
Wilson Bull., 96(3), 1984, pp. 380-395 

INTERFERENCE AND EXPLOITATION IN 
BIRD COMMUNITIES 

BRIAN A. MAURER 

The past two decades of research on the population ecology of birds 
have produced a great deal of activity and controversy in relation to the 
role of competition in determining which species can live together in the 
same habitat (Wiens 1977, Diamond 1978, Schoener 1982). It has long 
been realized that there are at least two ways in which competition between 
species can occur (Miller 1967, Morse 1980a). The first is commonly 
called exploitative competition and involves the removal of resources by 
one species, leaving less for competing species. The second type of com- 
petition, termed interference, includes processes by which the activities 
of one species prevent the use of resources by other species. Authors of 
nearly every study of competition in bird communities have either as- 
sumed that all types of competition lead to the same ecological and evo- 
lutionary consequences or that competition involves only exploitation. 

Recent published research on competition has been based almost ex- 
clusively on the Lotka-Volterra paradigm of population growth (Mac- 
Arthur 1972). MacArthur (1958) following the early insights of Lack (see 
Lack 197 l), was one of the first researchers to bring a body of earlier 
mathematical arguments (e.g., Lotka 1925, Gause 1934) to bear on the 
problem of species coexistence in relatively uniform habitats. Mac- 
Arthur’s (1958) point was that each of the birds in the community he 
studied had features related to their foraging activities which prevented 
them from using exactly the same resources, and hence they could live 
in the same community. A number of subsequent studies (e.g., Cody 1974, 
Schoener 1974) attempted to extend and verify MacArthur’s (1972) ideas, 
summarized in his book. 

This attention to competition as a mechanism of “structuring” bird 
communities, and communities in general, led to a growing consensus 
regarding the mechanisms that regulated the distribution and abundance 
of organisms (Cody and Diamond 1975). However, Wiens (1976, 1977) 
posed important questions regarding the developing theory of community 
structure. He suggested that the environments in which bird communities 
existed varied much more than was commonly recognized by community 
theory. Though Fretwell (1972) had made attempts to incorporate envi- 
ronmental variability due to seasonality into the theory, Wiens (1977) 
implied that the problem was too serious to be incorporated into the 
existing theory. Responses to Wiens’ criticisms by influential ecologists 
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(Diamond 1978, Cody 1981, Schoener 1982) though appealing, have not 
been convincing. Currently, many authors studying a variety of bird com- 
munities are equally divided in the interpretation of their results (e.g., 
Cody 1978; Wiens and Rotenberry 1979, 1980,198 la, b; Rotenberry and 
Wiens 1980a, b; Noon 198 1; Rusterholz 198 1; Collins et al. 1982; Nudds 
1982; Rosenberg et al. 1982; Toft et al. 1982). 

In the following paragraphs, I suggest that a great deal of the present 
confusion has been derived from a mistaken impression, due to use of 
the Lotka-Volterra competition model, that the ecological and evolu- 
tionary results of exploitative competition and interference competition 
are the same. While conceptualizing and rigorously defining the ecological 
consequences of these differing competitive processes may not provide a 
unifying basis for explaining why bird species occur in the combinations 
they do in the natural world, I believe it is important that ideas be as 
clearly defined as possible in order to facilitate the formation of adequate 
hypotheses. The formulation and testing of rigorous hypotheses for local 
species assemblages promises to be more fruitful for the progress of avian 
ecology than a new generation of complex, abstract mathematical models 
(Pielou 198 1, Simberloff 1982). 

THE CONVENTIONAL PARADIGM 

Both the proponents and antagonists of competition theory view com- 
petition from the perspective of the Lotka-Volterra model. The appeal of 
the logistic model to ecology today has partly resulted from interesting 
interactions among early twentieth century ecologists who passed on an 
academic tradition to ecologists in the 1950’s and 1960’s (Kingsland 
1982), however, it is also conceptually simple. To apply the logistic model 
to real species assemblages, however, at least two assumptions about the 
species assemblages are needed. The first is that the resources available 
to the species are limited. Here resources are most commonly assumed 
to be food resources, and thus the competitive mechanism is exploitation. 
However, if the resource being considered is space, then interference might 
be envisioned as the mechanism of competition. A second assumption is 
that the population densities of the species are near equilibrium (i.e., Ni 
= K,). These two assumptions ensure that changes in population densities 
of the species will be dominated by the competition coefficients. To see 
this, assume in the logistic equation for species i 

riNi dNi _- 
dt K, 

K, - Ni - C OljiNj ) 

j#i 

that Ni z Ki, then Ni/Ki s 1 and K, - Ni 2 0, so 
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(pi,_ 
dt 

= -ri C OljiNj. 
j#i 

One major result that follows from the Lotka-Volterra equations is that 
when resources (however defined) are abundant, species carrying capac- 
ities (Ki) are much larger than their population sizes, and hence the term 
(-N, - 1 LYE, Nj) is small compared to K,. In such situations the effects 

jti 

of competition are thought to be relaxed (Fretwell 1972). 
It is obvious from an examination of Wiens’ (1977) criticisms of com- 

petition theory that he envisioned essentially the same type of competitive 
model as suggested above. His ecological crunch model rested on the 
assumption that as resources become more abundant competition relaxes 
and coexistence of species is facilitated, which is essentially an extension 
of Fretwell’s (1972) analysis to include seasons in which resource abun- 
dance varies widely. 

INTERFERENCE AND EXPLOITATIVE COMPETITION 

In his discussion of the mechanisms of competition, Schoener (1983) 
subdivided the two general categories of exploitation and interference into 
several categories. His first category, termed “consumptive” competition, 
refers to what most researchers generally term exploitative competition. 
This process involves removal of resources by one species leaving less for 
competing species. Schoener (1983) divided interference competition into 
a number of categories, three of which are applicable to avian species. 
The first type, which he termed “preemptive” occurs when an individual 
occupies a unit of space in which some needed resource exists, and simply 
by its presence interferes with the ability of another individual of a com- 
peting species to use the resource contained in that space. Schoener (1983) 
pointed out that this primarily involved sessile organisms, but this type 
of competition may also apply to organisms which require a fixed unit 
space, e.g., nest-sites in birds. In the discussion below, this type of com- 
petition will not be considered. The second type of interference which 
Schoener (1983) recognized was termed “territorial” competition, a pro- 
cess whereby an individual of a competing species aggressively defends 
a unit of space in some manner against individuals of another species. 
Finally, Schoener (1983) recognized that mobile individuals of different 
species, while in the course of their movements in a habitat, might cause 
some sort of stress or injury on each other. He termed this type of com- 
petition “encounter” competition. Encounter competition may occur as 
an active behavioral adjustment by individuals of competing species to 
prevent resource acquisition or population growth of competitors, leading 
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to reduced resource intake or loss of individuals. This type of interference 
may be termed active interference. Encounter competition as Schoener 
(1983) defined it may also occur as the consequence of nonaggressive 
behaviors. This type of interference competition might be termed passive 
interference. Charnov et al. (1976) first recognized that this type of in- 
terference might be important in structuring communities. They suggested 
that the foraging activities of some species which consume mobile prey 
might result in movements of prey into “refugia” where they are un- 
available to competitors. Hence, resources would be temporarily de- 
pressed, rather than depleted as might occur from consumptive compe- 
tition. Passive interference might also occur between individuals of different 
species whose foraging paths cross close enough in space and time so that 
the foraging activities of one or both individuals is impeded or prevented 
exclusive of any antagonistic responses. 

Exploitation and interference competition are likely to be prominent 
in different ecological settings. Active forms of interference necessarily 
carry with them costs (Case and Gilpin 1974, Schoener 1976) which place 
constraints on the abilities of species to actively interfere. Hence, resources 
must be abundant enough to offset the costs of active interference. Morse 
(1980a) also points out that resources should be predictable in space and 
time in order for interference to confer benefits on individuals. Passive 
interference, on the other hand, is likely to occur any time resources 
become concentrated. Birds often respond to increased productivity by 
increasing population densities (Dunning and Brown 1982). Increased 
population densities should lead to greater likelihood of individuals of 
competing species encountering each other and thus increase the frequency 
of passive interference events. 

Based on these ideas a tentative model of the ecological settings in 
which each type of competition should occur can be constructed (Table 
1). The applicability of this model is based on the assumption that re- 
sources (however defined) are the primary factors to which the species 
respond on an evolutionary time scale. Hence, if patterns in the physical 
environment that are independent of resource characteristics (e.g., tem- 
perature as it effects thermoregulation) are more important than resources 
in shaping the species’ behavior, then the model discussed below may 
only poorly fit the actual behavior of the species. Species should respond 
to three characteristics of resources. First, resource density should affect 
competitive behavior between species since active interference has costs 
in terms of energy expenditure associated with it. It is assumed that an 
individual cannot gather resources and actively interfere with another 
individual at the same time, hence active interference is more likely to 
occur when an individual can quickly replenish its energy stores. Second, 
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TABLE 1 
TYPES OF INTERSPECIFIC COMPETITION WHICH MAY BE OBSERVED IN DIFFERENT 

ECOLOGICAL SETTINGS; THE ENTRIES ARE THE TYPE OF COMPETITION MOST LIKELY TO BE 

ASSOCIATED WITH THE ECOLOGICAL SETTING DESCRIBED 

ReSOUFX 
density 

Abundant 

Abundant 

Rare 

Rare 

RWJUrCe 
dispersion 

Concentrated 

Dispersed 

Concentrated 

Dispersed 

Temporal patterm of resource abundance 

Predictable Unpredictable 

Active and passive Passive interference, 
interference, facultative active 
territoriality interference 

Passive interference Exploitation 
facultative active 
interference 

Active and passive Passive interference, 
interference, facultative active 
territoriality (rarely) interference 

Exploitation Exploitation 

the spatial patterning of resources should influence the ability of species 
to defend resources successfully. Resources which are concentrated in 
small areas require less energy expenditure to defend, and hence are more 
likely to allow species to maintain small enough cost-benefit ratios to 
make active interference feasible. Finally, the temporal patterning of re- 
source abundance should influence the ability of species to develop re- 
source defense systems. If resources are highly stochastic in their ap- 
pearance, then individuals should not be able to gain enough benefit on 
a regular basis to allow them to be successful at resource defense (Morse 
1980a). On the other hand, resources that are regular on an ecological 
time scale should be used by more species than those that are sporadic, 
hence increasing opportunities for individuals to develop behavioral 
mechanisms of dealing with interspecific competitors. It should be ob- 
vious that these three characteristics of resources interact and provide a 
number of different ecological settings in which interspecific competitive 
mechanisms might evolve (Table 1). 

When resources are abundant, concentrated and predictable active in- 
terference is feasible (Table 1) since individuals can expend relatively 
little energy on resource defense and rapidly obtain necessary energy to 
replace energy spent. In such an ecological setting, it would be advanta- 
geous for species to develop territorial or hierarchical systems whereby 
interspecific contests are settled quickly with a minimum of energy ex- 
penditure. However, when resources are abundant and concentrated, but 
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appear sporadically and unpredictably, the benefits an organism may 
derive from them may not be regular enough over time to allow species 
to invest the energy necessary to maintain resource defense. In such a 
setting, during periods of irregular resource abundance, individuals might 
benefit from maintaining a behavioral flexibility (facultative active in- 
terference in Table 1) enabling them to actively interfere during times of 
resource abundance, and cease interference during times of resource rarity. 
If resources are abundant, and predictable, yet dispersed enough so that 
energy costs for defending more than a single resource unit are high, then 
again it would be advantageous for an individual to actively interfere with 
another only sporadically. In such a setting, passive interference events 
might occur on a regular basis since densities would be high. If resources 
are abundant and dispersed, but unpredictable, then densities of con- 
sumers might remain low during irregular resource pulses, and consump- 
tive competition might exist only during the periods of low resource 
density (see below). 

When resources are rare, it will be more difficult for individuals to 
invest in behaviors which involve elaborate energy expenditures, hence 
active interference may be less prevalent in habitats with scarce resources 
than in habitats with resource abundance. When resources are concen- 
trated in such habitats, the resulting ecological conditions might give rise 
to qualitatively similar patterns of interspecific competitive mechanisms 
to those found when resources are abundant, but less expensive forms of 
interference might be expected and interspecific territoriality should be 
relatively rare. When resources are rare and dispersed, then individuals 
might only be able to expend energy on resource acquisition (e.g., for- 
aging). Hence the only way species might compete in such situations might 
be to remove the already limited supply of resources from the area of 
joint occupancy of two competing species. 

It should be realized that testing the predictions of the model described 
above might be very difficult. While the model has been constructed in 
a dichotomous fashion, terms such as “rare” and “abundant” are likely 
to represent extremes along a continuum of resource abundances. To test 
even the qualitative predictions of the model it would be necessary to 
generate more precise definitions of the nature of resource density, dis- 
persion, and temporal patterning based on a specific system. Another 
complicating factor is that environments in which species exist are not 
constant but usually change in a cyclic or stochastic manner. Hence, at a 
given time, a habitat might present a setting in which resources are abun- 
dant, concentrated, and predictable and later that same habitat might 
have rare resources that are dispersed and unpredictable. In the following 
section, I review a number of studies that deal with avian competition in 



386 THE WILSON BULLETIN l Vol. 96, No. 3, September 1984 

the context of the model presented above, however, the level of rigor of 
these studies does not allow a rigorous evaluation of the usefulness of the 
model in predicting the types of competitive interactions that species 
might experience. 

COMPETITION IN BIRD COMMUNITIES 

What is the prevalence of interference and exploitation in bird com- 
munities and to what extent do they shape ecological relationships among 
bird species? To adequately answer these questions one would need a 
large number of studies on many species assemblages done at a level of 
rigor sufficient to differentiate among the intensity of the types of com- 
petition envisioned in the model discussed in the preceding section. Such 
a sample is probably impossible to obtain, however, a number of studies 
have been done which provide at least a rough idea of the nature and 
prevalence of the several types of competition in real ecosystems. 

Some studies have suggested that since aggressive encounters were in- 
frequently observed among species, the major mode of the presumed 
competition among the species studied was exploitation (Noon 198 1, 
Rusterholz 198 1). From the preceding discussion, however, it follows that 
absence of active interference events does not indicate absence of all 
interference interactions. At this time it is extremely difficult to document 
the presence and frequency of passive interference events. Such events 
are very likely to go undetected by human observers because they do not 
create sufficient auditory or visual cues to attract attention. 

Because the mechanism of exploitation depends on the ability of one 
species to reduce prey numbers to a level that would have a significant 
impact on the population growth rate of other species, studies which 
demonstrate a drop in prey numbers attributable to avian predation are 
extremely important in assessing the probability of exploitation being an 
important factor influencing bird communities. A number of studies have 
provided both direct and indirect evidence for the ability of birds to reduce 
prey numbers. Both Solomon and Glen (1979) and Holmes et al. (1979) 
performed experiments in which avian predators were prevented from 
removing prey in certain areas. Both studies demonstrated a measurable 
increase in prey in areas not available to avian predators. Recently, E. 0. 
Garton (pers. comm.) has found similar results for birds preying on the 
western spruce budworm (Choristoneuru fumiferana). Gunnarson (1983) 
showed that over-winter mortality of spiders living in spruce trees was 
lower on branches on which netting had been used to prevent avian 
predation. Similar results were obtained by Askenmo et al. (1977) in 
another investigation of the impact of wintering birds on spiders in spruce 
forests. Hence, experimental evidence suggests that avian predation can 
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cause significant reductions in arthropod densities during both the breed- 
ing and nonbreeding seasons. In a slightly different vein Gill and Wolf 
(1979) showed that sunbirds (Nectarinia spp.) could remove significant 
amounts of nectar potentially available to other species. 

A number of studies have provided indirect support of the role of avian 
predators in reducing population densities of their prey. Gibb (1954) noted 
that Great Tits (Parus major) apparently reduced insect larvae to a certain 
specific level before moving to feed elsewhere. Peterman et al. (1979) 
reviewed studies on the eastern spruce budworm which suggested that 
avian predators played an important part in damping budworm irrup- 
tions. Similar evidence along these lines was reviewed by Otvos (1979). 
Heinrich (1979) discovered that lepidopteran larvae palatable to birds 
tended to forage in a manner which minimized the visual impact of their 
foraging activities. Many of these larvae are also cryptically colored, sug- 
gesting that predators which use visual clues while hunting have been 
important in shaping their phenotypic characteristics. 

Although evidence suggests that there is certainly potential for exploit- 
ative competition in many avian communities, most studies have failed 
to demonstrate that avian species could remove enough prey to affect the 
growth rate of other species (Maurer 1983a). This is critical information 
because it is possible that measurable reductions in food supply may not 
be sufficient to reduce the effective food supply available to a second 
species (Maurer 1983b). Reduced resources is a necessary, but not a suf- 
ficient condition for the occurrence of exploitative competition. Minot 
(198 1) removed Blue Tit (Parus caeruleus) broods from an oak wood in 
England and learned that nestling weights of Great Tits were higher in 
the experimental area than in a control area. Since weight of nestlings is 
related to survival probability (Perrins 1965) this implies that Blue Tits 
were able to remove enough insect larvae for their broods to affect the 
demographics of Great Tits. In this situation, it is difficult to objectively 
determine the characteristics of the resources available to tits during the 
breeding season. It is likely that they are abundant relative to winter food 
availability (Gibb 1960). The insect prey of tits may be relatively evenly 
dispersed (Tinbergen 1960) and apparently appear at widely differing 
times from year to year (Tinbergen 1960, Perrins 1965). Hence, food for 
tits during the breeding season may be abundant, dispersed, and unpre- 
dictable. 

Abundant evidence exists for the prevalence of active interference, 
though this may be due to the relative ease with which these types of 
interactions may be observed. Williams and Batzli (1979a, b) found that 
the presence of Red-headed Woodpeckers (Melanerpes erythrocephalus) 
influenced the distribution and foraging behavior of other bark foraging 
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birds during winter in central Illinois. These interactions between M. 
erythrocephalus and other bark foragers apparently relaxed during the 
breeding season, a time when resources presumably would be more abun- 
dant. During the winter, however, the primary foods of these species may 
be concentrated enough to increase the frequency of interspecific en- 
counters over that encountered during the breeding season. Williams and 
Batzli (1979b) commented that the majority of aggressive encounters 
occurred in fall, when Red-headed Woodpeckers were establishing winter 
territories. Interspecific territoriality during the breeding season has been 
documented for a number of passerine birds (Orians and Willson 1964) 
including Palearctic sylviine warblers (Sylvia spp.) (Cody and Walter 1976, 
Cody 1978, Garcia 1983); (Phylloscopus spp.) (Saether 1983a, b) and 
vireos ( Vireo spp.) (Rice 1978, Robinson 198 1). 

Aggressive encounters among species are not necessarily territorial con- 
flicts (Davies 1978). Edington and Edington (1983) described several in- 
stances of active interference among West African birds. They found that 
in interactions among several species of sunbirds, species dominant in 
aggressive encounters were those for which the interaction took place in 
a favored feeding zone. Edington and Edington (1983) found a similar 
type of interaction occurred between White-throated Bee-eaters (Merops 
albicollis) and Ethiopian Swallows (Hirundo aethiopica). Sherry (1979) 
found that American Redstarts (Setophaga ruticilla) and Least Flycatchers 
(Empidonax minimus) interacted aggressively during the breeding season 
in New Hampshire although their breeding territories overlapped exten- 
sively. Morse (1976) showed that during the breeding season wood war- 
blers (Dendroica spp.) in spruce forests were interspecifically aggressive, 
and that encounters were usually more frequent later in the season when 
feeding of nestlings by parents might result in many interference events 
during foraging. These encounters apparently did not lead to interspecific 
territoriality. 

In assemblages of nectar-feeding birds, interesting comparisons can be 
made between the frequency of interference events and the qualitative 
predictions of the model discussed above, since the dispersion and density 
of the resources (nectar) can easily be measured and compared to infer- 
ference behaviors. Carpenter (1978) summarized results from several nec- 
tarivore communities she studied. In a community of Hawaiian drapan- 
idines, Carpenter (1978) showed that during a year of overall depressed 
nectar availability, aggression among three species of honeycreepers was 
increased. In the year of depressed nectar availability, flowers produced 
the same amount of nectar but were depleted quickly. However, flowers 
were concentrated in one portion of the canopy during the poor year, 
while they were dispersed during two favorable years. In the poor year, 
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all three honeycreeper species attempted to forage in the same area. The 
dominant species was able to defend territories in the densest flower 
clumps, and nectar availability in these clumps was in excess of the species 
requirements for maintenance. Nectar production was apparently rela- 
tively predictable within a given year, but during good years was abundant 
and dispersed, hence leading to few opportunities for interference. During 
the bad year, nectar was generally rare, but concentrated, which led to a 
concentration of consumers. This in turn made it necessary for two of 
the honeycreepers to become territorial, for otherwise they could not 
adequately meet their energy requirements (Carpenter 1978:8 10). 

In a community of Australian honeyeaters (Melaphagidae), Carpenter 
(1978) noted that nectar was extremely abundant and that the honeyeaters 
in that community were not aggressive. Apparently, nectar producing 
flowers were not concentrated enough relative to their abundance to ne- 
cessitate aggression, though aggression among honeyeaters has been re- 
ported. These species of honeyeaters, however, relied heavily on insect 
densities, hence the importance of nectar to their behavior is question- 
able. Dow (1977) showed that another melaphagid excluded all other bird 
species from habitat near colonies. This species was more successful in 
driving out other species in structurally simple habitats, where food re- 
sources could be expected to be concentrated relative to habitats with 
many vegetation layers. 

Pimm (1978) performed an experiment with hummingbirds at feeders 
at which he varied the predictability of resources while keeping their 
density and dispersion constant. He calculated two measures of compe- 
tition, one which he termed exploitation, the other which he termed 
interference. However, resource abundance remained constant in the ex- 
periment, and the measure of exploitation, a regression coefficient of the 
time that one species spent at each feeder vs the time that other species 
spent at each feeder (feeders were replications) was actually a measure of 
passive interference, since feeders were constantly replenished. His in- 
terference measure was a regression coefficient of feeder use by one species 
vs time spent in feeder defense in a second species, which is a measure 
of active interference. His results are consistent with the model presented 
above: a decrease in resource predictability significantly decreased both 
passive and active interference. 

IMPLICATIONS FOR COMPETITION THEORY 

Many discussions of competition implicitly assume that the effects of 
the different types of competition tend to produce similar results (e.g., 
Miller 1967). Thus, “niche partitioning,” the differential use of resources 
by species, is assumed to have been the result of competition for limiting 



390 THE WILSON BULLETIN l Vol. 96, No. 3, September 1984 

resources (e.g., MacArthur 1958, Morse 1980b, Noon 198 1, Alatalo 1982) 
regardless of the type of competition involved. This assumption is also 
implicit in Wiens’ (1977) criticisms of competition theory. He listed sev- 
eral assumptions made by competition theorists in applying the theory 
to natural systems, many of which are artifacts of the Lotka-Volterra 
paradigm. For example, the assumption that resources are limiting is 
crucial to Lotka-Volterra competition. Wiens (1977) pointed out that very 
often species may exist in environments which are seasonally highly pro- 
ductive, and hence species densities would be far below environmental 
carrying capacity as envisioned in the Lotka-Volterra model (see also 
Fretwell 1972). Wiens (1977) assumed that in these situations, compe- 
tition would generally be relaxed. However, the model presented in the 
present paper suggests that when resources are abundant, although ex- 
ploitation is relaxed, interference may increase, especially if resource 
abundance is concentrated, or if species are able to respond to increased 
resource abundance by increasing their densities. 

Some models of interference and exploitative competition have sug- 
gested that at high resource levels interference should be minimal and 
should increase when resources become scarce (Gill 1974, Carpenter and 
MacMillen 1976, Wolf 1978). However, few of these models have dif- 
ferentiated between resource abundance and resource dispersion. If re- 
sources become concentrated during periods of low resource levels, then 
interference is likely to increase because individuals must search for and 
secure resources in a much smaller area, hence increasing the rate of 
encounters with other individuals while at the same time removing a 
greater proportion of the resources. At high resource densities, if resources 
are generally dispersed then the opportunities for interference might be 
relaxed. The utility of the model discussed in this paper is that it considers 
not only variation in resource abundance, but also the spatial and temporal 
patterns of resource availability that may influence competitive relation- 
ships. In doing so it generalizes the model of Orians and Willson (1964), 
who suggested that interspecific territoriality should be more prevalent 
in structurally simple habitats. They felt that interspecific territoriality in 
such habitats should increase because fewer niches are available. The 
model I have presented suggests that if fewer niches exist in simple hab- 
itats, it is because resources are spatially compressed or concentrated. 

Just as exploitative and interference competition might be expected in 
different ecological settings, the evolutionary results of these types of 
competition might be expected to be different. If it is assumed that re- 
duction in competition will increase an individual’s fitness, then it follows 
that species should evolve to reduce competition. Selection to reduce 
interference competition should involve different phenotypic traits than 





392 THE WILSON BULLETIN l Vol. 96, No. 3, September I984 

same. Interference can be active, a result of direct behavioral interactions which carry with 
them a cost, or passive, the indirect result of other activities of competitors (such as food 
gathering). A model is presented which suggests the type of ecological settings in which the 
various types of competition can occur. Generally, the model suggests that as resources 
become less abundant, more widely dispersed, and less predictable, exploitation should 
become more prevalent while interference should become less prevalent. 

Research on birds indicates that active interference is very common, however, exploitation 
and passive interference, if prevalent, may be difficult to document. Discussions of the 
prevalence of competition have centered on the Lotka-Volterra conceptualization of com- 
petition. However, if interference is common when resources are abundant, then resource 
limitation may not be a prerequisite of niche divergence. Exploitation should lead to niche 
partitioning via reduced resource overlap, while interference should lead to niche partitioning 
via reduced spatial overlap. However, both of these factors may act as selection pressures 
on competing species in addition to many other selection pressures, hence the ability of 
species to respond to selection to reduce competition might be greatly modified or inhibited. 
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DEPT. ECOLOGY AND EVOLUTIONARY BIOLOGY, UNIV. ARIZONA, TUCSON, 

ARIZONA 85721. ACCEPTED 16 APR. 1984. 

NORTH AMERICAN BLUEBIRD SOCIETY RESEARCH GRANTS 

The North American Bluebird Society announces the second annual grants-in-aid for 
ornithological research directed toward cavity nesting species of North America with em- 
phasis on the genus Sialia. Presently three annual grants of single or multiple awards totalling 
$3,000.00 are awarded and include: 

Bluebird Research Grunt-Available to student, professional or individual researchers for 
a suitable research project focused on any of the three species of bluebird from the genus 
Sialia. 

General Research Grant-Available to student, professional and individual researchers for 
a suitable research project focused on a North American cavity nesting species. 

Student Research Grunt-Available to full-time college or university students for a suitable 
research project focused on a North American cavity nesting species. 

Further guidelines and application materials are available upon request from Theodore 
W. Gutzke, Research Committee Chairman, P.O. Box 121, Kenmare, North Dakota 58746. 
Completed applications must be received by 31 January 1985; decisions will be announced 
by 15 March 1985. 


