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new areas of endeavor such as optimal foraging, life
histofy tactics; and coevolution, each of which became
an instant subdiscipline, and then quickly exploded into
a field in its own right.

Plants have played a pivotal role in this transformation.
of ecologicdl thinking. The focal area of greatest interest

Concelved by R.A..Fisherin-1930;,-evolutionary-ecology
had a long gestation time and was not born until the early
-1960s (MacArthur, 1961; Mayr, 1961; Orians, 1962;
Ehrlich and Raver, 1964) In the past 25 years, it has
blossorned into-a"massive discipline that has assimilated
and largely replaced other ecological subdlsmplmes
Although a few people continue to use the terms ‘animal
ecology’.and ‘plant ecology’, the distinction between these
two fields has all but disappeared under the rubric of
evolutlonary ecology.

-Plant biology and evolunonary blology have each
. greatly enriched one another in a two-way flow of
coricepts and information. Although- Darwin (1859, 1862)
ad certainly adopted it, the evolutionary approach was

(Harper, 1961b, 196’7,» 1977). Since then the concept-of

‘plant-animal coevolution, in particular, has greatly

enriched evolutionary thmkmg

. Perhaps because of the very vastness of their subject
‘matter, ecologists until recently have confined themselves

.to-understanding ecologlcal processes in ‘now’ time, or -

ecological time. Consideration of such processes over an

-gréatly increased our understanding of many ecological
phenomena (Pianka, 1986, 1988). Rigorous application
of the theory of natural selection in population biology
was first attempted by Fisher (1930), who can be
considered the founder of evolutionary ecology. So-called”

approach, a long-term or strategic perspective exists (these
“how?’ versus ‘why?’ questions of biology by Mayr,

1961). The eévolutionary approach has opened up whole
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Editor’s note: First published in 1974, Eric Pianka's book
Evolutionary Ecology (Harper & Row) has since become
essential reading for a generation of students of the d1sc1plme

- Now in its fouith edition, Evolutionary Ecology was ‘recently
designated a ‘Citation Classic’ by the Institute for Scientific
Information, having been cited in more than 290 publications
(Current Contents, 20 June 1988)

‘not' imported into plant ‘biology until modern times °

evolutionary timescale has proven profitable and has -

*selection thinking’ has expanded the dimensions of our
understanding: in addition to the traditional mechanistic

" two complementary approaches have been called the.

to evolutionary ecology is plant/animal coevolution .
(Brues, 1920, 1924; Lippik, 1957; Mode, 1958; Ehrlich
and Raven, 1964; Gilbert and Raven, 1975; Thompson,

- 1982, 1986; Futuyma and Slatkin, 1983; Nitecki, 1983;
Stone and Hawksworth, 1986; Rausher, 1988). -

Coevolution has now fragmented into a diverse array of.
subdisciplines of its own (chemical ecology, insect host
range, the impact of parasitoids and predators, seed
dispersal and flowering tactics, to mention a few).
Coevolution refers to the joint evolution of two (or
more) taxa that have close ecological relationships but
do not exchange genes and in which reciprocal selective
pressures operate to make the evolution of either taxon
partially dependent on the evolution of the other (Ehrlich
and Raven; 1964). Coevolution includes most of the
various forms-of population interaction, from competition
to predation to mutualism, but the term is often used-in

' a more restricted sense to refer primarily to the inter-

dependent evolutionary interactions between plants and
animals, especially their herbivores, pollinators, and
dispersal agents (Janzen, 1980). Plants have invented and i
evolved an incredibly wide variety of chemical defenses
against herbivores, including various oils, resins,
alkaloids, nicotine, terpenes, terpenoids, sesquiterpenes,
cardiac glycosides, cyanogenic (cyanide-based)
compounds, mustard gases,- nerve gases, hormone
mimics, ‘and tanmins. This constitutes one of the best
examples of ‘aspect d1vers1ty (Rand, 1967). A plant may

~ evolve a secondary chemical substance that deters the vast

majority of predators, but if a particular herbivore can
in turn evolve a metabolic pathway to detoxify this
chemical deterrent, it can thereby obtain an uncontested

~ food, _supply. Through this kind of coevolution, many * -

herbivores have become strongly specialized on a single
species or a few closely relatéd species of plants (Bhrlich

and Raven, 1964; Benson et al., 1975). In some cases

such specialized - herbivores even use a plant’s toxic
chemicals (often quite volatile and/or pungent) as cues
in locating and/or selecting their host plants. Certain .
herbivores actually sequester plant poisons that in turn
make the herbivore unpalatable or even poisonous to its
own potential predators. Monarch butterflies sequester
cardiac gycosides from milkweed food plants, which
make these insects distasteful te-their own avian predators.
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Other Danaid butterflies and certain moths make double
use of polyuridine alkaloids, which noxious chemicals are
not only sequestered by larvae and/or adults and used for
antipredator purposes, but are also exploited as chemical
precursors in the synthesis of pheromones used in mate
attraction. An arginine mimic, 1-canavanine, present in
many legumes, ruins protein structure in most insects;
however, a bruchid beetle has evolved metabolic

" machinery that enables it to utilize plants containing-

canavanine.

ones. Otte suggest that this differénce may arise from the
difference in mobility between slugs and grasshoppers.

- Other exceptions and problems with the plant-apparency

model are noted by Hay and Fenical (1988). Although
generalizations are difficult to come by and must allow
for exceptions, we need generalizations even if they are
imperfect (Pianka, 1987).

In some cases plants have actually formed cooperative

- relationships with animals that result in their protection

from certain herbivore species. By means of ant removal

Attempts have been made to generalize about the
coevolution of herbivores and plant antiherbivore tactics
(Cates and Orians, 1975; Feeny, 1975, 1976; Rhoades
and Cates, 1976). Rare or ephemeral plant species are

hard for herbivores to find and hence are protected by -

escape in time aqd space (Feeny, 1975, 1976); moreover,
Feeny asserts, Such plant species should evolve a diversity
of qualitatively different, chemically inexpensive,
defenses that should constitute effective evolutionary
barriers to herbivory by nonadapted generalized
herbivores that are most likely to find such ‘cryptic’
plants. However, these same ‘secondary chemicals will
be only minimal ecological barriers to adapted specialized
herbivores, against which the plant’s primary anti-
herbivore tactic is escape in time and space (i.e. not being
found). In contrast, Feeny reasons that abundant and/or
persistent plant species cannot prevent hierbivores from

finding them either in ecological or evolutionary time. -

Such *apparent’ plant species appear to have evolved miore
expensive defenses, including spines, hairs, hooks, and
_ tough leaves of low nutrient or water content containing
large amounts of relatively nonspecific chemicals such
as tannins. These kinds of chemicals constitute so-called
‘quantitative’ defenses, because their effects on herbivores

are dose-dependent. Such plant defenses should pose a.
significant ecological barrier to herbivores, although ,

pethaps only a ‘weak evolutionary barrier unless
supplemented with qualitative chemical defenses (some
plants have both).

Cates and Orians (1975) develop related prechcuons for
early versus late successional plant species. Because early
successional plapts escape from herbivores in space and
time, Cates.and Qrians reason that such plants should
allocate’ fewer -resources to chemical antiherbivore
. defenses than the more apparent plants of later stages in

succession. Thus, early successional plant species should
make better foods for generalized herbivores than later
" successional and climax plant species. Indeed, experi-
mental studies on slug- feeding indicate - that early
successional annuals were significantly more palatable
than later successional species (Cates and Orians, 1975).
Similar experiments with grasshoppers produced .the
opposite result (Otte, 1975); these generalized herbivores
accepted more later successional plant species than early
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experiments, Janzen (1966, 1967) showed that some
species of Acacia deprived of their normal epiphytic ant
fauna are highly palatable to herbivorous insects, whereas
species that do not normally have ants for protection from.
herbivores are far less palatable. Acacias that benefit from
ant protection possess nectaries, pithy swollen thorns, and
nodules (Beltian bodies) that produce nutritious proteins
(see cover illustration). The thorns are hollowed out by

" the ants and used as nesting chambers. These Acacias

thus attract and in turn benefit the ants, providing them
with both food and living space. These plants put matter
and energy into attracting ants to defend their leaves,
rather than into more direct chemical warfare. This
antiherbivore ploy is effective against a broad range of
herbivores, since the ants ferociously attack a wide variety
of both invertebrate and vertebrate herbivores. Ant
protection may also reduce competition with other plants,
as well as provide a measure of protection from fire,
because the ants keep the ground surface clear
immediately around their acacia plant. -

Many plants protect their seeds either by enclosing them
in a toxic matrix and/or by means of a hard shell. Some
seeds are poisonmous. Nevertheless, the high nutrient
content of seeds has resulted in the evolution of effective
seed predators. Predation on seeds may often be heaviest
where they occur in greatest concentrations (such as
acorns underneath a parent oak) because seed predator
populations will generally be largest where the most food
is available (Janzen, 1970, 1971b). As a result, the
probability of an individual seed’s surviving to establish
itself as a plant may often vary inversely with seed density
(actual data on this remain scant and are contradictory).
In"many trees, most seeds fall to the ground near the
parent tree, with a continually decreasing numnber of seeds
ending up at distances farther from the parent tree. As
a result of these opposing processes, recruitment will be
maximized at some distance from the parent tree (Janzen,
1971b), and seedlings will establish themselves in a ‘ring’
around the parent tree at some distance from the tree.
Janzen’s model of seed predation and recruitment may
help to explain the high species diversity of tropical trees,
which suffer heavy seed losses to specialized seed
predators that eat the seeds of particular tree species (it
neglects the question of why there are so many specialized




' fR le of plants in evolutlonary ecology

't'femalesf (Femsmger 1983). These bees are
' £, and may: have allowed the

spec1es Whereas female. ‘glossme bees are not.as
¢ to the plant spec1esthey polhnate as males

i ﬁ'tedﬂ plants in’ gathermg ‘nectar
ably promote outcrossmg

] o_rs,- such as Helzcomus butterfhes
obtam amino- ac1ds frorn the pollen of'

qulres miatter and. energy, attractmg ,
nd-seed dlspersers) has its costs to.

i§ig) its £ a_re usually rlch in, sugars and; :
but contam relatlvely little protein
hpldS too), in contrast pollen

trlents carbohydrates are
lant to produce than ammo




E.R.Pianka

White, 1974), interspecific competition (Harper, 1961a,
. 1961b, 1967; Willson, 1973b), life historical tactics
(Harper, 1966, 1977; Harper and Ogden, 1970; Harper
et al., 1970; Gadgil and Solbrig, 1972; Willson, 1972b),
germination and seed tactics (Salisbury, 1942; Cohen,
1967; Harper et al., 1970; MacArthur, 1972; Venable
"and Lawlor, 1980; Wheelwright and Orians, 1982;
Rathcke and Lacey, 1985), seed dispersal (Smith, 1970;
Janzen, 1983), evolution of floral displays, flowering and
fruiting tactics (Darwin, 1862; Wasser and Price, 1981;

Brues, C.T., 1920. The selection of food-plants by insects with
special reference to lepidopterous larvae. American Naturalist,
54: 313-332.

Brues, C.T., 1924. The specificity of food-plants in the evolution
of phytophagous insects. American Naturalist, 58: 127—144.

Bryant, J.P., 1980a. Selection of winter forage by subarctic
browsing vertebrates: The role of plant chemistry. Annual
Review of Ecology and Systematics, 11: 261—285.

Bryant, J.P., 1980b. The regulation of snowshoe hare feeding
behavior dunng winter by plant antiherbivore chemistry. In
K. Meyers (ed.), Proceedings of the First International
Lagomorph Conference (pp. 69—98). Guelph University

Feinsinger, 1983; Wheelwright, 1985; Stanton et al.,

1986; Galen, 1989), leaf mimicry ( Rausher, 1978;

" Gilbert, 1979), leaf tactics (Parkhurst and Loucks, 1971;
Givnish and Vermeij, 1976; Orians and Solbrig, 1977),
E A;regulatlon of herbivore populations (Bryant, 1980a,
-~ .1980b; Bryant et al., 1983), effects on herbivere growth
rates (Feeny, 1968, 1970), plant-herbivore interactions
"(Fisher, 1958; Gilbert, 1971, 1979, lelson, 1973c;
Caughley and Lawton, 1981; Singer, 1983; Bernays and
Graham, 1988; Hay and Fenical, 1988), the role of
-predation in vegetational diversity (Harper 1969), diffuse
“coevolution (Fox, 1981, 1988; Gilbert, 1980; Janzen,
980) growth form and succession (Horn, 1971, 1974,
.19 a, 1975b, 1976), photosynthetic pathways (Evans,
“1971): indirect interactions (Brown et al., 1986; Fox,
" 1988), tropical tree species diversity (Jones, 1956; Janzen,
1975; Hubbell, 1979, 1980), and community structure
(Whittaker, 1965, 1967; Seifert and Seifert, 1976;
'Lawton 1984, Armbruster, 1986)
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