CHAPTER 7 Community Ecology

sition, for instance) and its position in emjronmemal gradients of temperagyy, 7
ture, pH, soil, and other cundiunn.s of em:’.le‘nce. Thes_e three aspects of the e;:nlms-‘
cal niche can be conveniently designated as the f;paual or habitat niche, the . om_
niche, and the multidimensional or hypervolume mc_he.‘ Consequently, the Ecolgﬂr-,hlc
niche of an organism not only depends on where it lives bz_n also includes Lheglcal
toral of its environmental requirements. The concept of niche is most usefy]
quantitatively most applicable, n terms of di_[fm’nccs between species (or the ‘Sam'
species at (wo Or more locations or times) in one or a few ‘f‘ﬂajor (operauanaﬂe
significant) features. The dimensions most often quantified are niche breadth ang o ¥
overlap with neighbors. Groups of species with comparable roles and niche i
sions within a community are termed guilds. Species that occupy the same el ir;
different geographical regions (continents and major oceans) are termed ecologig

equivalents.

Explanation and Examples

The term habitat is used widely, not only in ecology but elsewhere. Thus, the habity
of the water backswimmer (Notonecta) and the water boatman (Corixa) is the shallow
vegetation-choked area (littoral region) of ponds and lakes; one would go there to col.
lect these particular water bugs. However, the two species occupy very different tro-
phic niches, as the backswimmer is an active predator, whereas the water boatman
feeds largely on decaying vegetation. The ecological literature is replete with ex-
amples of coexisting species that use different energy sources.

If the habitat is the “address” of the organism, niche is its “profession,” its tro-
phic position in food webs, how it lives and interacts with the physical environment
and with other organisms in its community. Habitat may also refer to the place oc-
cupied by an entire community. For example, the habitat of the sand sage grassland
community is the series of ridges of sandy soil occurring along the north sides of
rivers in the southern Great Plains of the United States. Habitat in this case consists
mostly of physical or abiotic complexes, whereas habitat for the water bugs men-
tioned previously includes living and nonliving objects. Thus, the habitat of an or-
ganism or group of organisms (population) includes other organisms and the abiotic

* The concept of ecological niche is not so generally understood outside the field
of ecology. Terms such as niche are difficult to define and quantify; the best approach
is to consider the component concepts historically. Joseph Grinnell (1917, 1928)
used the word niche “to stand for the concept of the ultimate distributional unit,
within which each species is held by its structural and instinctive limitations . . . 70
two species in the same general territory can occupy for long identically the same
ecological niche.” (Incidentally, the latter statement predates Gause’s experi
demonstration of the competitive exclusion principle; see Fig. 7-2.) Thus, Grinnel
thought of the niche mostly in terms of the microhabitat, or what is now called the
spatial niche. Charles Elton (1927) was one of the first to begin using the term 1
mfhe_sensgofﬂm “functional status of an organism in its community.” Because of E-
19:1& g}'eal mﬂueme on ecological thmkn-% it has become generally accepﬂ;d that
niche is by no means a synonym for habitat. Because Elton emphasized the impo”
tance of energy relations, his version of the concept is designated the trophic niche-

G. E. Hutchinson (1957) suggested that the niche could be visualized 253 ™"
dimensional space or hypervolume within which the exvironment permits an
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me” when the species is not constrained by competition

_ i ractions—and the realized niche—a smaller hypervol-

ume occupied under particular biotic constraints. The concepts of niche breadth and
niche overlap are illustrated in two dimensions in Figures 7-13A and B.

Perhaps a simple analogy from everyday human affairs will help to clarify these
overlapping and sometimes confusing ecological uses of the term niche. To become
acquainted with a person in the human community, one would need to know, first
of all, his or her address, (where she or he could be found). “Address” would repre-
sent habitat. To “know” the person, however, one would want to know something
about his or her occupation, interests, associates, and role in community life. Al this
information would be analogous to that person’s niche. Thus, in the study of organ-
isms, learning the habitat is just the beginning. To determine the status of the or-

o within the natural community, one would ctluaecl to know ‘Sleethmglof its
[ soins specially i ition; energy sources and resource partitioning; relevant
il ]x)ally nssél:hn;:?nn'insicite of increase and fitness; and finally, the or-
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The term guild is often used for groups or clgsters ofspecies‘. such as Maca ur
warblers, that have similar or ('OmPﬂTf‘Ible roles in thc commum[}_;; Root (1967) 4
suggested this definition. Wasps parasiizing a hcrblvore popltllﬁll.on, necm"'“feedjn
insects, snails living in the forest floor litter, and 'ﬂDCS c].lmbmg' mto the canopy &
a tropical forest are all examples of guilds. The guild is a conveme.m unit for g,
of interactions among species, but it can also be treated as a functional unit 1 con,

munity analysis, thus making it unnecessary to consider every species as 4 separqe
mngaminali“n of guilds or species that fail to coexist can illustrate what aspects of
resource use contribute to the competitive exclusion principle. Niche Partitionip,
frequently relates to resource pal’ti!.if)l’ling or resource use. MacArthur and Ley .g
(1967) and Schoener (1983) noted that perhaps the most operational approach 1, the

study of competition and niche overlap is to focus on consumable resources, or B

tors that serve as surrogates for those resources, such as differences in microhabitas
Winemiller and Pianka (1990) have used this approach to identify nonrandom p’at;

terns and clusters regarding the way that species use resources in a guild.

Measurements of morphological features of larger plants and animals can often be
used as indices in the comparison of niches. Van Valen (1965), for example, founq
that variations in the length and breadth of a bird’s bill (the bill, of course, reflects the
type of food eaten) provide an index of niche width; the coefficient of variation in bij|
width was found to be greater in island populations of six species of birds than in
mainland populations, corresponding with the greater niche width (wider variety of
habitat occupied and food eaten) on islands, where competing species are fewer.

Grant (1986) was able to separate feeding niches of Galapagos finches by mea-
suring beak morphology. He found that differences in beak size correlated to differ-
ences in diet. Within the same species, competition is often greatly reduced when dif-
ferent stages in the life history of the organism occupy different niches; for example,
the tadpole functions as a herbivore and the adult frog as a carnivore in the same
pond. Niche segregation may even occur between sexes. In woodpeckers of the ge-
nus Picoides, males and females differ in bill size and in foraging behavior (Ligon
1968). In hawks, some weasels, and many insects, the sexes differ markedly in size
and, therefore, in the dimensions of their food niche.

Both nutrients and toxic chemicals introduced into natural ecosystems can be ex-
pected to alter the niche relations of species most severely affected by the perturba-
tion. In a long-term (11-year) experimental study of the effect of applying N-P-K
commercial fertilizer and municipal sludge to old-field vegetation, W. P. Carson and
Barrett (1988) and Brewer et al. (1994) reported that niche width was significantly
enhanced for summer annuals, especially Ambrosia trifida, A. artemisiifolia, and Seta-
ria faberii, which increased their coverage at the expense of perennials such as Soli-
dago canadensis.

Ecologically equivalent species, which occupy similar niches in different geo-
graphical regions, tend to be closely related taxonomically in contiguous regions, but
HI.E' oﬁe}'l not rt.zlated_'m.nonccnﬁg_uous regions. The species composition of commu-
e differs widely in different floral and faunal regions, but similar ecosystems d&-
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n ecosystem develops wherever there is 2 grassland climate, but the species
grass and grazers may be quite different, especially when the regions are widely SeP°
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Table 7-4

Oncepts of Habitat, Ecological Niche,

and Guil

d 315

Y equivalent
Srassland birgs
m n a Kansas field and a Chilean field

Cquivalent

pair of Spe

Cies

Eastern meado
lark

(Sturnella magn.

Kansag 9"

Red » b reasted

; Mea
(Pezites mifig dowlark
hile

ris),

Grasshopper Sparrow

{Ammodra
mus sayan
Kansas narum),

Yelllow grass finch

(Sicalis luteola),

Chile

Horned lark

(Eremophila alpestris),
nsas

Chilean pipit

(Anthus correnderas),

Chile

Body size
(mm)

236

264

118

125

157

153

Bill length Ratio of bill
(mm) depth to length
3921 0.36
33.3 0.40
6.5 0.60
7.1 0.73
11.2 0.50
13.0 042

Source: After Cody 1974.

Note: In each field the three species differ in feeding niches as shown by dif:ferenf:es‘ in body size‘arfl;:; rbl"
dimensions, but each pair of equivalents is very closely matched morphoiogmglly indicating very air:\he
niches. The meadowlarks are closely related taxonomically, but the second pair are related only at

family level, and the third pair belong to different families.
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Ecological equivalents in three major niches of four coastal zones

of North and Central America
Upper West Uppe: East
Gulf Coast Coas
Tropical Coast
Niche ) ‘
ittorina ziczac L. danaxis, L. irrorata L. littorea
Grazer on ingaﬁid_a;l Littorina b i
raoks:(parwinkes : ' King crab Stone_ crab  Lobster
Benthic camivore S;;%L?B:;er (Paralithodes) ~ (Menippe) {Hom?rus}
( . : Pacific herring, ~ Menhaden, ,:tiapt;;
\ncho i i ermng,
Plankton-feeding figty= Anchovy sardine threadfin o
e ; logical
lian grassland are the eco
saroos of the Austra _ phe
ted by barriers. The large kaﬂﬁ horn of the North American grgssllan ui(\t:alems o
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