forming a firm layer which shows a smooth surface on the side

next to the seeds.

SUMMARY.

1. The umbels are terminal.

2. The floral parts appear in centripetal succession.

3. The members of the same set arise simultaneously, and

there is no confluence of primordia.

4. Glands are present near the axils of the sepals, bracts, and

I
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leaves, in some species also on the midribs of the leaves; they

are not in pairs, as stated by Engler and Prantl ; and are not

nectariferous.

5. The tube of the corolla seems to be of toral origin.

6. The adaxial surface of the corolla becomes papillose at

the time of blooming.

7. The stamens are remarkable in the development of inter-

cellular spaces.

8. The horn and hood are lateral outgrowths from the fila-

ment and composed largely of extremely loose tissue.

9. The fibrovascular bundle of the stamen loops into the

hood to near its tip, the curvature beginning after the walls of

the tracheids have formed spirals.

10. The elongation of the bundle to form the loop seems to

, take place by the stretching of the old tracheids and the forma-

tion of new ones at their sides.

11. The horn contains no vascular tissue.

12. The top of the "head/* and not the functional stigma, is

believed to be homologous with the stigma of normal angiosperms.

13. In general Corry's account of the formation of the caudi-

cules, or connectors, and corpuscula is corroborated.

14. The generative cell divides near the tube nucleus, and

in the normal manner. The division occurs before the forma-

tion of pollen tubes.

15. The pollen tubes from the same pollinium all enter the

same ovary.

16. When the pollen tube enters the stigma the tube nucleus

is behind the male cells, but it is doubtful whether any reported

positions of nuclei in pollen tubes are beyond question.

> 17. The tube nucleus gets no further than the upper part of

the ovary.

18. There is a single integument.

19. The nucellus is a single layer of cells enclosing the

sporogenous row.

20. A single hypodermal archesporial cell forms a row of four

megaspores without the formation of a parietal cell. Occasion-

ally there is more than one archesporial cell.
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21. In the formation of the megaspores the daughter cells

do not divide simultaneously, thus perhaps giving a clue to the

history of the abridgment of the process in some angiosperms.

22. The female gametophyte develops normally.

23. Double fertilization was observed in Asclepias Cornuti^

one of the male cells fusing with the antipodal polar nucleus.

This throws doubt upon the view that the attraction is due to

near relation of the micropylar polar to the ^^g*

24. Fertilization may occur before or after the fusion of the

polars.

25. A few tracheids were found in the ovules near the antip-

odals.

26. The fertilized ^gg rests until the endosperm has become

sixteen-celled or more. It is surmised that some reported cases

of endosperm division before fertilization may be due to mis-

taking fertilized for unfertilized eggs.

27. The pappus is composed of single-celled, uninucleate,

epidermal hairs.

28. The double wall of the pod has its origin in the rupture

of the parenchymatous tissue within the wall of the carpel.
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EXPLANATION OF PLATES XIII-XV.

All drawings X 23 or more were made with a camera lucida. The

lenses used were Zeiss compensating oculars in combination with Leitz dry

lenses, a Zeiss dry achromatic adjustable, or a Zeiss 1^2 apochromatic oil.

The original drawings, for which the magnifications are indicated, are twice

as large as the reproduction.

Asclepias tuberasa.

Fig. I. Longitudinal section through stem tip showing terminal umbel ; £,

glands
; partly diagrammatic ; X 30.

Fig. 2. Hair from the epidermis of the calyx ; X 390.

Figs. 3-4. Glands on the adaxial surface of the calyx ; /, petal ; 5, sepal ;
X

555-

Fig. 5. Top view of flower with all its organs removed except the sepals
;

s,

sepal
; g, gland

; /, .where petals have been cut ; shows position of

glands; X 48.

Asclepias Sullivantii,

Fig. 6. Part of longitudinal section through flower showing three glands in

radial relation ; 5, sepal
; /, petal ; *, bundle ; X 48.

Asclepias Cornuti.

Fig. 7. Basal portion of bract from umbel showing glands on adaxial surface ;

X 48,

1

4
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f

Asclepias tuberosa.

Fig. 8. Gland from receptacle ; r, receptacle
; /, pedicel ; X 390.

Fig. 9. Young stamen ; p, pollinum ; by elongated elements preliminary to a

bundle; X 48.

Fig. 10. Young stamen, older than 7?"^, g\ e, end of vessel ; //, beginning of

hood and horn ; X 48.

Fig. 1 1. Longitudinal section of stamen ; e^ end of vessel ; n, horn ; d, hood
;

p, pollinium ; X 48.

Figs. 12-15. Cross sections throughyf^. //in planes indicated; /, pollinium ;

Cy corpusculum ; w^ wing ; a, alar chamber
; X 94.

Asclepias Cor?iiiti,

Fig. 16. Dorsal view of young stamen with concentric hood and papillate

horn ; X 23.

Asclepias tuberosa.

Fig. 17. Longitudinal section of stamen ; hood and horn forming rapidly ;

X 23.

Fig. 18. Longitudinal section through mature stamen showing bundle loop-

ing far up into the hood; X 23.

Fig. 19. Section from Jig, 18 through hood (region indicated) showing

aerenchyma ; s, air space ; X 203.

Asclepias Cornuii,

Fig. 20. Part of flower with slice removed by tangential cut ; 5, stamen ; 0^

ovary ; w, mass arising from the stamineal ring ; X 23.

Fig. 21. Longitudinal section of basal part of stamen ; s, sepal; p, petal; n^

stamen ; ?n, mass arising from stamineal ring ; X 94.

Asclepias verticillata.

Fig. 22. Pollen grain
\ g, generative cell ; /, tube nucleus; b, undetermined

bodies ; X 1500.

Fig. 23. Generative cell leaving the wall of the pollen grain ; X 1500.

Fig. 24. Generative cell before division, without a wall
; g, generative cell

;

/, tube nucleus ; X i 500,

Fig. 25. Division of generative cell, no wall about it ; X 1500.

Fig. 26. Division of the generative cell
; X 1500.

Fig. 27. Two male cells shortly after their formation ; X 2200.

Asclepias tuberosa.

Fig. 28. Longitudinal section of head ; s^ stigma ; c, styler canal \ g, glandu-

lar epidermis which forms the corpusculum ;/ may be functionless

stigma ; /, conducting tissue
; b, bundle ; X 136.

Fig. 29. Ovule witharchesporial cell
; X 1275.

Fig. 30. Ovule containing two archesporial cells ; X 2200-

I

s
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^

Fig. 31. Ovule with integument just beginning to show; /, integument ; n,

nucellus ; X 1500.

Fig. 32. First division of the mother cell ; X 2200.

Fig. 33. Division of the daughter cells ; X 2200.

Fig. 34. Row of four megaspores with the fourth surpassing the others; X
780.

Fig. 35. Disorganization of the first three megaspores ; X 780.

Fig. 36. Djinination of the first m^gaspore ; n, nucellus ; m, micropyle ; X
2200.

Fig 37. Row of four megaspores, two of which are about equally active ; X
2200.

Asclepias Sullivantii.

Fig. 38. First daughter cell not yet divided ; fourth megaspore enlarging ; nt-^

micropyle
; 71, nucellus ; X 2200

Fig. 39. First daughter cell dividing; third megaspore disorganizing ; X
2200.

Fig. 40. Division of first daughter cell just completed ; X 2200,

Fig. 41, Dominance of the second megaspore ; X 2200.

Fig. 42. First division in the embrj^o sac ; m, disorganized megaspores
; X

2200,

Asclepias titberosa.

Fig. 43, Normal embr3'0 sac ; union of polar nuclei ; X 1500-

Fig. 44. Kmbryo sac which has reached the surface of the ovule ; e^ t%^\

df disorganizing cells ; X 1500.

Fig. 45. Eight antipodals ; X 1500.

Fig. 46. Complete union of the polar nuclei before fertilization; e, ^gg ; w,

endosperm nucleus ; X 1500.

Fig. 47. Tip of pollen tube entering the stigma ; s, male cells ; /, tube

^
nucleus ; X 2200.

Asclepias Corniiti.

Fig. 48. Double fertilization; u, micropylar polar ; ^, egg ; s, synergid; /,

tracheid ; X 1500.

Fig. 4g. Third division of the endosperm ; X 1500.

1^
Fig. 50. Eight-nucleate endosperm ; ^, egg ; X 1500.

Fig. 51. Sixteen-celled endosperm ; e, ^gg ; s, synergid ; X 1500.

Fig. 52. Two-celled embryo ; endosperm massed about embryo ; s, synergid ;

X 1085.



THE ROOT-HAIRS, CAP, AND SHEATH OF AZOLLA.

R. G. Leavitt.

(with plate XVI

)

Roots spring from the prostrate floating shoots of Azolla in

acropetal succession at the points of branching. They are from

2 to g'^™ in length, undivided, slender, and delicate, and in

A, filiadoides and A. carolmiana are often, perhaps generally,

provided with long outstanding hairs. These trichomes are

peculiar in that they originate in the immediate neighborhood

of the growing point, and from the first are marked out as cells

designed for a distinct office. The way in which the hair initials, l

or fundaments of the root-hairs, are cut off, and the specialized

character of the mature structures have not been described, so

far as I am able to learn/ //
which Strasburger chiefly founded his classical memoir, '*Ueber

Azolla," presented a condition of the root quite unlijce that

which I have found in the same species. His plants had the

roots enveloped in root-sheaths, and must have been entirely

destitute of the trichome structures which form the principal

subject of the present account. My own plants were somewhat

variable, the roots occasionally being devoid of hairs- Yet the

three lots of living material from independent sources which I

have been able to see all exhibit the interesting process of hair

formation to be described.

THE SHEATH AND CAP,

;j

+

As the root-sheath and cap in the plants studied do not
*

entirely conform to Strasburger's account, I shall take occasion

to note the points of difference. For the sake of completeness

Strasburger's exposition of the origin and early stages of the

^Several references to the existence of these trichomes and one account of

their peculiar distribution are to be found: Westermaier and Ambronn, Ueb6r

eine biologische Eigenthumlichkeit der Azolla caroliniana. Verhandl. Bot. Verein.
|

Provinz Brandenburg 22: 58. 1880; Berggren, S., Om AzoUa's prothallium och

embryo. Lunds Univers. Arsskrift 16: 1878-1879. I
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root may be briefly recapitulated. In illustration two of his

{fig^

fih

large cell near the recurved tip of the growing stem beneath, at

one side of the median plane, and in close proximity to an incip-

ient lateral bud. This cell is the root initial {fig. i, ri). It abuts

internally upon cells from which later the vascular system of the

stem originates. It is covered externally by a tabular cell, the

root-sheath initial (si), which subsequently divides once peri-

clinally(;f^^. 7. 2, s, s') , and eventually in other directions. While

at the very first the sheath is thus two-layered, the inner layer

very soon disintegrates, and the mature sheath is only one cell

thick. As stated above, this sheath in the condition of the plants

seen by Strasburger envelops the root completely, though

loosely, throughout life.

From the root initial (ri) a pyramidal apical cell is organized

{fig. 2, Ac). A single cap cell is cut off (ci), which afterwards,

according to Strasburger, divides but once periclinally, a two-

layered, adherent cap thus being instituted.

^^g- 3 of the accompanying plate represents a very young

root. It is enveloped by a sheath comprising a single layer of

cells. Shortly after the stage shown, this sheath in all the cases

seen by me ceases to grow, and the root, continuing to elon-

gate, bursts out. The old sheaths are to be seen as short col-

lars, less than a millimeter long, around the bases of the roots.

The cap, as seen in fig, j, is composed of two very similar

cell layers {c\ c»). In roots slightly more advanced a sharp

differentiation of these layers is seen to have taken place. The

outer becomes radially thicker, and its cells are vacuolated;

while the inner remains relatively thin, and its cells are well

filled with contents staining heavily like those of the body of

the root. These differences forecast the very unlike histories of

the two layers at a period a little later still, when the outer one,

no longer growing longitudinally, becomes detached from the

stem at the root's base, and being loosened from the root except

at the tip is borne as a distinct cap ; while at the same time the

inner continues to grow and remains in connection with the root

I

JE
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trunk, like an epidermis [jig. 4, c^). After the root is about one-

fifth grown the inner layer develops no further and is torn away

at the base, to be carried downward as a cap in the further growth

of the root, the upper part of the trunk therefore being left

naked.

It may be worthy of remark that in its younger stage the root

of Azolla filiculoides thus presents a state of things analogous to

that in typical dicotyledons, since the superficial layer of the

body of the root is derived from the calyptrogen— if we may so

speak of the original cap segment (ci); whereas the mature root

is like that of other vascular crvptogams and monocotyledons

among flowering plants in exposing an unprotected cortex back

of the root-cap.

In all cases examined by me there is an extra periclinal divis- *

ion at the apex of the inner cap {^fig^ 4., d).

In Azolla caroliniana I find that sheath and cap behave as

stated iox A . filiculoides , except that the second periclinal division

(d) is absent.

THE ROOT-HAIRS.

In the majority of vascular plants root-hairs are formed by

the external cells of the root in the region which is ceasing or

has ceased to grow, where cell-division has been suspended and

the tissues have become fixed. Here any or all of the cells

without distinction of form, size, or contents may send out the

organs of absorption. Only one exception was known to

DeBary, that of Lycopodium, where the hair initials are set off

in the still plastic epiblema not far behind the apex, and these,

remaining short while the intervening cells elongate, alone pro-

duce tubular outgrowths. For the sake of comparison a figure

of these hair initials and of the resulting structure in Lycopo-

diiim lucidulum is given {fig. 11), Dc Bary overlooked Bruch-

mann's observations'' on the production of root-hairs in essen-

tially the same manner in Isoetes, by the early establishment of

special cells for the purpose.

The initials of the trichomes in the root of Azolla filiculoides

^Bruchmann, H., Ueber Anlage und VVachsthum der Wurzein von Lycopodium

und Isoetes. Jenaische Zeitsch. Natxirwiss. 522. 1874. (
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{Jig, 4, Ti) arise within a belt of actively dividing cells, lying

immediately under the inner root cap, not far from the apex, at

an actual distance varying with the rate of growth of the termi-

nal region. When that growth is most rapid the longest space

intervenes between the apical cell and the youngest hair initials.

As the root reaches the limit of its development, the hair-form-

ing impulse travels downward until the apical cell itself is split

into several parts, each one piliferous. The initials are formed

in zones or partial zones. The mitoses to which they owe their

existence are peculiar in that the axis of the mitotic figure in

each case diverges more or less from the longitudinal axis of the

mother cell, so that the resulting cell plate and wall lie some-

what diagonally {figs, 4, 8), Division thus gives two more or

less wedge-shaped elements, of which the lower and slightly

larger one is the hair initial.

This cell never elongates much in a direction parallel to the

length of the root. The tube, which presently begins to grow

out, turns toward the root apex {figs. 5, 6), As the hairs

lengthen they at first lie appressed to the root and may be seen

confined by the inner cap, which is now distended and pushed

away from the root trunk {fig, g). The whole cap structure is

finally thrown off through the growth of the lower hairs, and

the hairs themselves stand out strongly {figs. 12, ij). Their

bases retain the wedge-form of the original hair initial.

Soon after their organization the hair initials are to be dis-

tinguished from the cells with which they alternate by their con-

tents, no less than by configuration, since they are more richly

supplied with protoplasm {fig. 5),

The lesser wedge-shaped cell produced simultaneously with

the hair initial elongates and soon divides transversely {ftgs,

6, g) once, twice, and often three times. The trichomes in

each longitudinal cell row thus become separated by two, four,

or eight cells. The intervening cells may be six, however.

The number of divisions in neighboring rows may be different;

and through the resulting displacements the original regularity

of the hair zones is destroyed.

In the root of A. caroliniana the differentiation of the tri-

chomes proceeds as in ^. filicnloidcs.
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The full grown hair may attain a length of about 2'"'". Its

short base and the position with respect to the other elements

of the epiblema, which it occupies in consequence of its peculiar

origin, give this sort of trichome a distinctive character {Jig, id).

The fact will be appreciated upon comparison of the figures

accompanying these notes with the root-hairs of ordinary

dicotyledonous plants.

The superficial layer of the root trunk in A. filicidoides and A.

caroli?iia?ia mdi,y h^ described as usually comprising, apart from the

apical cell, four regions. Beginning with the youngest, these

are: (l) a region of embryonic tissue in which the divisions

are equating divisions; (2) a short zone where the divisions are

differentiating divisions, giving rise ultimately to two sorts of

members, trichomes and flat or prismatic cells; (3) a more

extended belt, in which the cells of the second class again

undergo equating divisions, and elongate
; (4) a region of

matured and fixed tissue, covering the greater part of the root.

These regions represent successive stages in the genesis of

the layer under discussion. An epiblema with such a complex

history is characteristic not only of AzoUa— a highly special-

ized, terminal group— but of wide ranges of fern allies and

monocotyledons, and of an isolated group of dicotyledons. My
attention was first drawn to the matter by the similarity of

Sagittaria and Nymphaea in this respect. I find a similar type

of epiblema in many members of Juncaginaceae, Potamogetona-

ceae, Aponogetonaceae, Naiadaceae, Alismaceae, Hydrocharita-

, Juncaceae, Cyperaceae, Gramineae, Commelinaceae,

Xyridaceae, Eriocaulaceae, Haemodoraceae, Zingiberaceae,

Marantaceae, Orchidaceae ; and in Nymphaeaceae (Nymphaea,

Nuphar, Brasenia, Cabomba) alone among the dicotyledons

examined. That the same trait is exhibited by such divergent

groups as Lycopodium Isoetes (already noted by Bruchmann),

Selaginella, and Equisetum— the last two instances seem to

have been overlooked— shows that we have to do with an old

element in vascular plants.

The Ames Botanical Laboratory,
North Easton, Mass.
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EXPLANATION OF PLATE XVL

All figures except figs, /, 2, 12, were drawn with the aid of the camera
lucida.

Fig. I. Longisection of the growing apex of the stem in Azolla filicidoides

(after Strasburger) : Ri, root initial ; si, sheath initial ; s, S', segments

of sheath initials
; X 260.

Fig. 2. Fundament of the root in the same species (after Strasburger): AC,

apical cell ; Ci, cap initial ; s, s^ outer and inner sheaths
; X 260.

Fig. 3. Longisection of a young root of A.filiculoides\ s, sheath ; cS c^ outer

and inner caps; X 4So.

Fig. 4. Longisection of the growing tip of a root of A. fi/tc?i/ozdes (microtome

section from material embedded in paraffin) ; D, periclinal division at

apex of inner cap ; c^ C, outer and inner caps ; Ti, hair initial ; X 450.

Fig. 5, Hair initials and intervening cells at the beginning of the growth of

the hairs, about ten cell pairs removed from the oldest shown in

7?^. ^ ; X 450-

Fig. 6. First transverse division of intervening cell; X 45o.

Fig. 7. Young root hairs seen in tangential section of the root, showing

zonal arrangement
; X 450.

Fig. 8. Origin of the hair initials; close of mitosis and forming cell-plate are

seen at d; X 750.

Fig. 9. Young hairs in radial longisection, separated in the row by four

intervening cells ; X 300.

Fig. 10. Base of mature hair, between elongated epiblema cells; X 450-

Fig. I i. ^, initials at the edge of the root-cap, and B, relatively young hairs

near the tip of the growing root of Lycopodium luciduliifft ; the arrow

shows the direction of the root apex ; X 4 50. A peculiarity of Lyco-

podium is that in most species the hair initials usually divide longi-

tudinally, so that the hairs stand in groups of from two to four.

Fig. 12. Habit oi Azolla filicidoides ; X 5-

Fig. 13. Terminal portion of root, showing cap and root-hairs; X 24.



STUDIES IN THE FERTILIZATION OF PHYCO-
MYCETES.

CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY
XLIL

Frank Lincoln Stevei^s.

(with plate XVII

)

ScLEROSPORA, a genus of the Peronosporales, stands in a way

intermediate between the Peronosporaceae and the Albuginaceae,

a position that renders the problem of ganietogenesis and fer-

tilization of particular interest. This genus has heretofore

received no cytological investigation.

The oogonia of Sclerospora average "about 45 to 50/iin diam-

eter and are irregularly spherical in shape. The oogonial wall,

even in young stages, is much thickened, thus forming a marked

contrast with either Peronospora or Albugo. This wall aver-

ages from 3 to 5/i in thickness, and stains readily with

orano;-e G.

Each oogonium contains approximately forty to fifty nuclei;

borne in a cytoplasm differing in no essential particular from that

of the oogonium of Albugo [fig, /). The nuclei are relatively

large and are rather fewer in number in comparison with the size

of the oogonium than is usual with the other Peronosporales.

The earliest stages of oogonium formation were not observed,

so that it is not known whether the peculiar streaming of cyto-

plasm and the distortion of nuclei observed in Albugo (Istvanffi

'95, Wager '96, Stevens '99) and in Peronospora (Wager '00)

obtains here. As in Albugo, the nuclei in the young oogonium

this stage on the process

[fig-

(\V

'96, Davds '00, Stevens 'oi) more closely than in other Pero-

nosporales, yet with certain marked differences. The mitosis is

closely simultaneous, and may proceed until near metaphase

without any indication of approaching zonation. When meta-

420 [DECEMBER
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phase is reached, however, the nuclei are found arranged in an

approximate circle around the region that is to become the

oosphere {fig. ^). The arrangement is that of A. Candida rather

than of A. Bliti, and is such that no daughter nuclei can re-enter

the oosphere region.

The exodus of nuclei is not complete, otherwise the oosphere

would be enucleate and the condition would be like that of

A. Bliti. One nucleus and, so far as my observation goes, one

only remains behind with the coenocentrum, agreeing in this

particular with A, Candida. This nucleus may be seen there later

in mitosis
{fig. 2). This stage is directly comparable with that

of Albugo represented hy fig, 14 in Stevens '01, with the difference

that zonation is delayed longer in Sclerospora than in A. Candida,

The sequel of this condition is given in fig. j, were one super-

numerary nucleus is wandering toward the periplasm, leaving

the female pronucleus in contact with or imbedded in the

coenocentrum.

During the completion of the mitosis the ooplasm and peri-

plasm become clearly differentiated, but as yet no plasmoderma

exists. This process of differentiation has been termed zonation,

and is here accomplished by a withdrawal of cytoplasm from the

periphery of the oogonium, as in Peronospora (Wager '00, fig. 2)

and Albugo Candida (Stevens '01, fig. 14), not by an aggregation

of separate dense regions, as in A. Bliti (Stevens '99. figs- 59'^^)'

At all times during oogenesis there is maintained in the

oogonial wall contiguous to the antheridium an unthickened

region {figs, i, 4. S)-
In all the early stages of oogenesis the oosphere is seen to be

eccentric, indeed the plasmoderma is usually almost in contact

with that side of the oogonium adjacent to the antheridium [fig.

4) . In cases of shrinkage it is also observed that the oogonial con-

tents adhere firmly to this side of the oogonium, a phenomenon

to be observed also in Albugo.
The coenocentrum is shown in figs. 2-4, and a trace of it still

persists xnfig. 5. In Sclerospora this structure is not so definite

as in Albugo cajidida and A. Tragopogonis. Its highest differentia-

tion is shown in fig. 2, where it consists merely of a region of
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dense cytoplasm in the center of the oogonium, differentiated

into two portions of varying density. In history and structure

the coenocentrum agrees well with that of A. Blid, with the

exception that the central globule has not yet been demon-

strated.

In function the coenocentrum serves to attract and to retain

the female pronucleus, as in A. Tragopogonis and A. caiidida

(Stevens 'oi), and in Pero?iospora parasitica (Wager 'oo). No
evidence of nutritive function was apparent as in the case of the

forms of Albugo just mentioned.

The mitosis in Sclerospora is in general of the type described

for A, Bliti (Stevens '99). The spindle is intranuclear, the mem-

brane persisting until metasphase. No centrosomes or polar

radiations were seen. Chromosomes were not counted with

accuracy, but they are few in number, probably four.

The antheridium in Sclerospora is usually very small, and is

closely appressed to the oogonial wall {Jig- 4)^ Usually it is

impossible to distinguish the antheridial wall from the oogonial^

and very frequently the thinning of the oogonial wall gives the

antheridium the appearance of being imbedded in it. The

antheridial nuclei enlarge simultaneously with those of the

oogonium, and undergo mitosis. No receptive papilla was seen^

and this peculiar structure may be lacking in the genus.

Communication is opened between the antheridium and the

oogonium by the bulging and eventual rupturing of the oogonial

wall at the thin point between these organs. The edges of the

ruptured wall thus extend inward. The antheridial tube, which

is soft and gelatinous, penetrates the oosphere, discharging its

contents before it reaches the center
{^fig. 4). The track of the

antheridial tube remains in evidence for some time as a denser

region in the cytoplasm.

The male pronucleus is slightly smaller than the female and

is more ovoid in form (Jig, y). It migrates to the female and

fuses with it, but the fusion was not studied critically owing to

the smallness of the nuclei.

The oogonial wall, as stated above, is much thickened even

in the youngest oogonia, and it does not change in dimensions
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as it matures. With zonation the regions of ooplasm and peri-

plasm are clearly mapped [fig^ j)^ and with the opening of the

antheridial tube the plasmoderma appears. The oospore wall

now develops rapidly, first appearing as a clear!}' defined wall

{fig- 5) J
then rapidl}^ increasing in thickness {Jig, 6), As the

oospore wall thickens the oogonial wall collapses in irregular

folds
[fig. 6), and the periplasm and periplasmic nuclei degene-

rate. The protection afforded by these two thick walls appears

to hinder seriously the penetration of killing and fixing fluids or

subsequent manipulation, and no good preparations showing

nuclei were obtained at any stage after the second wall was far

developed.

GENERAL CONSIDERATIONS.

The general bearing of the cytological evidence on the rela-

tionship of Sclerospora is to emphasize its affinity to the Peron-

osporaceae rather than to the Albuginaceae, and to indicate its

specialized rather than primitive character. The general course of

development of both antheridium and oogonium, and the behavior

of the periplasm are as in the whole group Peronosporales, The

mitosis in both of these organs has been shown by Trow

('99) '01), Hartog ('95), Wager (^96, '00), Miyake ('01), Stevens

('99, '01), King ('02), and others, to be characteristic of both

Saprolegniales and Pernosporales.

. The mode of zonation in Sclerospora is not that of the Sapro-

legniales (Trow 'or, Miyake '01, Hartog'95), nor of theprimitive

Albuginaceae (Stevens '99). It does agree closely, however,

with the Peronosporaceae. While the zonation of A.ca/fdida2Lgrces

with that of the Peronosporaceae, Sclerospora shows by the nature

of its coenocentrum, which in structure, history, and function is

clearly like that found in Peronospora, its closer relationship to

the Peronosporaceae than to any Albugo."

The conclusion regarding the relationship of the genus, purely

from cytological standpoint, coincides with that drawn from the

gross study of asexual spore-bearing organs, and emphasizes the

relationship of this genus to Peronospora, of which genus it was

once considered a "member.

Sclerospora, as shown by the combined evidence of the
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double investment of its oospore, the character of its conidio-

phores, and its cytology, probably separated early from the main

line of the Peronosporaceae, at a time much later than the diverg-

ence of the Albuginaceae from the Peronosporaceae.

It is a pleasure to acknowledge indebtedness to my wife for

the plate accompanying this article.

College of Agriculture and Mechanic Arts
Raleigh, N. C.
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EXPLANATION OF PLATE XVIL

All figures are from material killed in chrome-acetic acid and stained with

Flemming's triple stain. The figures were sketched with the aid of an Abb6

camera, using the Leitz ^V objective, ap. 1.30. The original drawings gave

an enlargement of 1790 diameters, and have been reduced one-third in repro-

duction.

Fig. r. Young oogonium and antheridiura; nuclei in spirem ;
wall thick-

ened and staining darkly with orange G.

Fig. 2, Nuclei migrating to periphery ; coenocentrum well developed ;
one

nucleus in metaphase anchored to it
;
peripheral nuclei in advanced prophase.

%
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Fig. 3. Zonation ; mitosis completed ; one daughter nucleus remaining

with coenocentrum, the other passing to periplasm.

Fig. 4 . Fertilization ; antheridial tube ruptured, emptying one nucleus into

oosphere ; female nucleus resting in coenocentrum.

Fig. 5, Oospore wall forming; periplasm and periplasmic nuclei degen-

erating ; remains of autheridium and trace of the tube in periplasm.

Fig. 6. Winter condition.

Fig. 7. Pronuclei just before fusion.



NOTES ON SASSAFRAS.

Edward W. Berry.

(with plate XVIII AND FOUR TEXT FlGURES)

M
especially when they have a geological history. Our common
Sassafras proves no exception to this statement. Ranging in size

from a bush to a tree 125 feet high and with a trunk seven feet

in diameter/ distributed from Massachusetts west to Iowa and

Kansas, and from Ontario and Michigan south to Florida and

Texas, ascending to 3500 feet above the sea level in Virginia,

it is equally at home in the dry sandy soil of some of our road-

sides or in rich woodlands. Belonging to a cosmopolitan trop-

ical family of over 900 species, some of which were well known

in the most ancient times, and many of which are of consid-

erable economic and medicinal value (camphor, cinnamon,

etc.), the common Sassafras was first described by Linnaeus

as Laurus Sassafras^ in allusion to the common Spanish name.

It is with the leaves that we are principally concerned, and it is

interesting 'to note that all of our manuals speak of them as

'* entire or three-lobed/'3or as ** entire to three-lobed,'* '^ although

in reality they are often four or five-lobed, not occasionally, but

regularly so, some trees having all their leaves similarly four or

five-lobed, while I have occasionally found specimens with six

lobes. Most authors, lacking the time or material for verifi-

cation, repeat previously published statements which are often

misleading. Believing that there is no organ whose variations

are not without significance, especially in view of the impor-

tance recently assigned to the statistics of variation, I have

examined several hundred leaves of Sassafras of all ages, from

trees of all sizes, and from all positions; from saplings, shoots

from trunks, barren and flowering branches, etc. A discussion

^Brixton, Ilius. Fl. 2:97. 'Sp. PI. 371. 1753. 3 Wood, Classbook, p. 620.

'^Gray, Manual ; Chapman, Southern Flora; Brixton, 111. Flora.
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of the variations, necessarily brief, is followed by an examina-
tion of the numerous fossil leaf-forms which have been referred

to this genus, and their probable relations are pointed out.

Simple leaves.^— Greatest length 190°'"', greatest width
iQymm . gh^pc Varying from lanceolate, through ovate lanceolate,

to almost orbicular ; tip truncate, rounded, or cuspidate ; lateral

margins ascending at an angle of about 45"" at their base ; base

narrow and more or less decurrent on the petiole, especially in

young leaves ; texture from membranaceous to coriaceous. In

texture, however, as well as in general form and character of

venation, the leaves of a single tree proclaim their relationship,

so that particularly pointed lobes or the reverse, broad short

leaves or the reverse, very thin or very thick leaves, whether

simple, bilobed, trilobed, or multilobed, all have the same aspect.

Bud leaves are always narrow, with ascending laterals forming

an angle of 30° or J

when they are about 60 or 70°^°" in length, had the primaries and

secondaries indistinguishable in 68 per cent, of the leaves exam-

ined, in numerous older leaves the primaries are only to be

distinguished by their greater length, are rarely opposite, and

sometimes have a pair of secondaries below them nearly as large.

There were an equal number of primaries and secondaries on

each side in 60 per cent, of the leaves examined.

Bilobed leaves.—The bilobed leaves are more variable than

the simple leaves, varying in outline from oblong-lanceolate to

nearly orbicular. The lateral lobe may be broadly rounded or

even reduced to a small blunt protuberance, or it may be nar-

rowly acute, extending at almost right angles, or directed upward

and not extending above the basal half of the leaf; or it may

extend as far as the tip of the main blade and nearly equal it in

size. The sinus varies from a slight wide depression extending

only one-eighth of the distance to the midrib, to one extending

three-fourths of the distance, and wide and obtuse or narrow and

acute. Venation, of course, is inequilateral. Eighty per cent.

have first secondary lower, and primary generally higher on the

lobed side.

5 It is well to note that any statements made here refer only to the series I have

examined.
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MuLTiLOBED LEAVES {Plate XVIIL)— It is among the 3-

5-lobed leaves, however, that the greatest variation prevails. In

the trilobcd forms the lobes vary from broadly obtuse to nar-

rowly acute (rarely retuse), from mere lateral prominences to

broad lobes extending nearly to the top of the leaf. They

may never extend above the

basal half of the leaf, although

directed upward, or they may

extend at right angles, or even

occasionally be recurved.

They may be orbicular or

long narrow fingers enclosing

a deep rounded sinus which

extends nearly to the midrib.

In a leaf 165"^"^ long and

I27™"'wide the sinus extended

to within 3.50™"^ of the mid-

rib. Out of 102 leaves con-

sidered of sufficient interest
Fig. I.— Abnormal leaf of Sassafras:

reduced two-thirds.
^o sketch, 45 werc approxi-

mately bilateral, and 57, or

about 56 per cent., were more or less greatly inequilateral. While

this is not a natural proportion, as only divergent forms were pre-

served, it shows the wide range of variation from a leaf with one

lobe acute and extending at right angles a distance of but 7""""

from the wide shallow sinus and three-elevenths from- the base,

the other oblong and ascending, extending nine-elevenths of the

distance to the tip, and enclosing a deep, narrow sinus ; to leaves

in which one half is nearly the exact counterpart of the other.

The base varies from narrowly ascending in the younger leaves

to nearly truncate ; all of the leaves seen, however, are more or

less decurrent.
fig

special mention as having an almost palmate venation, there being

four and the indication of a fifth possible primary. The right

hand sinus runs to a narrowly acute point, and entirely lacks the

marginal venation so characteristic of Sassafras.

The bases of the primaries may be from 5-7°*°^ apart or they
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may be opposite ; they may form an acute angle with the midrib

but 6 or 7"^"^ from its base; or they may not branch from the

midrib until one-fourth the distance to the tip is traversed

(one example four-fifths and one three-elevenths).

The typical five-lobed leaves, excluding those with four

lobes, which are similar with the oblitera-

tion of the sinus of one of the lobes, or

are the typical trilobed leaves with a

small extra lobe on either side of the

terminal or lateral lobes, sometimes even

having six lobes {Jig. 4), are strikingly

handsome leaves and would hardly be

taken for Sassafras leaves by even a

trained observer. They undoubtedly

represent a great development laterally

of the typical trilobed forms with the

additional small lobes {fig, 2), all the

Fig. 2.—Abnormal leaf

of Sassafras; reduced two-

thirds.

lobes becoming greatly

broadened and somewhat
orbicular in outline.

They are constant on

some small trees which I

have had under observa-

tion, and may represent

the result of a super-

abundant food supply, as

they all grew in rich soil

of open woodlands.
These leaves are nearly

orbicular in outline, a

large specimen measuring i^^.^^^ in length by 200'°'° in breadth

{fig- j), and consist of a central lobe and a pair of lateral

lobes on each side, all nearly equal in size and separated by

deep spatulate sinuses. The tips range from acute to rounded,

Fig. 3.—Abnormal leaf of Sassafras ; reduced

two-thirds.
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and in several instances are even retuse. The base of the leaf is

in all cases decurrent and the angle of divergence of the ascend-

ing margins never exceeds and seldom equals 45°. While the

comparative size of the lobes varies somewhat, the leaves are

approximately bilaterally symmetrical. This form seems to have

escaped attention hereto-

fore, and none of the fos-

sil forms referred to this

genus resemble it in the

least except S. platanoides.

An ancient form which re-

sembles these five-lobed

leaves in outline is Fon-

taine's ArallccphyHunt obtit-

silobiim ; the latter, how-

ever, has thicker veins and

the lateral lobes are not so

extensively developed ;
and

the lateral which runs from

the Primary to the extra

lobe is inserted much nearer

the base than in the mod-
FiG. 4.— Abnormal leaf of Sassafras; ern leaves,

reduced two-thirds. t-, . r i.\^^ .^r^AThe venation of the mod-

ern leaf is uniform in its variation. Safe rules for guidance

in determining fossil forms would be the following: The prima-

ries are opposite or sub-opposite (while this is not strictly

applicable to the simple leaves it seems to be general in the

lobed ones); they branch from the midrib a considerable dis-

tance above its base, thus differing from Aralia, Cissites,

Platanus, etc.; the base is never enlarged to form basal lobes

as it is in Menispermites, Araliaephyllum, Protophyllum, Aspidio-

phyllum, Platanus basilobata, etc ; margins are entire ;
obviously,

if any of the ancestral forms were dentate, this character would

reappear occasionally in their descendants (all known Laura-

ceae have entire margins). A somewhat constant character

in Sassafras leaves is the venation of the basal portion of
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the blade, A pair of secondaries or tertiaries branches from

the petiole at the juncture of the leaf-blade and forms its

ascending margins, becoming slightly separated where the latter

curves outward— a short distance above the base of the primary

the lowest lateral curves toward the margin
;
just before reaching

the margin it forks, the lower short branch joining the marginal

vein and the other branch curving upward ; the former together

with the marginals form a rough inverted isosceles triangle, whose

base is usually approximately on a level with the point of inser-

tion of the primaries or slightly higher. This arrangement

occurs in all the normal leaves examined by me, numbering sev-

eral hundred, and in the abnormal forms it occurs in all but seven

specimens out of 229. I fail to find this feature in any of the

published figures of fossil forms, but it is a character which would

be easily obliterated or overlooked, as marginal veins would not

be distinguishable from margins unless they were of considerable

size or the matrix were exceedingly fine-grained. A remarkable

character of the modern lobed leaf, first pointed out by Lester

F. Ward^, are the marginal veins at the bottom of the sinuses.

In the normal trilobed leaf about half the distance from the

lateral primaries to the tip of the leaf is traversed before the first

pair of secondaries branch from the midrib ; the interval is filled

with cross and horizontal veins which belong to the tertiary sys-

tem ; the secondaries in question leave the midrib at usually a

wide angle, and curving upward pass directly to the sinuses.

Here they are not lost but fork at a wide angle, often 160°, the

two branches following the margins of the sinus for more or less

distance until they leave them to' join the branches given off

from the primaries below and the next pair of secondaries above.

This is nearly a constant feature of the modern leaf, recurring in

substantially the same manner in all forms of the leaf, whether

2, 3» 4, 5, or 6-lobed. In leaves in which the sinuses approach

the midrib closely there are numerous tertiary veins passing

directly from the midrib to the sinus and from the primary to

the sinus, joining its marginal vein. Just w^hat purpose is served

by this marginal vein in the economy of the leaf is difficult to

^Buli. 37, U. S. Geol. Survey, p. 61.
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say. It might serve to strengthen the leaf and prevent tearing

where the lobes are large; at any rate it is an acquired feature

the origin of which is shown in some specimens and serves to

prove that the ancestral leaf was simple, and not lobed as Ward

holds; it also rules out the contention that ancient leaves lack-

ing this arrangement are not forms of Sassafras, as w^e would

hardly expect this character in the ancestral forms becoming

lobed.

This marginal vein at the bottom of the sinus was lacking in

fifteen single instances, and a secondary sinus lacked it in four

instances out of a total of 201 leaves examined especially because

of their diverse lobation. In nature it is undoubtedly a nearly

constant character. In some cases the secondary which runs to

the sinus is continued into the upper or the lateral lobe, and a

tertiary from the midrib unites with one from the primary, then

running to the sinus in the usual manner; or it may be a branch

from the secondary together with one from the primary which

forms the margin; the latter, however, is always thickened irre-

spective of the system to which it seems to belong. I have col-

lected several specimens in w^hich the secondary forks before

reaching the sinus, the branches striding it after the manner

which usually obtains in the lobed leaves of a variety of genera,

the branches connecting with the branches from the next sec-

ondary above and with those from the primary below.

No fossil American Sassafras has, orat least shows, this pecul-

iar marginal venation, but it occurs in a European representa-

tive of this genus according to Ward ?. The secondary seems

to run to the sinus in S. bilobatiun, S, platanoides, and in some

specimens of S, progenitor. The form which Lesquereux describes

as Aralia acerifolia^ approximates this style of venation as does

also the leaf referred to Lindera ve?msta^, which leaf Knowlton

refers to Benzoin.

On general principles we would expect the ancestral Sassa-

fras to have had simple, lanceolate, or ovate-lanceolate leaves

with entire margins. Not only is this a rule among the Laura-

^ Sassafras Ferrettianum Mass., from Senegal. Fl. Foss. de Seneg. //. 12. fig* /•

8 Cret. and Tert. Fl. pL ^9. fig, j. 9 See Fl. Dak. Group, pL lb. figs. 1-2

M
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ceae, but even in the existing Sassafras, aside from some striking

exceptions, the majority of the leaves on full grown trees are

simple. It is doubtful if we shall ever know these ancestral

forms as such even if found, as they will probably be described

as Laurus. In all probability the ancestral forms of all the dico-

tyledons were developed in an area remote from localities where
fossilization was going on, as suggested by MacMillan '^ In

Liriodendron the variation from the oldest to the youngest leaf

on a shoot from the modern form epitomizes the phylogeny in

a general way. If the like holds good in Sassafras it would hint

at an ancestor with trilobed leaves, for in all the forms which I

have examined there seems to be a somewhat constant gradation

from the outer (older) two or three-lobed leaves, through the

simple lanceolate or ovate-lanceolate bud leaves, to the spatu-

late-ovate bud scales, which persist to form the involucre of the

flower cluster.

Paleobotanists associate the name Sassafras with lobed leaves,

and I do not know of a single specimen of a simple leaf which

has been described as Sassafras, although several leaves referred

to other species might easily be forms of Sassafras, as for

instance Ci?inamomiim Heeri Lesq. from the Dakota group".

Premising this much what shall we say of the relations of the

numerous fossil species of bilobed and trilobed leaves which

have been referred to this genus, ranging in time from the Poto-

mac formation upward ? While some are undoubted forms of

Sassafras and have always been known as such, others are just

as undoubtedly not forms of Sassafras at all. Very diverse opin-

ions have been advanced as to their proper position. Saporta

questions all of the references of trilobed leaves to Sassafras,

and suggests their affinity with Aralia, pointing out their resem-

blance to the Central American genus Oreopanax. Araliopsis

has always been a convenient shelf on which to place these

leaves, but it seems to me that such references are altogether

unsatisfactory. Lester F. Ward ^^ is of the opinion that it is

'^ The probable physiognomy of the Cretaceous plant population. Amer. Nat,

27: 336. 1893.

"Fl. Dak. Group, p. 105,//. /J. fig^ /.

" Proc. Nat. Museum 11: 39-42. ph, 17-22. 1888.
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doubtful if any of the so-called Sassafras leaves from the Dakota

Group are correctly named, and says that they will eventually

be recognized as interrelated with Platanus. While there is

much in favor of this view, especially in the case of some spe-

cies (which will be considered in their proper place), it is too

sweeping and will have to be qualified.

The existing species is noted for its variable leaves, which

may be simple, 2, 3, 4, 5, or 6-lobed, and we quote from

Lesquereux to show with what certainty he regarded some of

his determinations. In speaking of S. platanoides, he asks **is it

referable to Sassafras, Aralia, or Platanus ?^3" S. mirabile he

originally referred to Platanus; he asks **what is Aspidiophyllum

defitatitm, Sassafras or Platanus ?" He says of 5. dissectiim that it

"has in the division of the lateral lobes the character of Aralia,

while by its size and general outline it is a Platanus, and still far-

ther by the basilar prolongation and dentate lobes it is merely a

variation of 5. mirabile, or in the still farther development of the

base it approximates Aspidiophyllum and Menispermites ;
in

fact incomplete specimens of Aspidiophyllum which lack the

basal portion have generally been referred to Sassafras/'

1 propose to consider the various fossil species in the light

of the modern leaf, and believe that the relations which are sug-

gested in the following pages, while necessarily imperfect, are

more natural than any treatment heretofore accorded them.

While all attempts at phylogeny are necessarily hypothetical,

especially when dealing with only one set of organs, such as

leaves, and many of these scattered and fragmentary, I have

not hesitated to theorize, believing that such attempts when

founded on careful study not only serve to coordinate existing

knowledge of the group but furnish starting points for new lines

of investigation, I exclude for the present any consideration of

the species from Europe or the Arctic region.

The oldest species referred to this genus in America are

Fontaine's three Potomac species as follows :

Sassafras parvifolium may be dismissed with the statement

that there is nothing about this fragment of a small leaf to war-

^3 Fl. Dak. Group, p. 231.
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rant its reference to Sassafras. Of rare occurrence, it probably

represents a young leaf of some unrelated species, or possibly of

the leaf which Fontaine describes under the followins: name.

Sassafras cretaceum heterolobum resembles S.cretaceum obtu-

S7tm Lesq. from the Dakota formation and the Cheyenne sandstone,

but is considerably smaller and with more pointed lateral lobes.

We to Cissites, its

general outline (except the pointed lobes) being quite similar

to Cissites salisburiaefoliiis Lesq. from the Dakota formation,

which species Lesquereux determined as Populites, Sassafras,

and Cissites successively. Or we may consider it as related to

the ancestral form from which Platanus, so extensively devel-

oped in the succeeding strata, was developed. At any rate, I

see no reason why it should be considered a species of Sassafras.

Sassafras bilobatum.—While the outline of this leaf does

not exactly conform to any modern bilobed Sassafras leaf known
to me, it is nearer the latter than it is to any other leaf. The
right-angled sinus with straight sides and running to a point is

also a feature not seen in the modern leaf. In the latter, when
the sinus runs to a point it is narrow and deep ; and when it

forms a right angle it is curved and the resulting lobe is gener-

ally obtuse and but slightly produced. We have characters

which ally this ancient leaf to Sassafras in the decurrent base;

I
the sub-opposite primaries, as they usually are in the bilobed

leaves of the existing Sassafras ; the position of the secondaries
;

and especially in^the secondary running to the sinus, a feature

we would hardly expect to find in so primitive a leaf. We would

consider the bilobed leaf as a more ancient type than the tri-

lobed form, and removed from the ancestral simple leaf by a

series beginning with leaves with but a slight depression mark-

ing the position of the future sinus, and a slightly produced

obtuse lobe, through formspartially paralleled in the modern leaf,

in which these features were more and more emphasized. Just

why the leaf became lobed is largely conjectural. The primaries

form a more acute angle with the midrib than do the second-

aries, especially in the simple leaves ; they are the first and

largest arteries branching from the midrib; in the growing leaf

*
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they are carried upward, while new laterals are added toward

the tip of the blade. It may be that the diagonal position of

the leaves in the bud causes pressure at that particular lateral

part near the tip of the primary, causing more or less atrophy of

that part of the blade. This tendency once inaugurated the rest

is simple, for those portions of the leaf at the tips of the prima*

ries would have nearly all their leaf-forming energy expended in

increasing the length of the lobe
;
possibly especially good envi-

ronment was a factor in the original lobation, as witness the great

development of the lateral portions of the leaf blade in the five-

lobed forms occurring in rich soil. The Potomac species under

discussion bears some resemblance to certain species referred to

Sterculia, as well as to the asymmetrical terminal leaflets of

some compound leaves, but I feel that we are justified in con-

sidering it a true Sassafras—the first that we can identify as

such with any degree of certainty. As pointed out by Fontaine

in the fragment of this leaf figured (by him), the opposite pri-

mary is considerably stouter than its fellow which runs to the

lobe which is preserved, lending color to the supposition that

this species was also trilobed.

The next forms which we have to consider are those recorded

from the Cheyenne sandstone of Kansas, They were probably

contemporaneous with the foregoing or possibly somewhat more

recent, and flourished about looo miles to the westward.

Sassafras sp. Knowlton in Hill, Am, Jour. Sci. i : 212.

1895, represents fragmentary remains of doubtful identity from

Belvidere, Kansas.

Sassafras obtusum Lesq., fi/st described by him as Popiihtes

salhburiaefolia in 1868, then as Sassafras, and then as Cissites,

and Sassafras cretaceum obtusum Lesq. had both better be

referred to Cissites ; at least this is a more natural place for

them among the Lauraceae. Newberry includes them both in

his composite species 5. cretaceum. They resemble somewhat

the trilobate forms of Cissites harkerianiis Lesq., and also *C.

insignis Heer, and there is a distant resemblance to Dawson's

Sassafras Selwynii from the Canadian Upper Laramie. They are

both found in the Dakota formation, and S. cretaceum obtusion
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also occurs in the sandstone at Belvidere, Kansas. The primaries

are sub-basal, and the secondaries are straighter than in the

modern Sassafras. The texture of these leaves differs widely,

and the basal midrib is very wide. Some specimens show a

tendency to become dentate. Hollick'^ compares his Cissites

platanoidea with S. obtiisum Lesq.

Sassafras Mudgei Lesq.—According to Newberry, this is

merely a variety of his S. cretaceum, but we fail to see any ground

for this association except that they resemble somewhat the

narrower lobed leaves ascribed to that species. They are some-

what intermediate between these forms and the more typical

S. acutilobitm^ but are much more like the modern leaf than either,

Lesquereux's figs, j and 4. pL 14, Cret. FL, we consider to be

typical forms of this species. In the lengthening of the termi-

nal lobe they approach the modern Sassafras ; and we see no

venation characters which are unlike the modern leaf, for while

no marginal veins are discernible, they might have been present

fig^ approach Sassafras in the relations of

their secondary members in this region. If it be certain that

the fruit has been found in the same strata as Lesquereux

asserts/5 it only serves to substantiate the impression otherwise

obtained that they are true Sassafras leaves. The lateral mar-

gins of both the base and the lobes are straighter and more

I
ascending than in the existing Sassafras, and the margin shows

a tendency to become wavy. Lesquereux's other figure referred

to this species differs in the size and direction of the lateral

lobes, in the sub-basal primaries, and in the acute tip; the vena-

tion also is somewhat dissimilar, the ascending margins bulge

outward, and the base is not decurrent on the petiole, as it is

most markedly in his figs. 3 and 4. It resembles somewhat the

forms which Newberry refers to 5. acutilobum, but we do not

consider it a Sassafras. Ward's fragmentary leaves from the

Black Hills are of doubtful identity. The more perfect speci-

men which he originally referred to Lindera vemista Lesq.,

which it resembles in outline, is a smaller leaf than 5. Mtidgei,

with sub-basal primaries, considerable breadth of blade, and
'

'*Bull. Torr. Bot. Club 22: 226. 1895. 'S H. Dak. Group, p. 230.



438 BOTANICAL GAZETTE [December
<**

reduced terminal lobe. It may be Platanoid, Cissoid, or Aralioid,

but is hardly a Sassafras leaf. If the reference of leaves from

the Cheyenne sandstone to this species be correct, it had a con-

siderable range in time, extending from the Lower into the

Upper Cretaceous.

Sassafras cretaceum recurvatum Newb.—Three to five-

lobed subcoriaceous leaves
;
primaries branching from the mid-

rib in the decurrent base, borders undulate ; resembling the

Araliaceae in the tendency to become five-lobed, Newberry's

and Lesquereux's figures ^^ agree with each other and differ from

those of 5. cretaceum^ of which Newberry considers them a

variety in the craspedodrome venation, and the tendency of

the lobes to become sub-lobate or undulatory, a tendency quite

pronounced in Lesquereux's specimens cited. Lesquereux's

third figure '7 differs in being distinctly trilobate with campto-

drome venation, and greatly resembles in outline the leaves

which he refers to 5. cretaceum. It also resembles his S. mira-

bile, being, however, fuller in its basal half. The typical forms

of this species '^ are closely related to some of the forms of

Platanus latior and P. Heerii in the undulate margins and the

strong development of the secondary branches from the

midrib '9 and undoubtedly should be referred to Platanus.

Sassa-fras Leconteanum Lesq.—This name embraces leaves

from the Dakota Group at Fort Harker, and remains doubtfully

ascribed to Nanaimo, Vancouver island. Schimper^** says of

them, *'Lauraceae, but doubtful Sassafras." Lesquereux*^ says

their '* relation is with the European Tertiary Benzoin, and the

existing Nectandra and Lindera." While modern opinion places

them in the genus Persea, I am disposed to follow Heer in con-

sidering them a species of Magnolia; they are certainly not

Sassafras.

Sassafras acutilobum Lesq.—The leaves from the Amboy

'^Cret YVpL 10. figs. 4-3. '^ Cret. Fl. //. 10. fig. 3.

*8Newberry, Later Ext. Fl. N. A.,//, g.fig 2, and Lesquereux, Cret. Fi. //• ^o,

'9 Compare with Cret. Fl. //. y.fig. 2; pL 8. fig. 4; pL g.fig. /.

2Q Pal. Veg. 2 : 836. »>Cret. Fl. p. 75.
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J refers to S. actitilobum, as

well as the single leaf described under this name by HoUick
from Glen Cove, L. I., are quite different from the majority of

Lesquereux's figured specimens from the Dakota formation, and
evidently are not Sassafras leaves. Newberry's two small figures

are fragments which resemble Fiats Woolsoni in the position and
direction of their primaries, the less fragmentary specimens

resemble somewhat those leaves which Newberry refers to

Cissites formosus. They are broad leaves with more or less later-

ally directed, short, broad, acute lobes ; the primaries are all

basal except in one specimen which might be a fragment of

Sassafras or almost any other triple-veined leaf ; the secondaries

branch from the midrib at irregular intervals and arch, forming

laterally directed loops a considerable distance from the margin.

Lesquereux's S, acutilobum^ on the other hand, has long, narrowly

i
pointed lobes, the primaries are not basal, the secondaries arc

numerous and branch from the midrib at regular intervals, and

ascend in regular curves to join the one next above near the

margin. His larger leaf greatly resembles the trilobed leaves'

Welliiigty
23

The form and size are the same, the primary venation is similar,

the secondaries arch with almost the same regularity, and form

similar ascending curves. In the Aralia leaves, however, the

secondaries in the terminal portions are craspedodrome or straight,

running to the dentate points of the margin, and the basal portion

^
of the leaf is produced farther down the petiole. It is also very

similar to some of Newberry's figures of S. cretaceiim, and together

with them probably represent transition forms between 5. creta-

ceiim and Aralia (so-called). Probable Sassafras fruit has been

? found in the same strata with S. aaitilobiim''^, tending to show

that it is a true Sassafras, notwithstanding its dissimilarities;

however, this is not certain, as the leaves and fruit were not found

associated. Lesquereux's smallest figure of .S". actitilobum is con-

siderably smaller, with the lobes directed upward, and is probably

a young leaf of his larger form. His other figure approaches

some of the leaves which Newberry refers to this species, but has

''See Fl. Dak. Group,//. 21, fig, /. »3Lesquereux, F1. Dak. Group, p. 230.

I
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narrower and more produced lobes ; the secondaries, while indis-

tinct, seem to conform to those of Lesquereux's other specimens,

thereby differing from Newberry's leaves. The two series are,

furthermore, widely separated geographically and are from

different geological horizons. As previously stated, the Amboy
clay leaves show no affinity to Sassafras; especially is this so in

the very small, probably young leaves. Whether the Dakota

group forms are Sassafras or not is not easy to decide. No

modern Sassafras leaves which I have seen have the primaries

and the lateral lobes so nearly horizontal; the secondaries are

not so uniformly regular, nor do they curve upward to join the

next above at a point. In the modern leaf an outwardly and

downwardly directed branch from the latter is emphasized.

There is never such an open sinus, amounting as it does to nearly

90°, and the lobes in the modern leaf have their margins inflated

and not straight. In these ancient leaves the sinus never has a

marginal vein, the secondary in this region forking and striding

it, or curving to join its neighbor. In all cases the secondary

system seems to be uniform throughout the leaf, while in the

modern leaf there is always evidence of changed conditions in

that region around the sinus ; the secondaries or their representa-

tives from both the primaries and midrib are changed in size and

direction and usually belong to the tertiar^^ system. None of the

Dakota leaves of this species show the characteristic basal vena-

tion of the modern leaf. While we should not, necessarily,

expect Cretaceous species to conform to the modern type, still

the character of the secondary system in the former is so different

from what would obtain in a leaf descended from a simple

ancestor, such as we hold Sassafras to have done, that we are

inclined to associate these leaves with those trilobed forms which

have been referred to Aralia, laying aside, for the present, any

consideration as to whether or no they are true species of Aralia.

Lesquereux originally considered his leaves to be a variety of

Miidgi Leaves

which have been referred to this species (5. aciitilobtmi) have been

found in both the Lower and Upper Cretaceous, and at the fol-

lowing localities: Woodbridge and Cliffwood, N. J.;
near Ft.



1902] 1^0TES ON SASSAFRAS 441

Harker and along the Salina river, Kansas ; Glen Cove, Lon^r
Island, and at Martha's vineyard. Velenovsky identifies it in

the Cenomanian of Bohemia, and Oswald Heer's Greenland
specimen which he refers to 5. reairvata probably belongs here
(Fl. Foss. Arct. 6: pi. 39. fig. 4).

Sassafras subintegrifolium Lesq.—This leaf Lesquereux
refers = doubtfully to this species. He is positive that it is refer-

able to some member of the Lauraceae, comparing the secondary
venation to Acsculap the nearly round or

The tertiary system and general outline arc

*

polygonal reticulation to that of Benzoin. Later '5 he beh'eved

that it represents only a deformation of 5. crctacetim, especially

the var. obtusttm. The bilobate form i% included by Newberry in

his ^. cretaceum, and Lesquereux seems inclined to agree with this

reference. Their two figures of bilobate leaves, however, are

very dissimilar.

clearly like Sassafras, the secondaries are more ascending, caus-

ing the sinus to be midway between the primary and the first

secondary, instead of the secondary running to it and becoming
marginal as occurs in the majority of modern leaves; the pri-

mary to the entire side is straighter; the lateral branches of the

primaries are longer and straighter than in the modern leaf; the

pair of secondaries below the primaries is also a character not

found in modern leaves, where the lowest lateral branches from

the primaries and joins the marginal veins to form an inverted

triangle. Passing over the ambiguous form whose positive rela-

tions are obscure, we would say in regard to the bilobate form

that, while it lacks the basal nervation and the secondary to the

sinus of the modern leaf, it is similar in outline, in primary and

tertiary venation, and more nearly resembles Sassafras than any

other leaf-form. We would therefore retain it in this genus,

keeping it separate from the 5. cretacewn of Newberry,

The Laramie species comprise three or four forms. The

first, Sassafras sp. Lesq., from six miles above Spring c^hon,

Montana, is not afterward mentioned by that author, and as it

was never figured we can dismiss it as an undeterminable frag-

ment. We mention also Dawson's Sassafras sp., from the

=^Cret. Fl.//.j./^.5. *SCret. and Tert. Fl.
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Upper Cretaceous of Baynes sound, Vancouver island. All are

imperfect specimens, representing a small apparently trilobed

leaf of doubtful affinities.

Sassafras Selwynii Dawson.-—Dawson says of this leaf "As

much entitled to be referred to Sassafras as many of the Creta-

ceous species ; near to 5. cretaceum Newberry, particularly the

variety obhtsiim Lesq." From the Upper Laramie of the Souris

river region ; it was the first representative of this genus in the

Laramie. It resembles Aralia acerifolia and A. notata Lesq.,

especially the latter, in its venation. The rounded base and

basal primaries preclude us from considering it a species of

Sassafras.

Sassafras (Araliofsis) Burpeana Dawson.—From the Cana-

dian Upper Laramie at Shagnappi point, Calgary, Canada. This

species can also hardly be considered a Sassafras. The second-

aries are regularly spaced and straight, the margins of the

terminal and one lateral lobe are straight. It may represent the

terminal portion of a compound leaf, such as Rhus or Sapindus^

or it may be the fragment of an Aralia leaf (see A. Masoni

Lesq). Lester F. Ward considers'^^ both 5. Burpeaiia and 5.

Sehvynii as belonging to the Platanoid group of leaves. Neither

formcanbe allied to any modern Sassafras leaf by any characters

they present, unless it be the fact that they are trilobed, as are

also some forms of Aralia, Cissites, Platanus, Aspidiophyllum,

Menispermites, etc. This leaves not a single species of this

genus in the Laramie, although Sassafras must have been present

in the flora of that period.

Sassafras (Araliopsis) harkerianum Lesq.^—Lesquereux

says of this form, ''evidently related to 5. cretaceum obttisum and

to S. obtiisttm,'' and ** evidently related to Araliopsis." The

name includes rounded, trilobate leaves ; nearly simple

rounded leaves; and simple acuminate leaves very similar to

Cissites acuminatus Lesq. The primaries are sub-basal as in the

latter, or are inserted some distance from the base of the blade as

in Cissites Heerii Lesq. The trilobate forms are included by New-

=«Compare with Lesq., Fl. Dak. Group, //. 3b. fig, 4; pi 64. fig, /8.

^^GeoL Dist. Fossil plants, p. 842.
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berry in his S. cretaceum; his figure however differs from Lesquer-

eux's in that the primaries are as in the modern Sassafras and
not sub-basal, as in the leaf figured by Lesquereux. It is well

to consider these leaves as belonging to the Cissoid group.

The veins, both primary and secondary, are straighter than in

Sassafras, and more ascending, and are usually craspedodrome
and not camptodrome as in Sassafras. All are found in Dakota
strata.

Sassafras progenitor Newberry.— Newberry is very posi-

tive that this leaf is a true Sassafras, with which view

we entirely agree. The small leaf is the exact counter-

part of the modern Sassafras leaf in outline and vena-

tion, with the exception that the primaries are basal. While

no marginal veins are visible at the sinuses, the first second-

aries leave the midrib and curve upward, running directly

to the sinuses as in the existing Sassafras leaves. Rol-

lick's specimen from Long island, while fragmentary, has a

short branch running to the sinus in the half of the leaf blade

which is preserved. Newberry's other figures each lack the

basal portion of the blade and one of the lateral lobes ; the lobes

are more obtusfe than in his smaller specimen. While the sinus

appears to lack a marginal vein, the disposition of the second-

aries and tertiaries in this region is Sassafras-like. The species

is thus far confined to the Potomac formation, extending from

the Amboy clays to the Island series, and is remarkable in that

a Lower Cretaceous form should resemble so closely the existing

species.

Sassafras dissectum Lesq.— These very large, palmately

five-lobed, coriaceous leaves from the Dakota formation of

Kansas were hardly borne upon a Sassafras tree. They resem-

ble somewhat 5. mirabile and Platanus pnmaeva, and Lesquereux

considers them^^ a possible link between these two genera.

Later he compares them to Aspidiophylhim trilobatum, from

which they differ in their entire lateral lobes; in the smooth

and not rugose areolation ; and in having a narrow decurrent,

instead of an expanded base. Aside from the character of the

38 Fl. Dak, Group, p. loi.
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base, they also resemble Lesquereux's figure^^ of Aspidiophyllwn

dentatitm^ agreeing exactly except that in the latter the border

is sometimes obtusely dentate.

Sassafras dissectum symmetricum Hollick,—What was said

of S. dissectum applies equally well to this variety, at least in so

far as its characters are known. The fact that the primaries are

opposite is hardly a varietal character, as witness the varia-

bility in this respect among leaves of the existing Sassafras.

The only other differential character, therefore, is that the leaf-

blade is not decurrent on the petiole but ends at the insertion of

the primaries. As the general shape of the base is like that of

the species, and as the variety is founded on a single imperfect

specimen, it would perhaps be well to consider it as identical

with 5". dissectmn, at least until the discovery of more complete

material. The specimen in question is from the Dakota forma-

tion near Fort Harker, Kansas.

Sassafras cretaceum Newberry.—Newberry includes under

this name the various forms described by Lesquereux as 5.

Mtidgei, S. subifitegrifolium, S. iJitegrifoliiim , S. obtuswn, S, creta-

ceum dentatum, S, cretaceum obttisum
, 5. aciitilobum^ Cissites

harkeriamis, and C, salisbtiriaefalius. While this shows the

undoubted composite nature of 5. cretaceum, it also shows that the

extremes of leaf form above mentioned are so closely connected

with the more typical leaf by a series of intermediate forms that

the question of where one species shall end and another begin

is an extremely difficult one. We consider the leaf figured on

pL 6. fig, /, Later Ext. Fl., to be the typical form of this species.

It bears considerable resemblance to some modern Sassafras

leaves. A slight widening of the terminal lobe of some of these

in the region of its base would give a leaf strikingly like S.

cretaceum; or w^ere the sinuses of the latter slightly deeper we

would have the typical modern leaf. The basal portion of the

leaf is like Sassafras, and the indications point to a similar

venation in this region. The first pair of secondaries do not

branch to form margins of the sinuses ; the left one runs

directly to the sinus, however, and may possibly have con-

's Fl, Dak. Group,//, jg^fig, i.

r
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formed to the margin, but so small as to have been effaced in

the specimen
; the right one is stronger and runs almost to the

sinus where it makes a sharp turn upward, continuing until it

joins the next secondary. This feature is analogous to those in

the modern leaf, which indicates the mode of origin of this

peculiar character. This leaf seems to form a central figure

from which a series of forms grade in several directions, culmi-

nating in quite dissimilar leaves. Lesquereux's 5. crctaceiim is a

more Platanoid leaf, with more acute tips, a tendency to become
' dentate, and with the primaries inserted nearer the base.

Closely allied to the preceding is his 5. {^Araliopsis^ 7piirabile,

which serves as a connecting link with hxs Plafaniis rea^rvaia.

From the aforementioned S. cretacetim of Lesquereux it is but a

step to such a leaf as the one shown on//. 8. fig. 2, Later Ext.

Fl., and to the trilobed forms referred to Cissites harkeriaims,

and these in turn grade into the more Cissoid forms of this

species, such as those shown on //. //. fig, J, Cret. Fl. The
primaries are basal and of not much greater caliber than the

regularly succeeding straight secondaries. It is but a step from

this leaf to that of Cissites Hcerii on the one hand, with its pal-

mately five-pointed blade; and to such forms of Cissites aewni-

P^' 5' fig- the other ; which in

turn, by the elimination of the decreasing dentate points, gives

In the second

etacenm, pL 8.

us the leaf figured at j, //. 5, Cret. and Tert. Fl.

series of leaves diverging from the typical, 5. o

fig^ /, Later Ext. FL, is removed a slight distance by the short-

ening ot the blade, the thickening of the primaries and second-

aries, and the shortening and rounding of the lobes (5. obtnswn)\

while a smaller leaf would be its logical descendant ;
and from

these leaves to those referred to the typical Cissites salisburiae-

foliiis is but a step. In the third series of leaves diverging from

the typical 5. cretaceurn, we note that the leaf has its lobes much

produced, narrow and running to a sharp point, as in the beau-

M 7^ fig
however is still

referred to 5. cretacetim. Lesquereux's S. acutilobwn does not

differ from the preceding except in the direction of the lobes,

which is scarcely a specific character. From this leaf it is no
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great jump to those trilobed forms which are referred to Aralia

Wellingtoniaiia, the chief difference being in the margin. Thus

we have an interrelated series connecting those leaves which

undoubtedly show affinity to Sassafras with those which are ^

undoubtedly Platanoid on the one hand, and with others which

are reasonably referred to Cissites and Aralia on the other.

Sassafras mirabile Lesq.— Lesquereux says^^ of this leaf

**its facies is like that of a Platanus, or of a group referable,

perhaps, to the Araliacaae, like Platanus ?tobiHs Newb., P.jatro-

paefolia^ and P. hercnles Unger, etc." Its size, texture, obtusely

dentate borders, and craspedodrome secondaries all stamp it as

a Platanus, and we prefer to follow Newberry and consider it as

variety of his P. latiloba. There is a distant resemblance to the

trilobed forms of Cissites harkerianus, as well as to some forms

which have been referred to Sassafras cretaceum; this however,

is a much larger leaf than the latter, with sub-basal prima-

ries.

Hi
resemblance in his published figures. Nearly all the five-lobed

platanoidi

I

1

Sassafras ( Araliopsis ) papillosum Lesq.— Lesquereux

writes of this leaf "though the general aspect of the fragment

is like that of a leaf of Platanus, it has a more evident relation

to Sassafras {^Araliopsis) mirabile Lesq., from which it differs

merely by the enlarged lateral lobes, the acutely dentate

borders, and the papillose teeth ; this has a marked degree of

affinity to Platanus primaeva Lesq. and its varieties." It is very

similar to some of the leaves referred to 5. cretaceum, especially

the var, grossedentatum Lesq., and like the latter its more natural >

position is with the leaves of the Platanoid group, resembling as

it does P. lattor, P. dissecta, P. latiorgrandidentata, etc.

Sassafras (Araliopsis) platanoides Lesq,— It is not diffi-

cult to find analogues of this leaf in widely different genera.

There are three forms from the Lower Potomac which it resem-

bles : Araliaephyllum acutilobum Font., Araliaephylliifn aceroides

Font., and Aceriphyllum aralioides Yont, Lesquereux^^ considers

3°Cret. Fl. p. 8i. 3'Cret. and Tert. Fl., p. 58. ^*
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in outline, the chief difference being that the main lateral sinuses

are deeper in the modern leaf, thus giving the lobes somewhat
orbicular outlines. The position of the primaries is similar; the

branch from the primary to the extra lobes is similar; the sec-

ondaries are somewhat straighter in the ancient leaf. Although
Lesquereux says *'it is equally referable to Sassafras or to

Platanus/' we are disposed to consider the former as representing

its more natural disposition, not only because of its similarity

to the modern leaves just pointed out, but also in its narrowly

produced base, and especially in the first secondary running

direct to the sinus, as it seems to do in Lesquereux's figure

;

for although a small portion of this part of the leaf is missing,

it is so nearly complete on the one side as to leave no alterna-

tive ending for the secondary in question.

Sassafras (?) primordiale Lesq.— This fragment from the

Dakota group is of doubtful value. Its only distinguishable char-

acters, namely the basal lobe with the narrowly extended ter-

minal lobe and the secondary in the region of the sinus widely

forked, certainly do not warrant its association with Sassafras.

Lesquereux notes its resemblance to 5. acutilobum and 5,

Mtidgei.

Sassafras cretaceum grossedentatum Lesq.— Lesquereux

says of this form that it ** differs in nothing from the normal

form except by its large size, with its borders deeply dentate. It

is evident that the sharply acute teeth constitute a variety indi-

cated already by the short teeth sometimes seen in the normal

forms of the species." In all the leaves referred to S. cretaceum,

however, the base is decurrent on the petiole as in the modern

Sassafras leaf. Furthermore, in all of Newberry's figures of the

species, while the margins are sometimes slightly toothed, the

secondaries remain camptodrome and do not enter the teeth,

thus differing from the leaf under consideration as well as from

Lesquereux's figures of S. cretaceum,^^ in which the secondaries

are craspedodrome ; the base, however, is decurrent as in New-

berry's figures and in the modern leaf. This form differs but

slightly from S. papillosum, and also bears considerable resem-

3^Cret, FL,//. 11, figs, 1-2.
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blance to some of Lesquereux's figures of Platamis latior 2ind some

of its varieties, as well as to other species of Platanus ; and there

is no doubt in my mind of its Platanoid affinities.

SassafRx\s hastatum, Newb.— Trilobed, hastate leaves with

conical lobes, the lateral ones directed horizontally except in

two specimens which approach somewhat S. proge?iifor from the

same formation, especially Newberry's fig, 5, pL ^7, Fl. Amboy

CI., which in all probability should be referred to that species.

The rest of his figures show the normal form of S. hastattim,

which differs widely from any leaves which can with any degree

of certainty be referred to Sassafras; they resemble somewhat

the fragments referred by Newberry to 5. aciitilobii?n. In these,

although the lateral lobes are horizontal, they are not basal, and

in consequence the primaries branch from the midrib at an angle

of about 30° instead of nearly 90°, as in S, hastatum. They also

resemble the Amboy clay leaves referred by Newberry to Aralia

groenlandica ; and they also have somewhat the appearance of

A. polymorpJia.hvX differ in outline. The secondary system is

more or less obscured, the primaries are horizontal as are the lat-

eral lobes; all the lobes are conical; and the base is not decur-

rent on the petiole. No discernible characters hint at any Sas-

safras affinities; and the outline is so far removed from what

obtains in any forms of the modern leaf that we are inclined to

discredit their reference to that genus.

Of the two remaining forms W'hich have been referred to this

genus. Sassafras (Araliopsis) sp. Lesq. from the Amboy clays

)

J., is of doubtful value ; and Sassafras (A

tate leaves of somewhat doubtful affinity, which serve to connect

his 5. crctaceinn with its variety grossedentatiim, both of which

varieties seem more nearly related to Platanus than to Sassafras.

The varying similarity and interrelation of the forms hereto-

Jore referred to Sassafras, Aralia, Platanus, Aspidiophyllum, Cis-

sites, etc., clearly indicate that a change must soon be made in

our conception of these genera; and this not only applies to Sas-

safras, but to the various forms referred to the other genera as

well, including also Grewiopsis, Menispermites, Credneria, etc.
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Ward suggestecl33 that they be referred to a new genus to be des-

ignated Protoplatanus, or some similar name indicative of their

ancestral character; but it seems to me that such a comprehen-
sive genus would be an unwieldy composite no more satisfactory

than the present state of affairs, for surely Platanus was not the

only modern form with this style of a leaf that has Cretaceous

ancestors. Other Spermatophytes are well represented in strata

of corresponding age, and analogy leads us to see no reason why
Sassafras, Aralia, Cissus, Liquidambar, etc., should not be pres-

ent. We may reasonably expect that the more we know of this

flora the more it will be found to resemble the existing flora of

North America
; in fact, the tendency of paleobotanists has

always been to underestimate the age of the American Creta-

ceous. All, or the majority of the Spermatophytes originally had,

in all probability, simple leaves; their origin was polyphyletic;

and it is very possible that a like environment caused lobation

which was thus more or less similar in all of these genera,

although the species were quite different in other respects. At

the present day a series of leaves of Vitis, Ampelopsis, Vibur-

num, Acer, Platanus, etc., could be obtained which would appear

to be as closely interrelated as are some of the Cretaceous forms.

SUMMARY.

Of the twenty-eight American forms which have been referred

to Sassafras the following disposition is made:

Retained in Sassafras : S. bilobatum, from the Potomac for-

Mudgi

P ifc

Hum, S. platanoides, and S. cretaceum (in part), all from the

Dakota formation.

Referred to Aralia : Sassafras acutilobum, doubtfully.

Referred to Cissites : S. harkeriamcm, S. obtustim, and S. creta-

ceum obttmifn.

Referred to Platanus or Protoplatanus : 5. dissectiim, S. dis-

secium symmetricurn, S. mirabile, S. papillosum, S. cretaceum defita-

tum and grossedentatum, and S. recurvatum.

"Bull. 17, U. S. Geol. Surv.
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Doubtful :
5". parvifolium, S. cretaceum heterolobum^ S, sp.

Lesq. (from Montana) , 5. sp. Dawson (from Canada), 5. sp.

Knowlton (from Kansas), S. sp. Lesq. (from New Jersey), S.

Sekvy?iit, S. Bicrpeana^ S. Leconteanum, 5. prunordiale, and S.

hastatmn.

Passaic, N. J.

Explanation of Plate XVIII.—One-half contours of leaves of Sas-

safras Sassafras, showing variety of lobation ; reduced three-fourths.

t
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A DATE-LEAF BOAT OF ARABIA.

(with three text figures)

While traveling up the coast of Arabia last February the writer's

attention was attracted to some curious craft made entirely of date

leaves that came alongside as the '^Peinba" steamed into the desert

harbor of Jask on the Arabian coast. The coast of the Persian gulf

is so barren that one can

travel for many days along
it withoutfinding so much
as a single tree or shrub,

and at this place the only

plants of any size were

some groves of date palms
and a few acacias which

had been planted by the

English employees of the

Persian gulf cable com-
pany, which has a station

at Jask.

Wood is so scarce in

the region that even the

roots of such small desert

shrubs as are to be found
are dug up for fuel, and timber large enough for boat building would

have to be brought by water from Bombay. It is necessity, there-

fore, which has invented these curious date boats of Jask. They are

niade of the midribs of the date palm leaves, which are about an

inch and a half in diameter and ten feet long. These tough mid-

ribs, from which the leaflets have been removed, are fastened together

by means of wooden pegs and strong twine in the form of a boat.

No attempt is made to match joints, but a false bottom is built to the

craft, and the mass of light midribs that lie beneath this bottom buoy

the boat up out of the water so that the inside remains quite dry.

1902] 451
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Though in the form of a boat, this curious date-leaf affair is really a

boat-shaped raft, for nothing but the fact that the bottom stands high

out of the water prevents the waves from entering and flooding it.

They are not pitched or painted in any way, and would doubtless

"^r

-"K-^ii T"*K"'

^

Sf?

be short-lived were they not dried out carefully on the beach whenever

the owner is not using them. The paddles are the only parts of the

boat which are not made of the date palm, being crooked, irregular
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poles with the sides of some dry goods box for blades. They indicate
the remarkable dearth of wood in the region.

They are weird little craft, and add one more use to the list of
things which can be made from this remarkable desert palm.— David
G. Fairchild, Agricultural Explorer, U. S. Departincnt of Agriculture.

A VARIABLE LARKSPUR.
The genus Delphinium, both in the Rocky mountains and in Cali-

fornia, runs into numerous local races or species. Formerly these
were classified under a few specific names, but this method had the

unfortunate result of grouping together without distinction very diverse

plants. Now we are going to the opposite extreme, and the list of

species is becoming very long. In all probability we shall eventually

come to regard the majority of the distinguishable forms as subspecies

or races only
; but for the present the chief aim is to separate the dif-

ferent plants, whether or not we can reach final conclusions regarding
their status. Whatever the nomenclatural outcome, there will evidently

be much to interest the student of evolution.

In the Sapello canon, Las Vegas range, New Mexico, a peculiar

and variable Delphinium is very abundant. The writer in 1900

described it as a new species, but the description was not immediately

published, and presently many new species were recorded from Colo-

rado and elsewhere, so that the subject became complicated. The
plant was clearly related to D. occidentale^ and it seemed possible that

It might be a southern form of D, mu/tiflorum Rydberg 1902. I sent

specimens representing the variations to Professor Aven Nelson, who
has an intimate field knowledge of the Rocky mountain larkspurs, and

he fails to recognize the plant, remarking that it is '^certainly a fine

species." He also agrees with me that the specimens sent are all of

one species. Under these circumstances it seems desirable to publish

a description.

Delphinium sapellonis, n. sp.— Strict, up to six feet high : leaves

tripartite, the lateral divisions large, and themselves almost tripartite :

flowers very dull-colored: spurs obliquely ascending, slightly curved

downwards, dark purple above, green below, varying to all pale with

a dark purple line above : sepals brownish or greenish-white, veined

with purple : anthers with an indigo^blue longitudinal band : lower

petals purple, with their apical lobes pale, with light yellow hairs :

pods with a short but rather dense glandular pubescence : upper part
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of Stem densely glandular-pubescent : flowers more or less glandular-

pubescent.— Beulah, Sapello canon, described from life, Aug. it, 1900.

The following are variations :

(a) Lower, about three feet high; heads in bud erect; truncate;

buds pale ^r^^«, nodding, the uppermost transverse; spur about g™""

long, rather slender and pointed ; linear bracts never reaching beyond

middle of bud, in most flowers shorter than peduncles ; lower part of

stem glabrous, with a whitish bloom, upper part and inflorescence

glandular-pubescent.— Beulah, July 27. 1902.

(^) Tall ; heads in bud nodding, tapering ; buds, including spur ^ very

dark purplish] spur obliquely truncate; linear bracts far surpassing

buds,— Beulah, July 27.

[c) Heads in bud erect; buds dark purple; spur rounded, broad

and thick ; linear bracts not surpassing buds, little longer than pedun-

cles.-— Beulah, July 29.

These apparently distinct forms are connected by plenty of inter-

mediates, and often grow together.

A specimen of D. sapellonis has been placed in the U. S. National

Museum.— T. D. A. Cockerell, East Las Vegas, N. M.

i
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MINOR NOTICES.
With THE appearance of the second fascicle^ of the second volume.

H^-Iiicsy^s J^/ora of Greece \s comp]ete. This last fascicle completes Cam-
panulaceae and closes with Labiatae.— J. M. C.

A SECOND EDITION of Green's Forestry in Minnesota'' has made its

appearance. Part I of the first edition ^ has been better classified and

extended, and Part ir which deals with the trees of Minnesota, has been

brought up to date. The work is certainly deserving of the wide circulation

which the first edition has received.^— H. N. Whitford,

The seventh volume (2d series) of Contributionsfrom t/ie Botanical

I Institute^ of the University of Pavia contains 356 pages of text and twenty

lithographic plates. There are twenty-five papers and notes, largely crypto-

gamic, but also concerning the histology of some higher plants and on physi-

ological subjects. There is also a short biographical sketch and portrait of

Giuseppe Moretti,— B. M. Davis.

The first annual issue for Botany in the International catalogue of

scientific literature has appeared, and proves to be only a first part. The
literature cited is that of 1901, but the work of the " Regional Bureaus " has

not been well organized. In fact, so far as American botanical literature is

concerned this part might as well not have been issued. The curious ran-

dom selection of about 150 American titles, sometimes inaccurately cited,

suggests the hit-and-miss work of clerks who had no access to American

botanical literature, and no knowledge to enable them to select intelligently

from such as they did see. This seems especially inexcusable, since a single

volume of the BiilL Torr. Bot. Club, with its "Index to American literature,

would have secured most of the necessary citations of American literature in

convenient form. The organization for botanical citations must be upon

some more rational basis before the Catalogue will commend itself to bot-

anists.— J. M. C.

'Halacsy, E. de, Conspectus Florae Graecae. Vol. II. fasc. XL pp. 257-612.

Leipzig: Wilhelm Engelmann. 1902. M %,

^ Green, S. B., Forestry in Minnesota, 2d ed,, pp. 401,//^. 63. figs. 47. St. Paul,

Minnesota: Pioneer Press Co, 1902. Price 25 cents.

3 Box. Gaz. 27 : 228. 1899.

*Atti deir Institute Botanico deil' Universita di Pavia. II. 7: 1-356. i^Zr. /-^o.

1902.
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Robinson^ has published an account of the flora of the Galapagos islands,

being one of the papers from the Hopkins-Stanford expedition. The pecul-

iar character of the vegetation of these islands was brought to scientific

attention in 1847 by Sir Joseph Hooker, his material being based chiefly

upon the collections of Charles Darwin made on the voyage of the "Beagle."

Hooker enumerated 239 species, of which 107 were described as new. In

1852 N. J. Andersson visited the islands, collecting 338 numbers, which being

distributed in sets to the leading herbaria have long furnished the chief ref-

erence specimens for that peculiar flora. Since that time there has been no

general revision of the flora, although the islands have been visited and

plants collected on them. The occasion of the present contribution is the

recent collection secured by the Hopkins-Stanford expedition, and referred

to the Gray Herbarium by the Zoological Department of Stanford Univer-

versity.

The flora of the Galapagos islands is almost wholly American in char-

acter, but it is impossible to trace its relationship closely to any one section

of the Pacific American vegetation. The xerophytic elements show a con-

siderable resemblance to the desert flora of southern Peru and the drier parts

of the Andes; while the mesophytes correspond most nearly to plants of

Ecuador, Colombia, Central America, and southern Mexico. The composi-

tion of the flora is peculiar in the absence of certain great groups. There

are no gymnosperms, palms, aroids, rushes, Liliaceae ; in fact, outside of

grasses and sedges the monocotyledons are represented by some half dozen

scattered species. Such characteristic tropical American dicotyledonous

families as Sapindaceae, Myrtaceae, Melastomaceae, Lythraceae, and

Onagraceae are scarcely or not at all represented ; while the best repre-

sented dicotyledonous families are Amarantaceae, Nyctaginaceae, Aizoaceae,

Leguminosae (about 10 per cent of the spermatophytic vegetation), Euphor-

biaceae (about 12 per cent), Malvaceae, Cactaceae, Convolvulaceae, Boragi-

naceae. Verbenaceae, Labiatae, Solanaceae, Rubiaceae, and Compositae

(about 13.5 per cent). The statistics show 54 species of pteridophytes and

445 species of spermatophytes ; of the former there are only 3 endemic

species, of the latter 236, that is, nearly 45 per cent, of the spermatophytic

flora. Of the 239 endemic vascular plants, 130 are restricted to a single

island.

About 30 new species arc described, distributed among the following

genera: Chloris, Peperomia. Pilea, Phoradendron, Froelichia, Telanthera

(3), Mollugo, Bursera, Acalypha(3), Euphorbia, Cereus (2). Opuntia, Miconia,

Hydrocotyle, Acnistus, Justicia, Acanthospermum, and Scalesia (5). A new
species of Glossophora, and a new genus [Herpophylloft) of Rhodophyceae
are described by Dr. Farlow.— J. M. C.

5 Robinson, B. L., Flora of the Galapagos islands. Proc. Am. Acad. 38:77-269-

pis. 1-3. 1902.
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NOTES FOR STUDENTS.
The thirteenth part (Jour. Linn. Soc. 26 : 538-561. 1902) of Forbes

and Hemsley's " Enumeration of all the plants known from China proper,
Formosa, Hainan, Corea, the Luchu archipelago, and the Islands of Hong-
kong " contains the gymnosperms of that very interesting region, the enu-
meration being as follows: Gnetales S spp. (Ephedra 4, Gnetum i); Conife-
rales 64 spp. (Libocedrus i, Thuja i, Cupressus 2, Juniperus 7, Cryptomeria
I, Glyptostrobus i, Cephalotaxus 5, Taxus r, Torreya 2, Podocarpus 6, Cun-
ninghamia i, Pinus 11

[
Abies 4, Pseudolarix i, Larix 6); Ginkgoales i sp. ; Cycadales 4 spp. (Cvcas).

J. M. C.

The germination of dry seeds after exposure to high temperatures has
been studied by Dixon.*^ After being desiccated for a day at e^'' to 75°C,
and then for another day at go'^C, the seeds were subjected to the various

temperatures for one to two hours, and then planted. In seeds which have
been subjected to high temperatures germination is much slower than in the

control. Also growth of the seedling is often abnormal in the case of heated

seeds. The author believes, on experimental grounds, that the retardation

of germination is due to some effect of the \Lt?X per se, and not to more com-
plete desiccation. Some maximum temperatures withstood are the follow-

ing: A vena saiiva, ir8\' Cuctirbita pepOy 112''; Helianihus anntius, 112°;

Lotus tetragonolobiis^ 100""; Convolvulus tricolor^ 120°. These experiments

emphasize again the great importance of imbibed water as a controlling factor

m protoplasmic phenomena.

—

Burton E. Livingston.

Cultures of plant kusis, made by Freeman ^ during the three months

from March to June of the present year, are reported in the Annals of

Botany for September, The work was done under the direction of Pro-

fessor Marshall Ward at Cambridge University, and is in line with investiga-

tions instituted by Professor Ward, and in part already reported. Only

uredospores of Piiccinia dispersa E. and H. were used, obtained from but

two hosts, Bromus mollis and B,stenlis, representing two of the five sections

of the genus. These were sown upon forty species and varieties of Bromus,

of which twenty-two showed no infection. Of the remaining kinds five were

infected by spores from both sources, eleven were only infected by spores

taken from B, mollis, while B. sterilis was the only kind out of the forty that

could be infected with spores from B. sterilis alone. To secure these results

about fifteen hundred cultures were made. It is such thorough and accurate

work as this that will eventually give us a clear notion of the relationships of

our common cereal and meadow rusts.— J. C. Arthur.

^ Dixon, H. FI., On the germination of seeds after exposure to high tempera-

tures. Notes from Bot. School Trinity Coll. Dublin 5 : 176-186. 1902.

7 Freeman, E. M., Experiments on the brown rust of hxom^h{Pucdnia dispersa).

Ann. Botany 16:487-494. 1902.
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In his discussion of the phylogeny of the cotyledon, Lyon^ concludes

that it is a sucking organ of the embryo derived from the so-called foot of

bryophytes and pteridophytes. His own summary is as follows: (i) The

typical embryos of the pteridophytes and angiosperms differentiate into three

primary members— the cotyledon, stem, and root; (2) cotyledons are not

arrested leaves but are primarily haustorial organs originating phylogeneti-

cally as the nursing-foot in the bryophytes and persisting throughout the

higher plants
; (3) the monocotyledonous condition is the primitive one and

prevails in the bryophytes, pteridophytes, monocotyledons, and some gymno-

sperms ; the two (sometimes more) cotyledons of the dicotyledons are

jointly the homologue of the single cotyledon of the monocotyledons ; (4)

the cotyledon always occurs at the base of the primary stem; (5) the hypo-

cotyl is a structure peculiar to the angiosperms, being differentiated between

the primary stem and root; (6) the so-called cotyledons of the pteridophytes

and gymnosperms, with the probable exception of Ginkgo and the cycads,

are true foliage-leaves.—J, M. C.

Items of taxonomic interest are as follows : T. E. Hazen (Mem.

Torr, Bot. Club II : 135-250. //y. ^o-^^. IQ02) has published a revision of

the Ulothricaceae and Chaetophoraceae of the United States. The species

recognized in the former family are 8 in Ulothrix, 7 (i new) in Stichococcus,

9 (2 new) in Microspora, and 3 in Tribonema ; in the later family the species

are 2 in iMicrothamnion, 13 (5 new) in Myxonema, 4 (i new) in Chaetophora,

4 (i new) in Draparnaldia, i each in Epicladia, Endoderma, and Bolbocoleon,

2 in Chaetosphaeridium, and i in Herposteiron. The 23 colored plates

illustrate the species very completely.— L. M. Underwood and W. R.

Maxon (Bull. Torr. Bot. Club 29: 577-584. 1902). in publishing an account

of a collection of Cuban pteridophytes, have described new species of

Alsophila, Polypodium, Asplenium, and Diplazium.—W. A. Murrill [idem

599-608), in his first paper upon the Polyporaceae of North America, has

presented the genus Ganoderma, recognizing 7 species, and describing 5 of

them as new.—M. L. Fernald (Am. Jour. Sci. IV. 14: 167-194. pi^- 5^^-

1902), in studying the relationships of some American and Old World species

of Betula. has united some ^veil-known trees and shrubs of the two hem-

ispheres.—J. M. C.

Brebxer 9 has published a detailed, account of the development of the

stem in Danaea. Xhe author takes exception to the morphological terms

phloeoterma and siphonostele, proposed by Strasburger and Jeffrey respect-

ively, on the ground that they imply certain homologies which he is not

prepared to accept. As an alternative to these morphological terms, he

8 Lyon, Harold L., The phylogeny of the cotyledon. Postelsia 1901 : 55-^6-

1902.

9Brebner,G., On the anatomy of Danaea and other Marattiaceae. Ann. Botany
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proposes a large number of purely formal descriptive terms, for which
the reader is referred to the article in question. According to Brebner,
"the haplostele (protostele of the young stem) does not pass through
medullated stage, but becomes crescentic after the departure of a variable
number of leaf traces. When this stage is reached, the next leaf-trace passes
off from the convexity of the crescent, thus causing a distinct leaf gap. Two
mensteles are left behind with what is usually regarded as extra-stelar tissue
between them. The crescent gap is closed, a leaf trace is given off. the gap
is closed again, etc. By the repetition of the process, followed by branching,
anastomosis, and increase in the number of leaf trace meristeles, at length a
network of strands, or the dictyostele, is formed." The course of development
appears to follow substantially that described for the Marattiaceae by P^armer,
Hill, and Jeffrey. The author states that there is a great deal of uniformity
m the anatomy of the Marattiaceae, all being adelosiphonic, with a greater or
less tendency to dorsiventrality.—E. C. Jeffrey.

DiCTVOSTELiUM MUCOROIDES, One of the Myxomycetes, was discovered

and described by Brefeld in 1869, since which time several investigators have
studied its morphology and cultural reactions. Nadson, in iSgg, asserted

that he had obtained it in absolutely pure culture, although he found that it

grew better with bacteria, and especially that a symbiosis existed between
the mould and B. Jluorescens lignefaciens. Potts,''^ however, has found that

J), mucoroides will not develop entirely free from bacteria, and that the species

which he isolated in connection with it was a new form, named by him Bad.
fimbriatMni. By a series of ingenious experiments he determined that

symbiosis did not take place between D. mucoroides and either Bact,

fimbriaium, B, fuegatherium, B, subtilis, or B. fluor, liq., i. e., that although

the mould derived benefit from the presence of the bacterium, its effect was

injurious upon the latter, which underwent extracellular digestion, appar-

ently by an enzyme secreted by the plasmodium. Living bacteria were

not necessary to D, 7nHcoroides, which could flourish, not upon the

metabolic bacterial products, but upon the dead organisms. Besides

D. 7nucorozdes, a protozoan, Amoeba nzirophila, has been found to

nourish itself through extracellular digestion (see Frosch, Zur Frage der

R^inziichtnng der Amoeben, Centr. b. Bact, 21 ^
: 1897). It is probable that the

same is true of many other Myxomycetes and Protozoa w^hose method of

nourishment has been problematical. The author made no attempt to iso-

late the enzyme, but carried out detailed experiments to determine the effect

of various non-proteid media and of light, temperature, and moisture upon

cultures of D. mucoroides and Bacf. fijnbriatiim. For the germination of

spores, oxygen, phosphate, organic substance, and water are necessary.

Optimum reaction is o. r per cent, to 0.2 per cent, alkaline; optimum tempera-

"Po'JTS, Geo,, Zur Physiologie des Dictyostelium mucoroides. Flora 91 :
281-

347-j^^j. 2. 1902.
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lure, 23"-25''C. Attempts to isolate the mould with B. Anthracis or a pink

yeast resulted negatively.

—

Mary Hefferan.

An important contribution to the subject of the relation of parasite

and host among the plant-rusts has been made by Professor H. Marshall Ward"

in the Annais of Botany, The summer (uredo) spores of brown rust were sown

upon seedlings of all available species of grasses belonging to the genus Bromus.

The spores were obtained from Bromiis inollis^ B, sterilis, and B. secalimis.

The result in general was the infection of most species belonging to the

section of the genus which included the host from which the spores were

taken, and not of species belonging to other sections of the genus.

The author undertook to find out if any anatomical or morphological

differences existed in the hosts which might account for the immunity of

some hosts and the susceptibility of others to the attack of the rust, and in so

doing developed a wealth of data regarding the number of stomataand hairs

per given area, the size of stomata, the number of leaf ribs and distances

between them, the comparative area of chlorophyll tissue, and many other

details that must challenge the admiration of every investigator. Each set

of data is compared with the " curve of infection " and the charts so con-

structed show with great clearness that no correspondence exists. The

discussion of these data touches upon many points that can not be mentioned

here, but is most lucid and convincing and ends with the statement, that "we
are driven to conclude that the factors which govern predisposition on the one

hand, and immunity on the other, are similar to those which govern fertility

and sterilty of stigmas to pollen.*' It is, therefore, to be referred, so far as

we can now judge, to the quality of nutriment afforded by each host, including,

doubtless, some less evident factors.

In carrying on the work it was found necessary to institute an investiga-

tion into the characters and limitations of the species of Bromus, and consid-

erable information regarding the seeds and seedlings especially is given.

Of conditions that inhibit the development of the rust, temperature was

found to be the most important, the upper and lower limits being about 27""

and 10° C. respectively. The presence of green algae, or the spores of molds

and other fungi, had no perceptible effect on the germination of the rust

spores, neither did the presence or absence of light.

Although the paper is notable for the breadth and thoroughness of the

observations, it is even more important for the cleat and far reaching conclu-

sions that are drawn from the data. It will do much to throw light upon an

intricate and obscure subject.—J. C. Arthur.

Dangeard " has recently published an extensive account of the Eugleni-

neae. The material is very poorly arranged, without index or even a suitable

^' Ward, H. Marshall, On the relations between host and parasite in the bronies

and their brown rust, Puccinia dispersa (Erikss.). Ann. Botany 16: 233-315- ^902-

" P. A. Dangeard, Recherches sur les Eugleniens. Le Botaniste VIII. fascs. 3-6,

97-370, ph. 4. figs, 33, 1902.
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table of contents, and its value is therefore much impaired. Following a
rambling introduction, partly historical and partly descriptive of structure

and methods, is a description of the genera and species. This account is

lengthy and so deficient in keys and synopses as to be of little value to the

general student. The second part of the paper contains five chapters devoted
to structural details, movements, nutrition, and methods of reproduction. As
is well known, the Euglenineae present a wide range of variation in their

feeding habits. Only one of three families, the Euglenaceae, have a halo-

phytic nutrition, the other groups entirely lacking chlorophyll. One family,

the Peranemaceae, engulfs its food as solid material in an animal-like fashion.

Other forms, the Astasiaceae, are saprophytic, preferring water foul with

organic matter. The Euglenaceae are especially interesting. Although
generally containing chloroplasts, they may under certain conditions adopt

saprophytic habits, when the chlorophyll disappears and the cell is quite

devoid of pigment. The plastids in such cells are believed to remain as

leucoplasts, which regain their green color under proper environment. Sorhe

of the species are normally without color.

Eitglena gracilis is remarkable for its powei of adaptation to food rela-

tions. It becomes colorless under saprophytic conditions, as when cultivated
*m sugar solutions away from light, but it regains its green color very readily

if brought back to a more normal environment. There are differences of

opmion as to the behavior of the plastids. Former writers have held that the

chloroplasts simply lose their color, becoming leucoplasts, which remaining

m the cell as organized bodies, assume again the chlorophyll when such was

reformed in the organism, Dangeard believes that the chloroplasts may dis-

appear entirely and be formed again de novo.

The chief events of nuclear division are as follows: The resting nucleus

consists of a nucleolus surrounded by a chromatic spirem which is not

clearly divided into segments. At division the nucleus elongates, and

the nucleolus stretches into a rod which appears like an axis in the

nucleus, the chromosomes arranging themselves parallel to this axis. The

substance of the nucleolar axis then gradually draws apart in the center and

accumulates at the poles. The chromosomes distribute themselves in xv,^o

groups, which gradually separate and gather around the two daughter
r

nucleoli and the nucleus thus divides directly. In most cases there is no

trace of a nuclear membrane around the nucleus at any period of its trans-

formations.— B. M. Davis.

Farmer and Hill^' have described the anatomy and development of

Angiopteris, Marattia, and Kaulfussia. They find that the central cylinder

of the stem in the first two genera originates as a solid tracheary rod sur-

*3 Farmer, J. Bretland and Hill, T. G., On the arrangement and structure of

the vascular strands in Angiopteris evecta and some other Marattiaceae. Ann. Botany

16: 371-402. pis, 16-18. 1902.
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rounded by phloem (protostele.). Ordinarily, after the exit of a number of

monodesmi cleaf traces a mass of parenchyma makes its appearance in the

center of the tracheary tissue, which the authors regard as a true pith or

medulla. Gradually the '* pith " becomes enlarged as the young stem grows

stouter. Sieve tubes then make their appearance between it and the xylem.

Later still an endodermis is formed within the tubular stele (siphonostele),
1

but it is not clear from the author's description whether it originates in such

a way as to leave their primary "pith" in continuity with the fundamental

tissues of the true pith which finally shows itself within the fibrovascular

zone. It seems probable from the course of development observed in similar

instances that such is not the case. Sooner or later the. fibrovascular

ring becomes broken up into a zone of separate strands by the overlapping of

the gaps which occur above the exit of the leaf traces. Subsequently the

fibrovascular system is further complicated by the appearance of strands run-

ning through the pith and joining up the walls of the stelar tube just above

the points of exit of the foliar traces. The increasing complexity of the com-

missures leads to the extremely involved condition of the fibrovascular system

which is so characteristic of the adult marattiaceous stem. The authors were

unable to investigate the ontogeny of a third genus, Kaulfussia, but concluded

from the structure of the adult stem that the course of development of the

strands is probably the same as in Angiopteris and Marattia.

They criticise the term phloeoferjna proposed by Strasburger to denote

the morphological boundary between the fibrovascular and fundamental tis-

sues, and point out with great force the fallacy of admitting the phloeotermal

value of the endodermal layer which surrounds n-\-\ fibrovascular strands,

and denying it where the endodermal zone surrounds only one such strand.

They conclude that the endodermis has no morphological value as a stelar

boundary, both on account of its inconstant occurrence and of the frequent

seriation of its cells with elements inside or outside the central cylinder. They

consider that the tracheary tissue is the only reliable basis for morphological

hypotheses, apparently losing sight of the fact that not unfrequently even the

tracheary elements themselves appear in seriation with endodermal cells, and

consequently, in accordance with the cell wall reticulum hypothesis, might

belong outside the stelar system. It appears probable that greater clarity of

view will supervene in developmental studies when with Sachs we cease to

regard the cell wall reticulum as having any greater importance than an

indication of the direction of the forces of growth. The morphological value

of a structural feature seems rather to depend on its presence in older groups

and in the young individual of higher groups, etc., than on histogenelic

details which are extremely unstable in both animals and plants. Incon-

stancy of occurrence appears further to afford an argument rather for than

against the ancestral character of any given morphological feature. It may

consequently result that Strasburger's conception of a pbloeoterma marking

the boundary between the stelar and fundamental tissues will ultimately be
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retained in a modified form, when the present extreme revulsion of the Eng-
hsh school of anatomists from the epoch-making anatomical hypotheses of

Van Tieghem has reached a condition of equilibrium.

The present work has resulted in the discovery of cambial activity in the

parenchyma between the phloem and xylem of bundles in the young stem,

which brings about the addition of fresh elements to the xylem. The authors

discuss the parallel first instituted ])y Mettenius between the root-traversed cor-

tex of the marattiaceous stem and the somewhat similar tissue present in the

fossil genus Psaronius, They conclude that the two are not really comparable
and suggest that in Psaronius the tissue in question results from the fusion of

roots which are already outside the stem.— E. C. Jeffrey.

A NEW METHOD of Studying the irritability of plant protoplasm has been

devised and quite extensively applied by Bose^-*. It depends upon the exist-

ence of electric responses due to stimulation. As in animal muscle and
nerve, if a limited portion of a plant tissue be injured in any way, there is pro-

duced a difference of electrical potential between the injured and the unin-

jured part, and a ** current of injury" results, the injured region being

positive with reference to the remainder of the tissue. In the case of ani-

mals a stimulus applied to a tissue exhibiting this current of injury causes a

momentary but well-marked diminution in the current. A current of response

or " action current " is produced which flows from the more active (uninjured)

portion to the less active (injured) portion, thus producing a depression in the

preexisting current of injury. This phenomenon, known in animal physi-

ology as " negative variation, " is found by Bose to occur quite generally in

plant tissues. Stems, leaf stalks, flower stalks, and roots of various plants

were used in the experiments. To produce the current of injury a slight

burn with a potash solution is sufficient. For the negative variation a sharp

mechanical blow upon the tissue or a slight torsion about its long axis was

used. Records of the response were taken in the form of curve tracings,

partly made by hand upon a revolving drum following the migrations of a

beam of light reflected from the galvanometer, and partly recorded automat-

ically by this beam upon a sensitive photographic plate. The response is

found to be determined quantitatively by the intensity of the stimulus produ-

cing it, but some tissues {e.g., leaf-stalk of turnip, celery, cauliflower) show

fatigue if a uniform stimulus is repeated too often, and some show the

so-called '* stair-case effect" known for certain animal tissues.

Another and better method for investigating these phenomena obviates

injury. The tissue to be tested is fixed firmly at a point between the two

electrodes and a stimulus is applied on one side of the block thus produced.

This stimulus (a blow or a torsion) is of course thus confined to the portion

of the tissue on its own side of the blocking clamp, and a current of response

'* Bose, J. C, Electric response in ordinary plants under mechanical stimulus.

Jour. Linn. Soc. Bot. 35 : 275-304. /^x. 2^. 1902.
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is exhibited, the stimulated portion being positive w ith reference to the other.

Several curious and apparently very important analogies between the

electric responses in plant tissues and corresponding ones in those of animals

were brought out. (i) In stale nerve the current of response is the reverse

of what it is in fresh ; it flows from the less excited to the more excited, but

with very strong stimulation the response becomes again like that in the fresh

material. Exactly the same phenomena are observed in plant tissues. (2)

Decrease in temperature causes decrease in response in animals. In plants

this is also true where the tissue is otherwise known to be easily affected by

cold. But in hardy plants a lowering of temperature, unless it nears the

death point, does not have much affect. (3) High temperatures nearing the

death point produce a fall in the intensity of response in both animals and

plants. This electric method furnishes an immediate and direct means of

determining the death point, for here and beyond no response can be obtained.

(4) Anaesthetics and poisons have the same effect on the electric response in

plants as in animals. With the application of the reagent the response is

gradually depressed until it finally ceases altogether. (5) In some cases of

poisons where a large dose produces depression and annihilation of response,

a small dose acts as a stimulating agent and produces a rise in the response

curve. This is also known in some animal tissues.

These results seem to be almost a proof of the underlying identity, or at

least remarkable similarity, of plant and animal protoplasm, and hence are to

be regarded as exceedingly important and fundamental. I cannot resist the

temptation to suggest here, in view of the long-continued discussions as to the

point where life gives place to death, that we have perhaps in this electric

response the best criterion yet discovered for determining when a tissue is

alive and when dead. An arbitrary definition of life might be an aid in some

cases, and probably the best one which can be framed (if the properties

here described are shown to be general) is that protoplasm is alive when it

exhibits electric currents of response.— Burton E. Livingston.

Recent studies upon regeneration : T, H. Morgan (Columbia Univ.

Biol. Series VIII. The Macmillan Co., N. Y. 1901) has published a volume

dealing with regeneration in general, especially in animals. Chapter four is

devoted to regeneration in plants, and the familiar work of Vochting and

Goebel is cited, though practically nothing that is new is introduced. Morgan

holds, as do most authors, that in plants a latent bud develops, while in animals

there is a restoration at the cut surface. He does not accept Goebers idea

that this is due to the fact that plants have latent buds and hence do not

have to restore the lost part as do animals. He opposes Sachs' theory of

'* Stoff und Form," as well as Goebers modification of this theory; buds do

not remain latent because poorly fed, nor do they grow because they are well

fed. Morgan fails entirely to accept natural selection as a cause for the

development of the capacity to regenerate; organs which are not subject to
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injury often regenerate, and organs of no value often replace valuable organs

that were lost. Natural selection, he thinks, could not at once cause a lost

organ to be perfectly restored, yet only a perfect restoration would be of any
value. Teleological and vitalistic viewpoints are not looked upon with

especial favor.

K. GoEBEL(BioL Centrabl, 22:385-397,417-438,481-505, 1902) has been

stimulated by the recent work of Morgan and Driesch to present the present

conditionof ourknowledge concerning regeneration in plants. He cites certain

ferns in which regeneration occurs in the normal life history, while there are

other cases in which a stimulus is necessary; the former live in moist, the

latter in dry situations. In Bryophyllum the latent leaf buds commonly
develop only when the leaf has fallen to the ground ; if the midrib be cut,

they develop while still on the parent plant. So too the removal of the stem
buds causes the leaf buds to develop. Goebel thus thinks that there is a

correlation beween the stem and leaf buds, 'the latter being normally

inhibited from lack of food. If all leaf buds are removed, new primordia

{Anlagen) appear at the leaf base. Other plants in which leaf buds occur

are cited, Goebel has also worked on young plants of Cyclamen, a genus
which was shown by F. Hildebrand in 1898 to have remarkable powers of

regeneration. Hildebrand found that if the blade of the first leaf were

removed, a kidney-shaped wing, resembling the lost leaf, was regenerated

on each side of the petiole, and at the cut surface. If part of the blade is cut

It is restored much as in animals ; if the cut is made down on the petiole, the

regenerated leaves may have stalks. If the young tuber is cut, leaves develop

around the cut edge. An interesting summary is given of botanical litera-

ture dealing with regeneration.

Other papers on regeneration may be briefly noted: E. Heinkicher,
also J. Palisa (Ber. Deutsch. Bot. Gesell. 18: 109-121, 398-410. 1900) have

studied regeneration in Cystopteris. Palisa found that any epidermal cell in

the bulbil leaves can regenerate a bud capable of becoming a new plant.

H. Winkler (Jahrb. Wiss. Bot, 35:447-469. 1900) has studied Bryopsis,

which years ago Noll found to display a reversal of polarity. Noll ascribed

this to the influence of gravity, but Winkler has shown that light is the deter-

niining factor. He suggests that the best nourished parts regenerate stems

and the most poorly nourished parts rhizoids ; the migration of chloroplasts

toward the light may thus be the decisive factor in the case. Winkler

regards the development of rhizoids at the stem pole as a case of heteromor-

phosis— the first noted in plants. This author also holds that a number of

plants regenerate from the cut surface, rather than from buds, exactly as in

animals.— F. Noll (Ber. Deutsch. Bot. Gesell. 18:444-451- iQ^o) accepts

Winkler's view that light is the leading factor, but thinks that heteromorphosis

has been known in plants though not distinctly claimed.— H, Winkler (Ber.

Deutsch. Bot. Gesell. 20:81-87. 1902), as well as Hildebrand and Goebel,

1
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has been studying Cyclamen. Among his important results, we may note

that the place at which regeneration occurs may be altered by putting a

plaster of Paris cap over the cut end of the petiole. A similar cap or a coat

of shellac over the leaf causes regeneration without cutting. — S, Prowazek

(Biol. Centralbl. 21:87-95, 144-155. 1901) and O. Hubner (Zool. Jahrb.

15:461-498. IQ02) have studied regeneration, chiefly in animals, though

working on a few plant forms. Hubner adheres to Weismann*s adaptation

theory and thinks that the capacity for regeneration has been developed by

natural selection.— H. C. Cowles.

Some recent bulletins of the United States Bureau of Forestry add to

the knowledge of the silvicultural (ecological) behavior of certain trees.

Olmsted's discusses the relation of three forest societies in Arkansas. The

"pine ridges" are the most xerophytic. More than 50 per cent, of the ridges

have pine, 38 per cent, being short-leaf pine {^Pinns echtnata Mull.) and 16

per cent, loblolly pine (/*/;z//j /tz^^/^ Linn.). The remaining portion comprises

oaks and other deciduous trees. Seedhngs of the pines mentioned are found

not to be tolerant of shade. In more mesophytic conditions, on the "pine

flats,*' t^e loblolly pine comprises 34 per cent, of the growth, and the short-

leaf pine only 20 per cent., the remaining being deciduous trees. In the

hydro-mesophytic conditions along streams, the so-called "hardwood bot-

toms," the pines are entirely absent. This is due to the fact that these lands

are frequently flooded, also the ground is too heavily forested for the germi-

nation of pine seedlings. The author gives silvicultural notes on the most

important species, and in part two discusses the management of the forest.

In another bulletin Allen '^ shows that the western hemlock {Tsuga hete-

rophylla Sargent) requires a climate with a heavy rainfall, and that it is

exceedingly tolerant of shade. This latter characteristic is of very great

importance in determining the composition of the forest in which it grows.

The author also gives an excellent report of the insects that infest the tree,

and emphasizes the fact that its usefulness as a lumber, tanning, and paper

pulp tree has been greatly underestimated.— H. N. Whitford.

'5 Olmsted, F. E., A working plan for forest lands near Pine bluff, Arkansas.

Bureau For. U, S. Dept. Agric. Bull. 32. pp. 48. //j, //. figs. 9. 1902.

.
*^ Allen, E. T., The western hemlock. Bureau For. U. S. Dept. Agric. Bull. 33-

PP- 55- P^s* ^2. 1902.



NEWS.

Dr. H, O. Juel has been promoted from a docentship to a professor-
ship in the University of Upsala.

The Lamarck herbarium has been secured by the French government
* and deposited at the Jardin des Plantes.

M. A. Howe, of the New York Botanical Garden, is en^ae^ed in a sur-

vey of the algal flora of the Florida Keys.

Professor Wladislaw Rothert, of Charkow. has been elected pro-

fessor of botany in the University of Odessa.

—

Science.

Dr. Adrien Lemaire, well known for his works on diatoms, on the

anatomy of roots, etc., died at Nancy, October 23, 1902.

Dr.
J. B. DeToni has been appointed Professor of Botany and Director

of the Botanic Gardens at the University of Modena, to succeed the late

Professor Antonio Mori.

F. S. Earle, of the New York Botanical Garden, is in Jamaica, in com-
pany with William Fawcett, investigating the diseases of logwood, banana,

cocoanut, ginger, and pineapple.

The second volume of Coulter and Chamberlain's Morphology oj

Spermatophytes, entitled Morphology of Angiosperms, is in the hands of the

publishers, D. Appleton and Company.

Pearson's collections of Hepaticae have been secured by the Na-
tional Herbarium at the British Museum. It contains about 9,000 speci-

n^ens, among which are many types and the material used in preparing

several well-known papers.

Ernst A. Bessey, explorer of the U. S. Department of Agriculture, has

returned from his journey into Turkestan, and has entered the University of

Halle for further botanical study. The easternmost point reached by him
was Andijan, in the province of Ferghana,

—

Science.

The Cambridge University Press will shortly publish the first volume,

containing the introduction, the gymnosperms, and the monocotyledons, of a

new introduction to systematic botany by Dr. Rendle. The work, which is

entitled "A systematic account of the seed-plants,'* is to be in two volumes

and will be fully illustrated.—Jour. Bot.

The first number of a ntv^ mycological journal, entitled *• Annales

Mycologici'* and edited by Professor H. Sydow of Berlin, will appear in

January 1903. The closing statement of the announcement is as follows:

^902] 467
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"It will be seen from the foregoing that the Amtales Mycologici are de-

stined to supply a long-felt want. In fact every mycologist will not be able

to get on without them, nor will any botanical museum be able to possess an

up-to-date library without taking in the new periodical.'*

KiiCHi MiVAKE (Ph. D. Cornell 1902) has recently received an appoint-

ment from the government of Formosa for two years travel and study in

Europe. Dr. Miyake is a graduate of the Doshisha College in Japan, after-

ward spending four years at the Tokyo Imperial University, after which he

entered Cornell University in September 1899, where he has spent two years

in continuing his graduate work, giving especial attention to fertilization

and embryology in the Phycomycetes and in the Abietinae.

POSTELSIA, the yearbook of the Minnesota seaside station, has ap-

peared, containing the following papers for igoi : Uses of marine algae m
Japan, by K. Yendo ; Remarks on the distribution of plants in Colorado,

east of the divide, by Francis Ramaley ; The phylogeny of the cotyledon,

by Harold L. Lyon ; Botanizing in Jamaica, by Eloise Butler ;
Algae

collecting in the Hawaiian islands, by Josephine E. Tilden ; The distribu-

tion of marine algae in Japan, by K. Yendo; The kelps of* Juan de Fuca, by

Conway MacMillan.

From the New Phytologist we learn the following facts in reference to

some of the more important botanical papers read at the Belfast meeting of

the British Association, in addition to those recorded in BoT. Gaz. 34- 320-

1902. Z. C. BosE showed his experiments on the electrical response of

plant tissues to mechanical stimulation ; A. Macfayden gave an account

of the researches conducted by him and S, Rowland on the suspension of
*

life at low temperatures ; H. H. Dixon gave an account of some experi-

ments on the resistance of seeds to high temperatures ; MiSS Matthaei

presented a paper on the effect of temperature on carbon dioxide assimila-

tion ; F, W. Oliver gave a preliminary account of an investigation of

Torreya being made by him and Miss Edith Chick; Miss Margaret
Benson spoke of the seed-like fructifications of Miadesmia (Lycopodiales)»

and of a group of sporangia that may be the first known example of a spore-

producing member of the Cycadofilices ; L, Praeger read a paper on the

composition of the flora of northeastern Ireland. We have already noted

(BoT. Gaz. 34: 320. 1902) the papers of J. Reynolds Green (the president),

A. C. Seward and SybiUe Ford, J. C. Willis, Harold Wager, H. Wright, and

Messrs. Seward and Arber.
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GENERAL INDEX.

The most important classified entries will be found under Contributors, Hosts,

Personals, and Reviews. New names and names of new genera, species, and varieties

are printed in bold-face type ; synonyms in italics.

A

A, A. A, S., Section G., Pittsburg meet-
ing 159

Abrams, L., work of 239
Abronia, arenaria 364 ; cheradophila

364 ; fragrans glaucescens 364
Acalypha 456
Acanthospermum 456
Acer 311 ; rubrum 385
Acerates longifolia 389
Acleisanthes 382
Acnistus 456
Aconitum 77
Acrasieae 315
Acrasis 316
Acritochaete 76
Acrostichum 381
Actoplanes 149
Adams, C. C, work of 385
Adiantum 382
Aecidium 77, 239; Fraxinib\ rubellntn

IS; Rumicis 15
Afrardisia 148
Afrocalathea 149
Agaricus campestris, spores of 231

Agave americana, spindle formation in

243
Agrostis 239
Alabama, flora of 386
Albugo, Bliti 421; Candida 420; Trago-

pogonis 421
Algae at Beaufort, N. C. 384
Alien, E. T., work of 466
Allionia, glandulifera 364; linearis 365

Allium 382 ; Cepa, electrical conductivity

of 87*

Alnus 155
Alsophila 458
Amarantus, electrical conductivity of 91

Amblyanthopsis 148

Ambrosia iomentosa 34
Ammophila 384, 385
Amphoranthus 311
Anderson, A. P., personal 80, 319
Andropogon virginicus 385
Anemarrhena 237
Anemia 381

Vi\ CEMBER, 1902]

Anemone, Canadensis 18 ; Pennsylvanica

18

Angiopteris, anatomy of 461 ; evecta 72

Annales Mycologici 467
Anogra, albicaulis 36S ; Nuttallii 368

;

pallida 368
Antennaria II4; alpina I16; alsinoides

117 ; ambigens 121 ; argentea aberrans

124; arnoglossa 119; arnoglossa ambi-

gens 121 \ Brainerdii 120; decipiens

122 ; fallax 121 ; Farwellii 1 18 ; labra-

dorica 116; neghcta subcoryfjtbosa 118;

nemoralis 122 ; neodioica 117; neodioica

aitenuata 117; neodioica petaloidea 118;

occidentalis 123]; Parlinii 1 19; Par-

linii a?nbigens 121 ; Parlinii arno-

glossa 119; petaloidea 11^ \ petaloidea

modesta 118; petaloidea scariosa 1 1 8 ;

planiaginea 122; plantaginifolia 122;

propinqua 120; rupicola 117

Antipodals, function of 244
Antrophytum 381

Apple trees, a root rot of 65

Arachniopsis, 76
Arber, personal 320, 468

Arctic plants, ecology of 69

Argemone 155; bipinnatifida 366; his-

pida 366
Artemisiopsis 239
Arthur, J. C. I, 68, 78, 150. 153, 240, 457.

460; personal 319; work of 155

Aruncus astilboides 246

Arundinaria, tecta 19; Uredineae upon I

Arzichowsky, \V„ work of 152

Asclepiadaceae, morphological study of

389
Asclepias, Comuti 389 ; incarnata 389 ;

obtusifolia 389; phytolaccoides 389;

rubra 389; Sullivantii 3S9 ; tuberosa

389; verticillata 389 ; viridiflora 389

Ascocorticium 76

Asimina 387
Aspidium 382
Asplenium 382, 458; pi

tological 142

Aster 155
Astilbe japonica 246

Astragalus 381, 382 -

nnatifidum, tera-

469
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Athyrium 382
Atkinson, G. F. 36 ; work of 381
Atmospheric factors 136
Atriplex355; acanthocarpa 356 ; aptera

356 ; argentea 358 ; argentea 360

;

canescens 356 ; carnosa 361 ; conferti-

folia 356 ; cuneata 357 ; eremicola 358 ;

expansa 358; hastata 361 ; hymenely-
tra 356: lapathifolia 361; Nuttallii

357; pabulans357; patula 361 ; phil-
onitra 358 ; Powellii 359 ; saccaria

359; spatiosa 360; Suckleyana 360;
.tenuissima 359; truncata 360; Wolfii

359
Auxanometer, new form of self-register-

ing 154
Avena sativa 153 ; germination of 457
Avicennia 386
Azolla, caroliniana 414 ; filiculoides 414 ;

root-hairs, cap, and sheath of 414.

B
Baccharis3S5
Bailey, L. H., personal 388
Banana, disease of 310
Banker, H. J., work of 381
Barbula, 76, 231
Basidiomycetes, fusion of nuclei 156
Bates, J. M., personal 159
Batis 386
Baur, E., work of 378
Beck von Mannagetta G. R., work of 309
Benson, Margaret, personal 468
Berry, E. W,, 44, 426
Bessey, C. E., personal 159
Bessey, E. A., personal 467
Beta vulgaris, electrical conductivity of 85
Betula 458
Biota orientalis 250
Biotic factors 137
Blechnum 382
Bleeding 70
Boerhaavia 382
Boletus 381.
Bolley, H. L., personal 157; work of

150
Boodle, L. A., work of 72, 74
Bose, J. C, personal 468; work of 463
Botanical club, A.A.A.S., Pittsburg meet-

ing 157
Botanical Gardens of Peradeniya 157
Bet. Soc. Anfier. 319; grants of 158;

Pittsburg meeting 159
Brachythecium 231
Brauneria 155
Brebaer, G., work of 458
Briggs, L. J., work of 232
Britton, Mrs. E. G., personal 159; work

of 311

Britton, N. L., personal 157, 159, 319;
work of 239

Bromus 155; mollis 457, 460; secali-

nus 460; sterilis 457, 460
Bruncken, E,, work of 149, 387
Bryophyllum, regeneration in 465
Bryopsis, regeneration in 465 ;

plumosa,
reproduction of thallus 377

Bryum 231
Buchenau, F,, work of 149
Burkill, L H., work of 380
Bursera 456
Buscalioni, L., work of 238
Butler, Eloise, personal 468

c

Caeoma, Fraxinites 6 ; Fraxinatntn 6

Cakile 384
Calathea 149
Caldweil's " Laboratory Manual" 148

Camarosporium 239
Camassia esculenta 307 ; Suksdorfii 307
Campanula 312
Campbell's " University text-book" 67

Cannon, W. A., personal 159, 320
Cape Cod, vegetation of 384
Capnorea 312
Cardot, J , work of 231

Carex, zone of 131
Carya 387
Castilleia 155, 312
Cerasus demissa melanocarpa 25
Ceratopteris thalictroides 71

Cercis 387
Cereus 456
Cephalanthus 385
Cephalozia 76
Chaetophoraceae 458
Chamaecyparis 385
Chamberlain, C. J. 76, 14S, I53» 234,243,

244, 312; personal 159? 467
Chandler, H. P. 194
Chara 387
Characiella 76
Chenopodium 361; cycloides 363; des-

iccaium 362; glaucum 361; lepto-

phyllum362; leptophylhim 363: lepto-^

phyllum subglabrum 362 ;
Moqtiint

363; olidiim 362; subglabrum 362;

succosum 361 ; Watsoni 362

Chicago flora 387
Chick, Edith, personal 468
China, plants from 457
Christ, H., work of 381

Chloris 456
Chylocladia kaliforniis, cystocarp of i53

Ciboria 239
Clautriau, G., work of 151

Clark, H. W., personal 376; work of 3^7
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Claviceps 77
Clinton, G. P., personal 320; work of 381
Clistoyucca 231
Clitocybe 381
Cockayne, L., work of 236
Cockerell, T. D. A. 453; work of 381
Cocoanut, fruit of 236
Cocos nucifera 236
Coenonia 316
Cole, Emma J., work of 387
Compositce, zone of 131

Conandrivim 148
Conocarpus 386
Convolvulus 155; tricolor, germination

of 457
Contributions from the U. S. National

Herbarium 157
Contributors: Arthur, J. C. I, 68, 78, 150,

I53» 240, 457, 460; Atkinson, G. F. 36;

Berry, E. W. 44, 426; Chamberlain,

C.J. 76, I45i 153.234, 243, 244, 312;

Chandler, H. P. 194; Cockerell, T.

D. A. 453; Cook, M/l\ 64; Copeland,

E. B. 142, 152, 161, 260; Coulter, J. M.
68, 69, 70, 71, 75, 77, 146, 147, 14^5

149, 154, 155, 231, 232, 234, 23s, 236,

237, 238, 239, 310, 311, 315, 376, 3^1.

455, 456, 457, 458; Cowles, H. C. 309,

316, 466; Davis, B, M. 73, 152, 153,

156, 455, 461; Fairchild, D. G. 230,

451; Frye, T. C. 389; Greenman,

J. M. 307; Harper, R. A. 37^, 382;

Harris, J. A. 314, 317; Heald. F.D. 81,

241; Hefferan, Mary 459; Howe, CD.
149; Jeffrey, E. C. 71, 72, 74, 235, 238,

458, 461; Johnson, D. S. 321; Krae-

mer, H. 341; Land, W. J. G. 70, 239,

240, 249; Leavitt, R. G. 414; Livings-

ton, B. E. 71, 73, 154, 232, 23s, 236,

242, 377, 378. 379, 457, 4^3; M'^^»
Florence M. 147, 377; MacMillan, C.

224, 313; McCallum, W, B. 93, 236;

Nelson, A. 21,355; Nelson, Elias 114;

Ramaley, F. 140; Reed H. S. 125;

Rehder, A. 246; Schneider, A. 109;

Schrenk, H. von 65, 377; Shull, G. H.

381; Smith R. E. 231; Snow, Laetitia

M. 284; Spaulding, P. 310; Stevens,

F. L. 420; Whitford, H. N. 69, 149,

455* 466; Wilcox, E. M. 66; Wolfe,

J. J. 72. 233; Worsdell, W. C. 216

Cook, M. 1\ 64;- persona! 157, 159, 37^;

work of 71, 387
Cook, O. F. personal 157
Copeland, E. B. 142, 152, 161, 260; per-

sonal 159; work of 242
Corallinae 155; from Port Renfrew 152

Cornus florida 387
Cortinarius 381
Corydalis 312

Cotton, J S., work of 381
Cotyledon, phylogeny of 458
Coulter, J. M. 68, 69, 70, 71, 75, 77, 146,

147, 148, 149, 154, 155, 231, 232, 234,

235, 236, 237, 238, 239, 310, 311, 315,

376, 381, 455, 456, 457, 458; personal

159, 319, 467
Coulter S., personal 376
Coville, F. v., personal 159, 160

Cow pea 69
Cowles H.C. 309, 316,466; personal 159,

•320; work of 387
Crataegus, cerronis 370; macrantha 371;

Piperi 371; rivularis 370; sheridana

370; Wheeleri 369
Croton maritimus 384
Crucibulura 76
Cryptanthe 155, 312; depressa 29; How-

elli 30; mtilticaiilis 30
Cryptoporus 239
Ctenophrynium 149
Cucumis sativus, electrical conductivity

of 90
Cucurbita pepo, germination of 457
Cucurbitaria 239
Cummings, Clara E., work of 69

Cupressus, Benthamiana 250; thyoides,

diseases of 377
Cyathia 76
Cycadofilices 235
Cyclamen, regeneration in 465

Cymatella 38
Cynodontium 231

Cyperus 155
Cystopteris, regeneration in 465

Cytology, progress of 240

D

Dadoxylon Spenceri 73
Dame and Brooks' " Handbook of New
England trees" 149

Danaea, development of stem 458

Dandeno, J. B., personal 319

Dangeard. P. A., work of 460

Darvvm, F., work of 379^
Dasya elegans, reproduction of thallus 377

Date-leaf boat 451

Datura, laevis, double fertilization in 238;

Stramonium, double fertilization in 238;

Tatula, double fertilization in 238

Davis, B. M. 73, 152, i53, 156, 455. 461

Davis, C. A., work of 387

DeBoissieu, H. D., work of 312

DeCandolle, C, personal 319; work of

312
Dekindtia 76
Delaware coast, ecology of 284

Delphmium,multiflorum 453; occidentale

453; sapellonis 453
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DeToni, J. B., personal 467
Diastase, and cytological changes 236
Diatrypella 239
Dicaeoma, Arundinariae 18; Distichlidis

3 ; Phragmitis 15
Dicranum 76, 231
Dictybole 42 ; texensis 43
Dictyostelium 316; mucoroides 459
Diplazium 458
Diplophylleia, albicans 372; apiculata

372 ; obtusifolia 372 ; scapanioides 374;
scapanioides 374; taxifolia 372

Dipluphyilum, gymnostomophilum 374 ;

gymnostoniophilum 374
Dischidia, complex 314 ; pectenoides 314;

Rafflesiana 315; witii double pitchers

314
Discocalyx 148
Discocyphella 38
Discomycapsella 239
Dismal swamp, vegetation of 384
Dixon, H. H,, personal 46S ; work of 457
Doctors of philosophy, statistics of 320
Dondia 363 ; depressa erecia 364 ; erecta

364: Moquini 363; multiflora 364;
suffriitescens 364

Dorner, H. B., personal 376
Doryopteris 382
Double fertilization, in Solanaceae 238 ;

Strasburger on 312
Draba, streptocarpa 366 ; surculifera 366 ;

uber 366
Duggar, B. M., personal 319
Durand, E. J., work of 239
Duvel, j. W. T., personal 159, 320
Dyer, W. Thistleton, personal 79

E
Earle, F, S., personal 467 ; work of 76
Eastwood, Alice, work of 155, 239, 312 ;

"Flora of the south fork of King's
river" 146

Echinocactus 77
Edaphic factors 135
Egg, as basis of classification 313
Eggert, 11. , work of 239
Electrical conductivity of plant juices 81
Ellis, work of 155
EUisia, microcaiyx 2\6\ ranunctdacea 210
Elymus 77,155.233, 239
Encycla purpurea 23
Engler, A., personal 388; work of 76.

316; "Das Pflanzenreich " 148; and
Drude's "Vegetation der Erde "

309 ;

and Prantl's " NatUrlichen Pflanzen-
familien" 146, 235

Enomegra 365 ; bipinnatifida 366 ; his-
pida 366

Entosthodon 231

Eocronarlium 381
Eomycenella 36 ; echinocephala 37
Eoterfezia 38 ; parasitica 41
Eoterfeziaceae 40
Errera, L., work of 151
Erigeron 77, 233
Ericksson, J., work of 77, 153
Eriogonum I55 ; aureufn 23; aiireiun

arnbif^uum 23 ; attreum ghiiinosunt 23;

ck^ysocephaluni 23 ; crassifolium tec-

tum 23 ; fruticosum 23 ; fruticosum

ambiguum 23 ; fruticosum glutinosum
23 ; Kin^ii laxifoliuni 23 ; laxifolium

23 ; orendense 21 ; ovalifolium purpu-
reum 23 ; tomentosum 386

Erodium cicutarium, trichome structures

of 140
Erysipheae, ecology of 382
Euglena gracilis 461
Euglenineae 460
Euphorbia 456 ; dulcis, polyembrj'ony in

153
Eustace, H. J., personal 158
Euthamia graminifolia 383
Everhart, work of 155
Expansion, measurement of 154

F

Fagus 385
Fairchild, D. G., 230,451
Farlow, W. G., work of 456
Farmer, J. B., work of 461
Fawcett, W., work of 310
Faxon, C. E., personal 388
Fedtschenko, B., work of 382
Ferguson, Margaret C., work of 231

Fernald, M. L., work of 77, 458
Ferns, anatomy of 72, 74
Fertilization of Phycomcetes 420
Festuca 239; elatior 153
Flammula 38

1

Flax disease 150
Florida keys 386
Forbes, H. O., work of 457
Ford, Sybille, personal 320, 4^8; work

of 71

Forest societies in Arkansas 466
Forestry, bureau of 248, 319, 320, 38S,

466
Franseria, discolor 34 ; tomenlosa 35
Fraxinus, Americana 8 ; lanceolata 7?

nigra 8; Pennsylvanica 8; pubescefis

8 ; sambucifolia 8 ; viride 7

Freeman, E. M., work of 457
Freeman, W. H., personal 376
Froelichia 456 ; Floridana 386

Frye, T. C. 389; personal 320
Fuller, G. D., personal 319

^
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74

Fungi, of Maine 146; of Tuskegee, Ala-

bama 155
Fusariiim Lini 150
Fusicladium 239

G
Gaertneria, Grayi 35 ; tomentosa 34
Gage, C. S., personal 320
Galapagos islands, flora of 456
Galloway, B. T., personal 160, 319
Galtonia candicans, mitosis in 234
Ganoderma 458
Gardner, Blanche, work of 239
Garrya 155
Gattinger, A., work of 386
Gentiana, acuta strictiflora 26; bracteosa

25; calycosa xantha 26; Parryi 25;

strictiflora 26
Georgia, flora of 386
Geotropism, method of investigating 379
Geranium 70
Germination and phosphorus compounds

380
Gies, W. J., personal 79 ; work of 236
Gilg, E., work of 76
Gilia 155, 382; floccosa 28; Merrillii 27 ;

Wilcoxii 27
Ginkgo, polyembryony in 64
Glacial lake, ecology of 125
Gleichenia 381, 382; pectinata

Gloeocephala 38
Glossophora 456
Glyceria 381
Gnaphalium, plantaginea 122 ;

plantagi-

nifolium 122
Goebel, K., work of 465; "Organogra-

phy" J 45
Golden, Katherine E., personal 376
Gramineae, zone of 131

Grannlaria 76 .

Green, J. R., personal 320, 468
Green's " Forestry in Minnesota " 455
Greene, E. L., work of 31

1

Greenman, J. M., 307 ; work of 70

Grenacheria 148
Griffiths, David, work of 77
Groom, Percy, personal 320
Guignard, L., work of 238
Guttulina 316
Guttulinopsis 316
Gymnocladus 387
Gymnoconia 77
Gymnosperms, anatomy of 1 54

Gymnosporangium, biseptatum

lisii 377
Gwynne-Vaughn, work of 7^

H
Halacsy's " Flora of Greece
Hall, H. \V., work of 77

377; EI-

Bi-

?»

455

Halopegia 149
Halsted, B. D., personal 159
Haplosporella 239
Harding, H. A,, personal 157

Harper, R. A. 378, 382 ; work of 386

Harris, J. A. 314, 317
Harshberger, J. W., work of 377, 383, 384

Hartig, Robert, work of 69

Harvey, L. H., personal 320

Hassenkamp, A., work of 153

Hazen, T. E., work of 458
Heald, F. D. 81, 241 ; "Elementary

ology" 147
Heckeria, development and germination

of seed 325
Hedgcock, G. G., personal 159

Hedysarum 382

Hefferan, Mary 459
Heinricher, E., work of 465 ^

Heldreich, T. von, death of 388

Helenium 312
Helianthus 76; annuus 72; germination

of 457
Helminthostachys zeylanica 72

Hemizonia 239
Hemsley, work of 457
Hennings, P., work of i 55, 239

Hepaticae, Pearson's collections of 467

Hereditv. and nucleolus 239

Herpophyllon 456
Herrera, A. L., work of 378

Hesperaloe 231

Hesperoyucca 231

Heydrich, F., work of 233

Hill, E. J., work of 387

Hill. T. G, work of 72, 461

Hiller, Mary F., personal 376

Hitchcock, A. S., personal 159

Hollick, A., personal 157, i59, i^o; work

of 381, 384
Holway, E. W. D., personal 247

Hopkins, A. D., personal I57

Hosts: Anemone, canadensis 18, penn-

sylvanica 18; Arundinaria tecta 19;

Avenasativa 153; Bionuis, moUis 457,

460, secalinus 4^0. sterilis 457, 4^0;

Festuca elatior 153; Fraxmus, ameri-

cana 8, lanceolata 7> "igi'a ^' pennsyl-

vanica 8, pubescens 8, sambucilolia 8.

viride 7; Ilex 155; f^^ieum. Micbelu

ic^i, pratense i53; Pliragmites, com-

munis 16, 18, Fhragmites 16, 18;

Rheum Rhaponticum 16; Rumex,

crispus 16, obtusifolius 16; Secale

cereale i53; Spartina, cynosuroides 3,

8, II, 14, glabra 4, 8, gracilis 4, 14,

patens 4, 8, polystachya 8

Yio\.€\2.japoni€a 246

Howe, C. D. 149; personal 320, 383

Howe,M.A.,personal 159.467; work of 76
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Hiibner, O., work of 466
Hudsonia 384
Huron river valley, ecology of 125
Hus, T., work of 72
Hydnum 381
Hydrocotyle 456
Hydrocyanic acid in Prunus 232
Hydrodynamic factors 135
Hydrophyllum 239
Hypericum 77; Bissellii 77
Hypnum 231
Hypodermopsis 76

I

Ikeda, T., work of 244
Ilex 155; vomitoria 384
Illosporium 239
Indiana, Greencastle 387; Winona lake
387

International catalogue 455
Intracellular karyogamy 156
Ionization of soil 241
Ishikawa, C, work of 70
Isoetes lacustris, stem anatomy of 377
Iwanow, L., work of 380

J

Jeffrey, E. C. 71, 72, 74, 235, 238, 458,
461; personal 79; work of 154

Jepson's '* School flora" 376
Johnson, D. S., 321; work of 384
Jones, M. E., work of 382
Journal of Mycology 80
Juel, H. O., personal 467
Juglandaceae, embryology of 75
Jungermannia, obtusifolia 372; scapani-

oides 374
Justicia 456

K
Karsten, George, work of 75
Karyogamy, intracellular 155
Kaulfussia, anatomy of 461
Kearney, T. H., woVk of 384, 385
Kellerman, W. A., personal 80; work of

.155
Kirkwood, J. E., personal 160; work of

236
Klinggraeff, H. von. death of 247
Kny, L., work of 73
Kohl, F. G., work of 154
Komarov's "Flora of Manchuria" 69
Kraemer, Henry 341 ; personal 159
Krug, W. H.. personal 139
Kuckuck, P., work of 378
Knuth, R., work of 70
Kupfer, Miss E. M., personal 160

L

Laboulbeniaceae 146
Laguncularia 386
Lake Erie, plants of western 387
Lamarck herbarium 467
Land, W. J. G. 70, 239, 240, 249
Lapham, M. H., work of 232
Lappula 312, 38 1; columbiana 28; cu-

cullata 29; heterosperma homosperma
29; texana 28

Larix leptolepis, chromosome reduction
in 70

Lavauxia, brachycarpa 369; Howard!
368; priminervis 369

Lawson, A. A., personal 320
Leavitt, R. G. 414
Leimbach, G., death of 247
Lemaire, Adrien, death of 467
Lepidobotrys 76
Leptotaenia 382
Lesquerella macrocarpa 366
Lichens, development, of apothecia 378;

o£ Labrador 69
Light, causing change of form and struc-

ture 98
Lindsaya 72
Liquidambar 385
Liriodendron 387; evolution of 51; phy-

logeny of 44; Fulipifera, leaves of 44
Lisianthus 312
Livingston, B. E.,71, 73, 154.232,235,

236, 242, 377, 378, 379, 457, 463; per-

sonal 320; work of 387
Lloyd, F. E., personal 157, 158; work

of 234, 286
Lotus, tetragonolobus, germination of

457
Louisiana, flora of 386
Lulham, R. B., work of 72
Lupinus angustifolius, seedlings of 380
Lutz, M. L., work of 235
Luze, G., work of 239
Lyon, Florence M., 147, 377; personal

320
Lyon, H. L., personal 468; work of 237,

458

M
MacDougal, D. T., personal 158, I59i

160
Macfarlane, J. M., work of 240
Macfayden, A., personal 468
MacEhvee, A., work of 384
Mackenzie's "Manual" 310
MacMillan, C. 224, 313; personal 468;

work of 152
Macoun's "Catalogue of Canadian plants"

376
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V

Madia 155
Maine, fungi of 146
Makino, T., work of 155
Malvastrum, coccineum 24 ; coccineum

dissectufii 25 ; coccineum elatufn 25

;

Cockerelli 24; dissectum 24; dissectum
24 ; elatum 25

Maniillaria 77
Marantaceae 149
Martinella gymnostontophiia 374
Marattia, anatomy of 461
Massart, J., work of 151, 152
Matsumiira, J., work of 155
Matthaei, Miss, personal 468
Maxon, \V. R., personal 158; work of

45^
McCallum, W. B. 93, 236; personal 160
McDonald, F. E., work of 387
Me<licago denticulata, root tubercles of

237
Melanosciadum, 312
Meiilotus alba, root tubercles of 109
Merrill, E. 13, work of 77, 155, 239
Mez, C., work of J 48
Micheli, Marc 319
Michigan flora 387 ; Huron valley 3S7 ;

plant societies in 387
Miconia 456
Microseris. 31

1

Mills, W, M.. work of 387
Mimosa pudica as a weed 228
Mimulus 155 ; alsinoides 31 ; Lewisii

tetonensis 31; membranaceus 30
Missouri Botanical Garden, Herbarium
and Library of 247

Mississippi, insular flora of 386
Mitosis in Liliaceae 234
Miyake, K., personal 319, 320, 468
Mohr, C.,work of 386
Moist air causing change of form and

structure 105
Molisch, H., work of 70
Mollugo 456
Monocotyledonous seedlings, vascular

system in 237
Monocotyledons, development of root 238
Monophrvnium 149
Monophyllanthe 149
Monotagma 149
Moore, S. L., work of 239, 311
Morgan, A. P., work of 77
Morgan, T. H.. work of 464
Mori, A., death of 247
Morus 387
Mosses 76; of Alaska 231
Mount Ktaadn 383
MurriJl, W. A., personal 160; work of

458
Mutchler, F., personal 376
Myrica cerifera 384

Myrmecophilous ferns 317
Myrsinaceae 148

N
Nectaropetalum 76
Neger, F. W., work of 382
Nelson, Aven 21, 355; **Key" 147
Nelson. Elias 114
Nemophila 194, 239; alata 206; ato-

maria 204; aurita 197; Ausii?iae 207;
Brandegei 201 ; breviflora 210 ; Cong-
doni 200; decumbens 212 ; densa 206;
divaricata 21 1; diversifolia 212; exi-

giia 206; exilis 211; exilis pulchella

214; fallax 212; flaccida 2 1 1
;
glauca

211
; gracilis 21 1 ; heterophylla 201;

hispida 21 1; humifusa 207; humulus
200; i}2<ieqUi2Us 21 X; inconspicua 208,

209; insignis 201; insignis atomaria

204 ; iJiterniedia 201
;
Johnsoni 204 ; Kel-

loggii 209 ; Kirtleyi 199 ; liniftora 20 1

;

fuacrocarpa 201 ; macrophylla 209

;

maculata 199; Menziesii 201 ; Men-
ziesii 204; Menziesii atomaria 204;
Menziesii integrifolia 205 ; Menziesii

7}ii}nttiflora2.oh\ micrantha 20^\ micro-

calyx 210; microtalyx 210; niodesla

201 ; nana 266; nemorensis 2\l ;
parvi-

flora 209; parviflora 210; parviflora

quercifolia 2 1 ;
pedunculata 207

;

phacelioides 198 ; Plaskeitii 2og

;

pratensis 2oS
;
pulchella 214 ;

pnstulafa

2og
;
qnercifolia 210; racemosa 198;

rotata 205 ; sepulta 206; spatulata

205 ; Icnera ?.II ; venosa 204
New Jersey, forest 384 ;

pine barrens and
sphagnous bogs 384; strand flora 384

New Zealand plants, seedlings 236

Nicotiana rustica and Tabacum, double

fertilization in 238
NiduJa 75
Nidulariaceae 76
Niphobolus 382
Nomenclature, committee on 157

North America, Silva of 388

Norton J. B. S., personal 159; work of

Nuclear division in Euglena 461

Nucleolus and heredity 239
Nuphar, advena?!; electrical conductiv-

ity of 88; zone of 130

Nutrition causing change of form and

structure 99
Nyctaginaceae 382
Nymphaea odorata 71

Nyssa387; sylvatica 385

o
Obione argentea 360
Ocracoke island, vegetation of 384
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Oenothera, albicaulis 368 ; brachycarpa
369; Ho7vardi 368; humifusa 384;
Johnsoni 369 ; Niitiallii 368

O'Gara, P. J., work of 311
Ohleriella 76
Olive, E. \V., personal 320 ; work of 315
Oliver, F. W., personal 468
Olmsted, F. E., work of 466
Oi^^\^^\.^x^opiilifalius 367; Ramaleyi 367
Opuntia 456
Orcutt, C. R., work of 77
Oreocarya cana 30
Orthocarpus38i
Orthotrichum 231
Oscillatoria beggiatoides 152
Ostenfeld's '* Flora Arctica " 147
Osterhout, W.J. V., work of 243
Overton, J. B., personal 319
Oxytheca 77, 233

P

Panicularia 155
Panicum amariim 386
Palisa, J., work of 465
Parker, H. N., work of 235
Pearson, H. H. W., work of 314
Pechoutre, F., work of 235
Peck, C. H., work of 381
Pedaliophyton 76
Peirce, G. J., personal 159; work of 237
Penicillium glaucum and amides 235
Pentstemon, caespitosus suffruticosus 31;
comarrhenus 31; confertus 33; Owenii
32 ; procerus 33 ; strictus 31 ; suffrutes-
cens 31; xylus 31

Peperomia 312, 456; germination of seeds
329;pellucida 329

Periconia 76
Perkins, Janet, work of 312
Peronospora parasitica 422
Personals; Anderson, A. P. 80, 319;

Arber, 320,468; Arthur, J. C. 319;
^ailey. L^m 388; Bates, J. M. 159;
Benson, Margaret 468 ; Bessey, C. E.
159; Bessey. E. A. 467; Bolley, H. L.
157; Bose, J. C. 468 ; Britton, Mrs. E.U 159; BrittonNL. 157, 159,319;
Butler, Eloise468; Cannon, \V, A. 159
320; Chamberlain, C. J, 159, 467;
Chick, Edith 468 ; Clark, H. W. 376
Clinton, G. P. 320; Cook, M. T. 157'
159, 376; Cook. O. F. :?57; Copeland'
E. B 159; CouIter,J.M. 159.319,467;
Coulter, b. 376 ; Coville, F. V. 159, 160 •

Covvles, H. C. 159,320; Dandeno,J.B.
319; DeCandoIle,C.3i9; De Toni, J.
B. 467; Dixon, H. H. 468 ; Dorner, H.
B. 376; Duggar, B. M. 319; Duvel, J.
^' T. 159, 320; Dyer, W. Thistleton

79 ; Earle, F. S. 467; Engler, A. 388 ;

Eustace, H. J. 15S ; Faxon, C. E. 388 ;

Ford, Sybille 320, 468; Freeman, \V.

H. 376; Frye, T. C. 320 ; Fuller, G.
D. 319; Gage, C. S. 320; Galloway,
B. T. 160, 319; Gies, W.J.79; Golden
Katherine E. 376; Green, J. R. 320,

468; Groom, P. 320 ; Plalsted, B. D.

159; Harding, H. A. 157; Harvey. L.

H. 320 ; Hedgcock, G. G. 159; Held-
reich, T. von 388 ; Hiller, Mary F. 376;
Hitchcock, A. S. 159; Hollick, A. 157,

159, 160 ; Hohvay, E. \V. D. 247;
Hopkins, A. D. 157; Howe, C. D. 320;
Howe, M. A. 159, 467; Jeffrey, E. C.

79 ; Juel, H. O. 467; Kellerman, W. A.

80 ; Kirkwood, J. E. 160; Klinggraeff,

H. von 247; Kraemer, H. 159; Krug,
W. li. 319; Kupfer, Miss E. M. 160

;

Lawson, A. A. 320 ; Leimbach, G. 247;

Lemaire, A. 467; Eivmgston, B. E. 320;

Lloyd, F. E. 157, 158; Lyon, Florence

M. 320; Lyon, H. L. 468; Macl^ougal,
D. T. 158, 159, 160; Macfayden, A.

468; MacMilian, C. 468; Matthaei,

Miss 468; Maxon, W. R. 158; McCal-
lum, \\. B. 160; Micheli, M. 319;
Miyake, K. 319, 320, 468; Mori, A.

247; Murrill, W. A. 160; Mutchler, F,

376; Norton, J. B, S. 159; Olive, E. W.
320 ; Oliver, F. W. 468 ; Overton, J. B.

319; Peirce, G. J, 159/319; Pollard,

C. L^ 157; iqg; Pond, R. H. 320;

Praeger, L. 468; Preston, C. E. 320 ;

Prini.de, C. G. 79, 157; Ramaley, F.

468;^Rane, F. W. 159; Rendle, A. B.

467; Rennert, Miss R. J. 160; Rose, J.

N. 319 ; Rothert, W. 467; Rowland, S.

468; Rydberg, P. A. 160 ; Sargent, C.

S. 79, 388; Schrenk, H. von 157. 159.

160; Scott, D. H. 79; Selby. A. D.

158, 159; Setcliell, W. A.232; Seward,

A. C. 320, 468; Shafer, J, A. 158;

Shear, C. L. 157, 15S, 159; Snow;
Laetitia M. 79 ; Schmid, B. 247;

Stevens, Y. L. 79, 157, 158, I59, ^^0 ;

Stevens, W. C. 319; Stewart, F. C.

157, 158; Stewart, F. L. 159; Stuart,

W. 247, 376; Sydow, H. 247, 467;

Sydow, P. 247; Thomas, M. B. 377;

Thornber, J. j. 160 ; Tilden, Josephine

E. 468; Torrey, J. 160; Trelease, W.
160; Treub, M. 79; True. R- H. 160:

Underwood, L. ^L 160; Vries, H. de

319; Wager, H. 320. 468; Walker, Mrs.

S. B. 79 ;^ Weiss, F. E. 3S8 ;
Whetzel,

H. H. 377; White, Miss V. S. 160;

Whitford, H.N. 320 ; Wiesner, J. 3^9 ;

Wilcox, E. M. 159; WMUis, J. C. 247,

320, 46S; Woods, A. F. 158. 160;
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Wright, E. P. 38S; Wright, H. 320,
468: Yendo, K. 468; Youse, Lucy 377;
Zelemy, C. r6o

Pertusaria communis, development of
apothecia 379

Phacelia 155, 31 1; corrugata 26
l'hace]ophr}nium 149
Phloeoterma 458, 461
Phieum, Michelii 153; pratense 153
Phragmidium 239
Phragmites,^t?;;/?;/e^?/2V 16, 18; Phragmites

16, 18; Uredineae upon i

Phoradendron 456
Phosphorus compounds, transformation
m 380

Phycomycetes, fertilization of 420
Phyll actinia, germination experiments,

382
Phylloglossum, prothallium of 74
Phytogeography, recent contributions to

American 383
Pierce, G. J., personal 159, 319
Pieters, A. J-, work of 3S6
Pilea 456
Pilger, R., work of 76
Pinus, Banksiana 251; echinata 466;

halepensis 309; nigra 309 ; rigida 384 ;

Strobus 251 ; taeda 385, 466
Piper 312; adunca 321; medium 321;

ovule, seed and fruit of 321
Piper, C. v., work of 381
Piperaceae, development of 321
Pistaciopsis 76
Plagiothecium 231
Plankton, effect of dissolvedO and CO^

235
" Plant Breeding,'' new edition of 388
Plant, distribution 149; formation 316;

juices, electrical conductivity of 81

;

societies 129, 290
Plectascineae, key to genera 41

Plectrothrix 239
PJeiostachya 149
Pleomassaria 239
Pleurococcus miniatus and amides 235
Plowman, A. B., work of 241
Poa 155
Podocarpus Makoyi, vivipary in 234
Pollard, C. L., personal 157, 159; work of

382, 386
Polyembryony, in Euphorbia dulcis 153;

in Ginkgo 64
Polvgontim 155
Polypodium 381, 458; carnosum 317;

sinuosum 317; vulgare, teratological 143

Polyporaceae 458
Polysiphonia 7 i

Polysphondylium 316
Polystichum 381,382
Polytrichum 231

Pond, R. H., personal 320
Populus, zone of 131
Porphyra 72
Portulaca, electrical conductivity of 91
Postelsia 468
Potamogeton, zone of 129
Potato tuber, experimental morphology

of 242
Potentilla 77, 233
Potter, M. C., work of 240
Potts, George, work of 459
Praeger, L., personal 468
Pressure, osmotic and gas 151

Preston, C, E., personal 320
Pringle, C. G., personal 79, 157
Proc, Indiana Acad. Sci. 376
Proserpinaca palustris, stimulus causing

change of form and structure 93
Protoplasm, irritability of plant 463 ;

nature and origin of 378; of Schizo-

phytes 152
Protosteie 216
Prowazek, S., work of 466
Prunus, hydrocyanic acid in 232
Pseudocalea 239
PseudomeJasmia 155
Pseudomonas destructans 240
Pteridophvtes, anatomy of 154; Cuban
458

Pterygophora califcrnica 152

Puccinia 77, 155 ; Arundinariae 18

;

ariindinacea I5;dispersa 457 ; Distich-

lidis 13; Fraxinata 6; glumarum 77;
graminis 77, 153; peridermiospora t\

Phlei-pratensis 153; Phragmitis 15;

rubella 15; Seymouriana ii; simil-

lima 17 ; sparganioides 6

Puttemansia 155
Pyrenula nitida, development of 379

Q
Quercus, Marylandica 387 ; rubra 384;

velutina 384

R
Ramaley, F., 140; personal 468

Kane, F. \V., personal 159
Ranunculus arvensis, variation in floral

organs 380
Raphanus sativus, electrical conductivity

of 88
Raphidium polymorphum and amides

235
V.tQ(l, H. S. 125 ; work of 387
Regeneration, recent studies upon 464
Rehder, A., 246
Rehoboth beach 2S4

Rendle, A. B,, personal 467
Rennert, Miss R. J., personal 160
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Reviews : Caldwell's *' Laboratory man-
ual" 148 ; Campbell's" University text-

book" 67 ; Dame and Brooks* " Hand-
book of New England Trees" 149;
Eastwood's '* Flora of the south fork of
King's river " 146 ; Engler and Drude's
"Vegetation der Erde " 309; Engler
and Frantl's "Natilrlichen Pflanzenfa-
milien" 146, 235 ; Goebel's "Organog-
raphy " 145; Greene's "Forestry in
Minnesota" 455 ; HaMcsy's "Flora of
Greece" 455; Heald's "Elementary
Biology "

1 47 ; Jepson's '' School flora
"

376; Komarov's " Flora of Manchuria"
69; Mackerzie's " Manual" 310 ; Ma-
coun's " Catalogue of Canadian plants"
376 ; Nelson^s " Key " 147 ; Ostenfeld's
"Flora Arctica" 147 ; Saccardo's "Syl-
loge fungorum " 68; Weisner's "Die
Rohstoffe des Pflanzenreiches " 146,
231

Rhacomitrium 231
Rheum Rhaponticum 16
Rhizobia, biology of 109
Rhizobium, leguminosarum 109; mutabile

III

Rhizophora 386
Rhodophyceae, homology of tetrasporan-
gium 233

Rhytisma 155
Riccia Campbelliana 77
Ricker, P. L.. work of 146
Robinson, B. L., work of 77, 456
Robison, C. H., work of 376
Romanzoffia3ii
Root, development of in monocotyledons

238
Root rot of apple trees 65
Root-tip, geotropism of 379; tubercles of
Medicago denticulata 237

Rosaceae, ovule and seed of 235
Rose, J. N,, personal 319
Rosenvinge, L. K., work of 71
Rothert, W., personal 467
Rowland, S., personal 468
Ruhland, W., work of 156
Rumex, crispus 16; obtusifolius 16
Rusts, of cereals 77 ; cultures of 457 ;

relation of parasite and host 460 ; of
timothy 153

Rydberg, P. A., personal 160
Rysselberghe, F. van, work of 151

S

Saccardo's "Sylloge fungorum" 68
Sadiria 148
Salicornia 385, 3S6
Salix, longifolia 385 ; zone of 131
Salsola 386

Salts, causing change of form and struc-

ture 1 01

Samuela 232
San Jacinto mountain, botanical survey

^
of 233

Sap pressure 70
Sappinia 316
Sarcophrynium 149
Sargant, Ethel, work of 237
Sargent, C. S., personal 79, 388
Sassafras, notes on 426 ; acutilobum 438 ;

bilobatum 435; Burpeana 442; creta-

ceum 444; cretaceum dentatum 448;
cretaceum grossedentatum 447 ; cre-

taceum heterolobum 435 ; cretaceum
obtusum 436 ; cretaceum recurvatum

438; dissectum 443; dissectum sym-
metricum 444 ; harkerianum 442

;

hastatum 448 ; Leconteanum 438

;

mirabile 446 ; Mudgei 437 ; obtusum

436; papillosum 446; parvifolium 434;
platanoides 446 ;

primordiale 447 ; pro-

genitor 443; Selvvynii 442; subinteg-

rifolium 441
Saunders, C. F., work of 384
Scalesia 456
Scapania, albicans faxifolia minor 372;
^ymnosiomophila 374

Schizophytes, protoplasm of 152
Schmid, B., death of 247
Schmidle, VV., work of 76
Schneider, A. 109
Schniewind-Thies, J., work of 234
Schrenk, H. von 65,377; personal I57»

159, 160

Schumann, K., work of 149
Scilla sibirica, mitosis in 234
Scleroderma 239
Sclerospora, fertilization of 420
Sclerotinia 239
Scott, D, H,, personal 79 ; work of 73
Scribner, F. Lamson, work of 239
Scutellaria 77 ; Chtirchilliana 77
Secale cereale 153
Secotium 239
Seedhngs 236
Seeds, classification of 224; germination

of in high temperatures 457
Selby, A. D., personal 158^ I59

Semiaquilegia 155
Senecio 70
Serenoa 386
Setchell, W. A., personal 232
Seward, A. C, personal 320, 468

Shafer, J. A., personal 158
Shaw, C. H., work of 383
Shear, C. L., personal 157, ^S^* ^59;

work of 239
Shrubs 388
Shull G. H. 381
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Sid a dissecta 24
Silva of North America 388
Siphonostele 458
Sitanion 239
Small, J. K., work of 76
Smith, R. E, 231
Snow, Laetitia M. 284; personal 79
Soil, ionization of 241
Soils, physics of 232
Solanum tuberosum, electrical conduc-

tivity of 86
Solenostele 217
Solms-Laubach, H. Graf zu 377
Sorosporium 77
Spalding, V. M., work of 387
Spaulding, P. 310
Spartina 77, 385; Bakeri 77; cynosur-

oides 3, 8, 11, 14; glabra 4, 8; gra-
cilis 4, 14; patens 4, 8; polystachya 8;

Uredineae upon i

Sphaeropsis, malorum 311; rhoina 311
Sphagnum, zone of 131
Spindle formation in Agave americana

243
Spiraea, astilboides 246; japonica 246;
japonica 2^(i', salicifolia 246; Webb's
study of 246

Stachyphrynium 149
Starch grain, structure of 341
Starke, J., work of 151
Stenopteris38i
Stevens, F. L.420; personal 79, I57i 158,

159, 160
Stevens, W. C, personal 319
Stewart, F. C, personal 157, 158, 159
Stjpa 77, 233; eminens Andersoni 66;
Hasset 66

Stomata, mechanism of 242
Strasburger, E., work of 312
Streptanthus 155
Strophostyles 386
Stuart, W., personal 247, 376
Styracaceae 312
Suaeda, depressa erecta 364; fruticosa

rnulti/lora 364 ; suffrutescens 364 ; Tor-

reyand 363
Sydow, H.,.personal 247,467
Sydow, P., personal 247
Symbryon 312
Synthyris, flavescens 33; Ritteriana

obtusa 34

T

Tansley, A. G., work of 72, 237
Taxodium 385, 386; distichum 386;

bricarium 386
Taylor, Miss A., work of 31

1

Telanthera 456
Telaranea 76

im-

Temperature, causing change of form
and structure 100

Tennessee flora 386
Tensions, influence upon cell growth 73
Tetracrium 155
Tetrardisia 148
Tetrasporangium'in Rhodophyceae 21J^
Thaxter, R., work of 146
Thelesperma 312
Thelephora galactina, and root rot of

apple trees 65
Theriot, I., work of 231
Thomas, A. P, W., work of 74
Thomas, M.B., personal 377
Thornber, J. J,, personal 160
Thuja, archegonium of 252; fertilization

in 255; morphological study of 249;
pollen grain of 250 ; proembryo of 256 ;

ventral nucleus of 253
Thuretella Shonsboei, cystocarp of 153
Tilden, Josephine E,, personal 468
Tilletia 77
Tobler, F., work of 377
Torrey, J. C, personal 160; work of 236
Tracy, S. M., work of 386
Transpiration stream 161, 260; bibliog-

raphy of 274
Trees and shrubs 388
Trelease, W., personal 160; work of 231

Tremellodendron 381
Treub, M., personal 79
Trichome structures of Erodium cicu-

tarium 140
Trichostomum 231
Tricyrtis hirta 244
Trisetum 239
Tropaeolaceae 149
True, R. H., personal 160

Tsuga heterophylla 466
Tulipa Gesneriana, mitosis in 234
Turnip rot 240
Typha 385

u
Ulota 231
Ulothricaceae 458
Umbelliferae of Japan, revision of 146

Underwood, L. M., personal 160; work

of 45^
Uniola 385, 386; paniculata 384

United States, southeastern, as center of

distribution 385
University of California 232; of Pavia,

contributions from 455; of Vermont 1 57

Uredineae I, 247
Uredo, peridermiospora 6 ; Pkra^mitis iS;

rtibeila 1 5 ; striola 1

5

Uromyces, acuminatus 3 ; Spartinae 3

Ustilagineae 381

Ustilago 77

* - V
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V
Valonia ovalis, zoospore production in 378
Vanderlinden, E., work of 151
Van Tieghem, Ph., work of 313
Variation, statistical in flowers of Ranun-

culus arvensis 380
Vascular system of gymnosperms and

pteridoph^'tes 154
Vascular tissue, evolution of 216
Verbena 239
Verhuellia 3x2
Vermont, delta plain in 383
Vernonia 312
Verschaffelt, E., work of 232
Vicia faba, seedlings of 380 ; cell division

in root tips 239 ; sativa, seedlings of
380

Vigna sinensis 69
Viola 382 ; canadensis 311
Vittaria, eiongata 311 ; lineata, morphol-
ogy and anatomy of 31

1

Vivipary in Podocarpus 234
Vochting, H., work of 242
Vries, H. de, personal 319

w
Wager, H., personal 320, 468
Walker, Mrs. S. B., personal 79
Walker prizes in Natural History 80
Ward, H. M., work of 460
Webera 231
Weiss, F. E., personal 388
Whetzel, H. H., personal 377
Whipple, G. C, work of 235
White, Miss V. S., personal 160 ; work of

76,381

Whitford, H. N. 69, 149, 455, 466; per-
sonal 320 ; work of 387

Wiesner, J., personal 319; "Die Roh-
stoffe des Fflanzenreiches " 146, 231

Wilcox, E. M. 66; personal 159
Williams, E. P\, work of 383
Williams, R. S., work of 76
Willis, J. C, personal 247, 320, 468
Winkler, H., work of 467
Wolfe, J. J. 72, 233
Woods, A. F., personal 158, 160
Woods Hole 319; morainal depressions

near 383
Worsdell,W. C. 216
Wright, E. P., personal 3S8 ; work of 377
Wright, H., personal 320, 468
Wulff, T,, work of 69

X
Xanthidium discolor 34

Y
1

Yabe, Y., work of 146
Yapp, R. H., work of 317
Yendo, K., personal 468; work of 152.

155
Youse, Lucy, personal 377; work of 387
Yucca 231
Yucceae 231

z
r

Zaleski, W., work of 380
Zelemy, C, personal 160
Zimmermanniella 155
Zoospores, production of 378
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THE
ThtnKing MoLn's

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

Hor^ord
Acid

Phosphate
Horsford's name on every GENUINE package.
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Delightful After Bathing
A Luxury After Shaving

Beautifies and Preserves the Coft\pIexior\

A positive. relwrf' for Chapped Hands, Chaftng*
and all afflictions of the skin. For sore, blistered aud
sweaty feet it has no eaual. Removes a!l odor of psr^pira-

tioa. Get Mennen. s (tbe original)» a litde higher in

price^ perhaps^ than wortkl&ss iubsUtutes^ hut tkert U a
reason for it^ Sold everywhere, or mailed for 250.

4VOID H ^T^MFUL IMITATIOIS. (SAMPLE mcc.)

GERHAR^D MENNEW CO^ New&rk. N. J.

FRAGRANT

A perfect Dentifrice for the

Teeth and Mouth
SOZODONT LIQUID

SOZODONT TOOTH POWDER
Large LIQUID and POWDER

2Sc

-25c

75c

A dentist writes;

**As an antiseptic and hygienic
mouthwash, and for the care and pres-
ervation of the teeth and gums, I cor-
dially recommend Sozodont. I consider
it the ideal dentifrice for children's use/^

SOZODONT is sold at the stores, or it mil be
sent by mail for the price. Mention this Magazine,

HAIil. & KUCKEI., afew York,

F*' *r=l^l

Your baby plays on the floor,

where dust and germs abound.

Before sweeping, sprinkle the

floor or carpet with properly

diluted

li^tts Chlorides.

The Odorless Disinfectant



Protects

Agetinst

TemperaLture Chang

The Standard Sanitary
Underwear for Men, Women
and Children.

Endorsed by Leading Physicians

Also various JAEGER Novelties and
SpectaIties . ^

Don't forget that the Best is the Cheap-
est and that the First Wealth is Health.

ILLUSTRATED CATALOGUE FREE.

DR. JAEGER S. W. S. GO.'S OWM STORES.

NEW YORK: i6 Wcst23dSt.: 155-,! 57 Broadway
BROOKLYN : 504 Fulton Street,

BOSTON: 230-232 Boylston Slreet-
PHILADELPHIA: 1510 Chestnut Street.

CHICAGO : 82 State Street.

AGENTS IN ALL PRINCIPAL CITIES.

The Most Fa&Kionable Perfume
% Yon will not find it in every store.
It is not used by everybody*
Sold at the best stores only*
Used by refined people only,
EAU DE COLOGNE

Sternensaase 9-11 in Koln

Queen Alexandra says:
There is sometliing fascinating about users of 9-1

1

Cologne. It is certainly the mo^t delicious per*
lume ; it Invigorates and refreslies.

INSIST on 9-11 Cologne and TAKE NO OTHEB.
Import office, 1-3 Ami Street, New York,

Ride acock-horse to BANBUsr Cross.
To SEEA FINL LADY UPON' A WHITE HORSE.
RfNGS ON HER FINGERS.ANDBELLSONHIRTOE
5H[ SHALL HAVE MUSIC WHEREVER SHE GOEST

So SINGS THE fOND MOTHER IN Nl'R5ERY RHYflE

to her cud infantjhe while keeping- time;

And so can all mothers with tuneful refrain

Delight in their infant5.whose health THEy maintain.]

Through
,

^

NRS.W1NSL0WS SOOTHING SYRUP
OVER FIFTY YEARS SOLD

To millions OF MOTHERS IN THE NEW WORLD AND OL

Big Four Route

FROM
CHICAGO

TO

Indianapolis, Cincinnati, Louisville,

the

5outh and Southeast.

DIRECT LINE TO

AshevUle, N. C. and Florida.

THE SCENIC LINE TO

Virginia Hot Springs and Washington, D.C

via the Picturesque

CHESAPEAKB & OHIO R'Y.

W.J. LYNCH, aP.&T.A. W.P.DEPPE,Ai$'tG.P.&T.A
•|

CINCINNATI, O.

J C. TOCKEE, G.N.A. 134 Clark St., CHI
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BEARS A LABEL WITH THISTRADE MARK Ara^fS

The Dr. Deimel Underwear has made '

' Linen-Mesh

famous wherever underclothing is worn.

During every season and in every climate

good health and solid comfort.

7neans

Booklet telling all about it, with samples of the material, free, address

The Deimel Linen=Mesh Co. (Originators Linen-Mesh)

Department O.40, - 491 Broadway, New York

SANPRwcrsco WASHiNarov,o.c. brooklyiv.n.y. Montreal, can. London.w.c.ENa.
Ill Mont^romery SU 72B 15th St., N.W» 510 Fulton St- 2202 5t. Catherine St. 835trand.(HotelCecil)

VyHEN THOMAS A. EDISON, Sr., invented

and
the phonograph, the whole world applauded

wondered. Later, when he produced the

electric light, the people of all the earth gave him
homage as the worker of marvels. Now, as a
splendid climax to the work done for humanity,
Thomas A. Edison, Jr., son of the illustrious wizard,
gives to the world his Magno-EIectric Vitahzer,
the best and most beneficent of all wonderful
inventions.

Again has science labored and brought forth a

niarvel. This time the product is one of electricity

^the Magno Electric VitaHzer— and its inventor
is none other than Thomas A. Edison, Jr., son of

that great wizard who has given to the world so

many wonders.
The Magno-Electric VitaHzer is now being

offered to the public with absolute assurance that it

will fill a long-felt want.
Electricity has transformed the world and why

shouldn't it transform the world's methods of curing
its sick? This is the reasoning of Thomas A.
Edison, Jr., in his presentation of the Magno-
Electric Vitalizes This invention has already

commanded the attention of medical men and of

the laity in all parts of the world.
It is being placed on the market by Mr. Edison's

own company, the Thomas A. Edison Jr, Chemical
Co., No. 14, Stone St., New York. Upon applica-

tion, a book containing complete information will

be sent free lo all who may be interested in the cure

of disease by electricity.

Address correspondence Dept. P.

3

J

MANY ADVANTAGES.
Perfect in fit, never ragged or uncomfortable. Very
convenient, stylish, economical. Made of fine cloth mad

exactly resemble linen goods. Tuns down collars arc

reversible and give double service.

NO LAUNDRY WORK,
When soiled, discard. Ten collars or «• p*Ir« of

Cttffei. 35c. By mail, 30c* Send 6c. in U. S. stamps for

sample collar or pair ol cu8u Name size and style,

REVERSIBLE COLLAR COm Dept. 12, Boston.
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Copy Your Letter WhileYou Write
BY USING THE

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

Size (8J^x ii), Ruled or Plain

Note Size C6x9j^), Ruled or Plain ---.--
Sent postpaid on receipt of price

$0.75
.50

. CHILDS
Hanufacturing: Stationers

CO.

Send for our Catalogue of Office Supplies 140=142 MONROE ST., Chicago

<i
-l t ' 7*.
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the crank—and your copy's made.
No wet cloths to handle—no
damp blotters to arrange—no
screwing down letter-press^

It stands always ready.
The pressure of the copy-
ing-rollers is always the
same. Never a blurred letter,

nor an indistinct copy.
Every copy clean

and perfect

—

t

no faint copies
to guess at.

Copies made
on the Rapid
Roller Let-
ter Copier can be
filed right with the
letters received.

Send for Cat. 3303

Yawraaa 4 Erbe Mfg. Co.,

lochesler. N. Y.

Branche* in N. Y., PhUa.,
Boston, Chi.p San F., ajid

seven other cities.
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STATIONERY
BY MAIL

Cfte University or gfticago Prc$$

has exceptional facilities for filling mail orders

for the latest styles of stationery and other

fine papers /.'

An Excellent Line of Whiting's Standard

Fine Writing Papers >.

in all the latest styles, kept regularly in stock, both in

boxes and by the quire

Whiting's Number One Quality and
Standard Linen

are especially recommcn

Monogram Embossed Paper and Pads of

all Sizes

Orders taken for Fine Engraved

Calling Cards at Reasonable Prices

THE UNIVERSITY OF CHICAGO PRESS

Retail Department CHICAGO, ILLINOIS

•'MODERN'^ MIDD1.S: JOINT FOUNTAIN P£NS

Do not Jeak at the joint;

ink than others because
be filled full

hold more
they can

The Largest and Best Gold Pens
The Highest Class Fountain Pens

All forms of Fountain Pens, at moderate prices, including Automatic Self-Filling and Old Joint

// no local dealer has a good assortment of "MODERN" Pens, send direct to the makers,

A, A, "Waterman (H Co, 22 THames st. New YorK



SPENCERIAN
CARTERS
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The Standard of
Excellence for

over forty years
STEEL PENS
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Select a pen for gour writing { •>•

a sample card of special numbers for cor-

tespondence* 12 pens for JOc*, postpaid*

SPENCERIAN PEN CO.
349 Broadway, NEW YORK CITY
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An Old Bookkeeper is Discriminating:
Bettei take his advice and use CARTER'S

Send for booklet "Inklinga"—Free

THE CARTER'5 INK CO. - BOSTON. MASS.
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Help Yourself
There is a depth of meaning in these -words— >^i?// yourself. No attain-

ment worth the having has ever been made without self help.
All who are in earnest to accomplish a definite purpose within the scope of

their intelligence can do it, but they must help themselves^
+

If you believe that a strong, sound body and active

mind are desirable possessions to attain success in life,

you can secure them by building yourself out of the
material— Natural Food.

WHOL-E
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is Natural Food— food whose each integral part has a counterpart
in your body and which builds it symmetrically and as a harmon-
ious whole. The beauty of form and adaptability of this perfect

food lends it a grace to the eye. It can be prepared in over 250
different ways. The natural whole wheat flavor of SHREDDED
WHOLE WHEAT BISCUIT pleases the palate. Wholly
nourishing, as it does, the whole body, it appeals to Reason.

Help Yourself
Said by alt grocers. Send for "The Vital Question"
(Cook Book, illustrated in colors). FREE. Address

THE NATURAL FOOD COMPANY, Niagara FaUs, N. ¥.
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THE 5MlTfl PRE?MER .A

MAKES IIGHt
'THE WORK

or COBRESPONDINCE
I

is the best value type-

writer for the Office,

Schoolroom....and

the Home

Grand
Prize
Paris
1900
Highest
Award

Possible.

New Illastrated Catalogue Free.

The Smith Premier Typewriter Co.,
syracuse, n. y., u. s. a. '

r THE BEST
Send for Catalogue

IK "-

All Fountain^N
t>DeAI-^^I)rAddre55. Bloomsburg.

wHY not use a clean Fountain

Pen, one that will write and

write always, without skipping,

blotting, or scratching?

The above Fountain Fen Is and

has been sold* on its merits all over

the world for sixteen years, and is

unconditionally guaranteed.

THE EARLIEST
HAM M O N D
DOES BETTER WORK
THAN THE NEWEST
MACHINE OF ANY
O T H E A K E
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TYPEWRITER OF THE TWO HEMISPHERES

P"

The only polyglot using on the same machine,

one hundred type shuttles, in twenty-six languages, in-'

stantly interchangeable.

An indestructible machine, wiii last

generations and outlive ten type-bar machines. Writes

like print— prints like writing.

The best manifolden The one machine
producing perfect and permanent alignment with uni-

form impression.

The Hammond
Typewriter
Company

69th to 70th Street, East River
- - ^

New York, N. Y.
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"THE NAME EVERYTHING.

/

guarantee

FALCO

pen
Over

most

i n

absolute

excellence

-

every

stationers

R O
No. 048 is

popular
world,

varieties of

suit
ose.

ave them
Accept nol/ substitute

^.kP

The esterbrook steel Pen Co.
Works, Camden, N. J. 26 John Street. N. Y.
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Is our advice to try

Dixon's

American Graphite

Pencils.

The satisfaction of us'iig a pen-
cil that always does what is tx-

pected of it, sharpens to a fine

point, and in which the lead

doesn't bieak, eir^^er in sharp-
ening or use, is not one of the
least comforts to a busy person.

Dixon's Leads Dog^t Break.

Their grades never vary.

Pencils for all uses,

each one bearingf our trade-

mark, the best of its kind.

/y not sold br your dealer^ send us
tbc, for- samples 'worth double,

Joseph Dixon Crucible Co.,

Jersey City,
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Twenty Years
THE

I emm
TYPEWRITEK

/las saved the world enough
build an Empire.labor

WYCKOFF. SEAMANS «S. BENEDICT
(Remington Typewriter Company)

327 Broa-dwa-y New York

I



A Wonderful Material I

PANTASOTE
Waterproof—Greaseproof—Stainproof

Also Germproof and FIREPROOF I Unlike other leather

substitutes, it contains no cellulose, rubber or other danger
ousandobjectionable sub-

en

-

/

«f

-^

-^<tx.

=^ Ap,

^^ ^j*jjffibMi.-w^".;^ ftt-

-~p

stances, and is also

titefy odorless.

Pantasotc docs not peel

or crack, is not aHectedby
heat, cold or climate.

Looks like Morocco leath-

er, wears better and costs

hall. Tested nine years

with un-
qualified
success.
Made in
plain leath-

er grains or
richly em-
bossed de-
signs all

St a nd ard
colors.

A Piece
i8x i8 In.
for 25 cents
in stamps.
Free simple
15x6 in. for
at . stamp and
y 9\xt uphol-
sterer's sd -

dress.
Awarded GOLD MEDAL at Buffalo*

CAUTION—Then* are dAnyerous and worthless imitations; pcnn
Inc haa Pantasfjte stamped un joods.
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PANTASOTF CO., Dept. Z, Broadw f New York

LONG LIVED
ANS

STYLE 4405.

are valuable investments. Our instru-
ments have extraordinarily long lives.
They are thoroughly well made and are
absolutely mouse proof. One great
source of annoyance and expense is thus
removed. Our latest model, style 4405,
has just began its career, but has lived
long enough^ to earn popularity and
show that it is like its fore-runners in
staviner Qualities and excellence.

mmmt,%
BOSTON. WEW YORK. CHICAGO.
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Noble in Tone

Chaste in Ai)pearance

Durability Unquestioned

GEO. P. BENT
Manufacturer Chicago
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LICORICE TABLETS,
(5 ft lOs PACKAGES.)

FOR COUGHS & COLDS.
MADE WITH PURE SPANISH LICORICE.

GLYCERINE TABLETS,
( %0', POCKET TINS.

)

FDR RELIEF OF
HOARSENESS a THROAT AITECTICN5.

ITALIAN PEPPS,
( lOS ALUMINUM POCKET PACKET. ;

A HANDY POCKET STAMP BOX WHEN EM PTY.

GUM IMPERIALS
BOXES

ASSORTED

If NOT SOLD BY YOUR DRUGGIST,
mailed free upon receipt of price.

Broadway, n.ycity.*e^^
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fOONTAIN PEN

SEir-
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THE SWAIN

NOT
ROP

FOR SALff AT

TH EXCLUSIVE PEN STORE
STATE STREET. (STEWART BUIUDING) CHI

MABIE. TODD BARD
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Cyko A Night Printing Paper.
Cyko is the most perfect of

Developing Papers.
Made in a variety of surfaces and speeds
adapted for all classes of negatives.
NO DARKROOM REQUIRED,

One dozen 4x5 Cyko with developer
ao cents. Send to

TMe ANTHONY & SCOVILL CO.,
122-154 Fifth av., Atlas Block,
New York. U.S.A. Chicago.

Xmas Present

The numbers 3"4'5 Cartridije and Plate

and the number 3 Fm P. #C. are now
Vept jn stock fitted with the celebrated

>G E
Double Anastigmat

LENSES
n

We supply either the Universal Series III.

Lenses (F 6^ also perfect for wide angles
when used on larger cameras) or the New
Series U Lenses^ which are 17^^ faster,

but cannot be used for wide angle views.

Fall particulars and prices free on application

to all Kodak dealers.

Skin Disea^ses
^ I

P

If you suffer from Eczema,
Salt Rheum, Ringworm, Itch,

Ivy Poison, Acne, or other
skin troubles,

roz
will cure you.

Cures sunburn in 24 hours. In cases
of Prickly Heat and Hives it will stop
itching at once, also.will relieve mos-
quito bites.

Hydrozone is a, sctenfific Germicide^
Used a.nd endorsed by leading physi-

cians. Jt is absolutely harmless,
yet most po<werfuil healing agent.

I

As these diseases are caused by parasites,
killing them wlihout causing injury to the suf-

ferer, naturally cures the trouble.

Sold by leading druggists.

ruplj* to any one sending me 10c. to cover actual
* IxHrfl-rf postage, win send a liotUe contaiiiuiET suffi-

cient to prove to your entire satisfaction the claims here
made. Painphiet sent free. Addrtss

P

59 W. Prince St., JVew York,

ORCHESTRA
Instruments, Violina, Flutes. Mandolins, Guitars, •

Banjos, Ac, Lyon & Healy and ''Washburn'' In-

strumentB are In use everywhere and are sola ny
leading music dealers. Ask for "Dept. a" Catalog,
Illustrated, mailed free. IV s a money-eaver.
LYON ft HEALY, • ' 38 Adams St., Chicago. ID.

Xhe World's Urgest aa»ic House. 8«lto 'KTerythlng Kooim in fluile."

PIANO
Do You Wif^ a

Genuino Bargain

in a Piano?
I

W« have hundred! of Upright Pianoa returned from fenting

which muit be disposed of at once. These pianos mcluda

Bteinways, Knabes, Fischers, SUrlingt and other well known

makes. Many cannot be distinsuished from new, >«***'. f^
offered at a great ^m yi^ m^ m m ducoont Uprignw

as low as $100. Uso tU 11 mM b«»utiful new IJ^

richts at $125, pin II in *^^'*^''^}!'''i'^VSi'
A magnificent in- H Ml U |ff| strument ai 9jw,

fully equal to many " — " ^-^ $400 pianos. CmT
monthly paymenta accepted. Freight Is only about $5. wn»
at once for compleU list and full particulars. Yon can ciaie »

great ssTing by secarlng your piano from us. tTery pi«i« ""^

ranted aa represented, "A Pi*no Book/' fre«. Write today.,

J

LYON
38 Adarvm St., CHICAGO.

Wttld'i !arj«it music ho': %* ;wU" ETerythlng known in

Rare Old Violins
Largest and finest collection on this continent

i'ine catalogue rtree; contamlngr 50
»p-8/,^^lJ*

labels In colors and Biographies of all jne

noted makers. I^* and particulars of So o

instruments from $50 to^ mOOO. Monthly

payments may be arranged, violins sens ou
serendays examination. Formal CerUCcaw
of eennlnenesfl with each instrument

LYON & HEALY, V.2S''

J5I
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NOTICE! The amount of tliis chec^ will be placed at the disposal of

competent judgei to be awarded for the best photographs raadtf wltll

Bauscb ft Lomb Lenses and Shutters submitted for' judgment on or
before January i, 1903. Classes lor all kinds of work and for Kodak*

Prenno» Poco and otlicr hand cameras with B.& L, Lenses beint; provided-

a?yucL
(TO

o^

ROCHESTER, N, Y,

^ho'~WtU send fuU informaiion on request-
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THE
ALTON'S

r

I903
FENCING
GIRL

Copyright, 190a
by C- & A. Ry.

ART CALENDAR
figures ten inches
Highest example

Fourgraceful poses from life;

high, reproduced in colors,
of lithographic art.

"THIS ONLY WAX"
to own one of these beautitul calendars is

to send twenty-five cents, with name of publi-

cation in which you read this advertisement,
to Geo. J. Charlton,General Passenger Agent,
Chicago & Alton Railway, 328 Monadnock
Building, Chicago, III.

The best railway line between Chicago,
St. Louis, Kansas City and Pjeoria.

WABASH
New Short Line

BETWEETf

CHICAGO ANDTOLEDO

THROUGH PULLMAN SERVICE

FREE SECLINING CHAIR CASS

ALL WABASH TRAINS

C. S. CRANi: F. A.
G. P. & T. Agent

St. Loxns

A* G. P. Agkmt
Chicago
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In All Forms
of Bright's

Disease, Albuminuria of Pregnancy, Uric Acid
Diatliesis,Gout, Rheumatism, Lithaemia, Renal
Calculi, and Stone of the Bladder

I Etc
s

"IF I

eorge Ben «lohnston, Rtchmond, Va.^ ex-President Medical Society of Vir-
Professor of Gynecologg arid Abdominal Surgery, Medical College of Virginia.'
BRE ASKED WHAT MINERAL WATER HAS THE WIDEST RANGE OF

ANSWER
stubborn

it is a most

LfTH^drugs. In URIC ACID DIATHESIS, OOUT, RHEUMATISM,
beneficial effects are prompt anJ lasting.

"Almost any case of Pyelitis and C> stills will be alleviated by it ana many cured.
"1 have had evidence of the undoubted DISINTEQRATl.NQ, SOLVENT, and ELIMINAT1N(

POWERS of this water IN RENAL CALCULUS, and have known Its long continued use to per
manently break up the gravei-fomiin^ habit.

**It is an agent of great value In the treatment of the Albuminuria of Pregnancy, and fs an
excellent diuretic in Scarlatina and Typhoid l^ever. In ai» forms of BRIQHT'S OI5EA5E,
except those hopelessly advanced, its good effects are pronoutKeO. I believe it has been
the means of oftrfonging many lives in this trouble."

John V. Shoemaker, WI. D., LL. D., Professor of Matena Medtea and Therapew
tics in the Medico-CMrurgical College of Philadelphia, etc., in the JVetc York Medical JoumaU
Jivz 22, 1899: "The
matism and Clout. 1

KJITMO LtTHUIVbFEH
dissolves Uric Acid and Phosphatic sedimeats* as well as other products

exerts a moderately

ion insoluble substances wiii precipitate in the Kidneys and Bladder. Thi

;ed by Stone, together with consecutive pyelitis and cystitis, are avoided

body. Without

intense suffennfi

change Is <rf cons

speedy removal ot Uric Acid and other products

yet to PREVENT their formation is a service still more Importantcnanpe is m conspicuous Denetit, yei lo fKi:; vtim i meir rormaiion is a service srui more imponani.

This service Is performed by the BOFFAIO LiTHIAWATEB ^'h^° ^^ corrects

those digestive taiiures whsch

James L. Cabell* M
responsible for the prmluction of deletenous itiaterials/'

, A» Nlmf lAmmDmf FoTmerlp Professor of Phytiok^ and
Surgery in the iledical Department of the University of Virginia^ and Prem^mt o) the

aJ Board of Healthy says

we!I-kaowri
article of Materia Medica

BUFFM0Irm01Wnm
tes<mrce*

n Uric Adk! Diathesis

be recognized by the ptQfessk^n as

I

w !

cf analysis of Calculi discharged
by patients under the adion of

t, Profei^yr of Chemistru, Univermty of Virg-

KmmoUfHm
xtra

pnng

action of the water Is PR!M.\RILV and

the URATES, but when Ciese con^tuMits occur along with

Oxalic Calculus mat^rMs, the may be so detached

1 as to disintegrate tiie Calculus m ,1.,

ese cases, also thus
M- Jl^' _

• i a •
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Spring No* I Is >^i NERVE ffid 8 SIjO<H> TCMCi aod Is PALE* t I

AiS^MlC SUBJECTS Is to be preferred. Is liM

LrmiA ^fbr -.%>

LE, and

;3nBptoas !^a. 2 is to be ptefmed

&y Groaets a^ Dru^fets gffleiHy,

festimoBlals which defy all toprtattoo or s|uestk)ns sent to a^y ad

BUFFALO TH I

Vu h h i^^^^^^
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Piano building as a fine art has
never been more highly exem-
plified than by our recent pro-

ductions. Send for description

of our new style A Grand, the

most remarkable Small Grand
in volume and quality of tone

ever produced by any maker.
Its length is but 5 feet 4 inches.

_y_-. 7r V -LBJ-r.^ -*i i-HV
L:. 'Z^

TheWEBER PIANO COMPANY
J08 HFTH AVE., NEV YORK
266 WABASH AVE.. CHICAGO

m^

SAPOLIO
cannot

preparations, but

new, perfect cuticle lurnisl

method

velvet skin, don't PUT ON
dead skin,

own beauty.

excmtjlification

Imparts vigor

luxury

sensation. fr"WA sizes

iF^ J-

PURi: ARTICL
Free Froin Attlmal Fats

\
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niivr •:j'tns^n ej"^ - " - ' 5-rcr 5a f £rARS. I^*' '"^.tr Sfs^m oi

didtv«r rbe is«rw 01.^^0 ; n y^^u^ h^r^it .tree 0I .cjipca**.


