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Comments on the Continuum

B.B. Stout and Norman Dill

"The entire series of communities whose floristic composition gradually
changes along an environmental gradient has been termed a 'vegetational continuum'
(Curtis and McIntosh, 1951), to emphasize the fact that no discrete divisions,
entities, or other natural discontinuities are present." (Curtis, 1959, p,52},
The admonition of Plato, "If arithmetic, mensuration and weighing be taken away
from any art, that which remains will not bo much," is sufficient to suggest
to one who views vegetation as a continuum that quantification must be used
to elucidate the concept.

To accomplish this elucidation and to place assemblages of plants in
perspective relative to other assemblages, the following procedure is used,
The procedure is in bare outline and may have added refinements for a particu-
lar area, We use for discussion purposes here the presentation in Curtis and
McIntosh (1951) on the forest dominated by sugar maple (Acer sagcharum).

For a particular stand a Continuum Index is determined for each species
by taking it as the product of the Importance Value of a species times the
species Adaptation Number. The Importance Value is the summation of relative
frequency, relative density, and relative dominance. The Adaptation Number
is an assigned value; in the cited case the values range from 1 to 10, The
higher the number the greater the ability of a species to survive in a forest
dominated by sugar maple, The Compositional Index for a stand is the sumnation
of all the species Continuum Indices for that stand.

Inspection of Compositional Indices for many stands will usually show
considerable variation, PFurthermore if an environmental moisture gradient
is established from dry to mesic it can be seen that the Compositional Indices
are perhaps a function of this gradient. Therefore, if the Compositional Indices
are equated with the environmental gradient and plotted on the abscissa and
the Importance Values of the individual species are plotted on the ordinate
a pattern should emerge showing the distribution of the species along the
environmental gradient,

Once the patterns are established they may be used to draw inferences
regarding the relationships that exist between the species and the gradient
on the abscissa. Moisture has been used in this example. Bray and Curtis
{1957) used, as we shall see, 16 factors along the abscissa.

We have attempted to present in the above the essential features of the
method that has been developed by Curtis and his co-workers to quantify the
study of vegetation, It is proposed that since this is a quantifying effort
that it be examined in equation form. Changing from a verbal to a equational
form should not alter meaning; it may make for greater clarity of the method
and allow closer scrutiny,

For each species in a stand a Continuum Index (Yy) is determined:

v o= (X () 1




where:

Adaptation Number, assigned values, in the c¢ited case, of from
1 to 10 based on the ability species to survive in a forest
dominated by sugar maple (Curtis, 1959, p.94),

X AN

Xiy = Importance Value, the summation of relative frequency, relative

_ density and relative dominance, Therefore: 0+ Xiv % 300,
Having arrived at the Continuum Index for each species, a Compositional Index
(Yo) for a stand is arrived at by summing all Y@ﬂ for the stand, thus:

7

Yo = & Yip (2)

where:

n = nﬁmbé: of species in the stand. For example, if an assemblage of
plants is all one species with an Adaptation Number of 1,

Y, =300; or 3000, if Xay = 10,

Empirically it is then suggested that

Yo f_(Habitat) (3)

where:

B

¥Yc = 300 in a dry habitat and 3000 in a mesic situation.

It was ncted above that
7, '

¢ = T (2)

The next step is to say that
Xy = £ (Y1), for a given species, (4

Using this equation and by plotting the data, bell shaped areas or
segments thereof are formed (Fig.,1)

However, due to the initial assumption,
Y1 = (xAN) (XIV) ‘ (1)

and the fact that Xy was arbitrarily given values from 1 to 10, in effect

dry sites were valued at 1 and mesic sites as 10, But the X, was originally
defined as being an expression of the adaptability of a species in relation

to, in the Wisconsin case, (Curtis and McIntosh, 1951), sugar maple. So to this
peint what has been said is that sugar maple tends to dominate mesic gites in
the area of study in Wisconsin,




By plotting X1v = £ (Yp) for a given species all or a part of a bell
shaped curve, a Gaussian distribution function, or probability density functiom,
which is defined by: L

. f/ « iy S
;o oy LA )/’ :
£(x)y = ~hme {7 e (3
S
is obtained., Therefore by scaling the adaptation number (which is in effect

A+ in the probability density function) from 1 to 10 the position of the curve
for a given species is set by the initial scaling decigion.

The mean values of the Y, falling under the curve can be determined for
discrete units of Y. With these means at hand, curves for individual species
can be constructed, They are similar to Figure 1 without the individual
points plotted,

1t was pointed out by the originators that no identical curves were found
(Curtis and Mcintosh, 1951), 1In addition to the fact that different species
react differently to a similar environment, there is also the fact that the
position of the distribution, - , was set when the tree was assigned its
Adaptation Number. <

In the example the composition index Yy was equated with habitat., 1In
a like manner it can be equated with any number of factors, either singly or
in combination; for example, light conditions and measures of soil character-
istics.  Bray-and Curtis (1957) used three axes:
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Then by ‘saying that Yg = £ (X3, X, X3) the positions of the individual
stands can-be located in 3 dimensional space. When this is done no two stands
occupy identical positions in that space--the spectrum is conmtinuous, and it
can be called a vegetational continuum.

However, in so doing, Bray and Curtis (1957), for example crowd onto
3 axes 16 different factors, almost anyone of which may interact with or be
a function of several other factors.

In essence the concept of the continuum is that

) (6)
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Yy = Flora of a given unit area.
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In so presenting vegetation in this light, history may well look upon
Curtis and his co-workers as having made a major contribution to the under-
standing of vegetation,

This does not alter the fact, however, that in the method Importance
Value (Xjy) is used as an independent variable to predict Continuum Index (Y1),
the dependent variable, in the early stages of the calculations and later Yy
is used as an independent variable to predict Xyy, now the dependent variable,
Once this is done, the argument has gome full circle.

The consistent part of the scheme is the Adaptation Number (Xpy) . It
was pointed out that after all the manipulations the peaks of the curves fell
in an orderly array along the abscissa. Perhaps what this means is that the
Adaptation Number is really a good description of the species, at least so Ear
as our knowledge of the species--environment interactions are concerned,

Beyond this, due to the circularity, it may be hazardous to tread,
Discussions of succession, ordination or environmental scalars must hang on
the validity of the values assigned to the Adaptation Number., If these are
valid, no matter whether subjectively or objectively assigned, then the conclu-
sions drawn may be valid. WNot because of the method, no matter how complex,
but because the Adaptation Number values were put in reasonably good order
originally..

The admonition of Plato was quoted earlier. A comment on classification
by a 20th Century commentator may point the way for a next step. Whitehead
(19%¢) says, '"Classification is a halfway house between the immediate concreteness
of the individual thing and the complete abstraction of mathematical notions.
The species take account of the specific character, and the genera of the
generic character. - But. in the procedure of relating mathematical notions
to the facts.of nature; by counting, by measurement, and by geometrical
relations, and by types of order, the rational contemplation is lifted from
the incomplete abstractions involved in definite species and genera, to the
complete abstractions of mathematics. Classification is necessary, But unless
you can progress from classification to mathematics, your reasoning will not
take you very far."

What aré the mathematical abstractions to which he refers? From whence
do they come?

Fortunately for students of ecology the abstractions are presently extant.
Lotka (1956, p 44) giver a model that may be used to describe an assemblage of
plants. He views it as a dynamic system. This is suggested by each derivative
being taken with respect to time,. PTime may be in units long enough so that
the ecologist could view this “n-dimensional’ system as a surface. This idea
has been. suggested by Hutchinson (1957) and by Waterman (1962). Figure 2 is
a response surface jn three dimensions. In Lotka's model it would be the
representation of an instantaneous condition for one species Y1 with respect
to two independent variables, X1 and Xz. For an assemblage plants on a
particular spot on the earth's surface there would be an equation (and surface)
for each species. The level each species attained would be a function of the
environmental variables and the influence of the interactions between the
several species.




Viewed in this light the flora for the particular location would be

the list of all species (Yi) whose response surface was exposed. Exposed

is used in the sense that if a single plant of a species is living on an

area some part of that specie's response surface is sufficiently elevated

above that of other species to permit its survival. The vegetation would be
that pattern of species whose surfaces were sufficiently exposed (as determined
subjectively) to consider that the landscape was dominated by them,

This latter view, that is the delineation of a certain group of exposed
surfaces as a vegetation, is essentially what has constituted classification
in ecology. Because the response surface of a species cover a region may now
be exposed, now covered, this has led to the extensive vocabulary of ecology.
For a species whose surface is barely projecting above another species' sur-
face a very slight shift in any one of the Xi variables could produce a quite
different assemblage of plants,

We do not know what the n-dimensional response surfaces look like: we
can, however, conceive a three dimensional one as resembling a relief
map. There would be a map for each species, The altitudes on the map
could suggest degree of, say, dominance for the species. The east-west and
north~sputh;axés.ﬁou1d_represent levels of two variables. Moving to a contour
line and following aleng it we would be at points of equal response. However,
with each step we would move to a new combination of east-west and north-south
variables. Or, in another and earlier sense, each location on the map 1is
individualistic, yet many locations give rise to equal degrees of dominance,
Viewed in this light Gleason and Lotka have given us the conceptual framework
and tools to use in a study of vegetation., As Whitehead suggested, we needed
clasgification so that we could move to the mathematical abstraction.

In effect the accomplished ecologist has integrated the things we have
called response surfaces in his mind as he moved over the landscape. He
knows that one factor can be substituted for another in some instances and
not in another; that certain plants can exist over a wide range (a high
smooth response surface) and that others exist in only specific and restricted
habitats (a response surface of low relief with a few high, sharp peaks),
This integration is the product of long years in the field. That it can be
done is manifested in remarks such as, "Who needs all these numbers? 1 can
see what i1s going on in a forest just by walking through!" It is true that
this can be done, The question we raise is: Can we in good conscience disdain
the use of the most sophisticated tools available to describe our environment
and the interactions of the population and the environment?

Summary

The concept of the continuum is valuable, Because of a circularity in
the methods of studying the continuum devised by Curtis and his co-workers
we argue that the concept of the response surface is a logical continuation
of Gleason's ideas and that this can be accomplished by using the basic form
of Lotka's model.
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