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Abstract !

3

Relationships among dominance, diversity and its components and community maturity were
statistically evaliated. Dominance and diversity were found to be inversely related. The two com-
ponents of diversity — richness and equitability were found to be intimately associated with general
diversity, and were equally important in governing the overall diversity. Community maturity was
negatively correlated with general diversity and its components but was not significantly associated
with dominance. The relationships among the expressions of community organization are discussed.

Introduction

Among the attributes of community organization, dominance, diversity and
maturity are of paramount importance. Although, natural communities are usually
composed of a number of species, generally a relatively few species, i.e., dominants in a
community exert a powerful influence on the overall community structure, function,
dynamics and the physical environment, Various indices of dominance have been pro-
posed to ascertain the structural otganization of communities (Simson, 1949 : McNaughton,
1968:; Berger & Parker, 1971).

Braun (1950) demonstrated that the number of species in eastern deciduous
forests of N. America were inversely related to community dominance, and a similar
relationship has been reported for annual grasslands of California by McNaughton (1968).
Fager (1968) related the dominance and species diversity in the inverteberate community
of decaying oak logs in Wythan woods, England, and found a slight tendency for
dominance to be low when diversity was high, though such a relationship was not a very
close one. The relationship of dominance with the various components of diversity,
however, has been ignored in the past. Odum et af, (1971), Hill (1973), Heip & Decrea-
mer (1974) and Peet (1974) have clearly illustrated the desirability of separating the
species richness and relative abundance (equitability) components of species diversity.
Consequently, it would be interesting to know the behaviour of the various components
of diversity with respect to community dominance.

Maturity is a dynamic concept related to structural complexity and organization
(Margalef, 1968). Its relationship with dominance and diversity has been incompletely
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explored by some workers (Monk & McGinnis, 1966; Loucks, 1970; Reiners ef al., 1971)
though completely overlooked by others. Pichi — Sermoli (1948) suggested an index for
the estimation of maturity in plant communities that works on the principle that the
greater the frequency per cent of each species and lesser the number of sporadic species,
the more mature is the community.

This investigation determines the relationships among dominance, diversity and
its components, and community maturity for the vegetation of a desert terrain in Sou-
thern Sind.

Description of the area

Gadap, a small village, is situated in Southern Sind, at latitude 25° 9N and
longitude 67° 13E. Samples were selected from an area of approximately 200 square
miles around the village. The bioclimate of the area falls in the category of “tropical
desert bush formation’ (Holdridge, 1947). The details of climati¢ conditions, vegetational
composition and edaphic features are described by Shaukat ez al, (1976).

Material and Methods
a) Field Methods:

A reconnaisance survey preceded the vegetlational sampling. Twenty-two stands
were subjectively selected and sampled by the point-centered quarter method described
by Cottam & Curtis (1956). Criteria for the selection of a stand were adequate size
(5 acres or more) of the sample area, visual homogeneity of vegetation and physiography,
and as far as possible lack of disturbance. The stands were located to include a range of
topographic situations succh as sandy plains, sand dunes and dry stream beds, Procedure
and the criteria of sample selection are described by Shaukat ef al, (1976).

b) Vegetational analysis and statistical procedures:

The relative frequency, relative density and relative dominance were computed
and combined by summation into a single importance value index (I.V.I} following
Curtis & Melntosh (1951). The importance value expresses the massiveness, conspicuos-
ness, activity or interest of a given species in the community (Whittaker, 1967).

The dominance was ascertained by the index proposed by Simpson (1949) as
follows:

D s he proportion of individuals

s : '

c = Z{ —anw )2 where ¢ is Simpson’s index,
i=1

belonging to the ith species to the total number of individuals in the sample. The general

species diversity incorporates two components of diversity: (1) the richness component

which is variously expressed in the form of ratios between number of species and total
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number of individuals. (ii) equitability or evenness. is the measure of allocation of indivi-
duals among the costituent species (Lloyd & Ghelardi, 1964; Peet, 1974). The general

S
species diversity was determined by the information theory function H - X pi log,
i=1 -

pi where pi is the proportion of total 1.V 1. belonging to the ith species Margalef (1957).
Equitability was expressed as J” = H / H max where H max = log, 5. the logarithm of the
number of species (S) in the sample (Pielou, 1969) Whittaker {1975) points out that
scaling evenness in the from H / H max or H — H max increases their fluctuation with
sample size. However, in this study sample size was kept constant, hence equitability

function used is entirely unexceptionable. The species richness was calculated as d = S

{Menhinick, 1964) where d is species richness and S and N are total number of species
and total number of individuals respectively. The community maturity was established
using the index suggesied by Pichi — Sermoli (1948) as follows:

S -

r F

L 3
Community maturity (C.M.) = .L:.Lg_h . where F; equals the percentage fre-.

quency of a species, and S equals the number of species in the sample.

The relationships among the various attributes of community organization were
accomplished by computing product - moment correlation coefficients and regression
equations. and by analysing variance of regressions using the procedures outlined in Steel
& Torrie (1976).

1t may be argued (R.P. Mclntosh. private communication) that the maturity
index is circular as it depends on the assumption that maturity is related to diversity. The
percentage {requency thai the index utilizes is a function of density in part, though the
relationship between them is logarithmic and not linear {Greig-Smith, 1964). However.
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Fig. 1. The relationsh'p between species richness und dominance.
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frequency is not only dependent on the density of the individuals but also on several
other factors of which the predominant one is the pattern which in turn is largely gover-
ned by inter-specific competition. Moreover, competition is a function of community
maturity. In view of these facts the use of Pichi-Sermoli’s index as a measure of comm-
unity maturity appears to be justified. However, the stability of communities (related to
maturity) was also independently evaluated by the extension of the Community Quality
Index concept proposed by Wasek er al (1975). This concept is related to stability
through life span considerations which is believed to be particularly appropriate for
desert communities (Johnson er al, 1975). Accordingly stability is here judged on the
basis of the proportion of the vegetation made up of long-lived perennials. Leading
dominant groups (Brown & Curtis, 1952) were established and the arithemtic mean of
species richness, equitability, general diversity and of the proportion of very long-lived
(V.L.L.}, long-ived (L.L.) and short-lived (S.L.) species were calculated for the stands
belonging to each group.

Results

The relationships among the various attributes of Fig. 1—-10 and the analysis of
variance of these relationships appear in Table 1. In general, the various parameters of
community structure function and dynamics were intimately related to each other as
indicated by highly significant values of correlation and regression coefficients (Table 1.).
The details of these relationships are as follows:

a) Relationships berween dominance and diversity measures.
Species richness and dominance had a highly significant negative relationship

(r = 0.7745, p < 0.001; Fig, 1). Dominance and equitability were also highly negatively
correlated but the value ol correlation coefficient (1) was lower (r = —0.6611, p <0.001;
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Fig. 2. The relationship between equitability and dominance.
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Fig. 3. The relationship between general diversity and dominance.
Fig. 2). Likewise, general diversity also possessed a very high inverse relationship with

dominance, vyielding an intermediate value of r between the former two values of
correlation coefficient (r =0.7457, p <0.001; Fig. 3).

b) Relationships among the diversity measures:

The diversity measures were highly postively correlated with each other (Fig. 4-6).
The closest relationship was revealed between species richness and general diversity
(1 = 0.9875. p < 0.001: Fig. 5). Species richness and equitability were also very closely
related (r = 0.9792, p < 0.001; Fig. 4). Though the compuration of correlation coeffi-
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Fig. 4. The relationship botween general diversity and species richness.,
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Fig. 5. The relationship between equitability and species richness.

cienl between equitability and general diversity yielded a relatively lesser value, nonethe-
less it was also highly significant (r = 0.9424, p <0.001; Fi.g 6).

¢} Relationships of community maturity with the diversity measures and dominance:

Community maturity displayed the tightest inverse relationship with species
richness (+ = 0.7104, p < 0.001; Fig. 7). Compared to its relation with other diversity
functions. Equitability was also found to be highly negatiavely related 1o community
maturity (r = 0.6611, p < 0.001; Fig. 8) but general diversity was slightly more closely
rated to community maturity (r = —0.6864, p < 0.001; Fig. 9). However, community
maturity was found to be uncorrelated with the measure of dominance (r = 0.2224
n.s; Fig. 10).

10 4

075

050

GENERAL DIVERSITY

040 045 020 025 030
EQUITABILITY

Fig. 6. The relationship between equitability and general diversity.
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iig. 7. The relatiouship between community maturity and species richness.

d) Relationship between stability and diversity:

The perennials were classified as to whether they were short, long- or very long-
lived, the relative contribution of each to the total I.V.l. was calculated and averaged
for the five leading dominanf groups (Table 2). The higher the values in the V.L.L..L.L.
or V.L.L. + L.L. column, the more stable are the communites. When the averages of
longevity values are compared with the means of various diversity measures for the
leading dominant groups {ihat form abstraci communities) in Table 2. it becomes
apparent that there exists an inverse relationship between diversity and stability.
Fuphorbia caducifolia group that is most diverse shows the least propertion of V.L.L. +
L.L. and the reverse is true for the Cordia gharaf group. The type of stability analysis
performed here can be refined greatly by determining the average lite span of each
species instead of subjective estimation of longevity, but so far no attemp! has been made
ro gather this sort of information on the Tocal species.
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Fig. 8. The relationship belween community maturity and equitability.
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Fig. 9. The relavonship botween community maturity and general diversity

Discussion

Diversity is a measure ol the complexity of form and function within a
community. [is precise measurement leads to understanding the processes involved in
the development. change and organization of communites. On the other hand.
dominance expresses the importance or the success of one or a few species. Unlike diver-
sity, its focus is the species rather than the community per se. Whittaker ( 1965} viewed
the natural community as an admixture of unequally successful species. The successful
species or dominants not only influence the structure and function of subordinate
species but also determine the structure and diversity of communities. The vegetation of
most of the stands analysed was simple in its organization. as indicated by high values of
dominance. presumably due to scarcity of moisture and the conscquent scanty plant
cover of the phytocenoses.

A substantially strong inveise relationship was found between species richess
and dominance. Similarly. Berger & Parker (1970} obtained a well-marked negative
correlation between dominance {p max) and diversity using the compliment of Simpson’s
(1949} index. Certain other workers like Braun (1950). Austin & Greig-Smith (1968},
Fager (1968), McNaughton (1968). and Glenn-Lewin (1975) also demonstrated domi-
nance to be inversely related 1o the number of species (the simplest measure of richness).
The relationship between equitability component and dominance was also found to be
a negative one. Thisis in agreement with the findings of Whittaker (1965) who observed
that the dominance concentration corresponds inversely with the evenness of allotment
of individuals among the speices. The general species diversity (information theery
function) was also negatively correlated with dominance and yielded an intermediate
value of correlation coefficient (r = -0,7457) between the degree of associaiion in the
two preceeding cases. This is ascribable to the fact that the information function ex-
presses the interaction between the two diversity components (Odum, 1971). and
consequently shows an intermediate response
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Fig. 10. The relationship between community maturity and dominance.

The relationship among the three measures of diversity employed in this study
was highly significant. This accords with the findings of Auclair & Goff (1971), Husl-
bert (1971) and Robichaud (1971). The results indicate that the two components of
diversity i.e. richness and equitability were equally important in determining the overall
diversity of communities. Tramer (1969} suggested that communities from rigorous
enviropment (e.g. adverse environmental conditions) will vary in diversity according to
their relative abundance component, while diversity in nonrigorous (biologically controll-
ed environment) will be a function of species richness. The environment of communities
under consideration was persumably neither excessively harsh and rugged nor extremely
favourable but it was of an intermediate nature; consequenily the two components of
diversity assumed more or less equal significance towards regulating the overall diversity
of form and function.

The concept of maturity is central 1o the ideas about ecosystem” proposed by
Margalef (1963 a, 1968). Maturity is a dynamic concept ralated to structural com-
plexity and organization (Odum, 1969). Unfortunately the subject of diversity trends
in succession has become a confused and a controversial issue. Margalef (1963 a, 1969),
Monk (1967} and Monk & McGinnis {1966) demonsirated that progression leads in the
direction of high species diversity. In another article, Margalef (1963b) hypothesized
that following the initial increase in diversity along succession, diveisity tends to become
stabilized or 1o decrease slightly as a result of competitive exclusion and other com-
munity changes. Paing’s {1966) experiments with starfish-bivalve food subwebs, on
the other hand. show that the removal of top predators from the system results in
decreased specics diversity along.a successional (o temperal) gradient. For the present
study, maturity was found to be negatively corvelated with diversity. Similarly, Loucks
(1970) found that species diversity in Wisconsin lorests decreased after 100 years of
fnrest succession. Whittaker (1965) comments that so far as the data can be inteipreted in
relation to community development or succession they suggest that diversities may both
increase during suceessiont and decrease during parts of succession. The interpretation of
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the present result is not straight forward but certain hypothetical possibilities can be
raised- a) Greater degree of adaptability of a lew species {dominants) to the prevailing
habitat conditions and capability ol the terminal species to monopolize the environ-
mental 1esources would have resulted in lesser diversity in relatively mature or stable
communitics. h) Fnvironmental stress duc 1o disturbance factors e.g. fire, grazing or
erosion might be involved in abating species diversity of communities in advanced stages
of progression.

The results presented here lead to the conclusion that the various attributes of
comimunity organization are closely integrated with each other and their mutual relation-
ships in a desert terrain may differ considerably from other ecological situations. The
concept of diversity is of great theoretical interest because it can be related to other
measurable community parameters. However, for a detailed and comprehensive under-
standing of community organization. the approach outlined above should be broadened
to include the powerful technique of system analysis.
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