CHAPTER 2

The Individualistic Concept
of the Plant Association

Henry A. Gleason

The units of vegetation . . . were just as easily visible to primitive man
as they are to us today. They were equally visible to the sages of Greece and
Rome two thousand years ago, to our European ancestors a thousand years
ago. Through all these long years they were neglected by scientists, whose
thoughts were turned in different directions, but they were recognized by the
laity. As a resuit the languages of Europe all contain a number of terms which
refer, usually rather loosely, to vegetation.

Certainly every botanist who studied plants in their natural habitat during
the eighteenth century was familiar with many types of vegetation, but to them
he gave little thought, possibly considering that they were not proper subjects
for scientific investigation. To see vegetation units is one thing; to take cogni-
zance of their existence, to investigate their nature, to become aware that they
have structure and behavior which may be analyzed, to formulate a philosophy
in explanation of them, are entirely different matters.

For our purposes, and with the admission that many desultory references to
vegetational units may be found in the works of earlier authors, we may say
that the first definite, scientific discussion of the subject may be attributed
to Grisebach, and we may repeat his often quoted words: “Ich méchte eine
Gruppe von Pflanzen, die einen abgeschlossenen Charakter trigt, wie eine
Wiese, ein[en} Wald, u.s.w., eine pflanzengeographische Formation nennen”
(I would like to call a group of plants with a self-contained quality, a meadow
or a forest, for example, a botanical-geographic formation]. This was in 1838,
exactly a century ago, and we may congratulate ourselves that . . . we are cele-
brating the centenary of the association-concept.

During the next sixty years, the study of vegetational units was sporadic,
mostly superficial, and usually purely descriptive in nature. True, we can some-
times see in the literature of this period statements which may be interpreted
as applying to the underlying philosophy of the association, but in most cases
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such statements are casual or accidental and do not indicate that the authors
had given deep thought to the fundamental nature of the vegetation which they
described. :

Not until the advent of the twentieth century did botanists turn their minds
seriously to the consideration of underlying questions. Since that time we have
made great progress. We have developed methods for the exact observational
study of the association. We have recognized conditions and processes in their
development, their existence, and their disappearance, and these conditions
and processes are quite unlike anything in the life history of an individual plant
or animal, so that our recognition of them has required the development of
new habits of thought. We have described in modern terms vegetation from
nearly all parts of the world. We have developed systems of classification, by
which the units of vegetation may be orderly arranged. We have invented and
brought into accepted use a new terminology by which these conditions, pro-
cesses, structures, and concepts may be described and discussed.

There is, however, one important question which has not yet been settled to
the satisfaction of all concerned. This is the fundamental question, basic to all
our work: What is a plant association? Out of the thousands of pages of litera-
ture which have been used in expounding various views on the matter, three
well marked theories may be chosen, and all others may be regarded as merely
variants from them. These three are: .

1. The association is an organism, or a quasi-organism, not composed of
cells like an individual plant or animal, but rather made up of individual plants
and animals held together by a close bond of interdependence; an organism,
or a quasi-organism, with properties different from, but analogous to, the vital
properties of an individual, including phenomena similar to birth, life, and
death, as well as constant structural features comparable to the structures of
the individual.

2. The association is not an organism, but is a series of separate similar
units, variable in size but repeated in numerous examples. As such, it is com-
parable to a species, which is also composed of variable individuals. Under this
view, the association is considered by some to be a concrete entity, merely
divided into separate pieces, while by others the association as a whole is re-
garded as a mental concept, based on the common characters of all its separate
pieces, and capable of typification by one or more of those pieces which most
nearly approach the average or ideal condition.

3. The vegetation-unit is a temporary and fluctuating phenomenon, depen-
dent, in its origin, its structure, and its disappearance, on the selective action
of the environment and on the nature of the surrounding vegetation. Under
this view, the association has no similarity to an organism and is scarcely com-
parable to a species.
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In the original paper, in which this idea was presented to the botanical pub-
lic in 1926, it was called the individualistic concept, a term which may well be
continued. Whether fortunately or unfortunately, my own work during these
twelve years has been wholly taxonomic. Nevertheless, observation of numer-
ous plant associations during my field work in this period has merely intensi-
fied my own belief in the fundamental truth of the individualistic concept. The
exposition of the concept which follows is merely a restatement of the subject
in different terms; it is in no way different in principles or conclusions from
the first presentation in 1926.

The argument for the individualistic concept rests on a series of theses, each
of which is so obvious, so well known, so universally understood and accepted
by all ecologists, that none of them requires prolonged discussion.

1. Every species of plant has reproductive powers in excess of its need. The
land surface of the world is already fully occupied by plants. Room for addi-
tional plants is made available only by the death of plants now existing. If seed
germination were always perfect, if there was no mortality among plants before
reaching their reproductive stage, it would be necessary for each existing plant
to produce only one seed in order to perpetuate its species and to maintain
the existing number of individuals. On the contrary, every species of plants
produces a considerable number of seeds or other propagating bodies, often
yielding an annual crop over a long period of years. Since the world is full of
plants, it is a fact that, on the average, only one of themn comes to a state of full
maturity, but huge numbers of seeds or other propagules are capable of growth
and ready to grow if favorable conditions are offered. A well kept lawn, for
example, may produce very few weeds during the course of the summer, but if
the lawn is plowed, the same expanse will promptly develop an astonishing
crop of weeds of many species. The bottoms of drained ponds, the first season
after drainage, produce many plants of terrestrial species. These and other ex-
amples of the same sort are so well known and so conspicuous that we may
safely state that the surface of the world is heavily planted with an excess of
seeds, most of which never develop, but many of which will develop if a favor-

able opportunity is offered.

2. Every species of plant has some method of migration. The means of mi-
gration are well understood and require no discussion. The effectiveness of
migration is often not appreciated. The distance to which some seeds may be
carried by currents of water, by wind, or by birds is known to some degree, but
the migration of other less favorably adapted species is also remarkable. Such
seeds may be carried by rodents or ants or washed away by heavy rains. Itis a
demonstrable fact for all plants, without regard to their methods of migration,
that more seeds are finally deposited near the parent plant than are carried to
a great distance, the number decreasing, roughly speaking, inversely as the
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square of the distance. But effectiveness of migration is increased by various
kinds of accidents and also by the known longevity of seeds in many species.
We may therefore conclude, and our conclusion is supported by direct evi-
dence familiar to all of us by personal experience, not only that the world is
heavily planted with seeds, as stated under our first thesis, but also that these
seeds come not only from the existing plants of the immediate vicinity, but
also from plants at some distance. In any unit of vegetation the potentiality of
plant production includes not only the natural species of this unit, but numer-
ous species not now found in it and derived from other vegetational units of
different character.

3. The environment in any particular station is variable. Probably the sim-
plest instance of variability which may be mentioned is light. Each day starts at
midnight with light at or near zero. A little before sunrise the light curve begins
to rise, reaches a theoretical maximum at noon, and drops to zero shortly after
sunset. The length of the curve varies with the season, being longest in summer
and shortest in winter; the amplitude of the curve varies in precisely the same
way, reaching its maximum on June 22 and its minimum six months later. Any
and all of the 365 curves which constitute a year’s cycle may be subject to ir-
regular reductions in amplitude by cloudy weather. Nor is the quality of the
light constant, but varies somewhat with the altitude of the sun and the con-
dition of the atmosphere. These are all relatively simple matters, but there are
also variations due to sunspots, and there may have been and in fact may still
be variations due to changes in the inclination of the earth’s axis or the eccen-
tricity of its orbit, or to other causes even more remote and far slower in their
action. Locally, for many plants the light is changed again by the shade of taller
plants, and this shade varies in its effectiveness from hour to hour, from season
to season, and as the shading trees grow taller, from year to year.

The variation in temperature of the surrounding air shows similar irregular
variations superposed on cyclic progressions in a way quite similar to the vari-
ation in light. Soil moisture is more irregular, with abrupt rises followed by
longer periods of decrease, and with great variability in the amplitude of the
curves. Available soil moisture is another question, based primarily on the total
soil moisture, but complicated by matters of temperature, acidity, and other
abstruse conditions. Similar conditions hold for every other factor of the en-
vironment taken individually and with all of them taken collectively: they are
complex and variable to the last degree.

A second class of environmental variations may be called fluctuations. They
are illustrated by our irregular alternation of cold and warm, of dry and wet
years, of late and early seasons.

Still a third class of variations is important in its effect on plant life, and
includes cumulative environmental changes which progress over a period of
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years or centuries or ages. Such, for example, are the silting up of a pond, the
deepening and widening of a ravine by erosion, the exhaustion of soil fertility
by percolation of rain water, the accumulation of humus, the increase in tem-
perature following the retreat of a glacier, or the decrease in rainfall in the rain
shadow of a mountain range during its elevation, Although excessively slow,
the cumulative effect of these environmental changes is ultimately profound.

All three of these classes of environmental variation are in operation simul-
taneously in every situation. The first class is regular and predictable; the sec-
ond class is irregular and unpredictable; the third class is slow and often im-
measurable. The amplitude of the fluctuations in the second class is normally
much greater than the steady progression of the third class. A single year of
deficient rainfall may cause a greater change in the depth of water in a pond
than fifty years of silting, or may have more effect on the crops of Montana
than five thousand feet of additional elevation of the Rocky Mountains. If we
assume that we are now approaching another advance of continental glaciers,
the annual drop in temperature associated with it is far less than the fluctuation
from a warm to a cold year. Nevertheless, the only fundamental difference
between the three classes is the factor of time.

4. The development of a vegetational unit depends on one or the other of
two conditions, the appearance of new ground or the disappearance of an ex-
isting association. The appearance of new ground is a matter of very little im-
portance. More land may be added around the coasts of our continents by
further elevation of the coastal plain or the building up of the shores by coastal
deposits. More land may be added in supra-alpine regions by reduction of
altitude through erosion. More land can not be added by increasing rainfall in
deserts: our deserts are already fully occupied by plant life; some deserts merely
support less plant life than others.

In the vast majority of cases, an association appears on the ground previ-
ously occupied by a different association. It makes no difference whether the
earlier association is removed by the slow processes of ordinary succession or
suddenly by some cataclysm. If the existing vegetation is destroyed by the axe,
by fire, by a landslide, or by hot lava, some plants go first and some go last. 1f
the vegetation is changed by a slow process of succession, some of the original
inhabitants still go first and some linger. In both cases, some plants of the next
association, the pioneers, appear first and others are delayed. The only essential
difference between them is the factor of time, greatly shortened in the first case,
often greatly prolonged in the second.

The various factors which collectively constitute the environment of a plant
may be separately measured and diagrammed, although often with much dif-
ficulty, but no one has ever succeeded in reducing to a single statement or a
single equation the total environment of any plant. For practical purposes the
only measure of the environment is its result, as expressed in plant life. An oak
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tree may easily live to be three hundred years old. Let us see what this implies
concerning its relation to the environment. It means that through this whole
period, in spite of its extraordinary variability, the environment has never once
exceeded the limits tolerated by the living protoplasm of the tree. The weather
has never been too hot or too cold, too wet or too dry; the soil has never been
too acid or too alkaline; no environmental factor has ever been too much or
too little, or if the limits have sometimes been surpassed, it was for a period
too short to be fatal.

The clearest example of temporary excess is the annual cold winter, during
which the activities of the oak sink so low that we call the tree dormant. The
oak is not only able to adapt itself to the variations in environment, but is able
to vary its own life processes enormously to meet such a critical condition as
winter cold. Not every plant meets the emergency in the same way. Some herbs
actually die, but are fortunate in producing a seed which is not killed by cold
and which produces another generation the following summer. There are still
other plants whose seeds are also killed by the cold. These plants do not live
with the oak, or, if they do, they must be reestablished every summer by fresh
seeds from a more favorable climate. Such plants are familiar as cultivated in
our gardens. The canna and dahlia may flourish not far from the oak, but they
disappear forever if not removed by us to a more favorable climate for the
winter and replaced the following spring.

Now leaving these trite illustrations, which have been used merely to recall
to our minds what we all know from common experience, let us consider the
question from a broader standpoint. We at once arrive at the general theorem,
that each plant seizes and uses the particular time-period during which the
environment is in a condition suitable to it. When the environment passes
these limits, the plant dies. For the old oak, this limit has not been reached for
the three hundred years of its life and, so far as we can imagine, not for still
longer periods in the past when preceding generations of oaks were growing
on the same spot, nor will it be surpassed for many years in the future, during
which the descendants of the present tree will be living there. For the dahlia,
the limit is reached before the plant has completed a single generation: it is
cut off in October while it still bears young leaves and unopened buds. During
the same summer, the Galinsoga which infests our gardens in this vicinity may
produce several generations. If our lives were measured by days instead of
years, we can imagine an ecologist saying, “I have seen three generations of
Galinsoga on this one spot of ground. Evidently we are dealing with a stable
environment and Galinsoga will live here forever.” He would be wrong. With
our knowledge of vegetational conditions actually extending over about three
centuries, we now say, “Oaks have occupied this spot of ground for three hun-
dred years. Evidently we have here a stable environment and the oak will live

here forever.” If our lives were seventy centuries instead of seventy years,
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would we not see that we were again wrong? Like the short-lived Galinsoga,
which utilizes the time-period which we call summer, the long-lived oak is
utilizing a longer time-period, and the time has been, and in the future will be
again, when the race of oaks can no longer live on this particular spot.

During the time-period when a species may occupy a station, diverse effects
are exerted upon the plants by the variable environment. Variations of the first
type, which are regular, periodic, and uniform, such as night and day, winter
and summer, act uniformly and unavoidably upon all plants. The physiological
processes of every plant are adjusted to meet them. While their investigation
forms an important part of plant physiology, their effect on plant distribution
and their interest to the plant ecologist are negligible.

Variations or fluctuations of the second type, including such phenomena as
cold and warm years, of dry and wet periods, of late and early seasons, have a
pronounced ecological effect. This is evidenced in agriculture and horticulture
by years of heavy or light yield, by the abundance or lack of pests and parasites,
by the lateness or earliness of bloom or fruit, by the losses due to late frosts in
spring or early frosts in autumn. If such fluctuation is maintained for even a
few years, its results become so grave as to be of national importance, as shown
recently by the effect of only four years of deficient rainfall in our Plains States,

The effect of these fluctuations on natural vegetation is precisely the same
qualitatively, but less pronounced quantitatively, since crop plants are deliber-
ately introduced into a region, while natural vegetation has been adjusted to
the fluctuations through previous experience. In natural vegetation, the effect
of fluctuation in the environment is seen in phenological phenomena, in the
amount of annual growth, in the vigor of individuals, in the number of seeds
produced, in the number of seedlings produced, and therefore in the relative
number of individuals. These fluctuations rarely last very long, seldom affect-
ing more than a single year; they therefore rarely cause the disappearance of a
species or the appearance of a new one.

That fluctuations of environment affect the relative number of individuals
of a species is a fact which has rarely been demonstrated in research in pure
ecology, since accurate quantitative studies of vegetation have seldom been re-

peated in the same area over a series of years. [ have personal records from the
same area taken at varying intervals over twenty years and can assure you that
they show conspicuous variations in the number of individuals of some spe-
cies, and scarcely none for other species. We may assume that the physiological
processes and environmental demands of the latter are so broadly adjusted that
no fluctuations have ensued of sufficient magnitude to affect the plants. In the
former group we may also assume that their physiological processes are more
strictly defined or that the normal environment is already off the optimum for
the species, so that fluctuations do interfere demonstrably with the number of

48 HENRY GLEASON

individuals. Abundant records of this phenomenon are available through the
careful observations on our grazing lands. Here the environmental manm:o.u
is largely in the number of animals feeding on the plants, but the mm..mﬁ is
precisely the same. Differences in grazing lead immediately to the reduction of
certain species and the multiplication of others. .

The rare disappearance of a species because of environmental fluctuations
[is] probably due to the fact that the fluctuations of any one year wmﬁw been
repeated at various times in the past, and species which would _uw exterminated
by them have already been removed. Nevertheless, the _Ob.m Humnom. of &ozm:n
recently ended in the western states will probably have this effect in many in-
stances, although I am not able to cite any single example at the present .939

The relatively rare appearance of a new species for the same cause, is due
primarily to the time factor involved in plant migration. Environmental fluc-
tuations are of relatively short duration; migration of plants is slow and before
additional species can reach the spot, migration has been stopped by the return
of the environment to normal. If next winter were to be omitted and summer
temperatures should continue for another twelve months without interrup-
tion, we still could not expect to find mangroves along the shores of the north
Atlantic. Sufficient time must always be allowed for the reaction of plants to
any environmental change. o .

The variations of the third type, the slow-moving, long-continuing environ-
mental changes caused by physiographic processes, geological developments,
or climatic changes, cause no directly observable or measurable effect on vege-
tation, at least in most cases. In these days the effect of erosion during a &Smw.a
year can sometimes be measured or estimated but it has taken a century for it
to make an impression on our minds. The silting of a pond with the resultant
changes in plant life is also fairly rapid, so that it has sometimes v.mnc observed

and recorded by a single person during his own lifetime. Even in mrmmm rela-
tively rapid examples, and of course in the slower variations of n:Bmﬂm., the
effect of the change is always masked by the wider amplitude and quicker
action of the fluctuations just discussed. Nevertheless, these fluctuations are
based on a norm, and if the norm itself varies the amplitude of the fluctuations
tend always to abate in one direction and to extend in another. . .

Suffice it then to repeat that on every spot of ground the environment is
continually in a state of flux, and that the time-period in which a certain envi-
ronmental complex is operative is seized on by the particular kinds of plants
which can use it. The vegetation of every spot of ground is therefore also con-
tinually in a state of flux, showing constant variations in n._.ﬁ kinds of species
present, in the number of individuals of each, and in the vigor and reproduc-
tive capacity of the plants. . . . o

In summary it may be stated that environment varies constantly in time and
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continuously in space; environment selects from all available immigrants those
species which constitute the present vegetation, and as a result vegetation varies
constantly in time and continuously in space. Those who disagree with the
individualistic concept will very properly raise at this time certain questions,
based on facts which at first thought seem to invalidate the whole concept.
Before these questions are stated here, so that their obvious implications may
be refuted, two general statements may be introduced.

First, an association, or better one of those detached pieces of vegetation
which we may call a community, is a visible phenomenon. As such it has di-
mensions and area, and consequently boundary. While its area may be large,
the community is nevertheless a very tangible thing, which may be mapped,
surveyed, photographed, and analyzed. Over this area it maintains a remark-
able degree of structural uniformity in its plant life. Homogeneity of structure,
over a considerable extent, terminated by definite limits, are the three funda-
mental features on which the community is based. Without these three fea-
tures, Grisebach would never have published his statement of a century ago;
without them, all our studies of synecology would never have been developed.
Also, besides its extent in space, every community has a duration in time. Uni-
formity, area, boundary, and duration are the essentials of a plant community.

Second, every community occupies a position in two series of environ-
mental variation. In the space-series, as the community exists here, in this spot,
it is part of a space-variation, and its environment differs from the adjacent
communities. In the time-series, as the community exists now, at this time, it
is part of a time-variation and in its environment differs from the communities
which preceded it or will follow it.

The individualistic concept postulates a continuous variation in space and
time. How can we reconcile this with the admitted uniformity in space
and timne?

" In any community of reasonable extent, the variation of rainfall, tempera-
ture, length of day, and similar factors from one end to the other is extremely
small. Not only is their effect proportionately small, but this effect is over-
shadowed by the much greater seasonal fluctuation. Seil, also is often uniform
over the whole community, and when it [is] not uniform but varies signifi-
cantly within small distances, we are prone to overlook its effects and to classify
the variable vegetation in a single community. More important still, the domi-
nant plants, which are distributed over the whole area of the community, exert
such a uniform effect on the other species that discrepancies in the physical
environment are more or less smoothed out or obliterated.

Nevertheless, it is difficult or impossible to find in any community two
quadrats which are precisely similar. The community is a complex or mosaic
of slight irregularities, all of which blend into an entirety of apparent homo-
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geneity. We have all known of this lack of perfect uniformity, and have endeav-
ored to evade it by developing the concept of a minimal area, but we have failed
to realize its significance as indicating the general variability of vegetation.

Cumulative progressive changes in environment are generally so slow in
their development that they make no pronounced effect from one year to the
next, while the wider swings of fluctuating environment are so short in their
duration that their full effect is not experienced. Also, comparatively few
observers have kept careful records of vegetational change over a series of
years. Furthermore, as in space variation, environment control by plants tends
to overshadow environmental variation. Nevertheless, succession, which is
merely vegetational change, is accepted by all as a fact; exact statistical records,
when available, do show continuous variations in structure, and in many loca-
tions complete vegetational changes have occurred within the experience of a
single observer.

The postulated uniformity of the community is therefore far from absolute,
A community is uniform, either in space or in time, only to a reasonable
degree. This uniformity is sufficient to enable us to recognize the community
and to accept it as a unit of vegetation, while its variability, although slight, is
sufficient to indicate the impossibility of considering any such area of vegeta-
tion as a definitely organized unit.

If vegetation varies continuously in space, how can we explain the abrupt
transitions from one community to another, which are so conspicuous a fea-
ture of natural vegetation in many regions?

Abrupt transitions are in every case correlated with abrupt variations in the
environment or with abrupt differences in the immigrating plant population.
Some abrupt changes in environment are due to physical conditions, notably
the soil, which may change notably within a short distance. The other changes
are due to environmental control of the physical factors by the plant life itself.
These account for most of the abrupt transitions in the eastern states, or in any
other region where a dense vegetation is possible. The sharp demarcation of
zones around a pond or bog, for example, is caused almost entirely by vegeta-
tional control.

Abrupt differences in immigration exist only in areas which have recently
been disturbed, such as an abandoned field, a lake shore recently worked over
by waves, a ballast heap, or a tract of riewly filled ground. In such places the
accidents of immigration often lead to the temporary establishment of distinct
patches of vegetation, each characterized by one or a few species. Continued
migration tends to smooth out these irregularities in a short time; environ-
mental fluctuation favors certain species over others; denser growth leads to
environmental control by certain species, and in the course of a few years such
patchwork vegetation has blended to a relatively homogeneous community.

THE CONCEPT OF THE PLANT ASSOCIATION 51




If vegetation varies continuously in space, how can we account for the repe-
tition of the same vegetation in many separate communities? The answer to
this question is simple. There is no exact repetition of the same vegetation from
one community to the next. There is-an approximate repetition only.

It is a fact that in any region several to many examples of vegetation may be
found in which the differences are so slight that they are not observed, or if
observed are considered as unimportant and negligible. In any community
absolute homogeneity is impossible, and the observed heterogeneity may well
be due to chance. But in a single community, if it is large enough, differences
between two ends may be discovered. Every ecologist who has undertaken
quantitative analysis of vegetation will probably agree with this statement. I
once examined two adjacent sections, each an exact mile square, of virgin
hardwood forest. The soil was uniform and level and there was no surface
drainage system, nor any indication of wetter and drier parts. Careful quanti-
tative studies in each section showed conspicuous differences, not important
differences, to be sure, which could not be explained by any visible feature. At
the Biological Station of the University of Michigan, the aspen association, with
a single continuous community some six miles long, exhibits demonstrable
variation from one end to the other, with no visible reason.

Between two different communities, not too far removed from each other,
the observable differences in structure are of essentially the same degree of
magnitude as these fluctuations within the same community, and one may
easily tend to credit them also to the effect of chance. But part of them, possibly
only a small part, is due to the space-variation in the environment, and another
part, again possibly small, is due to a difference in the available plant popula-
tion upon which environmental selection operates. If a series of communities
are observed at successively greater distances, these differences cumulate, so
that those at the ends of the series may be strikingly different, although con-
nected by imperceptible or apparently negligible intermediates.

One shortcoming of our ecology has been that our field work has generally
been confined to a small area. We have investigated and described all the as-
sociations in a small area, instead of trying to trace a single association over its
whole extent. In any small area, environmental variation, essentially repeated
in many spots, produces several well-marked types of environment, each char-
acterized by a similar vegetation. We justifiably draw the conclusion, from this
limited evidence, that association-types are definite. But as soon as we extend
our observations, we begin to realize that each separate community is merely
one minute part of a vast and ever-changing kaleidoscope of vegetation, a part
which is restricted in its size, limited in its duration, never duplicated except
in its present immediate vicinity, and there only as a coincidence, and rarely if
ever repeated.

§2 HENRY GLEASON

In other words, the similarities between adjacent communities, which have
led to the views that the association is analogous to a species, or analogous to
an organism, are not perfect similarities. They are caused by nearly similar
environmental selection, intensified by nearly similar environmental control,
from a nearly similar population. In addition to the imperfections of similar-
ity caused by chance, and largely masked by them, are other variations of a
cumulative nature. These, increasing in importance and in conspicuousness as
more distant communities are considered, finally lead to vegetation of such
unlike nature that they would never be classed in the same association-type.

In my original paper (1917) on this subject I mentioned as an example the
alluvial forests along the Mississippi River and its tributaries over a stretch of
about a thousand miles from its mouth to the northward. From mile to mile
these forests show no considerable change; over a space of a hundred miles the
changes may or may not be of ecological importance and the more important
differences are apparently due to lack of time for sufficient migration to
smooth out the variation. Yet these differenices cumulate. One by one species
disappear; one by one other species appear, and by the time one has reached,
say, Indianapolis, there has been an almost complete change in the appearance
and composition of the forest. Or, if the observer swings more to the west and
travels up the Missouri and the Platte, he can see the disappearance of species
one by one without corresponding replacement, until the forest is reduced
to a fringe of willows and finally disappears completely in western Nebraska.
Within the state of Michigan, the beech-maple climax forest, always considered
to be a definite, well distinguished association-type, exhibits profound changes
from one end of the state to the other.

I also venture to say, without personal experience to verify the opinion, that
even more remarkable transitions might be discovered elsewhere. For example,
the forests of the foothills of the Rocky Mountains in Colorado, composed
there largely of Pinus ponderosa, might be traced northward with similar
gradual variation, thence eastward along the northern boundary of the grass-
land in Canada, and again southward to the forests of Illinois, and lead us to
the extraordinary conclusion that the Pinus ponderosa forests of Colorado rep-
resent the same association as the Quercus velutina forests of Illinois and the
aspen groves of Manitoba.

Over such distances as the three I have mentioned the flora from which
any area may be populated changes greatly. Such environmental factors as
temperature, rainfall, and length of growing season also vary greatly and to
an extent that completely surpasses the local fluctuations between any adja-
cent communities. With the vegetation determined by environmental selection
from the available plant population, and with both of these underlying features
altered, obviously the resultant vegetation must also be entirely changed.
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It must be remembered that we admit the essential uniformity of vegetation
within a single community, and the frequent striking uniformity between ad-
jacent communities. But the fact that these small cumulative differences do
exist is basically important in the consideration of the general concept of the
plant-association. They indicate that each community, and for that matter each
fraction of one, is the product of its own independent causative factors, that
each community in what we now choose to call an association-type is indepen-
dent of every other one, except as a possible source of immigrating species.
With no genetic connection, with no dynamic connection, with only super-
ficial or accidental similarity, how can we logically class such a series of com-
munities into a definite association-type? Truly the plant community is an in-
dividualistic phenomenon,

Every species of plant and animal migrates, whether as a mature individual,
as many species of animals, or as a reproductive body, as the vast majority of
plants. Among animals, migration is sometimes selective in its direction and
goal, as illustrated by birds which follow definite routes to definite established
breeding grounds. With other animals and with all plants, migration is purely
fortuitous. It progresses by various means, it brings the organisms into various
places and to varying distances, but only those organisms which have reached
a favorable environment are able to continue their life. Into this favorable en-
vironment other species also immigrate, and from all of the arrivals the envi-
ronment selects those species which may live and dooms the others.

In this migration each migrating body acts for itself and moves by itself,
almost always completely independent of other species. The idea of an associa-
tion migrating en masse and later reproducing itself faithfully is entirely with-
out foundation. Those cases in which there is a semblance of such a condition
are caused by the proximity of the original association and the advantage which
its species therefore have in migration. Even then, certain species always pre-
cede and certain others lag behind.
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CHAPTER 3

The Use and Abuse of Vegetational
Concepts and Terms

Arthur G. Tansley

It is now generally admitted by plant ecologists, not only that vegeta-
tion is constantly undergoing various kinds of change, but that the increasing
habit of concentrating attention on these changes instead of studying plant
communities as if they were static entities is leading to a far deeper insight
into the nature of vegetation and the parts it plays in the world. A great part
of vegetational change is generally known as succession, which has become
a recognized technical term in ecology, though there still seems to be some
difference of opinion as to the proper limits of its connotation; and it is the
study of succession in the widest sense which has contributed and is contrib-
uting more than any other single line of investigation to the deeper knowledge
alluded to. . ..

In 1920 and in 1926 I wrote general articles {published in 1920 and 1929,
respectively] on this and some related topics. My return to the subject today is
immediately stimulated by the appearance of Professor John Phillips’s three
articles in the Journal of Ecology (1934, 1935a, 1935b) which seem to me to call
rather urgently for comment and criticism. At the same time [ shall take the
opportunity of trying to clarify some of the logical foundations of modern
vegetational theory.

If some of my comments are blunt and provocative I am sure my old friend
Dr. Clements and my younger friend Professor Phillips will forgive me. Blunt-
ness makes for conciseness and has other advantages, always provided that it
is not malicious and does not overstep the line which separates it from rude-
ness. And at the outset let me express my conviction that Dr. Clements has
given us a theory of vegetation which has formed an indispensable foundation
for the most fruitful modern work. With some parts of that theory and of its
expression, however, I have never agreed, and when it is pushed to its logical
limit and perhaps beyond, as by Professor Phillips, the revolt becomes irre-
pressible. But I am sure nevertheless that Clements is by far the greatest indi-

From Ecology 16 (1935): 284 —300. Notes omitted.
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