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Abstract

The assumption is made that the level of rescurces available to a
grassland plant community determines certain characteristics of the
distribution of biomass between the species that integrate the commu-
nity. Two conceptual tools are used to investigate biomass partitioning
among species:

(1) A measure of biomass apportionment between species, computed
by means of two equitability indices.

(2} A measure of competitive two-order interaction between species
computed by means of competition coefficients.

Three types of variations in the amount of resources which occur
conspicuously in grassland plant communities are analyzed: Variations
over space due td microtopography, variations over time due to changing
conditions in the environment, and ''man-induced' variations (irrigation
and fertilization). Three examples in which these basic types are
present are analyzed: A subtropical grassland in eastern Argentina, a
tundra gradient in Canada, and a shortgrass prairie in the western
United States.

A hypothesis on the nature of changes in species interactions along
environmental gradients in grassland communities is developed, as well
as some comments on the possible characteristics of stable (''mature-
induced') variations in resource levels as compared to non-stable {''man-
induced") variations.

This hypothesis and the relations observed in the data shown here
could be profitably used as criteria when modeling species Interactions

in the plant community.



Introduction

Understanding the relationships between structure and function in
grassland ecosystems is essential for better management of this type of
resource. There is increasing evidence, both from ecological theory and
from experimental results, that the way in which biomass is apportioned
between the different components of the plant community is a dynamic
characteristic, the analysis of which might indicate functional features
of the community.

from the range manager's point of view, the way in which the total
energy and available resources are channeled through the primary pro-
ducers, so that some species may obtain more from what is available In
the environment than others, is also of importance, since species differ
in their nutritive value and palatability.

| shall refer here to biomass distribution by species, and for the
purpose of the analysis here developed, it will imply the distribution
of any measure of quantity of biomass, either weight, cover, abundance,
etc., expressed on a species basis as a fraction of the total quantity
of that same measure over all the species of the community.

Biomass distribution defined in these terms has been found to be
the consequence and has been postulated as the reason for a wide range
of ecological phenomena. It would be lengthy to quote the main bulk of
the literature on this point. Some publications dealing explicitly with
this subject are Preston (1962), Lloyd and Ghelardi {1964}, Pulliam,
Odum, and Barrett (1968), Whittaker (1965, 1972),7and Ares (1972), while

a similar 1ist can be made of publications dealing implicitly with the
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concept (MacArthur 1957, Odum 1969, Whittaker 1971, and Buzas 1972).
In another context, species distribution is related to the long debated
problem of dominance in plant communities. Dominance has been alternately
pointed out as a meaningful indicator of community productivity (Margalef
1963, Odum 1969), and even the cause of it (McNaughton and Woif 1970), or
contrariwise, a meaningless or negative indicator of productivity (Singh
and Misra 1969, Risser and Rice 1971). Biomass distribution estimations
are relatively easy to make in grassland plant communities, which is not
the case with some other important characteristics of that system, as
plant biomass or productivity by species.

Biomass distribution can be characterized in several ways. One of
the simplest is to compute a relative value for each species (xi),
expressing the quantity in question (weight, cover, abundance} as a
fraction of the sum of the same quantity for all the n species in the
community. The vector of n fractions thus obtained can be used to char-
acterize the distribution of biomass.

The quantity

H= - x. 1092 X,

which gives the information in bits per unit of x, (Pielou 1965)

depends on n, but also on the vector thus defined. The partial dependence
of H on the vector of relative biomass can be expressed with comparable
success by any of the equitability measures available (Whittaker 1972).
One of them is the computation of Lloyd and Ghelardi's index (Lloyd and

Ghelardi 1964) of e, in this paper; it has been interpreted as a measure
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of overlap of the niches of species, and consequently as an indicator .of
competition between them (Pulliam et al. 1968). This is clearly a risky
assumption since overlap does not imply competition unless an insuffi-
cient amount of resources is present in the region of the niche where
overlap is manifest (Colwell and Futuyuma 1971). 1t is because of this
that independent estimations of competition between species are desirable
in order to investigate the use of resources by a plant community.
Equitability may also be conceived as a functioﬁ.(ez) of the dis-

persion of species importance values, as

n
e, = I (x. - x)2
1 i

/n -1
The wider the dispersion of the relative biomass values, the greater the
dominance is in the community.

The magnitude of competition between different components of a

plant community can be estimated by computing the second-order inter-

action coefficient uij of the expressions:

dx1/dt rX {k - Xy - a21x2)/k

dxz/dt rx, (k - x )k

2 2~ %124

used by Gause in applying Volterra equations for increase of species x
and X, in time, The aij represents the reduction in the rate of in-
crease of both populations caused by one individual of the competing
species as compared with one individual of the species under consid-
eration (Levins 1968). Levins also proposes a way to estimate the %

coefficients for a community of n species, which is appropriate for the

analysis of a wide range of ecological data. The inspection of the



matrix of coefficients obtained (community matrix) can be useful in
understanding the competition process in the community, though great
care should be applied when testing hypotheses since the distribution of
coefficients has not been studied, and they are clearly partially inter-
dependent. There is also a need of further research on the dependence
of the terms of the alpha matrices on the size of the sample and spatial
pattern of the species.

One of the habitat characteristics that may induce changes in
competition and biomass distribution between species is the variation in
the amount of resources available for the community. As a ''resource' |
refer here to any characteristic of the environment regulating or mod-
ifying species growth that may vary over space or time. The conceptual
hyperspace defined by the upper and lower levels of the resources or
environmental factors can be thought of as a characteristic of the
habitat of the community; | will refer to habitat width estimators,
following a suggestion of Whittaker {1972} to the estimators of the size
of the space so identified.

IT we define by certain criteria of homogeneity over space and time
a certain set of species as composing a community (as may be done by
phytosociological or classification techniques}, we may find that the
set of species, defined as a group or community, 1s found as such within
certain limits of critical resources, like soil water, soil aeration,
temperature, etc. These limits may be thought of as the boundaries of
the n-dimensional space, identified above, which is the total funda-
mental niche (Slobodkin 1961) of the plant community so defined. It is

also commonly observed, and the results shown in this paper stress this
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point the more, that although the species list may remain more or less
the same within the upper and lower limits of the factors considered,
the relative biomass of species, i.e., the vector of relative biomasses,
changes within the limits of the space so defined. According to clas-
sical community theory, this change in species abundance may be thought
of as the combined expression of (i) the amplitude of tolerance {eco-
logical amplitude) of each species with respect to certain critical
habitat factors and (ii) the competitive interaction between species
(Hanson and Churchill 1961).

This variation of levels of critical factors is evident over geo-
graphical space, as along any environmental gradient, and over time. In
those environments where fluctuations of conditions for vegetative
growth occur over time, there is an increase in the habitat width as the
growing season proceeds and a decrease in it as conditions for growth
begin to deteriorate. Finally, there is another kind of variation in
total habitat width that is induced by man's activity: {rrigation and
fertilization of grassland can be viewed as an artificial expansion (or
perhaps reduction?) of total habitat space which may determine modi-
fications in the relationships between species,

These considerations pose the question of measuring habitat width
and somehow defining a scale for that measurement. The measures and
scales of habitat width presented here were developed according to the
structure of the data available. Consequently, they may be subjected to
criticism on account of lack of linearity and arbitrary scaling (for
example, see Colwell and Futuyuma 1971). No correction of these sources

of error has been introduced, so no attempt will be made to ascertain



anything but generally increasing or decreasing trends in the data.
Also, no comparisons between the examples shown will be made on the basis of the

particular shape of the functions obtained.

Materials and Methods
Example no. 1
This set of data refers to the changes in biomass distribution
observed in a subtropical grassland community in Corrientes Province,
Argentina, 1 year after different levels of phosphorous fertilizer
were applied. This type of pasture Is described in some detail by Van
der Stuij (1971),and it has a marked response to phosphorous fertilizers.
Six different levels of fertilizers were applied in July 1971, equivalent
to 0, 25, 50, 75, 100, and 125 kg of P205 per ha, respectively, over
contiguous 25 x BOO m rectangular plots in a field subjected to grazing
by cattle. On two occasions after fertilization (December 1971 and March
1972), plant cover-abundance by species was estimated and quantified by
values of a six-point scale used previously for similar observations

(Ares and Leon 1972). The e, and e

1 2 indices were computed with these

values. The data can be analyzed in a gradient structure by dividing

the set of six treatments into three groups of two plots each and using
levels of fertilizer as units of habitat width scale, since phosphorus
appears to be a limiting factor for this type of vegetation. A FORTRAN

IV subroutine was developed to compute aij coefficients for each possible
pair of i and | species taken in groups of two for each pair of treatments.
Table 1 shows the raw data used. The subroutine was also used for the

analysis of the other examples and is available upon request from the author.



Example no. 2

Observations on vegetation cover, microtopography, and depths of
active layer were made along a transection of approximately 120 m in a
southeast facing slope in subarctic alpine tundra in the Yukon territory
of Canada by Price (1971). The original data are reported in the paper.
Sites were ordered irrespective of the actual spatial location and
according to the depth of the active layer. The virtual gradient thus
obtained was subdivided into 10 intervals of equal length which were
used to construct habitat width scale; e, and e, indices and community

1 2

matrices were computed as in the previous example.

Example no. 3

The set of data selected for this example is concerned with habitat
width variation over space and also over time, as intensive sampling of
plant weight by species over time was made during the growing season of
grasses.

The grassland community studied is a shortgrass prairie dominated
by blue grama (Bouteloua gracilis) in the western division of the Pawnee
National Grassland in northern Colorado (USA). The native vegetation of
the area has been described by Klipple and Costello (1960).

A homogenous area of approximately 10 ha was excluded from grazing
in 1970, and different levels of water availability, soil nitrogen, and
a combination of both were utilized at periodic intervals of time. The
treatments applied to the area are nitrogen fertilization (150 kg/ha),
irrigation (enough to maintain a constant level of water avéilability

near field capacity during the growing season), and a combination of




both fertilization and irrigation. Data on habitat factors and plant
community were recorded for each treatment during 1971 at 20-day intervals.
Plant biomass was sampled at 30-day intervals by means of six square plots
of 0.5 m2 each. The live green standing material was selected from the
material harvested and classified by species.

For the sake of e index computation, all species represented by
more than 5% of total biomass were considered, and a set of 32 equitability
indices per treatment was generated by alternately taking the lower and
vpper 5% confidence level of each of the five dominant species biomass
determinations. This procedure artificially generates a whole distribution
of e, indices which was found to statistically fit a normal distribution
in 90% of the sets analyzed within a 5% confidence level; on account of
this, 5% condfidence levels for equitability indices were computed by means
of a t-test.

For the computation of competition coefficients, a set of 12 species
with high representation in all treatments in all dates was selected. Since
species values are taken by pairs to compute competition coefficients,
the omission of some species from the list reduces the information

available for the whole community, but does not modify the values com-

puted for the selected species (Table1).

Results
A simllar set of data is presented for each of the examples treated:
(i) a characterization of the plant community structure in terms of
equitabllity Indices and (ii) an analysis of the overall competition

process by inspection of the community matrix. This last includes a



TABLE 1. Species selected for the computation of competition
coefficients of example no. 3.

Aristida longiseta Steud.

Artemisia frigida Willd.

Bouteloua gracilis (H.B.K.) Lag.
Bouteloua hirsuta lLag.

Buchloe dactyloides (Nutt.) Engelm.
Care& heliophila Mackenzie
Chrysothammus nauseosus (Pall.) Britt.
Festuca octoflora Walt.

Gutierrezia sarothrae (Pursh) Britt. and Rusby
Lepidium densgiflorum Schrader
Penstemon angustifolius Nutt.

Sphaeraleea eoecinea (Pursh) Rydb.




-10-

table of values of competition coefficients for different groupings
of the species composing the plant community and graphs showing the
variations in competitive interactions related to changes in habitat

width.

Plant community structure

The values of Table 2 were used to compute e, and e, values for
each of the levels of fertilizer added and each of the sampling dates
in example no. 1. The.curves obtained for both e and e, indices are
shown in Fig. 1a and 1b. Sampling of species cover In the middle of the
growing season (December) indicates a decrease in dominance with increasing
levels of resources; if the sampling is done at the end of the growing
season (March) the contrary trend ié observed. Though | will want to
discuss this point further in the last section of this contribution, it
seems worth pointing out here that whatever meaning one might want to
assign to the concentration of dominance In the plant community it must
be consistent with Intraseasonal variation of that structural characteristic
since it is evident that the variation of equitability induced by modi-
fications of the amount of available resources may affect different
trends during time.

Fig. 2a and 2b show the relationship between the indiees e and e,
and the habitat width for the data of example no. 2. |t is noticeable
that while € shows a unimodal increase as habitat width increases, e,
shows a bimodal response. This is probably due to the fact that e
depends partially on the total number of species which increases markedly
in the example shown as the depth of active layer increases while e, is

independent of species number.
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TABLE 2. Cover abundance estimated values for 23 species of a plant community
under six different levels of fertilization with phosphorus. Fertilization:
July 1971. Observations: Decemg7r 1971, March 1972. Symbols in the table
refer to cover-abundance values.—

December 1971 March 1972
Species 0 25 50 75 100 125 0 25 50 75 100 125
Andropogon lateralis Nees 33 3 3 3 3 3 3 3 3 3 3
Aristida venustula Arech. 11 1 1 1 + 1 + + + -
Axonopus argentinus Parodi  + 1 1 1 1 2 2 2 1 1 1 1
Axonopus compressus 1+ 1 1 1 1 1+ - 4 _ _

(Swartz) Beauv.

Baccharis sp. L. 11 2 2 2 2 2 2 2 1 2 1
Bothriochloa lagurioides t + - s + + 1 - 1 - + +

Herter
Chloris retusa Lag. + - + - - i o+ o+ + + +
Cyperus sp. L. + + o+ o+ + 1 1 1 - 1 + -
Desmanthus virgatus -

(L.) Willd + + + + + 1 + 1 + + +
Desmodium canuum z 2 2 2 2 3 33 3 2 3 3
Eragrostie lugens Nees + + - o+ - + 1 1 11 - 1
Eragrostis neesii Trin. -+ o+ o+ + 1 1+ 1 + + 1
Evolvulus sericeus Swartz. + + + + + 1 11 1+ + +
Indigofera asperiifolia T 1 1 1 1 i 2 1 2 - 1 1
Paspalum notatum Fluegge 2 2 2 2 1 2 2 2 3 2 2 2
Piptochaetium montevidensis

(Spreng.) Parodi 11 1 2 1 o+ 2 1 + 1
Rottboellia selloana Hack 1+ 1 + 1 111 2 1 1 1
Schizachyriwn paniculatun _ _

{Kunth) Herter LR L L +
Setaria sp. Beauv. + + - o+ + + 1 1 1 1 + 1
Sporobolus poiretii _

(Roem. & Schult.) Hitchc. LA ! LA R 1
Stylosanthes montevidensis + + - + 1 1T 1 1 + + +
Verbena lacintiata ' + + + - + + - + o+ o+ + -

a/

+ = <5% cover, occasional individuals, and 1% corresponding cover value.

1 = <5% cover, abundant or common individuals, and 5% corresponding cover
value.

2 = 5 to 25% cover, very abundant or common individuals, and 15% corres-
ponding cover value,

3 = 25 to 50% cover, any number of individuals, and 47% corresponding cover
value.
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Fig. 3a and 3b show the changes in e, énd e, observed during the
growing season in the shortgrass prairie referred to in example no. 3.
The variatlions observed are consistent with some ideas concerning seasonal
succession already developed (Ares 1972). The addition of resources for
which competition may arise increases dominance, and this is reflected
in the decrease of e {or increase of ez) during the growing season. The

inspection of e, variations show that while the addition of nitrogen

1
increases dominance during the beginning of the growing season, in which
most of the vegetative growth occurs, the addition of water increases
dominance during the second (dry) part of the season. Changes in e, do not
show this last fact, though the decrease in dominance in all treatments

as the middle part of the growing season is reached is more evident than
when examining variations in e - it is evident that the changes in both

e and e, depend on the time of the growing season in which the observations
are made (see, for instance, the differences in Fig. la and 1b between

samples taken in December, and also the changes observed in the control

treatment in Fig. 3a and 3b).

Coﬁpetitive interaction between species

The elements of the community matrix are all the second-order
competition coefficients between species. The subroutine used to compute
community matrices arranges the computer printout in such a way that the
rows represent all the competitive effects of one species upen all the
rest of the species, and also that the order of rows in the matrix
corresponds to the order of importance of the species, on a biomass basis,
over the whole gradient analyzed. This makes it simple to group the matrix
rows into a small number of Importance or rank categories, or to inspect

the behavior of individual species.
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The following refers to the average intensity of competition as
estimated by the mean of off-diagonal elements of the community matrix.

Fig. 4 shows these averages computed for samples of example no. 1
taken in December and March. Fig. 1a and 1b show the corresponding
changes in dominance in both cases. Changes in structure induced by
level of resources shown by e, and e, indices are not reflected in changes
in level of competitive interaction. Though dominance is decreased in
the middle of the growing season by the addition of resources and in-
creased at the end of the season, competitive activity is enhanced in
either moment.

Fig. 5 shows the means of competition coefficients computed for
example no. 2, which is described in terms of species distribution in
Fig. 2a and 2b. In this case, dominance seems to be associated with an
increase in the overall level of competition.

Fig. 6 shows the changes over time in average competitive inter-
action between a selected set of species (Table 1)} in the control treat-
ment and in the irrigated and fertilized treatment. Fig. 3a and 3b
describe structural changes in species distribution. In this case,
increasing competition is observed when dominance increases; also,
competition coefficients seem to be very sensitive to seasonal variation
of plant environment.

The detailed analysis of the competitive behavior of species oc-
cupying different positions in the rank or importance order of all
species in the community can be made, as suggested above, by examining

row averages of community matrices. For the purpose of synthesis,
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instead of considering each individual species from the most abundant to
the least abundant, groups of species have been formed in such a way
that group no. 1 is composed of the four most abundant species, group
no. 2 of the following four species, and so on.

Table 3 shows the result of five linear regression analyses (with
respect to habitat width) of the average competition coefficients of
five groups of four species each in decreasing order of importance. The
slope of the regression diminishes as we consider groups of species of
lower representation in the community, with the exception of group 4.
This indicates that minor species are less sensitive to changes in the
amounts of resources, which poses the guestion of whether this is so
because they depend greatly on the effect of competition of dominant
species. Table 4 shows a similar analysis for the data of example no. 2
which are consistent with the results of the previous example.

Before examining the corresponding analysis for example no. 3, it
seemé worthwhile to make some comments on different types of variations
in the amount of resources available to the grassland plant community
which are underlying the examples shown.

(1) There is a variation of resource level which is caused by
habitat changes over space {as in example no. 2) or over time (as in
example no. 3). This variation may be termed ''expected' or ''naturat,'
meaning that it constitutes a factor of natural selection over the
community succession; therefore, the changes induced by it in the
community should be regarded as relatively stable. This item should be

compared with item (2).
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TABLE 3. Results of linear regression analysis of average of competi-
tion coefficients of all species with respect to habitat width in
example no. 1. Species were grouped in five categories in order of
decreasing importance as measured by biomass quantity through the
whole gradient.

Group rank Correlat}gg)cocfficient _Regres?;?n slope
L .866 .0057
2 .873 .0055
3 .957 .0050
b .791 0053

5 .993 .0035
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TABLE 4. Results of linear regression analysis of average of competi-
tion coefficients of all species in example no. 2. Species were
grouped in five categories of decreasing importance as measured by
biomass quantity through the whole gradient:.--e1

Group rank Correlatzig)coefficient Regres?;§n slope
1 .872 .053
2 .709 | .022
3 772 .023
4 .652 .014
5 .530 .00k

thegression analysis of correlation coefficients in relation with the
slope produced r = .954 and a slope m = 5.7003. Regression of slope
m in relation with group numbers produced r = -.914 and a slope m =
-.0106.



_25_

(2) Changes in level of resources induced artificially ("unexpected'')
by irrigation or fertilization (examples no. 1 and 3). These changes may
be reflected also in the community structure by a change in the competitive
interaction between species. These may not be as stable as (1).

The analysis which follows is directed to see whether there is
a different Interaction between different groups of species in one case
as compared with the other which might help to understand the different
nature of responses to natural vs. artificial increases of resource
levels.

Three critical points have been selected in the data of Fig. 6. The
compar ison of points 1 and 2 should give some insight into which species
show an increment of competitive ability under normally-improving conditions.
The comparison of points 2 and 3 should give some understanding of the
improvement of competitive ability in different groups of species as the
level of resources is artificially increased.

It is not possible to present the data along this conceptual gradient
in the same form as for the previous examples since only the extreme
points of the gradient are defined and it is of little interest to fit
a straight line between two points. [Instead, the average values of com-
petition coefficients for the species taken in three different groups
of decreasing importance are shown for the extreme points of the conceptual
gradlent defined (Table 5). The inspection of the column where net
differences are computed shows that the pattern of variation observed
in correspondence with the '"natural'’ or ''expected' variation is one in
which major species increase their competitive activity more than the
rest; the contrary trend is observed when the variation is "unexpected'

or "artificial' in nature.
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TABLE 5. Comparison of competition coefficients at extreme points of
two conceptual gradients defined over the data of Fig. 6: A 'natural
or expected gradient' (points 1 and 2) and an "“artificial or unexpected
gradient" (points 2 and 3)}. Mean values and increments are shown .

Kind of resource variation

Natural Artificial Differences

Group of species (Points 1 & 2) (Points 2 & 3)
Natural Artificial

Low High Low High
1 .09 .29 .29 b .20 .15
2 .05 .16 .16 .30 .11 .1h

3 .00 .03 .03 .22 .03 .18
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Discussion

Fig. 1a, 1b, 2a, 2b, and 3a suggests that changes in the level
of resources in the plant community can be detected by changes in the
levenness'' of species distribution. Whether this change represents
increases in dominance in the classical ecological sense that is given
to this word (Whittaker 1965}, that is, a relative increase in abundance,
cover, or weight of those species already abundant at the lower level
of resource, is not very clear. Sometimes (Fig. 1b and 3a) dominance
increases with what may be supposed to represent an increase in habitat
width, and sometimes it decreases (Fig. 1a and 2a). Also, the estimation
of dominance may change depending on the index used to estimate it
(compare Fig. 3a and 3b). | have attempted to analyze and characterize
the shape of abundance-rank function for many sets of data by means of
X2 tests and least-square polynomial curves, but | have not found a
clear trend in the information avallable to me which would indicate whether
there is a group of species ranks that consistently is promoted or
depressed when habitat width increases. Some other facts surrounding
this question are suggested by analysis of competitive activity.

Some of the modifications of the '"evenness'' of species distributions
observed in the different ecological situations analyzed in this paper
are consistent with previous experimental Information (Ares 1972). In
fact, the analysis of Fig. 3a suggests that e, could be a tool for ascer-
taining variations in level of resources. Note that the plots treated with
nitrogen fertilizer show lower index values at the beginning of the
growing season while the irrigated plots show the lower values at the

end of the same perlod. This is consistent with the way in which both
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resources are used, Nitrogen is known to be an important factor con-
trolling vegetative growth (Salisbury and Ross 1969} which occurs during
the first part of the growing season, while it is relatively unimportant
after maximum vegetative growth is attained. On the other hand, com-
petition for water is greater in the drier part of the growing season,
which is the second part of the growing season at the location of the
experiment.

When looking at the competition between all species in relation to
habitat width (Fig. 4, 5, and 6), an increase in habitat width seems to
determine an increase in competition activity in the plant community.
This holds true for both types of resource increase [(1) and (2)], and
the response Is very consistent for all species, as shown by the fact
that all the regression slopes are positive in Tables 3, 4, and 5.

Throughout this paper there has been the assumption that there is a
certain behavioral characteristic of each species in the community, that
behavior is dependent on the rank situation of the species in the com-
munity. In other words, we are restating the idea that certain species
behave as dominants, subdominants, or dominated, and that this ''role' is
more or less independent of the taxon that plays it. |If this is the
case, it is logical to expect that competitive interaction as estimated
by competition coefficients is different for different groups of species
in the community.

All of the species have been divided into a number of groups ordered
according to decreasing quantity of biomass along the whole gradient.

It appears that in the examples shown (Table 6), the dominant groups
show the higher mean of competition coefficients, which is consistent

with what we expect from those groups and from the competition coefficients.
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TABLE 6. Averages of competition coefficients for species composing
groups of decreasing dominance in the community.

Groups of decreasing dominance

Example
1 2 3 4 5
1 1.00 0.93 0.80 1.00 0.75
2 0.48 0.26 0.18 0.20 0.01

3 0.26 ¢.39 0.18 0.12 --
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This may eventually be a way to characterize dominance, which has the advan-
tage of taking into account patterns of biomass distribution in the field
since competition coefficients depend strongly on the composition, size,
location of samples, and interaction between species.

Another fact arising from inspection of regression slopes in Tables
3 and 4 and the differences in Tabie § is that the inerease of competition
coefficients corresponding to an increase in habitat width is different
for each of the groups. |In fact, it always happens that the dominants
increase their competitive interaction with the rest of the species more
than the lower ranks. The situation is partially or completely reversed when
the increase in resources is artificial or unexpected, as in examples no. 1
and 3.

In Table 4, correlation coefficients are shown, as well as slopes
of regression for different groups with respect to habitat width. |If
the regression analysis of these quantities is made, as shown in the
bottom of the table, a positive correlation between m and r is found.
This would indicate that those ranks of species which are able to modify
their competitive ability in a close adjustment with the changes in the
environment are less sensitive to other disturbances, namely, the effects
of other species. This may be particularly useful for a mechanistic
approach when modeling multispecles interactions. Note that this does
not seem to hold for example no. 1 (artificial perturbation), Table 3.\

Returning to the distinction between ''natural’ and '‘artificial"
variations in habltat width, we note that when looking at the first kind

of situation, as in examples no. 2 and 3 (points 1 and 2), the group
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which shows the greater increase in competitive action against the rest
of species is the first, i.e., the dominant; but when the perturbation
is of an artificial nature, as in examples no. 1 and 3 {(points 2 and 3),
some subdominant or dominated group takes more relative or absolute
advantage of the increase of resource.

Thus, under ''natural' or ''expected' conditions, the species which
take most advantage of the increasing resource are the usual dominants
of the community, while under "artificial'' or "unexpected'' conditions a
subdominant or even a dominated group may take greater advantage of the
increasing resource,

The above statement is related to the question posed by McNaughton
and Wolf (1970) that the dominant species are so because they are spec-
ialists in use of an abundant resource in the environment. The results
here suggest that whenever a critical resource increases according to
usual patterns, the dominants take more advantage of the situation than
other species. However, when the fluctuation is Nartificial,' "man
induced,'" or "unexpected' in nature, some other group makes the modi-
fication more profitable for their own use. However, this is not stable
over time, probably because there are stil] habitat characteristics
which make the dominants the best fitted, and in the long term they will
regain their relative place in the community if the conditions prevailing
before the modification are partially or completely restored.

A subjective picture of species function along an environmental
gradient, which is gualitatively supported by the information here, can
be formulated at this point. in this conception (Fig. 7), species are

supposed to compete with each other more intensively as the total
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HABITAT WIDTH

Fig. 7. Conceptual relations between the changes in
habitat width and the interaction between
species estimated by the average of second-
order competitive coefficients between species
i and the remaining species in the community.
All species increase their competitive action as
the habitat width increases, though the rate
may be different depending on the rank of the
species in the community and the nature of the
habitat perturbation.
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habitat width increases. Note that all of the species are supposed

to be found through the whole gradient, which limits this discussion

to a very narrow range of heterogeneity between samples of the defined
community. The slope of curves is supposed different for each species;
dominant species show the greater competitive effect and also the greater
slope of change as habitat width increases. However, there may be some
permutations of either one depending on the kind of habitat variation.
These permutations may, in fact, mean that the rank order suffers
Upermutations'' from one place in the gradient to another. The data shown
here suggest that the way in which this rearranging in the community
order takes place is In association with the kind of perturbation of

the habitat width. These structural and functional variations seem

adequate to depict several different situations in grassland communities.

Conclusions

The particular way in which biomass is partitioned between the species
composing grassland plant communities is related to functional character-
istics of the community, which refer to the amount of resources made
available to it, either by spatial heterogeneity of the environment,
time variations of the growing conditions, or through irrigation and
fertilization.

Though an increase In habitat width does not always increase
dominance, it consistently increases the level of competition, as
estimated by the mean of off-diagonal elements of community matrices.

The analysis of the competitive ability of different groups of

species of decreasing ranks of abundance within the community suggests
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that when the variation of habitat is of a type described as ‘''naturat"
or “expected" in nature, the dominant groups take more advantage of it
than the rest of the species,and they show a relatively greater increase —
in competitive ability. When the variation of habitat is "artificial,"
"man~induced,' or '"unexpected,' some subdominant or dominated group may
greatly Increase its competitive ability.

These data provide some insight into the effect that different
types of habitat perturbations have on the plant community function and

may be used when modeling interactions between species at varying

levels of critical resources.
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