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Concepts of "specialization" and 
"generalization," which underlie many 
theories of ecology and evolution, have 
been applied to a broad array of process- 
es at different biological levels (such as 
phenotypic characters of individuals, 
ecological properties of populations or 
species, adaptations associated with ma- 
jor phylogenetic radiations). The termi- 
nology itself is often extremely useful 

ly, behaviorally) than individuals from 
generalized species and that these prop- 
erties are possessed by species through- 
out their entire geographical ranges. 
These assumptions have the important 
corollary that specialists are more ef- 
fective competitors than generalists, and 
hence they lead to predictions about pat- 
terns of resource use and competitive ex- 
clusion among species in a community. 

Summary. Many herbivorous insects have generalized diets over the species' en- 
tire geographical ranges but they function as specialists with restricted diets in local 
communities. Local feeding specialization can be produced by biochemical, behavior- 
al, ecological, and evolutionary processes. Much evidence is incompatible with the 
widely held assumptions that diet breadth is a species characteristic and that special- 
ization among herbivorous insects implies greater efficiency and less niche overlap. 

and even difficult to avoid, but the con- 
cepts and their assumptions are not nec- 
essarily identical in all the various us- 
ages. 

In this article we emphasize mecha- 
nisms afecting ecological specializations 
at the population level and evaluate the 
concepts of specialization and general- 
ization in the light of accumulating evi- 
dence from natural systems. We test 
some widely held assumptions about 
specialists by analyzing patterns of re- 
source use in populations of herbivorous 
insects and discuss ways in which eco- 
logical specialization may arise. We con- 
clude that there are many different mech- 
anisms leading to dietary specializations 
and that, within overall phylogenetic 
constraints, specialization is often a flex- 
ible attribute of a population that is re- 
sponding to features of its particular 
community, rather than an attribute of a 
species throughout its geographical 
range. 

It is frequently assumed both that indi- 
viduals from specialized species are 
more efficient (for example, metabolical- 
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Slobodkin and Sanders (I) state, for in- 
stance, that a specialist exploits its par- 
ticular environment better than do close- 
ly related generalists, and MacArthur (2) 
says that greater efficiency and the con- 
sequent division of labor is the "ultimate 
reason we have so many species." More 
recent work continues to assume greater 
efficiency and competitive ability of spe- 
cialists (3). 

These assumptions have been applied 
to herbivorous insects because of the 
high degree of chemical distinctiveness 
of many plant species used as food (46) .  
The argument is that herbivores feeding 
on a variety of plants must be able to tol- 
erate, detoxify, or possibly metabolize 
an array of qualitatively different chem- 
icals that have potentially deleterious ef- 
fects. Maintaining the metabolic machin- 
ery for dealing with such an array may 
involve biochemical and physiological 
costs that reduce the efficiency with 
which a generalized herbivore can pro- 
cess its food. Therefore, analysis of 
mechanisms affecting specialization and 
efficiency of food use by herbivorous in- 
sects provides a strong test of the as- 
sumed correlation between these charac- 
teristics. In a broader context, consid- 
eration of specialization as a local phe- 
nomenon affects the framing of questions 

SCIENCE, VOL. 211, 27 FEBRUARY 1981 0036-807518110227-0887$01.7510 Copy 

about interactions between herbivores 
and their food. This applies to both eco- 
logical and evolutionary processes and 
their interpretations in terms of commu- 
nity organization and structure. 

Definitions 

Specialists and generalists intergrade 
in a continuum of patterns of resource 
use, and this is reflected in the diverse 
definitions of various authors. Special- 
ization may mean simply that a species 
uses a relatively narrower portion of a 
resource spectrum than a generalist (7); 
Maynard-Smith (8) suggests that special- 
ists use only one or "a few" resources, 
while Rosenzweig (9) distinguishes be- 
tween specialists and "extreme" spe- 
cialists. Kogan (lo), Slansky (II), and 
Futuyma (12) define species of herbivo- 
rous insects as specialists if they con- 
sume plants within one species, one ge- 
nus, or one family, respectively. These 
diverse and frequently vague definitions 
raise conceptual and methodological 
problems. Clear, consistent distinctions 
between the two groups are required to 
test predictions about the properties of 
generalists and specialists or about their 
roles in community dynamics. 

We were forced to deal with defini- 
tions of specialization when we began 
comparing data that each of us had col- 
lected on phytophagous insects on Eu- 
calyptus, the dominant genus of trees in 
Australia (13). On a continental scale the 
insects might be called specialists be- 
cause they eat plants only within one ge- 
nus. On the smaller scale of their geo- 
graphical ranges, many species could be 
considered generalists because they feed 
on numerous eucalypt species (14-17). 
But when a local community is consid- 
ered, many of these same species could 
be regarded as specialists because they 
feed only on a subset of the eucalypts 
available at that site (Table 1 and Fig. 1) 
(18). Thus, geographical scale as well as 
taxonomic level is important in identi- 
fying the degree of specialization and for 
making inferences about ecological prop- 
erties of individuals, populations, or spe- 
cies. 

Much of our recent work dealt with 
the question of whether herbivores se- 
lected among species of eucalypts locally 
and whether they functioned as special- 
ists within each community. The defini- 
tion of specialization that we use stresses 
the number of plant species that a her- 
bivorous species eats locally. We define 
as local specialists herbivorous species 
that, over their entire geographical 
ranges, are generalized in the sense of 
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Table 1. Distribution of herbivorous insects among three species of codominant Eucalyptus in 
the Snowy Mountains, New South Wales (22), expressed as percentage of insect species and 
percentage of insect individuals in each category. Two operational definitions of "specialists" 
are (i) 2 90 percent of individuals on one host species, which includes the most extreme pos- 
sible definition of (ii) 100 percent of individuals on one host. The latter group consists mainly of 
rare species. Both definitions are presented in this table. While neither the geographic nor host 
ranges of most of these insects are known, available data suggest that many common insects at 
this site utilize other Eucalyptus spp. elsewhere. "Generalists" were defined as those species 
roughly randomly distributed among the three potential hosts (5 70 percent of individuals on 
one host with no obvious preferences among the other Eucalyptus). Half of the trees present 
were E. paucgora, with approximately 25 percent in each of the other species. Only those 
herbivorous species encountered at least four times during the survey are included. An addi- 
tional category, not included, are those herbivores with rel~tively large populations on two 
hosts: these represented 35 percent of the species and 47 percent of the individuals collected. 
Note that E. stellulata is used by more "local specialists" than the other Eucalyptus. 

Percent of species 
that are 

Percent of individuals 
in species that are 

Insect Insects 
Species of spe- Local col- Local 
host plant ties specialists Local lected specialists Local 

gen- gen- 
(No.) 2 9 0  100 eral- (No') 2 9O* 100 eral- 

per- per- ists per- per- ists 
cent cent cent cent 

E. paucijora 4 1 15 10 27 1057 8 3 2 1 
E. perriniana 3 1 32 19 35 1044 48 8 10 
E. stellulata 49 51 29 22 1701 50 8 10 

Total number 80 41 24 11 3802 1429 253 490 
Percent of total 51 30 14 38 7 13 

"Does not include the few individuals on other Eucalyptus spp. 

feeding on a variety of plant species, but 
which have much more restricted diets 
within particular communities. Our ob- , 

jective is not to define a new category of 
specialists but to emphasize the impor- 
tance of scale. Indeed, it is likely that lo- 
cal specialization is a common property 
of generalized herbivores. Other con- 
cepts such as "choosey generalists" (19) 
and "ecological monophages" (20, 21) 
are similar to local specialists but do not 
emphasize how herbivores function in 
communities. 

Local Specialization 

For any population, factors leading to 
"local specialization" (Table 2) need not 
be mutually exclusive, and interactions 
between factors are quite likely. Further, 
separate populations of a herbivorous 
species may be "local specialists" for 
very different reasons. 

It is often difficult to tell from the 
available descriptions which mecha- 
nisms influence selection of host plants 
in a particular situation, either because 
all possible alternative mechanisms are 
not examined or because data are not 
presented in ways that allow mecha- 
nisms to be recognized (for example, po- 
tential host plants that are rare or not 
used locally are not mentioned). Local 
specialization can most easily be detect- 
ed by obs'ervations of variation in spatial 
or temporal patterns in the use of host 

plants. However, recognition of these 
patterns of local variation usually de- 
pends on extensive knowledge of the 
herbivore's diet in other parts of the spe- 
cies' range, and in different seasons. 

Restricted Number of Usable Plants 

Spatial variation. A list of host plants 
compiled for an insect species over its 
geographical range may be long, but lo- 
cally only one or a few host species may 
be present. For example, the lycaenid 
butterfly Plebejus icarioides occurs 
broadly over the region west of the Great 
Plains of North America, while the geo- 
graphical ranges of most of its 28 host lu- 
pines are much smaller (22). Similar pat- 
terns are found for some of the chrys- 
omelid beetles and sawflies eating Eu- 
calyptus in Australia (14, 16, 18), 
Heliconius butterflies feeding on Passi- 
flora species (20, 23), and bruchid 
beetles using legumes in Central Ameri- 
ca (24,25), aphids feeding on goldenrods 
(Solidago) in Canada (26), and potato 
beetles on solanaceous plants in North 
and Central America (27). 

Even in one geographical area, a her- 
bivore may occur in more habitats than 
any particular food plant species and so, 
within any one habitat, may be more spe- 
cialized than a list of all potential food 
plants in the area would indicate. For in- 
stance, in Guanacaste Province, Costa 
Rica, one bruchid beetle species uses 

one legume on ocean dunes and another 
in freshwater marshes (25). 

Temporal variation. At any site, rela- 
tive food availability may change season- 
ally because plants develop at different 
rates; hemipterans, such as Lygaeus 
equestris and some mirids (28), feed on a 
variety of host plants each year, but only 
on one or a few species at a time since 
the plants are not all available simultane- 
ously. In addition, population dynamics 
and phenology of the herbivores often 
varies among sites because of local pat- 
terns of plant availability. A good ex- 
ample is oviposition in the checkerspot 
butterfly Euphydryas editha. The quali- 
ty of host plants varies among sites dur- 
ing the flight season. At one site more 
eggs were laid on Orthocarpus densiflo- 
ras, which had younger tissue, than on 
senescing plants of Plantago erecta; at a 
nearby site, females avoided the flower- 
ing Orthocarpus and laid 98 percent of 
their eggs on Plantago. Larvae could 
complete development successfully on 
either host (29-31). 

Temporal variation in host plant avail- 
ability is sometimes caused by the herbi- 
vores themselves. Very polyphagous 
species, such as the gypsy moth and 
some grasshoppers and locusts (32), 
have distinct food plant preferences but 
may feed on less preferred plants after 
they destroy primary host species. Lo- 
custa migratoria, for instance, has dis- 
tinct preferences among grasses and 
strongly prefers grasses to dicots, but 
eats dicots in nature after consuming the 
available grasses (33). 

Local availability also may change 
over longer time spans, due to succes- 
sion, introduction and extinction of spe- 
cies, variation in relative abundance be- 
tween years, and human interference. 
Data on altered food habits after in- 
tentional or accidental introduction of 
plants indicate how food usage can be 
modified when new usable species be- 
come available. Native insects use in- 
troduced plants such as cacao and sugar- 
cane in tropical areas, Pinus radiata and 
Hypericum perforatum in Australia, and 
Eucalyptus in Costa Rica and Brazil (20, 
34). If such rapid changes in host plant 
use follow human interference, presum- 
ably similar changes can occur under 
natural conditions. 

Restricted Use of Several 

Potential Host Species 

In contrast to the previous examples, 
several potential host plant species may 
be available simultaneously within a 
community, yet the herbivores do not 
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eat them all. Proximal mechanisms of in- 
sect choice, such as the secondary chem- 
istry or nutrient content of individual 
plants, have been extensively described 
(35). However, responses of individual 
insects may be greatly modified by char- 
acteristics of the community such as the 
relative and absolute densities of host 
and nonhost plants, the dispersal pat- 
terns of the insects, the presence of other 
herbivores, or the effects of abiotic fac- 
tors (36-38). Use of particular plant spe- 
cies may differ even among communities 
with identical lists of potential hosts. In 
this section we discuss ways that diets 
vary, whether the insects' preferences 
are fixed so that flexibility in food choice 
is eliminated, or whether preferences de- 
pend on properties of the local commu- 
nity. 

Fixed preferences. If inherent prefer- 
ences for food depend solely on charac- 
teristics of host plant species and are not 
modified in the context of local commu- 
nities, then there should be a consistent 
rank order of choices made among plants 
in different local communities, provided 
that there is no local genetic dif- 
ferentiation of the herbivores or geo- 
graphical variation in host plant traits. 
Such a mechanism of host selection 
might be recognized if one plant species 
is used whenever it is available, while 
another is used only in the absence of 
other acceptable hosts. Examples of in- 
flexible preference may be the butterflies 
Plebejus icarioides and Glaucopsyche 
lygdamus, which deposit eggs on lupines 
depending on the relative density of pu- 
bescence; Plebejus selects the most pu- 
bescent of the locally available lupine 
species, whereas Glaucopsyche selects 
the least pubescent lupines (22, 39). In 
cases such as these, the characteristics 
of the rest of the community can be ig- 
nored. 

Changing preferences. We found 
many examples where the preference 
ranking of different food species changed 
locally, and depended on the local popu- 
lation or community context. Some gen- 
eral sources of variation in food plant se- 
lection (Table 2) are as follows. 

1) Behavioral patterns of herbivores 
may explain modifications of host plant 
use. One commonly suggested behavior- 
al pattern called the "Hopkins Host-Se- 
lection Principle," proposes that females 
preferentially lay eggs on the plant spe- 
cies on which they themselves devel- 
oped (40, 41). We found no clear ex- 
amples to support this hypothesis; on the 

Euphydryas editha are not influenced by 
larval food (17,29,42) .  However, some 
lepidopteran larvae select food species 
which they ate during earlier instars (43- 
46). 

2) Selection of a host plant may have a 
strong genetic basis controlled by only 
one locus or polygenic region, so that 
shifts in preferences for particular host 
plants can be very rapid. This has been 
shown for Rhagoletis pomonella, a te- 
phritid fruit fly whose feeding patterns 
have altered to include introduced apples 
and cherries (47, 48). Populations on 
these new host plants appear to be "sib- 
ling species" that do not interbreed with 

contrary, experiments showed that adult 
beetles of Leptinotarsa decemlineata 
and Chrysophtharta m-jiuscum , and 
adult butterflies of Papilio machaon and 

the parent population and now have mor- 
phological differences that distinguish 
them from forms on the original host 
plants. These changes occurred within 
one or a few generations and seem irre- 
versible, reflecting intense natural selec- 
tion for different demographic character- 
istics and patterns of oviposition associ- 
ated with temporal differences in fruiting 
between the original and new host plants 
(48). Local populations of Euphydryas 
editha show different oviposition prefer- 
ences in the field, apparently as adapta- 
tions to local patterns of predation and of 
relative abundances, quality, morpholo- 
gy, and phenology of the plants (29,491. 
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Fig. 1. Herbivorous insects may cause exten- 
sive damage to Eitcalyptrts trees ( A ) .  Both the 
veevil Rochiodes granrrl(fer (B) and the 
hrysomelid beetle C'hnsophthnrtn n~ricolr i  

rences and IS specialists on E~ica!\~ptrrs perrinint~n in a 
ninant euc; es in the Snowy Mountains, eating buds and 

young leaves, respect~vely (12). However, C. a ~ r i c o l a  was one of the most generalized beetles 
in local communities near Canberra, and feeds on many eucalypt species over its geographical 
range (18. 21). Clirysophtharfo m-frrscrim (D) uses relatively few eucalypts both locally and 
throughout its range, concentrating on species with a particular leaf morphology (21). For many 
beetles, most damage is done by larvae, such as the unidentified chrysomelid (E) feeding on 
leaves and buds of E. pa~tciflorci. 
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In laboratory experiments, females from 
different populations preferentially laid 
eggs on the main host plant used for ovi- 
position where they were collected, re- 
flecting microevolutionary differentiation 
among populations (29). 

Differences in the abilities of local 
populations to use particular food plants 
also may be genetically based. In Austra- 
lia, larvae of the butterfly Papilio de- 
moleus from New South Wales develop 
successfully on Citrus, whereas the same 
plants are toxic to larvae from popu- 
lations in Queensland (50). Hsiao also 
has recently demonstrated differentia- 
tion in populations of potato beetles 
(27). 

In some systems, then, choice of ap- 
propriate food plants appears to have a 
major genetic component sensitive to 
such selective pressures as host phenol- 
ogy and community composition, both of 
which may have considerable regional 
variation. In addition, there may be in- 
teractions between behavioral and ge- 
netic responses to food since hybrid 
progeny of monophagous tephritid gall- 
flies oviposited on the plant species on 
which they had been reared, although in 
the following generation the conditioning 
response was much weaker (47). 

3) Direct or indirect effects of com- 
petitive interactions with other herbivo- 
rous insects may alter the use of particu- 
lar food plants. For example, Euclayptus 
stellulata is normally severely attacked 
by many species of leaf-eating and sap- 
sucking insects but not by the sawfly 
Pseudoperga guerinii , apparently be- 
cause the leaves are too small for sawfly 
females to grasp during oviposition. 
However, when competition by other in- 
sects was reduced by applying a contact 
insecticide, the leaf size of E. stellulata 
increased (possibly because the numer- 
ous phloem feeders no longer interfered 
with leaf development), and P ,  guerinii 
readily oviposited on them (51). Pseudo- 
peraga guerinii normally oviposited on 
young leaves of E. pauciflora that are 
17.5 1 4.4 ( 1  standard deviation) milli- 
meters wide (Fig. 2) (51). Changes in the 
use of host plant species due to inter- 
specific interactions have seldom been 
studied intensively, but are assumed to 
have occurred in the evolutionary his- 
tory of many insects (52). In one of the 
few studies specifically examining com- 
petitive interactions, however, Rathcke 
(53, 54) demonstrated overlap in species 
of plants used by stem-boring herbi- 
vores, and presented evidence that there 
was no direct competition among spe- 
cies; the one instance of competition was 
by aggression, rather than exploitation of 
the same food. 

Table 2. Factors influencing "local special- 
ization" of herbivorous insects. 

Number of usable plants restricted locally 
In space 
In time 

Several potentially acceptable plants avail- 
able; herbivores do not use all of them 

Preferences fixed 
Preferences change locally 

Herbivore behavior 
Genetic variation among herbivores 
Competition among herbivores-inter- 

specific or intraspecific 
Changes in abundances of host and 

nonhost plants 
Changes in plant quality-phenotypic 

or genotypic (or both) 
Others 

Intraspecific competition due to high 
insect densities or low plant abundances 
may increase the number of plant species 
that are used. Both the psyllid Cardias- 
pina albitextura and the sawfly Perga af- 
finis use additional sympatric Eucalyptus 
species when oviposition sites on the 
normal hosts are saturated, although oth- 
er eucalypt species in the same commu- 
nities are never used (16, 55). Eu- 
phydryas editha larvae may move onto a 
secondary host after their main food 
plants senesce or are defoliated (30, 56), 
and the breadths of diets of the butter- 
flies Papilio indra and P. rudkini both in- 
crease when food is scarce (57). How- 
ever, many insect species migrate when 
oviposition sites are saturated, rather 
than increasing the number of food spe- 
cies used locally (31, 58). 

4) The co-occurrence of both poten- 
tial host and nonhost plants may influ- 
ence species of plants chosen within a 
community. Some nonhosts may be re- 
pellent or they may mask odors or other 
characteristics of plants that herbivores 
use to identify hosts (37, 38); for in- 
stance, the use of collards by the flea 
beetle Phyllotreta cruciferae decreased 
when nonfood species grew nearby (59). 
Other nonhosts may be attractive, and 
by luring herbivores away from the nor- 
mal food species may reduce grazing 
pressures on the host plants; the attract- 
ant plants often do not support insect 
growth (37). 

The relative densities and patch sizes 
of host and nonhost plants are important. 
Larger patches of food plants may be lo- 
cated more easily by ovipositing females 
(59-61); however, females of some other 
species select isolated plants or those 
near the edge of a dense clump for ovipo- 
sition (62). 

5) Insects distinguish among plants on 
the basis of qualitative differences in 
traits such as secondary chemistry, 
phenology, nutritional and morphologi- 

cal features (for example, plant size or 
leaf shape), as well as site conditions 
such as temperature, humidity, and 
shade. Damaged or diseased trees are 
more attractive to pine bark beetles than 
are healthy trees (63), while eruptions of 
psyllids on eucalypts and spruce bud- 
worm on spruce may in part be re- 
sponses to changes in leaf amino acids in 
drought-stressed or old leaves, respec- 
tively (64). Recently, Edmonds and Al- 
stad (65) presented data suggesting rapid 
selection for demes of scale insects on 
individual pine trees, probably in re- 
sponse to differences in terpenoid chem- 
istry. 

6 )  Several other factors have been 
shown to influence usage of host species, 
but to date have received less attention 
than those mentioned above. This does 
not mean that they will be less important 
in determining local specialization. For 
example, the presence of nonherbivo- 
rous animals-predators, parasitoids, 
mutualistic species-may determine not 
only abundance but also species of host 
used. Predators may occur only on cer- 
tain plant species [possibly because of 
attraction to plants with extrafloral nec- 
taries (66)], or on plants growing in a re- 
stricted portion of the habitat, such as 
ants on Pedicularis in the shade (29). ~, 

Ants also may transfer eggs or larvae 
from one plant species to another and in- 
crease the numbers of host species used 
by larvae (22, 23, 67). 

Finally, diet breadth may be related to 
predictability of abundances or distribu- 
tions of potential hosts, often reflecting 
differences in climatic predictability. 
Several species of butterflies, grasshop- 
pers, and Drosophila, for instance, use 
fewer hosts in more predictable habitats 
(54, 68), which agrees with some com- 
mon predictions of foraging theory (I, 
69, 70). However, acridid grasshoppers 
living on spatially unpredictable plants in 
a tropical rain forest were very special- 
ized (71). 

Discussion 

Community implications. Over their 
entire geographical ranges some herbivo- 
rous insect species include more host 
taxa in their diets than others. Herbivo- 
rous species restricted to a single host 
plant species [true monophages (72-74)] 
are found in all major groups (75, 76), but 
the majority of species studied do not 
have such restricted diets (4, 5,  10-12, 
34, 73). The evidence presented in this 
article shows that, for many species, the 
observed breadth of diet is not a consist- 
ent property of the species over its whole 
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range, but instead local restrictions on 
resource use may be caused by a variety 
of ecological, chemical, morphological, 
or genetic factors acting in the context of 
local communities. Consequently, an in- 
dividual's proximal physiological re- 
sponses to plant characteristics are not 
sufficient to predict resource use in the 
field. 

Discussions of chemical coevolution 
between plants and herbivores have em- 
phasized the usefulness of defining spe- 
cialization in terms of higher taxonomic 
categories (usually families) that an in- 
sect species uses over its entire geo- 
graphical range, since taxonomic affinity 
can be a good predictor of general pat- 
terns of host use (3, 4, 10-12, 77). How- 
ever, knowledge of the numbers of spe- 
cies, genera, or families of plants used by 
a herbivorous species as a whole may 
provide little information about local use 
of food or effects of the herbivore on the 
plant community. The ecological effects 
of a herbivore eating a number of plant 
species from several families may be no 
different, in terms of community dynam- 
ics, from the effects of a species eating 
the same number of closely related 
plants. The species of host plants re- 
spond independently to- grazing pres- 
sures because they belong to different, 
noninterbreeding gene pools. The degree 
of relatedness between the plants does 
not influence the dynamics of the out- 
come per se. 

Population dynamics of strictly mo- 
nophagous species and of those herbi- 
vores that are locally monophagous be- 
cause only one potential host species is 
available are very sensitive to changes in 
the abundance of their food plants. The 
dynamics of local specialists that have 
the opportunity to consume more than 
one type of host will be more buffered: 
for example, herbivores could switch to 
other potential food species if their pre- 
ferred items become scarce. Depending 
on the competitive interactions among 
the hosts and the i.mpact of grazing on 
the plants' fitnesses, feeding patterns 
could influence community diversity. 
Community consequences of feeding 
preferences among herbivorous insects, 
such as changes in plant species compo- 
sition, have been demonstrated in such 
natural communities as subalpine Eu- 
calypius forests (78), and by the in- 
troduction of herbivores for biological 
control of weeds (79): analogous con- 
sequences have been dealt with exten- 
sively in studies of predator-prey inter- 
actions (80). 

Feeding eficiency. Since there are 
many reasons for restriction of diet, we 
question the assumption that the major 

Fig. 2. Female Psrritk)pr,r~n q ~ r c ~ r i r i i i  o v i p o ~ i t  
in le:~ves and later protect their youns Iarv:ie 
from predators. Leaf width is critical f'or oviposi 
lay eggs 120). ( A )  The  female is positioned above 
postrlre of a female over  yotins larvae. 

evolutionary reason for the existence of 
specialization among herbivores is an in- 
crease in feeding efficiency (4, 6, 41, 81, 
82). For herbivores, efficiency often re- 
fers to an animal's ability to digest and 
assimilate food. Species that feed on tax- 
onomically diverse host plants (family 
generalists) encounter a broader range of 
defensive compounds than those feeding 
within one family (family specialists) 
since related plants typically contain 
similar chemicals (4, 6, 83). It is com- 
monly assumed that a herbivore must 
commit more of its resources for toler- 
ance or detoxification if it encounters a 
variety of very different defensive com- 
pounds, so that herbivores using diverse 
arrays, or greater numbers, of host spe- 
cies are relatively less efficient at con- 
verting plant biomass to animal tissue 
than are herbivorous species using small- 
er arrays (4, 12, 61, 77). 

These predictions have been tested by 
comparing related herbivorous species 
feeding on different numbers of related 
plants. However, the predictions are not 
supported by the data, which show no 
consistent differences in efficiency (44, 
84, 85). The predictions have also been 
tested for herbivore species feeding on 
different numbers of plant families, and 
initially were supported by evidence that 
lepidopterous larvae of species which 
feed on many plant families have higher 
levels of general-purpose detoxification 
enzymes in their midguts than larvae of 
species feeding only on one family (82). 
However, larvae of the armyworm Spo- 
doptera eridania, a species using plants 
from many families, grew as well as lar- 
vae of the more specialized cabbage but- 
tertly Pieris rapae (restricted to cruci- 
fers), when they were both fed leaves 
with concentrations of sinigrin typically 
found in crucifers (45). This result is con- 
sistent with the observation that detoxifi- 
cation enzymes are inducible and dose- 
dependent (86). Auerbach and Strong 

tion hecauyr females g r a y  leaf margins as they 
a completed egg pod ( see  arrow): ( H )  defensive 

(87) found that beetles restricted to Heli- 
conia species were more efficient at di- 
gesting their food than polyphagous lepi- 
dopteran~ feeding on the same plants, 
but a recent survey of a large number of 
lepidopteran species demonstrated no 
consistent differences in digestive effi- 
ciency between family specialists and 
family generalists, even those feeding on 
plants containing compounds that reduce 
digestibility (85). Thus, to the extent that 
unrelated species can be validly com- 
pared (88), these studies show that re- 
duced breadth of diet is not necessarily 
correlated with increased efficiency of 
feeding. 

Other data comparing feeding of herbi- 
vores on a variety of plants also do not 
support the hypothesis that efficiency of 
resource use is inversely related to the 
variety of defenses encountered. On the 
contrary, differences in feeding and 
growth of the insects seem to depend 
more on the nutritional value of the 
plants, especially water and nitrogen 
contents, than on the taxonomic range of 
plants used by the herbivore (46,85,89). 
Thus, while different species of herbivo- 
rous insects may show differences in 
metabolic efficiency, this need not be 
linked to the range of food plants that is 
used. This does not imply that individ- 
uals within a species have equal feeding 
efficiencies on all their food plants [there 
is much evidence to the contrary (85, 
90)], but only that the length of a species' 
host list is not a good predictor of its effi- 
ciency on acceptable plants. 

Conclusions 

The ecological factors aecting the use 
of different numbers of host plant species 
are presumably also important in the 
evolution of these traits. We have dis- 
cussed several in this article. Additional 
mechanisms exist. As examples, chance 
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local events may eliminate genetic infor- 
mation necessary for recognition or use 
of host plants, and selection for escape 
from predators through mimicry or 
crypsis may reduce the variety of host 
species that is used. Most of these mech- 
anisms require no assumptions about ef- 
ficiency or competitive ability. 

Because of the diversity of mecha- 
nisms leading to different patterns of 
host use in local communities, there is no 
a priori reason to predict that specialists 
will have greater efficiencies or com- 
petitive advantages. This is supported by 
detailed studies testing for differences in 
metabolic efficiency among herbivores 
feeding on varying numbers of species 
(or even families) of plants. Nor does the 
corollary necessarily follow that species 
with more restricted diets will have safer 
niches with less overlap by other spe- 
cies, while those using a greater variety 
of host plants are exposed to more com- 
petitors (91). At least among herbivorous 
insects, species using radically different 
numbers of plant species may be found 
feeding and ovipositing on the same 
plants-for example, on Eucalyptus 
spp., ragweed, Klamath weed, and 
bracken fern (17, 18, 34, 73, 74). In fact, 
among the most extremely host restrict- 
ed group of herbivores yet described, 
116 species of leaf miners shared 18 spe- 
cies of oak, often with several species of 
miners present on the same tree or same 
leaf (92); in another study of the distri- 
bution of lepidopterans within one for- 
est, there was a larger proportion of local 
specialists on tree species with a higher 
faunal load (diversity and abundance) 
than on tree species supporting fewer 
herbivores (76). 

The local context for specialization in 
the use of resources has important impli- 
cations for understanding not only the 
evolution and dynamics of populations 
of herbivores and their host plants, but 
also the dynamics of the whole commu- 
nity. Recent ecological and evolutionary 
theories link arguments about efficiency 
and resource allocation of individuals to 
both optimal selection of resources and 
to the way species are packed into com- 
munities. However. the evidence for lo- 
cal specialization predicts that the out- 
come of competitive interactions and the 
ability of a species to invade or remain 
within a community are not necessarily 
related in any simple way to how individ- 
uals use their resources. 

The extent to which these conclusions 
apply to other systems (93), to other 
phenotypic characteristics of organisms, 
and at other biological levels will depend 
on the context in each case. All argu- 

ments depending on a priori assumptions 
about the properties of specialists should 
be carefully examined to ensure that the 
usage of concepts of specialization at 
any ecological and evolutionary level is 
compatible with appropriate selective 
mechanisms operating within local popu- 
lations. 
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