' Rbhodora

JOURNAL OF

THE NEW ENGLAND BOTANICAL CLUB

Vol. b4 January, 1952 No. 637

TAXONOMY TODAY AND TOMORROW!

ReEDp C. RoLLINS

THERE has been a strong tendency toward introspection in our
subject 1n recent years. More than once our leaders have felt
impelled to examine the tenets we hold, our methods of inquiry,
the fabric of the subject matter, and the theories that motivate
our activities. The relationships of taxonomy to other branches
of botany have been frequently reviewed. All this “self-
inquiry’’ 18 healthy. It shows a willingness to extend, modify,
or change ideas in conformity with new facts and logical concep-
tions. However, change for its own sake has no place in this;
and those who seek to promote change for its novel aspects
should be promptly opposed.

The rapid rise of genetics in the past fifty years has been
variously received by taxonomists. Some have shown consider-
able suspicion of 1t. Others have gone so far as to give up tax-
onomy entirely to spend their whole time working in genetics.
Actually, though not generally recognized in so many words,
genetics has provided taxonomy with a very firm underpinning.
From genetics has come an explanation for many things previ-
ously well known but unexplained in our field. More than any
other branch of biology, i1t has provided a sound philosophical
basis for our activities. The implications of the simple truism
that “like begets like”” 1s undoubtedly a very ancient observation
of man. Today we can still say ‘“like begets like” if we add
“within broad limits”” and ‘“‘under most circumstances.”” The
first qualification permits us to properly interpret “like’” to mean

1 Address of the president, American Society of Plant Taxonomists. Delivered
before the Society in Minneapolis, September 11, 1951.
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“similar,” not “identical.”” Thus we move from the special
creationist 1dea to a modern viewpoint in which variation is
recognized as the normal outcome of a reproducing population
of plants. T'he second qualification permits us to take into ac-
count such phenomena as interspecifiec hybridization, alloploidy,
and a variety of special genetical and eytological situations.
I'urthermore, we may allow for the accumulation of gene-changes
and the shifts in gene-patterns that mevitably occur in breeding
populations, as well as the introgression of genes from one species
into another. Geneties has supplied the basis for these important
quahfications.  As a corollary to these established prineiples, it
15 perfectly evident that the variation that does oceur, originating
from a given reproducing genetie pattern, is not at random, and
there 1s, therefore, a set of limits to this variation as well as a
point at which some expressed phenotypie pattern within these
l[imits reaches 1its highest frequency.

THre RoLre or INTRINSIC FACTORS

It should be stressed for our purposes that the most constant
and basie characteristies of a given phenotype are the ultimate
products of intrinsie factors consisting largely of the genes.
Constant and relatively diserete phenotypie characteristiecs were
first used to delineate the Mendelian principles of heredity.
Similarly, 1t 15 upon these genetically controlled phenotypie
characters that a sound classification must be built. Basieally,
we as taxonomists are interested i the phenotype as an expres-
sion of the genotype, not primarily in the genotype per se as some
have claimed. It need not concern us so much that the relation
between gene action and its ultimate phenotypie expression is
exceedingly complex.  Our attention is of necessity focused on
the end-products rather than upon the way in which genes bring
these into being. Taxonomie studies are ultimately concerned
with whole individuals, groups of individuals, and finally various
taxa. Analyses of the multitudinous parts and organs of an
individual as to origin, structure, and funection are synthesized
into an understanding of the whole. IFurther, the genetie history
of individuals and the populations to which they belong provide
the basis for considerable knowledge of the relationships of living
taxa. Thus they may be viewed from the depth of time. Fi-
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nally, we must study the present day and past distributional
patterns of species, for in such studies lie the answers to questions
as to where they ocecur on the earth’s crust today and where they
have occurred in the past. The answers are relevant to an under-
standing of the species themselves. 1 am not oblivious to the
fact that certain gene-systems are involved in bringing about
continuous variation, such as that of size. This type of variation
is important in the classification of closely related groups and
may be easily taken into account by methods designed to show
the total range and greatest frequency of such variation.

The main points I wish to stress are that the major phenotypic
characteristics of a living plant are considered to be validated
expressions of the genotype, and in using them for taxonomic
purposes, we are on the same ground as the geneticists who use
them for genetic analyses. We are with good company and the
ground would seem to be safe enough. But there are some
pitfalls.

In emphasizing the genetic aspects of species differences, some
workers have highlighted reproductive incompatibility, even
going so far as to make this the sole eriterion of species separation.
The significance of this type of incompatibility in the evolution
of distinet taxa on specific and infraspecific levels 18 unquestion-
able in certain groups, but its use as a supercriterion 1n setting
species limits is certainly an untenable procedure. Reproductive
incompatibility is not an all-or-none proposition in most, instances
and it does not arise from a single cause. At one extreme,
similar types of incompatibility may exist between different
members of the same population, at the other, between different
species. Incompatibility is obviously most effective evolu-
tionally when it is associated with other isolating mechanisms.
Such isolation is presumably most frequent at the beginning of
species differentiation, not an end produet of it. "The impor-
tance of effective reproduction in breeding populations, which 1n
turn make up races and taxa of higher order, 1s of course tully
recognized.

The folly of using reproductive incompatibility as the eriterion
of species distinction has been ably dealt with by Gates (1951).
He points out that to insist on infertility (incompatibility) as
the sole criterion of species ‘“ignores the aims and methods of
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taxonomy and seeks to make taxonomy subservient to a condi-
tion—sterility in geneties, by raising it to the importance of a
universal principle.”’

T'he erroneous idea that species throughout the plant kingdom
are essentially equivalents has lead to attempts to discover
universal eriteria for distinguishing them and to construct defini-
tions that will cover all organisms so grouped. To anyone who
has worked extensively in taxonomy, it is obvious that species 1n
different large groups are not equivalents. In most instances
they are nowhere near equal. For this reason, a single species
definition would seem to be an impossibility no matter how long
and involved it was. But if the term species has a different
connotation in different groups and it is impossible to define for
universal application, then of what use is the word species and
why do we use it so frequently? These are questions I should
like to leave for the moment, to be taken up further on.

THE RoLE oF ExTrRINSIC FACTORS

Our intended reliance mainly upon characters whose variation
stems from the operation of intrinsic factors makes it necessary
to distinguish between these and the characters whose variation
1s the result of change in the environment. Here lies one of the
crucial problems in our subject. For a time, particularly under
the leadership of Bonnier (1920) and of Clements (1929), there
was a strong environmentalist trend. Environmental factors
were held to be of very great importance in molding the ultimate
nature of a population and in many cases to outweigh intrinsic
genetic factors in maintaining species differences. Today we
see the expression of a different form of this notion in Lysenkoism.
However, the contentions of Bonnier and of Clements, that one
species can be converted into another merely by transplanting
it from lowlands to high mountains, or vice versa, has been tully
diseredited by the brilliant work of Clausen, Keck and Heisey
(1940, 1948), who point to the early work of Kerner (1891), with
whom they agree. They have demonstrated repeatedly and
conclusively that species characteristics, borne of intrinsie factors
are relatively stable under radically different environmental
conditions. Changes that do occur purely in response to the
environment are reversible, giving no indications of perma-
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nence. They report that ‘“some of these changes in vegetative
characters are quite spectacular, yet they never obscure the
individuality of the plant, which is retained irrespective of the
conditions of altitude, light, and moisture in which the plant 1s
grown.” I am sure you are all famihar with these studies and
the conclusions derived from them.

Assuming that all of us will not have available the extensive
oarden facilities that are needed to determine experimentally the
nature of the variation in given populations, we are often re-
quired to attack our problems in a different way. When this 1s
necessary, we may fall short of the ideal. However, in all
hstances we should carry our studies as far as facilities and ma-
terials will permit. Students, particularly, should be encouraged
to utilize every means at their disposal to make the results of
their studies as nearly perfect as possible.

It has long been known that the overall dimensions of the
plant-body and its vegetative parts are sensitive to external
nfluences. Because of this, we have the axiom in plant taxon-
omy that qualitative differences in the vegetative body are more
significant for classihicatory purposes than are quantitative dif-
ferences. Furthermore, structures maturing decisively at an
early stage in the formation of vegetative parts are less subject
to environmental influences than those with a prolonged forma-
tive period. For example, most trichomes when present on the
leaves of Angiosperms, mature and the cells lose their living
contents at a very early stage in leaf development. For this
reason, they are far less apt to vary quantitatively due to ex-
trinsic factors than the leaves themselves.

Though dealing with the whole plant, we select for special
attention features reflecting most accurately its hereditary con-
stitution. The reproductive parts and associated structures are
in general less sensitive to environmental influences than the
vegetative portions of the plant (Anderson, 1929; Turrill, 1936).
Here, relatively large quantitative differences are more likely to
be significant than in the vegetative structures. But again,
greatest emphasis for taxonomic purposes is placed upon the
qualitative aspects of the structures involved. Polyploidy and
the frequently associated size-effects in many plants are too well

known to be ignored.
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THE RoLt oF THE HERBARIUM

We have heard a good deal in taxonomy recently about the
study of dynamie populations, of natural hybridization, of intro-
gression, of gene ecology, of apomixis. These modern aspects of
some of our problems are popular, and studies Involving them
carry an implication of right. From them we stand to oaln a
more penetrating understanding of various plant groups and
their biological nature. Unfort unately, accompanying increased
activities along these lines one finds a tendency to deprecate
“specimens,” and hence the herbarium and. for that matter,
classical taxonomy comes in for its share of punishment. For a
moment, 1 should like to say a little about the role of the her-
barium in taxonomy. Actually, we have in it a unique method
of documentation. Specimens so placed are relatively permanent
and are secarcely subject to manipulation to obscure the facts
they reveal. In them, investigators for centuries have available,
as nearly as one could hope for, exactly the same basie materials.
T'he specimens should be looked upon as samples.  As such, they
may be studied in a wide variety of ways. They are samples of
the taxonomie groups to which they belong; of a particular flora:
of a plant association; of a specific population; of a particular
combination of morphological and anatomical characters; and
of the product of a particular set of genes.  Whether any set of
specimens fully represents a given taxon obviously depends upon
the circumstances. It is doubtful whether any herbarium has
specimens showing the complete variations of more than a few
species, if even one. However, one good specimen 1s conerete
evidence that a particular taxon exists or has existed, and con-
siderable information can be obtained from it. [t i< selt evident
that the amount of information obtainable does not double when
a second specimen of the same taxon is acquired. The amount
from each new specimen of a representative series will never equal
that obtainable from the first. For this r ason, the extent and
kind of specimen-representation in s particular herbarium will
depend largely upon its objectives and facilities. Perhaps it
would be ideal to have the total variation of all taxa represented
by specimens in some herbarium, but such a goal 13 impossible of
achievement. Merely to determine the total range of morpho-
logical variation of a given taxon, using all the means and meth-
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ods available, is practically an impossibility, let alone having it
represented in an herbarium. Assuming the latter were possible,
continuous evolutionary changes would often make such a repre-
sentation obsolete. This type of natural limitation 1s not con-
fined to the taxonomic side of things but is equally operative 1n
other branches of botany. The problem of adequate samples 1s
ever present. However, considerable communicable knowledge
concerning various taxa can be assembled and a lot can be repre-
sented by specimens in the herbarium. It i1s to the possible
that we direct our attention.

The system of arranging specimens in an herbarium 1s impres-
sive. The availability of any one of the one million three hun-
dred thousand specimens in the Gray Herbarium never ceases to
be a marvel to me. Our specimens are far more accessible than
the books in a large library. The key to the arrangement is the
system of nomenclature which of necessity places the specimens
under species names. Our esteemed friend and former president,
Dr. Camp (1951), seems to feel that such a procedure leads many
taxonomists to regard the specimens so placed as the species.
Perhaps such a tendency exists, but it is hard to imagine a more
satisfactory way of doing the job. Personally, I have never met
a taxonomist who would argue that a species resided 1in a museum
case. Representatives or samples of a species, yes, but not the
species. When I climb to the twelve-thousand-foot level on
Hoosier Ridge in Colorado and see individuals of a certain mus-
tard growing among the rocks, I may pick up a plant of 1t and
remark that it is Draba crassa. But I do not delude myself into
thinking that that particular plant is the species, for I know
there are thousands of individuals on Hoosier Ridge, not to men-
tion the tens of thousands on the other high peaks of the Colorado
Rockies. Rather, the plant I held in my hand was a sample of
Draba crassa. One might, in like manner, contemplate a par-
ticularly vigorous Jack Pine in northern New England, and
suddenly exclaim “Why this is Pinus Banksiana.” He would
not thereby declare that particular tree to be the species, for he
would know there are hundreds of thousands of living trees of
Jack Pine to be found anywhere from Quebec to Saskatchewan.
We work by sampling in the field as surely as we do in the her-
barium, and both have the natural limitations inherent in the
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technique. I doubt whether anyone is capable of a full compre-
hension of the diversity represented in all the individuals of a
single populous species.

THE ROLE oF EXPERIMENTS?

There 1s a popular notion that the real and the only way to get
at the true nature of a given taxon is to go at it experimentally.
Bring the plants or their offspring into the experimental garden
where they can be manipulated in accordance with our best-
planned experimental procedures. The results, when properly
codified, tell us considerable, but for taxonomic purposes it is
often 1n the nature of additive information to that obtained in
other ways, and rarely replaces or negates it. Personally, I
believe the more experimentation designed to reveal the nature
of species and other taxa the better, but experimental taxonomy
1s not the whole answer to the problems in our subject. Experi-
mentation 1s beset with limitations, as are all methods of investi-
gation, and this we must recognize. In the first place, experi-
ments must be carried out by using samples and they are, there-
fore, subject to the natural limitations of sampling techniques.
Secondly, 1t 1s next to impossible to sample most taxa adequately.
In my own experience, forty acres of experimental plantings were
wholly inadequate to provide a proper overall sample of Par-
thenium argentatum, a species comparatively restricted in its
geographie range. How many of us have forty acres available
for expermental purposes?

It seems almost redundant to say that eritical observation and
study in the herbarium alone, in the field alone, in the experi-
mental plots alone, or in the laboratory alone, are insufficient for
the realization of the primary objectives of taxonomy. A com-
bined attack, using to the fullest the techniques of all these, will
scarcely be sufficient to complete the job, but we should get
closer to our goal using all of them than we would by using but
one. If, in addition, we borrow as much information from other
branches of botany as is pertinent and possible, we should proceed
a step further toward our ultimate goal. Thus viewed, taxonomy
becomes an integrative and synthesizing subjeet, in a way '1sIing
on the shoulders of its sister disciplines.

*It is not my purpose to develop this subject in the manner that might be implied
from the present heading for, to do so, would occupy my entire time.
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WHAT Is A SPECIES?

One of the stumbling blocks upon which the introspective
wanderer inevitably barks his shins i1s the precise definition of
terms.  Whether we like it or not, the precise meanings of many
scientific terms begins to be altered immediately after they have
been proposed. After a few generations have been at work,
their meaning has often been altered completely. As ideas and
ways of looking at subject matter change, the meanings ot apph-
cable words are shaded to accommodate the new view. Shifts
in meaning are usually so gradual and so closely tied in with the
current, of contemporary communication, that they frequently
oo unrecognized until considerable difference from the original
has developed. The words we have the most trouble with are
those closely associated with changing concepts. IFor example,
to the pre-evolutionists the term species was definite enough.
The immutability of its meaning was immediately upset by the
concepts of evolution and its preciseness was further devalued
by the impact of genetics. Now we are told that no one knows
what a species is, and that perhaps there isn’t any such thing
anyway. Yet anyone who has dealt with whole organisms,
whether plant or animal, complex or simple, 1s fully aware of
certain patterns of populations that are reproduced with fidelity
over great periods of time. He knows with certainty that at a
given time level, the members of neither the plant nor the animal
kingdom represent a continuum, no matter what the vantage
point from which they may be viewed. Given the facts that
organismal diversity exists and that 1t does not exist in a con-
tinuum, the taxonomist’s job is to assemble and systematize a
body of communicable knowledge about the different kinds of
the earth’s plants, both of the present and of the past, that will
reveal their true nature. In this, the problem of species remains
a major one in spite of all that has been said or written upon 1it.
I dare not venture a guess as to the number of times the species
problem has been discussed. Certainly it 1s a perennial of many
yvears standing and it appears to grow more lustily as the years
go by. It seems generally agreed among most discussants and
writers that a universally applicable species definition 1s a must
and that without it taxonomy lacks the dignity of a secience.
Some have viewed the problem of defining the term species as a

































