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Abstract: As ¢ seientific term the word «competitiony has been used to eover a variety
of phenomena, having different mearnings in animal ecology, genetics and evolution.
Aecording to Darwin and other lalest biologists natural selection and competition are
synonymous. Several other authors give a broader meaning in the term by including preda-
tion in @. Opposed lo the confusion caused by this broad meaning of competition, another
group of rcsearches tried to restrict 1t by avoiding to include predation in it.

From Darwin lo the lalest researchers the disiinction between interspecific and
intraspecific competition has been aeeepted. Active and passive types of competition, dis-
operative and cooperative, scramble and contest, exploitative and inlerference, are some
kinds of competition met in biological Iiterature.

Competition can be studied by the compositionist method which ts a cormnmunity ap-
proach, the reductionist method through experimental manipulation and by observations
in the field. Theoritical models of competition have been designed by Lotha-Volterra,
Svirdson and others who based their mathcmatical models on a series of assumptions,
often biologically unrealistic.

We have evidence from nature thai competition occurs through the competitive ex-
elusion principe. Active avoidance of interspecific competition implies that competition
has occurcd sometlme in the past and the species concerned have adapted to one another’s
presence. Congenerie species may coexist by differential spatial uttlization of the environ -
ment. Ogerdispersion, tcrritoriality and studies on «incomplete biotasy are indicative
of competition. Character displacement and ecological relcase through nich expansion
also give evidence about compelition,

Definition
Competition has been a familiar term in the vocabulary of bioclo-
gists, ecologists and evolutionists for more than a century.
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In dictionary usage wcompetition» 18 viewed as «the act of seeking
for something for which others are also contending», or «a common
struggle for the same object» (Webster’s, 1964). The word derived from
Latin, which had the verb competere and the noun competit-or, -oris.
According to the Latin lexicographer Duncan (1854) the prime meaning
of competere was «to ask or sue for the same thing that another doesw».
As a sclentific term, the word «competition» has been used to cover a
variety of phenomena, or has come to have different meanings in animal
ecology, genetics and evolution (Birch, 1957). Some of these meanings
are so ambiguous that the word has largely lost its usefulness as a scien-
tific term. The result is confusion and misunderstanding in some of the
writings in these fields.

Darwin in 1859, in «The Origin of Species», explained the «struggle
for existence» regarding competition as one of the components of this
struggle. He suggested, «As the species of the same genus usually have,
though by no means invariably, much similarity in habits and consti-
tution, and always in structure, the struggle will generally be more se-
vere between them, if they come into competition with each other, than
between the species of distinet generan. Some biologists regard the strug-
gle for existence, as Darwin used the term, or its outcome -natural se-
lection- and competition as synonymous. According to Elton (1946),
«competition is used not merely for direct antagonism or struggle for
gpace ete., but as an objective description (in the same way that ‘natu-
ral selection® or “the struggle for existence’ are only shorhand terms) of
the interplay of longevity and fertility factors of all kinds favouring one
species at the expense of anothern. Schmalhausen {1949) used the same
broad meaning of competition and suggested that, «it includes the stug-
gle of organisms against harmful physical (climate) and biologic (pre-
dator, parasites) factors in order to protect their own lives and those
of their progeny...» His ipterpretation of competition is that it is density
independent. This use of competition is found in the writings of geneti-
cists and evolutionists more than in those of ecologists (Birch, 1957).

Some authors include «predation» in their meaning of competition.
Birch (1957) defined predation as «the use of one animal as the main
source of food of anothern. The following quotation from Nicholson
(1933) illustrates this meaning of competition: «The reactions of natu-
ral enemies to population changes of their hosts must be regarded as a
form of competition...» His criterion of competition is that the chances
of survival decrease as density increases. In this sense, competition is a
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density dependent factor. Crombie (1947) justified predator-prey inter-
actions being regarded as a form of competition on the grounds that
sometimes, as in the laboratory and field examples of interspecies and
intraspecies interrelationships, one competitor for food or space may
eat another.

Another axample that illustrates the diversity of phenomena which
are covered by competition is the «cooperative competition» by Allee
et al. (1949). Their notion arose from laboratory observation that sea-
urchin sperms had longer life the more crowded they were. Longer life
is regarded by them as a beneficial effect arising from competition for
space. Milne (1961} regarded cooperative competition as a contradiction
in terms. B ’

Clements and Shelford, in 1939, tried to give competition a single
strict meaning. According to them, «The process of competition may be
defined inclusively as a more or less active demand in excess of the im-
mediate supply of material or condition on the part of two or more orga-
nisms». Their definition is accompanied by remarks wheie they empha-
sized «the common demand upon a limited supply». Clements and Shel-
ford did not make a distinction in their remarks between intraspecific
and interspecific competition. However, Park (1954) considered this
delinition as for both unispecific and multispecific competition. The
same author analysed Clements’ and Shelford’s definition in detail and
concluded that competition has an «exploitation» and an «interferencen»
component. And he added that «although these (cornponents) may be
quite different processes, they must often -indeed typically- affect each
other».

Elton and Miller (1954) distinguished competition into that between
members of the same species (intraspecific) and that between popu-
lations of different species (interspecies). They defined competition by
its results, as following: «Interspecific competition, in the more limited
and correct use of the notion, refers to the situations in which one spe-
cles affects the population of another by a process of interference i.e.
by reducing the reproductive efficiency or increasing the mortality of
its competition. Or both species may be acting in such a way on each
other».

Birch (1957) on an extensive study upon the meaning of competi-
tion suggested that in biological writings the term should be restricted
to one strict meaning, which he redefined: «Competition occurs when
a number of animals (of the same or of different species) utilize common
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resources, the supply of which is short; or if the resources are not in
short supply, competition occurs when the animals seeking that resour-
ce nevertheless harm one or another in the process». Birch’s conclusion
was that «competition for inadequate resources results in reduction of
birth rate and for increase of mortality rates.

Another rather broad definition of competition was given by Odum
(1959): «Competition refers to the interaction of two organisms striving
for the same thing». Regarding interspecific relations, Odum recognized
elght types of interactions belween populations of two species which
are neutralism, competition, mutualism, protocooperation, commensa-
lism, amensalism, parasitism and predation. He considered competi-
tion as the only one of the sight interactions in which both populations
are adversely affected. Odum believed that the supply does not have
to be limited and, in a way, he included natural selection by predation
within its meaning of competition,

In opposition to Odum’s broad meaning of competition, Milne (1961)
proposed a single strict definition for use in ecology, genetics and evo-
lution, covering both infraspecies and interspecies relations: «Compe-
tition is the endeavour of two (or more) animals to gain the same parti-
cular thing, or to gain the measure each wants from the supply of a thing,
when that supply is not sufflicient for both (or alljn.

MacArthur (1972} proposed again a broad definition of competi-
tion which is likely to lead the investigator to the world of predator-
prey interactions: «Two species are competing if an increase in either
one harms the other».

A combination of Milnes (1961) and Birch’s (1957) definitions is
given by Grant (1978). This definition can be considered restricted as
well as more complete, covering all aspects of competition: «Two spe-
cies do compete when a resource they both require is in short supply.
And they may do this either by using up all of that resource, or the share
of the resource that each wants to the detriment of the other; or they
may get in each other’s way in the process of harvesting that resourcen.

Kinds of competition

Various kinds of competifion have been distinguished in the lite-
rature. The distinction between intraspecific and interspecific competi-
tion is generally accepted, as the former occurs beiween members of
the same species and the latter between populations of different spe-
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cies. From Darwin (1859) to the latest researchers it has been empha-
sized that intraspecific competition is more intense than interspecific
competition.

Schmalhausen (1949) wrote about «active» and «passiven competi-
tion: «ln its active form individual competition corresponds to the unu-
sual concept of competition for means of subsistence and for propaga-
tion... In its passive form, it includes the struggle of organisms against
harmful physical and biological factors».

Allee et al: (1949) distinguished between disoperative and coope-
rative competition with their peculiar definition.

A distinction is made by Nicholson (1954) on whether the resource
18 consumed when it is used (for example food) calling it «scramble»
competition, or is not consumed (for example nesting sites) as «contest»
competition.

Park (1954) in his analysis of competition referred to two compo-
nents. «Exploitation» which is the resource utilization and is explicit
in the definition, and «interferencen which is usually aggressive and is
implicit. For exploitation Park wrote: «In the favorable environment
there is undoubtedly heavy exploitation of the limited resourcesn. A-
bout interference he said that «Populations compete for limited resources
through mutual interference, which differentially affects multipiication
and survival as a consequence of species co-associationn. Park prefered
to use the term to encompass both components.

A considerable literature gives evidence of exploitation and inter-
ference competition. Wilson (1975) referred to interference competition
as a mechanism of agonistic interaction in the use of space, and to ex-
ploitation as a more peaceful process of competition. Miller {1967) wrote
that, winterference is the method in which one species inhibits another
species’ access 1o a resource through territoriality, aggression etc.» He
pointed out that for interference competition to occur there must be
some form of intraspecific communicatory mechanism, such as terri-
toriality, that has been extended to interspecific interactions. Miller
(1969) also observed that interference is immediately effective due to
the agonistic component since it oeccurs even before the resource he-
comes limited. On the contrary, exploitation may have to continue
for several generations before the actual limiting condition occurs. Con-
sequently, the results of interference competition are more visible to the
researcher in a typical short term study while exploitation may not
be detected as a competitive process (Jaeger, 1974).
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Study of competition

There are basically two ways of studying competition. Through
observations in the field and through experimental manipulation (Grant,
1978). The first approach is the observational or community approach
and it is compositionist. The community approach deals with the ana-
Iysis of patterns of coexistence and resource partitioning of animals;
it provides indirect evidence that interspecific competition has been
an important factor in the past. Elton (1946) with an analysis of the ge-
nus /species composition of plant and animal comniunities came fo con-
clusions on inter and intraspecific competition occuring in nature. Brown
(1973} analysed the patterns of coexistence of small mammals to get
information on the impoertance of interspecific competition in the past.
This method has been extensively used to answer evolutionary questions
of community structure and function that implicate interspecific com-
petition (Grant, 1978). The weaknesses of the method are that it is in-
direct and inferential, as well as subject to interpretational bias. The
greatest value of the analysis of patterns of coexistence is that it may
suggest competition hypotheses to be tested experimentally.

We can have more direct evidence of competition in the field through
observations of interference interactions between animals. These may
be valuable on a short term study of competition (see interference com-
petition, above).

The second appreach, to study competition by experimental ma-
nipulation is the reductionist method. Gause (1834) was one of the first
to investigate competition in the laboratory. His classic early experi-
ments on protozoa verified competitive exclusion. He grew cultures of
two species of Paramecium in isolation and in mixed cultures under
carefully controlled environmental conditions and showed how one of
the species would prevail eventually over the other. An effect of envi-
ronment on the outcome of competition was demonstrated by Park
{1954). Working with two species of flour beetles, he showed that, de-
pending upon conditions of lemperature and humidity, both species
persist indefinitely when each is hushanded only by itself. When inter-
species competition is added to the ecosystem, with coassociation of
the two species, one species always wins, and the other one always is
gelectively eliminated (Park, 1954). Connell {1961) has done extensive
experimental work in the field and described mechanisms by which
competition and exclusion are effected. In his study of the interactions
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between two species of sessile, intertidal barnacles, Connell showed that
the distribution of one species was limited .to the uppermost region of
the intertidal zone, becaunse below that region it was physically crowded
out of the limited available space by a second species.

Grant (1972) conducted nine sets of enclosure experiments, between
the years 1957 to 1971, to show interspecific competition between small
mammals experimentally. His enclosures were in the field, where he
watched the effects of the presence of the two species in coexistence,
versus the effects of each species living separately. Since then, many
researchers have used enclosure experiments in the field to estimate
interspecific competition. The shortcoming of experiments with en-
closures 18 that control over the animals and their environment is gained
at the expense of realism. The enclosure walls restrict movements and
other social interactions of the animals; the piece of land they enclose
18 thus more similar to an island than to a sample of mainland (Grant,
1972).

The two approaches in the study of competition are rather comple-
mentary and not competitive and are required, wherever they can be
applied, to answer evolutionary as well as ecological questions on compe-
tition.

Theoritical models of competition

Competition was placed on a fairly firm, if greatly oversimplified,
theoritical basis nearly 50 years ago by Lotka (1925) and Volterra (1926).
Their equations describing competition have strongly influenced the
development of modern ecological theory and illustrate a mathematical
model of ap important ecological phenomenon (Pianka, 1978).

The Lotka-Volterra competition equations are a modification of
the Verhulst-Pearl logistic equation and they share its assumptions.

dN, K-Nj-a,3N,
= Ny ()
dt K,
dN, Ky-Np-ap: Ny
— = Ny (————)
dt K,

Where: N; and N, are the two competing species
K, and K, the carrying capacities in the absence of one another.
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r, and rp are the maximal instantaneous rates of increase per head.
a2 and ay, are competition coefficlents. .

a5 18 a characteristic of species 2 which measures its competitive
inhibition in the species 1 popwation.

8y 18 a similar characteristic of species 1 that measures its in-
hibitory effects on species 2.

Implieit in the Lotka-Volterra competition equations are a number
of assumptions: Maximal rates of increase, competition coefficients and
carrying capacities are all assumed to be constant; they do not vary
with population densities, community composition or anything else.
The two species are not allowed to diverge; so, the environment is as-
sumed to be completely homogenous. In real populations, rates of in-
crease, competitive abilities, and carrying capacities do vary from indi-
vidual to individual with population density, community composition,
and in space and time. Finally, a heterogenous environment may allow
real competitors to evolve divergent resource utilization patterns and
to reduce interspecific competitive inhibition (Pianka, 1978), The nu-
merous biologically unrealistic assumptions reveal the inadequacy of
competition theory.

Svérdson (1949) published a model of interspecific and intraspe-
cific competition. It was designed to represent some hird situations he
studied but with small modification can he applied to mammals and other
taxa (Grant, 1978). Generalized, the model says that, 1) when intraspe-
cific demand upon resources increases, perhaps as a result of an increase
in population number, an increasing variety of resources will be exploited,
but 2) expansion of resource use will be counteracted by interspecific
competition for the resources newly exploited. In the model the opposing
tendencies are intraspecific and interspecific competitive effects, which
are proportional to densities. The Svirdson model is still a useful con-

ceptual framework for viewing competitive processes in mammals
(Grant, 1978).

Evidence from nature

A wvariety of observations and studies suggest that competition
does indeed occur regularly in nature and that it has been an important
factor in molding the ecologies of many species of plants and animals.

Ecologists have several different sorts of evidence, suggesting that
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competition either has occured or is occuring in natural populations.
Active avoidance of interspecific competition in itself implies that com-
petition has occured sometime in the past and that the species concerned
have adapted to one another’s presence.

In some cases, closely related species may exclude each other from
local habitats by direct, aggressive interference. Then, the competitive
exclusion principle occurs which Gause (1935) suggested: «Two species
cannot ndefin.tely coex.st .f they occupy the same n.chen. In other
cases, cOngener.c spec.es may coex.st by explo.t.ng d.fferent hab.tats
(dufferent:al spat:al utdization of the environment), or by having diffe-
rent patterns of temporal activity and thus, avoiding interspecific com-
petition. There are numerous examples in nature of ecologically simi-
lar animals which show differences in time of activity, in the use of space
and in dietary separation (Pianka, 1978). Nevertheless, there is avai-
lable evidence which indicates that species may coexist through com-
peting, until some critical level of dietary or some other resource overlap
occurs (Jaeger, 1974).

Overdispersion in general, and territoriality in particular, are indi-
cative of competition, in that they reduce its intensity; both intraspe-
cific and interspecific competition have led to territorial behavior (Pian-
ka, 1978). Grant (1978) emphasized the role of competition as an imme-
diate ecological process that influences local distribution and abun-
dance in rodents.

The phenomenon of «character displacement» 1s also evidence that
competition occurs in nature. Sometimes, two widely ranging species
are ecologically more similar in allopatry than they are in sympatry.
«Character displacement» may be either morphological or behavioral
and is thought to have ocurred in some lizards, snails, birds, mammals
and insects (Brown, 1978).

Another type of evidence for competition comes from studies on
«incompleten biotas, such as islands, where all the usual species are not
present. Those species which invade such areas often expand their niche
and exploit new habitats and resources that are normally exploited by
other species on areas with more complete faunas. This type of nich ex-
pansion under reduced interspecific competition has been termed «eco-
logical release» {Pianka, 1978). It is interesting to speculate that the
exceptionally high densities of birds (MacArthur, 1972) and lizards on
some oceanic islands compared to similar habitats on nearby conti-
nents, is attributable in part to the absence of distantly related compe-
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titors, such as mammals, amphibians and anthropods (Brown, 1978).

Finally, observations involving the taxonomic composition of com-
munities have been used as evidence of competition between species.
Elton’s {1946) analysis of plant and animal communities suggested that
competitive exclusion occurs more often among congeneric species than
it does in more distantly related ones. However, recent evidence (Brown,
1978) suggested that small mammals compete significantly with distant-
ly related taxa of vertebrates and invertibrates. Such interactions may
have important consequences for the structure and function of natural
ecosystems.

I would Iike to end up this paper with Brown’s (1978) statement
that, «one of the most challenging problems is to distinguish between
these patterns caused by competition acting right now as a dynamic
force that maintains the organization of communities and those re-
sulting from competition acting as an evolutionary force that has shaped
communities, such that coexisting species have evolved differences in
resource utilization to minimize contemporary competitions,
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ITEPIAHYH

ANTATQNIZEMOZ

brd

MYPTOYZ IITPOBETIZH-BATZIAEIAAOQOY
(’ Eoyaozripre Zwoeloylag Hav [uiov @co fvbens )

‘T MEy dvrayoviopds ¥ys yevowpomomlel oty Bwohoyla odv émi-
cnuowxds Bpog, waAdmrovtag woubhe guivbpave xel Eyovres Siepope-
el dppyvele omiv olxchoyle Tdeov, yeverud) wal 2EEMEn. Dlupwve pi
tov  AapBivo nal &ihoug petwyevéorepoug Prokbyoug ol Bpor «ouowey
EmAoyi» xab «Boroyinds avreywwopden slvat cuvdvopet. TAXAG EmoT-
waveg Eyouv Sdaoel pra elpltepy $Fwora ordy Bpo, ocupmzpihaufldvovtag Thy
Bfpevan —predation— tdv Ldwv ooy fpunvela ™. Mgk &n dpdde
dpeuvnTdy, dvriffetar pd o) alyyuan wol mpoxdheoe % Siedpuvan e Ewolag
avtaywviopbe, meoomdnauy v& Thy mepropiaouy, dmagelvaviag V& TWepuAd-
Bouv v Ohpeuon oty Eoprvsie ™.

‘H Budnpton dvdpesu of dvtaywviopd perabd Tév etdiv wal avapeos
ot &ropa Tob {Buou eldoug Zyer yiver dmodexth amd Tov Awpfive de¢ Tadg
wo olyyoovous épeuvntés. « Evepynminden xal amalnteden dvroywviapds,
WouvepyaTinde) el (vTayevioTindsy, (diendunTnben xal «StayovioTindon,
wytd  Expetdrzuony B Ernipfacn, elvan pepwra el8n dvtayowiopel wob
cuvavtolpe ot Broroywn Bifihoypapie.

‘0O Buoroyinde dvieywvicuds wropel va peremnlel o) wd o ouvlztinh
pElodo wed elvan % dpeuvnriet mpootyyian o Balulde e xowawviag, 3) Thy
gepotpetiney uéBodo pt meipapatind yelploud wal v) pe magatnphiosic o) play.

Ot Lotka- Volterra, Sviirdson wxat &0 Buokéyor €xouv oyedidos: few-
prmixa povtEhe v 1OV dvtayovionsd, Baoilovrag Tobs palnuatixods toug
STORGYLOROYS Gt Wik celpd anuovTixdly Tocimolécewy mob guyva siver fio-
AOYIG () TpayATIXES,

“Bvdelln dmd ) lan 8rt cupfaivel Biokoywds dvraywwowde pig mo-
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péyer «F &pydh Tob dvraywviatixol dmoxdelsuedn  (competitive exclusion
principle}n. “H &vepysy dmoguyn dvtayovigped petald 3o F mepragotiowy
elddv onpaiver BTt aTd mrpsAldy Smhpys #vtovog dvtaywviopds petabd Toug
ral EEshumTing e eldv mpogapuboryray b slovvndy cuvdmaply. Zuyyevd
ldn pmopet v guvuntdpyouv otdv e Témo pi «drxpoprTiny pepund, SrusTd-
Aevonn tob mepLfdiovros. Ta gouvbpeva the Saomopis T@v eld&y, the -
ang Eddpoug dmd & Ldw (territoriality) wel Epeuveg mob Eyivay ot «irtshgiq
Broxowwvieey uic dlvouv vdetfeg yid <dv dvtaywviopbd. ‘H petatdmoy
yopuxThoun xxl «f olwodoylxy) yohdomany pé Siedpvvay 1ol olxoRoyunod 0d-
wou (tHe Béomg ol dpyaviowod péow otdv Bro-ouodoyind ydpo) elvar Erlomg
Evdziting Tob AvTaywvieLol.
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