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Problems in the Study of Plant Rusts*

By J. C. Arthur

The inception of the Botanical Society of America was the

crystallization of a desire on the part of a number of zealous bot-

anists to encourage research and to promote the general welfare

of the science in America by concerted action. The result has

been conspicuously successful. Beside providing an atmosphere

of tolerance, expectancy and discriminating appreciation for the

presentation of papers, by no means a small honorarium in the

intellectual remuneration of the earnest investigator, a fund of

money has been provided in accordance with the original intent of

the founders, with which to assist and encourage research. The

first distribution from this fund is made at the present meeting. It

is a matter of congratulation that the wisdom shown in devising

the plan for its creation and the business sagacity brought to bear

in its management have enabled the society to offer a sum not

only large in consideration of the age and membership of the

organization, but equally noteworthy in comparison with any simi-

lar fund provided by American societies of whatever age and size.

Without question the society is established squarely upon the

doctrine of research, and the other benefits emanating from a body

of this kind, which are by no means few, inconspicuous, or unde-

serving of consideration, are as the glory of a noble tree with its

foliage, flowers and fruit, useful and luxuriant in proportion to the

quantity and quality of its nutriment.

* Delivered at Washington, D. C, December 31, 1902, as an address by the Past

President of the Botanical Society of America.

[Hereafter the exact date of publication of each issue of the Bulletin will appear

in the succeeding number.]
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In the selection of a subject for the present address it has

seemed fitting that the central thought of the society should find

a measure of expression, and therefore I have brought together

some of the suggestions, entanglements and problems that have

arisen during a series of investigations into the life histories of a

number of the plant rusts. I do this with the more alacrity as it

enables me to bring before you, and possibly to introduce to some

of you for the first time, a remarkable class of plants of great

scientific and economic importance.

The plant rusts, or Uredineae, are microscopic fungi, strictly

parasitic in their nature, inhabiting all classes of flowering plants

and ferns. The mycelial body of the fungus consists of colorless

hyphae which ramify through the tissues of a larger or smaller

part of the host. Sometimes they permeate every part of the

plant above ground, but more usually are confined to certain

areas, often very small and circumscribed. It is at all times diffi-

cult to distinguish this vegetative part of the fungus from the

cellular structure of the host, unless special differentiating methods

are employed.

On the other hand the reproductive parts are comparatively

prominent, being yellow, red, brown, black or some characteristic

tint, and with few exceptions are formed at or near the surface of

the host, and of sufficient size to permit recognition under a hand

lens or often by the unaided eye. These fruiting bodies are gen-

erally dehiscent, exposing the spores as a waxy or powdery layer.

When produced abundantly, and of an orange or brownish color,

the supporting plants have the appearance of being dusted with

iron rust, which has suggested the now common name of plant

rusts. The most generally recognized examples are the rusts of

wheat, oats and other grains, which cause a loss to the people of

this country of many millions of dollars annually, often equalling

that caused by the Hessian fly, chinch bug and all other insect and

fungous enemies combined.

The fruiting parts and especially the spores are the only por-

tion of the rust fungus seen or recognized by the general observer,

the botanical collector, or the average student. Not only are the

spores readily seen, but as a rule they are easily removed and

examined under the microscope, needing no preparation except
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moistening with a drop of water. Moreover, dried specimens keep

indefinitely in all their perfection of form and intimate structure,

and also as a rule of color. Hence it has come about that the

description of species and the general classification has been

founded almost exclusively upon the spore forms. This was a

necessity at first ; but it is a crude and artificial method. It has

led to no clearer understanding of the real relationships of the

species than did the Linnaean system for flowering plants, with its

countings of stamens and pistils. Yet this comparison does scant

justice to the intricacies of the subject, and the difficulties under

which the systematic uredinologist has labored.

The student of phanerogamic plants, even back to the days of

Linnaeus, has been well aware that few of the plants which come

under his observation have more than one kind of flowers. The

flower contains the pistils and stamens, from the interaction of

which arises the fruit. Sometimes, to be sure, the pistils and sta-

mens are in separate flowers on different parts of the plant, or even

on different plants, as in the willows and poplars. But with rare

exceptions, so rare as to have no appreciable effect upon the devel-

opment of the subject, no material difficulty has been experienced

in detecting the essential organs of reproduction, and no question

has arisen regarding their association with the fruit which follows

their appearance.

In order to come to an appreciation of the conditions existing

among the rusts, and some of the difficulties besetting systematists

in trying to unravel relationships, let us suppose some changes in

the phanerogamic world. Let us begin by supposing flowers to

be wholly suppressed, so completely in fact that the fruit would

appear to arise from swollen buds, as figs do in fact, only in the

case we are supposing the flowers are so totally suppressed that

even the microscope reveals no trace of them. Now in this

imaginary world each kind of tree, shrub and herb may bear not

only one form of fruit, but two, three, four or even five forms as

different as peaches, acorns, chestnuts, beans and currants. Two
or more of these may occur at the same time in any variety of

combination. Often delicate, peach-like fruits will be produced in

a succession of crops throughout the summer, then in the fall a

crop of acorn-like fruits that are not injured by hanging on the
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plants all winter. But more curious than this, the seeds from one

kind of fruit rarely produce a plant that will bear the same kind

of fruit again. If the acorn-like seeds are planted, the plants that

are grown may bear acorns, but are rather more likely to bear

fruits enclosed in sacs like chestnuts. To some extent this alter-

nation of forms appears to be haphazard, at least dependent upon

conditions not understood, but to a large extent it seems to be a

question of the species. If acorn-like fruits from one species of plant

are sown they give rise to plants bearing currants, soon followed

on the same plants by chestnuts. When the chestnuts from this

species are sown the resulting plants bear peaches, followed on the

same individual plants by acorns. But there is no predicting what

combinations will occur in any one species. When different kinds

of fruits are found on the same individual they are known, of

course, to belong to the same species, but when on separate plants

their connection can only be told by actual planting. To further

complicate matters one kind of fruit, the currant we will suppose,

has seeds that cannot be made to develop into a plant, although

they will germinate ; and their purpose in the economy of the plant

cannot be conjectured.

Let us fancy now that all plants of this imaginary world are

exceedingly small, even the largest trees not being half the size

of a pin, while the smaller plants are mere specks, in fact micro-

scopic. How long do you think it would take botanists, with a

flora of this sort, to become acquainted with the different varieties

of each kind of fruit, and to connect the several forms into the

cycle of true species ?

In this fanciful sketch I have tried to portray some of the

simplest conditions that exist among the rusts, using the fruits of

currants, chestnuts, peaches, acorns and beans to represent respec-

tively sparmogonia, aecidia, uredo, teleutospores, and amphispores,

in order to show how complicated they are in comparison to the

conditions that exist among flowering plants. If I have succeeded

in making my analogy clear, it can be readily understood that the

earlier botanists gave names to each spore-form, believing it to

represent the whole species. Thus Uredo segetum was the name

of»the red rust of wheat, Puccinia gratninis the black rust of wheat,

Aecidium Berberidis the cluster-cup rust of barberry bushes ; and
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they certainly appear distinct enough to belong to different genera,

although now we know them to be forms of one species. The
ablest writers, down to the days of DeBary at the middle of the

nineteenth century, described all species of Uredineae under the

form-genera, each species thus being divided among as many
genera as it had kinds of spores. Even to the present time the

practice continues as a matter of convenience. Yet as early as

1810 Friedrich von Strauss entered a protest against placing such

obviously connected forms as the [/redo and Puccinia of wheat

under two genera, but in his attempt to readjust the forms under a

suitable nomenclature he illustrated what deplorable systematic

work can be done with a good logical basis but a lack of accurate

observation. While he believed that many Uredo and Pucciniae

were genetically connected, he made a vigorous objection against

the association of certain Aecidia with these forms. In a com-

munication to the Wetterau Society he says: "The assumption

that these fungi [z. e., Uredo and Puccinia\ , at least Uredo segetum,

originate from the scattered red dust of Aecidium Berberidis, nature

had already refuted before experience. Numerous examples are

known to me, where the digging out of barberry hedges did no

more good than did previously the destruction of crows in the

American colonies." I do not know what action was taken in

these early times against crows in our country, but I know that

the colony of Massachusetts in the reign of George II. passed a

law entitled " An Act to prevent Damage to English Grain arising

from Barberry Bushes," with very stringent provisions for its en-

forcement, which law remained on the statute books twenty-five

years.

Von Strauss was certainly in error in his conclusion that dig-

ging out barberry bushes did no good, as he might have learned,

had he examined Marshall's " Rural Economy of Norfolk," a

most readable book that had at the time passed through more than

one edition
;
and, moreover, he was fundamentally wrong in as-

suming that there could be no causal connection between such

apparently diverse fungi as the cluster-cups of the barberry and

the yellow rust of the wheat, as was proven by DeBary experi-

mentally a half-century later.

It is to DeBary that we are indebted for the first clear insight
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into the life-cycle of the rusts. He brought to their study more

rigid methods of observation than his predecessors, and above all

he first used culture methods, which have since become the crucial

test of all uredineous species, and the key to the complex cycle of

their development. It was in January, 1865, that Professor Anton

DeBary, of Freiburg, laid before the Berlin Academy a paper

dealing especially with the development of Puccinia graminis and

its connection with Aecidium Berberidis. It was the opening of a

new era in the study of plant rusts. Botanists had already become

somewhat familiar with the succession of aecidial, uredo and

teleutosporic forms among the rusts, but DeBary took up the most

difficult, complex, and enigmatical of all the rust species, which

at the present day even is very far from being fully understood
;

I refer to the black rust of grains, especially of wheat, which

economically as well as scientifically is no mean problem, as it

causes a loss in this country alone of some millions of dollars a

year. He studied the germination of the spores from the wheat

plant, and acting upon a suggestion derived from the practical

farmer sowed the teleutospores upon barberry leaves, and raised

cluster-cups. For more than a century the close observer of farm

crops had strenuously maintained that barberry bushes near wheat

fields increased the amount of grain rust, and the botanist had

scornfully laughed and asserted that no known fact in nature war-

ranted such an absurd idea ; but DeBary vindicated the farmer.

The following year DeBary announced that oat rust bears its

aecidia upon buckthorn leaves, and that rye rust has its aecidia

upon alkanet, an Old World weed. The same year Oersted, a

Danish botanist, published the results obtained by the DeBary

culture method, showing that the rust of cedar trees is connected

with the cluster-cups on leaves of pear trees.

Thus was the new doctrine of heteroecism established : the

existence at different periods of growth of unlike forms upon

totally unlike host plants. Its acceptance, however, was slow,

and the culturists were few. During the seventies and eighties

the attitude of most botanists was far from cordial. A few ac-

cepted the doctrine, but it exerted little influence upon the course

of development of the general subject of uredinology.

It was, however, during this period that cultures were made by
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Farlow, Thaxter and Halsted upon the connection between cedar

rusts and the aecidia on Pomaceae, from which most of the pres-

ent knowledge of American Gymnosporangia has been derived, a

genus of rusts especially North American in the number and diver-

sity of its species. And it was during this period that Plowright

in England cultivated the rusts and ably presented the claims of

heteroecism. In Germany Rostrup, Schroter, and Winter made

cultures, and the last two, more than all others of this period, per-

mitted the doctrine to influence their systematic treatment of the

order. Each began, and carried well forward, the fungous flora of

a large region : the Kryptogamen Flora von Schlesien and the

Kryptogamen Flora von Deutschland, Oesterreich und der Schweiz,

in which the Uredineae were elaborated in a manner yet unap-

proached. These two works, with Burrill's Parasitic Fungi of

Illinois, Part I., which was issued during the same period, and

inspired by Winter's work, are the only systematic handbooks of

the order, founded upon a critical study of specimens, that are

available to the American collector even to this day, although they

were published from fifteen to twenty years ago. Since that time

the number of known species has more than doubled, and the

volume of information about them has quadrupled.

We may pause a moment here to recall what Sachs, writing

near the beginning of the era of culture studies, said in his History

of Botany about parasitic fungi, of which the Uredineae are the

chief representatives. He characterized them as " the most attrac-

tive objects in the whole field of mycology," and said that " here

were difficulties in abundance, here were the darkest enigmas with

which botany has ever had to deal." Among the difficulties he

had in mind were " to discover what properly belonged to one

cycle of development " and to find where in this cyle the sexual

fusion occurs.

Regarding sexuality of the rusts there is still dense ignorance,

but regarding the exact cycle of development great advances have

been made. DeBary supplied the key to this garden of knowl-

edge, and during two or three decades some twenty botanists es-

sayed the tedious but interesting task of growing one or more

species of Uredineae and tracing the succession of forms through a

life-cycle, some sixty or seventy heteroecious species being thus
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investigated. During the last decade of this era, however, more

botanists have worked at solving these riddles, and some of them

have made the work continuous from season to season, taking

great pains to explore suggestive by-paths. The results have not

been confined to a knowledge of life-cycles of individual species,

but have brought to view some unexpected facts of far-reaching

significance, regarding the limits of species and their biological be-

havior. Doubtless many who listen to me to-day also heard the

vice-presidential address of Professor Farlow before the botanical

section of the American Association for the Advancement of

Science in 1898, in which he traced with great clearness and with

many side-lights, the modification and broadening of our concep-

tion of species through recent cultural work on rusts. It would

be superfluous to retrace the ground, even were I capable of equal-

ling the admirable presentation, but some phases of the subject,

which have since become prominent, may well be mentioned here.

One of the most eminent investigators in this line of research, to

whom science and also the world at large owes much for his work

on grain rusts, is Dr. Eriksson, of Stockholm. The great unfold-

ing and clarification of a subject of such vast economic importance

justly merited the gold medal and other honors,which have been be-

stowed. That what had previously been rated three species of rusts,

Puccinia graminis, P. mbigo-vera and P. coronata, have been found

under the search-light to be seven or eight species or possibly ten

or twelve, with numerous specialized forms or so-called biological

species, is some indication of the thoroughness and extent of the

labor. Practically it has been of the greatest value to know that

the rust of grains belonging apparently to one species cannot

usually be spread by the uredospores from rye to wheat, rye to

oats, oats to barley, or in general from one kind of grain to another.

But mapping out the possible distribution of each species of grain

rust still requires a vast amount of work, as not only the culti-

vated grains are involved, but many species of wild grasses.

In passing, attention may be called to a remarkable and seem-

ingly anomalous property belonging to the principal grain rusts,

that of attacking hosts standing in two or more tribes of the

Gramineae. Of the hundreds of other species of rusts inhabiting

grasses it is probably safe to assert that not one spreads to hosts
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outside of a single tribe. No full explanation of this is yet forth-

coming, but when found it is likely to throw a flood of light upon

the true nature of parasitism.

We return from this digression to note that Eriksson has

vigorously attacked the difficult problem how the rust is carried

through the winter and again becomes a menace to the farmer in

northern regions, where the mycelium is not perennial and where

barberry and alkanet or other suitable host plants are wanting on

which the cycle of development can be completed. In trying to

account for the facts he has elaborated and widely published a

micoplasma theory : the symbiotic and intimate association of the

protoplasm of the host and its parasite, unseparated by cell walls.

This theory has not been accepted by most botanists, and since

the recent publication of Marshall Ward's researches upon the

rusts of the genus Bromits, appears to have no authentic or even

probable facts upon which to rest. The studies of Carleton upon

the American Euphorbia rust, in which it was found that the

mycelial fungus may be carried over the winter in the seeds, may
throw some light upon Eriksson's anomalous results, without

invoking a micoplasma theory. We may, indeed, believe that to

solve the practical problems of the mode of propagation and the

power of infection of the several grain rusts requires all the astute-

ness and skillful experimentation that can be brought to bear
;

and the repeated failures of the ablest investigators only empha-

size the difficulties.

The expansion of knowledge through DeBary cultural methods

cannot be better illustrated than by citing the results attained by

Dr. Klebahn of Hamburg with the willow and poplar rusts. This

investigator stands foremost among those who have used each sea-

son's work as a basis for shaping the work of the following season,

and who pari passu with cultural results have studied morpholog-

ical characteristics, combining the two classes of data into taxo-

nomic expression. Most systematists have contented themselves

with listing the willow rusts under Melampsora salicina and the

poplar rusts under Melampsora populina, or equivalent names.

This was the disposition of them made by Winter and Burrill.

Some have essayed segregation, but with an unsteady hand.

Thumen in 1879 described seven species of willow rusts and
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Schroter in 1887 lecognized four willow rusts and three poplar

rusts. The characters for these were drawn chiefly from the

uredospores, although the latter author was guided somewhat by

the limited cultures of Rostrup and Nielsen.

The matter presents a wholly different aspect when we turn to

the conclusions reached by Klebahn. From an external knowl-

edge of the species we are presented with an intimate knowledge,

and from conjecture we pass to reasonable certainty. It is some-

what startling, nevertheless, to find that the original single willow

rust has become fourteen, and the one poplar rust has become

seven. One of the willow rusts, quite unsuspectedly, proves to be

autoecious, having its aecidium on willow leaves along with the

uredo and teleutostage ; all the other species are heteroecious,

with their aecidia on Larix, Euonymus, Rides, Orchis, Allium and

Galanthus. The poplar rusts are all heteroecious, with their

aecidia on Larix, Pinus, Allium, Mcrcurialis, Chclidonhtm and

Corydalis. Most of these species can be told from one another

by morphological characters quite as readily and as certainly as

can the species of Viola, Crataegus and Antcnnaria in the present

congested condition of these genera ;
but some of them are diffi-

cult to distinguish in this way. For instance, the five species

which occur on Populus trcmula can scarcely be told apart unless

the aecidial host is known.

As an incidental piece of information it may be stated in this

connection that all the willow and poplar rusts investigated by

Klebahn are European. Although similar rusts are common in

this country, and often sufficiently abundant to be destructive to

their hosts, yet none of them has so far been identified with Euro-

pean species
;
and, moreover, the most common forms may be as-

sumed, with some degree of certainty, to be distinctly American.

But to return to the question regarding species that are mor-

phologically similar, but ecologically dissimilar ; it appears to be

possible for all five of these Mclampsorac on Populus trcmula to

grow side by side on the same individual leaf, in which case the

uredospores would be practically indistinguishable by any direct

morphological or cultural test, the teleutospores could only be

told apart by ascertaining what species of host they could be made

to infect, while the aecidia would be known by the particular host
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they inhabited. The aecidial hosts in this case are exceedingly di-

verse and represent about the whole gamut of the spermatophytes.

A similar case is that of the American Carex rusts, having aecidia

on the three large intergrading genera Solidago, Aster and Erigcron.

Although they have not yet been studied thoroughly enough to

speak with entire confidence, still it is evident that they have very

slight morphological distinctions, and possibly have no constant

differential characters except the association of the aecidial host.

The practical question that arises is in regard to the systematic

treatment of such forms. Shall they be classed as species, sub-

species, varieties or races ? This is not so much a question of

fact, as of convenience and intelligent interpretation. No one,

nowadays, believes that species are circumscribed in any definite

manner, but that usually they exhibit developmental mobility

which is recognizable in all manner of intergradations and differen-

tiations. What is wanted of systematic botany is a nomenclature

that expresses in a fair way the relation that exists between forms

as found in nature. It will at the best be an imperfect and un-

equal interpretation of the facts, but it surely ought to be employed

with understandable uniformity.

Botanists, I believe, have not often gone to the extreme of

some of their co-workers in allied sciences. From a communi-

cation in a recent number of Science it appears that " in ornithology,

and especially in mammalogy, perfectly good species are often so

similar in size and color that even the expert can not satisfactorily

identify them from descriptions. * * * They present to the eye

differences that are sufficiently impressive but which, owing to the

imperfection of descriptive terms, can not be adequately expressed

in keys or in diagnoses." If one may venture an opinion on

matters outside of his own domain, forms which differ by such

intangible characters as here indicated, so that they can not be

expressed on paper, are not species in the generally accepted sense..

They may be deserving of names, and be of great interest to the

specialist, and may serve most important ends as basis for par-

ticular inquiries, but their rank is not that of true species in the

general sense ; at least, I think this may be safely asserted if

plants are in question.

I need not speak of the validity of physiological species as
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adopted by students of bacteria and yeasts
;
they have their place.

In fact, I do not deem it necessary to bring up for discussion the

hackneyed subject of what constitutes a species. Even were I

polemically disposed, it would be hazardous
; but I have in mind

only to call attention to the hyphenated nomenclature so effectively

used by Klebahn, Fischer, and others, to indicate dichotomous

parasitism. For instance, what has been considered Mclampsora

popitlina occurring upon Populits nigra is found to be separable by

cultures into two forms, one having its aecidium on Larix and the

other on Allium ; these two forms are named by Klebahn Melatn-

psora Larici-popidina and M. Allii-populina, although they may not

be morphologically distinguishable.

Such names are descriptive, and a great help in following the

diversified results of cultures. Whatever their status in strictly

systematic work, they would appear to have their use and be per-

missible for cultural studies. But when the conclusions of the cul-

turists are transferred to systematic botany the provisional nomen-

clature must necessarily be subjected to the rigid laws of priority
;

moreover, questions regarding the propriety of accepting the cul-

tural forms as species must also be settled to accord with general

usage. In making such changes it is doubtful if the systematist

could safely rank as species forms that have not a reasonable

morphological distinctness in addition to their host connections.

The morphologically distinguishable species, like Mclampsora

populina, may be separated into varieties showing selective para-

sitism, like the varieties Larici-populina and Allii-populina. If some

such method is not adopted, we may well be appalled at the prob-

able condition of systematic uredinology a few years hence.

At present there are only about a dozen culturists active. In

North America alone a hundred species of grass and sedge rusts

are known, which of course does not include all the heteroecious

forms. Of these less than twenty have been traced to an aecidium,

and none have had more than a preliminary investigation. In

what proportion these hundred species are likely to exhibit selec-

tive parasitism can not of course be told, but it is likely to be large.

What is the future collector to do, if when he turns to his manual

he finds that on the host he has in hand there are recorded from

two to a dozen species, none of which can be told except by a
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cultural test? Would it not be better that he should find one

species recorded for his host, having from two to a dozen varieties

separable by cultures ? Moreover, would not this accord better

with usage in other fields of plant life, and at the same time give

a more just conception of relationship ?

Difficulties in this line are not confined to the heteroecious

rusts. The autoecious species are likely to prove quite as per-

plexing and intricate when studied with equal thoroughness. The

American species of rust on Euphorbia, called Uromyces Euphorbiac

,

has been somewhat examined culturally, and four cultural species

have been found respectively inhabiting Euphorbia maculata, E.

nutans, E. dentala and E. marginata. Both aecidiospores and

uredospores have been used for the cultures, and in no case has it

been possible to transfer the rust of one of these hosts to another
;

morphological characters by which to distinguish them, however,

have not been found. Fancy the systematic situation for the

Euphorbia rusts, when the other hosts are examined, not only of

the eastern United States for which Britton's Manual gives thirty-

six species, but of the western regions, and especially of Mexico

and other warm countries where Euphorbias attain a greater devel-

opment, many being woody and even tree-like, and where rusts

on them are especially abundant.

But I ought not to weary you with more of this perplexing

topic. Let the culturists and the systematists fight out their bat-

tles. It is difficult to foresee whether the outcome will be the

establishment of order or the release of pandoric confusion.

Probably no part of the many-sided subject of the rusts is

superior in interest to the fact of their complete parasitism. They

not only vegetate inside the host without destroying it, but even

at the fruiting points the tissues are rarely killed. On the con-

trary they often exert a stimulating effect upon the cells of the

host, so that the tissues remain green, especially about aecidia,

when other parts of the organ are yellow and dying. Another

phase of the stimulating effect is seen in hypertrophied develop-

ment. So intimate is the association of parasite and host that as

a rule the vigor of the parasite is directly proportional to the vigor

of the host. Every culturist soon learns, that to have success in

his work he must employ strong, rapidly growing plants. Even
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if he succeeds in infecting weak plants, the fungus will rarely come
to a satisfactory fruitage. Usually all growth of the rust stops

with the death of the host, although in a few cases, especially in

the genus Mclampsora and Coleosporiwn, the teleutosporic develop-

ment continues for a time after the leaves of the host have fallen

to the ground, as among the willow and poplar rusts. This

physiological fact supports morphological facts, which place these

genera among the lowest of the Uredineae in the scale of develop-

ment, and ally them to saprophytic forms. Probably the primi-

tive Uredineae were wholly saprophytic and largely unspecialized

as to host, but as they gained in power to attack living tissues,

they became more and more restricted in their dietary choice.

When we remember what remarkable chemotactic sensitiveness

the germinating spores of many fungi possess, saprophytes as well

as parasites, it is not difficult to account for a high state of speciali-

zation in the selection of a living substratum within which to func-

tion and from which to draw food-supplies.

This specialization of the parasite must have begun and been

carried on in large part along with the specialization of the host,

and we should be prepared to find a parallelism in their associa-

tion. The large and peculiar genus Ravenclia is all but confined

to the leguminous families of flowering plants. The genus Phrag-

midiuvi is largely parasitic on the Rosaceae. The species of

Gymnosporangium are found only on certain coniferous hosts, and

their aecidia on the Pomaceae. And so we might continue, show-

ing that there is some association, not at present wholly explain-

able, between certain tribes and genera of rusts and certain families

and tribes which serve them as hosts, and in many cases this

association is very closely circumscribed.

The knowledge of this parallelism is an important help in

keeping us at the present time from falling into the error, so

common among the older systematic students of the rusts, of

assuming that forms on widely related species of hosts, however

similar in appearance these forms may be, might belong to one

species, without securing rigid proof. Not until recent years

would it have been considered strange to announce that a certain

species of rust had been found upon Borraginaceae, Asclepiadaceae

and Compositae. A common expression has been that the form
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was found "on various species of grasses and sedges." But such

instances as these are not known at the present day. There is no

species known that inhabits grasses and sedges. Moreover, it is

rare that any species of rust will be capable of growing on all the

genera of a large family, or even on all the species of a large

genus, unless these be remarkably homogeneous.

Is it not apparent that the exact identity of the species of host

on which a rust is found constitutes information for the proper

study of its systematic relationship and often of its specific iden-

tity only second to the characters drawn from the fungus itself?

No rust can be considered apart from its host ; the parasitism is

so closely wrapped up in the evolution of the species that to ignore

it would be folly. Many collections of Uredineae are rendered

nearly worthless for study because the collector neglected to

determine the host, or to include material in the collection by

which the student could determine it. So little importance has

been attached by collectors to this part of their work that rarely

are characteristic parts of the host included, so that the student

may independently satisfy himself of the correctness of the deter-

mination,, and so that in after years the determinations may be

revised, if necessary. It is usually forgotten that the classification

of phanerogamic plants has not yet become perfect, and every

change in their nomenclature must be reflected in the nomencla-

ture of the uredineous hosts. Evidences of the lack of apprecia-

tion of the importance of correct determination of the hosts of the

Uredineae are shown in many ways ; I may cite an instance coming

to hand while preparing this address. In an exhaustive treatise

on the flora of the island of St. Croix about fifteen hosts are men-

tioned for the few rusts that had been collected, and four of these

are not listed in the phanerogamic part of the work. Again in

that admirable flora of Alabama, issued some time ago, the life-

work of Dr. Mohr, a number of uredineous hosts are mentioned

not in any way referred to under the families of phanerogams

where they should appear. Another source of annoyance and of

misinformation is the not infrequent failure of uredinologists to

recognize hosts under their synonymic aliases. It is very easy at

the present time for a plant to go masquerading under several names.

Of course, the well-informed ought not to be deceived by these dis-
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guises, and if they were sufficiently on the alert they probably

would not be. Yet it is not rare to have new species of rusts

described because the describer did not recognize the host under

its latest name, as an old-time acquaintance. This failure of recog-

nition also leads to a fictitious multiplication of hosts cited for a

species of rust. Saccardo's " Sylloge Fungorum " contains many
instances of this. I may, however, mention a specific instance

taken from a later work, in which greater accuracy is expected,

that of Sydow's " Monograph of the Uredineae." The second part

of this work, just from the press, gives Ferula dissoluta and Lepto-

taenia dissecta as two hosts for a species of Puccinia, and yet both

are names of the same plant. This is not a solitary instance.

Such discrepancies ought not to occur, and largely would not if

more importance were attached to the identity of the host.

There are many topics connected with this intricate and many-

sided subject of the rusts that I should like to bring before you at

this time, but to do so must prove wearisome, even to enthusiastic

students of the family ; and I fancy there are a few such in this

audience. I will, therefore, content myself with a single additional

topic, and even that must be treated briefly.

I wish to point out the profound influence that cytological

studies are likely to exert upon the morphological, evolutionary

and taxonomic conceptions of the rusts, when these are carried

far enough to explain the significance of nuclear fusions in the

different sorts of spores, and to indicate where in the life-cycle the

sexual fusion occurs, or originally did occur. Much patient work

has already been done by eminent investigators, Dangeard, Sappin-

Trouffy, Raciborski, Poirault, Harper and others, and many facts

have been brought to light, but we are more bewildered than edi-

fied by the results.

There seem to be a few things that we may accept as reason-

ably certain. One is that no close relationship exists between the

Uredineae and the Ascomycetes, as advocated by DeBary, but that,

on the other hand, the Uredineae and the Basidiomycetes have

direct kinship. The nuclear fusions found in the teleutospore and

in the basidium appear to be of similar nature, although probably

without sexual significance.

The simple structure of the vegetative parts of the Uredineae
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should not mislead us into thinking that the family represents a

reduced branch of the Basidiomycetes, for in all probability one

family is as highly developed as the other, only one is along sapro-

phytic lines of adaptation, and the other along parasitic. There

are, in fact, some reasons for supposing that the Uredineae stand

in the lead.

Of the various problems which cytological studies are expected

to illuminate, none is more pressing than to discover the probable

original function of the spermogonium. This body was at first

held to be of the nature of the male sexual organ, hence the name,

but all the studies and observations of recent times have done little

to establish this view. Most students of the rusts ignore the

structure entirely, or attach slight importance to it.

Without going into an argument, or even presenting opposing

views, permit me to call attention to some significant facts regarding

the spermogonium. These facts, it seems to me, tend to substan-

tiate the assumption that we are dealing with the structure that

originally functioned as the male reproductive body, but which

long since in the developmental history, has ceased its functional

activity, and become in all respects a disappearing organ. In the

first place, in all cases where the life-cycle is known, the first body

that is formed from the mycelium arising from teleutosponc conidia

is the spermogonium. It begins the series of spore structures.

In a full series the next structure is the aecidium, then comes the

uredo and the amphispore if the latter occurs at all, both being

asexual spores to meet requirements for rapid and certain distribu-

tion, and finally the teleutospore, having its characteristic mode of

germination. The uredo and amphispores may be left out of this

cycle, and often are, without disturbing the vigor and success of

the organism. If the aecidium is omitted, however, the spore-

form immediately associated with the spermogonia will be the

uredo. These uredospores which arise along with spermogonia,

however, differ in some physiological characteristics from those

that arise later, having a greater disturbing influence upon the host,

and are usually designated as primary uredo. It is significant in

this connection that cytologically the aecidiospore and the uredo-

spore are essentially alike. Going a step further, in what I con-

sider reduction, and having both the aecidium and uredo omitted,
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we have the spermogonium appearing just in advance of the teleu-

tospore. There is but one possible further reduction, and that is

the suppression of the spermogonium, and we then have the whole

cycle reduced to the simple formation of teleutospores.

To present the whole basis on which my argument rests, would

take altogether too much time, and even to answer the queries and

possible objections that will arise in the mind of every one who
has some acquaintance with the subject, is equally out of question

at the present, and I will instead give the conclusions at which I

have arrived, and trust to some future opportunity for substanti-

ating them.

I look upon the spermogonium as the beginning of the life-

cycle, or more logically, the most important point in the cycle, in

a fully developed rust organism. With it, and its associated

spore-form, is always found the greatest exhibition of fungous

vigor, showing some remnant of the original sexual power. The

teleutospores I consider the close of the life-cycle, and the struc-

ture that is absolutely essential to the species. In the course of

reduction, due to parasitism, the female sexual structures disap-

pear first, then the male, and the final state is that of a purely

sporophytic form.

If in this review of some of the problems confronting the ure-

dinologist, I have more bewildered you than clarified the subject,

you may be somewhat consoled by knowing that it is the frame

of mind in which uredinologists themselves are usually plunged

when they try to think out a connected and logical statement for

these perplexing fungi. The subject at the present time is too

much in shadow to present a concrete, recognizable picture.
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THE THEORY OF RESPIRATION.0

Charles R. Barnes.

I ask you to consider with me a topic which is of fundamental

interest to physiologists, whether they concern themselves primarily

with animals or with plants. I take it the basal identity of the living

matter in all organisms and of its metabolism needs neither demon-

stration nor emphasis at my hands. Nor do I need to lay stress

upon the importance of respiration as one of these metabolic phe-

nomena, since it has been recognized from the earliest period as

indispensable to life. The phlogiston theory of the composition of

the atmosphere had scarcely disappeared below the scientific horizon,

before the fact was discovered that there occur, in animals and in

plants alike, an intake of oxygen and an output of carbon dioxid

which are intimately related to their existence. This became obvi-

ous to man, of course, in his own experience, a very superficial study

of the composition of the air inspired and expired from the lungs

showing that it had lost oxygen and gained C0 2 . This much of

respiration was early recognized to occur also with the larger ani-

mals, and a few years later like observations were made upon plants

by Priestley, and more accurately by Lavoisier and Ingenhouss.

Even this knowledge of respiration was not possible before Priest-

ley's discovery of oxygen in 1774, and the very remarkable revo-

lution in chemistry that followed in the closing years of the eigh-

teenth century. Yet this disappearance of oxygen and formation

of carbon dioxid are only the external indication of respiration, as

has been long recognized.

0 Address of the retiring president before the Botanical Society of America, Phila-

delphia meeting, December 28, 1904. Published also in Science.
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RESPIRATION IN ANIMALS.

Upon undertaking special consideration of this topic, I found it

needful to examine the recent literature of respiration in animals,

the aspect of the general subject with which I felt myself least

familiar. I found, to my very great surprise, that animal physi-

ologists have concerned themselves very little with the essential

problems of respiration. They seem to have been diverted to the

study of the mechanism of gas movements in the higher animals.

The lungs, with their intricate structure of lobes, lobules, atria, and

air "cells;" the box in which the lungs are located, with its com-

plex muscular mechanism, and the very complicated mechanism of

innervation for the voluntary and involuntary movements which it

executes; the blood, and the physico-chemical relation of the gases

that enter and leave it in the lungs, of those that come into it from

the tissues, and of those it gives up to the tissues—these are the

topics that one finds exploited at length when he turns to the text-

books. I diligently examined the most modern and most thorough

text-books on animal physiology; such books as Foster's Physi-

ology; Stewart's Manual oj Physiology; the American Text-book

of Physiology; and Schaeter's Text-book oj Physiology; but in

them I found no treatment whatever, indeed no mention whatever,

of the real problems of respiration, that is, of what is happening in

the tissues—the processes of which these external phenomena are

the sign. Yet this much-studied respiratory mechanism, which is

so striking in the higher animals, is entirely wanting in the lower

animals and in plants.

Not finding even a clue to the literature in the text-books, it was

only after much search that I was able to discover that anything at

all had been done; and it is so little that it is almost a negligible

quantity. There is an obvious reason for this, beside mere interest

in the more striking phenomena. I am intending, however, neither

arraignment nor excuse, but a bare statement of what were to me
rather surprising facts.

RESPIRATION IN PLANTS.

The knowledge of respiration in plants began about the same

time—the close of the eighteenth century—and advanced rapidly
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on account of the notable revolution in chemistry which took place

about this time. Ingenhouss, the Dutch naturalist, really ascer-

tained and published in 1779 the chief external facts of respiration;

at least he was able to state them essentially as they were known

for twenty-five years after his time. In 1804, DeSaussure showed

that growth is dependent on respiration; that respiration is more

active in growing parts than elsewhere; that it is the cause of the

loss of weight to which plants are constantly subject; and later, that

the heat set free in flowers is related to the absorption of oxygen.

Not until 1833 was respiration treated comprehensively, when

Dutrochet expounded the subject, comparing the respiration of

animal and plant, and showing it to be fundamentally alike in both.

Now at this point there began two remarkable misconceptions.

One was the confusion that arose between respiration and the manu-

facture of carbohydrates, which Dutrochet called "diurnal respi-

ration." Of that I shall not speak, save to say that the great weight

of Liebig's authority made this error persist for half a century.

RESPIRATION AND COMBUSTION.

The other misconception was engendered by the comparison of

respiration to combustion. It had been observed by Lavoisier

that the heat of the animal body was dependent upon respiration;

the heat of the plant body was shown by DeSaussure to be related

to a disappearance of oxygen; combustion consumes oxygen and

produces heat; therefore, respiration is a sort of combustion. So

the argument ran.

It is quite impossible to overestimate the influence that this con-

ception has had on the study of respiration. The mischief it has

wrought depends chiefly, perhaps wholly, upon a misconception of

the actual mechanism of combustion, a process that has ever been

the bete noire of chemistry, as the history of the "phlogiston" theory

well shows. To our changed conceptions of combustion I shall

return later.

The idea of combustion, however, which dominated the argument

I have cited, was that oxygen combined with carbon to form C0 2

and with hydrogen to form H 20. It was most natural, therefore,

to conceive that the food taken up by the organism stood to it in
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the same relation as does fuel to the engine, and that what happens

is an actual oxidation of the food immediately and directly; in fact,

a process precisely parallel to the burning of the same food outside

the body.

One evident outcome of that idea is the current classification of

foods into plastic and dynamogenous— those which are useful in

building up the body, and those that are useful in producing heat

within the body; into "fattening foods" and "heat-producing"

foods. You are doubtless familiar with these phrases.

But if foods are "burned" in the body, it must be important to

know how much oxygen enters it, and how much carbon dioxid

and water leave it, so as to discern the ratio which exists between

them. Plainly a basis for this must be a comparison of the differ-

ences between the combustion of foods outside the body and their

"combustion" within the body. Yet, strangely, this has not been

made until recently. Without giving the full tables, let me show

the results arrived at by two observers, regarding two of the most

common plant foods, glucose and tartaric acid. These observers

assume, you will notice, that the processes are comparable. The

, COa
results are stated as ratios of -7^— .

By Respiration

Food By Com-
bustion

Diakonow Purjewicz

Glucose ------- 100 i3o 95
100 100 IOO

Tartaric acid - - - -
160 290 162

100 100 IOO

Diakonow's whole series shows that in combustion the carbon

dioxid was always less than in respiration; Purjewicz found (with

the exception of tartaric acid, and even there the difference between

his results and Diakonow's is in the same direction) that it was

always greater, his results being absolutely different in significance

from Diakonow's. And this is a good type of the results to be

found in examining the literature! I am not now concerned in

determining which set of results is correct, inasmuch as I believe
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both are valueless, since on the assumption upon which they are

based neither can be interpreted.

RESPIRATORY RATIO.

Long before this sort of comparison was made, however, a

voluminous literature arose which was concerned only with the

ratio between the carbon dioxid given off and the oxygen consumed,

and how this ratio was influenced by temperature, by light, by this

kind of food or that, by mere hunger, or by starvation. This ratio,

the so-called respiratory ratio or respiratory quotient, the plant

physiologists really inherited from the animal physiologists, by whom
it was devised with reference to the gaseous exchange that occurs

in the lungs. This respiratory ratio has proved a veritable will-

o'-the-wisp, leading investigators into a bog where their labors and

their thinking were alike futile. For as a sign of what is going on

within, the respiratory quotient is absolutely valueless, however

interesting the facts in themselves may be. I could cite an indefi-

nite number of investigations to indicate this. I select a few cases.

As long ago as 1885, Rubner showed 1 that the respiratory ratio

varied in resting muscles at different temperatures.

CO
At 8.4

0

-of
= 3-28

28.2 I.OI

33-8 1.18

38.8 0.91

Von Frey and Gruber 2 showed that in a dog's muscle, with

artificial circulation, contractions are accompanied by an increase

in the carbon dioxid added to the blood, but they found this increase

variable (46-10 per cent.) and less than the corresponding absorption

0} oxygen, so that the respiratory ratio became lowered during con-

traction. Tissot3 showed that the production of carbon dioxid in

1 Versuche uber den Einfluss der Temperatur auf die Respiration des ruhendes

Muskels. DuBois-Reym. Archiv fur Physiol. 1885:38-66.

3 Versuche iiber den Sroffwechsel des Muskels. DuBois-Reym. Archiv fiir Physiol.

1885:533-562.

3 Recherches sur la respiration musculaire. Arch, de Phys. Norm, et Path. V.

6:838-844. Also, Variation des echanges gazeux d'un muscle extrait du corps. Op.

el ser. cit. 7:641-653. 1895.
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excised muscles was increased if the muscles were killed by heat or

were fatigued by prolonged stimulation. The output of carbon

dioxid in such cases was not related to the rate of absorption o] oxygen.

Six years ago Fletcher, 4 using Blackman's apparatus, the most

intricate and accurate apparatus yet devised for following gaseous

exchanges, showed that the evolution of carbon dioxid from excised

frog's muscles is independent oj the amount 0} oxygen taken up during

the period. He distinguished in the production of carbon dioxid,

first, a short period (about six hours), which he thinks dependent

upon the presence of oxygen; and second, a long-continued evo-

lution of carbon dioxid "due to chemical processes occurring spon-

taneously within the muscle, in which complex molecules are replaced

by simpler ones, with the conspicuous results of the appearance of

[sarcolactic] acid and of free carbon dioxid." He adds: "Under

suitable conditions the occurrence of active contractions in an excised

muscle is not accompanied by an increase in the rate at which carbon

dioxid is yielded by the muscle," though oxygen is abundantly sup-

plied then by the blood. He does find, however, an increased for-

mation of other decomposition products.

Chauveatj and Kaufmann, as long ago as 1887, found that the

output of carbon dioxid from the levator muscle of a horse's upper

lip was greater during activity than during rest, and contained more

oxygen than that absorbed in same time. 5

A great number of researches of the same tenor can be found

in botanical literature. A single example must suffice. In an

elaborate paper Purjewicz shows6 that the variations in the carbon

dioxid produced and the oxygen absorbed during a given period

under various conditions are not parallel, the amount of carbon

dioxid ranging within far wider limits than the oxygen. Thus, the

carbon dioxid varied from —14 to 120 per cent, of the average; the

oxygen varied from o to 48 per cent, of the average. Purjewicz,

indeed, expresses his conviction that the respiratory ratio has no value

as indicating the actual course of respiration, and would separate

4 Survival respiration of muscle. Jour. Physiol. 23:10-99. 1898.

s Le coefficient de l'activite nutritive et respiratoire des muscles. Compt. Rend.

Acad. Sci. France 104:1126-1132. 1887.

6 Physiol. Unters. liber Pflanzenatmung. Jahrb. Wiss. Bot. 35 : 573
_6io. 1900.
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the taking up of oxygen and the production of carbon dioxid as

two processes, only indirectly related.

It is clear that such results as have been cited became difficult

to reconcile with the idea that respiration is combustion, and so an

attempt was made to evade the force of the facts, while maintaining

the comparison, by introducing a qualifying term and speaking of

respiration as "physiological combustion." This modification, how-

ever, blinks the difficulty; it does not remove it.

Before passing from this part of my subject I may mention another

false conception, which is more or less directly dependent on the

notion that respiration is combustion. One often finds respiration

described as a gaseous exchange—the taking up of oxygen and

giving off of carbon dioxid—a trade between the atmosphere and

the body. Clearly this is another case of transferring the superficial

interpretation of our own physiological processes to other organ-

isms. The exchange that takes place between the tissues and the

blood, between the blood and air in the lungs, gives the foundation,

and the unessential phenomena of respiration become substituted

for the essential. It would be quite as correct to describe photo-

synthesis as "an exchange of gases," for carbon dioxid is taken up

and oxygen is eliminated. Yet no one ever thinks so superficially

of this process.

ANAEROBIC RESPIRATION.

For three quarters of the last century it was supposed that the

evolution of carbon dioxid could only occur when free oxygen was

available. But in the early seventies Pfluger discovered what

seemed a peculiar form of respiration. He found that a frog put

into a vacuum continued to give off carbon dioxid; and presently

the same phenomenon was observed by Ppeffer and others in

plants. So firmly had the conception of combustion fastened itself

upon physiologists, that when this anaerobic respiration came to be

explained, it was supposed that certain molecules of organic matter

within the cell gave up their oxygen to others, that they might thus

be burned in the body-furnace to yield energy. Hence arose the

term "intramolecular respiration."

The study of anaerobic respiration, misleading as this early

nterpretation of it was, has thrown in late years a very great light
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upon normal or aerobic respiration. Here is a process which results

in the evolution of energy, and gives rise to one important end-

pro luct of aerobic respiration, viz., carbon dioxid; yet it early became

evident that it could not be counted a process of combustion, at least

in any sense in which combustion was then understood. Plainly,

the changes that were going on within the organism, which enabled

it to give off carbon dioxid when no free oxygen was to be had, could

only be a rearrangement of atomic groups within the molecule and

the formation of products which were simpler than those from which

they arose.

FERMENTATION.

The process of fermentation, first thoroughly explored by Pasteur,

whose results have been much extended by the brilliant researches

of Hansen and many others, are evidently related to those of respi-

ration by the nature of the end products and the conditions under

which the processes occur. Indeed, when one compares the end

products of respiration and of alcoholic fermentation he finds them

to be identical in all respects. Other sorts of fermentation like-

wise yield many substances that are found originating in the metab-

olism of the higher plants.

We have, then, three modes of energy-release, which are evi-

dently closely related, if not identical; aerobic respiration, anaerobic

respiration, and fermentation. Their relations, so far as was known

in 1898, were stated by Pfeffer in his Pflanzenphysiologie and

need not be reviewed.

THE COURSE OF RESPIRATION.

In translating that work (p. 519) Ewart wrote: "The actual

course of respiration within the protoplast is quite obscure." Pfeffer

himself says (p. 551): "Our knowledge of the inherent protoplastic

mechanism is too incomplete to afford a sound basis for any theory

concerning the phenomena of respiration." Fortunately, knowl-

edge in the last six years has broadened, and I believe that it is possi-

ble now to see pretty clearly what the actual course of respiration is.

Perhaps you will say, to foresee rather than to see—but hypothesis

must outrun demonstration. The advances to which we are indebted

for deeper insight are in three fields: first, the chemistry of pro-
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teids; second, the course of combustion, especially at low tempera-

tures; third, the nature of anaerobic respiration, and its relation

to aerobic respiration. Let me speak of these in order.

CHEMISTRY OF THE PROTEIDS.

A knowledge of the proteids, complex as they are, could be

obtained only by a study of their decomposition products. Now
there is a very remarkable uniformity in these decomposition prod-

ucts. No matter what the organism from which they are derived,

no matter how simple they are or how complex, when broken up by

the process of digestion, or by boiling with acids, they yield invari-

ably a series of products which have become in the last few years

much better known. These are amino- or amido-acids; such sub-

stances as leucin, tyrosin, arginin, glutamin, glycocoll, etc. Materials

of this kind are invariably present, and certain ones are so invariably

present that they can be used as the basis of distinctive tests for the

occurrence of digestion or similar decompositions of proteids. This

gave a clue to the nature of proteids which was followed by several

observers, notably by. Kossel, in the study of what are believed to

be the very simplest proteids, because of the fewness and uniformity

of the fractions into which they break up. These are the prota-

mines. It has become clear from the study of these simple proteids

that they are made up in somewhat the same way as the polysac-

charides among the carbohydrates, that is by linking together a

series of the amido-acids. This is possible because the amido-

acids have a peculiar construction. They are, so to speak, different

on different sides. On one side is an acid group and on the other a

basic group; and so the amido-acids can hang together in chains,

or even be condensed or polymerized to make a simple proteid.

Among the amido-acids, as in the carbohydrates, there are certain

atomic groups, like CH
3 ,
CH 2 ,

CHOH, CH 20H, COOH, etc.,

which recur again and again, and in sucn groups the possibility of

replacing a hydrogen atom or a hydroxyl radicle by some other

atomic group is very great.

Note, for instance, the comparatively simple acetic acid, CH
3

*

COOH. If we replace one of the three H atoms by the amido group,

NH 2 , we have at once an amido-acid, glycocoll, CH 2(NH 2 ) "COOH,
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which is one of the sorts of material out of which proteids can be

made. Out of an alcohol or out of a sugar we get just the groups

CHOH, CH 2OH, etc., from which these amido-acids may be con-

structed when nitrogenous substances are present to supply the

amido group NH 2 . Thus the mode of construction of the proteids

has been found to show a likeness to that of the complex carbohy-

drates, and it has long been known that the carbon groups were very

much alike in both. It further appears that when the proteids are

digested by any organism they break down into these fragments, of

one sort and another, the amido-acids, the amides, etc., which may

be put together again in new form to constitute the peculiar pro-

teids of that particular organism. We may thus get one proteid

out of any other by the breaking up of the complex molecule and the

rearrangement of its constituent fragments. This fragmentation is

readily accomplished by the proteolytic enzymes, which probably

act on these bodies as the diastases do on carbohydrates.

OXIDATION.

The second important line of progress has been in the study of

the oxidation of carbon compounds at low temperatures. For our

purpose the important facts, which have only recently been developed,

are that the oxygen of the air does not combine directly with carbon

or with carbon monoxid to form C0 2 , or with hydrogen to form

H 20, as has heretofore been supposed.

As long ago as 1893 Dixon's researches 7 on explosive gases

showed that molecular oxygen was by far the most effective of the

atmospheric gases in retarding combustion. This surprising result

could not be interpreted then, and only in the light of Traube's

theory and the studies of Bone and others 8 on the oxidation of gases

like methane and ethane at low temperatures, has it been possible

to picture the mechanism of such combustion. This has been done

by Armstrong, 9 who holds (with Traube) that the substances do

7 The rate of explosion in gases. Phil. Trans. Roy. Soc. London A. 184:97-188.

1893.

8 Bone and Wheeler: The slow oxidation of methane. Trans. Chem. Soc.

London 81:535-545. 1902; 84:1074-1087. 1903.

Bone and Stockings : Slow combustion of ethane. Trans. Chem. Soc. Lon-

don 85:693-727. 1904.

9 Retardation of combustion by oxygen. Chem. News 90:25. 1904. Mechan-

ism of combustion. Trans. Chem. Soc. London 83:1088. 1903.
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not undergo direct oxidation but hydroxylation, i. e., its hydrogen

atoms are successively replaced by hydroxyl radicles, with conse-

quent splitting into various intermediate products, such as carbon

monoxid and hydrogen peroxid, carbonic acid and water being the

end products. Armstrong says:

There is little reason to suppose that changes take place at high temperatures

in rapid combustions in ways very different from those in which they occur at

lower temperatures The effective operation is not the mere blow due to

impact or the vibration caused by this in the molecule, but the conjunction of

compatible molecules and the consequent formation of composite systems within

which change can occur. In so far as temperature influences the formation of

compatible systems, either as regards their character or the rate at which they

arise, temperature has an influence, but probably not otherwise.

I ask you to notice, then, that the process of combustion is now
being interpreted in the light of changes like those which have long

been known in organisms under the name of hydrolysis, and are

the characteristic mode of action of enzymes. Thus, when starch is

acted upon by diastase it is probably by repeated reactions between

water, dissociated into hydrogen and hydroxyl groups, and oxygen

—

in other words, by continued hydroxylation—that it becomes ready

to fall apart into a series of dextrines and finally into maltose. Dias-

tase in some way facilitates this dissociation. Maltase takes up the

task, and maltose, further hydroxylized, cleaves into two molecules

of glucose. Then zymase may lend its aid and hydrolyze the glu-

cose molecule into lactic acid, breaking the latter still further into

carbon dioxid and alcohol.

The mechanism of the digestion of starch is not known in detail,

though the various intermediate products have been fairly well

studied. The usual assumption made is merely that water com-

bines with the starch under the action of diastase. I have carried

the theory a little further into detail, as seems warranted by the

studies of combustion. It is worthy of note also that the late steps

in the process, the hydrolysis of glucose by zymase, have been desig-

nated by the term "fermentation." The combustion of starch has

likewise not been examined, but as the end products are identical

with those of digestion, it is not at all improbable that the inter-

mediate steps are the same, though they succeed one another too

fast to be followed by means at present available.

I need hardly remind you that our present ideas of the dynamics
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of chemical reactions forbid us to believe that such dissociation does

not go on slightly at low temperatures, even when unaided. But it

is so slow as to be ordinarily beyond our measurement. The enzymes

seem to be mere accelerators of the several processes, perhaps pre-

paring "compatible systems," as high temperature may do in com-

bustion; perhaps entering into union with the substance they act

on and forming compounds which are dissociable at ordinary tem-

peratures in appreciable amounts.

The clue to an understanding of respiration has been found,

therefore, not by comparing it to combustion, which was so long

misleading, but by assimilating combustion to respiration. We may

hope that chemists will restrict the term "combustion" or introduce

a new one that will make more obvious the mode of action. Physi-

ologists at least will do well to drop "combustion" altogether from

their vocabulary, as neither the past conception of it nor its probable

use in the future conduces to clearness of thought.

NATURE OF ANAEROBIC RESPIRATION.

The third line of advance has been in a study of the relations of

fermentation and anaerobic respiration. The first step was that

long-sought discovery by Buchner, that the process of fermentation

by yeast is brought about by the action of an enzyme which breaks up

certain hexose sugars into carbon dioxid and alcohol. But a further

step in advance has lately been taken. It appears from the work of

Buchner and Meisenheimer10 that the alcoholic fermentation is not

direct, but that it occurs always in indirect fashion, as shown below

:

CHO OH
OH

COOH. COOH OH CO,

CHOH CHOH
1

CHOH H CH aOH
1

CHOH
WW

CH, H CH, CH3

I

CHOH
1

OH
OH

CO OH
1

COOH
1

OH CO,

CHOH CHOH CHOH H CH aOH

CH 2OH

glucose

H
H

water

CH 3

hypothetical

substance

CH3

2 mols. lactic

acid

CH3

carbon dioxid

ethyl alcohol

10 Die chemischen Vorgange bei alcoholischen Garung. Ber. Deutsch. Chem.

Gesells. 37:419-428. 1904.
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Stepanek has reached the same conclusion, 11 and Maze 12 has found

acetic acid as an intermediate product in alcoholic fermentation by

a different yeast. The interest of the discovery that inactive ethy-

lidene lactic acid is the intermediate substance in this process of

fermentation lies in the fact that one of the two acids of which that

is composed namely, d-ethylidene lactic acid, or sarcolactic acid,

is formed as a product of respiration when proteids break down in

the working, fatigued, or dying muscle. Fletcher observed this

as a more prominent product of contracting muscles than carbon

dioxid itself. Thus a regular product of fermentation is also formed

in the ordinary course of respiration.

The analogy between anaerobic respiration and fermentation had

been suggested early—even by Pasteur—and has thus been growing

closer with each added bit of knowledge But the precise way in

which the destruction of the living substance went on in anaerobic

respiration was still unknown. Fermentation had been shown to

be due to an enzyme. Was anaerobic respiration also due to an

enzyme ?

Of course, enzymes are known to be present in a great many of

the parts of plants, and the oxidizing enzymes seemed to be the sort

to be sought. But none seemed to answer the conditions. At last,

however, the object appears to have been attained. Stoklasa, in

a series of papers published in various journals, 13 but all dealing with

the same general problem, declares he has found in various tissues

of animals, and in considerable number of plants, an enzyme analo-

11 Ueber die aerobe und anaerobe Atmung der Eier. Centralbl. Physiol. 18:

188-205. 1904.

12 Utilization du carbone ternaire. Ann. Inst. Pasteur 18:277-303. 1904.

'3 Stoklasa: Identitat anaerob. Atmung u. Garung. Oesterr. Chem. Zeit.

1903. (Not seen.)

Stoklasa, Jfxinek, and Vitek: Der anaer. Stoffwechsel der hoh. Pfl. und seine

Bezeihung z. alcoh. Garung. Beitr. z. Chem. Physiol, u. Path. 3:460. 1903.

Stoklasa and Cerny: Isolicrung des die anaer. Atmung der Zelle der hoh.

org. Pfl. und Tiere bevvirk. Enzymes. Ber. Deutsch. Chem. Gesells. 36:622-634.

1903.

: Ueber die anaer. Atm. der Tierorgane u. iiber die Isolierung eines garungs-

erregenden Enzymes aus dem Tierorganismus. Zentralbl. Physiol. 16:652-658.

1903.

Stoklasa: Ueber die Atmungsenzyme. Ber. Deutsch. Bot. Gesells. 22:358-361.

1904.
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gous to Buchner's zymase, and like it glycolytic. This enzyme he

reports in leaves and roots of beet, tubers of potato, seeds, seedlings,

and young plants of pea, seedlings of barley, and entire plants of

Paris quadrijolia. Confirmatory results have (naturally enough)

been obtained by several students or assistants who have evidently

been engaged upon portions of the problem under the guidance of

Stoklasa. It is only fair to say that Maze has strongly criticised

Stoklasa's methods from the bacteriological side, and declares

himself unable to secure like fermentation under aseptic conditions; 14

though Stoklasa claims to have guarded carefully against infection

and to have rejected contaminated cultures. Independently, Maze
has found what he calls zymase, in connection with pea seedlings,

Aspergillus and Eurotiopsis. He declares it "an enzyme normal to

all plants, arising like all other enzymes during vegetative (aerobic)

life." In the higher plants, however, and in most fungi it "is oxi-

dized with the greatest ease, so that one never finds more than a

trace of it."

Maze and Stoklasa interpret their results somewhat differently,

Maze holding the process of fermentation to be a nutritive one, IS

sugar being only assimilable when fermented and the nascent alcohol

thus made available, while Stoklasa believes fermentation to be

merely anaerobic respiration and essentially a process for the imme-

diate release of energy.

Confirmation comes also from another source, for Godlewski, 16

working with lupines, finds similar products, and concludes that their

"anaerobic respiration is identical with alcoholic fermentation, of

at least in essence dependent on it."

Moreover, Kostytschew 17 and Maximow 18 have found in

Aspergillus an enzyme which is analogous to zymase and is responsible

Various papers in Annales Inst. Pasteur 18: 1904.

"S Iwanowsky in 1894 propounded the theory that alcoholic fermentation is a

pathological case in the nutrition of yeast, called forth by the abnormal composition

of the nutritive medium.

16 Weiterer Beitr. z. Kennt. der intramol. Atmung. Bull. Acad. Sci. Cracovie

1904:115-158. See also his earlier paper with Polzeniusz. Bull. cit. April 1901.

r? Ueber Atmungsenzyme der Schimmelpilze. Ber. Deutsch. Bot. Gcsells. 22:

207-215. 1904.

18 Zur Frage liber die Atmung. Ber. Deutsch. Bot. Gesells. 22:225-235. 1904.
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for the formation of C0 2 whether in aerobic or anaerobic respiration.

Thus several independent observers are testifying to the rather

widespread occurrence of an enzyme which brings about a disruption

of plant substance, under most varied external conditions, whether

the plant be fed on one food or another, 19 this dissociation resulting

in the formation of carbon dioxid and of various other products.

THE MECHANISM OF RESPIRATION.

Let us now focus the light coming from the chemistry of proteids,

the mechanism of combustion, and the physiology of respiration, to

form a picture of what goes on in the body.

First: We should conceive of the respiratory dissociation as taking

place in the living material of the body and not in a food still unassimi-

lated. Experiments with a wide range of foods have shown that

they affect the intake of oxygen and the output of carbon dioxid in

the most diverse ways, whence it has been assumed that the respira-

tory ratio varies because of the way in which the given food is oxidized.

I do not say that it is not possible for the protoplasm to decompose a

sugar directly or to oxidize a fat. But it must be remembered that

in no case has it been experimentally proved that the food is directly

attacked, and that all the facts can be explained on the other assump-

tion, and some of them very much better than on the theory of direct

oxidation. Moreover, the lability of proteids which have been raised

to the life-level is their most striking characteristic as contrasted

with their ordinary stability.

In such labile material the second step is easily conceivable.

There occurs a shifting of the atomic groups within the molecule,

perhaps as a result of the last step in their anabolism—the addition

of hydroxyl groups from the water everywhere present. Dissocia-

tion follows necessarily; very slow perhaps at ordinary temperatures

and with a scanty supply of water, yet sufficient evidently for the

maintenance of life. Such conditions may very well be those obtain-

ing in resting organs, spores, and seeds. But normally this cleavage

may go on at a measurable rate, without anything more than the

»9 See a paper by Kostytschew which has just come to hand (Ueber die normale

und die anaerobe Atmung bei Abwesenheit von Zucker. Jahrb. Wiss. Bot. 40:563-

592. 1904), showing the erroneousness of Diakonow's idea that anaerobic respira-

tion is only possible when sugar is supplied.
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inevitable dissociation when hydroxylation has progressed to a certain

point. It seems, however, that there is generally—perhaps always

—

a hastening of this process, and that the highly unstable protoplasm

is dissociated so rapidly that it liberates not only the energy imme-

diately utilized in growth, movement, etc., but also an excess suffi-

cient to be easily measured by so coarse an instrument as the ther-

mometer. Catalytic agents like the enzymes are certainly (I think

I may be permitted so strong an assertion) the usual accelerators.

And it is highly probable that an enzyme identical with zymase or

at least analogous to it, is an active though secondary agent in this

acceleration. It may very well be also that those changes outside

the protoplast (whether without the organism or not) that are called

stimuli accelerate still further the katabolism, even to an explosive

speed in some cases.

This primary dissociation may plainly be independent of free

oxygen, though it is hardly conceivable that there will not be some

oxygen present unless the plant has grown under most unusual con-

ditions, which one can scarcely realize experimentally. The products

of this decomposition are not sufficiently known, nor is their precise

character important for our discussion. Among them are certainly

the more complex amido-acids, carbon dioxid, and alcohol.

Third: Up to this point the respiratory processes are quite alike

whether the plants grow in the air or apart from it. If sufficient

oxygen be not present, the disruptive processes may reach an equilib-

rium, just as an electrolyte practically ceases to pass a current of

electricity unless a depolarizer be present. So in the hydroxylation

of proteids, there is needed some substance to disturb constantly,

in one direction or another, the equilibrium that tends to be reached.

The common agent in this is oxygen. Of course, oxygen can hardly

be the only depolarizer that can promote further action. Thus,

Maze found the presence of levulose conduced to the continued evo-

lution of carbon dioxid in the absence of oxygen, and it is quite possible

that levulose took up the role of depolarizer, though Maze does not

so interpret his observation.

In anaerobic respiration insufficient oxygen is supplied. Its pro-

ducts that have been most observed, and are therefore (though doubt-

less groundlessly) counted its characteristic products, are carbon
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dioxid and alcohol. Indeed, lactic seems an equally characteristic

though transient product. The fact that hydrogen has also been

often recognized among them supports the interpretation of the

function of oxygen just suggested, and accords thoroughly with the

theory of hydroxylation. In that process hydrogen atoms from the

dissociation of water would be left free in case there was insufficient

oxygen to form H 20 2 .

Fourth: But if the organism can get an adequate supply of oxy-

gen, the katabolism continues, some of the most complex previous

products breaking up by hydroxylation and thermal cleavage.

Among the fragments are undoubtedly some that lose in part those

very groups in which sugars, alcohols, fatty acids, etc., are peculiarly

rich. These are rebuilt at the expense of such foods, which there-

fore disappear as a result of respiration. That ethyl alcohol does

not persist when oxygen is present may mean either that it is decom-

posed, or that in its nascent state it is assimilated in the rebuilding

of proteids, for we have seen how easily acetic acid, one of its oxida-

tion products, can be converted into an amido-acid, glycocoll, and

be thus in direct line for reconstructive metabolism.

This, in its fundamental features, is the theory I have presented

in lectures to advanced classes since 1898, though always as more or

less a speculation. For various details I am indebted to the recent

literature, already cited. Because it is capable of explaining the

observed facts, which are now sufficiently numerous to demand a

coherent explanation, I conceive it to be entitled to the dignity of a

theory. Time forbids the discussion of details, and many points

have been considered that cannot be here presented.

This theory maintains the direct relation of aerobic and anaerobic

respiration, whose genetic connection was long since advocated by

Pfeffer. Anaerobic respiration is the primary process in all organ-

isms. Whether aerobic respiration occurs or not depends upon the

availability of oxygen. The relation of fermentation to the process

is not wholly clear; for although fermentation gives rise to the same

products as anaerobic respiration, this may depend in part upon

respiratory decompositions, such as have been described, and in part

upon digestion, which, as Iwanowsky and Maze think, render the

alcohol from sugars available for assimilation. I am inclined to
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believe that in fermentation we deal with an exaggerated anaerobic

respiration, the active ferments being plants in which zymase is

produced in such amounts that it can attack sugars outside the organ-

ism, and thus secure sufficient energy with a minimum destruction

of the protoplasm.

ENERGESIS.

Finally, I may suggest that for didactic purposes it is desirable

to have a word other than "respiration" to designate the disruptive

processes by which energy is released, leaving "respiration" to

designate the more superficial phenomena of aeration with which

plant physiologists are but little concerned. Perhaps the word

"respiration" is already too firmly imbedded in literature to be so

limited. It will at least do no harm to propose that the terms

"aerobic and anaerobic energesis" be considered, to which "fer-

mentative energesis" may be added if necessary.

The Universttv of Chicago.
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Botanical Society of Hmerica.

publication 27.

TWELFTH ANNUAL MEETING.

Office of the Secretary,

St. Louis, Mo., February 1, 1906.

The Botanical Society of America held its twelfth annual meeting

in New Orleans, January 1-4, 1906.

The sessions of the Council were held in the St. Charles Hotel

and in Gibson Hall, Tulane University, and the sessions of the

Society in Gibson Hall.

As a result of the written ballots collected by the Secretary, the

following officers were declared elected for the ensuing year

:

President— William Ashbrook Kellerman, State University,

Columbus, Ohio.

Vice-President— Frederick Edward Clements, University of

Nebraska, Lincoln, Neb.

Treasurer— Arthur Hollick, New York Botanical Garden, New
York City.

Secretary— Daniel Trembly MacDougal, Carnegie Institution,

Tucson, Ariz.

Councillors— Benjamin Lincoln Robinson, Harvard University,

Cambridge, Mass., and Nathaniel Lord Britton, New York Botani-

cal Garden, New York City.

The resignations of office of President Kellerman and Secretary

MacDougal were tendered and accepted with expressions of regret.

On duly seconded and unanimously carried motions, the Secretary

was instructed to cast the ballot of the Society for F. S. Earle as

President and William Trelease as Secretary to fill the existing

vacancies. This having been done, they were declared duly

elected.

The officers thus elected for the year, with Past President Robert

Aimer Harper, University of Wisconsin, Madison, Wis., constitute

the Council of the Society.

A vote of thanks to the retiring Secretary, for his efficient service

during the past five years, was proposed and unanimously ordered.

1



t

E. A. Burt and D. T. MacDougal were chosen to represent the

Society on the Council of the American Association for the

Advancement of Science.

The Secretary reported that the funds in his hands had been

exhausted by expenses for 1905 and in connection with the eleventh

and twelfth meetings.

TREASURER'S REPORT.

The Treasurer presented the following report, which was duly

audited, approved, and ordered printed :

Report of Treasurer for Year 1905.

Dr.

Balance in hand at date of last annual report -$2,508.23

Received from dues of members and associates (HO.00

$3,118.23

Cr.

Disbursements:

Awards: Geo. F. Atkinson $200.00

Edw. C. Jeffrey 200.00

$400.00

Printing 32.85

Secretary 25.00

Premium on Treasurer's bond 10.00

Exchange on checks 2.90

Expressage .24

Total $ 470.99

Balance on hand, Dec. 26, 1905 . . . 2,647.24

$3,118.23

Disposition of Funds.

On deposit in savings bank $2,280.00

Cash in hands of Treasurer 367.24

Total $2,647.24

Assets and Liabilities.

Cash assets: .

On deposit in savings bank $2,280.00

Accrued interest on deposit in savings bank, to July, 1905. 554.19

Cash in hands of Treasurer . 3ti7.-.'4

$3,201.43

2



Additional assets:

Back dues outstanding:

1902 $ 5.00

1903 5.00

' 1904 .' 15.00

1906 70.00

Total . . . $95.00

Total assets . $3,206.43

Liabilities 000.00

GRANTS.

The Secretary reported that, under authority conferred at the last

meeting, the Executive Committee had madeagrantof $200 to E. C.

Jeffrey as an aid in the study of the lignitic fossils of Eastern North

America.

The following further grants were made, on recommendation of the

Council

:

To C. J. Chamberlain, $150, as an aid in the field study of

Dioon and in a morphological study of Ceratozamia.

To J. C. Arthur, $100, as an aid for the collection of material

and other purposes connected with his study of Uredineae.

NEW ASSOCIATES.

The following were elected associates

:

Albert Francis Blakeslee, University of Halle.

George Harrison Shull, Station for Experimental Evolution,

Cold Spring Harbor, N. Y.

FEDERATION.

The Secretary presented the following report from the Committee

on federation of botanical societies

:

November 27, 1905.

To the Botanical Society of America :

Your Committee appointed to confer with Committees from the

Society for Plant Morphology and Physiology, and the American
Mycological Society, for the purpose of drafting a Constitution for

the new Botanical Society of America, respectfully submit the follow-

ing resolution, and accompanying draft of the proposed Constitution :

Resolved, That the following articles be adopted as the Constitution of

the Botanical Society of America, to take the place of the articles adopted

3



August 17, 1895, and as amended to date, provided that they also be adopted,

without modification, by the Society for Plant Morphology and Physiology,

and by the American Mycological Society.

C. R. Barnes, N. L. Britton, F. V. Coville,

B. L. Robinson, William Trelease.

CONSTITUTION OF THE BOTANICAL SOCIETY OF AMERICA.

Article I.

Name.

This Society shall be known as the Botanical Society of America.

(Note.) For three years after the union all literature of the

united Society shall bear the names of the three Societies composing

the union as follows : A union of

The Botanical Society of America,

The Society for Plant Morphology and Physiology,

The American Mycological Society.

Article II.

Membership and Dues.

1. The Society shall consist of members and associate members

and may include life-members and patrons.

2. The charter membership of this Society shall consist of all the

active members in good and regular standing of the Botanical Society

of America and four-fifths of the membership of the Society for

Plant Morphology and Physiology and of the American Mycological

Society, the remainder being charter associate members.

3. Each member and associate member shall pay annual dues of

$5, payable at the beginning of the fiscal year. Any member may

become a life member and retain all the privileges of membership

by tlie payment of $100 at any one time to the general fund of the

Society. Any member who has paid $100 into the treasury of any

of the Societies federated under this constitution may claim the

privileges of life membership. Any person may become a patron

bv the payment of $250 at any one time into the funds of the Society,

and, upon election by the Society shall have all of the privileges of

membership. Members, life members and elected patrons shall be

entitled to vote or hold office. Associate members shall be entitled

to vote, but not to hold office.
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Article III.

Election of Members.

Candidates for associate membership shall be nominated by three

members not members of the Council. All nominations must be

approved by the Council. Each nomination shall be made on a blank

form provided for that purpose, and all nominations must be in the"

hands of the Council at least two months previous to the annual

meeting. Elections shall be by ballot. One-fifth of the votes cast

being negative shall exclude the candidate. Members shall be

elected from among the associate members under such rules and

regulations as the Society may adopt.*

Article IV.

Qualifications for Membership.

Candidates for membership must be actively identified with

botanical work and must show special ability in original research

as indicated by published papers of merit.

Article V.

Officers.

The officers of this Society shall be a president, vice-president,

secretary, and treasurer. Their duties shall be those usually per-

formed by such officers. The president and vice-president each

shall serve for one year, the treasurer for two years, and the secre-

tary for five years. An address shall be delivered by the president

at the annual meeting two years after his election. Officers en-

trusted with the funds or property of the Society shall give bonds

in such sum and form as the Council shall decide necessary.

Article VI.

Election of Officers.

Any member or associate member may submit to the secretary

not less than two and one-half months before the annual meeting

nominations for officers. Such nominations shall be submitted to

the Council two months before the date of the annual meeting.

The Council shall make nominations for any office when such

* The Society may readily adopt a method permitting persons to be

elected associate members and again members at the same meeting, if so

desired.
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nominations are wanting. A list of all the nominations shall be

sent to each member and associate member one month before the

annual meeting. Votes shall be mailed to the secretary and can-

vassed by the Council. In case a majority is wanting, the mem-
bers and associate members present at the regular annual meeting

shall elect from the two candidates having the highest number of

ballots for each office. A majority vote shall elect.

Article VII.

Council.

The Council shall consist of the president, vice-president, secre-

tary, and treasurer of the Society, together with one member elected

by the Society each year. All action of the Council must be ap-

proved by the Society. Four members of the Council shall con-

stitute a quorum for the transaction of business.

Article VIII.

Auditing Committee.

At the first session of the annual meeting the Society shall ap-

point an auditing committee of three who shall audit the treasurer's

accounts, reporting thereon to the Society at the same meeting.

Article IX.

Meetings.

An annual meeting shall be held at such time and place as the

Society each year may select ; and special or local meetings for the

presentation of papers may be arranged by Committees appointed

for the purpose.

Article X.

Amendments.

This constitution may be amended at any annual meeting by

three-fourths majority of all members and associate members voting,

provided notice of the proposed amendment has been furnished to

all the members and associate members of the Society at least one

month previous to the meeting. Members or associate members

unable to attend may submit their votes in writing.

Memorandum from the American Mycological Society.

The following communication was presented by President Earle

of the American Mycological Society

:
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Action taken by the American Mycological Society at its business

meeting at New Orleans, La., January 1, 1906.

Motion was made and adopted accepting the report of the Committee on

relation to other societies embodying the accompanying constitution as

agreed to by the three committees from Society of Plant Morphology and

Physiology, the Botanical Society of America and the American Mycological

Society.

The question of selection of one-fifth of the membership to become asso-

ciate members was reconsidered and amotion adopted designating the five

youngest members of the Society as associates, the total membership being 27.

It was also agreed that the present executive committee, consisting of

the officers of the society, shall have charge of affairs until permanent

organization of the new society is effected.

C. L. Shear, Secy.-Treas.

New Orleans, Jan. I, 1906.

Memorandum from the Society for Plant Morphology and

Physiology.

The Secretary read the following communication from Secretary

Ganong of the Society for Plant Morphology and Physiology

:

Votes passed by the Society of Plant Morphology and Physiology

at its business meeting, University of Michigan, Ann Arbor, Mich.,

Thursday, December 28th, 1905.

1. That this Society accept the Report of Lts Committee on Union of

Botanical Societies, and agrees to accept the proposed Constitution for the

united Societies in case it is accepted by the Botanical Society of America,

and by the American Mycological Society.

2. That the present officers of the Society continue in office until the

union of botanical Societies is effected, or until the next annual meeting,

with authority to perfect all details of the union.

3. That the one-fifth of the members of this Society latest elected shall

be associate members of the new Society.

W. F. Ganong, Secretary.

Dec. 28, 1905.

Action Taken.

On motions, duly seconded aDd unanimously carried, the resolu-

tion offered by the Committee on Federation was adopted, the arti-

cles prepared by the Committee were accepted as the Constitution

of the Botanical Society of America, and the President, Secretary

and Treasurer were authorized to act for the Society in completing

the union of the three federating bodies.



PROGRAM OF SCIENTIFIC PAPERS.

1. Cultures of Uredineae in 1905. J. C. Arthur.
2. The development of Ithyphallns impudicus (L.) Fries,^

from France. G. F. Atkinson.
3. Some physiological aspects of stomata. F. E. Lloyd.
4. Relative transpiration. B. E. Livingston.

5. Comparative variation and correlation in three mutants

and their parent. G. H. Shull.

6. Some latent characters of the white bean. G. H. Shull.

7. Origin and heredity of bud-sports. D. T. MacDougal.
8. Induction of mutation by artificial stimulation. D. T. MacDougal.
9. New mutants of the evening primrose. D. T. MacDougal.

10. Topography of the chlorophyll-apparatus of some

desert plants. W. A. Cannon-
11. A new type of embryo-sac in Peperomia. D. S. Johnson.
12. Affinities of the Cretaceous plant remains referred to

the genera Dammara and Brachyphyllum.

E. C. Jeffrey and A. Hollick.

13 The tannin-cells of persimmon (by invitation). B. J. Howard.
14. Some problems in desert botany (by invitation). V. M. Spalding.
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LIST OF MEMBERS, ASSOCIATES AND PATRONS,
COMPILED FROM THE TREASURER'S RECORDS.

Members.!

Joseph Charles Arthur,* Lafayette, Ind.

1893. Professor of Vegetable Physiology and Pathology, Purdue Uni-

versity.

George Francis Atkinson,* Ithaca, N. Y.

1893. Professor of Botany, Cornell University.

Charles Reid Barnes,* Chicago, III.

1893. Professor of Plant Physiology, The University of Chicago.

William James Beal, Agricultural College, Mich.

1899. Professor of Botany, State Agricultural College of Michigan.

Charles Edwin Besset,* Lincoln, Nebr.

1893. Professor of Botany, The University of Nebraska.

William L. Bray, Austin, Texas.

(1902) 1901. Associate Professor of Botany and in charge of the

School of Botany, University of Texas.

Elizabeth Gertrude Britton,* Bronx Park, New York City.

1893.

Nathaniel Lord Britton,* Bronx Park, Neiv York City.

1893. Director-in-Chief, New York Botanical Garden.

Edward Angus Burt, Middlebury, Vt.

1898. Professor of Natural History, Middlebury College.

Charles Joseph Chamberlain, Chicago, III.

(1900) 1903. Instructor in Botany, The University of Chicago.

Frederick Edward Clements, Lincoln, Nebr.

(1900) 1903. Assistant Professor of Botany, The University of

Nebraska.

John Merle Coulter,* Chicago, III.

1893. Professor of Botany, The University of Chicago.

Frederick Vernon Coville,* Washington, D. C.

1893. Botanist in charge of Economic Collections, Bureau of Plant

Industry, United States Department of Agriculture.

Henry Chandler Cowles, Chicago, III.

(1901) 1903. Instructor in Botany, The University of Chicago.

Bradley Moore Davis,* Chicago, III.

1897. Assistant Professor of Botany, The University of Chicago.

* Members whose names are marked with an asterisk are entitled to

life-membership under the new constitution.

t The year of election to associate membership is enclosed in

parentheses.
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Benjamin Minge Duggar, Columbia, Mo.
(1900) 1902. Professor of Botany, The University of Missouri.

Franklin Sumner Earle, Santiago de Las Vegas, Cuba.

(1902) 1904. Director, Estacion Agronoraica.

Alexander William Evans, New Hare,,, Conn.

(1900) 1903. Assistant Professor of Botany, Yale University.

Beverly Thomas Galloway,* Washington, D. C.

1896. Chief, Bureau of Plant Industry, United States Department of

Agriculture.

Byron David Halsted,* New Brunswick. N. J.

1893. Professor of Botany, Rutgers College.

Robert Almer Harper, Madison, Wis.

1898. Professor of Botany, The University of Wisconsin.

Albert Spear Hitchcock, Washington, D. C.

1898. Systematic Agrostologist, Bureau of Plant Industry, United

States Department of Agriculture.

Arthur Hollick,* Bronx Park, New York City.

1893. Assistant Curator, New York Botanical Garden.

Marshall Avery Howe, Bronx Park, New York City.

1899. Assistant Curator, New York Botanical Garden.

Duncan Starr Johnson, Baltimore, Md.
(1901) 1903. Associate Professor of Botany, Johns Hopkins University.

Lewis Ralph Jones, Burlington, Vt.

(1900) 1902. Professor of Botany, The University of Vermont.

William Ashbrook Kellerman, Columbus, Ohio.

(1901) 1903. Professor of Botany, The Ohio State University.

Francis Ernest Lloyd, Tucson, Ariz.

(1900) 1902. Investigator, Desert Botanical Laboratory.

Daniel Trembly MacDougal,* Tucson, Ariz.

1897. Director, Department of Botanical Research, Carnegie Insti-

tution.

George Thomas Moore, Cosmos Club, Washington , I). C.

(1901) 1902.

David Meyers Mottier, Bloomington, Tnd.

1898. Professor of Botany, The University of Indiana.

Frederick Charles Newcombe,* Ann Arbor, Mich.

1897. Junior Professor of Botany, The University of Michigan.

Louis Hermann Pammel, Ames, Iowa.

1898. Professor of Botany, The Iowa State College of Agriculture and

Mechanic Arts.

Charles Horton Peck,* Albany, N. Y.

1890. State Botanist, New York State Museum.

Herbert Maule Richards, New York City.

1898. Adjunct Professor of Botany, Barnard College.

Benjamin Lincoln Robinson,* Cambridge, Mass.

1893. Asa Gray Professor of Systematic Botany and Curator of the

Gray Herbarium, Harvard University.
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Joseph Nelsox Rose,* Washington, D. C.

1897. Assistant Curator, United States National Herbarium.

Hermans von Schrenk, St. Louis, Mo.

(1900) 1901. In charge of Mississippi Valley Laboratory, United

States Department of Agriculture.

William Trelease,* St. Louis, Mo.

1893. Director, Missouri Botanical Garden.

Rodney Howard True, Washington, D. C.

(1900) 1902. Physiologist in charge of Drug and Poisonous Plant In-

vestigations, Bureau of Plant Industry, United States Department

of Agriculture.

Lucibn Marcus Underwood,* Neiv York City.

1803. Torrey Professor of Botany, Columbia University.

William Powell Wilson,* Philadelphia, Pa.

1893. Director, Philadelphia Museums.

Albert Fred Woods, Washington, D. C.

(1900) 1901. Physiologist and Assistant Chief, Bureau of Plant In-

dustry, United States Department of Agriculture.

Total number, 43.

Associates.

Albert Francis Blakeslee, Halle, Germany.

(1906). University of Halle.

William Austin Cannon, Tucson, Arizona.

(1903) . Resident Investigator, Desert Botanical Laboratory of the

Carnegie Institution.

Carlton Clarence Curtis, Nen- York City.

(1902). Tutor in Botany, Columbia University.

David Griffiths. Washington, D. C.

(1901) . Assistant Agrostologist, Bureau of Plant Industry, United

States Department of Agriculture.

Edward Charles Jeffrey, Cambridge, Mass.

(1902) . Associate Professor of Vegetable Histology, Harvard Univer-

sity.

Thomas Henky Kearney, Washington, D. C.

(1901) . Physiologist, Bureau of Plant Industry, United States Depart-

ment of Agriculture.

Burton Edward Livingston, Tucson, Ariz.

(1904) . Investigator, Desert Botanical Laboratory.

THOMas H. Macbride, Iowa City, loiva.

(1902) . Professor of Botany, State University of Iowa, and Professor

of Pharmacognosy in the State College of Pharmacy.

Koscoe Found, Lincoln, Neb.

(1901) . Director, Botanical Survey of Nebraska.

Peter Henry Rolfs, Lake City, Florida.

(1902) . Director, Florida Agricultural Experiment Station.
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Per Axel Rydberg, Bronx Park, New York City,

(1901) . Assistant Curator, New York Botanical Garden.

Augustine Dawson Selby, Wooster, Ohio.

(1902) . Botanist and Chief of the Department of Plant Physiology,

Experiment Station, Wooster, Ohio.

George Harrison Shull, Cold Spring Harbor. X. Y.

(1906). Station for Experimental Evolution.

Jared Gage Smith, Honolulu, Hawaii.

(1901) . Special Agent in Charge of Hawaii Agricultural Experiment

Station, United States Department of Agriculture.

Frank Lincoln Stevens, West Raleigh, X. (J.

(1902) . Professor of Biology, College of Agriculture and Mechanic

Arts of North Carolina.

Karl McKay Wiegand, Ithaca, N. Y.

(1903) . Instructor in Botany, Cornell University.

Total number, 16.

Patron.

Maturin L. Delafield, Jr., 56 Libert)/ St., New York City.

(1899).

Total constituency of the Society, 61.

William Trelease.

Secretary.,
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Botanical ^octcty of gtnertg

A UNION OF

THE BOTANICAL SOCIETY OF AMERICA,

THE SOCIETY FOR PLANT MORPHOLOGY AND PHYSIOLOGY,

THE AMERICAN MYCOLOGICAL SOCIETY.

publication 30.

Office of the Secretary,

Baltimore, Md., March 1, 1907.

The thirteenth annual meeting, the first of the united societies,

was held in New York City, December 27-31, 1906, under the

presidency of Franklin Sumner Earle. About sixty members

were present. Sessions of the Council and the Society were held

in Schermerhoru Hall, Columbia University, and in the Museum
Building of the New York Botanical Garden.

The ballots mailed to the Secretary showed that but two officers

had been elected. The others were chosen by ballots cast by

members present at the meeting. The officers thus elected were :

President—George Francis Atkinson, Cornell University,

Ithaca, N. Y.

Vice-President—Nathaniel Lord Britton, New York Bo-

tanical Garden, New York City.

Treasurer—Arthur Hollick, New York Botanical Garden,

New York City.

Secretary—Duncan Starr Johnson, Johns Hopkins Uni-

versity, Baltimore, Md.

Councilor—Herbert Maule Richards, Columbia Univer-

sity, New York City.

The President and Secretary were chosen to represent the

Society in the Council of the American Association for the

Advancement of Scieuce.

The Standing Committee on college entrance options in botany,

3
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of the Society for Plant Morphology and Physiology, was con-

tinued. The committee consists of William Francis Ganong and

Francis Ernest Lloyd, and is to report at the next annual

meeting.

The report of the Affiliation Committee was accepted and a

resolution was adopted declaring the federation accomplished, and

discharging the committee.

NEW ASSOCIATES.

The following botanists were elected associates :

Charles Elmer Allen, University of Wisconsin.

Charles Stuart Gager, New York Botanical Garden.

Henry Allan Gleason, University of Illinois.

James Arthur Harris, Missouri Botanical Garden.

Henri Hus, Missouri Botanical Garden.

William Jesse Goad Land, University of Chicago.

Haven Metcalf, Bureau of Plant Industry.

Edgar William Olive, University of Wisconsin.

James Bertram Overton, University of Wisconsin.

Flora Wambaugh Patterson, Bureau of Plant Industry.

Charles Budd Robinson, New York Botanical Garden.

John Lewis Sheldon, West Virginia University.

Perley Spaulding, Missouri Botanical Garden.

Charles Thom, Bureau of Animal Industry.

Edgar Nelson Transeau, Station for Experimental Evolution, Cold

Spring Harbor, N. Y.

REPORTS OF SECRETARY AND TREASURER.

The Secretary reported a balance of $1.60 from the fund put in

his hands for official expenses.

The Treasurer presented the following report which was duly

audited, approved and ordered printed.

Report of Treasurer for Year 1906.

DR.

Balance in hand at date of last annual report, .... $2,647 24

Since received from Bot. Soc. Am., 265 10



5

Since received from Soc. for Plant Morph. and Physiol., 64 38

Since received from Am. Mycolog. Soc, 38 45

$3,015 17

CR.

Paid awards :

To Chas. J. Chamberlain, $ 150 00

To J. C. Arthur, 100 00

Printing, expressage, etc., 47 70

Secretary, 25 00

Total, . . . $ 322 70

Balance in hand Dec. 26, 1906, . . . $2,692 47

Disposition op Funds.

On deposit in savings banks, $2,280 00

Cash in hands of Treasurer, 412 47

Total, . . . $2,692 47

Assets and Liabilities.

Cash assets :

On deposit in savings banks, $2, 280 00

Accrued interest on deposits to July, 1906, 654 23

Cash in hands of Treasurer, 412 47

$3,346 70
Additional assets :

Back dues outstanding, 115 00

Furniture (estimated), 23 50

$ 138 50

Total assets, . . . $3,485 20

Liabilities, ... 000 00

GRANTS.

The Council made the following grants in aid of research :

To E. A. Bessey, $1 00 as an aid in his investigations of the flora

of the Florida Keys.

To J. C. Arthur, $50, to aid him in continuing his experimental

study of life histories among the Uredinales.
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FINANCIAL POLICY.

On recommendation by the Council, the following resolutions

concerning its financial policy were adopted by the Society

:

1. That the new Botanical Society of America shall assume all

debts and liabilities of each of the federated societies, and be

authorized to collect any monies due any of said societies.

2. That all monies at this date in the possession of the Society,

together with all fees received in the future from life members and

patrons, be and hereby are designated its Endowment Fund, which

is to be held as a permanent fund by the Society.

3. That the continual increase of the Endowment Fund be

ensured by adding to it annually a sum not less than its income,

until this fund amounts to at least $10,000.00.

4. That the investment of the Endowment Fund be and hereby

is referred to the Council with power.

5. That the Council be and hereby is constituted a committee

on grants in aid of research, with power, by a unanimous vote in

writing, to award sums not to exceed $50.00 to any member or

associate, at any time during the year, within the available

balance of the appropriation for grants made at the Annual

Meeting
;

applications for grants must be made to the Secretary

in writing and if unanimously approved by the Council, endorsed

by him and transmitted to the Treasurer.

6. That the recipient of a grant shall make a report of progress,

or of the completed results of the investigations for which the grant

was given, at the next annual meeting, after such grant was

received, and at each succeeding meeting until the work in ques-

tion is completed. Such report shall be made in writing to the

Council and may or may not be referred to the Society. Any and

every published paper dealing with the results of investigations

carried out by the aid of grants, shall bear the imprint as a

foot-note to the title :
" Investigation prosecuted with the aid of

a grant from the Botanical Society of America."
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BUDGET.

The following was agreed to as the budget for 1907 :

Estimated Income :

Dues of 100 Members and Associates at $5.00, . . . $500 00

Interest on Endowment Fund, 125 00

$625 00
Appropriations

:

Expenses of Secretary and Treasurer, $125 00

Addition to Endowment Fund, 150 00

Available for Grants in aid of Research, 300 00

$575 00

Reserve, 50 00

$625 00
SCIENTIFIC PAPERS.

Thirty botanical papers were read during the meeting. These

were listed in Publication 29, and were reported with abstracts in

Science (February 22).

FOURTEENTH ANNUAL MEETING.

The Society voted to hold its next annual meeting at the place

chosen for the next winter meeting of the American Association

for the Advancement of Science. Chicago has since been selected.

LIST OF MEMBERS AND ASSOCIATES.

Patron. (1)

Maturin L. Delafield, Jr.,* 56 Liberty Street, New York City.

Life Members. (27)

Joseph Charles Arthur,* % Lafayette, Ind.

Professor of Vegetable Physiology and Pathology, Purdue University.

George Francis Atkinson,* tj Ithaca, N. Y.

Professor of Botany, Cornell University.

* Botanical Society of America.

f Society for Plant Morphology and Physiology.

% American Mycological Society.
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Charles Reid Barnes,* Chicago, III.

Professor of Plant Physiology, University of Chicago.

Charles Edwin Bessey,* Lincoln, Neb.

Professor of Botany, University of Nebraska.

Elizabeth Gertrude Britton,* Bronx Park, New York City.

New York Botanical Garden.

Nathaniel Lord Britton,* Bronx Park, New York City.

Director-in-Chief, New York Botanical Garden.

Edward Angus BuRT,*tt Middlebury, Vt.

Professor of Natural History, Middlebury College.

John Merle Coulter,*! Chicago, III.

Professor of Plant Morphology, University of Chicago.

Frederick Vernon Coville,* Washington, D. C.

Botanist in charge of Economic Collections, Bureau of Plant Industry,

United States Department of Agriculture.

Bradley Moore Davis,* 17 Felton Hall, Cambridge, Mass.

Beverly Thomas Galloway, *t Washington, D. C.

Chief, Bureau of Plant Industry, United States Department of Agriculture.

Byron David Halsted,*! New Brunswick, N. J.

Professor of Botany, Rutgers College, Botanist to the College Experiment
Station.

Robert Almer Harper,* t Madison, Wis.

Professor of Botany, University of Wisconsin.

Albert Spear Hitchcock,* Washington, D. C.

Systematic Agrostologist, Bureau of Plant Industry, United States Department
of Agriculture.

Arthur Hollick,* Bronx Park, New York City.

Curator, Dept. of Fossil Botany, New York Botanical Garden.

Marshall Avery Howe,*! Bronx Park, New York City.

Curator of Museum, New York Botanical Garden.

Daniel Trembly MacDougal,*! Tucson, Ariz.

Director of the Department of Botanical Research, Carnegie Institution.

David Meyers Mottier,* Bloomington, Ind.

Professor of Botany, University of Indiana.

Frederick Charles Newcombe,*! Ann Arbor, Mich.

Professor of Botany, University of Michigan.

Louis Hermann Pammel,* Ames, Iowa.

Professor of Botany, Iowa State College.

Charles Horton Peck,*! Geological Hall, Albany, N. Y.

State Botanist.



Herbert Maule Richards,* t New York City.

Professor of Botany, Barnard College, Columbia University.

Benjamin Lincoln Robinson,* Cambridge, Mass.

Asa Gray Professor of Systematic Botany and Curator of the Gray Herbarium,
Harvard University.

Joseph Nelson Rose,* Washington, D. C.

Associate Curator, United States National Herbarium.

William Trelease,* St. Louis, Mo.

Englemann Professor of Botany, Washington University, and Director of the

Missouri Botanical Garden.

Lucien Marcus Underwood,* t New York City.

Torrey Professor of Botany, Columbia University.

William Powell Wilson,*! Philadelphia, Pa.

Director, Philadelphia Museums.

Members. (61)

Howard James Banker, t Greencastle, Ind.

Professor of Biology, De Pauw University.

William James Beal,* Agricultural College, Mich.

Professor of Botany, State Agricultural (k>llege of Michigan.

Ernst Athearn Bessey, t Miami, Fla.

Pathologist in Charge of the Subtropical Laboratory, United States Depart-

ment of Agriculture.

William L. Bray,* Austin, Tex.

Professor of Botany, University of Texas.

Thomas Jonathan Burrill,J TJrbana, III.

Professor of Botany, University of Illinois.

Mark Alfred Carleton, t X Washington, D. C.

Cerealist, United States Department of Agriculture.

Charles Joseph Chamberlain,* Chicago, III.

Instructor in Botany, University of Chicago.

Judson Freeman Clark,! Vancouver, British Columbia.

Managing Director, Continental Timber Company.

Frederick Edward Clements,* t Lincoln, Nebr.

Professor of Plant Physiology, University of Nebraska.

George Perkins Clinton,! t New Haven, Conn.

Botanist, Connecticut Agricultural Experiment Station.

William Chambers Coker,! Chapel Hill, N. C.

Associate Professor of Botany, University of North Carolina,

Edwin Bingham Copeland,t Manila, P. I.

Chief Botanist to the United States Philippine Commission.
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Henry Chandler Cowles,*
Instructor in Botany, University of Chicago.

1 Clara Eaton Cummings, 1

1

Professor of Botany, Wellesley College.

Carlton Clarence Curtis,* t

Instructor in Botany, Columbia University.

Carrie M. DERiCK,t
Assistant Professor of Botany, McGill University.

Benjamin Minoe Duggar,* 1

1

Professor of Botany, University of Missouri.

Franklin Sumner Earle,*J

Alexander William Evans,* t

Eaton Professor of Botany, Yale University.

David Grandison Fairchild,!

Chicago, III.

Wellesley, Mass.

New York City.

Montreal, Canada.

Columbia, Mo.

Herradura, Cuba.

New Haven, Conn.

Washington, D. C.

Agricultural Explorer in Charge of Foreign Explorations, United States
Department of Agriculture,

William Gilson Farlow, 1

1

Professor of Cryptogamic Botany, Harvard University

Margaret Clay Ferguson, t

Professor of Botany, Wellesley College.

Bruce FiNK,t

Professor of Botany, Miami University.

William Francis Ganong,!
Professor of Botany, Smith College.

David Griffiths,*!

Cambridge, Mass.

Wellesley, Mass.

Miami, Ohio.

Northampton, Mass.

Washington, D. C.

Assistant in Charge of Range Investigations, United States Department of
Agriculture.

John William Harshberger, t Philadelphia, Pa.

Assistant Professor of Botany, University of Pennsylvania.

Tracy Elliott Hazen,! New York City.

Tutor in Botany, Barnard College, Columbia University.

George Grant Hedgcock,J St. Louis, Mo.
Scientific Assistant in Plant Pathology, Mississippi Valley Laboratory,

United States Department of Agriculture.

Edward Willet Dorlard Holway,J Minneapolis, Minn.
Assistant Professor of Botany, University of Minnesota.

Edward Charles Jeffrey, *t Cambridge, Mass.

Assistant Professor of Vegetable Histology, Harvard University.

Duncan Starr Johnson,*! Baltimore, Md.
Professor of Botany, Johns Hopkins University.

1 Deceased December 28, 190G.
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Lewis Ralph Jones,* t Burlington, Vt.

Professor of Botany. University of Vermont.

Thomas Henry Kearney,* t Washington, D. C.

Physiologist, Bureau of Plant Industry, United States Department of Agri-

culture.

William Ashbrook Kellerman,*J Columbus, Ohio.

Professor of Botany, Ohio State University.

Henry Kraemer, t Philadelphia, Pa.

Professor of Botany and Pharmacognosy, Philadelphia College of Pharmacy.

Francis Ernst Lloyd,* t Tucson, Ariz.

Investigator, Desert Botanical Laboratory.

Thomas Huston Macbride,*! Iowa City, Iowa.

Professor of Botany, State University of Iowa.

John Muirhead Macfarlane,! Philadelphia, Pa.

Professor of Botany, University of Pennsylvania.

Harriet Lathrop Merrow,! Kingston, R. I.

Professor of Botany, Rhode Island College of Agriculture and Mechanic Arts.

George Thomas Moore, *t Cosmos Club, Washington, D. C.

William Alphonso Murrill,J Bronx Park, New York City.

First Assistant, New York Botanical Garden.

David Pearce Penhallow,! Montreal, Canada.

MacDonald Professor of Botany, McGill University.

Adrian John Pieters,! Hollister, Cal.

Late Botanist in charge of Seed and Plant Introduction, United States

Department of Agriculture.

James Barkley Pollock, t Ann Arbor, Mich.

Assistant Professor of Botany, University of Michigan.

Percy Leroy Ricker,! Washington, D. C.

Scientific Assistant, Bureau of Plant Industry, United States Department of
Agriculture.

WlLLARD WlNFIELD RoWLEE, t Ithaca, N. Y.

Professor of Botany, Cornell University.

Herman von Schrenk,*! St. Louis, Mo.
Pathologist, United States Department of Agriculture, Missouri Botanical

Garden.

Cornelius Lott Shear, t Washington, D. C.

Pathologist, Bureau of Plant Industry, United States Department of
Agriculture.

Erwin Frink Smith, t Washington, D. C.

In charge of ihe Laboratory of Plant Pathology, United States Department
of Agriculture.
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Julia Warner SNOW,t Northampton, Mass.

Associate Professor of Botany, Smith College.

Volney Morgan Spalding, t Tucson, Ariz.

Investigator, Desert Botanical Laboratory.

George Edward Stone, t Amherst, Mass.

Professor of Botany, Massachusetts Agricultural College.

Walter Tennyson Swingle, t Washington, D. C.

Physiologist in Charge of Plant Life History Investigations, United States

Department of Agriculture.

Roland Thaxter, 1 1 Cambridge, Mass.

Professor of Cryptogamic Botany, Harvard University.

James William Toumey, t New Haven, Conn.

Professor of Forestry, Yale Forest School.

Charles Orrin Townsend,! Washington, D. C.

Pathologist in Charge of Sugar Beet Investigations, United States Department
of Agriculture.

Samuel Mills Tracy, t Biloxi, Miss.

Special Agent, United States Department of Agriculture.

Rodney Howard True,*! Washington, D. C.

Physiologist, Bureau of Plant Industry, United States Department of Agri-
culture.

Merton Benway Waite, t Washington, D. C.

Pathologist in Charge of Diseases of Fruit, United States Department of

Agriculture.

Herbert John Webber, t Ithaca, N. Y.

Professor of Experimental Plant Biology, Cornell University.

Albert Fred Woods,* t Washington, D. C.

Pathologist and Physiologist and Assistant Chief of the Bureau of Plant
Industry, United States Department of Agriculture.

Associate Members. (42)

Charles Elmer Allen, Madison, Wis.

Assistant Professor of Botany, University of Wisconsin.

Albert Francis Blakeslee,* Cambridge, Mass.

Instructor in Botany, Harvard University.

George Plummer Burns, t Ann Arbor, Mich.

Assistant Professor of Botany, University of Michigan.

William Austin Cannon,* Tucson, Ariz.

Investigator, Desert Botanical Laboratory.

Henry Shoemaker Conard,! Grinnell, Iowa.

Professor of Botany, Iowa College.
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Melville Thurston CooK,t Bronx Park, New York City.

New York Botanical Garden.

Arthur Lyman Dean,! New Haven, Conn.

Instructor in Plant Physiology, Sheffield Scientific School.

Elias Judah Durand, t X Ithaca, N. Y.

Instructor in Botany, Cornell University.

Edward Monroe Freeman, t Washington, D. C.

Pathologist, Bureau of Plant Industry, United States Department of

Agriculture.

Charles Stuart Gager, Bronx Park, New York City.

Director of the Laboratories, New York Botanical Garden.

Henry Allen Gleason, Champaign, Illinois.

Instructor in Botany, University of Illinois.

Jesse More Greenman, Chicago, III.

Assistant Curator of Botany, Field Museum of Natural History.

James Arthur Harris, St. Louis, Mo.
Librarian, Missouri Botanical Garden.

Henri Hus, St. Louis, Mo.
Experimenter, Missouri Botanical Garden.

Karl Frederic Kellerman,! Washington, D. C.

Physiologist in Charge of Soil Bacteriology and Water Purification Investi-
gations, United States Department of Agriculture.

Joseph Edward Kirkwood,!
Associate Professor of Botany, Syracuse University.

William Jesse Goad Land,
Associate in Botany, University of Chicago.

Burton Edward Livingston,*

Investigator, Desert Botanical Laboratory.

Haven Metcalf,
Pathologist, Bureau of Plant Industry, United

Agriculture.

Edgar William Olive,

Instructor in Botany, University of Wisconsin.

William Allen Orton,!
Pathologist, Bureau of Plant Industry, United

Agriculture.

James Bertram Overton,
Instructor in Botany, University of Wisconsin.

Flora Wambaugh Patterson,
Mycologist, United States Department of Agriculture

Syracuse, N. Y.

Chicago, III.

Tucson, Ariz.

Washington, D. C.

States Department of

Madison, Wis.

Washington, D.
States Department

a
of

Madison, Wis.

Washington, D. C.
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George James Peirce, t Stanford University, Cal.

Associate Professor of Plant Physiology, Stanford University.

Raymond Haines PoND.t Chicago, III.

Professor of Botany and Pharmacognosy and Director of the Microscopical
Laboratory, School of Pharmacy of Northwestern University.

Roscoe Pound,* Lincoln, Neb.

Director, Botanical Survey of Nebraska.

Charles Budd Robinson, Bronx Park, New York City.

Assistant Curator, New York Botanical Garden.

Peter Henry Rolfs,* Lake City, Fla.

Director, Florida Agricultural Experiment Station.

Ber Axel Rydberg,* Bronx Park, New York City.

Curator, New York Botanical Garden.

William Moore Scott,! Washington, D. C.

Pathologist, Bureau of Plant Industry, United States Department of Agricul-
ture.

Augustine Dawson Selby,* Wooster, Ohio.

Botanist and Chief of the Department of Plant Physiology and Pathology,
Ohio Experiment Station.

Charles Hugh Shaw,! Collegeville, Pa.

Professor of Biology, Ursinus College.

John Lewis Sheldon, Morgantown, W. Va.

Professor of Bacteriology, West Virginia University
;

Bacteriologist, West
Virginia Agricultural Experiment Station.

George Harrison Shull,* Cold Spring Harbor, N. Y.

Botanist of the Station for Experimental Evolution.

Jared Gage Smith,*
.

Honolulu, Hawaii.

Special Agent in Charge of Hawaii Agricultural Experiment Station, United
States Department of Agriculture.

Perley Spaulding, St. Louis, Mo.

Scientific Assistant in Plant Pathology, Missouri Botanical Garden.

Frank Lincoln Stevens,* West Raleigh, N. C.

Professor of Botany and Vegetable Pathology, College of Agriculture and
Mechanic Arts of North Carolina

;
Pathologist of the North Carolina

Experiment Station.

Warner W. Stockberger, t Washington, D. C.

Expert in Histology, Bureau of Plant Industry, United States Department of

Agriculture.

Deane B. Swingle,! Bozeman, Mont.

Botanist, Montana Agricultural College and Experiment Station.

Charles Thom, Storrs, Conn.

Mycologist in Cheese Investigations, Bureau of Animal Industry, United

States Department of Agriculture.
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Edgar Nelson Transeau, Cold Spring Harbor, N. Y.

Member of Staff, Station for Experimental Evolution.

Karl McKay Wiegand,*! Ithaca, N. Y.

Instructor in Botany, Cornell University.

Duncan S. Johnson,

Secretary.
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The Botanical Society of America will meet at Chicago, in

affiliation with the American Association for the Advancement of

Science, during the week beginning December 30. Inforniation

concerning railroad rates, hotels, etc., will be found in the

announcement and program of the Association, and in Science.

Card orders for tickets are necessary only in the territory of the

Trunk Line Association. (See p. 10, Preliminary Announcement,

A. A. A. S.)

The Botanical Society has been offered the use, during the

meeting, of the rooms and apparatus of the Department of Botany

of the University of Chicago.

At the business meeting on Tuesday morning vote will be taken

on amendments to Articles VI and VII of the Constitution.

Matters likely to be discussed at this or a later business meet-

ing are—the mode of selecting " members," a mode of securing

nominations of officers and certain proposed changes in the scien-

tific programs of the Society.

Professor H. C. Cowles, of the University of Chicago, has

offered to conduct a party of botanists on a field trip to the dune

regions near Chicago. This trip will probably be arranged for

Friday, January 3, or Saturday, January 4. Details will be

announced on Tuesday.
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There will be a smoker for botanists at 8 o'clock Wednesday

evening, at a place to be announced Tuesday morning.

The Annual Dinner of the American Society of Naturalists

will be at the Victoria Hotel, corner of Michigan Avenue and

Van Buren Street, at 7 o'clock, Tuesday, December 31. All

scientific men attending the Chicago meeting are invited to join

the Naturalists on this occasion. Tickets for the dinner cost

$1.75. Those wishing to attend should, as early as possible,

notify E. L. Thorndike, Secretary of the American Society of

Naturalists, Columbia University, New York City.

PROGRAM OF SESSIONS.

The sessions of the Society will be held in the Hull Botanical

Laboratory. The scientific sessions will alternate with those of

Section G., A. A. A. S., as indicated below.

TUESDAY, DECEMBER 31.

8.30-10 A. M. Meeting of Council, (Room 24).

10.15 A. M.-12 M. Business Meeting of the Society.

12 M.-l P. M. Scientific Session.

Address of the retiring President :

—

" Botanical problems and opportunities." F. S. Earle.
" Report of the Committee on the College Entrance Option in Botany."

W. F. Ganong and F. E. Lloyd.

(2-5 P. M. Scientific session of Section Q., A. A. A. S.)

(8 P. M. Annual Dinner of the Society of Naturalists.)

WEDNESDAY, JANUARY 1.

8.30-10 A. M. Meeting of the Council, (Room 24).

(10 A. M. Scientific session of Section O., A. A, A. S.)

2-4.30 P. M. Symposium :
—" Aspects of the species question." 1

iArguments of papers to be given at the symposium will be found on pages 6-8 of the final

program. They are printed for the purpose of stimulating discussion,
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"Taxonomic aspect." C. E. Bessey and N. L. Britton.
" Physiologic aspect." J. C. Arthur and D. T. MacDougal.
"Ecologic aspect." F. E. Clements and H. C. Cowles.

8 P. M. Smoker for Botanists.

' THURSDAY, JANUARY 2.

8.30-9.30 A. M. Meeting of the Council, (Room 24).

10 A. M. Scientific Session : for the reading and discussion

of papers.

" The foot in bryophytes." (10 minutes).

C. R. Barnes and W. J. G. Land.
" Cell lineage in fern roots." (10 minutes). H. C. Conard.

"A report on Dioon and Ceratozamia." (15 minutes).

C. J. Chamberlain.

"A unicellular marine brown alga." (10 minutes). G. T. Moore.

"The cytology of the male gametophyte of Polytrichum juniperinum." (20

minutes). C. E. Allen.

"Apogamy in Nephrodium." (15 minutes). By invitation.

S. Yamanouchi.
"Further studies on the chromosomes of Oenothera." (15 minutes). By

invitation. R. R. Gates.

"The effect of exposing germ cells to the rays of radium." (15 minutes).

C. S. Gager.

"The relation of Bursa Heegeri to Bursa bursa-pasloris." (15 minutes):

G. H. Shull.

"The effect of heat on the starch grain." (10 minutes). H. Kraemer.
"The relation of plant societies to evaporation." (15 minutes).

E. N. Transeau.

"Methods for the control and measurement of soil moisture." (20 minutes).

Demonstration. B. E. Livingston.

(2-5 P. M. Scientific session of Section Q., A. A. A. S.)

FRIDAY, JANUARY 3.

(9 A. M. Scientific session of Section O., A. A. A. S.)

2-4.30 P. M. Scientific Session : for the reading and discus-

sion of papers.

" Some unsolved problems of the prairies." (10 minutes).

H. A. Gleason.
" Type specimens of American grasses in European herbaria." (15 minutes).

A. E. Hitchcock.
" The bisexual inflorescence of Humulus Lupulus." (15 minutes)

.

W. W. Stockberger.
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"The possible role of light in relation to alpine plants." (5 minutes).

C. H. Shaw.

"The cause of timber lines on mountains: snow as a mechanical agency."

(20 minutes). C.H.Shaw.

"Cultures of Uredineae in 1907." (15 minutes). J. C. Arthur.

" The relationships of the aecidium cup type of rust." ( 20 minutes).

E. W. Olive.

" Notes on certain rusts and their peridental stages." (12 minutes)

.

G. P. Clinton.

" Further studies of the anthracnoses. " (15 minutes).

C. L. Shear and Anna K. Wood.

"Sporangia, conidia and zygospores in the genus Choanephora." (10 min-

utes),
• A. F. Blakeslee.

" The development of the ascocarp of Melanospora." (15 minutes).

J. B. Overton.

" The influence of the form of carbon upon cultures of Penicillium. (10

minutes). Chas. Thom.

"Progressive cleavage in Didymium." (15 minutes). R. A. Harper.

"On the development of immunity for heart-rot diseases in trees." (10

minutes). H - V0N Schrenck.

The Hotel del Prado is the one most convenient to the Uni-

versity of Chicago. It is probable that a number of members

of the Botanical Society of America will locate there.

Duncan S. Johnson,

Secrdai'i/.
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ASPECTS OF THE SPECIES QUESTION

At the recent Chicago meeting of the Botanical Society

of America, the afternoon of Wednesday, January 1,

was devoted to a symposium on "Aspects of the Species

Question." The principal participants, who, upon invi-

tation of the council, prepared and read papers at the

symposium, were: C. E. Bessey and N. L. Britton, who
; discussed the taxonomic aspect; J. C. Arthur and D. T.

^MacDougal, who spoke on the physiologic aspect; F. E.

2 Clements and H. C. Cowles, who dealt with the ecologic

K aspect of the question. The reading of the papers was
followed by an open discussion of the question by a

number of the members present. The papers read and
- the corrected stenographic report of the discussion are

j
printed below.

D. S. Johnson,
'

Secretary.
Office of the Secretary,

Baltimore, Md., March 1, 1908.

i

'Botantcal |2>octet2 of America, publication 31.
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THE TAXONOMIC ASPECT OF THE SPECIES
QUESTION

PROFESSOR CHARLES E. BESSEY

The University of Nebraska

As long as species were supposed to be actual things,

''created as separate kinds at the beginning," that botan-

ists "discovered," as explorers discover islands in the

ocean, there was no serious "species question." A
botanist might make a mistake, and announce the dis-

covery of a new species, when he had merely found a

variety of an old species ; as an explorer might mis-

takenly announce the discovery of a new island, when
as a matter of fact he had only seen an unfamiliar coast

of a long-known island.

Nature produces individuals, and nothing more. She

produces them in such countless numbers that we are

compelled to sort them into kinds in order that we may
be able to carry them in our minds. This sorting is

classification—taxonomy. But right here we are in dan-

ger .of misunderstanding the matter. We do not actually

sort out our individuals. We imagine them sorted out.

It is only to a very slight extent that the systematic

botanist ever actually sorts out individuals. When he

has a considerable number of individual dried plants in

his herbarium, he may sort them out, but these are but

an infinitesimal portion of all the individuals in the world

that we imagine to be sorted, but that are actually un-

sorted.

So species have no actual existence in nature. They

are mental concepts, and nothing more. They are con-

ceived in order to save ourselves the labor of thinking

in terms of individuals, and they must be so framed

that they do save us labor. If they do not, they fail of
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their purpose. Here we perceive one of the principles

which must control in the limitation of species. If we
multiply our species unduly we approach too near to the

individuals, and we are as much burdened as though we
had not invented species. On the other hand, if we make
too few species those we do make include so many varia-

tions from the type that confusion results again. We
must steer a course between these two extremes.

I am well aware that every man who has split up
species upon any pretext will at once lay his hand upon
his heart and assure himself that he has done this very

thing of avoiding these extremes. I have yet to find a

man who has not felt that all of his species were con-

servatively made, and that had he been radically inclined

he could have made many more. And yet the fact re-

mains that much of the species-making of recent years

has rendered it vastly more difficult than formerly for

us to obtain a grasp of the flora of a region. Instead of

helping us, this perverted notion of the purpose and the

proper limitation of species has actually proved to be a

hindrance. How much, for example, does the average

botanist know nowadays about the species of Crataegus ?

It will not avail to say that "he knows as much as he ever

did," for once he did study them somewhat, but now he

is compelled to pass them by as quite too difficult for him
to undertake to distinguish with the time he has at his

command. The inordinate multiplication of species has

hindered instead of advanced our knowledge, and this

fact is sufficient to condemn it utterly.

We are in danger of destroying the usefulness of tax-

onomy in our zeal for describing every differing form
as a separate species. We have lost sight of the prim-

itive reason for the formation of species, namely, that

we should have fewer things to hold in mind. Primitively

the aim was to have as few species as possible. Now
too often we look upon the addition of new species as a
contribution to knowledge, when, on the contrary, it may
be a hindrance.
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The Linnean conception of species may have been too

broad, but it had the merit of being understood. It has

yet to be shown that that conception of species has been

outgrown. The human mind is pretty nearly the same

to-day that it was a century and a half ago. The botan-

ists of to-day may be able to recognize species where

Linne, and DeCandolle, and Gray could not, but the dif-

ference is by no means great enough to warrant such

great changes as have taken place in the conception of

species by some recent systematists. The human mouth
is probably a little smaller than it was thousands of

years ago, and probably the tendency is to a reduction

of its dimensions, but it certainly has not changed so

much as to warrant a marked reduction in the size of

tablespoons; much less does it give sanction to any pro-

posal to reduce them to the size of miniature saltspoons

!

The old spoons that still fit the average human mouth
very well are not likely to be displaced for much smaller

ones. I think it is highly probable that in like manner
we shall insist upon the old measure of species, for the

good reason that it is still well fitted to our mental needs

and mental capacity. The experience of botanists as a

body sanctions the general idea and limitations of species

as understood by Linne, by DeCandolle, by Gray, rather

than that of the species-makers of recent years. This

sanction is not in deference to authority, but for the rea-

son that their species commend themselves to us. We
prefer the Linnean idea of species not because it is

Linnean, but because it is more useful than those pro-

posed more recently. Probably one reason for the vogue

of the Linnean conception of species for the past century

and a half is that it is so well adapted to the mental

requirements of botanists the world over. Linne was

fortunate in adopting a measure of species which was
neither so small as to be difficult to apprehend, nor so

large as to be cumbersome. It may have been by happy
chance that he hit upon this acceptable measure of

species; it is much more likely that it was but another
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example of that genius which gave him such great pre-

eminence among the botanists of his day, and enabled

him to make so lasting an impression upon systematic

botany.

We have given a good deal of attention to the laws of

botanical nomenclature, a matter of considerable, but

by no means paramount, importance, while we have pretty

largely neglected the far more important laws of botan-

ical taxonomy. We have legislated at length in regard

to names of species, genera, families, orders, and so on

to the end of the list, while we have scarcely touched

upon the far more important question of what these

groups should be. We have been more concerned with

the chaff than with the wheat itself.

We are forced to the conclusion that we have rather

foolishly spent our time in discussing the less important

matters of nomenclature, while we have permitted an-

archy to thrive in the far more important work of the

making of species. We have had botanical congresses

which formulated laws in regard to the naming of species,

but as to the making of species each botanist is allowed

to follow his own notions without any guide whatever,

and what is worse still, without any restrictions. The
result is what we should expect. It is confusion; it is

scientific anarchy. If an indefinite number of men were

to contribute stones for a building, there being no agree-

ment among them as to shape or dimensions, what would
be the result? No worse, I am sure, than what has oc-

curred in the erection of that portion of the edifice of

science with which we are concerned to-day. It is almost

incredible that we should have permitted the present

condition of taxonomy to continue. Why mere tyros,

wholly untrained in the underlying principles of the

science of classification, should be allowed to contribute

to the confusion of taxonomy is a matter which may well

make us marvel. But there have been words of admon-
ition. Nearly thirty years ago Dr. Gray in his " Botan-
ical Text-book" spoke of the necessity of experience and
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"the critical study of the classical botanical works," and

then said "No one is competent to describe new plants

without such study." Wiser words in regard to the

question before us were never written, and had they been

heeded during the past quarter of a century we should

not have had the present condition of confusion in sys-

tematic botany. Certainly our practise of allowing

everybody, whether trained for the work or not, to deter-

mine the limits of species is taxonomic anarchy.

It is increasingly evident that botanists must insist

upon an adequate training by those who are proposing

to make and describe new species. Every teacher of

botany should impress his pupils with the seriousness

of the work of making new species, and should train

them to feel that such work should be left to the few

who are masters in the subject. The rule which goes

into effect to-day, requiring diagnoses of new species

to be in Latin, will prove a deterrent to the tyros who
would rush into print with their diffuse English de-

scriptions. In this matter, at least, we should all uphold

the Vienna code, and rigidly exclude as invalid all publi-

cation of species not conforming to it. A more effective

deterrent could be provided by. an agreement of botanists

to restrict publication to certain botanical journals,

whose editors should then exercise a revisionary control

over all publication of new species. I am well aware

of the objection that will be made to such a taxonomic

censorship, but we have gone so far in the direction of

individual liberty that it has degenerated into license,

and some such drastic measure is loudly called for.

When we had masters in botany, who were kings to

whose authority all must bow, we complained bitterly.

Now that the kings are dead the democracy of botany

is suffering from the misrule of anarchy. If democracy

will not control its subjects we shall have to return to

a botanical oligarchy, or even to a dictatorship, for an-

archy can not be endured.

Has not the time come for botanists to establish rules
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governing and restricting the making of species'? I am
convinced that the next step forward in systematic bot-

any must he the placing of limitations upon the men
who are setting up new species, compelling them to con-

form their species to the conditions which make species

necessary.

Of course this is not the time, nor is it the place, for

final action in regard to this matter, and, moreover, I

am certainly not the one to formulate rules for species-

making, yet I may be allowed to suggest some botanical

dicta or aphorisms as a short prodrome of a taxonomic

code.

1. Taxonomy is a means, not an end; it does not exist

for the taxonomists alone, but for the whole body of

botanists.

2. The first purpose of classification is to include all

individual plants in as small a number of species as

possible.

3. That classification of the plants of the world most

fully accomplishes its purpose which gives an adequate

picture of the whole in the simplest form.

4. Species have been invented in order that we may
refer to great numbers of individuals collectively, in-

stead of singly; therefore the number of species must

be far less than the number of individuals.

5. Since we make use of species for the purpose of

saving labor in making the acquaintance of plants, it

follows that those species whose limitations are so faint

or vague that we apprehend them with difficulty have

no reason for existence.

6. Scientific classification does not require that every

difference in structure and habit be made the basis of

a separate species. There must be room left for indi-

vidual variation, otherwise we should have as many
species as there are individual variations.

7. The taxonomist should look for resemblances rather

than for differences, so that he may make fewer rather

than more species.
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8. Species must be so made as to be understood ami
appreciated by the botanists for whom they are described.

A species has no legitimate reason for existence whose
limits are perceptible only to its maker.

9. Experience must tell us what limitations of species

are most convenient.

10. In making a species the guiding principle must be
,

that it shall be recognizable from its diagnosis. A species

that is not distinguishable by its diagnosis has no right

to existence.

11. A diagnosis should be brief enough to be remem-

bered readily, for this reason Linne's twelve-word diag-

noses are worthy of imitation.

12. Long and complex descriptions should never be

used for the limitation of species, and when such long

and complex descriptions are found to be necessary this

is a sufficient indication that the species should not be

made.

These aphorisms are merely illustrative, and by no

means cover the whole ground. Others will suggest

themselves, especially to those of you who have been

engaged in taxonomic work. It seems to me so desirable

that a reform in taxonomy should be instituted that I

venture to suggest that this society appoint a committee

to report upon the feasibility of restoring species to their

original importance and dimensions, the possibility of

restricting species-making to those who are competent,

and also of restricting publication to selected journals,

thus involving some kind of taxonomic censorship.
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1. Historic

The ancients knew and described plants by generic

names. Their knowledge of them was general and super-

ficial. According to Adanson, 1 Conrad Gesner, 1559,

was the first to indicate the distinction of plants into

genera and species, although this advance is also claimed

for Columna. Subsequent authors in general, for about

a century, arranged species of plants under generic

names, but without definite rules for the limitations of

genera. Mori son (1655), Ray (1682), and Tournefort

(1691), defined genera with reference to their fruits and

were followed by Linnaeus.

Ray regarded specific differences as those that are

somewhat notable and fixed and not due to cultivation

and which cultivation does not change. The way to

determine these, according to him, is to grow them from

seed, because all the differences which are found in dif-

ferent plants grown from the same seed are accidental

and not specific, but he was not always exact in following

this rule.

Tournefort declared that it troubled him very little

whether the plants he cited were species or varieties as

long as they differed in remarkable and perceptible

qualities ; Adanson approves this view, remarking that

it seems to him sufficient and reasonable.

From Linnaeus, Philosophia Botanica, 1751.

"We enumerate as many species as different forms
were originally created.

'Fam. des Plantes 1: 102. 1763.

225
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There are as many species as the Infinite Being orig-

inally produced different forms; and these forms, fol-

lowing the laws of reproduction imposed upon them,

have produced more, but always similar to themselves.

Therefore, there are as many species as there are dif-

ferent forms or structure met with to-day.

From Adanson, Families des Plantes, 1763.

The moderns define a species of plant as a collection

of several individuals which resemble each other per-

fectly, yet not in everything, but in the essential parts

and qualities, without, however, giving attention to the

differences caused in these individuals either by sex or

accidental varieties.

According to Linnaeus (Phil, bot., p. 99) "the species

of plants are natural and constant, as their propagation

either by seeds or cuttings is only a continuation of the

same species. Individuals die, but the species does not.
'

'

But we wish to make a distinction between reproduc-

tion by seed and that by shoots, offsets, corms, cuttings,

suckers or by grafting. These last simply continue the

individual from which they are taken and consequently

are opposed to the production of new species in plants;

whereas seeds are the source, of a prodigious number of

varieties, sometimes so changed that they may pass for

new species. He cites, among other examples:

"In 1715 Marchant found in his garden a new species

of Mercurialis and the following year it came from self-

sown seed
;
again, four resembled the parent and two were

so different that he made another specjes of Mercurialis.

These two new plants were cultivated and continued to

grow each year."

It is well known that without foreign fecundation in

plants that reproduce by seed, similar changes are induced

either by reciprocal fecundation of two different indi-

viduals or owing to cultivation, the soil, the climate,

dryness or moisture, light or shade, etc. These changes

are more or less prompt, more or less durable, disap-
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pearing in one generation or perpetuating themselves

through several generations, according to the number,

the force, the duration of the causes which united to

form them, etc., according to the nature, the disposition,

the customs, so to speak, of each plant, for it is to be

noted that some families do not vary except in the roots,

others in the leaves, others in height, pubescence, and

color, whereas others change more easily their flowers

or their fruit.

It is difficult to define a primitive species and which

those are which have originated by successive reproduc-

tion or been changed by accidental causes. It is without

doubt for this reason that we do not find nowadays a

number of plants described by ancient botanists; they

have disappeared, either by returning to primitive forms

or by changing their form in the multiplication of species.

For this reason the ancients knew fewer species ; time

has brought novelties ! And for the same reason future

botanists will be overwhelmed by the number of species

and be obliged to abandon them and be reduced solely

to genera!

From Lamarck, Encyclopedic Methodique, Vol. 2, 1786.

Species; in botany as in zoology, a species is neces-

sarily constituted of the aggregation of similar indi-

viduals which perpetuate themselves, the same, by re-

production. I understand similarity in the essential

qualities of the species, because the individuals which

constitute it offer frequently accidental differences which

give rise to varieties and sometimes sexual differences,

which belong however to the same species, as the male

and female hemp, in which all the individuals constitute

the common cultivated hemp. Thus, without the con-

stant reproduction of similar individuals, there could not

exist a true species.

From Eees, Abraham, The Cyclopaedia, Vol. XXXIII,
1819.

Species of Plants, in Systematic Botany, appear, as
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far as cau be ascertained from the universal experience

of those who are conversant with them, as well as from
everything that can be gathered from the records of

remote antiquity, to remain distinct from each other,

marked by their appropriate characters and qualities,

and renewing themselves periodically by sexual genera-

tion. Such being the case with all the plants of which
we have any knowledge, we conclude it to be so with the

rest, as well as with animals. The white blackbird of

Aristotle still inhabits the Cyllenian groves and copses

of Arcadia, undisturbed by the revolutions of two thou-

sand years; and we doubt not that the banks of the

Alpheus have been fringed with the same violets and
primroses, through uncounted ages, as those with which
they are now, every spring, adorned.

Various plants indeed, and especially domestic ones,

like domestic animals, are found liable to some varia-

tions of color, luxuriance, and sensible qualities, which

have led curious inquirers to doubt whether any species

are certainly permanent. This doubt could arise only

from a slight view of the subject. Whatever casual

aberrations there may be in the seminal offspring of

cultivated plants, a little observation will prove how
transient such varieties are, and how uniformly their

descendants, if they be capable of producing any, resume

the natural characters of the species to which they belong.

From A. P. DeCandolle and K. Sprengel, Elements of

the Philosophy of Plants, Edinburgh, 1821.

By species we understand a number of plants, which

agree with one another in invariable marks.

In this matter everything depends upon the idea of

invariableness. When an organ, or a property of it,

is changed neither by difference of soil, of climate, or of

treatment, nor by continued breeding, this organ or prop-

erty is said to be invariable. When, for instance, we
have remarked during centuries, that the centifolia has

always unarmed leafstalks, we say correctly, that this

property of the centifolia is invariable.
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This idea proceeds on the supposition that the species

which we know have existed as long as the earth has had

its present form. No doubt there were, in the preceding

state of our globe, other species of plants, which have

now perished, and the remains of which we still find in

impressions in shale, slate-clay, and other flcetz rocks.

"Whether the present species, which often resemble these,

have arisen from them ; whether the great revolutions on

the surface of the earth, which we read in the Book of

Nature, contributed to these transitions—we know not.

What we know is that from as early a time as the human
race has left memorials of its existence upon the earth

the separate species of plants have maintained the same
properties invariably.

To be sure, we frequently speak of the transitions and

crossings of species ; and it can not be denied that some-

thing of this kind does occur, though without affecting

the idea of species which we have proposed. We must,

therefore, understand this difference.

We perceive the Transitions of a Species, when it loses

or changes the properties, which we had considered as

invariable in the character. Thus, it would be a transi-

tion, if we had stated as an invariable character of winter

wheat (Triticum hybernum), that it was biennial, and
had an ear without awns ; and if we should remark, that

by frequent reproduction, and by very different treat-

ment, it began to assume awns, and, when sown in spring,

came to maturity during the same summer.

But this shows only that our idea of the difference

between the two kinds of grains had been incorrect; for

it is the universal rule, that the character does not con-

stitute the species, but the species the character. Species,

then, only appear to undergo transitions, when we have
considered an organ or a property as invariable which
is not so.

All properties of plants which are subject to change,

form either a subspecies or a variety. By the former
we understand such forms as continue indeed during
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some reproductions, but at last, by a greater difference

of soil, of climate, and of treatment, are either lost or

changed. When the different cabbage species receive

the same treatment in the same climate, they continue

to be frequently reproduced, without changing their ap-

pearance. But we can not on this account maintain, that

cauliflower would retain the same favorite form in very

different climates, and under a complete change of treat-

ment. It at last changes so much, that it can scarcely

be distinguished from the common cabbage. This, there-

fore, is a subspecies. Varieties again do not retain

their forms during reproduction. The variable colors

—the very variable taste, and other properties of the

kitchen vegetables, the ornamental plants, and the fruit-

trees, show what varieties are; and the scientific botan-

ist must therefore be particularly attentive to distinguish

permanent species from the variable subspecies, degen-

erate plants and varieties.

To this discrimination belongs, above all things, a

careful, continued, and unprejudiced observation of the

whole vegetation of the same plant during its different

ages, and amidst the most different circumstances which

have an influence on it. When, for instance, in the com-

mon Lotus corniculatus , on whatever soil it may grow,

we uniformly observe that it has a solid stem, even and

erect divisions of the calyx, and expanded filaments, we
must of necessity distinguish, as a particular species

from it, another form which grows in bogs and in watery

meadows, which has a much higher, and always hollow

stalk, the divisions of its calyx spread out into a star-

shape and hairy, and which has uniformly thin fila-

ments ; and we must name this latter species either Lotus

uliginosus with Schkuhr, or Lotus major with Scopoli

and Smith. As, on the other hand, the Pimpinella Saxi-

fraga grows sometimes quite smooth, and sometimes in

woods and shady meadows, considerably hairy; as it

displays sometimes simple and small stem-leaves, some-

times half and even doubly pinnated leaves; and as these
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forms vary according to the situation of the plant and

during reproduction, we can not regard these forms by

any means as distinct species, but we must view them as

corruptions.

"We see, that, in order to decide respecting the idea of

a species, an observation of many years, and of much
accuracy, is often required; and that the cultivation of

plants, from the most different climates, in botanical

gardens, is in the highest degree necessary for their dis-

crimination.

From Lindley, John, An Introduction to Botany, Lon-

don, 1832/

A species is a union of individuals agreeing with each

other in all essential characters of vegetation and fructi-

fication, capable of reproduction by seed without change,

breeding freely together, and producing perfect seed

from which a fertile progeny can be reared. Such are

the true limits of a species ; and if it were possible to

try all plants by such a test, there would be no difficulty

in fixing them, and determining what is species and what

is variety. But, unfortunately, such is not the case.

The manner in which individuals agree in their external

characters is the only guide which can be followed in the

greater part of plants. We do not often possess the

means of ascertaining what the effect of sowing their

seed or mixing the pollen of individuals would be; and,

consequently, this test, which is the only sure one, is, in

practice, seldom capable of being applied. The deter-

mination of what is a species, and what a variety, be-

comes therefore wholly dependent upon external char-

acters, the power of duly appreciating which, as indic-

ative of specific difference, is only to be obtained by ex-

perience, and is, in all cases, to a certain degree arbitrary.

It is probable that, in the beginning, species only were
formed ; and that they have, since the creation, sported

into varieties, by which the limits of the species them-

selves have now become greatly confounded. For ex-
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ample, it may be supposed that a rose, or a few species

of rose, were originally created. In the course of time

these have produced endless varieties, some of which,

depending for a long series of ages upon permanent

peculiarities of soil or climate, have been in a manner
fixed, acquiring a constitution and physiognomy of their

own. Such supposed varieties have again intermixed

with each other, producing other forms, and so the opera-

tion has proceeded. But as it is impossible, at the

present day, to determine which was the original or orig-

inals, from which all the roses of our own time have

proceeded, or even whether they were produced in the

manner I have assumed; and as the forms into which

they divide are so peculiar as to render a classification

of them indispensable to accuracy of language; it has

become necessary to give names to certain of those forms,

which are called species. Thus it seems that there are

two sorts of species: the one, called natural species, de-

termined by the definition given above; and the other,

called botanical species, depending only upon the ex-

ternal character of the plant. The former have been

ascertained to a very limited extent; of the latter nearly

the whole of systematic botany consists. In this sense

a species may be defined to be "an assemblage of indi-

viduals agreeing in all the essential characters of vegeta-

tion and fructification." Here the whole question lies

with the word essential. What is an essential character

of a species'? This will generally depend upon a prone-

ness to vary, or to be constant in particular characters,

so that one class of characters may be essential in one

genus, another class in another genus ; and these points

can be only determined by experience. Thus, in the

genus Dahlia, the form of the leaves is found to be sub-

ject to great variation; the same .species producing from

seed, individuals, the form of whose leaves vary in a

very striking manner; the form of the leaves is, there-

fore, in Dahlia, not a specific character. In like manner,

in Rosa, the number of prickles, the surface of the fruit.
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or the surface of their leaves, and their serratures, are

found to be generally fluctuating characters, and can not

often be taken as essential to species. The determina-

tion of species is, therefore, in all respects, arbitrary,

and must depend upon the discretion or experience of the

botanist.

From Nicholson, Henry Alleyne, A Manual of Zoology,

New York, 1876.

Species.—No term is more difficult to define than

"species," and on no point are zoologists more divided

than as to what should be understood by this word.

Naturalists, in fact, are not yet agreed as to whether the

term species expresses a real and permanent distinction,

or whether it is to be regarded merely as a convenient,

but not immutable, abstraction, the employment of which

is necessitated by the requirements of classification.

By Buffon, "species" is defined as "a constant suc-

cession of individuals similar to and capable of reprodu-

cing each other."

DeCandolle defines species as an assemblage of all

those individuals which resemble each other more than

they do others, and are able to reproduce their like,

doing so by the generative process, and in such a manner
that they may be supposed by analogy to have all de-

scended from a single being or a single pair.

M. de Quatrefages defines species as "an assemblage

of individuals, more or less resembling one another,

which are descended, or may be regarded as being de-

scended, from a single primitive pair by an uninterrupted

succession of families."

Miiller defines species as "a living form, represented

by individual beings, which reappears in the product of

generation with certain invariable characters, and is con-

stantly reproduced by the generative act of similar in-

dividuals."

According to Woodward, "all the specimens, or indi-

viduals, which are so much alike that we may reasonably
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believe them to have descended from a common stock,

constitute a species.'
"

From the above definitions it will be at once evident

that there are two leading ideas in the minds of zool-

ogists when they employ the term species; one of these

being a certain amount of resemblance between indi-

viduals, and the other being the proof that the individuals

so resembling each other have descended from a single

pair, or from pairs exactly similar to one another. The
characters in which individuals must resemble one an-

other in order to entitle them to be grouped in a separate

species, according to Agassiz, "are only those determin-

ing size, proportion, color, habits and relations to sur-

rounding circumstances and external objects."

On a closer examination, however, it will be found that

these two leading ideas in the definition of species— ex-

ternal resemblance and community of descent— are both

defective, and liable to break down if rigidly applied.

Thus, there are in nature no assemblages of plants or

animals, usually grouped together into a single species,

the individuals of which exactly resemble one another

in every point. Every naturalist is compelled to admit

that the individuals which compose any so-called species,

whether of plants or of animals, differ from one another

to a greater or less extent, and in respects which may be

regarded as more or less important. The existence of

such individual differences is attested by the universal

employment of the terms "varieties" and "races."

Thus a "variety" comprises all those individuals which

possess some distinctive peculiarity in common, but do

not differ in other respects from another set of individ-

uals sufficiently to entitle them to take rank as a separate

species. A "race," again, is simply a permanent or

"perpetuated" variety. The question,, however, is this

—How far may these differences amongst individuals

obtain without necessitating their being placed in a

separate species? In other words: How great is the

amount of individual difference which is to be considered
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as merely ''varietal," and at what exact point do these

differences become of "specific" value! To this ques-

tion no answer can be given, since it depends entirely

upon the weight which different naturalists would attach

to any given individual difference.2 Distinctions which

appear to one observer as sufficiently great to entitle the

individuals possessing them to be grouped as a distinct

species, by another are looked upon as simply of varietal

value
;
and, in the nature of the case, it seems impossible

to lay down any definite rules. To such an extent do

individual differences sometimes exist in particular

genera—termed "protean" or "polymorphic" genera

—

that the determination of the different species and vari-

eties becomes an almost hopeless task.

The second point in the definition of species—namely,

community of descent— is hardly in a more satisfactory

condition, since the descent of any given series of indi-

viduals from a single pair, or from pairs exactly similar

to one another, is at best but a probability, and is in no

case capable of proof.

Upon the whole, then, it seems in the meanwhile safest

to adopt a definition of species which implies no theory,

and does not include the belief that the term necessarily

expresses a fixed and permanent quantity. Species,

therefore, may be defined as an assemblage of individuals

which resemble each other in their essential characters,

are able, directly or indirectly , to produce fertile indi-

viduals, and which do not (as far as human observation

goes) give rise to individuals which vary from the gen-

eral type through more than certain definite limits. The
production of occasional monstrosities does not, of

course, invalidate this definition.

From Gray, Asa, Structural Botany, Ed. 6, 1879.

Species in biological natural history is a chain or series

- As an example of this, it is sufficient to allude to the fact that hardly

any two botanists agree as to the number of species of willows and
brambles in the British Isles. What one observer classes as mere varieties,

another regards as good and distinct species.
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of organisms of which the links or component individ-

uals are parent and offspring. Objectively, a species is

the totality of beings which have come from one stock,

in virtue of that most general fact that likeness is trans-

mitted from parent to progeny. Among the many defini-

tions, that of A. L. Jussieu is one of the briefest and

best, since it expresses the fundamental conception of

a species, i. e., the perennial succession of similar indi-

viduals perpetuated by generation.

The two elements of species are: (1) community of

origin; and, (2) similarity of the component individuals.

But the degree of similarity is variable, and the fact of

genetic relationship can seldom be established by ob-

servation or historical evidence. It is from the likeness

that the naturalist ordinarily decides that such and such

individuals belong to one species. Still the likeness is

a consequence of the genetic relationship ; so that the

latter is the real foundation of species.

No two individuals are exactly alike; and offspring of

the same stock may differ (or in their progeny may come

to differ) strikingly in some particulars. So two or

more forms which would have been regarded as wholly

distinct are sometimes proved to be of one species by

evidence of their common origin, or more commonly are

inferred to be so from the observation of a series of

intermediate forms which bridge over the differences.

Only observation can inform us how much difference is

compatible with a common origin. The general result

of observation is that plants and animals breed true

from generation to generation within certain somewhat

indeterminate limits of variation; that those individuals

which resemble each other within such limits interbreed

freely, while those with wider differences do not. Hence,

on the one hand, the naturalist recognizes varieties or

differences within the species, and on the other genera

and other superior associations, indicative of remoter

relationship of the species themselves.
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From Darwin, Origin of Species, new edition, from the

sixth English edition, New York, p. 33, 1883.

No one definition has satisfied all naturalists
;
yet every

naturalist knows vaguely what he means when he speaks

of a species. . . . The term variety is almost equally

difficult to define; hut here community of descent is

almost universally implied, though it can rarely he

proved.

From Britton and Brown, Illustrated Flora 1: VI., 1896.

A species is composed of all the individuals of a kind

capable of continuous successive propagation among
themselves.

From De Vries, Species and Varieties, p. 32, 1905, under

Elementary Species in Nature.

"What are species?" Species are considered as the

true units of nature by the vast majority of biologists.

They have gained this high rank in our estimation prin-

cipally through the influence of Linnaeus. They have

supplanted the genera which were the accepted units

before Linnaeus. They are now to be replaced, in their

turn, by smaller types, for reasons which do not rest

upon
.
comparative studies but upon direct experimental

evidence.

2. Discussion

Any method of evolution makes difficult the establish-

ment as a general conclusion, that all the progeny of a

species must belong to that species. The paleontologists

have always faced this difficulty; their species have of

necessity been assumptions, and theoretically, at least,

if the complete representation of any line of descent

could be assembled it would be seen at once that the

whole series of forms were in some way connected. The
induced mutation effected by MacDougal in Raimannia
odorata, in which plants so different from their imme-
diate parent as to appear, at least, specifically distinct
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from it, as compared with other feral species, is a notable

addition to the difficulty of maintaining such a conclusion.

As long as species were generally understood to be

relatively fixed in characters, their delimitation was rel-

atively simple, but the general understanding that all

living organisms are descended from others which were
different from them has greatly complicated the subject.

Whether the evolution has been by imperceptible pro-

gressive modifications of structure, or by mutations, or

by both methods, the result is essentially the same from
the practical standpoints of taxonomy; from these stand-

points, then, similarity of individuals must remain the

consideration to which most weight will be given in

taxonomic usage. It has been conclusively proved that

many mutants and elementary species or races breed

true in enough instances to establish the rule for at least

a number of generations ; this should not, however, in

my opinion, admit them to the category of species, which,

though necessarily difficult in delimitation, will still re-

main the practical taxonomic groups, recognizing, never-

theless, that they are made up of either relatively con-

stant or of widely fluctuating elementary components,

which, in turn, will presumably yield the species of future

geologic ages.

The recognition of the existence of incipient or ele-

mentary species or races within the composition of

species, explains, in large part, the multiplication of

species and of groups of assumed lower rank, in many
of the larger genera, nearly every taxonomist, except the

most conservative, having taken more or less part in thus

increasing the number of descriptions and of names.

They have been variously denominated species, sub- *

species, varieties, subvarieties and forms, according to

the point of view of the investigator.

Geographic distribution has been invoked as a very

useful aid in determining the limits of species. It is a

well-recognized fact that certain areas of the earth's sur-

face, some large, some small, arc characterized by types



No. 496] ASPECTS OF THE SPECIES QUESTION 239

of plants which differ from those of other areas, either

contiguous or widely separated, and, in cases where

types inhabiting- different areas so characterized are ap-

parently similar, though different, their separation or

isolation has been given weight in regarding them as

specifically distinct. No doubt this is a rational course

to pursue if it is not carried to extremes. The question

whether the environments to which the ancestors of such

types have been exposed have been the cause of their

differentiation, or whether the elementary species have

been perpetuated which were best adapted to the soil,

climate or other features of the environments, is one of

the most interesting of unsolved problems. That similar

types have for the most part come from common ances-

tors we must regard as most probable, even if now in-

habiting widely separated regions, segregated by the

disappearance of related types in intervening space, be-

ing thus remnants of the more general distribution of

the ancestral forms in earlier geologic eras.

Geographic distribution must, however, in cases of

contiguous land districts, be cautiously used as a deter-

mining factor. There are many instances in which a

species with certain well-marked characters in one region

is, apparently, at least, completely connected through

intermediate characters with what is readily regarded as

a perfectly distinct species in another region. Instances

of this kind are within the experience of every one who
has given attention to geographic distribution of plants.

I say this is apparently the case ; the conclusion is based

on long series of herbarium specimens and on field obser-

vations made over large areas of country. Neither of

these methods of information is wholly satisfactory,

because the herbarium series must necessarily be limited

in the number of specimens, and also because the field

observations have to be taken at different times and usu-

ally at widely separated intervals. Still, the consensus

of opinion of plant geographers leans strongly to the

existence of intermediate forms in intermediate regions.
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Some of these are almost certainly hybrids, but it would
not be safe for us to conclude that they all are. Some
light has been thrown on this question by the growing

of the extreme forms side by side, and more informa-

tion can doubtless be thus obtained, the principal diffi-

culty being that the environment of the one is often fatal

to the other. A better method would be to grow the

two apparent extremes within the natural environment

of the apparent intermediates.

3. The Taxo,nomic Treatment of Groups assumed to

be of Lower Rank than Species

There is perhaps no taxonomic subject on which

greater diversity of opinion and practise exists than in

the arrangement and nomenclature of groups of individ-

uals not accorded full specific value. The relationships

of these groups to the group assumed to constitute the

species proper, and the nomenclature of these subsidiary

groups, vary all the way from regarding them all as

species, to regarding some of them as subspecies, some

as varieties, some as subvarieties, others as forms, while

even finer distinctions have been attempted, and elabo-

rate monographs of many genera have been written in the

attempt to express descriptively these interrelationships.

It has been very evident that these described groups

are of unequal value, some resembling the assumed typ-

ical group more, some less, and in a good many instances

very little. The general result of these attempts to dis-

sect nature has been embarrassing, because when a sub-

sequent student takes up the group he is wholly unable

to determine from any descriptions that can be written

where any given individual would have been grouped by

the previous author, unless he has access to the ..ctual

specimens which the previous author studied, and the

subsequent student also finds that the examination of a

large number of different individual specimens from

those studied by his predecessor contains some which
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do not fully agree with any one of his predecessor's de-

scriptions, or he finds that some of his specimens agree

about as well with one of the groups recognized by the

previous author as they do with another. This result

shows conclusively that for practical taxonomic pur-

poses it is not desirable to attempt to define a great many
of these minor groups. The tendency has been brought

about, I believe, by the instinct of many investigators

that everything in nature must be named and described,

but nothing is to be gained by permitting this laudable

purpose to run to extremes.

It is evident, I think, that our taxonomy has been

based on the fundamental error that the plant world

is to be regarded as divisible into smaller and smaller

groups, rather than following nature and proceeding on

the theory that it is built up of greater and greater ones

;

the science should be synthetic rather than analytic.

The synthetic theory will give our observation and ex-

perimentation a different significance and enable us to

comprehend some of the phenomena now masked by the

analytic method of attack.

If, as now seems more probable than a few years ago,

species are made up of elementary species, or races, and

that these are being increased by mutation, there can be

no end to the number of such groups produced. As
to the designation of these groups, I suggest that the

term race be employed. This has long been used to

designate what have been called self-perpetuating vari-

eties, which appear to me to be identical with the present

conception of elementary species, and its application may
readily be widened. The term variety loses its signifi-

cance, because it is usually quite impossible to tell how
any given individual or group of individuals has arisen,

or from which species it has sprung. The term form could

be used instead of either race or elementary species, but

it has had such a trivial significance in literature that

race seems to be preferable. Subspecies implies divisi-

bility, and is, therefore, an undesirable term.
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In conclusion, I submit the following propositions

:

1. The individual is the taxonomic unit, usually un-

designated.

2. Similar individuals constitute a race.

For general taxonomic purposes races need not be

designated; the conception and description of the species

is broad enough to include all races of which it is com-

posed. There will never be complete uniformity of

agreement as to the distinction between races and species,

any more than there will ever be complete agreement as

to the limitations of genera. It is futile in science to

attempt to lay down principles which interfere with indi-

vidual judgments. For special purposes the races may
be designated numerically, as, Quercus alba, race 2;

Oenothera biennis, race 12 ; Bursa Bursa-pastoris, race 17

;

Draba verna, race 104. There are doubtless many in-

stances where the species is composed of only one race,

just as we have monotypic genera composed of but one

species.

3. Similar races constitute a species, the species des-

ignated binomially.

4. Similar species constitute a genus, the genus des-

ignated monomially.



THE PHYSIOLOGIC ASPECT OF THE SPECIES
QUESTION

PROFESSOR J. C. ARTHUR

Purdue University

Xot being sure of what ground might already be

covered by the speakers who have preceded me on the

program, I take the liberty of presenting my matter

after giving thought to what has been said ; and I find in

mentally reviewing this— that the species concept as

presented by the previous speakers does not embrace the

whole field as it is forced upon me in my every-day work.

I am especially surprised at this, because the first speaker,

under whom I secured my elementary training in botany,

is very particular in giving instruction to his pupils to

begin with the one :cell plant and to work up from the

simple to the complex. Yet, so far as I could ascertain

in listening most carefully, he has not now taken into con-

sideration a single one of the simple plants of which he

knows there are many thousand times as many as there

are of flowering plants, therefore I seem to be left some-

what adrift for my presentation.

I will not attempt to give any historical aspect of the

question, but to take it up from the point in which it

appeals to me in my every-day work, for it is a problem

that I have been obliged to meet, and as I have met it,

I will present the results to you.

As I understand it, we are taking up the question of

the species concept. I thought it quite well worth while,

in looking up the matter, to see what a man who has en-

tirely changed the aspect of the subject within not so

very many years might say as to what he considered a

species concept, and so I very carefully again looked

through my copy of Darwin's "Origin of Species." If
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a man were going to revolutionize the world of thought

he certainly, I assumed, would give a definition of the

subject he is going to treat. But I could not find a

word as to what Darwin meant by species. He writes

as if all the world knew what species are. Yet I did

find this in the latter part of the last chapter; he says,
'

' And now we shall be freed from the vain search for the

undiscovered and undiscoverable essence of the term

species." Consequently, here we are, tracing a will-o'-

the-wisp. And yet, it seems to me, there must be some-

thing that we are all thinking about when we say species.

There must be some workable idea. Of course I know
that since Darwin's time and the vast accumulation of

knowledge in reference to heredity and variation, to say

nothing about other physiological aspects proper, our

ideas have decidedly changed. Still, as I look over

the actual work being accomplished in determining the

number and the extent of the species of plants in the

world, I do not see that our practise especially differs

from the pre-Darwinian practise. We have a theoret-

ical idea of what species are, but practically we describe

them for the most part in the same pre-Darwinian terms,

the really Linnean terms, so far as many of us can,

although we do not adhere to the Linnean brevity.

Nevertheless, there are some instances in which it seems

necessary to deviate from this practise, if we wish to

handle our subject in such a way as to make it useful;

for I assume, in the first place, that whatever the species

concept may be, it is something which enables us to

present ideas or problems in a better form than we could

otherwise accomplish. At any rate, the idea of a species

is a mental tool of some sort.

To take up the purely physiological aspect; possibly

it was the study of bacteria which forced this phase of

the question upon us for the first time. I judge that it

came largely from the fact that bacteria are so very

minute. What could one do if he were going to describe

the thousands of species of bacteria simply as plants,
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with genera aud life history as in the case of other

plants ? In the first place, morphological characters are

too ill-defined, if indeed they exist, and so he was forced

to devise some other means of discrimination. This

means was at first almost purely physiological. It

largely depended upon the behavior of the individual

sorts, or the groups of individual sorts, to certain nutri-

tive processes. It depended upon what kind of media

the bacteria grow upon, the temperature, and access to

oxygen. Upon these physiological results in large part

have been built our vast knowledge, economic very

largely, of the many kinds of bacteria which are desig-

nated as species. But we may pass by the bacteria for a

time and take up the larger organisms. I think the ones

that are most useful in this connection are the strictly

parasitic forms.

There is no more interesting and better understood

group at the present time than the plant-rusts. The
forms are sufficiently large to furnish a variety of species

and genera exhibiting morphological characters, and yet,

being strictly parasitic, are particularly restricted by the

nature of the substratum. I will give one or two in-

stances to illustrate. There is a group of forms— I will

admit that I hardly know what terms to use in speaking

of them, but I will say a group of forms—which grow
upon the various species of Carex. It is found that by

taking rust spores from a single host of any particular

Carex and sowing them upon an Aster, or a Solidago or

an Erigeron, they will grow upon one of these genera,

it makes not much difference what the species, but not

upon the other two. Now if spores are taken from

another Carex, the spores being so exactly like the former

that they can not be distinguished by any visible char-

acters, and sown upon plants of the same three genera,

they may grow upon a different one than in the former

instance, but not upon the remaining two. Thus finally

we will get three sets of forms, one growing on Aster,

one on Solidago and one on Erigeron, which can not be
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made to interchange, although they possess no evident

morphological differences. This result depends, as I

assume and as seems to he pretty well authenticated

by all the researches, upon a question of nutrition. It

does not depend upon any peculiar structure of Aster,

Solidago or Erigeron; but here we have three genera

which furnish different kinds of nutritive matter, or in

some way differently affect the nutrition of the fungus,

so that a fungus which has adapted itself to live upon
one of these generic groups of plants will not live upon,

or can not live upon, the other. It is a very nice adjust-

ment to a particular kind of nutriment ; I think we are

quite well assured of that fact.

Now, the question arises, are these three species! If

you choose to look up the literature, you will see that

the speaker has described them as three species under

three independent names. That does not mean that he

believes they are truly three species, but that it was a

convenient way of designating the three physiologically

different kinds until a time when the matter could be

more fully considered. Now, are these three species?

Well, to confess to you, not to say it too loudly, I do not

believe they are. They are not three species in the gen-

erally accepted sense because they can not be distin-

guished morphologically. What then is, or should be,

our conception of a species ? Is it something to be dis-

tinguished physiologically or morphologically, or in both

ways? This is not a hypothetical question, because the

literature of the subject that I represent is very full of

descriptions of species based entirely or partially upon

physiological data, and I am assured that we are not

alone in this method of describing species.

If I understand aright, the ornithologists, at least

some of them, are willing to assert that species may
differ by characters which can not be described by words

[laughter] ; that is to say, you will know the species

when you see it, but you can not describe it in any lan-

guage by which another person may recognize it. I
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think that this is not a joke, hut that it is really stated

in earnest; because, I read it in Science. [Laughter.]

But I fancy hotanists have not gone quite that far.

Now, just another instance that arose during an ex-

tensive series of culture studies; that is the case of the

Helianthus rusts. They have been described according

to the host plants on which they grow. Each species

of Helianthus and its close relatives appear to bear

a distinct kind of rust, which acts in cultures as if it

were an independent species. Yet any and all of these

will grow on Helianthus annuus, a so-called bridging

host. Are these different species different biological or

physiological species, or simply forms or races'? Pos-

sibly it would be well to refer them to some sub-category,

as Dr. Britton has suggested.

I think when we come to study other parasitic forms

thoroughly we shall find this condition equally true, for

instance, in the genus Cuscuta among flowering plants.

Furthermore it is probably true in many cases of plants

which are not parasitic. We had an illustration this

morning in the cultures of Penicillium exhibited by Dr.

Thorn, where characters of taxonomic importance were

developed according to the medium on which the fungus

was grown.

It seems highly probable that a physiological cause

for variation, which may be considered as specific under

many circumstances, could be traced throughout the

vegetable kingdom. For purposes of study I assume
that in most cases of physiological species, they may
develop in the course of time into true taxonomic species,

having distinct morphological characters, and that in

cases such as I have enumerated, we are dealing with

nascent species. The rules which have been laid down
in the presentation of the subject by the previous

speakers apply more particularly, I think, to forms well

differentiated morphologically. But due recognition

should be given to forms of physiological origin, as I

have shown. Finally, I would say, at least it is a rule
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which I have formulated for my own guidance— it.was a

necessity that I should formulate some rule—that species,

which are concepts, as I take it, for our convenience in

discussing the various questions pertaining to plants,

should be distinguished by sufficient morphological char-

acters, the distinctions based upon physiological differ-

ences having subspecific rank. "What constitute suffi-

cient morphological characters must be left to the indi-

vidual judgment.



THE PHYSIOLOGICAL ASPECT OF A SPECIES

DR. D. T. MACDOUGAL

Carnegie Institution op Washington

The simple recognition of different kinds of plants

must be of great antiquity, and perhaps no single idea

affords a better index of scientific thought during the

last few centuries than the species conception. The
occasion does not warrant a detailed statement of its de-

velopment farther back than the time of Linnaeus, who
gave the idea a distinctly morphological stamp which it

has retained to the present day. His systematization of

natural objects marked the beginning of a period in

which the morphological view of nature has prevailed

throughout, the mechanics of form reaching its very

apotheosis in the writing of De Candolle, De Bary, Hof-

meister, Schwendener and a score of other eminent in-

vestigators who have triangulated the field of natural

history of plants, basing relationships and constructing

systems of phylogeny upon pure form, and upon the

mechanical relations of cell-structure.

A century since, the ideas of continuing origination

and endless evolutionary change took on definiteness and
clearness with the writings of Lamarck, and this has

grown until a distinctly vitalistic and genetic view-point

has been gained, with the inevitable rearrangement of

perspectives and modifications of conclusions as to the

groupings and manner of relationships among living

things.

Latterly, after statistical methods had reached a state

of fair efficiency, their introduction into the study of

occurrence, characters, distribution and form, has re-

sulted in leading consideration from the type or the indi-

vidual, to aggregates, or to the whole mass of individuals
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of a group, by which amplitude of variation and mode
of ontogenetic procedure may be accurately outlined.

The development of this aspect of natural history has

been followed by a truer estimation of capacities and
activities as attributes of organisms, with the result that

even morphology has come to be based upon physiolog-

ical principles, upon which alone it may make further

material progress.

The groups with which the physiologist deals in the

detection of activities, estimations of functions and

measurements of performance, consist of a series of

generations of individuals through which identical qual-

ities, characters and capacities are transmitted uniformly

within the limits of fluctuating variability. These

groups may sustain the most diverse relationship and

all possible degrees of affinity, but differ essentially in

their physiological response to any given environment

under permanent existence in it.

To test such conceptions of hereditary entities implies

pedigreed cultures, or observations upon lineal series

under known conditions of descent, hybridization opera-

tions and statistical estimations. The various qualities

do not display themselves equally throughout the meta-

meres of the sporophyte, and it is by no means to be

assumed that the flower, or the terminal portion of the

shoot surviving at maturity, is a compendium of the

various developmental stages. Nowhere is this more

beautifully apparent than in intermediate hybrids of the

first generation, in which the qualities of one parent pre-

dominate in the leaves and the other organs of the first,

or lower internodes, while those displayed by the upper

terminal portions of the stem and flowers may be those

of the other parent. Exemplifications of this fact have

also been observed, in which the internodes and the

organs formed during the first season's growth in two

nearly related forms were widely different, displaying di-

vergent structures and different "nasties" and tr'opisms.

During the second year's growth, the organs formed
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would be so nearly alike as to be in themselves inade-

quate for the separation of the two by ordinary taxonomic

methods. These facts, which have been illustrated more

than once in my own cultures, are quite at variance with

the supposition that closely related forms are most alike

in the seedling and younger stages and most divergent

in the members of the adult formed latest.

Another form of transgressive variability is found

when some descendants of individuals belonging to strain

A, are apparently but little separated from B. Morpho-

logically this would appear as an intergradation, but in

reality the resembling individuals are divided and

divisible into two groups, each carrying its own inherited

potentialities, and in their progeny arranging themselves

more or less symmetrically around the form of the strain,

race or species. That the inclusion of the two is widely

different may be illustrated in a striking manner by

their action when crossed by a third form.

It can not be maintained that taxonomic thought has

accurately or quickly reflected these modern estimations

of the nature of living forms, for the very magnitude

of the system necessary for the expression of relation-

ships operates to prevent anything like a rapid or ac-

curate adjustment.

Taxonomy is an eminently practical phase of botany,

and it may reach its greatest general and total usefulness

by confining its practise to the delineation of readily ap-

preciable entities whether they be "natural" or "arti-

ficial."

So far as investigation in genetics and in the general

functional activities of plants is concerned, however,

progress is to be made only by increasing precision of

measurement, and refined exactness of method of estima-

tion of the qualities and characters concerned in the

activities of the organism in both heredity and functional

performance. The realization of this requirement comes

but slowly. There are writers who still insist that the

intricate pattern woven by the plant during its ontogeny,
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as determined by micrometric measurements, develop-

mental observations, experimental tests and statistical

estimations upon the aggregate of the group, shall be

capable of demonstrations by the foot rule and hand lens

applied to the apical structures exhibited by a single in-

dividual of the mature sporophyte, as if the pedometer

and hand compass were adequate for testing the results

of a triangulation made by the transit and steel tape.

In other words, botanists of academic habit will with the

greatest gravity attempt to read out of existence, and

estimate of no importance, hereditary groups of organ-

isms unless they conform to certain illy defined arbitrary

standards.

Taxonomic thought rounds its broadest conceptions

when its conclusions are based upon the aggregate of

individuals within natural groups, and embody onto-

genetic procedure, environmental relations, heredity,

evolutionary change and comparative functional per-

formance. So organized it might rightly lay claim to

being "philosophical botany," and would include an

orderly arrangement of all knowledge of plants, and

would form the basis upon which all researches might

be founded.

Taxonomic practise is quite another matter
;
hampered

as it is by an outworn and mediaeval method of giving

names to living organisms, it is doubtful as to how far

we might demand of it that it discriminate among the

many degrees of relationship which reveal themselves

in capacities and performance as well as in refinements

of form. The more thoroughly and accurately however,

that it takes into account the total sum of the attributes,

qualities and capacities of the plant, the greater will be

the value of its conclusions, and the greater will be the

service it may render to coordinate branches of botanical

science.



AN ECOLOGIC VIEW OF THE SPECIES
CONCEPTION

PROFESSOR FREDERIC E. CLEMENTS

University of Minnesota

I. Past and Present Practise in Species-making

The species may be either a means or an end; prop-

erly it is both. In descriptive botany, these two uses

of the species have often been confused. The describing

of new species has come to be recognized as an end in

itself, while it should be nothing more than a necessary

preliminary to further and more important botanical

study. The interest of the ecologist in the proper recog-

nition and naming of species is necessarily greater than

that of nearly all other botanists. To him species are

an indispensable means in the study of vegetation. On
the other hand, the search for the definite results of

adaptation and evolution, which is his final work, leads

him inevitably to the species as an end. It is this double

significance of the species for the ecologist that makes

him peculiarly concerned about its treatment. So long

as he uses the species only as a means, he is not greatly

confused, except as a consequence of the fact that species

are habitually made in the herbarium upon a small num-

ber of specimens, while he meets them as hundreds and

thousands of variable individuals. His serious troubles

begin with experimental work in adaptation and evolu-

tion. It quickly becomes evident that species so-called

are widely different in rank, origin and relationship.

Some are clearly species in the usual sense, while others

are merely variations and forms of these. The ecologist

thus comes to look with doubt upon all species. He
accepts them reluctantly and provisionally until they

meet successfully the test of experiment.
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Even a casual survey of the practises in species-

making during a century or more shows little or no
uniformity of criteria or results. A comparison of

methods in the different plant groups is even more stri-

king. This lack of uniformity is found not only in the

work of botanists in general, but even in the work of

the same botanist. The consequences in the form of

unequal and invalid species have been almost innumer-

able. This is particularly true of the fungi. To one

familiar with them, it seems certain that the number of

valid species is considerably less than half the number
published. Attempts to guide the descriptive botanists

and to make species more definite and uniform have not

been wanting. A few of these have been noted, in order

to show how little effect they had, even upon their own
authors, and how utterly impossible of application they

are without the test of experiment.

The criteria proposed by Ray were permanence of

form and appearance, and non-fertility with other species.

This appears to be little more than an attempt to justify

the practise prevalent under the dogma of special crea-

tion. Mere observation could give little support to either

criterion, and the thought of experimental support was

scarcely dreamed of. As a pioneer in evolution, La-

marck gave a definition of the species, which would be

expected to warrant more than passing interest. He
defined a species as a "collection of similar individuals

which are perpetuated in the same conditions as long

as their environment is not changed sufficiently to bring

about variation in their habits, their character or their

form." It is clear that the whole value of this definition

depends upon the significance given to the word varia-

tion. Lamarck, in his strong feeling for adaptation, hit

upon the two essential facts, environment, and variation,

but his application of these criteria was purely academic.

It is a significant fact that Darwin should have written

the " Origin of Species" without pointing out just what

he meant by a species. His task was to prove origin
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by descent as opposed to origin by special creation. For

this purpose, it was unnecessary as well as impossible

to define a species or to discover the method by which

it originates. Darwin regularly used the terms species,

subspecies and variety, but he did not draw a definite and

constant line between them. De Vries has taken the

first definite step in advance by the use of experiment

to determine a species. It remains to be seen whether

his concept of elementary species will clarify or confuse.

It can not be accepted even provisionally until much
more experimental work has been done.

In the last decade or two, conservative American botan-

ists have often expressed the view that proper specific

characters can be drawn only from the flower and fruit,

or from the reproductive parts, whatever they may be.

Since this has sometimes been said to have been Dr.

Gray's view also, it seemed that it would be both profit-

able and interesting to compare the criteria of conserva-

tive and radical describers of species in the same family

and genus. Time was lacking for a thorough and com-

plete comparison, but in the few families selected the re-

sults seem representative. It was quickly seen that

many current species accepted by all were not based upon
reproductive characters, and that some of the most doubt-

ful of recent ones were. It further appeared that, while

habit, leaf, stem, etc., played slightly more important

parts in later work, there was little essential difference

in the kind of criteria used. The striking difference lay

in the fact that the new species segregated are based upon
much smaller variations of the parts concerned, as a

rule, and are consequently much more difficult to distin-

guish when represented by many individuals.

The ecologist finds it a necessity to be able to distin-

guish and to refer to any difference represented by a

number of individuals. A form or a variation is just

as important to him as a species, and often presents a

better point of attack. He must consequently be partly in

sympathy with the present tendency of descriptive bot-
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any to search out and describe all groups that are dif-

ferent, regardless of the degree of difference. He must,
however, know the relationship of these groups, i. e.,

whether they are coordinate species, forms or what not.

To publish them all as binomials regardless of their rank
completely hides their relationship to species already in

existence. It is easy to understand that this has resulted

partly from the fact that a trinomial is longer and hence
less convenient than a binomial. Convenience is much
less essential than accuracy and clearness, and must
eventually yield to permit the regular use of the trinomial

to designate the various differentiations of a species.

The treatment of all groups below the genus as essen-

tially coordinate is due even more to the fact that ques-

tions of ancestry and of origin enter all too rarely into

the making of new species. These are questions that

can be settled only by the most extensive and intensive

field work, followed by thorough experiment. For such

work there has as yet been almost no time or sympathy,

as is shown by the all but hopeless melange of so-called

new species.

II. Bases for Distinguishing Species

The universal basis for distinguishing species has been

the degree of morphologic difference. Physiologic and
ecologic differences have but rarely been taken into ac-

count, except in such groups as the bacteria. The mor-
phologic treatment is based upon the fundamental fact

that stable structures are ancestral, and plastic ones de-

rived. This has led to the basic principle that repro-

ductive characters are of greater worth than vegetative

ones. With this the ecologist is in full accord theoret-

ically, but he would wish to have experimental evidence

before accepting it as universally true. In fact some of

the little evidence at present available indicates that this

rule must permit some exceptions. It must constantly

be borne in mind, especially by those who believe that

evolution is always a question of the germ-plasm, that
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vegetative features alone are present in the blue-green

algae and many of the fungi. It is evident that the

method of morphologic differences greatly facilitates the

provisional cataloguing of a flora, but it suffers from

a universal and serious fault. This is the use of a few

herbarium specimens in lieu of a large number of field

individuals. Practically every collector selects a few

individuals that appear typical, while for the purpose of

scientific species-making he should collect as complete a

series as possible of divergent individuals. Even if this

wei*e done, the ecologist must continue to regard the

method as a mere preliminary, which serves to arrange

the material and hence to facilitate the real study of

species.

Closely connected with morphologic difference is the

question of the absence of intermediate forms. This

appears to have played a more important part in zoology

than in botany. In the latter case, at least, it seems

often to have been taken for granted as a necessary con-

sequence of structural differences. At best, it has regu-

larly been a question of intermediate forms in the her-

baria and not in the field.

Constancy as a criterion of species is also but another

phase of morphologic difference. As such it seems to

have been used chiefly to designate uniformity of differ-

ence throughout the individuals concerned. The con-

stancy of a structure from one generation to another, or

from one habitat to another has been given little atten-

tion in species-making. Yet it is precisely these which

are of fundamental importance. This fact, however,

makes it at once evident that constancy is something that

can only be determined by combining the most extensive

field observations year after year with experiments in

various habitats. This makes it clear that our present

knowledge of constancy is almost purely theoretical, and

that it is profitless to discuss it in our present ignorance

of it.

To the ecologist, then, the usual bases for distinguish-
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ing species, viz., degree of morphologic difference, ab-

sence of intermediate forms, and constancy, are entirely

inadequate. He sees three critical facts in the develop-

ment of a new species or any new form: (1) ancestry,

(2) habitat or method of origin, (3) structural changes,

very rarely functional ones. None of these can be studied

adequately anywhere but on the ground. The first two

are purely experimental questions. While the most thor-

ough field study is a necessary preparation for them,

they can never be decided except by experimental

methods in the field. Apart from the study of the origin

and structure of vegetation, the fundamental task of the

ecologist is the experimental investigation of the origin

of new forms, the so-called species.

III. Ecologic Procedure

The questions of what a species is, what are species

and what are not, and of the origin of species and of

forms must then be decided by experiment. The method

of attack is easily determined, but the procedure is super-

latively slow and laborious, and the demand upon time

and patience unlimited. In spite of his inclination, the

ecologist finds it necessary to accept as a working basis

the species at present distinguished. His first task is to

discover those that seem to give the best promise of re-

sults under experiment. The procedure consists of two

essential processes: (1) field observations throughout the

habitat of the species concerned and (2) experiment. The

latter is the crux of the whole question. It consists of

three steps: (1) the exact measurement by instruments

of the original habitat and the new one, (2) the experi-

ment itself and (3) the measurement of results, i. e., the

determination of the degree of morphologic and histo-

logic difference. The detailed procedure in each of these

has been given in " Research Methods in Ecology" 1 and it

is unnecessary to repeat it here. It is sufficient to indi-

cate that experiment should proceed whenever possible

1 Research Methods in Ecology, 25, 145.
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along three parallel lines, which have been designated

as (1) natural experiments, where advantage is taken

of natural movement into new habitats, (2) habitat cul-

tures, where reciprocal plantings are made in original

and new habitats, and (3) control cultures, where the

experiments are carried on in plant-houses, where they

can be controlled and directed at will. In addition to

this, definite experiments for the determination and pro-

duction of constancy are of fundamental value. In

regard to the evaluation of the new form when once

produced, it will suffice here to state that this should be

concerned both with the individual and with the group

of individuals. The proper determination of the latter

is the task of biometry, when it has attained the neces-

sary development.

For the preservation of the results obtained by the

ecologic methods briefly sketched above, an evolution

herbarium is proposed. It is felt that the usual taxo-

nomic herbarium will have its usefulness restricted more
and more to the preservation of types, and to the pur-

poses of instruction. The evolution herbarium will be

the record of field observations and experimental results.

A species or a form will be represented in it by all the

variations that can be discovered, and each variation by
a large number of individuals. The new forms produced

by nature, and by experiment in nature or under control,

will likewise be adequately represented. This repre-

sentation will take the form not only of the usual dried

specimen, but of photographs, drawings, slides, pre-

served materia], etc. With all this, however, the evolu-

tion herbarium is still to be regarded as a record merely.

It is not to replace the taxonomic herbarium as a mass
of working material to be shuffled about and made into

species. It is a repository of species and forms when
they have finally been determined by experiment.
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IV. Nomenclature and Treatment op New Forms
Enough has been said to indicate clearly the ecologist's

view of species, both valid and otherwise. He is vitally

interested in the species' ancestry, its method of origin

and the factor concerned, as well as in the result, which
is the species or form itself. Until his experimental

study of these points makes it possible to distinguish

species from minor groups, or shows that the species

concept is a mistaken one, it is useless to debate whether

the resulting form is a species or not. In fact, the status

of the result must await the determination of ancestry

and origin in every case, and we may well call all the

results forms until this has been done for each.

The question of ancestry resolves itself at the outset

into one of old forms or of forms newly produced. The

production of a new form from an old or existing one

by properly checked experiment at once gives the an-

cestry of the former. Here, where the whole experiment

is under our control from beginning to end, we may con-

centrate our attention upon the method of origin and

the factor concerned. The discovery of the ancestor of

an existing form or species is often a much more difficult

matter. Until the ancestry is determined, it is useless

to try to ascertain the method of origin, and the factor.

When the form bears the distinct stamp of sun or shade,

of a wet or dry habitat, or of hybridation, etc., our search

is narrowed at once to deciding what species gives the

most promise of being the parent form. When there is

no distinct stamp, we must first look for the most promis-

ing species, and then try the various methods and factors

experimentally until the form sought is produced. How
often the ancestry and origin of accepted species can

be worked out in this way remains to be seen. Results

already obtained show that this method works perfectly

in the few cases tried, and that it may be expected to

prove successful in many cases. When a complete series

of trials of suspected parents does not give the form

sought, it seems fair to assume that these and the species
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sought are more or less coordinate. In this process, it is

probable also that light will be thrown on the question

of their derivation from a common stock or from two

or more stocks.

The four methods by which new forms originate have

been discussed before this society in a paper read last

year. These have also been given in some detail in print2

and are so generally well known to botanists that de-

tailed consideration of them is unnecessary here. These

four methods are adaptation, mutation, variation and
hybridation. Variation alone has not yet been certainly

established by experiment as a method by which new
forms originate, but the evidence of it is so strong that

it amounts to presumptive proof. It seems certain that

for plants at least it is not the principal method, as

Darwin thought, and that it is probably much less im-

portant than adaptation, and probably also less impor-

tant than mutation. It is, however, a much more obscure

process, and it is impossible to tell in the absence of any
critical experiments just what it is, or what its impor-

tance may be. • Darwin has said: "I have spoken of

variations sometimes as if they were due to chance. This

is a wholly incorrect expression. It merely serves to

acknowledge plainly our ignorance of the cause of each

particular variation." The exact measurement of

habitats has made it clear that minute variation in the

factors of the habitat is a very important if not the ruling

cause in the production of minute variations in structure.

In the case of the minute initial variations shown by the

individuals of a group, it is impossible to tell at present

how much is due to heredity and how much to causal

variation of the habitat. It seems probable that the

former may control in some forms, and the latter in

others. Furthermore, while hybridation stands apart

sharply from the others as a process in which existing

characters are mixed in some degree, it is becoming more
and more probable that adaptation, variation and muta-

2 Research Methods in Ecology, 147; Plant Physiology and Ecology, 185.
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tion are only different phases, perhaps merely differ-

ences in degree, of the fundamental struggle between

heredity and environment.

Forms arising by adaptation have been called ecads,

those from variation, variants, and those from mutation,

mutants. With the familiar term hybrid for the pro-

duct of hybridation, we are able to designate in a

general way the forms originating by the four methods.

The ecologist, and sooner or later the whole botanical

world, must have some definite way of naming each par-

ticular form. It is possible to take no further thought

about the matter, and allow this nomenclature to grow
in the same random, unscientific fashion that nomencla-

ture has always grown. It seems highly desirable, how-

ever, to consider the requirements of the case, and make
suggestions as to the best method of meeting them. The

first essentials of a name are that it should be as short

and as significant as possible. For our present purpose,

the name of each form should indicate the ancestry and

the method of origin, and, when it is known, the causal

factor. Many ways of securing this result have been

considered for each method of origin. This may be illus-

trated by the following list, showing several possible

ways of naming the shade ecad of Galium boreal e.

1. Galium dubiosum n. sp.

2. Galium boreale dubiosum.

3. Galium boreale.'

4. Galium borealades.

5. Galium boreale scias.

The first method, which is that of descriptive botany

at present, indicates nothing of ancestry, origin or factor.

The second gives merely the ancestry, as does the third.

The fourth gives both ancestry and method of origin,

the patronymic suffix -odes referring to ecad. The use

of a suffix has much to commend it, particularly the fact

that it makes it possible to designate the forms of a

species by means of a binomial. Its use, however, has

practically been made impossible by the senseless names
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that have too often been given species. The fifth method,

though requiring the use of the trinomial, is the best.

It has all the brevity possible, and yet indicates ancestor,

method of origin and factor concerned. It is interesting

to note that this problem was worked out in 1902 in essen-

tially the same fashion. 3 The shade form of Galium

boreale was then called Galium boreale hylocolum. The.

present method has the advantage of brevity, and of

referring directly to the causal, factor concerned in pro-

ducing the ecad rather than to the habitat as a whole. It

is a relatively simple matter to recognize and produce

sun and shade ecads, wet and dry ecads, but ecologic

analysis can hardly go further at present. Consequently,

the use of scias, helias, xeras and hydras, denoting re-

spectively shade form, sun form, dry form and wet form,

will not only enable us to designate all new ecads briefly

and conveniently, but it will also reveal the ancestor,

method of origin and causal factor at a glance.

After much puzzling, it seems that it will prove diffi-

cult, if not impossible to improve upon the conventional

method of designating hybrids, viz., Galium boreale X
triftdum. Until more is known of variants, it is proposed

to designate them by a brief and applicable trinomial

term, e. g,, Galium boreale exiguum. While this is the

usual trinomial, it would at once reveal the method of

origin, as well as the ancestor, by virtue of the fact that the

other three methods of origin have their proper trinomial

form. In our present knowledge of mutants, it seems

impossible to take the cause into account. The sugges-

tion is accordingly made that the mutant be named with

reference to its most striking characteristic, the trinomial

term to bear the prefix per, very, referring to the salta-

tory nature of mutation, and thus denoting the method
of origin. The value of these suggestions may be indi-

cated by comparing the trinomials thus formed with the

corresponding binomials.

3 Herbaria Formatiomim Coloradensium.
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Cerastium oreopliilum— Cerastium striatum scias: ecad.

Verbena intermedia— Verbena stricta X hastata: hybrid.

Aquilegia jamesii= Aquilegia coerulea peralba: mutant.

Macluzranthera aspera= Machceranthera viscosa aspera: variant.

In concluding, the ecologist will confess frankly that

he does not know what a species is. On the other hand,

he is certain that he knows some of the things it is not,

and that the species of the descriptive botanist comprise

several widely different things. Just what these are and

what their relation to species, if there are such, is a

matter to be decided by experiment alone. The ques-

tion of what a species is can not even be answered pro-

visionally until a sufficiently large number of experi-

ments have been made to indicate the regular procedure

in the origin of plant forms and to reveal the principles

that control it.



AN ECOLOGICAL ASPECT OF THE CONCEPTION
OF SPECIES

DR. H. C. COWLES
University of Chicago

In the discussion of this question I do not feel myself

hedged in by any limitations, since no one pretends to

say what are the bounds of ecology. Indeed, to define

a species may be regarded as an easy task, compared
with the task of one who sets out to define ecology. And
so this occasion affords me a pleasant opportunity to

present some views for which I have long desired an

audience like this.

It is coming to be realized that the problems of physiol-

ogy and ecology are essentially identical, not alone in

the matter of the species concept, but in all respects.

Physiologists and ecologists have come to feel that the

experimental method furnishes the only adequate test

for determining the validity of species. The method of

approach has differed with the point of view, and it is

the physiologist who has given most emphasis to the

fundamental importance of experimentation. The ecol-

ogist, on the other hand, has brought in the rich contribu-

tions of field observation. It is only recently that each

has recognized the imperative necessity of the method

of the other, and it now seems possible to predict that the

fundamental method of the future is to be field experi-

mentation combined with observation. No one realizes

so well as does the ecologist the inadequacy of laboratory

experimentation in the settlement of field problems. The
ecologist feels that the species problem is essentially a

field problem, and hence incapable of final settlement,

either in the herbarium or in the laboratory. Yet it is

the exact methods of the laboratory carried into the

265
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field that give promise of the solution of the problem of

species.

Perhaps no phenomena bring the principles just

enunciated into more clear relief than do those of natural

selection. Many species must be born that never have

an opportunity to survive, owing to their lack of adapta-

tion to the surroundings in which they originate. The
mutants of Oenothera lamarckiana, though developed

under essentially similar conditions, do not appear

equally adapted to the environment in which they first

appeared ; had they been left to themselves, some mutants

would have perished, while others (and perhaps espe-

cially Oenothera gigas) might have lived. The citrus

hybrids, developed in government experiments in Florida,

form another group of new forms, some of which are

best adapted to one climate, and others to another. Since,

therefore, no necessary adaptive relation must exist be-

tween a new species and the region of its birth, it is clear

that the laws of selection determine the success or failure

of new species. The interpretation of selection is a field

problem, an ecological problem. A theoretical plant

species may be produced in the laboratory, but the real

species that make up the vegetation of the world are de-

veloped and must be studied out of doors.

One of the noblest aims of ecology is the destruction

of many of the " species" of our manuals. Where the

critical study of species is confined to the herbarium, it

often happens that ecological varieties or habitat forms

are given specific rank. An excellent instance of this

is seen in the case of Polygonum amphibium and P.

hartivrightii. The latter, which looks wonderfully dif-

ferent from the former in herbaria, can be developed at

will by growing P. amphibium on land instead of in the

water. Not infrequently a plant may be found on the

edge of a pond, showing branches in the water that would

commonly be referred to P. amphibium, and aerial

branches that would be regarded as P. hartwrightii.

Bonnier 's classic experiments, whereby many alpine
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plants were shown to be capable of being developed into

well-known lowland species in a single generation, illus-

trate a phenomenon similar to that exhibited by Poly-

gonum. It is likely that our manuals contain many so-

called species, such as these, which await reference to

ecological varieties.

Having eliminated habitat forms from the rank of

species, and having disposed of the influence of natural

selection as a destroyer of many incipient species, it

remains to discuss the varied ideas concerning the real

or supposed species that remain. In the main it may
be said that there are two opposing conceptions of

species that are to-day struggling for mastery in the

realm of biologic thought. The more prevalent idea,

dating in its essence from the time of Darwin, has been

that species are artificial creations, mere matters of con-

venience in the classification of the organic world, arbi-

trary concepts that have no great and enduring reality.

Partisans of this view hold to the doctrine of continuity,

maintaining that all species have been connected with

other species by a series of intergrades, and that there is

no vital distinction between variation and mutation. If,

indeed, many species, such as the sassafras, differ widely

from all other known species, this is because of the elimi-

nation of intergrading forms. In the case of Sassafras,

this idea is strengthened by the evidence furnished by
fossil forms. In somewhat striking contrast to this con-

cept of species stands the idea that species are entities,

which arise by discontinuous variation or mutation, and
which have their full specific value from the start. Nor
does time change specific form by any slow gradations;

the species at its death shows no essential difference

from the species at its birth. In many instances, at least,

these species are of lower rank than the Linnean species,

and have been known as small or elementary species. As
a rule those who hold to the latter species conception are

more prone to appeal to hidden ''internal" causes in

explaining the origin of new species, while environmental
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factors in evolution are more commonly held as dominant

by those who regard species as indefinite things gradually

evolved from other species. In this connection it is

curious to note that the idea of a species as an entity,

now held by most mutationists, has much in common
with pre-Darwinian notions of special creation; it seems

to be in part a return to former conceptions of a rigid

nature. On the other hand a new idea of species content

is set up. Both pre-Darwinians and Darwinians agreed

that Draba verna is a species, but the new school would

maintain that under this name are masquerading a hun-

dred odd real species.

There are, then, two radically different conceptions of

species now current, one of a rank as much higher than

the other as the genus is above the Linnean species, or

the family above the genus. Ecological observations

support both views, but it is especially the experimental

method that has made things clear. Whether or not

one calls them species, it is evident that the genus

Oenothera contains a number of entities, sharply defined

from one another. In such genera as Salix and Aster

there is reason to believe that species do not thus differ

sharply, but that they are connected with one another by

all but imperceptible gradations ; at any rate this condi-

tion exists in Leptinotarsa, as conclusively shown by

Tower. It seems impossible to homologize species in

CEnothera and Leptinotarsa. It appears that the method

of evolution in various groups of plants and animals is

radically different, and it follows as a corollary that

what are called species in these various groups are neces-

sarily not homologous.

In the light of these views the task of the taxonomist

is seen to be most difficult; for the convenience of biol-

ogists, he must reduce to common terms things that are

unrelated ; he must homologize things that are not homol-

ogous. In such a dilemma there seem two courses open:

(1) The Linnean species concept, that has ruled both

before and after evolution was accepted by biologists,
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may be abandoned. Tbe elementary species tben be-

comes the species of taxonomy. Something akin to this

has already taken place in certain genera, notably

Crataegus, Viola and Sisyrinchium. Those who take this

attitude should abandon the year 1753 as a starting point

for specific nomenclature, since a new conception of

species demands a new datum line. Possibly this datum

line is furnished by the experimental work of Jordan on

Draba verna. Such a revolution would of course be ap-

palling in its consequences. The present status of

Crataegus, perhaps, gives an index of what is to come,

if this idea is accepted; where now we have dozens of

species, we may expect hundreds or even thousands.

We may even expect the appearance of a taxonomic daily

newspaper with its hourly record of new species and

their fluctuations, comparable with market quotations in

a period of financial panic. (2) The alternative is to

retain the Linnean species concept as a working theory,

employing trinomials for elementary species. Thus we
should speak of Oenothera lamarckiana rubrinervis, 0.

lamarckiana gigas, etc. One great advantage of follow-

ing this method would be that we should secure all the

advantages of the newer critical study of such genera as

Crataegus and Sisyrinchium, and at the same time tie the

new work to the old in such a way that those not taxono-

mists could appreciate the general significance of the re-

sults. Very few except Crataegus specialists could tell

offhand anything about Cratcegus elliuangeriana or C.

cliamplainensis, but if these forms were denominated

respectively, C. mollis ellivangeriana, and C. mollis

champladnensis
,
many would know their general affinities,

In the case of intergrading species without well-defined

specific boundaries, the only course is to retain the tri-

nomial for varieties, much as has been done in the past.

If it is wished to distinguish between varieties and ele-

mentary species, the expression var. might precede the

varietal name, as is the custom now with many.

It is to be hoped that the taxonomists, and particularly
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those taxonomists who have sinned in the much making
of species and those who have made a so-called critical

study of plants without any adequate training in the

general principles of botany, will reform their ways.

In truth, they must reform. No longer may each man
be a law unto himself. Nor is it right that any group

or coterie should make rules and regulations that run

counter to the expressed opinions of a world botanical

congress. It is doubtful if any single botanist agrees

with all of the taxonomic expressions of the Vienna Con-

gress; it is even possible that some agree with none of

its provisions. However, it registers a general consensus

of opinion, agreed upon by those who thought the con-

gress far too radical, and by those who thought it far

too conservative. It marks a step in the taxonomic

progress of the botanical world, and there is no surer

way to lead toward further progress than in abiding by

its provisions; on the other hand, there is no surer way
of ensuring the continuation of the taxonomic chaos, of

which we have had far too much, than in setting up indi-

vidual or even provincial or national codes in opposition

to a world code. An American school of taxonomy is

an anomaly, since many species are world-wide, and

should have world-wide names; even the local species

should be delimited in accordance with international

rules.

Taxonomy must be scientific. It must require for its

devotees a training as rigid as that required by profes-

sional workers in morphology, physiology or ecology.

Species-making by taxonomic tyros must be abandoned.

The requirement of Latin diagnoses, though regretted

by many of us, may be of help in checking the voluminous

contributions of amateurs. In the future it must be

recognized that the final test of the validity of species

is experimental, and taxonomists must work no less in

the herbarium, but more in the field and in the garden.

If the taxonomists of the future fail in these respects,

a hard but certain fate awaits them. The world of
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morphologists, physiologists and ecologists has borne

with them patiently and long, and has deferentially

abided by the specific determinations of the taxonomists.

The recent ebullitions of the taxonomic radicals have

evoked in botanists in general successively dissatisfac-

tion, contempt and rage. These things will not be en-

dured much longer; a little more and the sinning taxon-

omists will be "cast out into the outer darkness where

there shall be wailing and gnashing of teeth."



DISCUSSION OF THE SPECIES QUESTION.

At the close of Mr. Cowles's paper the chairman in-

vited those present to discuss the question. The follow-

ing remarks were made:
Mr. J. M. Coulter: I find myself in some particulars

agreeing with every speaker, and it seems to me that

there are enough elements in common in all that has been

said to enable us to reach some sort of working basis.

One thing agreed upon in all that has been said is that

nature makes individuals and men make species. This

means that in a certain large sense the individual is the

unit to be recognized. At the same time it is evident

that the attempt to record such units on the basis of any

present scheme is entirely out of the question. While

it is clear that we are approaching greater uniformity

in our conception of species, we shall not reach agree-

ment until we know more definitely the influence of

ecological and physiological factors, if we may separate

them for the moment, upon structures. But until this

knowledge becomes more exact, how shall records be

made! We must have some temporary and effective

method. We all appear to recognize the fact that the

indefinite multiplication of names of species must be

stopped sooner or later, and the sooner the better; for

we are getting the record into a condition that makes it

unworkable. It seems to be the belief of every speaker

that something must be done, and that the conception of

a species must be modified eventually. It is quite evi-

dent that we are in no position as yet to formulate

definitely what we shall agree to call a species, and in

the meantime it seems to me the suggestion made by Dr.

Britton is a very workable one. It gives to every one

the opportunity to distinguish and record forms clear

down to individuals if he chooses; and at the same time

272
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it removes the grievous burden of a great multiplication

of names. It seems to me that the suggestions of Dr.

Bessey and Dr. Britton almost meet at this point. In

effect, it means to continue to name easily recognized

forms, calling them species if desired; and then by a

system of numbers to indicate the more refined distinc-

tions. This avoids the great multiplication of names

and secures an exact record. This method has been

developed so effectively in the cataloguing of stars and

books that it could be adapted for plants without serious

trouble. I would ask Dr. Britton how much this scheme

would reduce the number of published names.

Mr. X. L. Britton : I do not know. Those that have

been published up to this time it would reduce probably

two thirds.

Mr. J. M. Coulter: A reduction of the names to one

third would be a good start, and I think we had better

hold Dr. Britton to his idea. I think we can get together

on this suggestion, so that all botanists can recognize the

ordinary forms and remember their names, and the taxon-

omists can record the more refined distinctions. I had

not heard of this proposition before, but at present it

appears to me to be desirable and workable.

Mr. J. B. Pollock : I should like to say a word along

the line of work upon which Dr. Arthur has presented

some thoughts to you, but I think we can go a little fur-

ther than Dr. Arthur did in his argument in regard to a

definite method of getting at species from the physiolog-

ical basis, and the people who are nearly ready to begin

that, I feel sure, are those who have worked with the

fungi from the cultural side. In talking with a number
of men, who are interested in that side of the work, in

the course of these meetings, I have been impressed with

a fact the importance of which has been growing upon
me in my work alone, that the men who are doing that

kind of work are feeling the absolute necessity of doing

something definite exactly along the line which has been

indicated by almost all the speakers here in a general
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way. Now, what I mean is the kind of work which was
reported in the botanical session this morning on

Penicillium and its relation to definite culture media,

and I believe in the very near future we shall be describ-

ing species, of many of these fungi in a definite relation

to culture media. A species will be a group of those

organisms which show a certain combination of morpho-
logical characters when grown upon a medium of definite

and known composition. The type of the species in-

volves a type medium, and the fluctuating variations

must be determined by the use of a series of such media.

Considerable work in this direction has been done, but

the method has not yet been well adapted to taxonomic

description. I think we are ready now to do this work
from a strictly taxonomic point of view. That will be

doing exactly what at least four of the speakers have

advocated, but they did not tell us in detail how to do it.

These fungi are particularly suited to this kind of work
for several reasons. In the first place, they are small

in size and we do not need a garden in which to grow
them; we can grow them in a test-tube. In the second

place, they reproduce exceedingly rapidly and we do not

have to wait a year or ten years in order to get them td

produce new generations. They may do that in a few

hours, or at most in a few days, so that we can produce

generation after generation, while the man who is work-

ing with flowering plants is waiting for one generation

to develop. Hence these plants are favorable material

with which to begin the kind of work which seems to be

demanded, namely, the union of the morphological and

physiological factors in the description and delimitation

of species.

Mr. T. J. Burrill : I do not know that I have anything

very definite to say, but I am somewhat conscious of a

feeling that I am glad that I am not a taxonomist this

afternoon. The taxonomist has certainly suffered this

half day. It was said here a few moments ago that there

had been no progress along the line of the systematist;
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that we have developed greatly elsewhere, but in this

particular we have remained medieval or worse than

that. I think we have abundant evidence right here that

there has been progress. This meeting this afternoon

would have been no more possible a dozen years ago

than it is now to separate out the species of Cratasgus by

somebody who has not studied them during that time.

There has been something working. People have been

finding that there is something besides names and dates

;

something has occurred since 1753. It looks to me as

though it were hopeful. If there is anarchy, more of

that than anything else, it is a pretty good beginning to

start something that is not anarchy.

However, I feel sure I shall not give up everything in

regard to our common notion of species and species'

names. I do hope that I shall know the white oak under

its proper name hereafter when I see it, and a few other

things like that; and I think it is really important that

when we speak about certain things, of certain effects

and relations, we do understand what we are talking

about and that others may also understand. I think

it does make a difference as to whether we continue the

use— to take Dr. Arthur's first illustration— the definite

use of such terms as Bacillus qnthracis and Bacillus

typhosus, and the rest of them. If a writer is going to

discuss a subject in which these organisms play a part

and one that is vital to our existence and welfare, it is

surely desirable that we should have a correct interpre-

tation of what he means when he uses these terms. I

believe we are pretty near that meaning in regard to the

common organisms in the group of bacteria, so that we
know pretty well what is meant when such names as

those above are mentioned, though nobody will deny that

included among the organisms to which the names ap-

ply there are considerable differences. They are dif-

ferent in their sizes, if you come down to microbe meas-

urements; they differ certainly in their growth upon
different media, and I do not see why the physiological
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effects may not just as well enter into the species idea

as the morphological characteristics, if we can get them;

but I do not know how we are going to get them for such

plants as forest trees. In the case of the white oak, we
have got to take the morphological characteristics alone,

so far as I see. We can not plant the seeds and witness

the trees as they develop in their various stages until

they produce seed again. But in case of the lower forms

with a generation a day, we can certainly do that, and
I think we ought to do it for specific characteristics.

Let me say, what I am most interested in is that we
shall know some things yet by some very well known
names.

Mb. E. Gr. Hill: As we have had considerable talk

from the pulpit, perhaps a little experience from the pew
in regard to species might be of use. In 1874, I came to

that part of Illinois which is now embraced in the city of

Chicago, and the year after I began the study of the flora

of the region, the sand region (it was all sand then),

particularly this dune region east of the city, and there

has not been a year since that I have not been out there

more or less. Now, I have not been over every foot of

it, but with regard to this plant, the Polygonum ampliib-

vwm that has been cited, I always until about 1890 or

1895, I can not give the exact year, I always saw Poly-

gonum amphibium, I never saw the other kind. At that

time I noticed this hairy plant, with shorter internodes,

growing on dryer places. The exigencies of the expand-

ing city and manufactures outside of it led to the partial

drainage or entire drainage of considerable areas of our

dune flora. The underground parts of Polygonum am-

phibium are pretty extensive. I never satisfy myself

without digging up the entire under part of plants, or

digging up the root— I can follow a root ten feet, if

necessary. When those wet places were drained, the

roots persisted in the sand, and the plants while pre-

serving their full form when in the water, would be hairy,

and you can trace them all the way from the water up,
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may-be twenty to thirty feet from the edge of the water,

making their way even along paths or roads. Now, I

want to say, I do not know that they did not exist before

that, but I never noticed them until then ; and not a mile

or two miles from here, if there are vacant lots, you will

probably find Polygonum hartwrightii in a drained

slough, where twenty to twenty-five years ago you would

not find anything of that kind, but you would find

Polygonum ampliibium. It seems to me that is the way
in which it might have originated here. This experience

extends from about 1875, and although I gather from it

that it was not here before, I believe that it made its

appearance not far from 1890 to 1895.

Mr. G. H. Shull: In one sense the recent discoveries

in the realm of variation and heredity appear to lead

to a backward step in the concept of a species, since the

view of the naturalness of species to which these discov-

eries lead, resembles the earlier view. Upon a com-

parison of the basis of this conception, however, in the

time of Linnaeus, with the present situation, the contrast

becomes sufficiently striking.

At that time no cognizance was taken of the importance

of variations. When variations were first fully taken

into account, about the middle of the last century, they

were apparently conceived to have no natural limits, and

in consequence, no form-group could have natural limits.

The demonstration that variations have natural limits

has shown that the lowest grade of form-group is a

natural group of individuals differing from each other

only by fluctuations. It appears to me that the able dis-

cussions to which we have listened might all be reduced

to the question of the desirability or feasibility of looking

upon these ultimate, natural form-groups as species.

This question largely rests upon the question of utility,

and herein lies our difficulty in reaching a universally

satisfactory conception. To the maker and keeper of

herbaria and to the field naturalist, utility requires that

species shall be separable by characters which may be
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recognized by a more or less careful examination of a

single individual of unknown ancestry. To the experi-

mentalist, whether he be a physiologist, an experimental

morphologist or a pedigree culturist, such a conception

of species makes them of no utility, and this is also

largely true with students of cytology, anatomy, etc., who
study the morphology of structures not externally visible.

As a student of variation and heredity from the experi-

mental side, I hold that the natural group is the only one

that can be of any utility to any one but the herborizer,

but I do not insist on the privilege of calling this natural

group a species. That matter is entirely immaterial.

To avoid confusion, we are now calling these groups

elementary forms, but this expression is unnecessarily

cumbersome for the constant use the conception must have

in the future literature of botany, and I hope that some
one will come forward with an acceptable short designa-

tion for these, in case the herborizer succeeds in checking

the trend of development of the conception of species

from an arbitrary to a natural one.

Experimental evidence at the present time shows at

least two grades of form-groups. These were recognized

by Dr. De Vries under the names, elementary species

and varieties. By "varieties" De Vries indicates those

forms which differ from their nearest related form in

one or more characteristics, which behave according to

Mendel's law upon crossing with it. As taxonomists

have definitely abandoned the use of the term "variety"

to the horticulturist, we need a new word with which to

speak of this very definite class of forms. As we have

taken liberties with the name of Mendel in the formation

not only of the adjective "Mendelian," but also the verb

"Mendelize, " there seems to be no reason why we might

not go farther and call these Mendelian varieties Mendel-

ities. These Mendelities are hangers-on of species, and

corresponding Mendelities may belong to many different

species, as may be illustrated by the frequency of occur-

rence of white-flowered or albino forms, which differ
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from their corresponding pigmented forms in no other

character but that of pigmentation. Whether Mendelities

may in any case be the initial modification leading to new
elementary species is not known, but I believe that we
are not yet warranted in so considering it. But elemen-

tary species and Mendelities are certainly natural entities

and must be used as the physiological units of form.

Mr. J. A. Harris: It seems to me that while the sys-

tematists are receiving the congratulations of morphol-

ogists and ecologists, it will be well for us to remember
that he "that is without sin" among us "should cast

the first stone." I think in the present state of biology,

the morphologist and physiologist and ecologist have

some points to learn from the systematist, and that the

morphologist, physiologist and ecologist are to some ex-

tent responsible for our present inadequate knowledge of

species.

The taxonomist has worked out a very careful scheme

of recording his observations; he feels himself bound, in

preparing a monograph, to cite all descriptions. It is

perfectly easy to take a well-prepared monograph and to

follow out the earlier literature of any form. If, on the

other hand, one turns to morphological and physiological

writing, he will find it is a difficult task to locate the work
which others have done on the same species. It seems

to me that if the taxonomist is expected to make use of

experimental and ecological data in his limitation of

species, he should be given the data, by those who are

doing such work, in a form in which he can use them.

Take, for instance, our ecological papers. An ecologist

works on a certain region and refers to a number of

species definitely, and to a larger number of species in-

definitely, grouping them as grasses, sedges, asters, etc.

How is the taxonomist to utilize such data. The work
of the ecologist should be specific and comparative. He
should be explicit in his statements concerning the form
and life conditions of a species in his own region, and
he should refer to the literature in such a detailed fashion
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as will enable the systematist to determine the character-

istics and the environment of the same species in another

region. I think the morphologist, too, must adopt the

practise which the systematist has found indispensable.

He should cite in a clear but condensed form all the

pertinent morphological literature for each of the species

which he treats. The recognition of this obligation

would, I believe, do much to raise the standard of our

published work, and it would place at the disposal of the

systematist a mass of data which he ought to use to great

advantage.

Mr. A. E. Hitchcock : I wish to call the attention of

the ecologists to one very important method by which they

may greatly aid the taxonomists. The former are doing

much careful work in studying the ecological relation-

ships of plants, but in order that this work may be

checked up and be available to taxonomists it is necessary

that specimens of the species studied should be prepared

and deposited in a public herbarium. Unless such a

permanent record can be made the statements concerning

habitat, variation and other ecological data are of little

value to the systematist, because they can not be verified.

Such verification is especially necessary because the ecol-

ogist is not likely to be sufficiently familiar with all

groups of plants to pass authoritatively upon their botan-

ical names. Even when the plants are submitted to

taxonomists for identification it may happen that errors

occur. Data based upon specimens available in public

herbaria would aid ecologists themselves to coordinate

their work. Taxonomists will be glad to avail them-

selves of all serious work done by ecologists when the

data can be definitely connected with preserved specimens.

One other point. I wish to emphasize the necessity of

field work in determining the limits of species. If pos-

sible, taxonomists who are monographing groups of

plants should study these plants in the field. The

botanist can determine usually to his own satisfaction

the limits of variation of a single species in a given
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locality. The herbarium theu becomes a record of his

field observations. Much good work can be done in the

herbarium, but when coordinated by abundant observa-

tions upon the plants, as they occur in nature, the conclu-

sions are much more likely to be correct.

Me. Gr. H. Shull: I would like to say one word in re-

ply to Mr. Hitchcock's remarks regarding what we know
about variations when we seen them in the field. It is

my experience in the cultivation of things brought in

from the field during the last four years, that we know
nothing about the significance of variations in the field

as to their bearing upon the question of the species, if

by species we mean a continuously variable group, be-

cause in some instances we find that very distinct varia-

tions as seen in the field are immediately lost when the

individuals possessing them are grown under uniform

conditions. We find, on the other hand, that equally dis-

tinct, or even less distinct variations— as determined en-

tirely by an estimate of the difference in form—are re-

tained with absolute permanence so far as one can

determine by three or four years of culture under like

conditions. Now, how we can tell without an experi-

mental basis for the estimation of the meaning of varia-

tion in any particular species, what is the significance

of those variations as we see them in the field, I am at a

loss to understand.
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[Reprinted from Science, N. S., Vol. XXXIII. , No. 852, Pages 688-649, April 28, 1911]

BOTANICAL TEACHING

I. ON THE PREPARATION OP BOTANICAL

TEACHERS

Some months ago a suggestion was made

that at this dinner we should ask ourselves

the question : Why is it that with the enor-

mous classes we are having in botany there

is a marked dearth of properly trained

men who can serve as instructors in col-

leges and universities?

In order to be sure that I was right in

regard to such a dearth I wrote to some-

thing like a dozen of the professors of

botany in prominent institutions in the

country, making the inquiry whether they

bad noticed the same thing, and uniformly

the answer was that there seems to be a

shortage in the supply of material for

instructors (in the college sense) and

young men for other minor positions.

I think there is no lack of men who are

ready to be professors of botany. I am
very certain that there is no trouble here,

but when a professor who knows what he

wants asks for a man who can take up this

work or that work as an instructor, the

situation is quite different.

What becomes of the great number of

students who are in our classes? The pro-

fessor of botany in the University of Min-

nesota tells me that he has over 500 stu-

dents in his beginning classes. In Ne-

1 From the stenographic report of oral addresses

delivered at the conference on botanical teaching

at the dinner for botanists, Minneapolis, December

29, 1910.

braska we have about 350, and elsewhere I

find essentially the same thing. Enormous
classes are pursuing general botany, and

yet so few are going on and qualifying for

even the minor teaching positions.

In talking this matter over recently with

a clergyman, who is also a botanist, he

said, "The truth is there is less real schol-

arship among students to-day than there

used to be," and I think there is a grain

of truth in his remark.

I stopped our professor of Greek the

the other day and asked him what he

thought of our botanical problem. He
said, "It is just because the students have

got into the way of taking nothing but

first-year work. They take first-year

Greek, and that is the end of it, first-year

college Latin, first-year geology, first-year

philosophy, first-year physics, first-year as-

tronomy, and first year American history,

and so on. '

' There is a good deal of truth

here too.

Here then is something to be thought of.

Students in the universities are taking be-

ginning work only, and botany suffers with

all other subjects. As educators we should

give serious consideration to this matter.

It is not right that we should permit pupils

to be taking these little educational bites

of all kinds, and in any sequence; on the

contrary they should be required to sit

down to a good square educational meal

taken in proper order.

It makes one sick at heart to witness
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what is actually going on in the universi-

ties under our very eyes. We spread out

before the students the courses we have to

offer, and in tempting phrase try to induce

as many as possible to enter our classes.

I am reminded of the proprietors of bazars

who have trinkets for sale, and try to in-

duce every passer-by to purchase, by loud

insistence upon the advantages resulting

from such a transaction. And the bewil-

dered student is left without a guiding

suggestion in the bulky catalogue. Oh, the

folly and the cupidity and the cowardice

of the system that bids the student make a

wise choice, but gives him no guide ! Had
I the power I should certainly sweep out

of existence all of the go-as-you-please ar-

rangements in the universities, and I

should substitute for them a logical and

carefully selected sequence of studies.

There is no doubt that many young men
turn from botany into various related sub-

jects, as agronomy, horticulture, forestry,

etc., and I have no complaint to make if

they do; but these subjects do draw stu-

dents away from scientific botany, and so

reduce the number available for teachers.

Nearly every one of the professors to

whom I sent inquiries referred to the low

remuneration that comes to the young man
who has fitted himself to be an instructor

in botany in college or university. And no

doubt this is a potent factor, and it is likely

to turn away many of the best men from

the teachers' ranks. The fact is that a

bright young man looking to his life-work

will be turned more or less this way or

that way, as he sees that the world is ready

to pay him for it. Now I dislike to have

to say this; we like to think that the best

men will go forward if they have to go

with only a crust a day, and all that.

There is very little truth in it, however.

We ourselves go where we find employ-

ment and adequate remuneration. And so

young men are lured away from botany

with its low remuneration, leaving us too

frequently only the poorer men.

Now we do not like to acknowledge this

condition of things. We like to think that

science is a sacred calling, something apart

from business, and we do not like to ac-

knowledge that a man who has the scien-

tific spirit in him can possibly be turned

aside by any thing like a salary. But
botany is a business, and it is not sacred

any more than selling shoes or editing a

newspaper is sacred. And as most men
can succeed in more than one of several

pursuits, so most men can succeed in bot-

any if they take hold of it seriously. Here

again we do not like to acknowledge the

truth of this statement; we think that we
are made of different kind of stuff. But I

do not believe it for a moment. I have no

doubt that some of us here might have been

millionaires if we had gone into business.

What I want to insist upon is this : that we
look at this matter squarely, and not try to

make out that we are a different kind of

people, and made out of different material.

We are not, and our business isn't any dif-

ferent ; it isn't any more sacred. We must

be candid in this matter and admit that our

profession hasn't anything sacred in it;

there is no sacred fire that must touch

every man before he can be a botanist.

There is nothing in this sentiment. As I

said before, botany is comparable to the

selling of shoes, or the running of a news-

paper. Botany is not extraordinarily dif-

ficult, and it does not require geniuses;

only just good ability and perseverance;

that's all. So men who might have been

botanists will continue to choose other vo-

cations, and some others will choose to be-

come botanists, and some of either will fail,

and some will succeed, just as is always the

case. Some men who might have become

brilliant botanists will become brilliant

business men instead. It has been said

that "botanists are born and not made."
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Maybe they are, but if so, they are born

with a multiplicity of other possibilities

also.

Brethren, let us remember that we are

quite like other men, and that with us the

factor of remuneration cuts as great a fig-

ure as it does elsewhere in society, in the

selection of a vocation.

Many of those to whom I wrote expressed

doubts as to the wisdom and effectiveness

of some of our teaching, and out of these

doubts that have been passed along to me
I obtain these suggestions

:

There is some faulty elementary instruc-

tion; probably I should have said much
faulty instruction. Again, we do not be-

gin early enough in bending the human
twig in the right direction to make a good

botanist. There is a good deal of improper

presentation. "We too often try to offer

"attractive" courses for the sake of draw-

ing students into our work. And this is

necessarily fatal to a scientific presentation.

Some of my correspondents suggest that

there are such persons as incompetent as-

sistants who supervise our laboratories, and

by their incompetence tend to drive away
some men. Further, it has been suggested

that probably there is nowadays too great

a neglect of field work. It used to be that

in vacation time the young botanist had

something to think about, and something to

do. He could go out in the woods on long

botanical trips. He can not do this to-day

if he is a mere laboratory man. He can not

conveniently carry his microscope along

with him. A vasculum is a great deal

easier to carry than is a microscope, and
far easier to handle. I think my corre-

spondent was right : we have lost something

of our hold on young men because we have

nothing to substitute for the old-time field

botany. You can not do laboratory work
in vacation. Of course you can go to sum-

mer school, and sit down by the side of a

lake and study some of the alg£e found

there, but even that doesn 't compare favor-

ably with the old-time tramping for miles

and miles through the woods and swamps,

with a vasculum slung over your shoulder.

Some of my correspondents suggested

that there is too much narrow training now-

adays. I think this probably comes rather

close to some of us. We get hold of a

bright young fellow after he has had a half

year's work, or little more, and put him

into something that narrows him to a single

line of work. He makes a good specialist,

but he is too narrow for a botanist. He is

far too narrow a man to be put in charge

of classes in general botany.

Again, I think we set our requirements

too high for the young teacher. We de-

mand much more than is really necessary.

We older men forget how very little we
knew when we began teaching. We act as

though we felt that men must be stuffed

with every detail of technical knowledge

before they are ready to be sent out as

teachers. We want these men to be pre-

pared all around, and well prepared, too.

This is all right enough when you are

thinking of specialists to fill positions call-

ing for a particular preparation. But
when the inquiry is made for a young man
to be an instructor we should go back to

our own experience. We did not know
much, but we got on somehow, and our

classes seemed to learn from us. Yet to-

day we act as though we felt that we must

send out young teachers who are perfect

machines for any kind of botanical work.

We act as though we were not sending out

men with initiative and with ability.

Let me illustrate my meaning by an ex-

ample. A few years ago the government

sent to Nebraska for a young fellow who
was not especially well prepared in botany

and took him to Washington, and after a

few days shipped him down to Alabama,

and put him in charge of a group of men.

They were studying pecan tree diseases.
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This man from northern Nebraska, who
had never seen a pecan tree, found himself

in charge of a squad of men engaged in

budding pecans. He knew nothing about

budding pecans. But he had initiative

enough to master the situation, and after a

night's study and practise he went ahead

as though he had been budding pecans all

his life, and succeeded! I did not train

that man in pecan budding ; in fact I could

not have recommended him as a budder of

pecans. Yet he "made good," not because

he had been stuffed by the right kind of

knowledge, but because with his founda-

tion of knowledge he had energy and

ability.

Now let us ask whether we are not set-

ting up a wrong standard ? We are think-

ing of how full a man is of the botany we

have put into him. Should not our atti-

tude be this: "this man has made a good

beginning, he has the right kind of ma-

terial in him, take him and let him grow

up with his work."

Now there is not one of you here who

has not learned ten times more of botany

out of college than he learned in college.

You had the qualities in you to make you

successful, and had a fair beginning in the

science. I was quite interested in looking

over the summaries in the second edition of

the "American Men of Science" to find

that the botanists are requiring young men

to work longer for their bachelor's and

doctor's degrees than are the chemists,

physicists, zoologists, mathematicians or

geologists. I do not believe botany is pro-

portionally that much harder. "We are

putting too high a value on what we are

putting into our students, and neglecting

the man himself. We are in danger of

having men grow "stale," as the athletes

say. Probably we keep our men with us

too long. We should send them out while

they are still fresh and vigorous.

I think we should map out very defi-

nitely a series of successive semesters of

work that should constitute fair prepara-

tion for the average young man who wishes

to become a botanist. Such a botanist

should be ready to begin teaching, or even

investigating, not as an expert, but as a

beginner. And every one must necessarily

be a beginner in his work at one time in

his life. Let us think of these young men
that we are suggesting for positions as be-

ginners merely ; and when you send one to

me I shall take him as a beginner, not as

a finished botanist. Yet very commonly
we say to our students that they can not

begin either investigating or teaching until

they have made a special study in partic-

ular fields. We try to impress them with

the great importance of graduate work, and
the littleness of their present knowledge,

and we impress upon them also our con-

viction of their general inability.

We need broad general courses with defi-

nite beginnings and endings, and including

something of all the phases of the science,

well wrought together into one science, and
not courses consisting of a collection of

disjointed and disconnected phases of the

subject. I think here is one of our mis-

takes. As one of my correspondents wrote

very emphatically, "this splitting up of

the science so that the student thinks of it

as morphology, so many hours
;
physiology,

so many hours
;
pathology, so many hours

;

and mycology, and algology, and bryology,

and taxonomy, etc., has done much to dis-

courage young men."

No doubt also we can help to make more

botanists by encouraging an esprit de corps

among our students, whether they are un-

dergraduate or graduate students. All are

botanists; even the newest recruit belongs

to the botanical army. Let us not with-

hold honor from these new additions to our

force. And yet I have seen in many places

a tendency to persistently belittle the

knowledge of the student in his first and
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second years on the theory, I suppose, that

it is good for a young fellow to be "taken

down, '

' and made to feel that in this stage

he is little better than a fool. I do not

think this is right.

Another thing that we can do is to study

our men, and select the more promising.

And we must not be too particular, either,

in our choice. I have seen some rather

unpromising men turn out to be very suc-

cessful botanists. "We must not turn men
away simply because at first they do not

seem to be promising. Some slow men
finally become good botanists and success-

ful teachers. On the other hand, I have

known some brilliant men who in the end

have done very little with all their bril-

liancy. I feel sure that as teachers we
should frankly tell our students what we
think they are able to do. Let us stop

looking for Torreys, Grays, Farlows,

Barneses, Coulters, etc. That, however, is

what we are doing. We are putting up a

standard that is only reached once in a

long while. Let us realize that the young

fellows in our classes are very much as we
were—just mediocre men. Most of us are

that, but we got on somehow, and have

been measurably successful. And so will

they. Give them a chance.

Then I fear that we have not treated

botany as a profession, but merely as a

subject of study. Of course it is to be

studied, and of course, also, it is to be

taught. But it is also a profession, and

we should weave into our instruction much
of the ethics of the science, whether it is to

take the form of teaching or investigation.

The young botanist should be made to feel

that he is going to use his botanical knowl-

edge, and that he can do so with entire

propriety. Let us stop saying to the young
man : "You do not know enough yet to be-

gin"—but let him begin!

Now, before I come to my closing dis-

cussion I want to make a slight digression

in order to speak of college courses in gen-

eral, and especially the go-as-you-please

method to be found in most of our institu-

tions. I fully believe in having work pre-

scribed as to kind and place in the college

curriculum. I believe in prescribing the

necessary language work early in the

course. I believe also in prescribing the

other science work. The old-fashioned

classical courses, with some modifications

admitting science, appear to me to be about

the best foundation. You ask me why so ?

For the reason that they began at some

place and ended at some place. There was
consistency and continuity, with resultant

training. The so-called "free elective"

plan is to me the worst of all plans. The
student is dazed by the many things that

he can do; and he does not know what to

do. In most institutions, he is supposed

to have an adviser, but, as Abraham Flex-

ner shrewdly says, "the advice is equiva-

lent to perfunctory consent to propositions

which the student himself submits." So

the student generally ends by doing a lot

of the easier things in a hodge-podge, aim-

less manner.

Now let me make a few suggestions with

regard to the courses in botany. I fear

that I may shock some of you by some

things I am going to say.

In the University of Nebraska we are

working on a three-year schedule (in a

four-year college course) for undergraduate

work in botany, intended to fit men for

filling instructorships in botany. I do not

believe in the
'

' quick-meal
'

' process in edu-

cation, but as I look over what I have been

doing the last forty or more years, it seems

to me that we can concentrate our work

to such an extent that a man who brings

proper preparation otherwise to the work
ought to be able, in three years, if properly

guided, to complete the course. "We are

making this schedule aggregate from

twenty to twenty-five hours only—not quite
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the equivalent of a single study taken three

years. In this time we think it is possible

to take a bright young man and fit him

well to begin work. Of course he will not

be the equal of our older men. Let us,

however, give up the idea that we can turn

out young men who know as much as Dr.

Coulter or Dr. Farlow. That will take

years ; but a man can have a good prepara-

tion for teaching botany, as good as the

young engineer gets—and he is ready for

work when he finishes his course. So we
are working on a three-year schedule and

I think we are going to accomplish with it

what has hitherto taken a much longer

time.

"We are proceeding with the following

limitations. First: Such a three-year

schedule must include a general survey of

the plant kingdom.

Second: This three-year course must in-

clude the essentials of cytology and his-

tology. It may not include an extensive

knowledge of them, but their technique at

least, and enough so that a man has mas-

tered a few, at least, of the principles.

Third : Such a schedule must include the

essentials of plant physiology.

Fourth : It must include also the essen-

tials of taxonomy. I will not attempt to

say how much that should be, and yet I

am certain that there should be a consid-

erable knowledge of taxonomy in regard to

the plants that a man is likely to come in

contact with. I should feel embarrassed

if called upon to teach in a part of the

world where I did not know what the plants

around me were. I would not like to em-

ploy a man in my department who would

frankly confess that he could not tell an

ash tree from a maple.

These are some of the things that should

be known. There are many things I have

not included, but I think that what I have

put into my schedule will fairly prepare a

young man for beginning to teach. He can

not take my classes, perhaps, nor Dr. Coul-

ter's classes, but he can begin where we
began in teaching, and work up!

Now this amount of botanical knowledge,

as I have mapped it out, is very much more

than many of us had when we began. It

should fit a man for beginning to give in-

struction in the smaller colleges or in the

minor positions in the universities. It

should fit him to lead intelligently the stu-

dents that come to him in our normal

schools. I take it that it is in this direc-

tion that we must move if we are to be

able to supply from our schools and our

universities the men who are to follow us.

You will notice that in all this I have

said
—"men." I have said so because I

have found that when the demand comes,

it is mostly for men. I do not know why
this is so. We say very pretty things about

our women students, and give them good

high standings, and say complimentary

things about them as students; and yet

when you yourselves look around for some

one to be an instructor, and we write and

say
—"there is a young woman here who

will make a good instructor"—you say:

"Our present circumstances are such that

we can not employ a woman." Here is

one thing that we ought to change. The

supply of competent women is much larger

than of competent men, and I can assure

you from experience in my own depart-

ment that they make admirable instructors.

I have gone over this problem of the

making of botanical teachers in this rapid

way in order to stir up thought along many
lines. For I hold that it is a serious prob-

lem ; and that we as teachers of botany owe

it to the future that we should prepare in

a proper way for the succession of teachers

that must follow us.

Charles E. Bessey

University of Nebraska
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II. THE PRODUCT OP OUR BOTANICAL

TEACHING

Notwithstanding the frequent assertion

that teaching of botany is not what it

should be, it seems safe to say that there

was never a time when there was more

good teaching of the subject than we have

to-day. That we should have dissatisfac-

tion at a time when so much good teaching

is being done, is not at all surprising, in-

consistent or undesirable. Botany itself

has grown so rapidly, its call for new re-

searches has been so insistent, its place in

the applied sciences and in the affairs of

men in general, has assumed such prom-

inence and importance, its use as a means

of giving a proper education in scientific

thought about things that are worth know-

ing has been so vigorously claimed, that in

consequence our attention is directed as

never before to the possibilities and errors

of botanical teaching.

The teaching is not poorer—we merely

know more about it. Present practises are

not wholly bad and need not be discon-

tinued, but with the increasing richness

and diversity of botanical knowledge, and

with better definitions of the purpose of

science education, particularly education

by means of botanical science, we need to

consider our practises anew. If a promi-

nent feature of reform is discontinuance of

past vices, a feature of progress is discon-

tinuance of past virtues for better and

larger ones.

If the product of our botanical teaching

does not meet our ideals, we should look

for explanation to some or all of the factors

or causes of the very complex situation

which confronts us.

1. First, what are our ideals? What do

we wish to accomplish through botanical

teaching? Do we wish to use the study of

botany as a means of developing on the

part of the people in general a more de-

pendable method of thinking, better reli-

ance upon native powers of observation,

experimentation and interpretation, an at-

titude that demands evidence before judg-

ment may be given, or do we wish to make
knowledge of plant life, its structures,

processes, habits and uses, the possession of

the people in general in order that they

may know more, enjoy more, or may more

effectively adapt plant life to their eco-

nomic uses? Do we wish to prepare stu-

dents who shall take up research in botany

to the end that unsolved problems may
have solution? Or have we any definite

purpose for botanical education other than

that since botany is a field which we have

found most interesting we wish to "pass it

on" to others?

The ends which we seek certainly should

receive the carefid attention of all who are

engaged in general botanical instruction.

Research in botany is not the goal of gen-

eral botanical education, and botany can

not claim a place in the general curriculum

of the high school or college if its primary

aim is to prepare students for research in

botany. On the other hand, research is

perhaps the most important by-product of

general botanical instruction, since when
general courses of instruction are efficient

there develop well-grounded students who
desire to become investigators in the sub-

ject.

The purpose must be more serious than

to give passing enjoyment, stimulate curi-

osity about plants, or to minister, as early

botanists sometimes said, to the emotional

nature of young ladies. There is great

need of development of a rigorous scientific

attitude toward plant phenomena. Plants

and their products are our constant com-

panions and there are certain fundamental

facts and principles that people should

know about them. If they learn these facts

and principles in a way that develops care

in observation, in experiment, and in proper
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thinking, I believe there is also secured

enjoyment of plants and ability to make
economic use of them. This central foun-

dation in method and content should be

best upon which to build research work.

It would seem also that research would find

a large number of worthy devotees if gen-

eral courses of instruction were presented

as broadly fundamental to the science, and
more significant in practical affairs.

2. A second factor has to do with the

quality and preparation of the students

who present themselves in our college

courses. From an amount of data too lim-

ited for final conclusion, it seems that most

of the students who elect college courses

in botany have had no botany in secondary

schools. For some reasons, secondary

school courses seldom lead students to take

botany in college, or else college require-

ments prevent their doing so until they

have become engrossed with other lines of

work. Possibly the difficulty lies in ineffi-

cient courses or teaching in secondary

schools. These courses have been accused

of being too formal, too technical, too

closely limited to a special field of botany,

not sufficiently full of meaning to young

students. Secondary courses in botany

have also been accused of being too difficult

—an accusation which I think is untrue. It

is not, for example, the inherent difficulty

of alternation of generations, but lack of

any appreciable motive forstudying it, which

makes it seem difficult. The structure and

workings of a steam engine or an automo-

bile are more difficult, but they are "go-

ing things"—dynamic—and students solve

their mysteries. If an appreciable motive

is put into secondary teaching of botany

its difficulties are solvable.

Possibly some of the difficulty lies in the

fact that the different sciences are inco-

herent and intermittent in the high schools.

In a valuable recent investigation made by

an eastern biologist records were collected

from 276 high schools. Botany is taught
in 225 of them. It is distributed in the

different years of these high schools as fol-

lows: first year 76, second year 94, third

year 26, fourth year 29. It is evident in

so far as these and other statistics go, that

something in the way of definiteness is be-

ginning to appear as to the year in which
botany is taught. But it is also to be noted

that in these schools botany appears in al-

most every possible relation to the other

sciences that are taught, and it is taught by
teachers who teach almost every possible

combination of subjects in the entire

curriculum. The sciences need more of

the same sort of consecutiveness that is

found in the languages, if we are to de-

velop more worthy scientific value.

Furthermore, from the above-mentioned

investigation and others, it appears that

the courses in botany vary in nature from

systematic botany to a study of the anat-

omy and cytology which deal with plant

evolution. Surely the courses in secondary

schools need scientific study, unless it is

true that there is no part of the subject

and no particular organization that is best

for the education of beginners. I believe

we have a right to expect that a scientific

organization of the science for the second-

ary schools, in addition to conferring better

immediate results upon pupils, will lead

more of the students who have done well in

science to desire to continue these studies in

college. This would be of great advantage,

for we need more students who early in

life have begun to think botany and to

think in the scientific method.

The nature of the preparation of our

graduate students is also a factor in our

product. This varies largely. In at least

some of the larger universities compara-

tively few of the graduates come from the

local undergraduate body. They have for

the most part had their training in the

smaller colleges, and those who come to the
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university are of two classes—those who

are called, and those who are sent. Some

of them, through the more general courses

of the smaller colleges, got their desire and

enthusiasm for botanical investigation, and

come to the university to continue that

study. They are chiefly those who give us

new botanical knowledge. Others, who
have not secured suitable positions, come to

the university and do graduate work as a

means of securing better employment, and

good botanists and good teachers sometimes

develop from this group. A compelling

desire to study botany is the motive most

likely to yield results of high order.

3. Another factor in the efficiency of our

student product is found in the nature and

appropriateness of the courses into which

these students go when they come to col-

leges. Whether research or teaching is the

end to be secured, there are needed courses

in the general fundamentals of plant life

and structures, and in chemistry, physics,

physiography and general physiology. Too

early specialization is likely to produce a

narrow research student, and to render a

teacher unable to give to his students the

necessary vitality in his introduction to

general botany. In our revolt from the

special field of systematic botany, botan-

ists went to an extreme of even greater

specialization, so that sometimes students

in research in morphology are uninformed

regarding the relationships of the particu-

lar plants with which they work. And so

specialized are we at times that teachers in

small colleges and secondary teachers who
have had our so-called general courses must
teach a special field of botany because they

know no other. It is quite possible in some

cases to go into a secondary-school class in

botany and by observation of the nature of

the teacher's work, to determine the uni-

versity in which the teacher was trained.

This, of course, is not an argument against

research in which we all believe most pro-

foundly, nor against emphasis upon special

lines of research in different universities,

but is an argument against permitting that

special research to dominate courses that

presumably are for general education in

botany. As Schleiden in 1849 organized

the general field of botany as an

inductive science, we again need for gen-

eral students a presentation of the funda-

mentals of the science as a whole.

There are many other factors that have

to do with the efficiency of the product of

our botanical teaching. We need more
students who in their latter college years

have definite purposes in mind—as teach-

ing, research, practise of forestry, agricul-

ture, etc. Possibly our teaching ought to

enable them to discover purposes that will

absorb them as do other college interests.

More fundamental, however, is the fact

that we have been too content to assume

without sufficient data, and to dictate re-

garding the nature of the needs of general

instruction in our subject rather than to

make the same sort of investigation in the

field of teaching that we should make in

our botanical investigation. If we can

devise methods of making a scientific study

of botanical education, we can improve our

student-product.

0. W. Caldwell
University of Chicago

III. METHODS OP BOTANICAL TEACHING

As a past master in the art of cooking

botanical hares, Dr. Bessey has spent most

of his time in elaborating the recipe. To

me, however, the problem seems peculiarly

one of making sure of getting the hare and
then of keeping it long enough to cook it

properly. As I see the problem, it seems

almost imperative that the hare should be

caught in the high school. The chief diffi-

culty in our getting material for turning

into young botanists lies at this point.

High-school students, and especially the
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boys, are not attracted to botany; one

might say they are not attracted by the

kind of botany offered. More than that,

and this may be the crux of the whole

question, we fail signally to enlighten the

parents of the boy as to the real meaning

and place of botany. Botany will not at-

tract the attention of the high-school boy

unless it meets every-day conditions—un-

less it puts him in touch with his every-day

environment in a way that is sympathetic

as well as illuminating. Moreover, it is

perhaps of equal importance to bring the

public to understand what a fundamental

place the knowledge of plants has in every-

day life, and how important a part of edu-

cation it is in consequence.

So far as the high school is concerned,

we have the situation entirely in our own
hands. Few of us can teach anything but

what we have been taught, nor can most of

us teach in any way but the one by which

we have been taught. If you will look over

the high schools of your state you will see

that the kind of botany you are teaching is

the kind of botany that is being taught in

your high schools. It seems to me that

few botanists realize this fact. It really

means that we are actually teaching high-

school botany to our beginners, for this is

inevitably the botany that they will carry

into the high schools. When we appreciate

this fact thoroughly, we shall change our

elementary teaching. When we do change

it in a way to attract the sympathy of our

students, then the problem of catching the

hare, or at least of knowing the paths that

he will follow, will be solved.

The next most advantageous point for

catching botanical hares is upon entrance

to college. This last year, in the Univer-

sity of Minnesota, the College of Arts grad-

uated 265 bachelors—most of them maids.

There were 195 of the latter and only 70

men. Out of the 265, thirty-five had taken

a major in science ; for many of the thirty-

five, this meant but three courses in science

during the whole college course. This tells

definitely, it seems to me, of our failure to

attract freshmen to science. This failure

is largely our own fault. It is the failure

of botany to provide a definite avenue to a

position, such as is offered by courses in

law, medicine, engineering, agriculture and

forestry. The boy does not enter botany,

because he knows of no such opportunity

in it. There is no definite course set forth

in the catalogue for the training of profes-

sional botanists, such as we find everywhere

in colleges of agriculture, engineering, etc.

Our second failure, and the most signifi-

cant one, it seems to me, is to hold our hare

long enough to make a plausible instructor

of him—to make even the beginner that

Dr. Bessey has in mind, one who knows

enough to find out what he must do to learn

how to bud pecan trees. It seems to me
the signal failure we are all guilty of in

teaching elementary botany is the failure

to catch the students' point of view—of

realizing that it is what the student needs

and likes in his own peculiar environment

that must determine the method of teach-

ing and the matter that we use. I can not

see that the materials for our courses should

be assembled, as they have been, from the

standpoint of the professor, upon the obvi-

ous assumption that what the professor

likes to teach the student is the best thing

for him to learn. This seems to me the

chief reason why we fail to hold students

in any considerable number for advanced

work. Naturally, this does not apply to

the two or three universities which attract

students from all over the country for

graduate work. It concerns the majority

of botanical departments, however, in

which the hope of advanced students must

be realized chiefly from the beginning

classes.

To become concrete, it would seem that

the microscope is responsible to a very
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large measure for our difficulty. No hard-

headed boy of freshmen age expects to

carry a microscope around in his pocket

throughout his life. He is interested

in things that go and things that work, and

I believe that we shall get his sympathy

and interest and succeed in holding him

for advanced work only as we give him

what he wants and needs in this respect.

Last year a freshman girl opened our eyes

somewhat more widely on this very point.

She was working with the germination of

seeds in the greenhouse; after describing

the steps in germination, she added naively

as an afterthought, "the seeds we worked

with were real peas such as you see on

the table." The microscope has made the

student feel that he is dealing with an

unreal world, and that the plants

we use in botany are none of them of the

least importance in every-day life. Not
only is the microscope far too special an

instrument for the beginner, but this spe-

cialized tendency also permeates nearly all

elementary botanical teaching. I recently

encountered a sentence which will illus-

trate this fact. It is taken from a book

which "is addressed to pupils in their first

or second year in the high school." The
sentence is the following:

The change from free parts of hypogynous
flowers to union of parts as shown in perigynous,

epigynous, epipetalous, sympetalous and synsepal-

ous flowers, reaching the climax in the composites.

I find it difficult enough to get such ideas

into the heads of college sophomores, with

any real understanding of their meaning.

In the case of high-school students, it indi-

cates clearly that we are shooting far over

their heads. While I admit that a good
drill-master can make a student memorize
a statement like this, I feel that it is prac-

tically impossible to give him any real un-

derstanding of the many concepts in it, in

any beginning course. We succeed in

making our beginners feel, as a conse-

quence, that botany is nothing but a lot of

long hard names.

Now what is the remedy for the dearth

of advanced students? In the first place,

I recognize fully that we will hold students

for advanced work only as we gain their

interest and sympathy in the general

courses. The test of our general courses in

college botany must be—what does the stu-

dent need, and what must he use in every-

day life. To many of you this practical

outlook upon the subject seems to be in

conflict with what we call a scientific

presentation. To me, scientific botany

means presenting the important facts about

plants from the standpoint of their every-

day behavior and use, in a thorough, accu-

rate and systematic fashion. While it is a

time-worn truism to say that we must pro-

ceed from the known to the unknown, yet

we must realize that no one ever succeeded

in learning in any other manner. We
must take the student in his every-day

plant environment, set him to work puz-

zling about it, and point out the way by

which he can solve his own puzzles. I

think it is as unfortunate as it is illogical,

that our education should be built upon the

assumption that the early years are for

memorizing, and the later years for rea-

soning. Until parents and teachers have

stifled the spirit of curiosity, which is only

the research spirit in an earlier form, the

child is constantly reaching out for new
experiences, asking endless questions, and

taking endless clocks and dolls to pieces.

I will admit that this spirit of inquiry has

almost disappeared by the time the student

enters college, but it can be fanned into an

active flame again in many cases. Still

more important than this, however, is to

find a way to keep it alive.

For the most practical of all remedies, we
must give our attention to the difficulties

arising out of the fact that the school year

runs the wrong way around. If the stu-
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dent is to deal with live plants, with plants

as agents and materials in every-day life,

as he must to be interested and benefited,

we must realize that these things can be

obtained only by the most careful planning.

We must not only find means for stretching

the plant season at both ends, in the spring

and in the fall, but much more important

still, we must confront the fact that begin-

ning botany can not be properly taught

without adequate greenhouses, as well as

gardens. The greenhouse means constant

contact with the most interesting and the

most useful plants throughout the whole

school year. It lends itself readily to the

task of bringing the student into touch

with the uses and applications of plants in

a natural way. Indeed, the most indis-

pensable feature of real botanical study,

that of independent first-hand work with

the living plant, is hardly possible without

adequate greenhouses. The every-day rela-

tions between man and plants are of vastly

more importance than all of the other

things that we teach under the name of

botany. They will not only crowd to over-

flowing the two years of beginning botany,

but they will fill up a large part of the

advanced courses.

One of our most signal failures arises

from our feeling that a record in the form

of drawings or notes constitutes knowledge

—that the record indicates that the student

really understands what he is recording.

Nothing is further from the truth, as a

rule. The record has no value
;
indeed, it

rather does harm, except to indicate to

what extent the beginner observes correctly

and thoroughly. As something to be

crammed for quiz or examination, it is

downright pernicious ; hence the formal

record should be reduced to a minimum,

and the real emphasis laid upon first-hand

contact with live plants, correct and thor-

ough observation, and independent rea-

soning.

Again, as botanists familiar with an

enormous amount of detail, we try to make
the college course in botany cover just as

many things as possible. One can admit

that it should do this in so far as it can,

and still realize that it can do this in only

a small degree. Nearly every course, and

every text-book without exception, contains

several times as much matter as the stu-

dent can assimilate. Indeed, if we remem-

ber that we ourselves learn little except by

experience and experiment, we shall see

that this must apply much more forcibly

to beginners in botany. For this reason I

do not believe in text-books, or in lectures

in any general course whatsoever; I would

have none of them. This no longer seems

to be a mere opinion, but the logical con-

clusion from actual and definite experi-

ments in teaching botany. Listening to

talks about plants can not lead to real

learning in any sense of the word, and

reading about them is in some respects

worse rather than better, so far as the be-

ginner is concerned.

I would replace text-book and lecture

wholly by first-hand contact with plants.

I would do away with all set quizzes and

examinations, and make the student face

the test of his work just as often as he faces

the work itself. Moreover, even by this

method, students can learn little by single

contact. To take up a plant or a function

or a structure once, and then to leave it,

not only wastes time, but it also fixes an

unfortunate habit. A tandem arrange-

ment of materials and courses can never

give the beginner real understanding.

Every course should telescope the one be-

fore it, touching the major points again

and from different angles, broadening and

deepening the student's knowledge upon a

sure foundation, not upon the mere as-

sumption that he recalls or understands

anything that he has had.
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To some teachers the universal remedy

for lack of knowledge or understanding on

the part of the student is what is called the

intensive course. The latter has certain

apparent advantages. One covers more

ground, without question, and the student's

handling of the subject matter seems a

little more certain. The real test of an

intensive course, however, can be made

only by unexpected quizzes at intervals of

a month or two after the course has been

completed. Any one who applies such a

test to an intensive course will need no

further argument in regard to it. One

who has applied such a test can not feel

like giving any more time to discussing its

value.

I wish to emphasize the point Dr. Bessey

has made as to the need of using young

botanists just as early as possible. We are

now trying out a plan by which sopho-

mores, who plan to specialize in the subject,

are put in charge of small groups of fresh-

men in greenhouse work. The plan during

the first year has proved much more suc-

cessful than we anticipated, and it will be

extended just as rapidly as possible. It

has been a splendid thing for the sopho-

mores, and it has not proved fatal to the

freshmen.

I can not close without pleading that we

make the teaching of botany a matter of

experiment. We should be ecologists who

study the student, the method, the matter

and the results, both as to knowledge and

to training, in an exact, quantitative man-

ner. If we do this, we shall get rid of our

loose opinions that for the beginner in bot-

any any method is as good as any other

method, and that the results must be good

because we have done the work. I feel

sure that the use of experiment in connec-

tion with our methods of teaching, and the

measurement of results will go a long way

toward changing our present methods and

improving upon our present results.

F. E. Clements
University of Minnesota

DISCUSSION

Professor John M. Coulter, University of

Chicago

:

As Dr. Bessey says, some of us began

botany a good while ago, when facts were

so few that they were pieced out with

enthusiasm, and our knowledge of the sub-

ject was chiefly enthusiasm ; but now the

facts have multiplied so enormously that

it is a problem how to present them.

I have been in discussions of this kind

for a good many more years than I should

like to acknowledge. They have all

sounded alike to me, but the thing I learn

from them is this: that no matter how
much thought we give to the technique of

teaching botany, or how many devices we
suggest as to methods of presenting it, a

gratifying group of successful botanists

continue to surmount all the obstructions

we manage to place in their way. My defi-

nition of a successful teacher has long been

one who places the fewest obstructions in

the way of the student.

It is clear that we must encourage inde-

pendence and originality in our students if

they are to become investigators or only

teachers. This attitude is appearing in the

teaching of botany, for teachers are becom-

ing more independent, and are thinking

more for themselves. No teacher, however

successful, has the right to prescribe for

others a detailed method of teaching. It is

only a stupid teacher who copies some other

teacher. Every one must have his own
way, and if the text-book is the only way
for him, let him use it ; if he can do better

without it, let him throw it away.

In brief, the problem is this. We are

confronted by all sorts of suggestions as to

teaching. Our subject has grown to be so
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vast and is still growing so rapidly that

we know not how to deal with it in detail.

There are just two general things that a

teacher must keep in mind, and the details

can be left to shift for themselves.

In the first place, there must be devel-

oped a general perspective of the subject.

It is a vast plexus, and each of us in his

own individual way must develop for the

student some conception of the extent and

interrelationships of this plexus we call

botany, so that he may leave us with no

narrow vision.

In the second place, in addition to the

perspective, there must be developed what

we call the scientific method, which is a cer-

tain attitude of mind. This is absolutely

fundamental. There are many ways of

doing this and every teacher has his own
way of enforcing the training that demands

the truth, and knows what it takes to reach

the truth.

It is my conviction that any one cultiva-

ting this perspective and this scientific atti-

tude of mind, by whatever detail of method

they have been reached, is likely to prove

successful in any form of botanical ac-

tivity, whether it be teaching or investiga-

ting, with the scientific motive or with the

practical motive. The details have become

too numerous to include in instruction, but

it will always be possible to train a spirit

that will be able to master any details.

Professor F. C. Newcombe, University of

Michigan

:

I will say that I feel considerably cheered

up since the last two addresses. No doubt

the rest of you, or some of you, feel the

same way. I was beginning, a few minutes

ago, to congratulate myself that such in-

struction as I had received was received

twenty-five years ago instead of at the

present time, because I know that if it had

been received at the present time I could

have become nothing but some poor igno-

ramus.

First of all, I should like to refer to some
of the ideas presented here this evening:

Professor Bessey stated that our students

in the university are looking here and there

without reference to any aim in life, and I

wondered whether he had actually looked

into the matter of student elections in his

university, where elections have been quite

free, as they are in the university with

which I am connected, or whether he has

been seriously investigating this subject.

The matter has been looked into in my uni-

versity, and there it is found that more

than 80 per cent, of the students who have

perfect freedom in elections have elected

with some aim. There is a comparatively

small percentage of students who are

browsing around without taking any di-

rection.

The second thing that Dr. Bessey says is

that he is trying a system of instruction in

his university of 20 to 25 hours in botany

as preparation for a college or university

instructorship. That is the minimum we
in Michigan think the average student

should have for preparation to teach bot-

any in the high school.

It was said a few minutes ago by Dr.

Coulter that it is not a matter of the num-

ber of hours the student spends on a sub-

ject, but it is the ability which the student

develops for doing things, his attitude, his

efficiency, his originality, that makes him

able to advance. I had some years ago a

student who took only one year in botany.

She was a teacher, and she had been teach-

ing for some time, and I gave that woman
the strongest recommendation of any wo-

man who went out that year. She had only

one year, and yet she was ready. It is not

how many courses the student has, it is a

matter of the student's ability to take new
ground, to start in a new direction and

develop the subject for himself.
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On the side of research, I can not help

placing in contrast to the quantity of pre-

paratory work which some of us think we

must have from our students before coming

to research, that well-tried system in the

German universities with which you are all

familiar, and which reduces the number of

students to a few successful ones by the law

of survival of the fittest. You know that,

in the German universities, the student

takes perhaps on the average not more than

one year in elementary botany, and is then

allowed to go along for a few weeks, or

possibly a semester with a Vorarbeit, and

is then thrown mostly upon his own re-

sources for investigation. There are many

successful botany teachers and investiga-

tors who come out of that sort of training.

I wouldn't advocate that sort of training in

this country ; but I think there is danger of

our overdoing the matter in endeavoring

to give the student something of all kinds

of knowledge in botany. If the student is

fit for any kind of teaching after he has

had proper training in some lines of work

he will be able to work out something for

himself that he may not have been trained

for in the schools.

It was stated here also in one of the

addresses that the aim of general education

is not for research. I think that statement

was made. I would not say that one aim

of general botanical education is not for

research. What have we been talking

about and hearing about in this session of

scientific societies in Minneapolis? We
have been hearing of the need of the in-

vestigation of plant physiology, of phyto-

pathology, of the study of all things that

are related to the welfare of the people of

this nation and of the world. Now, if it

isn't the university's business to prepare

men for research, I should like to know

where that business does lie.

It seems to me we have a double duty—we
must provide teachers and we must provide

investigators. The university's function

is just as much for research as for instruc-

tion. The staff should be just as much
bound to the doing of research as to the

giving of instruction, and just as much
bound to train the young people under

them for research as to train them for

teaching. We need both. We need re-

search just as much as instruction.

Now, is it true, as was stated here, that

there is no open door to a career in the

study of botany? It was said of law,

medicine, etc., that there is an open door.

But at the present time we can say to the

student, there is also an open door in the

study of botany. What does it mean when

Dr. Bessey says they can not supply the

demand ? We have all of us felt that same

thing. It means that, although the re-

muneration is not adequate in many direc-

tions, still there is the open door toward

the earning of one's livelihood at least.

Now, to take up quite a different matter,

and that on the main subject that this dis-

cussion opened with: that is, the question

as to why we do not have more students

becoming professional botanists. That's

what the meaning is, I think, of the ques-

tion as it was put. Now, the case is not

so bad as has been presented here. If you

will pardon me, I will review the relations

at our own institution. We have no agri-

cultural college at the university. We have

a first-year class of 200 students—I think

194 this year ; we have, besides that, in our

classes above the freshman year, 175 stu-

dents. Now, that proportion does not seem

to me to be bad at all. We have our ad-

vanced classes with ten students, fifteen

students, one class with thirty-two stu-

dents, another one, second-year students,

or mostly of second-year students, with

fifty-five, and to my mind the proportion

is not bad and it does not call for any great

alarm as to the future. I expect in the

future that the proportion of students in
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the advanced class will tend to increase

instead of diminish. I don't see why it

should not.

I find the method of encouraging the

promising student to go on with the work

is justified. We all make mistakes, hut

nevertheless we can, with ordinary good

judgment, read the case right four times

out of five, and perhaps more often than

that, and I have found that by advising

with those who attract attention as capable

students, one can usually find several who

can be led, without very much persuasion,

in the direction of becoming professional

botanists. One thought that is on a dif-

ferent matter. I have been considering

for two or three years whether, as teachers

of high-school teachers, we ought not to

change somewhat—I know it is already

done in Minnesota—whether some of us

ought not to change our methods so that

the perspective of the high-school teacher

is brought more into relation with his sub-

ject matter as it occurs in nature. Of

course a great deal can be done by green-

house study; but after all that does not

take altogether the place of field study,

and I believe we must draw these teachers

to field study so that when they go out to

teach botany in the schools they may show

their pupils the way by which they can in

themselves carry the work further than it

is carried in the schools—the high schools

and lower grades.

I would like to see a set of statistics from

which I could ascertain how many of the

professional botanists—those who have

passed out from under our hands within

the past ten or fifteen or twenty years, or

longer—how many of these were young in-

vestigators before they went to the high

school. I will venture to guess that I

could pick out in this room fifteen or

twenty of the men who sit right here whose

youth I know something about, who made

collections of plants and insects and ham-

mered up rocks to get the fossil shells out

of them before they went to the university

or came within three or four years of it.

If statistics should bear out my belief,

we should find that most scientists are so

born and not given their bent by training,

and that the few turned by training in the

direction of professional science are thus

influenced by the teacher who knows how

to make the student an investigator at the

same time he is pupil.
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ON SOME RESEMBLANCES OF CROWN-GALL TO HUMAN CANCER 1

The disease on which I shall speak to-

day is known in this country as crown-gall,

because it has been observed most fre-

quently on the crowns of trees and shrubs,

but it is not peculiar to this situation . It oc-

curs also on roots and shoots. This disease

has been known to cultivators and to plant

pathologists for many years and has caused

more or less injury to a variety of plants

both in this country and in Europe. Of

plants subject to serious injury may be

mentioned: Roses, almonds, peaches, rasp-

berries, grapes. Sometimes the plants are

only dwarfed or crippled, at other times

killed. Recovery, especially in certain

species, is frequent. In Italy the attacked

grape vines are said to live about four

years.

It has been ascribed to a variety of

causes, e. g., frosts, wounds made in culti-

vating, insect injuries, fungous injuries,

physiological disturbances, etc. The actual

cause was not known until discovered by

the writer and his associates. Team work

on this disease has been carried on in the

U. S. Department of Agriculture for the

last eight years, i. e., since February, 1904.

The first successful pure culture inocula-

tions were obtained in 1906. The organism

was described and named by us in 1907. 2

1 Address as retiring president of the Botanical

Society of America, Washington, D. C, December

28, 1911. By invitation members of the following

organizations were also present: Section G, of the

American Association for the Advancement of Sci-

ence; Society of American Bacteriologists, and the

American Phytopathological Society.

' Science, N. S., Vol. XXV., No. 643, pp. 671-

673, 1907; see also Centralb. f. Bakt., 2 Abt.,

XX. Bd.

Addresses setting forth the parasitic na-

ture of the organism have been given be-

fore this Society by Dr. Townsend, and be-

fore the Society of American Bacteriol-

ogists and the American Phytopathological

Society by myself. 3 I have also twice in

public addresses before the American As-

sociation for Cancer Research called at-

tention to certain general resemblances of

this disease to malignant human tumors,

namely, at the Boston meeting in Decem-

ber, 1909 (lantern-slide address), and

again in the spring of 1910 at the Wash-

ington meeting of the Association, where I

showed specimens of the disease. The

whole subject so far as regards the etiology

of the disease was also summed up in a big

bulletin published by the Bureau of Plant

Industry, U. S. Department of Agriculture,

early in 1911.* I may assume, therefore,

that this audience is fairly well acquainted

with the evidence adduced by us to prove

the pathogenic nature of the organism we
have called Bacterium tumefaciens, and

therefore I shall not spend any time on

this phase of the subject. Those who are

not familiar with the evidence can easily

obtain the necessary publications and if

these are not convincing they may repeat

the experiments.

In a brief way I have also published on

the newer discoveries upon which I am to

speak to-day, i. e., in a third address be-

•Vide Science, February 12, 1909, p. 273; ibid.,

August 13, 1909, p. 223; and Phytopathology,

1911, Vol. I., p. 7.

4 No. 213, "Crown-Gall of Plants: Its Cause

and Remedy." To be had from the Superinten-

dent of Documents, Government Printing Office,

Washington, D. C. Price 40 cents.

J
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fore the American Association for Cancer
Research, 5 an abstract of which was pub-
lished by the Department of Agriculture

as Circular No. 85, Bureau of Plant Indus-

try, and in Zeitschrift f. Krebsforschung,

11 Bd., 1 Heft. Since that date the sub-

ject has been studied continuously. Nu-
merous sections have been prepared, and I

will show you lantern slides of photomicro-

graphs made from some of these sections,

so that you will be able to judge for your-

selves as to the bearing of the evidence.

It is hardly possible to say who first

noted the superficial resemblance of over-

growths on plants to animal tumors. It

probably goes far back of published rec-

ords, since we have in English the word
"canker" applied to certain of these over-

growths, which word is only another form
of the word cancer. Also in German, the

word "Krebs" is applied indifferently to

these overgrowths and to malignant hu-

man tumors. It is one thing, however, to

find a superficial resemblance of plant dis-

eases to animal diseases, and quite another

to establish any strict analogy. In fact, as

histological studies on cancer have multi-

plied animal pathologists have been more
and more convinced that there is no real

likeness between the plant overgrowths

and malignant animal tumors, and this is

true enough, I believe, for club-root of cab-

bage, the plant disease most studied in this

connection. A comparatively recent state-

ment by Alfred Fischer that the only

thing they have in common is the name
(Krebs) may be taken as fairly represent-

ing the current view.6 I shall hope, how-

ever, to show you before I am through that

they have a good deal in common, so much,

in fact, that I believe we have in these par-

ticular plant overgrowths a key to unlock

the whole cancer situation. In considera-

• Buffalo, April 13, 1911.

• Vorlesungen ueber Bacterien, 2te Auflage,

1903, p. 277.

tion of these discoveries many closed doors

in cancer research must now be opened and
studies on the etiology of the disease must
be done over with a view to finding a para-

site within the cancer cell, and separating

it therefrom by an improved technic of

isolation. Before I show you any slides or

describe further the discoveries made it

will be necessary for me to refer briefly to

the nature of cancer and certain other

malignant animal diseases.

When I first called attention of members
of the American Association for Cancer

Research to crown-gall in 1909, the reply

of some of the members was that while I

had demonstrated crown-gall to be a very

interesting disease it was evidently a gran-

uloma, and not a true tumor. With this

conclusion I can not agree. That you may
understand why crown-galls are not gran-

ulomata I wish briefly to call your atten-

tion to the phenomena occurring in such

diseases. As example of a granuloma, we

may take tuberculosis. We have in this

disease a focus of infection and source of

irritation in the presence of a microorgan-

ism. Against this organism the body reacts

with the formation in the immediately sur-

rounding tissues of cell growths not unlike

those which occur in the bottom and sides

of wounds, namely, granulation tissue,

hence the name granuloma. In this man-

ner nodular growths arise, but these nodu-

lar growths are limited in extent of tissue

involved, are produced from the tissues

immediately surrounding the bacterial

nest, are not vascularized, and soon become

disorganized in their interior. In tuber-

culosis the blood vessels occurring natur-

ally within the attacked area are obliterated

and excluded from the tubercle; in certain

other granulomata, e. g., syphilitic gum-

mata, the vessels are not obliterated, but

they are distinct in other ways, e. g., en-

closed in a fibrous capsule. The disease
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is carried from place to place within the

body by the migration of the microorgan-

isms, either in the blood stream or the

lymphatics or in some other way, e. g.,

through the digestive tract. Wherever

these migratory organisms lodge they set

up or may set up similar irritations with

the production of similar nodules of gran-

ular tissue, the same being an effort on the

part of the infected animal to overcome

the disease. The point which I wish spe-

cially to emphasize is the fact that in these

secondary infections the granular tissue

which develops is formed out of the par-

ticular organ in which the parasites happen

to lodge, and does not consist of cells

brought to it from a distance.

In this respect cancers are quite differ-

ent. Parenthetically I might stop here

long enough to say that I shall for the pur-

poses of this address use the term cancer in

a loose, general sense for all malignant hu-

man tumors. First, because the crown-gall

which I have studied seems to partake of

the nature of different types of malignant

animal tumors, and because I believe that

when the cause of malignant animal

tumors is discovered we shall find that

many of the hard and fast lines of separa-

tion which the animal histologists have

erected between sarcoma, carcinoma, etc.,

will be found untenable.

In cancer we have an enormous multipli-

cation of certain tissues of the animal

(epithelial, connective, etc.) which by con-

tinued growth crush and disorganize the

surrounding tissues. These growths are

more or less highly vascularized, and new
vessels are formed as the tumor develops,

but not to an extent sufficient to carry on

the growth beyond a certain point. Usually

there is a great excess of parenchyma cells

in such a tumor and the blood vessels are

not sufficiently numerous to nourish it

properly, so that after a longer or shorter

period (months or years) portions of it dis-

organize often into open wounds which are

then readily infected by all sorts of second-

ary organisms with all the well-known

disastrous results. This then is one strik-

ing difference between granulomata and

cancers, but the true nature of the can-

cerous development becomes more evident

in the secondary tumors. The mere fact

that a primary cancer has developed on

some part of the body does not constitute

the chief danger, since one might have

such a tumor for a long time without death

supervening, unless the primary growth

happened to be situated in or near a vital

organ. What constitutes the peculiar ma-

lignancy of cancer is the tendency to form

secondary growths in various parts of the

body, including the vital organs, and it is

this clearly recognized danger which

in modern times has led to the universal

recommendation on the part of competent

physicians and surgeons of the early ex-

tirpation of suspicious growths, the hope

being that the surgeon may be able to dis-

sect out all the infected tissues and thus

free the patient from the disease. This is

the reason why, for instance, in cancer of

the breast the surgeon so carefully removes

not only the infected breast, but the lym-

phatics for long distances away, that he

may, if possible, reach beyond the unseen

growing cancer strands. This also is why
delayed operations for cancer are seldom

successful.

In case of granulomata, as we have seen,

it is the parasite which migrates. In case

of cancers it is the cancer cell itself which

migrates, i. e., some of the body cells which

under some unknown stimulation have

been taken out of the physiological con-

trol of the body and have become thus, as

it were, parasites on their fellow cells.

There are two ways in which secondary

tumors are derived from the primary

tumor in cancer: (1) The primary tumor

growing peripherally sends out roots or
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strands which bore their way through

normal tissues of the body, sometimes for

long distances, developing from certain

portions of these strands secondary tumors.

(2) Small groups of cancer cells are dis-

lodged from the parent tumor and carried

as floating islands in the blood stream or

lymphatics to develop secondary tumors

where they lodge. The first of these ways

has been definitely established by observa-

tion; the second by inference, no connect-

ing strand having been discovered. Nat-

urally these secondary tumors, being de-

rived from the primary tumor, tend to par-

take of the nature of the tissue from which

the primary tumor has developed. For ex-

ample, if the primary tumor be in the

stomach, the secondary tumors are likely

to contain glandular cells resembling those

of the stomach, wherever they may be de-

veloped. This is such a striking peculiarity

that it is often possible for the animal

pathologist to tell from the study of his

sections whether the cancer is primary or

secondary, and, if secondary, in what organ

the primary tumor is located. In case of

tumors located in an organ containing all

three of the embryonic layers or developed

out of cell-rests of this nature we might

have in the tumors a jumbled-up mass of

all sorts of tissues—skin, bone, teeth, hair,

muscle, nerve, etc. This at least is one

method of explaining the embryomata.

Having found no parasite in the cancer

cells, a majority of the animal pathologists

have given up the idea that cancer can be

of parasitic origin. For a generation the

research workers fell back upon Cohn-

heim's hypothesis that cancers were due to

the development of small fragments of

tissue cut off from the parent layer during

embryonal growth, to be enclosed in other

tissues and lie dormant until acted on ab-

normally later in life by some unknown

stimulus. But while studies of the animal

body show that such separation of small

portions of tissue from the germinal layer

is not uncommon, research workers on

cancer are now generally agreed, I believe,

that there are many phenomena connected

with the development of cancer for which

this hypothesis of Cohnheim offers a

wholly inadequate explanation. Moreover,

what induces these dormant cells to de-

velop was never determined. A very favor-

ite theory with cancer specialists has been

that the cancer cell itself is the only para-

site, and that no infections could be ob-

tained on animals unless the living cancer

cell were present. This hypothesis must

now be abandoned owing to the discovery

by Peyton Rous (1911) that sarcoma of

chickens may be produced in the absence

of cancer cells, i. e., by cancerous fluid fil-

tered free from all traces of living cancer

cells. So far as I know he has not expressed

any opinion as to the nature of the infec-

tion which has been separated from his

ground chicken sarcomata by centrifuging

and also by filtration through Berkefeld

bougies, but in the light of the evidence we

have secured from plants I believe you

will agree with me that it can be nothing

else than a living microorganism, minute

enough to pass through the walls of the

rather coarse filter.

In crown-galls I have not found the sec-

ond method of formation of secondary

tumors, namely, by the detachment of

small fragments of the primary tumor to

be carried in a stream and lodged at a dis-

tance. This method we should hardly ex-

pect to find in plants, owing to the fact that

there is no rapid blood stream such as we

find in animals, neither does it seem to be

more than an epiphenomenon in tumor

growth, the essential thing being the ab-

normal internal stimulus to cell division.

The first method of propagation, namely,

by strands, occurs, however, and parallels

to my mind very strictly what occurs in
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malignant animal tumors, e. g., in car-

cinoma, sarcoma, etc.

The existence of the tumor strand in

crown-gall was overlooked for a long time.

But last spring in making some sections of

Paris daisy plants which had been inocu-

lated with the crown-gall organism and

bore both primary and secondary galls, I

saw on cross-section a tumor-strand in the

inner wood next to the pith between the

secondary and the primary tumor and near

the latter. This was about a millimeter in

diameter and of a different color, i. e.,

greenish, and easily observed by any one.

Often, however, this strand is composed of

a few cells only and difficult to find, even

with the compound microscope. This, to-

gether with preoccupation on other phases

of the research, must serve to explain why
it was overlooked for so long a time. As
soon as I saw this parenchyma out of place

I said,
'

' Here is a tumor strand
! '

' and be-

gan to examine many other plants to see if

it was at all constant—finding it visible to

the naked eye near the primary tumor in

perhaps 20 per cent, of the plants ex-

amined. The question then arose whether

it was merely local, or could be traced for

some distance and was of constant occur-

rence in the normal tissue between the

primary and the secondary tumors. Since

then many inoculated plants have been ex-

amined microscopically, and in all of them

I have been able to find this tumor strand,

although, as already stated, in many cases

it is composed of a very few cells. In the

Paris daisy it usually bores its way be-

tween pith and wood, or at the inner edge

of the wood wedge in the protoxylem, ap-

parently along lines of least resistance.

(Lantern slides were exhibited, showing

cross and longitudinal sections of such

strands from the inoculated plants.)

On this strand are developed secondary

tumors, apparently either where the food

supply is most abundant or where the

pressure of surrounding tissues is least,

yet possibly other factors are involved.

Frequently the growth of the strand is

rapid. In very juicy favorable material in

16 days from the date of the primary inoc-

ulation I have seen secondary tumors de-

velop from such strands at a distance of

10 centimeters from the parent tumor.

Often deep in the resistant wood the tumor

strand is under great pressure. In softer

parts the overlying tissues are split open,

and the deep secondary tumor then comes

to the surface. In the Paris daisy, when
the primary tumor is on the stem, second-

ary tumors often develop on the leaves,

and strands of tumor tissue have been

traced in numerous instances all the way
from the primary tumors through the stem

into the leaf, and all stages of the develop-

ment of the secondary tumors observed on

many plants. This tumor strand boring

its way through stems and leaves appears

to be as much a foreign body as the roots

of a mistletoe or the mycelium of a fungus.

From these strands and from these second-

ary tumors we have isolated the same

microorganism that occurs in the primary

tumors and with subcultures from such

bacterial colonies have reproduced the dis-

ease. The discovery of this strand affords

a satisfactory explanation for the fact that

the morbid growth usually returns after

excision.

The second striking fact to which I wish

to call your attention is that when the

primary tumor occurs in the stem and the

secondary tumor in the leaf the structure

of the secondary tumor is not that of the

leaf in which it is growing, but of the stem

from which the strand was derived. If the

discovery of the strand was an accident,

this latter discovery was reasoned out,

knowing what takes place in cancer. I

said immediately, if this is a tumor-strand

we ought to find a stem-structure in the

leaf tumors, and the very first leaf tumors
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cut showed typical examples of it. In

secondary tumors occurring in the leaves

as the result of stem inoculations the de-

velopment of a stem consisting of a loose,

rapidly growing parenchyma in the center,

surrounded by wood wedges separated by

medullary rays, beyond which is a cam-

bium zone and a bark can be made out very

clearly (slides exhibited). Sometimes

these secondary tumors develop a very per-

fect stem structure; often, however, the

stem is more or less imperfect with the in-

clusion of large parenchyma cells of the

leaf, and with a great overproduction of

stem parenchyma (medullary rays, etc.)

as compared with the vascular portion. As

this secondary tumor grows the surround-

ing leaf structure is destroyed, and eventu-

ally we may have a growth which bears no

resemblance whatever to a leaf. Often,

however, fragments of the leaf adhere to

the surface of the tumor, and show an un-

changed leaf structure.

These secondary leaf-tumors then, so far

at least as regards the parenchymatous

portion, are composed, in great part at

least, of descendants of the originally in-

fected stem-cells. The growth is an in-

vasion of infected cells. To what extent

neighboring uninfected cells are also in-

volved is uncertain. The wood always

shows hyperplasia, sometimes to a very

marked degree in the vicinity of a stem

tumor, and usually also in the vicinity of

the tumor strand, especially if this is large.

Are all of these wood cells infected? Prob-

ably not. I see no reason why we might

not have changes in the plant distantly

comparable to the inflammatory changes

which take place in the vicinity of a ma-

lignant animal tumor, i. e., an excessive

multiplication of cells which while a part

of the tumor are not its malignant portion.

This must be left for further study.

This astonishing stem structure in leaves

is quite parallel to that which occurs in

certain cancers of secondary origin where
the structure of the primary tumor is out-

lined, albeit often only imperfectly. We
might now inquire whether primary tumors

produced on leaves do not have the same
structure as those just described as secon-

dary tumors. We have made needle-punc-

ture inoculations on leaves of Paris daisy

and have studied the structure of the

tumors which develop and these do not

have a stem structure but an irregular epi-

thelioma-like structure derived wholly

from the leaf, as may be seen from the

lantern slide exhibited.

What happens finally in the case of

cancer happens in crown-gall, namely, the

tissues not being sufficiently vascularized,

and composed of a great excess of soft and

fleshy cells, are easily disorganized with the

production of open wounds. In case of

crown-galls on the daisy and many other

fleshy plants after about two or three

months large portions of the tumorous

tissue decay with the formation of open

wounds, subject to a variety of secondary

infections.

It should be stated here, however, that

in the crown-gall there are no abscess cavi-

ties such as we find often in granulomata

or in such a disease as olive tuberculosis.

Sometimes there is a multiplication of bac-

teria in the vessels in the vicinity of the

needle puncture, but whether these are

the crown-gall organisms or not we have

not yet determined. Certain it is that

when the tumor has begun to grow rapidly

no bacteria or other granular matters have

been found in the vessels or in the inter-

cellular spaces. The causal bacteria occur

inside the cells, which are stimulated by

their presence to multiply with great rapid-

ity and without reference to the physiolog-

ical needs of the plants, i. e., the plant has

no direct control over the growth.

In these particulars crown-gall resembles

epitheliomatous growths, while in the em-
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bryonal character of its luxuriant granu-

lations and in its predilection for young

plants and rapidly growing tissues it is

more like sarcoma. The growth is a hyper-

plasia rather than a hypertrophy, although

occasional groups of large cells occur.

There can be no doubt as to the develop-

ment of new vessels in the growing tumor.

This is shown clearly by the anatomy of

the secondary tumors. Whether the ves-

sels are ingrowths from the surrounding

tissues, or outgrowths from the tumor

strand, or both, as would seem to be the

case, must be left for further inquiry. The

anatomy is unlike that of club-root of cab-

bage, where the growth consists of an

enormous enlargement of a comparatively

few infected cells.

I think, therefore, that we have in crown-

galls a striking analogy to what occurs in

malignant animal tumors, namely, to re-

capitulate, the cell itself a disturbing force,

i. e., an enormous multiplication of certain

cells of the body without reference to phys-

iological needs and in opposition to the

best interests of the organism; a non-cap-

sulate tumor, with absence of abscess cavi-

ties and of plainly visible parasites; per-

ipheral growth and a well-developed

stroma consisting of vessels and fibers;

from this primary tumor the development

of strands of tumor tissue upon which sec-

ondary tumors develop; in the secondary

tumors a strong tendency to take on the

structure of the organ in which the pri-

mary tumor has developed
;
frequent if not

necessary origin of the primary tumor in

bruises, wounds or irritated places; com-

plete recovery if all the tumor tissue is

extirpated, failure if it is not; in some
cases spontaneous recovery. The chief dif-

ference so far made out is that in case of

cancer cells we know nothing whatever as

to the cause of the abnormal growth, 7

'"Some unknown force, the essential nature of

which has so far completely escaped our knowl-

whereas in case of these overgrowths on

plants we have definitely proved them to be

due to the presence of an intracellular

schizomycete which we have many times

isolated and reisolated in pure culture and

by means of which we can reproduce the

disease at will.

The question now arises whether animal

tumors might not be produced by means of

the crown-gall organism. I might state

here that while I believe cancer to be due

to some intracellular microorganism which

in its physiological peculiarities, action on

the cell nucleus, etc., is like the one we have

discovered, I do not maintain the over-

growths in warm-blooded animals to be due

to this particular organism, for the reason

that its maximum temperature for growth

(daisy strain) is a little under the blood

temperature of such animals. In thinking

over the matter it seemed to me not un-

likely, however, that with this organism I

might be able to produce tumors in cold-

blooded animals, and so four years ago I

attempted to do it. I will show you only a

slide or two made from an inoculated fish.

I used for this purpose brook trout and in

a very considerable portion of my inocula-

tions I succeeded in producing ulcers in the

deeper tissues where the needle entered.

In this instance the needle entered the

belly wall of the fish. The wound healed

externally, but at the end of 21 days when

the trout was dissected there was a well de-

fined inner growth (proliferation nodule)

in the connective tissue between the muscles

with formation of giant cells. There were

also when dissected two external sore spots,

one below the pectoral fin and the other

below the anal fin, both of recent occur-

rence, but no throat or gill ulcers in this

edge and our comprehension, is capable of calling

forth this latent power of proliferation, and the

germ [cancer cell] begins to grow out of itself,

like a seed that has been buried in the ground."

(Diirek.)
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fish. Similar growths were obtained in

the eye-socket. I showed sections cut from

one of these ulcers to one of the most

distinguished research workers on cancer

in this country and he said "if we had this

in man we should call it sarcoma."

(Slides exhibited.) I propose to repeat and
extend the work on trout and therefore will

say but little about this phase of the in-

vestigation.

In conclusion I wish to call attention to

some of the peculiarities of the microor-

ganism {Bacterium tumefaciens) as deter-

mined by our cultural work. As well

known to many of you, we prosecuted our

studies upon the crown-gall for two years

before we were able to isolate the parasitic

organism. Ten years previous to this I

spent six months on the subject with a sim-

ilar negative result. Two obstacles of

which we were unaware blocked the way.

In the first place the organism in a viable

form occurs in the tumor tissue of the daisy

in small numbers only. If inoculations

are made from crown-gall tissue, using

about that amount of tissue we are accus-

tomed to use for other bacterial plant dis-

eases, and also for many animal diseases,

the chances are that no colonies of the

parasite will be obtained upon the plates.

I have no doubt now that we made dozens

of plates—yes, I might say dozens of sepa-

rate sets of poured plate cultures, on which

not a single colony of the right sort de-

veloped. It was only when we learned to

inoculate our bouillons and agar plates

with large quantities of the tumor material

that we were able to obtain a sprinkling of

colonies of the right organism. From a

young, rapidly growing tumor it is always

possible to obtain the organism with proper

technic and sometimes in pure cultures, but

often only by using a hundred, a thousand,

or a hundred thousand times too much ma-

terial, if one were working with other organ-

isms. The second obstacle is the fact that

the living bacteria in the tnmor tissue occur

for the most part in a paralyzed condition,

either as involution forms or in some other

form which does not grow readily when
plates are made. Cultures were made
every few weeks from crown-gall tissue for

two years and numerous and various bac-

teria were obtained on these plates, pricked

off for sub-culture, studied microscopically

and culturally, and inoculated into the

plant with negative results, these organ-

isms being the saprophytes which usually

accompany crown-gall. The plates were

usually discarded after three or four days,

and so the work went on. If, however, one

inoculates copiously as described, and

waits a week or ten days for the paralyzed

organisms to recover their vigor, he will

then obtain colonies of the parasite.

Two questions arise: (1) "Why does an

organism which produces such striking re-

sults occur in the tissue in such small num-

bers? (2) What paralyzes it so that when

agar plates are made from the tissues the

colonies do not appear until the fourth,

fifth, sixth, eighth or tenth day, and some-

times not until the twentieth day? These

questions have received a good deal of

thought. After a time we discovered that

when the organism is grown in bouillon or

other media containing sugar an acid is

produced, and it then occurred to me that

this acid might be the cause of the death

of a large proportion of the organisms in

the cells, and of the paralyzing of the re-

mainder. Peptone water flask cultures

of the organism were then grown in the

presence of sugar and turned over to the

chemist, who reported that the acid present

was acetic acid. We found that after a

time all the organisms in such cultures

were dead, and a microscopic examination

showed that a large proportion of them oc-

curred in the form of irregular club-

shaped or Y-shaped bodies, i. e., they had

passed over into involution forms preced-
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ing their death. Subsequently we found

that on adding dilute acetic acid to fresh

cultures of the organism either on agar or

in bouillon we could at will produce these

involution forms. Ordinarily it was

found on making poured plates from such

cultures that all the organisms were dead,

but by further experimenting we learned

that if we added just the right quantity of

acid, involution forms were produced and

a portion of the bacteria killed, but that

some remained alive and those which re-

mained alive were paralyzed, coming up

on the agar plates in the same slow man-

ner as those from the interior of the

tumors. I should have stated that al-

though the organism comes up slowly from

the crown-gall on agar-poured plates, sub-

cultures from such colonies grow as read-

ily as from any other easily cultivable or-

ganism, B. coli, for example, showing

clearly that the initial slow growth is not a

peculiarity due to differences in culture-

media or inherent in the organism, but

only one due to its previous environment

in the plant cell.

Do the same phenomena occur in the

plant cell? Recently from crown-gall of

daisy grown for the purpose, the chemist

has isolated for us an acid which he says is

acetic acid. We have also found in the

tissues numerous bacterial Y-shaped bod-

ies, such as occur in our flasks when acetic

acid is present. I think, therefore, we may
assume, tentatively, at least, that an acid

in small quantities is formed also in the

cells of the crown-gall as a by-product of

the bacterial growth, and that after a

time this acid stops the growth of the

multiplying bacteria within the cells ex-

actly as it does in the flask cultures, caus-

ing them to take on involution forms and
killing the majority.

There is, as I conceive, a very delicate

balance between the parasitic bacterium

present in the plant and the activities of

the plant cells. The cells of the plant are

not destroyed by it, but only stimulated

into rapid and repeated division. Upon
its entrance into a cell, which must usually

be by wounds, in our own experiments by

needle-pricks, we may conceive the micro-

organisms to multiply rapidly for a short

time. The acid developed by this multipli-

cation then inhibits the further growth of

the bacteria, causing the appearance of Y-

shaped bodies and the death of a certain

proportion of the bacteria, sometimes

nearly or quite all of them. The mem-
brane of the bacterial cells which are killed

is now permeable, and the bacterial endo-

toxines diffuse out into the cell. The
nucleus of the cell now immediately

divides, under the stimulus either of the

acid or of the aforesaid endo-toxines, or

possibly from an excess of carbon dioxide

due to the bacterial growth. There can be

no doubt, I think, that carbon dioxide ex-

ists in excess in these cells, because the

crown-gall tissues contain an excess of

chloroplasts in the absence of any other

visible means of obtaining this necessary

food. These chlorophyll bodies are so

abundant as often to give a distinct green

color to deep tissues wherein we would

ordinarily expect to find biit few chloro-

plasts.

The next difficulty is to explain why the

paralyzed bacteria carried over into the

daughter cells suddenly begin a new

growth. This can result, I think, only

from the pouring out into the cell at the

time of division of a fluid which was not

previously present in it, namely, the nu-

clear sap which must flood the cell as soon

as the nuclear membrane disappears.

"Whatever the explanation may be, the

bacteria take on a new growth for a short

time in the daughter cells with the repro-

duction of the already outlined phenom-

ena. In this way occurs within a few

weeks or months an enormous overgrowth
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of the tumor tissue with the development

of strands and of secondary tumors as al-

ready described. Using rapidly growing-

favorable plants, it is possible by means of

a few needle-pricks carrying in the para-

sitic organism to obtain a tumor as large

as one's fist in as short a period as six

weeks. Ordinarily, however, growth is

slower. Dr. A. P. Matthews, to whom I

am indebted for suggestions respecting the

effect of the nuclear sap on animal cells,

tells me he has observed in case of the en-

trance of sperm cells into the eggs of star

fish that the sperm retained its original

form until the breaking up of the nuclear

wall and the diffusion of the nuclear sap

into the egg cell, whereupon the sperm took

on a rapid growth.

Although we are able by means of

poured-plate cultures to isolate the organ-

ism in a pure state from young crown-galls

and reproduce the disease at will, we can

not readily demonstrate the presence of the

organism in the tissues by means of the

microscope. If the bacteria were as read-

ily seen in crown-gall tissues as they are,

for instance, in the tuberculosis of the

olive, the cause of the disease would have

been discovered long ago. The organism

is not an acid-fast organism, and when it

stains at all a great variety of cell inclu-

sions also stain and some of these derived

from the cell protoplasm or from special

parts of the nucleus are confusing. Its

staining is also complicated by the fact of

its passing over so readily into involution

forms which are proverbially difficult to

stain. I have seen occasionally inside of

the cells of the crown-gall motile, flexuous,

rod-shaped bodies which I take to be this

organism, and we have occasionally stained

in small numbers in the cells bodies which

closely resemble rod-shaped bacteria, but

ordinarily they occur in such small num-

bers or take stains so vaguely aud imper-

fectly that this method of demonstration

would not be convincing to an outsider.

Also sometimes we find small groups of

cells filled with what appear to be semi-

disorganized bacteria, as if here the bac-

teria had gained the mastery for a short

time and then degenerated. We have not

in the whole eight years obtained any very

satisfactory slides, although many attempts

have been made, using a great variety of

fixing agents and of stains. As I have

stated elsewhere, if we had depended on the

microscope alone we should not have been

able to work out the etiology of this dis-

ease, and the plain demonstration of the

parasite in the cells must await, I think,

the development of some special technic of

staining, whereby we may be able to mor-

dant the bacteria in such a way that they

shall take one color while the contents of

the host cell takes another. Even in case

of the Y-shaped bodies one is seldom able

to demonstrate them in the stained cells.

We have obtained the best results by an

indirect method, namely, by taking clean

slides and burning the surface free from

all possible organisms, then putting on a

little distilled sterile water, and putting

into this sections of young crown-galls

taken from a portion of the tissue pared

free from all exterior parts, allowing the

contents of the cut cells to diffuse into the

water for an hour, then removing the sec-

tions, drying the fluid and staining the

slide. Examining such slides under the

oil-immersion objective in course of a day

one finds a good many such Y-shaped bod-

ies. We have found the best method to be

the systematic search of the whole slide,

passing it back and forth under the objec-

tive. Searched in this way, about one field

in four yields a Y-shaped body. Bacterial

rods have also been obtained from the

tissues in this way.

Various researchers on cancer have men-

tioned finding rod-shaped and Y-shaped

bodies in cancer cells. For example, Dr.
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Borrel, of the Pasteur Institute in Paris,

and Dr. Reese, working in the cancer lab-

oratory at Buffalo.

These plant neoplasms contain both small-

celled and large-celled parenchyma and a

variety of other tissues, e. g., vessels and

fibers. Cell division is sometimes so rapid

that the cell wall can not keep pace.

(Slides shown.) Frequently two and some-

times more nuclei are present in a cell. A
portion at least of the cell divisions are by

mitosis ; but not all, it would seem. Some
queer things take place in the cells. We are

now studying the mechanism of cell-division

in these tumors and are not ready to report.

To conclude, suppose we had in human
cancer as its cause a microorganism multi-

plying in small numbers within the cell,

having a definite action on cell nuclei,

readily inhibited by its own by-products,

losing virulence easily, passing quickly

over into involution forms which are diffi-

cult to stain, and which are so paralyzed

that only a very small portion will grow at

all, except from the very youngest cells,

and these only after a considerable period

of time has elapsed, and further suppose

that for their growth some very special

technic of isolation, or some peculiar kind

of culture media were necessary, then we

should have precisely the same difficult

conditions of isolation and determination

as have confronted us in case of this simi-

lar overgrowth of plants, and ample ex-

planation of why expert animal patholo-

gists have been unable to see the parasite

in their sections, and unable to cultivate it

on their culture media, and consequently,

have very generally reached the conclu-

sion that it does not exist. Granted the

existence of such an organism, and we
have a ready explanation for the growth

of the cancer cell in defiance of the physio-

logical needs of the organism. The

hitherto inexplicable occasional change in

the nature of the cell-growth of tumors,

e. g., from epithelial to carcinomatous and

from carcinomatous to sarcomatous also

finds its explanation in the presence of a

sensitive microorganism growing usually

in the kind of cell originally infected but

capable under certain circumstances of in-

vading other types of cells.

Erwin F. Smith

U. S. Department op Agriculture

[The illustrations accompanying this address

will be reproduced at an early date in a bulletin

to be published by the U. S. Department of Agri-

culture.]
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THE BOTANICAL SOCIETY OF AMERICA

At the Washington meeting of the Botanical Society of

America, the following papers constituting a symposium

on Modern Aspects of Paleobotany were read by invita-

tion of the council, on December 28th.

I. "The Relations of Paleobotany to Geology."

F. H. Knowlton.

II. "The Relations of Paleobotany to Botany."

1. "Phylogeny and Taxonomy." John M. Cotjltek.

2. "Morphology." Edward C. Jeffrey.

3. "Ecology." Arthur Hollick.

In accordance with the instructions of the Society these

papers are here printed in full.

George T. Moore,

Secretary

MODERN ASPECTS OF PALEOBOTANY

I. The Relations of Paleobotany to Geology

DR. F. H. KNOWLTON
United States Geological Survey

Although there is vague mention of fossil plants in

literature as early as the thirteenth century, and unscien-

tific adumbrations in the faintly growing twilight of the

succeeding centuries, the real science of paleobotany did

not have its beginning until well on in the nineteenth cen-

tury. With the publication, in 1828, of Brongniart's

"Histoire des vegetaux fossiles" and the "Prodrome,"
there was given to paleobotany "that powerful impetus

which found its immediate recognition and called into its

service a large corps of colaborers with Brongniart, rap-

idly multiplying its literature and increasing the amount
1 Reprinted from The American Naturalist. The original paging will

be found at the top. The repaging at the bottom indicates the order in

which the papers were read.
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of material for its further study." Ward. In the suc-

ceeding decades, even to the close of the century, the

students of paleobotany were mainly occupied in accumu-
lating data as regards distribution, both areal and
vertical, and the opening decades of the present century

find the subject a recognized, respected, coequal part of

the general field of paleontology.

Paleobotany, together with all the other branches of

paleontology, admits of subdivision into two lines or fields

of study—the biological and the geological—depending

upon the prominence given to the one or the other of

these phases of the subject. The biological study is, of

course, concerned especially with the evolution of the

vegetable kingdom, that is, with the tracing of the lines

of descent through which the living flora has been devel-

oped. As this side of the question will be taken up by
other contributors to this discussion, it may be dismissed

from further consideration, as the geological aspect is

almost exclusively the phase of the subject to which the

present paper is devoted.

In the first place it will be necessary to call attention

to the fact that the successful use of fossils of any kind

as stratigraphic marks is—or at least may be—entirely

independent of their correct biological interpretation.

To most botanists, and indeed to some paleobotanists,

this statement will doubtless come as a surprise, since

they have come to imagine that the impressions of plants,

the form in which they are most made use of in this con-

nection, are so indefinite, indistinct and unreliable that

they can not be allocated biologically with even reason-

able certainty, and hence are of little or no value. As a

matter of fact hardly anything could be further from the

truth, and it can be confidently stated that it makes not

the slightest difference to the stratigraphic geologist

whether the fossils upon which he most relies are named
at all, so long as the horizon whence they come is known
and they are clearly defined and capable of recognition

under any and all conditions. They might almost as well
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be referred to by number as by name, so long as they fill

the requirements above demanded, though of course every

stratigraphic paleontologist seeks to interpret to the very

best of his knowledge the fossils he studies. He may

—

doubtless often does—make mistakes in his attempts to

understand them, but his errors are undoubtedly fewer

than he is not infrequently charged with! His faculty

of observation is rendered acute from the close study of

the restricted and often fragmentary material available,

and he has learned to see and make use of characters

which are often overlooked or wholly neglected by the

botanist. The latter, even when he has before him the

complete living plant, including root, stem and foliar and

reproductive organs, sometimes experiences difficulty in

correctly placing his subject, and, to judge from some

recent work, there are paleobotanists who study only the

internal structure of fossil plants and yet are beset with

extreme difficulty in interpreting their biological sig-

nificance.

It may then be taken as settled that the needs of the

stratigraphic geologist will be met if he is supplied with

a series of marks or tokens by which he may unfailingly

identify the various geological horizons with which he

deals, while to the historical geologist who makes use of

fossils in unraveling the succession of geological events,

the correct biological identification is of the greatest im-

portance, for upon this rests his interpretation of the

succession of faunas and floras that have inhabited the

globe. As the late Dr. C. A. White has said: "If fossils

were to be treated only as mere tokens of the respective

formations in which they are found, their biological clas-

sification would be a matter of little consequence, but

their broad signification in historical geology, as well as

in systematic biology, renders it necessary that they be

classified as nearly as possible in the manner that living

animals and plants are classified."

While it is in no way desired to overlook or underesti-

mate the biologic value of such fossil plants as have for-
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tunately retained their internal structure in condition for

successful study, it is probably safe to say that their

value to geology as compared with the impressions of

plants is as 1,000 to one, and had we only the former, there

never could have been developed the science of strati-

graphic paleobotany. For example, the collections of the

IT. S. National Museum embrace over 100,000 specimens

of the impressions of Paleozoic plants, whereas of those

showing internal structure there is hardly a half dozen

unit trays full. In the Mesozoic and Cenozoic collections

belonging to the same institution there are thousands

upon thousands of specimens from hundreds of localities

and horizons, while of those retaining their internal

structure there are so few that they can almost be num-
bered in tens.

There is another and an excellent practical reason why
the impressions of plants are, and will always remain, of

more value to geology than those exhibiting internal

structure, no matter how well this structure may be pre-

served. As soon as a plant impression is exhumed it is

instantly ready for study and may be interrogated at

once as to the stratigraphic story it has to tell, whereas

the plant with the structure preserved usually shows

little or nothing on a superficial examination, and re-

quires laborious, expensive preparation before it can be

identified. For example—to make a personal applica-

tion—for the past five years I have annually studied and

reported on from 500 to 700 collections, each of which em-

braced from one to hundreds of individuals, and with

them have helped the geologists to fix perhaps fifty hori-

zons in a dozen states. If it had been necessary to cut

sections of these specimens before the geologist could

have had his answer, it is safe to say that very little

would have been accomplished.

All fossil plants must be interpreted by and through

the living flora. In the more recent geological horizons

the plants are naturally found to be most closely related

to those now living, but as we proceed backward in time
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the resemblances grow less and less and finally we find our-

selves in the presence of floras a large percentage of which

are without known or clearly recognized living represen-

tatives. In describing these and making them available

for stratigraphic use it has been necessary to give them
generic and specific names, after the analogy of the living

floras, so that we may have convenient handles by which

to use them. Many of these are confessedly what may
be called genera of convenience, such, for example, being

many of the genera of the so-called " ferns" of the Paleo-

zoic. Some—but especially botanists—unfamiliar with

the geological use of fossil plants, have argued that it is

unsafe, or even actually unwise to venture to give names,

not only to those without living representatives, but even

to those obviously belonging to living groups. A reply

to this objection seems unnecessary in view of what has

been said.

The practical application of fossil plants as an aid to

geology may be briefly mentioned. There have been de-

scribed from—let us say—North America, upwards of

5,000 species, of which number some 1,200 are confined to

the Paleozoic, perhaps 2,000 to the Mesozoic, and 1,500 to

the Cenozoic. During the sixty or seventy years that

this information has been accumulating it has developed

that certain species or other groups enjoy a considerable

time range, and therefore are of little value in answering

close questions of age, while others are of such limited

vertical distribution that their presence may indicate in-

stantly a definite horizon. Thus, if he find in association

impressions that we have named Sequoia Nordenskidldi,

Thuya interrupt a, Populus cuneata, etc., it is known in-

stantly that we are dealing with the lower Eocene Fort

Union formation, since not one of these species, together

with several hundred others, has ever been found outside

this horizon. Innumerable other concrete examples could

of course be given, though hardly necessary, yet it may
be instructive to note that within a single geographic

province—the Rocky Mountain region—the several plant-
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bearing formations present are characterized as follows

:

The Kootenai by 120 species, the Colorado by perhaps 50

species, the Dakota by 460 species, the Montana by 150

species, the Laramie by 140 species, the Arapahoe by 30

species, the Denver by more than 150 species, the Fort
Union by from 500 to 700 species, etc., etc. This shows
that, as Professor J. W. Judd once said : "We still regard

fossils as the 'Medals of Creation,' and certain types of

life we take to be as truly characteristic of definite periods

as the coins which bear the image and superscription of

a Roman emperor or of a Saxon king."

Just a word may be said on the economic application

of stratigraphic paleontology. It is perhaps safe to say

that never in the history of American geology has there

been so close an interrelation and dependence of geology

on paleontology as at present, and of this confidence

paleobotany may justly claim its full share. Thus, of the

even dozen of paleontologists in the employ of the U. S.

Geological Survey and covering all branches of the sub-

ject, four are paleobotanists.

Among the many subsidiary problems connected with

the application of paleobotany to geology, the use of

fossil plants as indices of past climate occupies a most

important place. As the majority of plants are attached

to the substratum and hence are unable to migrate like

most animals when the temperature of their habitat be-

comes unfavorable, they must either give way or adapt

themselves gradually to the changed conditions of their

environment. Therefore, fossil plants have always been

accorded first place as indices of past climates. "They
are," as Dr. Asa Gray has said, "the thermometers of

the ages, by which climatic extremes and climate in gen-

eral through long periods are best measured."

To those who have not given especial consideration to

the subject, the idea appears to obtain that climatic varia-

tions, such as now exist, are normal or essential and that

they were present without marked differences during all

geological ages. It is now established, however, that this



No. 544] BOTANICAL SOCIETY OF AMERICA 213

conclusion is entirely without geological or paleobotan-

ical warrant, and that the most pronounced climatic dif-

ferentiation the world has known extends only from the

Pliocene to the present. As a matter of fact we of to-day

are living in the glacial epoch in what possibly is only an

interglacial period, and we know that the time which has

elapsed since the close of the last ice-invasion has been of

less duration than was one, and possibly two, of the Pleis-

tocene inter-glacial periods. We also know that the cli-

mate was milder during these inter-glacial intervals than

has obtained since the final retreat of the ice, as shown by

the fact that in eastern North America certain species of

plants then reached a point some 150 miles further north

in the Don Valley than they have since been able to

attain. The development of strongly marked climatic

zones, at least between the polar circles, is, then, "excep-

tional and abnormal, and we have no evidence that in any

other post-Silurian period, with the possible exception of

the Permo-Carboniferous period, has the climatic distri-

bution and segregation of life been so highly differen-

tiated and complicated as in post-Tertiary times." 1

The regular and normal conditions which have existed

for vastly the greater part of geologic time, have been

marked by relative uniformity, mildness and comparative

equability of climate. This is abundantly shown by the

almost world-wide distribution and remarkable uniform-

ity of the older floras. "When, for instance, we find the

middle Jurassic flora extending in practical uniformity

from King Karl's Land, 82° N., to Louis Philippe Land,
63° S., we have conditions which not only bespeak a prac-

tically continuous land-bridge, but exceptionally uniform

climatic conditions. To have made this possible there

could have been neither frigid polar regions nor a torrid

equatorial belt, such as now exist. The absence of growth-

rings in the stems of these plants, as well as the presence

of such warmth-loving forms as cycads and tree-ferns,

point to the absence of seasons and the presence of mild

and equable climatic conditions.
1 See White and Knowlton, Science, N. S., Vol. 31, 1910, p. 760.
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Another example of similar import is afforded by the

early Pennsylvanian flora, that is, the flora of the lower

part of the Upper Carboniferous. Wherever terriger-

ous beds of this age have been discovered, representa-

tives of this peculiar flora, which includes such common
genera as Lepidodendron, Sigillaria, Sphenophyllum,

etc., have been found, this distribution ranging from
South Africa to Brazil and Argentina, and thence over

the northern hemisphere.

Similarly, the Mississippian flora (Lower Carbonifer-

ous) has been found in Spitzbergen, Greenland and arctic

Alaska, and thence south over Europe and America, and

although somewhat older than the last, is distinctly re-

lated to that in Argentina.

On passing up in the geologic time scale we find that

during late Mesozoic and early Cenozoic time the present

dominant types of vegetation were firmly established.

With what probability of success may these floras be in-

terrogated as to the climatic conditions under which they

existed? We find from a study of the present flora that

certain types of vegetation, as well as certain plant asso-

ciations, have definite climatic requirements. Thus, Ar-

tocarpus, or the bread fruit trees, are now confined to

within 20° of the tropics, showing that they require the

moist heat of the torrid regions. If, now, we find that

Artocarpus once throve in Greenland 70° or more north,

during Cretaceous time, we feel justified in assuming that

its climatic requirements were not very different from

those of its living representatives. And when we find

that it was then in association, as it is to-day, with cycads,

tree-ferns, cinnamons, palms and other distinctly tropical

forms we are confirmed in the opinion that at that time

Greenland must have enjoyed a tropical or at least a

sub-tropical climate.

Another example is afforded by the Fort Union forma-

tion. In the rocks of this horizon, which now occur on

the wind-swept, almost treeless plains of the Dakotas,

Wyoming and Montana and thence northward to the val-
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ley of the Mackenzie, are found remains of Sequoia, Tax-

odium, Thuya, Ulmus, Populus, Vitis, Platanus, Sapin-

dus, Viburnum, Corylus, Juglans, Hicoria, etc., etc. From
this array we feel justified in assuming a cool to mild

temperate climate for this early Eocene flora, and further,

from the presence of numerous, often thick beds of lig-

nite, that there was a much higher precipitation than at

present.

A layer of fan-palm leaves a foot in thickness in a for-

mation in northern Washington indicates climatic re-

quirements in which the minimum temperature did not

fall below 42° F. The presence of numerous West In-

dian types in the Miocene lake beds of Florissant, Colo-

rado, would alone point to almost trojrical conditions, but

as these are associated with others of more northern

affinities, it seems safe to predicate at least a warm tem-

perate, or possibly sub-tropical climate.

II. The Relations of Paleobotany to Botany

1. Phytogeny and Taxonomy

PROFESSOR JOHN M. COULTER
University of Chicago

It is impossible to disentangle morphology and phy-

logeny, for the largest motive in modern morphology is

to construct phylogenies. An excessive amount of over-

lapping will be avoided in this paper by laying the em-
phasis upon the inferences to be drawn from morpho-
logical investigations as to probable lines of descent,

rather than upon the morphological results themselves.

It should be kept clearly in mind that the material of

paleobotany, as indicated by the program, is not always
used to contribute to the science of botany. The determi-

nations of plants in the interest of geological horizons are

of immense service to geology, but of comparatively little

value to botany. This means that some paleobotanists

are geologists, and some are botanists, and it is the work
of the latter that concerns us at this time.



216 THE AMEBICAN NATURALIST [Vol. XLVI

The recent rapid development of our knowledge of the

structures of fossil plants is familiar to botanists, con-

stituting as it does one of the most remarkable chapters

in the history of our science. This has been due not only

to the elaboration of a technique for sectioning petrifac-

tions, but also to the inclusion of the vascular system

among the morphological material that is recognized to

be significant in conclusions concerning phylogeny. From
the standpoint of paleobotany, the vascular system is its

most valuable asset for vascular plants, for its chances

of preservation exceed those of any other structures ex-

cept the seed, and its significance in phylogeny is far

more apparent and extended than that of the seed. As a

result of this paleobotanical connection, the phylogeny of

the vascular groups can be made now a resultant of com-

parative structures and actual history. Many an old

phylogeny, based upon the comparative structures of ex-

isting plants alone, has been contradicted by history,

which, in the nature of things, must furnish the final

check upon any proposed phylogeny.

The topic of this paper is really an invitation to indi-

cate some of the recent reactions of modern paleobotany

upon the phylogenies of vascular plants. The title in-

cludes taxonomy, but in so far as this deals with great

groups, defined or discovered, it is covered by the state-

ments concerning phylogeny. So far as it deals with the

recognition of individual forms, it is clear that paleo-

botany must learn to recognize the relationships of fossil

plants, or there will be no reliable taxonomy or phy-

logeny. So long as paleobotany depended upon the form

resemblances of detached organs, there could be no tax-

onomy in the real sense. It was merely a cataloguing of

plant material. But when it learned to uncover struc-

ture, it began to establish a real taxonomy. The contri-

butions of paleobotany to taxonomy, therefore, may be

summed up in the statement that it has begun to extend

our schemes of classification into the ancient floras ; that

this has resulted in a far truer view of the great groups
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than their expression in the present flora can possibly

give ; and that this makes a rational phylogeny possible.

I will address myself in the main, therefore, to phy-

logeny, as involving all the taxonomy that is of large im-

portance. "When paleobotany to-day assembles the great

series of paleozoic pteridophytes, the impression is very

different from that of a few years ago. It is true that we
have always heard of the giant forms of the Paleozoic

and their dwarf representatives of to-day. We con-

trasted Lepidodendron with Lyxop<odium, and Catamites

with Equisetum, and the total impression was the strik-

ing difference in size.

Now we have learned that these paleozoic Lycopodiales

and Equisetales were not merely comparatively large, but

that they were also comparatively complex. For exam-

ple, we have learned that their huge bodies developed

secondary wood and had attained heterospory. We be-

gin to understand that vascular plants, with the exception

of Angiosperms, were as completely differentiated, so

far as the great groups are concerned, at the beginning

of our records as now ; and that the phylogeny in sight is

not that of one great group following another, but of all

the great groups spraying out into more and more modern
expressions.

Not long ago, our morphology taught that the homo-

sporous Lycopodium is the modern representative of the

arborescent, paleozoic club mosses, and that the hetero-

sporous Selaginella is a modern offshoot. Now we find

that the paleozoic forms, with their heterospory, their

ligules, and their other structures, link up with Selagi-

nella; and we are asking, where are the ancestors of Ly-

copodium?
t

Not long ago Isoetes, once suspected of being

responsible for the monocotyledons, was fluttering be-

tween Filicales and Lycopodiales, and at last had settled

down as an anomalous member of the latter group; and
now modern paleobotany assures us that its whole struc-

ture suggests that it is a much reduced and compacted
Lepidodendron. Thus the anomalous Isoetes has a ten-
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tative connection, and the very normal Lycopodium lias

none.

Once we talked of the evolution of the strobilus as

shown by Lycopodium, Selaginella, and Equisetum, and
fancied that we saw in these modern forms the highest

expression of the pteridophyte strobilus. Now we know
that these strobili of to-day are excessively simple as

compared with those of the Lycopodiales and Equisetales

of the Paleozoic. The evolution of the pteridophyte

strobilus that is in sight, therefore, is an evolution from

a complex strobilus to a simple one.

According to the old morphology of external form, the

club mosses were entirely capable of having given rise to

the conifers. With some knowledge of structure this

idea faded away, except in certain quarters, and the bril-

liant discovery of the so-called " seed-ferns " seemed to

dispose of it entirely. Now we find among the paleozoic

lycopods, notably some of the herbaceous ones, that a

seed-like structure has been attained, and we have '

' seed-

club mosses" as well as "seed-ferns." This does not

mean that the club mosses gave rise to conifers or to any

other existing group of seed plants, for more important

structures forbid it ; but it does mean that the paleozoic

groups had advanced very far; that the seed-condition

may have been attained by several groups of paleozoic

pteridophytes ; and that it takes more than a seed to dis-

tinguish a "seed-plant."

These are a few illustrations of the upsetting facts that

modern paleobotany has been introducing into the old-

time phylogenies of Lycopodiales and Equisetales.

It is among the phylogenies of Filicales, however, that

modern paleobotany has wrought the greatest change, so

far as pteridophytes are concerned. The old picture in-

cluded a luxuriant fern vegetation during the Paleozoic,

which culminated in the Coal-measures, whose so-called

"fronds" made up at least one half the vascular flora.

The occasional attached synangium or sorus was plainly

like those of the Marattiaceae, and since the Marattias
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are eusporangiate, these paleozoic ferns were eusporan-

giate. And so we settled back comfortably to the convic-

tion that the paleozoic ferns were Marattiacese, repre-

sented to-day by a small tropical family ; that the euspo-

rangiate habit and synangia are historically older condi-

tions than the converse; and that the leptosporangiate

habit and sori of free sporangia are comparatively

modern.

The change of view that modern paleobotany has intro-

duced must be familiar to most of you. The abundant

fern vegetation of the Paleozoic has vanished, having

been replaced by a great group of fern-like gymno-

sperms
;
many of the marattiaceous synangia have proved

to be the microsporangiate structures of these same gym-
nosperms; there is no indication that the eusporangiate

habit is older than the the leptosporangiate ; and it is en-

tirely clear that our earliest known ferns had free spo-

rangia and not synangia. In fact, after the first revul-

sion of feeling, following the discovery of the fern-like

gymnosperms, the question was seriously raised, is there

any evidence of paleozoic ferns? Of course no one

doubted their existence, but where is the evidence?

Paleobotany has now begun to answer this important

question. Evidence of the existence of a group of arbo-

rescent, Marattia-like ferns during the Upper Carbonifer-

ous is accumulating. Much of this evidence is negative,

for it consists simply of the fact that many species of cer-

tain of the large, so-called " frond genera" have not been

found to be fern-like gymnosperms. On the doctrine of

chance this may be worthy evidence. It simply means

that a vast display of fern-like leaves must contain some

ferns. The positive evidence, however, is supplied by

vascular anatomy, and is found in the stems called Psaro-

nius. The structure of these stems has been compared

recently with the very characteristic structure of the

stems of the living marattias, and the close relationship

is obvious. Moreover, the leaves of Psaronius belong to

one of the largest frond genera, and some of them bear
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Marattia-like synangia. So clear is the evidence that

Scott has called these arborescent Marattias, of the later

Paleozoic, Palseo-Marattiaceae, and they may well stand

for the precursors of the much humbler Marattias of

to-day.

But these ancient Marattia-like forms were not the

oldest ferns, for paleobotany has revealed a much older

assemblage of undoubted ferns, so old, in fact, that the

assemblage is called Primofilices. They are represented

not only by numerous detached sporangia, many of which

have the annulus characteristic of modern leptosporan-

giates, but all the essential structures of one well-char-

acterized family, the Botryopteridese, are known. These

still somewhat vague Primofilices. are extremely suggest-

ive and perplexing. The free sporangia and the annulus

of the Botryopterideae suggest leptosporangiate connec-

tions ; but the sporangia are not borne as among the lep-

tosporangiates, nor is the annulus of the same character.

The sporangia are in clusters terminating the bare

branches of a rachis ; and the annulus is a vertical, multi-

seriate band on one side or both sides of the sporangium.

In fact, the so-called "rudimentary" annulus of Osmunda
suggests a reduced multiseriate annulus of one of the

Botryopteridese. The vascular system, however, is very

characteristic and very primitive, and is so varied as to

suggest a synthetic type that might have given rise to all

the diversities found in modern ferns.

The possibilities of paleobotany are well shown in con-

nection with these Primofilices. One of its form-genera,

Stauropteris, known only as sporangia, has been discov-

ered by Scott with germinating spores. The germination

of a fern spore is so different from that of a microspore

of gymnosperms, or of any other heterosporous plant

with which we are acquainted, that it is clear that Staur-

opteris is a fern sporangium and not the microsporan-

gium of some gymnosperm. When germinating spores

are preserved, and also the swimming sperms of paleo-

zoic gymnosperms, as recently described, we may expect
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that paleobotany will presently be able to uncover all of

the essential morphology of the great fossil groups.

This picture of paleozoic ferns is somewhat dim yet,

but were it not for the recent work in paleobotany we
should have no picture at all, or, what is worse, an

entirely false one.

The most conspicuous contribution of modern paleo-

botany, however, is its remarkably complete reconstruc-

tion of the phylogeny of gymnosperms. Our present

records of this group extend through a longer period and
are more continuous than for any other vascular group.

It was not only associated with the paleozoic pterido-

phytes of the Coal-measures, but it was contemporaneous
with pteridophytes throughout all their recorded history.

Seed-plants, therefore, are just as old as any vascular

plants, so far as our records go. It is clear that seed-

plants have descended from pteridophytes, but when our

records begin, they had already descended.

Our conception of gymnosperms before the paleobo-

tanical work of the last decade, will emphasize the change

that has taken place. We thought of them as cycads,

conifers, and gnetums ; and the morphology of that time

undertook to develop a phylogenetic sequence with these

three groups. Cycads were clearly the most primitive

gymnosperms, and when Ginkgo was found to share with

them in the retention of swimming sperms, it was just as

clearly a "transition" form, on its way from cycads to

conifers. In the dim paleozoic background Cordaitales

lurked, but they were quite detached from living gymno-
sperms, a group that belonged to the gelogist rather than

to the botanist. I fancy that many a student of gymno-
sperms in those distant days never even heard of Cor-

daitales. The contrast between such a perspective of the

group as I have just indicated and the perspective we
possess to-day is due almost entirely to paleobotany.

In the first place, it resurrected the most primitive

group of gymnosperms, the Cycadofilicales, called by our

English brethren the Pteridosperms. It is a group that
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had always been with us, disguised as paleozoic ferns, and
the story of its recognition and rehabilitation is about the

most sensational one in the annals of paleobotany. This

meant that Cordaitales had a companion group, and that

there were two great gymnosperm assemblages during

the Paleozoic. Then the question arose as to the rela-

tionship of these two groups. There was no historical

sequence to answer the question, for the two groups were

observed side-by-side, and very distinct, as far back as

the records go. This threw the answer back upon com-

parative structures, and this testimony is clear. If the

two groups have been derived from ancient ferns, and

the structure of Cycadofilicales hardly admits of any

other conclusion, it is evident that the Cordaitales have

departed much further from that origin. Therefore, if

the two groups are related to one another genetically, and

the discovery at various paleozoic horizons of persisting

synthetic forms that combine features of both groups

seems to make this reasonably assured, the Cordaitales

were derived from Cycadofilicales older than any we
know.

The beginning of our perspective, therefore, is that

very ancient ferns, earlier than any of our records of

vascular plants, gave rise to a Cycadofilicales stock, which

persisted throughout the Paleozoic; and that this stock,

also earlier than any of our records, gave rise to the Cor-

daitales branch. The records begin with these two stocks

working along towards their modern expression, and all

Mesozoic and modern gymnosperms can be referred to

them. In other words, the gymnosperm genealogical tree

comes into sight as two strong branches of a dichotomized

trunk whose existence and character are hypothetical.

The Mesozoic branches from these two paleozoic stocks

furnish us with another triumph of paleobotany, and this

achievement is of peculiar interest to Americans.

The Cycadofilicales of the Paleozoic contributed to the

Mesozoic the gymnosperms once known as ''fossil cy-

cads," a group so dominant and so characteristic that the
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Mesozoic was long called "the age of cycads," so far as

its vegetation is concerned. These characteristic Meso-

zoic forms are known now as the Bennettitales, and their

resurrection from rich Mesozoic deposits of America is

due to the skill and patience of our American colleague,

Dr. Wieland. They retained many of the primitive fea-

tures of the Cycadofilicales, but departed from them
chiefly in the development of a strobilus. Not only so,

but the strobilus is peculiar among gymnosperms, all of

which have strobili except the fern-like Cycadofilicales.

The strobilus of Bennettitales is bisporangiate, and the

two sets of sporophylls are related to one another as they

are in the flowers of Angiosperms. With the investment

of sterile bracts, the strobilus as a whole bears a remark-

able structural resemblance to such a flower as that of

Magnolia. This resemblance has proved to be very se-

ductive, for it has led to the claim that Bennettitales rep-

resent the ancestral forms of angiosperms. It is not the

province of the present paper to discuss this claim. It

has in it as a basis just enough of structural resemblance

and of historical timeliness to make a plausible argu-

ment, but hardly enough to carry conviction to those who
must take other facts into consideration. In any event,

the Bennettitales are a notable group, and paleobotany

has revealed them to us.

Along with them, the true cycads, or Cycadales, began

to appear, apparently never a dominant group, and they

have persisted in the tropics to the present time. The
cycads as we know them, therefore, are the modern rep-

resentatives of an old phylum, which included Bennetti-

tales in the Mesozoic and Cycadofilicales in the Paleozoic,

a phylum aptly called the Cycadophytes. The cycads

present us with that paradox with which students of phy-

logeny are familiar, namely, they are structurally very

primitive, but historically modern. So far from being

the oldest of living gymnosperms, they are younger than

the conifers and the ginkgos.

The Cordaitales of the Paleozoic had already developed
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strobili, and had made notable changes in the vegetative

body, changes which characterize the second great gym-
nosperm phylum, fittingly called the Coniferophytes.

The connections of the paleozoic Cordaitales with the

Mesozoic ginkgos and conifers are very obvious, and
these two groups, associated with Bennettitales and some
Cycadales, made up the mesozoic gymnosperm flora.

The Ginkgoales are really a mesozoic type, for their rep-

resentation to-day by a single species is probably due to

preservation by culture. It is an interesting fact that

the ginkgos, directly connected with the paleozoic Cor-

daitales, have retained the primitive reproductive struc-

tures of that group and of the Cycadophytes, but ad-

vanced in vegetative structures as did the conifers. The
group is very old in its reproductive methods, and modern
in its vegetative body.

The great gymnosperm group of the Mesozoic, as of

the present time, is the Coniferales, and their deployment

during the Mesozoic is a subject of fascinating interest.

The so-called tribes of conifers are found distinctly dif-

ferentiated during the Mesozoic, and the determination

of their relative ages is one of the triumphs of vascular

anatomy. My colleague in this symposium, Professor

Jeffrey, has lived in the storm center of this work, and

it would not be fitting for me to invade his own special

field. It may be said, however, that to discover that the

Abietineae (the pine tribe) are the oldest conifers is up-

setting the older phylogeny fully as much as paleobotany

has done for other gymnosperm groups.

Tbe conifers are distinguished among the other gym-

nosperms that have been discussed, in being modern both

in reproductive methods and vegetative structure. In

contrast with cycads, therefore, they present the same

paradox conversely, that is, they are structurally younger

than cycads, but historically older.

This hasty outline of gymnosperm history, which pa-

leobotany has interpreted for us, proves convincingly

that no plant phylogeny is adequate until it has included

/'
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the historical record, which of course is the province of

paleobotany; and furthermore, that general conclusions

based upon the study of the living flora alone are more

apt to be false than true.

The great problem of paleobotany to-day is the history

of angiosperms. Having perfected a weapon in the at-

tack upon gymnosperms, it remains for the paleobotanist

who is a vascular anatomist to uncover the origin of our

greatest group, with its comparatively brief history.

The origin is probably recorded in the Mesozoic, and we
wish to- see the significant structures, and not guess at

external form, and much less guess at purely hypothetical

connections. To this great task paleobotany is turning.

We have had the guesses ; and I am confident that pres-

ently we shall have the facts.

II. The Relations of Paleobotany to Botany

2. Morphology

PROFESSOR EDWARD C. JEFFREY

Harvard University

The morphology of Goethe's metamorphoses, a hun-

dred years ago, was entirely external morphology, illum-

inating at the time and for many decades later ; but now
for over a quarter of a century extinct, except so far as

it lives on for descriptive purposes in manuals of sys-

tematic botany. It has been replaced by a conception

of morphology, based not on external form but on inter-

nal structure. The replacement has been slow in this

country, where, unfortunately, morphology is still very

largely a thing of external threads and patches. The
father of plant morphology in its modern form, was, as

you all know, Wilhelm Hofmeister, who, over fifty years

ago, began to put the subject on a truly evolutionary

basis. Like many other men of genius, he was before

his time and received little appreciation from his less

progressive contemporaries.
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But it is Professor Coulter's task to deal with morphol-

ogy, particularly iu its paleobotanical aspects, iu rela-

tion to systematic botany, as is specially fitting, since the

laboratories over which he presides at Chicago have up
to the present time been the greatest single influence in

putting American morphology on a modern and progres-

sive basis. His important relation to systematic devel-

opment in this country is also well known, representing

as it does an earlier but not less striking phase of his

botanical activity. My excuse for even referring to sys-

tematic matters in these preliminary remarks is the

close relation in which they necessarily stand or should

stand to morphology and paleobotany. Darwin in his

immortal " Origin of Species," although but little given

to figurative language, has described morphology as the

soul of natural history. It is to be feared that there is

just ground for complaint, that the botanical natural

historian has in the past too often worn his soul upon his

sleeve or has even appeared to lack that necessary ad-

junct of higher existence. Internal morphology now
holds the field and all other lines of botanical activity

from systematic botany to plant physiology must take

account of its doings, if they are to make solid and en-

during progress.

If a change has come in recent years in the point of

view of morphology, an equally important shifting of

position has taken place, during the past few decades in

the attitude of paleobotany. Until the late seventies of

the nineteenth century, paleobotany had to do practically

with the external form of plants alone, as they appear as

impressions in the rocks. It is true that Brongniart in

the earlier years of the last century realized the impor-

tance of internal structure in the case of fossil plants and,

as Dr. Scott has recently pointed out, his views on this

subject are so clear and fit actual conditions so well, that

they read as if they were written only yesterday. But

Brongniart had few followers even among his own coun-

trymen. To the Englishman, Williamson, belongs a large
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part of the credit of putting paleobotany on a really

satisfactory footing. He insisted on the absolute neces-

sity of taking into consideration internal structure as

well as external form, and went so far in some of his

writings as to state that imprints or impressions alone,

of extinct plants, had little scientific value. What may
be called the evolutionary bias of Englishmen, a fortu-

nate inheritance from the greatest of all biologists,

Charles Darwin, has led them far in the pursuit of paleo-

botany on anatomical lines. We need only call to mind

the demonstration on anatomical grounds that the

greater part of the trees of the Coal Period were, in spite

of their arboreal habit, in reality vascular cryptogams,

a demonstration absolutely confirmed later when it was

possible to study, in detail, their reproductive organs.

An even more striking illustration of the same kind is

supplied by some of the fern-like forms of the Paleozoic,

which have long appeared in the catalogue as vascular

cryptogams. Here too it was first shown on anatomical

grounds, and afterwards from the examination of the or-

ganization of the reproductive structures, that outward

appearances were entirely deceptive and that the organ-

isms in question were in reality seed plants of a prim-

itive type. These two illustrations, which might be in-

definitely multiplied, serve to indicate the very impor-

tant services which the study of internal organization

has rendered both to the natural system and to the doc-

trine of evolution. They further make it clear that the

aphorism of mundane existence, which admonishes us

not to trust to appearances, holds equally well in the

domain of plants. Paleobotany, like morphology, has

accordingly at the present time entered into the anatom-

ical phase of development.

So long as morphology concerned itself mainly with

the external form of the reproductive structures of exist-

ing plants and paleobotany had perforce to content itself

for the most part with the impressions upon the rocks

of the foliar organs of extinct ones, there was little to
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bring these two branches of botanical science together.

The systematic botanist was accordingly quite safe in

ridiculing the insufficiency of the evidence upon which

the conclusions of the older paleobotany was founded.

With the advent of the anatomical phase of development

in both morphology and paleobotany, the two sciences

have become united on the basis of common interests and

are both enormously strengthened by the union. Morphol-

ogy, from being the exponent of a priori philosophical

ideas, applied to the question of the evolution of plants,

and derived for the most part from the inner conscious-

ness rather than from any truly scientific and inductive

study of facts, has become the logical fancy-free hand-

maiden of evolution. Paleobotanical science, on the other

hand, having realized, especially in the case of the older

plants, which are naturally of the greatest importance

from the evolutionary standpoint, that the external form,

even the external form of the reproductive structures,

is often very deceptive as to real affinities, has come to

regard as most important the much less variable internal

organization of extinct plants. Paleobotany is in the

position to supply us now, for the first time, with reliable

facts regarding the organization and true systematic

affinities of the ancient vegetation of the earth, and

morphology has reached a condition of maturity where

facts are infinitely more important than philosophical

fancies, however charmingly expressed.

It is unfortunately the case that morphology, until

comparatively recently, has been quite as unscientific in

its methods as the systematic botany with which in the

earlier years of its existence as a branch of botanical

science it was intimately allied. The recent important

change of attitude in plant morphology is practically en-

tirely due to extensions in our knowledge of the organiza-

tion of extinct plants. Sachs in the second part of his

classic "History of Botany," which deals with plant

anatomy and similar matters, deplores this unsatisfac-

tory condition in the following words: "Owing to the ex-
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traordinary diversity of opinion that exists among botan-

ists even on the most general questions in the science, it

is extremely difficult to ascertain what can be considered

a common possession,—an unfortunate condition of things

from which no science suffers perhaps so much as

Botany." Until comparatively recently these words

were as true of plant morphology and plant physiology

as when they were written, nearly forty years ago. If

there is any mitigation of the situation it is because of

the application of chemical and physical laws to the un-

derstanding of the functioning of plant structures and

the facts of modern paleobotany to the elucidation of the

structures themselves. There can be no doubt whatever,

that, without the background supplied by our increasing

knowledge of fossil plants, the picture painted by the

morphologist and embryologist of the evolution of plants

is without depth and entirely without perspective. We
literally can not see our wood for the countless trees

which have crowded into the foreground representing its

most modern stage of development. It is certainly im-

possible to formulate even the rudiments of the evolu-

tionary perspective of plants in the absence of paleo-

botanical facts as the enduring and fundamental back-

ground.

It is accordingly impossible to deny that in the past

morphology has been largely fanciful, where it has de-

parted in any way from the bare description of the facts

of structure in modern plants, or has attempted to

arrange them in accordance with any general or scien-

tific principles. True the situation has been relieved not

a little, as a result of the study of development and com-

parative anatomy, but the difficulty has always been

here to decide the direction in which a comparative or

developmental series should be read. The indispensable

sense of direction can alone be supplied by sighting down
the fingerposts of the past, the records of fossil plants,

which show us the real path by which evolutionary ad-

vancement has been made in any given case.



230 THE AMERICAN NATURALIST [Vol. XLVI

One of the commonest fallacies of the older morphol-

ogy was to regard simpler structures as more ancient

and complicated ones as more specialized and modern.

This error is very deeply implanted in the existing highly

artificial systematic arrangement of the higher plants.

For example in the case of the conifers, the Taxacese

are put lower than the Pinacefe, on account of the simpler

organization of their reproductive and vegetative struc-

tures. The paleobotanical record, however, shows us

clearly that the Pinacese, particularly the ahietineous

PinaceEe, are among the most ancient representatives of

the coniferous stock, while the Taxaceae, particularly the

genus Taxus, stand for the class in its most modern con-

dition of development. Let us take another illustration

from the Angiosperms. Systematic text-books invari-

ably place the Monocotyledones below the Dicotyledones,

on the basis of their simpler organization. This view

of the matter does not accord, however, with the results

of anatomical and paleobotanical research, which clearly

show that the Monocotyledones are neither ancient in

their occurrence nor primitive in their organization, but

represent a condition of reduction from ancestors which

were essentially dicotyledonous in their more important

characteristics. These two illustrations, which might be

multiplied indefinitely from systematic works, show that

the older morphology was essentially fanciful and phil-

osophical in its methods and by no means worthy of the

name of an inductive science.

The new morphology, purely inductive in its pro-

cedure, is solidly founded on the testimony of the rocks

and considers no sequence valid, unless it is clearly

supported by the evidence derived from the study of

fossil forms. It shows itself moreover scientific in

its firm adhesion to valid general principles and

its disregard of uncoordinated facts. These general

principles too are few in number and are as easily

grasped in their simplest form as are the great general-

izations of the sister sciences, chemistry, physics and
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astronomy. The three most important laws or general

principles of morphology are those which have to do with

recapitulation, reversion and retention. The first is

common to both plants and animals, while the other two

are infinitely better illustrated by botanical than zoolog-

ical facts. The validity of these laws has long been ad-

mitted in a somewhat hazy and unpractical fashion. It

has remained for morphology based on paleobotany to

bring them into prominence as the fundamental working

principles of the investigator of plant evolution. They
are in fact the rudiments, the three R's of biological sci-

ence, with which even the tyro should become well

acquainted.

We can not do better than take a particular illustra-

tion of these laws as applied to botanical facts. The
conifers show themselves particularly favorable for the

elucidation of general evolutionary principles, because

they not only constitute a large, varied and widely dis-

tributed element of our existing flora, but can be traced,

with trifling interruptions, continuously far into the past.

Of the conifers there is one tribe at the present time

entirely confined to the southern hemisphere. I refer

to the Araucariinere, of which the New Zealand Kauri and
the Norfolk Island pine may appropriately stand asi

examples. In the Mesozoic period, the middle ages of

our earth, they flourished throughout the entire world.

It is often considered that the Araucariinese represent

the most ancient group of conifers. This belief appears

to be based on a too common fallacy, that groups nearly

extinct in the existing flora necessarily represent ancient

forms. A further basis for the hypothesis of the extreme

antiquity of the Araucarian conifers is derived from
their habit and the general features of organization of

their wood, in both of which respects they present points

of resemblance, by no means complete, however, with

those Paleozoic gymnosperms to which the origin of the

general coniferous class is by common consent of morphol-
ogists and paleobotanists referred, namely, the Cordai-
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tales. If we follow the Araucariineae backward step by

step, as recent additions to our knowledge now permit us

to do, into the past, we find that although in the Tertiary

they retained very largely the characteristics which they

present to-day in the Cretaceous, particularly in the

Lower Cretaceous and in the Jurassic, they become less

and less like their existing representatives and more and

more like the Abietineas, the actually dominant conifers

of the northern hemisphere, both in general organiza-

tion and wood-structure. To save time let us consider

only three points of anatomical organization, for com-

parison. The existing Araucariineae are remarkable

among conifers and gymnosperms generally, in possess-

ing leaf-traces which continue to be formed in the wood
by the cambium, long after the leaves which they origi-

nally supplied have ceased to exist. The old trunk of a

Kauri or an Araucaria, for example, shows on the outside

of its wood marks representing the traces of leaves,

which may have disappeared hundreds of years pre-

viously. This feature has been seized upon by Professor

Seward as one of undoubted primitiveness. It is cer-

tainly bizarre, and if one accepts the unusual as the cri-

terion of antiquity, the Araucariineae certainly could

qualify for an ancient lineage on this character. This

view does not however accord with paleobotanical facts.

In the Lower Cretaceous we find very many undoubted

Araucarian trunks, in which the leaf-traces were not

persistent as in the existing representatives of the tribe

and in the Jurassic and Triassic trunks of this type

become practically universal. This at once makes it

clear that the persistent leaf-trace, so characteristic of

the living Kauri and Araucaria, is not an ancestral fea-

ture of the Araucarian stock. Recently we have sent

out from Harvard a botanical expedition to Australasia.

At my suggestion Messrs. Eames and Sinnott, who were

its personnel, have brought back old seedlings of the two

existing Araucarian genera. On investigation of the

lower region of these in proximity to the cotyledons, it
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was found that here the leaf-traces were ephemeral in

their persistence, exactly as in the older Mesozoic repre-

sentatives of the Araucarian stock from the Lower Cre-

taceous, Jurassic and Triassic deposits. Here appears

a very striking example of the validity of the law of re-

capitulation as exemplified by the young individual, the

seedling stem for a short part of its vertical length re-

peating ancestral conditions which have long disap-

peared in the adult. Let us consider two remaining

characters together, in order to economize time. The
water pores of the tracheids in existing Araucarian con-

ifers occur in a crowded and alternating condition and

are deformed or flattened by mutual contact, a feature

of resemblance to the oldest known gymnosperms. This

feature is in marked contrast to the pit arrangements of

the other existing tribes of conifers, where the water

pores are loosely grouped and when numerous and mul-

tiseriate are opposite. Another unusual feature of the

wood of existing Araucariineae is the absence of wood
parenchyma, a feature likewise illustrated by the woods
of the Paleozoic gymnosperms. If we follow the Arau-
carian conifers below the horizon of the present, we ob-

serve in the older representatives a condition of pitting

of the tracheids, which the lower we go geologically,

becomes more and more like that found in the other tribes

of conifers, particularly the Abietineae, so much so that

Gothan, who has recently described the Jurassic woods
of Spitzbergen and other arctic islands, which in the

Mesozoic supported a luxuriant flora, has identified them
as of Abietineous affinities. It is further found in the

case of those Mesozoic fossil woods which most nearly

resemble the living genera Agathis and Araucaria, that

wood parenchyma was exceedingly abundant. Now let

us examine our Araucarian seedlings in regard to these

features. The wood of the cotyledonary region here ex-

emplifies both the characteristic pitting and presence of

wood parenchyma of the Mesozoic Araucarioxylon type.

Thus the Araucariineae, which we are able to follow very
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far back into the past, present a very striking illustra-

tion of the biological law of recapitulation. Other fea-

tures of the seedling might have been considered with the

same result.

But ancestral conditions are not in plants confined to

the young individual. We find them also illustrated in

connection with the principles of retention and reversion.

The law of retention is well exemplified by the root, cone

and first vegetative annual ring of the Araucariinese,

where the Mesozoic features of structure appear only

less completely than they do in the seedling. The law

of reversion is likewise illustrated readily in this tribe

of conifers in connection with injuries, for the wood
formed subsequently to wounds shows Mesozoic charac-

ters, which are not a feature of normal structure.

It appears clear from the illustration which I have

chosen, only one among many possible ones from the re-

sults of recent coordinated anatomical, developmental,

experimental and paleobotanical investigations, that we
have definite laws of plant evolution. It is further clear

that like Ulysses we must "follow knowledge like a sink-

ing star" into the night of the past, if we are to reach

durable general biological principles. The laws of re-

capitulation, retention and reversion, founded on cases

where it is possible to trace an unbroken sequence of

forms, are likewise applicable to the elucidation of con-

ditions in groups the past of which is as yet insufficiently

known. A very notable example of this kind is pre-

sented by the Angiosperms. Here more than anywhere

else among the higher plants philosophical views in re-

gard to evolution prevail. You are doubtless all famil-

iar with the generally accepted dictum, forming a feature

of all elementary botanical instruction, that the woody
stem of perennial Dicotyledones is derived from one of

herbaceous texture. This conclusion is based on the old

fallacy, that simpler conditions are necessarily antece-

dent to more complex ones and antedate them in time.

If we investigate the primitive type of stem organization
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in the Dicotyledones, in accordance with the principles

of recapitulation, retention and reversion, we arrive at

very different conclusions indeed and of much greater

significance from the standpoint of evolution.

It will save time to take a concrete illustration. In

the cross section of a small branch of the oak we find

the woody part of the stem, composed of ten alternat-

ingly outstanding and depressed segments, separated

from one another by ten large so-called primary medul-

lary rays. In accordance with the herbaceous hypothesis

of the origin of the woody stem, the projecting segments

are supposed to correspond to five originally entirely

separate bundles. Further the intervening depressed

segments of the cylinder, set off from the others by tht

ten large rays, are supposed to represent parts of the

wood which have been secondarily interpolated through

the activity of a so-called interfascicular cambium. If

we examine the facts in the light of the general principles

of plant evolution, a very different and much sounder

conclusion is reached. Let us take only the seedling

evidence, for the other accords absolutely with it. In

the cotyledonary region of the young stem we find for a

number of years a completely continuous woody cylinder,

without either large rays or depressed segments. At
this level in fact the rays are entirely narrow ones of the

gymnospermous type. Both the broad rays and the seg-

ments which they delimit appear only later. The so-

called large primary rays are in fact formed as a result

of the fusion of smaller rays into aggregates around the

incoming leaf-traces. The broad rays of the oak are

consequently fusion products and not at all primitive

structures. They are clearly related as a storage device

for the strands which enter the stem from the leaves.

There are two broad rays to each leaf, corresponding to

its two strongly developed lateral traces, and since the

phyllotaxy of the oak is of the 2/5 type, there are nor-

mally and originally five pairs of large rays in the stem.

The depression of five of the segments delimited by the
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large leaf or foliar rays below the level of their fellows

presents another interesting problem in evolution, into

which there is not time to enter at present. It is enough

to say that the so-called primary or large rays of dico-

tyledonous stems are not primary or primitive struc-

tures at all, but are of secondary origin and formed from
what was originally wood, in order that the assimilates

from the leaves may more readily and conveniently be

stored for future use. We have thus an explanation of

the relation of the woody to the herbaceous stem, which

is at once in harmony with the general principles of plant

evolution and at the same time with physiological neces-

sities. The fallacy of considering the herbaceous as the

primitive type is further made clear. There is in fact

every reason to believe that the early Dicotyledones were

entirely woody perennials, just as the forbears of the

existing herbaceous Pteridophyta have been shown by

paleobotanical and anatomical investigations to have

been derived from arboreal ancestors of the Paleozoic.

The clear realization of the universal validity of the

primary laws of plant evolution depends almost entirely

on our increased knowledge of the organization of fossil

plants. There has come to morphology as a consequence

of the study of ancient forms a new birth, quite compar-

able to the remarkable intellectual awakening in Europe,

at the beginning of the modern period, resulting from

the rediscovery of the ancient classics of the Greeks and

Eomans. This awakening, known as the renaissance, has

its exact counterpart in plant morphology and our en-

thusiasm over the discovery of new fossil remains which

throw a light on the origin of existing plants is not dif-

ferent from that experienced by the enlightened citizens

of the Italian cities at the end of the middle ages, over

the unearthing of a new manuscript of Virgil or of

Horace. As a result of this impetus the morphologist

has already in the past decade revolutionized the system-

atic arrangement of the Gymnosperms and the work in

this special field has scarcely begun. In the case of the
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Angiosperms, change is also in the air and I venture to

predict that within two or three decades at most we shall

have made substantial progress towards a scientific, that

is, a natural, classification, of what is at present a huge

and hopelessly confused labyrinth, penetrated at best in

a halting way by the tenuous and insecure thread of our

present highly artificial system.

The future presents many interesting possibilities for

the morphologist and the paleobotanist and let us hope

for the systematist as well. Obviously we are now on the

threshold of the discovery of a system of plants which

shall depict their evolutionary sequence. Would that we
might count on the sympathetic cooperation of all sys-

tematic botanists in this stupendous and intellectually

attractive task. Unfortunately in the thirties of the last

century systematic botany parted company with plant

morphology and has appeared since somewhat to resem-

ble the man with the muckrake in the vision of the im-

mortal tinker. Although there hangs above it the shin-

ing diadem of a natural system, with which to crown its

arduous labors of many years, the raking together of

straws, sticks and even antique dust seems to present an

invincible attraction. The assiduous strokes of the rake

may glean additional straws and sticks; but although

we may all agree that he is a benefactor of mankind who
makes two living blades of grass sprout where there was
one before, we shall scarcely consent with unanimity

that the making of more new species out of old ones, is

a highly commendable scientific occupation. A great

danger on the systematic side appears at the present

time to inhere in the doings of so-called world congresses.

Recently the paleobotanists of those countries which are

mainly active in the investigation of fossil plants have
agreed unanimously and publicly to repudiate the vote

of the recent congress at Brussels, imposing upon them
Latin diagnoses of extinct plants. The students of fossil

plants, although they have to do with organisms no
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longer living, regard their science as a live one and are

consequently strongly unwilling to shroud its doings in

the pall of a dead language, perhaps not the less because

the mandate to do so comes as the result of a Russian

ukase. The present world congresses of botanists seem

to present certain ominous resemblances to the world

councils of the church about the time of the Reformation

in Europe. The so-called ecumenical councils of Chris-

tianity were unfortunately characterized at that time by

reactionary tendencies, including among others a prefer-

ence for the Holy Writ in the Latin rendering of the

Vulgate. Unless there is some relaxation of the mediae-

val attitude upon the part of the majority of systematic

botanists, there is reason to fear a reformation in botany,

as uncontrollable as that led by Martin Luther and John
Knox in religion. It is sometimes said in favor of Latin

diagnoses of plants, that the older literature of system-

atic botany is in the Latin tongue. The same is true of

the equally venerable sciences of chemistry and astron-

omy, yet for that reason the chemists and astronomers

of to-day do not think it necessary to perpetuate the writ-

ten language of the alchemists and astrologers. Botany

has likewise, let up hope, passed through what corre-

sponds to the alchemistical and astrological phase of

development and need not conceal its doings in the

dog Latin of a Paracelsus or an Albertus Magnus. Con-

ditions in this country are hopeful in this respect, for

although we are not wholly free from the pedantry that

maketh and loveth a Latin diagnosis, the large majority

of American systematists are entirely progressive iu

their point of view. May they prevail and in the course

of time, with all modesty, impress their attitude on the

European cultivators of this important field of botanical

activity.
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II. The Kelations of Paleobotany to Botany

3. Ecology

DR. ARTHUR HOLLICK

New York Botanical Garden

As I understand the object of a symposium it is not to

provide opportunity for the reading of exhaustive or

highly technical dissertations, or for the presentation of

new material, but rather to present recognized facts as

clearly as may be, with recent interpretations of their

meaning or significance, in order to enlist interest in and

to stimulate discussion of the subject under considera-

tion; and this seems to have been the view which was
taken by those who have preceded me. In such connec-

tion it is my privilege to present the claims of ecology to

recognition, in indicating the relations between botany

and paleobotany.

Plant ecology, as the term is commonly defined and

understood, is that branch of botany which deals with the

study of the interrelations of plants and their relations

to environment. As a distinct science it is practically a

product of the present generation. I do not know exactly

when the term was first employed in scientific literature,

but it certainly was not in general use in connection with

botany at the time of my earliest contributions to the

subject, and I did not then know that I was dealing with

ecology when discussing certain floras and their accom-

panying geologic and physiographic features of envi-

ronment.

The ecologic relations between botany and paleobotany

are mostly concerned with the problems of phytogeog-

raphy. Paleobotany has supplied the explanations of

numerous puzzling facts in regard to the geographic

isolation of certain genera ; the occurrence of some genus

or species only in certain widely separated regions of the

earth ; and the problems in connection with many endemic

floras. Indeed the phenomena of plant distribution in
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general at the present time would be lacking in logical or

adequate explanation but for the facts which have been

brought to light by the study of fossil plants in regard to

distribution in the past. Many such instances might be

cited, but for the purposes of this symposium a few of

the most striking only need be recalled to serve as con-

crete examples of the general abstract propositions.

In the earlier part of the last century, when the science

of paleobotany was in its infancy, and much that we now
know about living plants had not been learned, numerous

remains of coniferous trees were found in Europe and

elsewhere in the Old World, in deposits of relatively

recent geologic age. For the most part these remains

were either identified as living genera or were given

generic names designed to indicate their nearest appar-

ent relationships with such (Pinites, Taxites, Arauca-

rites, etc.). Other similar remains, however, which could

not be satisfactorily compared with any living ones, were

given new generic names. Among these latter may be

mentioned certain small cones associated with leafy

twigs, which were assumed at the time to represent an

extinct coniferous genus. Large areas of the New World,

however, were yet unexplored and many hitherto un-

known living genera were awaiting discovery and de-

scription. One of these was Sequoia, a genus of two

species only, confined in their distribution to scattered

groves on the western coast of the United States. Ecol-

ogy was an unknown science when these groves were dis-

covered, but the relatively limited number of the indi-

vidual trees, and their geographic isolation, at once

attracted attention and aroused interest and discussion

in regard to their ancestry and the phenomenon of their

peculiar distribution. Paleobotany supplied the desired

information. When the generic characters of Sequoia

were made known they were seen to be identical with

those of the supposed extinct fossil coniferous genus of

the Old World. Further than this, however, similar re-

mains, comprising numerous different species, were sub-
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sequently found extending through Siberia to the eastern

coast of Asia and through Europe, Iceland, Greenland

and the Arctic regions to Alaska, and thence southward

to the home of the two remaining living species on the

western coast of North America. The phytogeographic

problem of the genus Sequoia, as we know it to-day, was
thus resolved into the geologic problem of the causes

which produced the climatic changes resulting in the ex-

tinction of the genus over vast areas where it formerly

existed, and the total extinction of all except two of the

numerous species by which it was formerly represented.

Modern areal limitation of the genus was thus shown by
paleobotany to be a result of former areal elimination.

(Incidentally it may be remarked that this example

also involves a question of nomenclature which, however,

I trust our chairman may declare to be not germane to

the subject and hence ineligible for discussion. It is one

of the feiu instances in which a genus ivas known and

named as a fossil before it ivas discovered and named in

its living form.)

The genus Taxodium, comprising two, or possibly three

living species, is confined to the southern United States

and Mexico,, so far as its present distribution is con-

cerned. Up to the close of the Tertiary period, however,

it flourished throughout what are now the temperate and
arctic zones of North America and Eurasia,—not only

the genus, but apparently the identical species yet living

and others now extinct. Paleobotany has adduced ample
proof of these facts, so that, as in the case of Sequoia, the

present distribution of Taxodium is explained as merely

the result of its elimination from other regions where it

formerly existed.

The monotypic genus Ginkgo, which by many is also

regarded as representing a monotypic family and order,

is confined, so far as its natural distribution is concerned,

to eastern China and Japan. No known facts could ade-

quately account for its taxonomic and geographic isola-

tion until paleobotany revealed the multiplicity of its ex-



242 THE AMERICAN NATURALIST [Vol. XLVI

tinct specific and allied generic forms, and its former
wide distribution throughout the Eurasian and North
American continents.

Another monotypic living genus, Sassafras, limited in

its present distribution to eastern North America, repre-

sents an ancient type of angiosperm vegetation whose
fossil remains have been found not only throughout

North America, but also in many parts of the Old World.
These are merely a few of the many examples of

generic isolation—geographic and taxonomic—the expla-

nations of which have been supplied by the study of

paleobotany.

Other apparent peculiarities of distribution, such as are

represented in our living flora by Liriodendron and Ne-

lumbo, genera which are restricted to eastern Asia, east-

ern North America and the central American regions, are

exceedingly difficult to explain satisfactorily on any

theory of migration in recent times; and the theory of

origin de novo in each of the widely separated regions is

too thoroughly discredited to merit discussion. None of

the known facts of recent plant migration, or evolution,

or mutation, are adequate to explain the conditions as we
now find them. Paleobotany, however, has .demonstrated

that such apparent peculiarities of generic distribution

are readily explained when the facts of former distribu-

tion are ascertained. Each of these genera was formerly

world-wide in its distribution and prolific in species ; but

changes in environment caused their extinction in all ex-

cept the widely separated regions which they now inhabit,

reducing the species of Nelumbo to two, and of Lirioden-

dron to one. What have been regarded as problems of

distribution, explainable by improbable theories of mi-

gration or evolution, have thus been shown by the facts

of paleobotany to be merely some of the many examples

of isolation due to elimination in intermediate regions.

The peculiar endemic flora of Australia did not origi-

nate de novo by reason of its isolation. Paleobotany has

shown that the living endemic flora of Australia in many
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of its characteristic elements, such as the genus Euca-

lyptus, represents what the general vegetation of the en-

tire earth was like at the close of Mesozoic time, when
the continent of Australia was isolated from the rest of

the world. Elsewhere than in Australia climatic and

physiographic changes subsequently eliminated the Me-
sozoic types of vegetation and evolved new ones ; but in

Australia the conditions remained almost stationary, and

that continent to-day, so far as its native flora and fauna

are concerned, is still in a late Mesozoic or early Neozoic

stage of development. It is an endemic flora not because

it has evolved new types by reason of its isolation, but

because it has remained stationary by virtue of this rea-

son, while the great bulk of the world's vegetation has

changed.

And so the paleobotanist extends the right hand of fel-

lowship to the botanist and says, "when you are puzzled,

or in doubt, don't despair, come to us," for individually

or collectively we can, probably, suggest reasonable ex-

planations, not only as to why living plants have come to

be where they are, but also how they have come to be

ivhat they are.
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The sixth annual meeting of the Society was held at the
Business High School, Washington, D. Q, December 27 to 29
1911. In accordance with the report of the Council who hadcanvassed the ballots, the following officers were declared elect-
ed by the Society:

President—L. R. Jones, Madison, • Wis.

Vice-President—B. M. Duggar, Ithaca, N. Y.

Secretary—George T. Moore, St. Louis, Mo.

Councilor—Wm. Trelease, St. Louis, Mo.

These, with

Councilor—Cornelius L. Shear. Washington, D C
(Elected for 1910-12),

Councilor—R. A. Harper, New York City,

(Elected for 1911-'13),

Treasurer—Arthur Holliok, New York City,

(Elected for 1911-'12),

Constitute the Council for 1912.

Ex-President William G. Farlow and ex-Secretary D S
Johnson, according to the rule, became the representatives of
the Society in the Council of the A. A. A. S.

(3)
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3n Jlemoriam

Whereas: The untimely death of Raymond H, Pond, Ph. D..

active member of this Society, and Pathologist at the Texas

Agricultural Experiment Station, has removed from the field

of botanical science a vigorous and efficient worker, be it

Resolved, That this Society herewith enter in its records this

expression of its sense of loss from its membership, its appre-

ciation of the research already accomplished by Dr. Pond, and

its regret that so promising a career was so soon terminated.

Committee,

F. C. Newcombe.
C. 0. TOWNSEND.

A. S. Hitchcock.
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OTHER BUSINESS

The Committee on Botanical Publication, consisting of F. C.

Newcombe, A. W. Evans and C. L. Shear, after a general dis-

cussion of the whole situation, recommended "that the ques-

tion of publishing a journal be not further considered by this

Society till such time as an endowment may be secured, or

the income of the Society considerably increased, or some other

means of support be discovered." The report was adopted and

the committee discharged.

The Committee on the Relationship of the Botanical Society

of America to Other Botanists, consisting of R. A. Harper,

C. E. Bessey, N. L. Britton, J. M. Coulter and B. L. Robinson,

made certain tentative recommendations which were discussed

at length. It was voted "that the Botanical Society of America

invite the American Phytopathological Society, Section G. of

the A. A. A. S., the Society of American Bacteriologists, the

Sullivant Moss Chapter, the Fern Club and such other organiza-

tions as may be found eligible, to appoint committees of two

to confer with a similar committee from the Botanical Society

of America as to the possibility of establishing closer relations

between these various organizations in order to bring about an

effective union of all who are engaged in botanical work in this

country." The committee was continued and directed to pro-

ceed along the general lines indicated in their report.

The amendment to the Constitution, proposed at the Minne-

apolis meeting, was laid on the table, to be considered in con-

nection with the report of the Committee on the Relation of

the Botanical Society of America to other Botanists, at the next

meeting.

A committee, consisting of W. G. Farlow, N. L. Britton and

William Trelease, was appointed to prepare a suitable resolu-

tion on the death of Sir Joseph Dalton Hooker.

A vote of thanks was tendered to those botanists who had

contributed the sum of $209.0.") to the Society, the proceeds



from the sale of the launch bought by the contributions of

various members for the use of visiting botanists at Miami,

Florida,

It was voted "that the Botanical Society of America request

the Council of the A. A. A. S. to consider for future meetings

the advisability of locating the meeting places of the various af-

filiating societies concerned with biology, in as near proximity

as possible."

It was voted "that the Secretary be authorized to spend not

to exceed $300.00 In hiring assistance to relieve him of the

routine duties of his office."

NEW MEMBERS

The following associate members were advanced to full mem-
bership :

D. U. Campbell, Stanford University.

M. L. Fernald, Harvard University.

J. B. Overton, University of Wisconsin.

P. H. Rolfs, Florida Experiment Station.

P. A. Rydberg, New York Botanical Garden.

NEW ASSOCIATE MEMBERS

The following botanists were elected associate members

:

I. W. Bailey, Harvard Universit y.

C. W. Edgerton, Louisiana Experiment Station.

J. H. Faul, University of Toronto.

H. Hasselbring, Bureau of Plant Industry.

R. McM. Harper, University of Alabama.

C. E. Lewis, Maine Experiment Station.

Frances G. Smith, Smith College.

A. Stewart, University of Wisconsin.

N. H. Whitford, Bureau of Forestry, Manila.

F. D. Wolf, Alabama Experiment Station.



SCIENTIFIC PAPERS

In addition to the papers of the Symposium, published in

The American Naturalist, April, 1912, there were thirty-seven

other papers read. These were listed in publication 51, and

abstracts appeared in Science January 26, 1912.

REPORT OF TREASURER

The Treasurer presented the following report

:

Report of Treasurer for Year 1911.

Dr.

Balance in hand at date of last annual

report $3,579.57

Since received:

Current dnes 630.00

Proceeds of sale of launch 269.05

Interest on back dues .25

Exchange on checks .10

$4,478.97

Cr.

Secretary's sundry expenses $82.67

Secretary's expenses at Minneapolis

meeting 50.00

Printing 177.13

Postage and typewriting, special 41.71

Premium on Treasurer's bond 30.00

Treasurer's sundry expenses 4.18

$385.69

Balance in hand December 17, 1911 $4,093.28
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x\ssets and Liabilities.

Cash assets:

On deposit in savings bank, including ac-

crued interest to July, 1911 $4,559.51

Cash in hands of Treasurer 848.28

Checks not deposited 15.00

Additional assets:

Dues for 1910, unpaid $15.00

Dues for 1911, unpaid 95.00

Total assets.

Secretaries' expenses Washington meet-

ing $140.00

Treasurer's bond for 1912 30.00

$5,422.79

$110.00

$5,362.79

$170.00

Assets over liabilities $5,362.79
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Winthrop John Vanleuven Osteriiout, Cambridge, Mass.

Assistant Professor of Botany, Harvard University.

Mrs. Flora Wambaugh Patterson, Washington, D. C.

Mycologist in charge Pathological Collection and Inspection Work.

Bureau of Plant Industry.

Leigh H. Pennington, Syracuse, N. Y.

Assistant Professor of Botany, Syracuse University.

Charles Vancouver Piper, Washington, D. C.

Agrostologist, Bureau of Plant Industry.

Raymond John Pool, Sta. A., Lincoln, Nebr.

Associate Professor of Botany, and Curator of the Herbarium, University

of Nebraska.

Roscoe Pound,
Harvard Law School.

Cambridge, Mass.
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George .Matthew Reed, Columbia, Mo.
Assistant Professor of Botany, University of .Missouri.

Howard Sprague Reed. Blacksburg, Va.

Professor of Mycology and Bacteriology, Virginia Polytechnic Insti-

tute, and Plant Pathologist in the Virginia Experiment Station.

Charles Budd Robinson, Manila, P. I.

Bureau of Science.

Carl Otto Rosexdahl, Minneapolis, Minn.
Professor of Botany, University of Minnesota.

William Moore Scott, Baltimore, Md.
Director, Department of Research, Thomson Chemical Co.

Fred Jay Seaver, Bronx Park, New York City.

Curator, Xew York Botanical Garden.

Homer Leroy Shantz, Washington, D. C.

Plant Physiologist, Bureau of Plant Industry.

John Lewis Sheldon, Morgaufown, IF. Va.

Professor of Botany and Bacteriology, West Virginia University.

Bohc.mil Shimek, lonaa City, Iowa.

Professor of Physiological Botany, Iowa State University.

Forrest Shreve, Tucson, Ariz.

Staff Member, Department of Botanical Research. Carnegie Insti-

tution of Washington.

Jared Gage Smith, Kealakelna, Hawaii.

Perlky Spaulding, Washington, D. C.

Pathologist, Office of Investigations in Forest Pathology, Bureau

of Plant Industry.

Frances Grace Smith, Northampton, Mass.
Associate Professor of Botmy, Smith College.

Paul Carpenter Stanley,

Smithsonian Institution, Washington, D. C.

Assistant Curator, Division of Plants, National Museum.

Albam Stewart, Madison, Wis.

Instructor of Botany, University of Wisconsin.

Warner Stockbergeb, Washington, D. C.

Physiologist, Bureau of Plant Industry.
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Charles Thom, Starrs, Conn.
Mycologist in Cheese Investigations, U. S. Department of Agri-

culture.

Josephine Elizabeth Tilden,

1288 Country Road, St. Anthony Park, St. Paul, Minn.
Professor of Botany, University of Minnesota.

Robert Boyd Thomson, Toronto, Ontario,

Lecturer in Botany, University of Toronto.

Edgar Nelson Transeau, Charleston, III.

Professor of Botany, State Normal School.

Karl McKay Wiegand, Wellesley, Mass.

Associate Professor of Botany, Wellesley College, Wellesley, Mass.

Charles-Edward Amory Winslow,
College of the City of New York.

Associate Professor of Biology, College of the City of New York,

and Curator of Public Health. American Museum of Natural

History, New York City.

Edwin Mead Wilcox, Lincoln, Nebr.
'

Head Professor of Agricultural Botany, University of Nebraska, Botanist

to the Nebraska Experiment Station, State Botanist.

Frederick Adolphus Wolf, At/hum, Ala.
Plant Pathologist Agricultural Experiment Station, Auburn, Ala.
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Charter Member^-Clara Eaton Ccmmings. Dee. 28, 1906

Charier Member—Lucien Marcus Underwood, Nov. 16, 1907

Charier Member—Wm. Ashbrook Keller.m ax, March 8. 1908

Charter Member—Charles Reid Barnes, Feb. 24. 1910

Charier Member—Charles Hugh Shaw, July 30, 1910

Charter Member—David Pearce Pen hallow, Oct. 20, 1910

Charley Member —RAYMOND HAINES Pond. July 26, 1911

Charier Member -Mason Blanohakd Thomas, March (>, 1912
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^Botanical Society of America

publication 55.

CHANGE IN MEETING PLACE

All meetings of the Society, both business and scientific,

will be held in the Chemical Laboratory of Western Reserve

University, instead of the City Hall. All Euclid Avenue
cars going eastward pass the University, and require from 20

to 25 minutes to make the trip from the down town hotel.

Secretary—George T. Moore, St. Louis, Mo.
(Elected for 1912-17.)

Ex-President William G. Farlow and ex-Secretary D. S.
Johnson, according to the rule, are the representatives of the
Society in the Council of the A. A. A. S.
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iPutiltcatum 55.

Office of the Secretary,

St. Louis, Mo., December 15, 1912.

The Botanical Society of America will meet at Cleveland,

Ohio, in affiliation with the American Association for the

Advancement of Science, during the week beginning De-

cember 29.

The officers for this meeting are:

President—Lewis R. Jones, Madison, Wis.

Vice-President—Benjamin M. Duggar, St. Louis, Mo.

Treasurer—Arthur Hollick, New York City.

(Elected for 1911-12.)

Councilor—Wm. Trelease, St. Louis, Mo.

(Elected for 1912-14.)

Councilor—R. A. Harper, New York City.

(Elected for 1911-13.)

Councilor—Cornelius L. Shear, Washington, D. C.

(Elected for 1910-12.)

Secretary—George T. Moore, St. Louis, Mo.

(Elected for 1912-17.)

Ex-President William G. Farlow and ex-Secretary D. S.

Johnson, according to the rule, are the representatives of the

Society in the Council of the A. A. A. S.
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The headquarters of the Botanical Society of America will

be at Hotel Statler, corner of Euclid Avenue and East 12th

Street. Any car marked "Euclid Avenue," passing the Union
Station, goes directly to the hotel.

Cleveland is in the territory of the Central Passenger Asso-

ciation. Legislative acts having reduced fares in this territory

to the two cents a mile basis, the Central Passenger Association

cannot make a further reduction by authorizing the certificate

plan of fare-and three-fifths for the round trip. This means

that the certificate plan does not apply for this meeting. It

is suggested that advantage be taken of such excursion fares

as may be in effect at the time of the meeting. Members
should, therefore, consult their local ticket agents regarding

routes and rates. Parlor and sleeping car accommodations

should be reserved in advance.

The first business meeting of the Society will be held on the

fourth floor of the City Hall (look for placard giving definite

location), at 10 a. m. Tuesday. Members are urged to be

present, as business of importance is to be considered.

The dinner for all botanists will be held at the Hotel Statler

Tuesday evening at 7 o'clock. The price per plate will be $2.

PROGRAM OF SESSIONS.

All meetings, both business and scientific, of the Society

will be held on the fourth floor of the City Hall.

The street car fare in Cleveland is three cents, with universal

transfers, as follows: The conductors sell five tickets for fif-

teen cents; the passenger may deposit the exact fare in the

box ; conductors will not make change for less than five cents,

so provide yourself with pennies if you don't want to buy

tickets; when a transfer is required, the passenger must pay

one cent extra, the cent being refunded when the transfer is

used.

Owing to the crowded program, it will be necessary to hold

each paper strictly to the number of minutes allotted to it.
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MONDAY, DECEMBER 30;

10:00 A. M. First General Session of the Association.

8100 P. M. ft (1 rimes hy the retiring President of the Association, Dr. Charles

E. Bessey, In the Ball Room of the Hotel Statler. Title: "Some
of the Next Steps In Botanical Science."

9:00 P. M. Reception to members of the Association and affiliated societies

in the Bail Room of the Hotel Statler.

TUESDAY, DECEMBER 31.

9 :00 A. M. Meeting of the Council.

(Fourth Floor, City Hall.)

10:00 A.M. Business Meeting of the Society.

(Fourth Floor, City Hall.}

11 :00 A. M. Scientific Session.

(Fourth Floor, City Hall.)

"First Generation Hybrids Between Oenothera Lamarckiana and

O. crueiata" (15 minutes). George H. Shull.

"Constant Variants of Capsella" (20 minutes). Henri Hus.

"The Problem of the Origin of Oenothera Lamarckiana DeVries"

(30 minutes). B. M. Davis.

"The Experimental Demonstration of the Validity of the Biological

Doctrine of Recapitulation" (15 minutes). E. C. Jeffrey.

"The Plant Formations of the Nebraska Sandhills" (12 minutes).

R. J. Pool.

"The International Phytogeographic Excursion of 1911 and 1913"

(15 minutes). H. C. Cowles.

"Prairie Openings in a Forest Region" (15 minutes). B. Shimek.

"Vegetation Features of the Columbus Quadrangle" (5 minutes).

A. Dachnowski and F. B. H. Brown.

( Introduced by EE C. Cowles.)

"The Genus Helianthus in Southern Michigan" (15 minutes).

S. Alexander.

(Introduced by Henri Hus.)



2:00 P. M. Business meeting, Botanists of the Central States.

(Fourth Floor, City Hall.)

2:30 P.M. Session of Section G. A. A. A. S.

(Fourth Floor, City Hall.)

Address of the retiring Vice-President, Professor F. C. Newcombel
"The Scope of State Natural History Surveys."

Address by Professor Charles F. Hottest "The Effect of External
Stimuli upon the Cell."

Address by Professor L. R. Jones: "A Plea for Closer Inter-rela-

tions in our Work."

Address by Professor Charles J. Chamberlain : "A Field Study of

Oriental Cycads."

WEDNESDAY, JANUARY 1.

9 :00 A. M. Business Meeting of the Society.

10 :00 A. M. Scientific Session.

"The Regulatory Formation of Tannase in Aspergillus niger and

Penicillium sp." ( 15 minutes ) . Lewis Knudson.

(Introduced by B. M. Duggar.)

"The Relation of Ventilation to the Respiration of Fruits" (15

minutes). George R. Hill, Jr.

(Introduced by B. M. Duggar.)

"Conditions Affecting the Development of Lycopin in the Tomato"

(15 minutes). B. M. Duggar.

"A Chemical and Physiological Study of After-ripening of the

Rosaceae" (10 minutes). Sophia Eckerson.

(Introduced by William Crocker.)

"The Use of Celloidin Membranes for Demonstration of Osmosis"

(10 minutes). G. M. Smith.

(Introduced by J. B. Overton.)

"Studies of Osmotic Pressure" (20 minutes). M. A. Brannon.

(Introduced by William Crocker.)

"Protoplasmic Contractions Resembling Plasmolysis which are

caused by Pure Distilled Water" (10 minutes).

W. J. V. Osterhout.

"The Effect of Anaesthetics on Permeability" (10 minutes).

W. J. V. Osterhout.



"Plants Which Require Sodium" (10 minutes).
W. J. V. Ostebhout.

"Studies of the Wild Oat" (10 minutes). W. M. Atwood.

(Introduced by William Crocker.)

"Toxicity of Smoke" (10 minutes).

Lee J. Knight and William Ckockeb.

"A Delicate Test Seedling" (10 minutes).

William Crocker, Lee J. Knight and R. Catlin Rose.

"The Heat of Absorption of Water in Wood" (10 minutes).

Frederick Dunlap.
(Introduced by H. C. Cowles.

)

"Artificial Parthogenesis in Fucus" ( 10 minutes ) . J. B. Overton.

"The Periodicity of Algae" (15 minutes). E. N. Tbanseau.

"On the Presence of Diastase in Certain Red Algae" (10 minutes).

E. T. Bartholomew.
(Introduced by C. E. Allen.)

2:00 P.M. Symposium—"Permeability and Osmotic Pres-

sure."

1. "Osmotic Pressure and Semi-permeability in Animal Cells."

Jacques Loeb.

2. "The Bearing of Osmotic Pressure on the Development of

Physical or General Chemistry." Harry C. Jones.

3. "Quantitative Researches on the Permeability of Plant Cells."

W. J. V. Osterhout.

4. "Osmotic Pressure and Related Forces as Environmental

Factors." Burton E. Livingston.

Ample time has been allowed for discussion and questions, and it

is hoped that anyone present will feel at liberty to take part.

7 :00 P. M. Dinner for all botanists at Hotel Statler.

Address of retiring President Farlow on : "The
Change from the Old to the New Botany in

the United States."

THURSDAY, JANUARY 2.

10:00 A.M. Scientific Session.

"Cytological Studies on Sphaeroplea" (15 minutes).
E. M. Gilbert.

(Introduced by C. E. Allen.)
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"A Comparison, off Plant and Animal Spermatogenesis" (15

minutes). C. E. Allen.

"Intermingling of Perennial Sporophytic and Gametophytic Genera-

tions in Rusts" (10 minutes). E. W. Olive.

"The Individuality of Chromosomes in the Somatic Cells of Genti-

ana proeera" (15 minutes). R. H. Benniston.

(Introduced by C. E.. Allen.)

"Physiological and Economic Significance of the Structure of the

Traebeids of Conifers" (15 minutes). I. W. Bailey.

"The Leaf Trace and Pitting of the Araucarinese and Their Rela-

tion with those of the Cordaitalean Forms" ( 10 minutes )

.

R. Thompson.

"Macrozamia Moorei, a Connecting Link Between Living and' Fossil

Cycads" ( 10 minutes ) . C. J. Chamberlain.

"A Possible Means of, Identifying the + and — Strains in the

Mucors" (15 minutes). A. F. Blakeslee.

"A Suggestion as to the Phylogeny of the Ascomycetes" (15

minutes). Ernest A. Besset.

"Morphagenesis in Pediastrum" ( 15 minutes ) . R. A. Harper.

"Tetradesmus, a New Four-celled Coenobic Alga" (10 minutes).

G. M. Smith.
(Introduced by J. B. Overton.)

"The Relation of the Lichen to its Algal Host" (15 minutes).

Bruce Fink.

"A Dry Rot of the Irish Potato Tuber" (15 minutes).

E. M. Wilcox.

"The Propagation of Medicinal Plants" (15 minutes).

F. A. Miller.
(Introduced by H. C. Cowles.)

"An Optimum Culture Medium for a Soil Fungus" (10 minutes).

J. B. Pollock.

"A Labeling Surface for Laboratory Glassware" (5 minutes).

A. F. Blakeslee.
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2'.00 P. M. Session of the American Phytopathological Society.

(Fourth Floor, City Hall.)

FRIDAY, JANUARY 3.

10:00 A. M. Session of the American Phytopathological Society.
(Fourth Floor, City Hall.)

7:00 P. M. American Society of Naturalists' Dinner.
Open to all members of affiliating Societies.

GEORGE T. MOORE,
Secretary.
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publication 56.

Office of the Secretary,

St. Louis, Mo., December 15, 1913.

The Botanical Society of America will meet at Atlanta, Ga.,

in affiliation with the American Association for the Advance-

ment of Science, during the week beginning December 29.

The officers for this meeting are:

President—D. H. Campbell, Stanford University, Cal.

Vice-President—M. A. Howe, New York City.

Treasurer—Arthur Hollick, New York City.

(Elected for 1913-14.)

Councilor—R. A. Harper, New York City.

(Elected for 1911-13.)

Councilor—Wm. Trelease, Urbana, 111.

(Elected for 1912-14.)

Councilor—G. F. Atkinson, Ithaca, N. Y.

(Elected for 1913-15.)

Secretary—George T. Moore, St. Louis, Mo.

(Elected for 1912-17.)

Ex-President L. R. Jones and ex-Secretary D. S. Johnson,

according to the rule, are the representatives of the Society in

the Council of the A. A. A. S.
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The headquarters of the Botanical Society of America will

be at the Ansley Hotel, corner of Forsyth and James Streets.

Parlor and sleeping car accommodations should be reserved

in advance.

The first business meeting of the Society will be held in the

State Capitol (look for placard giving definite location), at

10 a. M. Tuesday. Members are urged to be present, as busi-

ness of importance is to be considered.

The dinner for all botanists will be held at the Ansley Hotel,

Tuesday evening at 7 o'clock. The price per plate will be $2.

PROGRAM OF SESSIONS.

All meetings, both business and scientific, of the Society

will be held in the Capitol building. Placards will indicate

the rooms.

Owing to the crowded program, it will be necessary to hold

each paper strictly to the number of minutes allotted to it.

MONDAY, DECEMBER 29.

8:00 P. M. Address by the retiring President of the Association, Dr. Edward
C. Pickering. Title: "The Study of the Stars."

9:00 P. M. Reception to members of the Association and affiliated societies

In Taft Hall.

TUESDAY, DECEMBER 30.

9 : 00 A. M. Meeting of the Council.

(State Capitol.)

10 : 00 A. M. Business Meeting of the Society.

(State Capitol.)

11 : 00 A. M. Scientific Session.

(State Capitol.)
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"The Seasonal Life History of Some Red Algae" (10 minutes).

"Types of Vegetation at Cinchona" (15 minutes). D. S. Johnson.

"The Trend and Influence of Certain Phases of Taxonomy"

"Studies of Teratological Phenomena in Their Relation to Evolution

and the Problems of Heredity" (10 minutes).

Orland E. White.
(Introduced by E. W. Olive.)

"Observations on the Behavior or Some Species on the Edges of their

Ranges" ( 15 minutes ) . Robert S. Griggs.

"Variations in Iowa Oaks" (15 minutes). B. Shimek.

"Segregation of Characters in First Generation Hybrids from Stable

Species of Oenothera" (15 minutes). George F. Atkinson.

"Isomorphism in Capsella Hybrids" (10 minutes). Henri Hus.

"On Physiological Isolation in Types of the Genus Xanthium"

(10 minutes). Charles A. Shull.

"On an Abnormality in the Flower of the Bellwort (Oakesis sessili-

folia) Which Prevents Seed Formation" (5 minutes).

A. F. Blakeslee and A. F. Schulze.

"Variability in a Vegetatively Pure Line of a Hermaphroditic Mucor"

(10 minutes). A. F. Blakeslee.

2100 P. M. Session of Section G. A. A. A. S.

(State Capitol.)

Address of the retiring Vice-President, Duncan S. Johnson!
"Some Botanical Contributions to the Solution of an Impor-
tant Biological Problem."

Address by Lyman J. Briggs and H. L. Shantzl "The Water
Requirements of Plants."

Address by G. R. Wieland! "Was the Pterophyllum Foliage
Transformed Into Leaves of Diootyls?"

Address by W. J. G. Land! "Samoan Vegetation."

I. F. Lewis.

The Marine Algae of Peru" (15 minutes). M. A. Howe.

( 15 minutes )

.

Aven Nelson.

WEDNESDAY, DECEMBER 31.

10:00 A.M. Business Meeting op the Society.

11: 00 A. M. Scientific Session.
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"The Development of Amanitopsis Vaginata and Lepiota Clypeolaris"

(15 minutes). George F. Atkinson.

"A Preliminary Note on Spore-Formation in Cyathus" (10 minutes).

M. Guy Bisby.
(Introduced by E. W. Olive.)

"Variation in the Sporangia and Spores in the Saprolegniacea and

Its Bearing on Their Classification" (5 minutes). W. C. Coker.

"A Peculiar Water Mold" (5 minutes). W. C. Coker.

"Occurrence and Periodicity of Water Molds at Chapel Hill, N. C."

(5 minutes). W. C. Coker.

"Foliage Resistance of Different Varieties of Potatoes to Phytophthora

infestans" (10 minutes). I. E. Melhus.

(Introduced by W. A. Orton.)

"Plus and Minus Strains in the Genus Glomerella" (12 minutes).

C. W. Edgerton.

"The Homology Between Spore-Forms in the Ascomycetes"

(10 minutes). C. R. Orton.

(Introduced by F. D. Kern.)

"Contribution to the Life History and Physiology of Cylindrosporium

on Stone Fruits" (10 minutes). B. B. Higgins.

(Introduced by Geo. F. Atkinson.)

"North American Species of Peridermium on Pine" ( 10 minutes )

.

J. C. Arthur and F. D. Kern.

11 : 00 A. M. Physiological Section.

"Transpiration of Silphium laciniatum L." (10 minutes).

L. A. Giddings.

( Introduced by B. Shimek )

.

"The Effect of Certain Surface Films and Powders on the Rate of

Transpiration" ( 20 minutes ) . B. M. Duggar and J. S. Cooley.

"The Relation Between the Transpiration Stream and the Absorption

of Salts" (10 minutes). Heinrich Hasselbring.

"Relation of Transpiration of White Pine Seedlings to Evaporation

from Atmometers" (10 minutes). G. P. Burns.

"Transpiration in Rain-Forest and Desert Plants" ( 15 minutes )

.

Forrest Shreve.
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"Some Water Relations of the Cotton Plant" (10 minutes).

H. W. Barre.
(Introduced by W. J. V. Osterhout.)

"Seasonal Variations of the Osmotic Pressure of Pool, Pond and

Stream Waters" (10 minutes). Edgar N. Transeatt.

"Zoospore Formation in Characium acuminatum" (10 minutes).

Gilbert M. Smith.
(Introduced by J. B. Overton.)

"A Preliminary Report on the Isolation and Identification of the

Enzymes of Fucus vesiculosus" (10 minutes).

B. M. Duggar and A. R. Davis.

"Relation of Certain Grass-Green Alga? to Elementary Nitrogen"

(10 minutes). Jacob R. Schramm.
(Introduced by George T. Moore.)

"Indications Respecting the Source of Combined Nitrogen Used by

Ulva lactuca" (10 minutes). G. L. Foster.

(Introduced by B. M. Duggar.)

"The Influence of Etherization on Certain Enzymatic Activities of

Bulbs and Tubers" (10 minutes). M. M. McCool.
(Introduced by B. M. Duggar.)

2 : 00 P. M. Address of Retiring President Jones : "Prob-

lems and Progress in Plant Pathology."

2 : 45 P. M. Symposium : "Temperature Effects."

1. "The Influence of Temperature on Chemical Reactions in General"

Dr. Frederick Barry, Columbia University.

2. "The Effect of Temperature Upon Certain Tissue or Cell Pro-

cesses and Some Problems Involved."

Dr. B. M. Duggar, Washington University.

3. "The Auxo-thermo Integration of Climate."

Dr. D. T. MacDougal, Carnegie Institution.

4. "The Role of Winter Temperatures in Determining the Distribu-

tion of Plants."

Dr. Forrest Shreve, Carnegie Institution.

5. "Temperature as a Factor in Evolution and Genetics."

Dr. W. L. Tower, University of Chicago.

7
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THURSDAY, JANUARY 1.

10 : 30 A. M. Scientific Session.

"On the Tracheary Origin of the Resin Tissue of the Conifers with

Special Reference to Abies balsames" (7 minutes).

R. B. Thomson.

"Cycad Pitting" (7 minutes). H. B. Sifton.

( Introduced by R. B. Thomson.

)

"Cordaites missouriense" (7 minutes).

R. B. Thomson and N. C. Hart.

"Tyloses: A Study in Their Occurrence and Practical Significance in

Some American Woods" (10 minutes). Eloise Gerry.

(Introduced by H. C. Cowles.)

"The Anatomy of the Node as an Aid in the Classification of the

Angiosperms (15 minutes). E. W. Sinnott.

(Introduced by I. W. Bailey.)

"Primitive Characters Recalled by the Chestnut Bark Disease and

Other Stimuli" (15 minutes). I. W. Bailey and J. S. Ames.

"The Archegonium of Sphagnum subsecundum" (12 minutes).

George S. Ryan.
( Introduced by W. J. G. Land.

)

"Morphology of Thismia (Bagnisia) americana, n. sp." (10 minutes).

Norma E. Pfelffer.

(Introduced by William Crocker.)

"Some Observations on theAnatomy and Some Other Features of the

Black Knot" (10 minutes). Alban Stewart.

"Homologies of the Frond in Lemna" (10 minutes).

Frederick H. Blodgett.

(Introduced by W. J. V. Osterhout.

)

"Embryo and Germination in Lemna perpusilla" (7minutes).

Frederick H. Blodgett.

(Introduced by W. J. V. Osterhout.)

10 : 30 A. M. Physiological Section.

"The Chemical Dynamics of Living Protoplasm" (10 minutes).

W. J. V. Osterhout.

"A Contribution to the Theory of Antagonism" (5 minutes).

W. J. V. Osterhout.

"Differential Permeability" (5 minutes). W. J. V. Osterhout.
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"The Effect of Antagonistic or Balanced Solutions Containing Sodium

Chloride, Together with One of the Chlorides of Calcium,

Magnesium, Pottassium. Strontium, Ammonium, or Copper,

Upon the Growth of Corn Plants Rooted in an Artificial Soil"

(10 minutes). Joseph S. Caldwell.

(Introduced by William Crocker.)

"Metabolic Changes in Potato Tubers During Sprouting"

(10 minutes). Charles 0. Appleman.
(Introduced by William Crocker.)

"Biochemical Study of After-Ripening in the Potato Tuber"

(10 minutes). Charles O. Appleman.
(Introduced by William Crocker.)

"The Physiology of the Rest Period in Potato Tubers" (10 minutes).

Charles 0. Appleman.
(Introduced by William Crocker.)

"The Nutritive Value of Glycocoll to Plants from Peat Soils"

(15 minutes). A. Dachnowski and R, Gormley.

"Twining of Plants as Related to Withdrawal of Light" (12 minutes).

F. C. Newcombe.

"Influence of Light on Infection of Certain Hosts by Powdery Mildews"

(10 minutes). George M. Reed.

"Resistance of Certain Fern Prothallia to Extreme Dessication"

(15 minutes). D. M. Mottier.

"The Pyrenoid of Anthoeeros" (10 minutes). F. McAllister.
(Introduced by R. A. Harper.)

2100 P. M. Session of the American Phytopathological Society.

7:00 P. M. Dinner for all botanists at Ansley Hotel. Discussion of the New
Botanical Journal, led by Professor F. C. Newcombe.

GEORGE T. MOORE,
Secretary.
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jBotamcal Society of America

publication 58.

Office of the Secretary,

St. Louis, Mo., December 15, 1914.

The Botanical Society of America will meet at Phila-

delphia, Pa., in affiliation with the American Association for

the Advancement of Science, during the week beginning

December 27.

The officers for this meeting are

:

President—A. S. Hitchcock, Washington, D. C.

Vice-President—P>. M. Duggar, St. Louis, Mo.

Treasurer—Arthur Hollick, New York City.

(Elected for 1913-14.)

Councilor—Wm. Trelease, Urbana, 111.

(Elected for 1912-14.)

Councilor—G. F. Atkinson, Ithaca, N. Y.
(Elected for 1913-15.)

Councilor—David Fairchild, Washington, D. C.

(Elected for 1914-16.)

Secretary—George T. Moore, St. Louis, Mo.
(Elected for 1912-17.)

Ex-President D. II. Campbell and ex-Secretary D. S. John-

son, according to the rule, are the representatives of the Society

in the Council of the A. A. A. S.



The headquarters of the Botanical Society of America will

be at the Hotel Walton. Reservations should be made at once.

The first business meeting of the Society will be held in

Hall A, Medical School, University of Pennsylvania (look for

placard), at 9 a. m. Tuesday. Members are urged to be

present, as business of importance is to be considered.

The dinner for all botanists will be held at the Hotel Walton,

Wednesday evening at 7 o'clock. The price per plate will

be $2.

All meetings, both business and scientific, of the Society

will be held in Medical School, University of Pennsylvania.

Owing to the crowded program, it will be necessary to hold

each paper strictly to the number of minutes allotted to it.

S'.OO P. M. Address by the retiring President of the Association, Dr. E. B.

Wilson. Title: "Some Aspects of Progress in Modern Zoology."

(Weightman Hall, 33rd and Spruce.)

9:00 P. M. Reception to members of the Association and affiliated socie-

ties by the Provost of the University of Pennsylvania, In the
University Museum.

PROGRAM OF SESSIONS.

MONDAY, DECEMBER 28.

TUESDAY, DECEMBER 29.

8: 00 A. M Meeting of the Council.

(Medical School, Hall D).

9 : 00 A. M Business Meeting of the Society.

(Medical School, Hall A).

10: 00 A. M General Session.

(Medical School, Hall A).



"An Endophytic Endodennal Fungus in Solanum tuberosum"

(10 minutes). E. Mead Wilcox, Geo. K. K. Link and

Florence A. McCoemick.

"Report on Cultures with Foliaceous Species of Peridermium on Pine

Made in 1914" (15 minutes).

George G. Hedgcock and Wm. A. Long.

"Origin and Development of the Lamellae in Coprinus comatus,

atramentarius, and micaceus" (20 minutes).

George F. Atkinson.

"The Specific Identity of Phallus impudicus and Dictyophora dupli-

cata" ( 8 minutes ) . George F. Atkinson.

"The Relationship of Endothia parasitica and Related Species to the

Tannin Content of the Host Plants" (10 minutes).

Mel. T. Cook and Guy West Wilson.

"A Xew North American Endophyllum" (10 minutes).

J. C. Arthur and F. D. Fromme.

"How to Use Aecium and Similar Terms" (10 minutes).

J. C. Arthur.

"Cultures of Uredineae in 1912, 1913 and 1914" (15 minutes).

J. C. Arthur.

"The North American Species of Allodus" (10 minutes).

C. R. Orton.

"North American Rusts with Caeoma-like Sori" (10 minutes).

C. A. Ludwig.
(Introduced by J. C. Arthur).

"The Penicillium Group—Verticillatae of Wehmer" (10 minutes).

Charles Thom.

"Spermatia of the Higher Ascomycetes" (10 minutes).

B. B. Higgins.
(Introduced by G. F. Atkinson).

"The Papulospora Question as Related to Ascobolus" (10 minutes).

B. 0. Dodge.
( Introduced by R. A. Harper )

.

10:00 A.M. Physiological Section.

(Medical School, Hall D).

"The Effect of Centrifugal Force on Plants" (10 minutes).

F. M. Andrews.



"Climatic Distribution of the Various Types of Angiosperm Leaf-

Margin and Their Physiological Significance" (15 minutes).

I. W. Bailey and E. W. Sinnott.

"Root Habits of Desert Plants and the Reaction of Roots to Soil

Temperature" (15 minutes). W. A. Cannon.

"Effect of Temperature on Glomerella" (10 minutes).

C. W. Edgerton.

"The Nature of Antagonism" (5 minutes). W. J. V. Osterhout.

"The Chemical Dynamics of Living Protoplasm" (10 minutes).

W. J. V. Osterhout.

"The Nature of Mechanical Stimulation" (5 minutes).

W. J. V. Osterhout.

"Studies on Plant Oxidases" (10 minutes). G. B. Reed.

(Introduced by W. J. V. Osterhout).

"Enzymes of the Marine Algae" (10 minutes). A. R. Davis.

"Concerning the Measurement of Diastase Activity in Plant Extracts"

(10 minutes.) Chas. O. Appleman.

"Electrolytic Determination of Exosmosis from the Roots of Anes-

thetized Plants" (10 minutes). M. C. Merrill.

"Some Relations of Plants to Distilled Water and Certain Dilute

Toxic Solutions" (10 minutes). M. C. Merrill.

2:00 P. M. Session of Section G. A. A. A. S.

(Medical School).

Address of the retiring Vice-President, H. C. Cowles: "The
Economic Trend In Botany."

Address by E. W. Sinnott and I. W. Bailey: "Foliar Evidence in

Regard to the Ancestry and Early Climatic Environment of

the A ngiosperms." (Illustrated by lantern slides).

Address by F. V.Coville: "Physiological Eccentricities of the
Blueberry Plant." (Illustrated by lantern slides).

Address by J. C. Bose! "Plant Autographs." (Illustrated by
experiments).

9:00 P. M. American Society of Naturalists and
Affiliating Societies. Smoker, Hotel
Walton.
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WEDNESDAY, DECEMBER 30.

9 : 00 A. M. Business Meeting of the Society.

(Medical School, Hall A).

10:00 A.M. General Session.

(Medical School, Hall A).

"Revegetation of Abandoned Roadways in Eastern Colorado"

(5 minutes). H. L. Shantz.

"Is the Flora of the Prairie and Steppe an Index of Arctic Condi-

tions?" (15 minutes). B. Shimek.

"Growth-forms of the Flora of New York and Vicinity" (10 minutes).

Nokman Taylor.

" The Effect of Breeding and Selection Upon the Percentage of Total

Alkaloids in Some Species and Hybrids of the Genus Datura"

1 10 minutes). Fred A. Miller and J. W. Header.

"On the Nature of Mutations" (15 minutes). R. Ruggles Gates.

"Hybrids of Oenothera biennis Linnaeus and O. franciscana Bartlett

in the First and Second Generations" (15 minutes).

B. M. Davis.

"Inheritance of Certain Seed Characters in Corn" (15 minutes).

R. A. Harper.

"Inheritable Variations in the Yellow Daisy (Rudbeckia hirta)"

(8 minutes). A. F. Blakeslee.

"Bud Variations in Coleus" (10 minutes). A. B. Stout.

"The Morphology of the Oenothera Flower" (8 minutes).

George H. Shull.

"A Study of the Morphology and Relationships of Podomitrium"

(15 minutes). D. H. Campbell.

"Changes in the Fruit Type of Angiosperms Coincident With the

Development of the Herbaceous Habit" (5 minutes).

E. W. Sinnott and I. W. Bailey.

10:00 A.M. Physiological Section.

(Medical School, Hall D).

"Some Effects of the Brown-Rot Fungus Upon the Composition of

the Peach" (10 minutes). Lon. A. Hawkins.

"Senile Changes in the Leaves of Vitis vulpina and Certain Other

Perennial Plants" (10 minutes). II. M. Benedict.

(Introduced by B. M. Duggar).



"Influence of Certain Salts on Nodule Production in Vetch"

(10 minutes). Mb. Kno.

( Introduced by Lewis Knudson )

.

"Physiological Studies of Bacillus radiciola of Soy Bean"

(10 minutes). J. K. Wilson.

( Introduced by Lewis Knudson )

.

"Direct Absorption and Assimilation of Carbohydrates by Green

Plants" (10 minutes). Lewis Knudson.

"A Preliminary Study of the Chlorophyll Compounds of the Peach

Leaf" (10 minutes). Howard S. Reed and H. S. Stahl.

"Respiration in Apple Leaves Infected with Gymnosporangium"

(10 minutes). Howard S. Reed and C. H. Crabill.

"The Absorption and Excretion of Electrolytes by Lupinus albus in

Dilute Simple Solutions of Nutrient Salts" (20 minutes).

R. H. True and H. H. Bartlett.

"The Absorption and Excretion of Electrolytes by Lupinus albus in

Dilute Solutions Containing Mixtures of Nutrient Salts"

(15 minutes). R. H. True and H. H. Bartlett.

"The Transpiration Rate on Clear Days as Modified by the Daily

Change in Environmental Factors" (10 minutes).

Lyman J. Briggs and H. L. Shantz.

30 P. M. Symposium : "The Genetic Relationship of

Organisms."

1. "Morphology as a Factor in Determining -Genetic Relationship."

Dr. J. M. Greenman, Missouri Botanical Garden.

Discussion led by Dr. N. L. Britton, New York Botanical

Garden.

2. "The Genetic Relationship of Parasites."

Dr. F. D. Kern, Pennsylvania State College.

Discussion led by Dr. C. L. Shear, U. S. Department of

Agriculture.

3. "The Experimental Study of Genetic Relationship."

Dr. H. H. Bartlett, U. S. Department of Agriculture.

Discussion led by Dr. B. M. Davis. LTniversity of Pennsylvania.

00 P. M. Dinner for All Botanists at Hotel
Walton. Address of Retiring President

D. H. Campbell: "Present Tendencies

in Botanical Work in America."



THURSDAY, DECEMBER 31.

10 : 00 A. M. General Session.

(Medical School, Hall A).

'A New Method in Lichen Taxonomy" (20 minutes). Bruce Fink.

"The Mechanism for Discharging the Eggs of Dictyota dichtoma"'

(10 minutes). W. D. Hoyt.

"Cell Division and the Formation of Colonies in Volvox"

(10 minutes). R. A. Harper.

"Proehomosomes in Synapsis" (8 minutes). C. A. Darling.

"Cytology of Sphaeroplea" (10 minutes). E. M. Gilbert.

"An Anatomical Study of the Root of Ipomoea batatas" (5 minutes).

Florence A. McCormick.

( Introduced by E. M. Wilcox.)

"The Anatomy of a Protomyces Gall" (4 minutes).

Alban Stewart.

"The Anatomy of the Punctatus Gall" (4 minutes).

Alban Stewart.

"The Anatomy of a Peridermium Gall" (4 minutes).

Alban Stewart.

"A Note on the Leaf Anatomy of Avicennia" (4 minutes).

Alban Stewart.

"On the Forms of Castela galapageia Hook, f." (4 minutes).

Alban Stewart.

"Photographing Mosses" (20 minutes). A. J. Grout.

2:00 P. M. Session of the Amerioan Phytopathological Society.

GEORGE T. MOORE,

Secretary.

— 9—



*

i



COVEk
No. G129

Manufactured By
The Smead Manufacturing Company

Hastings. Minnesota, u S. a.




