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EXPERIMENTAL EVIDENCE FOR THE INCLUDED NICHE

Interspecific competition has often been examined under the Lotka-Volterra
model, which, when applied to an exploitative competitive system, assumes that
two competitors completely overlap in the range of resources they use but can
differ in their proportional use of resources composing that range (MacArthur
1972; Schoener 1974a). However, competitors do not necessarily use the same
range of resources (i.e., some proportional uses equal zere for one species over
the Tange of resources used by the other species); this violates the assumplions
of the Lotka-Volterra model (Schoener 1974a). Often, one or both competitors
can exclusively use some resonrces (proportional use is greater than zero for one
species but zero for the other) while overlapping in the use of other resources
(both species have a proportional use greater than zera) (Hutchinson 1957;
Mitler 1967; Schoener 1974b). The existence of exclusive resources for one or
both competitars increases the likelihood of competitive coexistence (Schoener
1974p), since & competitor’s numbers cannot be depressed below the number
maintained solely on the exclusive resources. Regardless, ecologists frequently
rely on the Lotka-Volterra scenario in interpreting experimental data, even
though it may vield misleading interpretations of competition in empirical studies
(Avyala 1971).

The presence of exclusive and shared resources in a competitive system pro-
duces isoclines distinct from those generated by the Lotka-Volterra model. and
these isoclines explain the greater likelihood of competitive coexistence when
shared and exclusive resources are present (Schoener 1974b). Competitive iso-
clines depict how the number of individuals of a species at equilibrium changes
at different constant numbers for the competitor species. Few empirical studies
have described competitive population dynamics for which an exclusive resource
is present (Gilpin and Ayala 1973, 1976; Schoener 1974b, 1975, 1983; Belovsky
1984, 19864), although many studies have either argned that this occurs (Schoener
1983} or have demonstrated that exclusive resources exist for competitors (e.g..
Werner 1977). However, evaluating the importance of exclusive and shared re-
sources in competitive interactions can best be accomplished by measuring com-
petitive isoclines.

Gilpin and Ayala {1973) reconstructed what competitive isoclines would look
like for two Drosephila species on the basis of experimental measures of their
population dynamics. The experiment did not measure the isoclines; rather, the
population growth trajectories were fitted to likely competitive functions. Abram-
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sky et al. (1991, 1992) inferred competilive isoclines for two desert rodents in
field experiments by holding one species’ density constant and measuring the
other species’ behavioral response (dispersal), but this may not adequately reflect
population dynamics (i.e.. changes in numbers). Competitive isoclines have been
measured in field experiments on two grasshopper species (Orthoptera: Acridi-
dae) by holding one species’ numbers constans and examining the population
response of its competitor. These measurements indicate that the species compete
for food when each has both shared and exclusive sets of resources (Belovsky
1986a).

When each competitor cao use an exclusive range of resources, the explanation
for the species’ competitive coexistence seeins straightforward. However, if one
competilof can use exclusive resources and the other can use only shared re-
sources, (be latter species is said to have an included niche (Hutchinson 1957;
Miller 1967, Schoener 1974b), which can lead to its competitive exclusion
(Schoener 19745). The included niche has been inferred to occur in pature but
has never been empirically demonstrated.

We examined the potential for an included niche using two species of naturally
co-occurring grasshoppers. We suggest that the grasshopper Agereotettix deorum
(Scudder, white-whiskered grasshopper) has an included niche with respect to
Melanoplus sangainipes (Fabricius, migratory grasshopper) since A, deorum
feeds almost exclusively on grasses (Pfadt 1989) whereas M. sanguinipes is a
mixed feeder on both grasses and forbs (Pfadt 1988). This was examined through
field experiments at the National Bison Range, Montana (Lake County) to mea-
sure competitive isoclines and determine whether the isoclines emerge from for-
aging behaviors of the two species.

METHODS

Experimental Field Populations

Experimental field populations were established in cages. Cages (0.1 m? base
and 0.8 m tall) were made of window screen and placed over natural patches of
vegetation that were similar in plant abundance and species composition. Similar
cages have been used to examine grasshopper population ecology in other studies
(Belovsky 1986a, 1990, 1992; Ritchie and Tilman 1992; G. E. Belovsky and
J. B. Slade, unpublished manuscripts; J. R. Moorehead and A, Joern, personal
communication). Common grasses were Poa pratensis (Kentucky bluegrass) and
Elymus smithii (bluestem wheatgrass), and the common forb was Heterotheca
villosa (hairy goldenaster). The cages were stocked with adults of the two grass-
hopper species that had been caught with nets in the field, kept in a terrarium,
and fed ad lib. a mix of natural plants for 3 d. This ensured that injured individuals
were not stocked.

Experimental treatments consisted of different density combinations of the two
species, which were randomly assigned to each cage. Each trearment had three
replicates, and the sex ratio of individuals stocked for each species in a cage was
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1: [ (except when an edd number of individuals was stocked, in which case the
extra individual was a female), Grasshoppers were stocked on July 27, 199¢. For
each density combination (treatment), one species’ initial numbers were held
constani by daily replacing individuals that had died and the other species’ num-
bers were allowed to decrease with mortality.

From previous experiments (Belovsky 1986a, 19%0, 1992}, we knew that (1) the
populations allowed to decline would stabilize at a number within 6-10 d, (2) this
number would be maintained for up 10 45 d, and (3) when a single species was
present in a cage, the stable number obtained was the same provided that initial
densities (3-20 individuals per cage) were greater than the stable density. These
attributes of the system simplify experimental design:

a) A replacement, rather than an additive, experimenial design was used (Un-
derwood 1986; Hairston 1989) given observation 3 above; this provided more
itformation with fewer treatments.

b) Whereas the cages did not change the natural abiotic conditions for the
grasshoppers (Belovsky and Slade 1993), they did climinate the grasshoppers’
ability to disperse in response to competition, which could have led to competitive
mortality. From a population perspective, mortality and dispersal are indistin-
guishable since both result in a lower density, and a lower adult density reduces
recruitment (ege production) to next year's population. However, in a cage, indi-
viduals that might otherwise disperse are forced to remain; this might reduce
food resources to a greater extent than if they dispersed, since they continue to
consume food until they die. This potential difference between competitive mor-
tality and dispersal seemed unimportant, given observations 1, 2, and 3 zbove,
since greater food reduction should have led 1o a decrease in the stable number
as initial density increased.

c] We believe that these within-generation experiments met the criteria for
measuring a compelitive isocline for univoliine (i.e., one generation per year)
species such as these grasshoppers, given observations 1, 2, and 2 above. Further-
more, the siable density attained within a generation usually produced as many
or more hatching nymphs in the next vear than were needed to match the stabie
density from the previous year {G. E. Belovsky and J. B. Slade, unpublished
manuscript).

The isocline for Ageneotetrix dearum was measured with initial densities of 0/
10, 2/8, 3/7, 4/6, and 5/5 per cage; the numerators of these terms represent
Melanoplus sanguinipes’s initial numbers maintained at constant values, and the
denominater represents A. deorwmn’s initial numbers, which were allowed to de-
cling to a stable number. The isocline for M. sanguinipes was measured with
initial densities of 0/10, 2/8, 3/7, 4/6, 5/5, and 8/5 per cage; the numerators of
these terms represent A. deorurn’s initial numbers maintained at constant values,
and the denominator represents M. seaguinipes's initial numbers, which were
allowed to decline to a stable number. An additional combination of 8/5 was used
for measuring M. sanguinipes’s isocline, since M. sanguwinipes was known to be
less affected by competition with A. deorum than A. deorqm was by competition
with M. sanguinipes (1. R. Moorehead, personal communication),
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In the treatments, five was the lowest initial number used for the population
that was allowed to decline, since pilot studies had indicaled that both A. deorum
and M. sanguinipes numbers stabilized at approximately five or fewer individuals
per cage in the absence of the other species. Also, by maintaining total initial
grasshopper numbers at 10 in al] but one treatment, we hoped that observed
differences between lreatments would be due to species composition affecting
interspecific competition, not 1o differences in total grasshopper density. Finally,
initial stocking densities in the cages were similar to nymphal densities observed
in early July but were higher than adult densities observed at the time of stocking.
Therefore, the initial experimental densities were not unrealistic; however, higher
than natural densities are required if one wants to observe population declines to
stable densities.

Grasshoppers in the cages were counied daily, and all deaths were recorded.
Dead individuals of the species held at a constan: population were reslaced by
individuals captured from the field less than 24 h prior to stocking. This ensured
that their nutritional status was similar to that of individuals in the cages. The
experiment was terminated on September 1, 1991, at which point vegetation in
each cage was clipped, separated between grasses and forbs. dried at 60°C for 48
h, and weighed. The quality of the plants as grasshopper food was assessed by
their solubility in HCl and pepsin. which is correlated with the grasshoppers®
digestion of the plants {Belovsky 1986a; G. E. Belovsky and J. B. Slade, unpub-
lished manuscript).

Three sweep samples {August |, Angust 16, and September 2, 19911 of grass-
hoppers from the field were collected. Sweep samples of grasshoppers in grass-
lands, like our study site, provide unbiased estimates of proportional abundance
(Joern and Pruess 1986}. Each sample contained more than 50 grasshoppers that
were sorted by species, permitting a comparison of proportional {not absolute)
field and experimental abundances. Diet composition {grass vs. forb) by micro-
histological analysis of crop contents (Ueckert 1968) was determined from 10
M. sanguinipes and 10 A. deorum individuals from sweep samples.

Feeding Trials

Feeding trials with the two species of grasshoppers were conducted to ascertain
each species’ feeding behavior. Adults of each species (15 of each sex) were
placed individually in 11 jars for 24 h with three blades (55 mm x | mm) of
P. prarensis that were held in a water-filled, 2-dram vial with a cotton plug (total
plant area above vial was 135 mm?). The vial was buried in 2-3 cm of soil covering
the bottom of the jar. All jars were kept under similar field conditions. Consump-
tion was measured by comparing the arca of the grass blades before and after
the experiment. Pilot studics showed that the total area of grass provided was
considerably less than either species normally consumed under ad lib. conditions
during 24 h and that the grass blades would remain fresh for up to 48 h. This
experiment determined the maximum proportion of an average blade of P. pra-
tensis that an individual would voluntarity consume.



518 THE AMERICAN NATURALIST

RESULTS AND DISCUSSION

Plans Abundance and Camposition

Initially, plant abundance and composition in the cages were similar because
of the nonrandom placement of cages in the ficld and the inspection of the vegeta-
tion within each cage; differences in the vegetation were further controlled for
by randomly assigning the treatments to cages. Dry weights of vegetation in cages
at the end of the experiment, however, were different in that the forbs were more
abundant in trealments for which the grass-feeding Ageneotettiv deorum was
present by itself (r-test: ¢ = 4.89, df = 31, £ = .006!). Since initially forbs were
relatively rare (< 20% by dry mass), this difference did not greatly affect overall
plant biomass differences between treatments [ANOVA: F = 1.9], df = 1,31,
P = 18). Finally, at the end of the experiment, plant quality did not differ between
treatments (ANOVA with arcsine tragsformation: F = 1.50, df = 1,9, P = 25,
for grasses only, since too few forbs remained). Therefore, we concluded that
differences in final grasshopper densities between treatments were not dug to
differences in plant abundances or quality between cages.

Stable Densities for the Grasshopper Populations

Stable densities {constant aumbers) for the grasshopper populations allowed to
decrease were obtained in each cage 6-10 d after starting the experiment, and
this density was maintained for 14—20 d, at which point the experiment was ended
(examples for two cages appear in fig. 1). Densities for A. deorum when alone
were significantly greater than these for 4. deorum with Melanoplus sanguinipes
{one-way ANOVA: F = 15.28, df = 1,13, P =< .002). The same effect was
observed for M. sanguinipes when alone and with A. deorum (one-way ANOVA;
F = 5108 df = 1,16, P = A001). Therefore, on the basiz of the replacement
design and the attributes of this system (see Methods), these species appeared to
compete in the cages.

The fsoclines

The isacline for A. deorum appeared to be linear, whereas that for M. sangi-
nipes appesred to be nonlinear (fig. 2). A nenlinear isocline that approaches an
asymptote is expected when a species has exclusive resources, whereas a linear
competitive isocline indicates a species with no exclusive resource (Schoener
19745}, A competitive system in which one species exhibits an asymptotic isocline
and the other a linear isocline is expecied in the case of an inchided niche
(Schoener 19744),

The set of equations defining included niche competition (Schoener 19745) is

ANl = R\N\[FgIN, + Io/(N, + aN3) — €] n
for the species with exclusive resources and
dNy/dr = Ry N, [Io/ Ny + BN — C,] (2)

o R
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Fi6. 2.—The experimental results for grasshopper populations. Circles refer to treatments
in whick Melanapius sanguinipes was allowed to decline to a stable density and Ageneorettiz
dearum density was held constant. Triangles refer to trealments in which A. deorum was
allowed to decline to a stable density and M. senguinipes densily was held constant. Num-
bers denote resuits observed more than once. The fnres represent the isoclines determined

by pealinear regression analyses that fit hypothesizad compelition models 1o the data (see
text),

for the species with exclusive resources and
Ny =1/C, ~ BN, (4}
for the species with no exclusive resource.

The isoclines (egq. [3] and [4]) were fitted to the experimental data according
to maximum likelihood nonlinear regression methods available in the statistical
package SYSTAT (Wilkinson 1990). For equation (3), N, was the stable number
for the species allowed 10 decline and &, was the number for the species held
constant, whereas the opposite was true for equation (4). The resulis supgest that
A. deorum had no exclusive resources, since the linear model {eq. [41) provided
a very good fit to its experimental populations that were allowed to decline (ta-
ble 1), Fitting the nonlinear model (eq. [3]) to the A. deorum data explained an
additional 1% of the variance, an insignificant improvement, and provided a very
small estimate for A. deorwm’s exclusive resources (fy < 0.001) that was not
different from zero. Melanoplus sanguinipes may have both exclusive and shared
resources since the nonlinear model {eq. [3]) provided the best fit (table 1),
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TABLE 1

SuMMARY OF REGRESSION ANAL YSES FOR THE COMPETIEIVE
IsoCLINES OF Two (GRaSSHOPREX SPECIES

N de A P Value
Ageneotellix deorum:
Linear model is L3 .97 G001
Melanoplus sanguinipes:
Linear model i3 16 62 {0001
Nonhoear model 18 13 99 0005
TABLE 2

PopuLATION PARAMETERS ESTIMATED FROM THE NONLINEAR
REGRESSION ANAaLYSES OF THE (GRASSHOPPER EXPERIMENTAL

PoOPULATIONS
Competition
oc IntC Coefficient
Agenectertix deorum 49 4.9 76
Melanoplus sanguinipes 57 3.4 226

Note.—A number of important population parameters can be
estimared from the nonlinear regression analysis of the grasshopl‘aer
experimental populations by using the variables in the competition
equations described in the tex1, The parameters and their definition
i terms of model vapables are total carrying capacity (HC = I,/C
+ I/C), carrymg capacity on shared resources (Io/C). and compe-
titfon coefficients.

The regression parameters {i.¢., slopes, inercepts, and asymptoles) estimated
for each population correspond to specific parameters in eithqr.equalion §3) or
equation {4), giving each an ecological definition {i.e., campetition coefficients,
shared resource abundances, exclusive resource abundances, etc.). If the types
of resources being competed for can be identified, the regression parameters
(lable 2) can be compared with independently obtained estimates of the corre-
sponding ecological values. In previous work (Belovsky 1986a, 1_990, 1992; Belov-
sky and Slade 1993; J. R. Moorehead, personal communication), food plants
appearsd to be the resource compeled for at this site. T_hcrefore, laborat_oTy
feeding observations on these species can be used to estimate the ecological
parameters (competition coefficients and food abundances).

Competition Coefficients

Competition coefficients {« and B} in equations (3} and (4) CDHV&I:[ the consump-
tion of a shared food resource by an individual of one species into equwa.lex_lt
consumption by an individual of the other species. An important characteristic
of these values is that they are independent of the abundances of the two re-
sources; that s, they represent characteristics of the consumers (fundamental
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niche sensu Huichinson 1957) rather than their consumption in the presence of
g)leugﬁir;lssrtlngjgiecles and/or as food abundances change (realized niche sensu
_ The competition coefficients in equations (3) and (4) for italiv i

{ion are defined as the probability that a shared food(itzzm wii?iﬁzg;ﬁtzsgipﬁﬁ
!:ne cpnsumed by an individual of the other species relative 1o the probability that
it will be consumed when encountered by an individual of the same species
(Bel?vsky 1984, 1986a}. This ratio of probabilities is compuied, for the effect of
species 2 on species 1, as (Belovsky 1984, 1986) ’

a = (R/C PP
and, for the effect of species 1 on species 2,
& = (R/C, PP,

where R, is the removal (i.e., the amount consumed plus the amount harvested
but not C(')nsumed) of & shared food item by an individual of species i, C, is the
consumption of a shared resovrce by species 7, and P, is the probabilitylthat a
flllla.red food ftem would be consumed by an individual of species /. Fach of
be?, apve;girlneter values can be computed from aspects of each species’ feeding
Melanoplus sanguinipes in 1991 consumed only 53% grass (SD = 15%, N =
1y, even_thnugh grass constituted 80% of the biomass at this site, Hm:vcver
M. sanguinipes in laboratory feeding preference tests were equaily likely to con-,
sume grasses or forbs (G. E. Belovsky and J. B. Slade, unpubiished manuscript)
which indicates that this grasshopper is a generalized feeder as suggested by’
Mulkern et al. (1969). Ageneotettic deorum is known to be a grass specialist
{Mulkern et al. 1969), which is consistent with jis diet in the ficld being greater
than 90‘?_!7 grass at this site (SD = 5%, N = 10) and with feeding preference
observations showing that forhs were almost never consumed (G. E. Belovsky
and I. B. Slade, unpublished manuscript). The above results iliustrate why the
ful?da.mental feeding niche of each species (feeding preferences) must be distin-
guished from its realized niche (observed diet at the site). Consequently, the
s.ha.rcd resource appeared to include only grasses and A4, Sanguinipes was eql'JaIly
ll_kely to eat grass or forb when either was encountered in the absence. of competi-
tion (P, = .5), whereas A. deorum ate only grass (P, = ). ?
The above feeding differences reduced competition but were partially offset by
M. .sc'mgainipes individuals® consuming twice as mach food perday as A. deorum
mdmdf.la.ls when food was presented ad lib. [G. E. Belovsky and J B Slade
unpublished manuscript). Differsntial consumption arose because M. s.an g.vuim'pe;
has greater autritional requirements due to its larger body mass (A. deorum: 194
mg; M. s:_mguinipes: 391 mg; Belovsky et al. 1990) and the differential consump-
tion provides relative estimates for €, = 2 and C, =1
H9wever, the relative consumption values were modified further by different
feeding behaviers observed in our feeding trials. Melaroplus sanguinipes fed on
a blade of grass by consuming it from the tip downward ¢30 of 30 trials). In most
cases (28 of 30 trials), A. deorsm individuals cut the blade of grass near the base,
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consuming a portion from the cut towards the tip and leaving the remaining
portion uneaten. Because grass blades desiccate within an hour after cutting to
such an extent that M. sanguinipes will not eat them, A. deorun’s behavior
removes resources for M. sanguinipes even though A. deorum does not consume
a portien of the grass blade that M. sanguinipes would have consumed. The net
effect is that A. deorum’s harvesting is eguivalent to that of M. seaguinipes
{(Ry = |, whereas R, = C, = 2).

The result of the above feeding differences is that A. deorwm has a greater per
capita competitive effect on M. sanguinipes for shared resources (o = 1/ x
1/0.5 = 2.0) than M. sanguinipes has on A. deorum (B = 2/1 x 0.5/1 = 1.0,
Predicted o and B vilues are similar to regression estimates (table 2).

Shared and Exclusive Resources

Abundances of shared (some prasses) and exclusive {forbs and other grasses)
resources determine each species’ camying capacity. The availability of each
resource category depends on its biomass in the environment and the proportion
that the grasshopper finds acceptable for consumption. Grasses constilute ap-
proximately 80% of the plant biomass at the study site.

The voluntary proportional use of prass blades by each grasshopper species
was determined in feeding trials by providing less grass than the species could
censume; the portion of the blades remaining was assumed (o be unacceptable.
Sexes in each grasshopper species did not differ in the proportion of grass blades
that they voluntarily consumed (M. sangainipes t-test: ¢ = 0,079, df = 28, P >
937; A, deorum t-est: ¢ = 1.221, df = 28, P > .232), so that data from the sexes
were combined for each species. However, M. sanguinipes constmed 1.8 times
more of a blade of grass than did A. deerum (25.2 = 6.1 mm?® vs. 14.1 = 3.0
mm?; { = 8.93, P = 0001). We propose that this difference arises because
M. sanguinipes’s larger body size enables it to consume plant parts of lower
nutritional quality than those consumed by A. deorum (Belovsky 1986h).

With the above information, the relative abundance of exclusive resources for
M. sanguinipes can be estimated. First, 209 of the plant biomass (forbs) was not
used by A. deorum. Second, because M. sanguinipes voluntarily consumed 1.8
times more of the available grass in the trials than A. deorem, this means that
45% of the grass that M. sanguinipes found acceptable was found unacceptable
by A. deorum. Therefore, the relative abundance of exclusive food resources for
M. sanguinipes should be 56% of its total foed ([0.8 x §.45 + 0.2] x 100%); the
regression estimate was 419 (table 2: 2.3/5.7 » 100%).

Relative resource availabilities can be converted into relative carrying capaci-
ties by scaling the availabilities by the grasshopper's relative consumption, as-
suming that consumption is related to food requirements {e.g., C,/C;; see above).
Because (1) an A. deoram individual consumes half as much as an M. sanguinipes
individual (C./C, = 1/2), (2) M. sanguinipes shares 53% of the grass with
A. deorum, and (3) grasses constitute 80% of the plant biomass, the grass special-
ist, A. deorum, is expecied to have a carrying capacity that is 88% of M. san-
guinipes's (B0% x 0.55/0.5). The regression analysis indicated & value of 86%
(table 2: 10096 = 4,9/5.7).
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Retarive Abundances of Grasshopper Species

Relative abundances of grasshopper species in sweep samples from the field
indicated that the two species constituted 80.0% + 8.1% (= 8D, N = 3) of all
grasshoppers in 1991, with M. sanguinipes being most abundant (> 60%). The
competitive equilibrium between the (wo species in the experiment {intersection
of the twe isoclines, fig. 2) showed that M. sanguinipes constituted 68% of the two
species, which was not significantly different from the observed values (73.0% =
7.5%, = 8D, N = 3; ¢ = 0.60,df = 2, P < .70 with arcsine transformation).

Even though the experimental treatments excluded predators, the concordance
between experimental results and natural relative abundances suggests that pred-
ators were not important for these grasshoppers at this sife, which has heen
documented elsewhere (Belovsky et al. 1990; Belovsky and Slade 1993). Although
parasitoids {dipteran and nematode) were not excluded from the experiment {but
the adult grasshoppers could become parasitized prior to stocking in the cages),
parasitoids were not abundant and did not appear to affect these grasshoppers’
populations at this site (parasitism < 5%: Belovsky 1991: M. Lietti de Guibert,
I. B. Slade, and G. E. Belovsky, unpublished manuscript).

CONCLUSTION

On the basis of the experimemal resulis and their agreement with observed
relative abundances, competition coefficients, and resource availabilities in the
field, the two grasshopper species appear to exploilatively compete for food. This
interspecific competition would appear o operate by one species’ (Ageneolettix
deorum) having its food resources completely included in the wider range of food
resources used by the other species (Melaroplus sanguinipes}, that is, by having
an included niche. It has also been suggested that competition between these two
species occurs at other sites (Mulkera 1980 J. R, Moarehead, personal communi-
cation),

Interspecific competition with an inciuded niche has been suggested by field
studies (e.g., Miller 1964, 1967, 1968; Cameron 1971; Colwell and Fuentes 1975;
Rusterholz 1981; Schaffer et al. 1983: Gilbert 1985; Beanett 1990) but has never
been quantitatively demonstrated as it was in our study. The included niche
scenario s generally considered to be rare, since the species with the included
niche is perceived 10 be vulnerable to competitive exclusion. However, the grass-
hopper that has the included niche, A. deorum, is very common thronghout much
of North America and frequenily reaches pest densities in the presence of
M. sanguinipes (Pfadt 1989).

Theory indicates that species with an included niche must be supericr competi-
tors on the shared resources to coexist (Hutchinson 1957; Miller 1967; Schoener
1974b), which we observed. However, this is not sufficient 1o ensure coexistence,
since the species with exclusive resources might achieve sufficient density solely
on exclusive resources to outcompete the included niche species numetically,
even when the latter is competitively supericr on a per capita basis {Schoener
1974p}. This was not observed in our study, since M. sanguinipes’s carrying
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capacity, even though greater than A. deorum’s, was not so much greater that
M. sanguinipes was able to excluode A. deorum_frgm t_he shared resource. 4
Lotka-Volterra competition models do not dl;tlngulsh between exchtls_we an
shared resources, Therefore, the above numerical effects on _Cf)mpetltl??e out-
comes are often ignored by theory based on these mt_)dels. Empirical studies th]:u
estimate competition coefficients, in light of Lotka-V olterra-based theory, as t t?
change in one species’ numbers divided by' the abunc}ance of the other species
numbers can produce estimates that vary with cxljrnpemor abundance (frequency-
dependent competition coefficient}. The CG]lCll..lSlC?n of frt‘:quean dependence can
be misleading if the competition occurs exploitatively with s_h_ared and c_xcluswe
resources. With shared and exclusive resources, the competition f:oef'ﬁqems are
constants; however, nef competitive effect depends on the competitor’s numt?els(;
its competition coefficient on the shared resource, and the abundances of shar

and exclusive resources.
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