Coevolution: Evolving
Interactions among Spectes

bout 750 species of figs—
trees and vines in the genus
Ficus—grow in the tropical
and subtropical regions of the world.
Their unusual inflorescence consists
ol several hundred tiny flowers that
line the inside wall of a hollow
sphere called a syconium {Figure
158.1 and at right). In many species,
the syconium, which eventually ma-
tures into a fleshy fruit that is impor-
tant food for the many birds and
mammals that distribute the fig’s
seeds, contains both female and
male flowers. Almost every species
of fig is pollinated exclusively by a
single species of minute wasp of the
family Agaonidae, and each such
wasp depends on a single species of
fig. The phylogeny of many of the
wasp species matches the phylogeny of the figs they pollinate, suggesting
that the wasps and figs have speciated in parallel—perhaps because they
absolutely depend on ecach other,
The wasp’s behavior is exquisitely adapted to the plant on which it
depends. One or more female wasps enter a syconium of the right fig
species through a narrow opening, bearing pollen in special pockets in
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430 CHAPTER 18

Figure 18.1 A secsion gwough
the syconium of a fig. showing the
many small flowess that line the
chamber and the entry, with
rutrerous bracks throwgh which
femnale pollinator wasps mast force
their way. (Moto © OSF/photols
brarycom)

their legs or thovax. The wasp care-
fully deposits pollen on the stigmas,
deposits ane egg in the ovary of each
of many flowers, and then dies, Each
larva feeds on the developing seed
within a single flower, and as many
as half of the female flowers may
produice vasps rather than seeds By
the nime the wasps develop and
mate with each other within the
syconium, the male flowers have
matured, The young female wasps
gather pollen, exit through ho'es in
the sycorium wall that the male
wasps have dhewed, and fly to other
plants of the same species, to start
their next generation.

This is a rather extreme example
of reciprocal adaptation of species
to each other, but almost all species
have evolved adaptations for interacting with other species. Such adaptations, some of
which are quite extraordinary, have enhanced the diversity of life, and have had profound
effects on the structure of ecological communities.

In this chapter, we will consider Interactions among, species in tevms of thelr effects om
the fitness of individual organisms (001, as 1t some ecological theory, from the viewpoint
of their elfects on population growth). Most of the species with which an individual might
interact can be classified as RESCURCES (used as nutrition or habitat), COMPETITORS (for ve-
sources such as food, space, or habitat), nemis (species for which the focal species is a
congumable resource], or COMMENSALS (Species that profit from but have no effect on the
focal species). [n MUTUALISTIC Interactions (such as the relation between a fig and its wasp),
vach species uses the other as a resource. Some interactions are more complex, often be-
cause they are mediated by o third species. For example, different unpalatable species
of butterflies that resemble ane another may profit from their resemblance because pred-
ators that have learned to avoid one may avoid the other as well (see Figuoes 12.19 and
18.24). Moceover, the nature and strength of an interaction may vary depending on envi-
ronmental condittons, genotype, age, and other factors, There 1s genetic variation, for ex-
ample, in virulence within species of parasites and in resistance within species of hosts.
Some mycorthizal fungl, associated with plant coots, enhance plant growth in infertile
soil, but depress it in fertibe soil, Thuw the selection that species may exert on each other
may citfer among populations, resulting in a “geogmphic mosaic” of coevolution that dif
fers from ane place to another {Thompson 1959)

The Nature of Coevolution

The possibility that an evolutionary change in one specios may evoke a recprocal change
in another specied distinguishes selection in intecspectfic interactions from selection stem-
ming from conditions in the physicol enviromment Reciprocal genetic change in inter-
acting species, owing to natural selechon (mposed by each on the other, is coevolution in
the narrow sense

The term “coevolution” includes several concepts (Futuyma and Slatkin 1963; Thomp-
son 1994). In its simplest form, two species evalve in response 1o cach other (specific co-
evolution). For example, Darwin envisioned predatory mammals, such as wolves, and
their prey, such as decr, evolving ever greater flectness, coch improvement in one caus-
ing selection for compensating improvement in the other, in an “evolutionary arms tace™
between prey and predator (Figure 182A). Guild coevolation, sometimes called diffuse
coevolution (Figure 18.2B), oceurs when several spocwes are involved and their efiecss ane
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and is thereby enabled to proliferate into a diverse clade. For example, Paul Ehrlich and
Peler Raven (1964} proposed that species of plants that evolved effective chemical de-
fenses were freed from predabon by mast herbivorous insects, and thus diversified, evolv-
ing into a chemically diverse arcay of food sources 10 which diffesent insects kiter adapted
and then diversified in fom

Phylogenetic Aspects of Species Associations

Thw term “coevolution” has 4150 been applied to o history of paralhel diversificaton, as
mvealed by concordant phylogenies. of associated onzanisims such as bosis and thuir pace
aites or endosymbionts. Figs and thear pollinators have largely concordant phylogemes,
o do aphids and tive endosymbiotic bacteria (Buchimen) that bve within spocial cells and
supply the essential amino acid tryptophan to thesr hosts (see Figure 14 23C) The phy-
logeny of these bacteria is completely concordant with that of their aphid hosts (ﬁ‘ul\'
18.3A) The simplest interpretation of this pattern is that the
orel aphids dates from the origin of this insect family, that there has been little if any cross.
infection between aphid llnoum m\d that the bacteria have divesged in concert with spe-
clation of their hosts, Howewer, pl e con o is rarely this great. The phy-
logeny of the chewing lice M lnfeﬂ pocla( gophm matches the host ph) logeny faily
well, but there are some mi the h for, o HOST
EWITCIING, of lice from one gopher unngr to nnmhw (Figure 18.31; Hatner et al. 2003)
Discordance b&xwwn phylogenies can arise from several other Causes as well, such as ex-
tinction of p Hneages (Page 2000)

i pumsms diyperse from one host 1o another through the enviconment (as do plant-
feeding insects), they are more likely to shift between host species, ind the phylogenes
are rancly strongly conoordant. Nevertheless, Hyw phylogenics often provide evidence of
ancient assoclations. For example, phylogenetically basal lineages of leaf beetles, long-
hozned beetles, and woevils all foed mostly on cycads or contfers—plant lineages that
crolved before the angiosperms, with which the mare phylogrmﬁcnlly “sdvanced” bee-
thes are associated (Farnell 1995). These beetle lineages therefore ame Jikely 10 have reained
Heir assoclation with cyands snd conifers since the Jurassic. The fossil vecoed also attests
o the govat age of some such associations, for example, late Cretaceous fossils of ginger
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plants show cxactly the same distinctive damayge that §s inflicted on iving gingers by cer-
tain leaf bevtles (subfamily Hispinae) today (Labandeira 2002).

Coevolution of Enemies and Victims

n dering the o of | y change in ies, we will begin
with i lons o and victims: undlhci:pmy parasites and
their hosts, herbivares and theis host plants. and parasites have evolved some
dinary ¥ 'm pruring, subduing, or infecting thewr victims (Figure 18.4).

Dete . can be equally impressive, ranging o Svp-
&pmgswlemmm»mmmd—EMd
both plants and animals (Figue 18 58), 1o the mast ile of all def he verte-

brate immunc system, which can generate antibodies against th ds of foreign com-
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Ay adaptations Lo captune prey or infect hosts. (A) The darss
spane of o deep-sea angler fish (Hisentolephiusy is situated above
mou -ud enedified into o luminescent fishing luve. (B) The ‘.un.‘ ui a
parasitic trematede {Leaochiloridinm} migrobs to the eye seadk of its
ntesmediate host. a land snall, and tums it a bright color to make the
snal more ible to the rext hnnl in the parasite’s life cyde, a srud-
cating bird such as a Hwush (A, T David Shale/ naturephcom; 8, phota

v . Lewis, courtesy: of | \q.,.nw

pounds (sce Figure 19.9). Many such adaptations appear 1o be di-
n,\tud al a variety of different enemies or prey species, so although
to demonstrate adaptations in a predator or 4 prey
species, it is usually difficult to show how any one species has co-
evolved with another,

Theoretically, the coevelution of predator and prey mught take
any of several courses (Abrams 2000): it might continue indefi-
nitely in an unending escalation of an evolutionary arms race
(Dasw and Krebs 1979); it might result in a stable genetic equi-
tibrivm: it might cause continual cydes (or icregular fluctuations)
in the genetic compasition of both species; or it might even lead 1o
the: extinction of one or both species.

An unending arms race is unlikely because adaptations that in-
crvase the offensive capacity of the predator or the defensive ca-
pacity of the prev entail allocations of energy and other onsts that
at some point outweigh their benehis. Consequently, a stable cqui-
librium may occur when costs equal benetits. For example, the
TOXIC SECONDAIY COMPOUNDS that plants use as defenses agamst her-
bivores, such as the tannins of oaks and the terpenes of pines, can
account for more than 10 percent of a plant’s energy budget. Such
Fiegh Jevels of chemical defense are especially typical of slowly growing plant specoes, sug-
zesting that they mmpose economic costs (Coley et al. 1955}, Genetic lines of wild parsmip
Hiwica sating) containing hogh levels of toxic furanccoumanins suffered less altack from
webworms, and maturxd more seeds, than lines with lower levels when grown outd cors;
in the greenhouse, however, where they wese fege from insect attack, the Hnes with higher
levels of furanocoumarins had lower seed production (Berenbaum and Zangerl 1988),
Costs of this kind may explain why plants are not more stron gly defended than they are,
and thus why they are sbil subject to insect attack,

Another kind 0f cast svises if o defense against one enemy makes the prey more vul-
nerble te another. For example, terpenoid compounds ealled cucurbitacins enhance the
resistance of cucumber plants (Cricunees sifrous) to spider miles, but they attract certain
mber-feading keaf boetles {Dacosta and Jones 1971)

i

V" .m.m.az
e
oy \..-1

-

<uc

ITIONT EVOLYING INTERACTIONS AMONG SPECIES

I

Figure 18.5 Examples of defens-
es against predation. (A The cryp-
tcalfy colored X
Uropratys jin,
the floor of its &
Madags 2 1XING i
brilliant blue skin of Deilial
Azureus huve Been put to human
use, as its common nzme of “poi-
son dart frog” i
Wams poten ¥
@ Nick Garbett)/ natusepl
Barry Manse!s/natureplom)
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Al Resistance locui (he )
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Howt geme frequensies

Modeis of ictim coevolut
GENE-FOR-GENE mODELS.  Coevolution of enemics and viclims bas been
moedeled (n several wavs, appropriate to different kinds of characters,
Far example, models of evolution at one or 2 few loci are appropriaste
for gene-for-gene interactions, which were first described in cultivated
flax 6Lmanl lesitatizsimpunt) and fax rust (Melmmpsora Iini), a basid-
iomy gus. Similar sy have been described or inferred in

Tune {6 years)

B3 Infeciviny docus (parasite)

I p

Generatinn

Figure 18.6 A computer simula-
ton of genetic .:h.un,:a. at(A)a
resistance locus in o host and (B an
infectivity locus in & parasite. The
host is diploid and has three resist-
ance afleles; the parssite is haploid
ard has six infectivity alleles. Each
parasite genotype can overcome the
defenses of one of the six host
genotypes (e, parasite 7, can
attack hest HoH, ). Both populstions
rematn polymorphic and fluctuate
irregulardy in 1 composition.
{After Seger ‘gle e

6 gevatypes

several dozen other pairs of plants and fungi, as well as in cultivated
wheal {Iriticunr) and one of its major pests, the Hessian Ay (Muawetiols
destrictor}. In each such system, the host has several loci at which a
dominant allele (R} confers resistance to the parasite. At each of sev-
eral ding loci in the ¢ a allele (#) in-
secuwl‘\'—lhc abdny to infect and grow in a host with & particular R al-
lele {Table 18.1}. If resistance has a cost, any particulir resistance allele
(R,) will decline in freg v when the p ite's corresponding infec-
tivity alleie (i) has high frequency; because R is then ineffective. As
a different R allele (R ) increases in (requency in the host population,
the corresponding mfectivity allele v, inareases in the parasite popula-
tion. According to computes simulations, such frequency-dependent
selection can cause cydles or irregular fi in allele freq; s
(Figure 18.6). [n wild populations of Australian flax, the frequencics of
different rust genotypes fluctuated from year to year (Figure 187} On the whole, highiy
infoctive genotypes—=those that could attack the greatest number of flax genaty pes—oc-
curred in highly resistant Aax populations, and less infective rusts were fourxl in less re-
sistant flax populations (Thrall and Burdon 2003).

QUANTITATIVE TRAFTS.  Coevoluti y models of a defensive polygenic ina
prey species and a conesponding polygenic character (x) in a predator are mathemati-
cally complex and include many variables that con affect the outcome (Abrams 20010). An
important distinction s whether the capture rate of the prey by the predator increases as
the difference (r - ¥) increases (e.5., when the preglalor’s speed is greater than the prev’s)
or clecreases (e.g., if it depends on aclose match behween the size of the prey and the size
of the predator’s mouth) In the former case, mathwinatical analyses suggest that both

:

£ § T Tighly intoctive
TABLE 18.1 GmMmo interactions g 1 ;Jﬁ'm\pn'
between a parasite and its host =5 tesisant

z = pogulation
Parasite Host genotype 2 W Loss infective
genotype Ry—R— R—nn, nnR— 6 nn g "‘"‘""Q\”"

z s -
Vy—lig— - = - - = | [ Popubation
1'.---')2!'1 - = - - 1987 1988 19 1990 1991 1992 -
oty Vi— - + = + Vear
0, T + + B + Figure 18.7 Changes in the (requencies of two phenatypes of Hax

Source: After Frank 1992

Note: In cech spesics, bwa loci, with dominant and recessive alleles
at each locus, cottml resistance fof the host) and infectivity {of tw
parasites A + sigh ndicates that the pammx Benotype can gruw off
resite in infective amd uie hoat
1 the bawst genotype is rosies

a biost wiven genctype (e, the
is susorptbie): the — signs Indicate
ant Lo the porasile gencevpse,

rust over the course of 6 years in Australian populations ot wild
flax. A rust phenotype capable of infecting glost ressstant pheno-
types oﬂhx had high frequencies in a population of plants that
o sesistant to most other rust phenolypes. Ina nearby flax popua-
latiom, in which 80 percont of plants were suscepiible to dve baghly
mfective rusts, a leas infective rust had falry or very high froquon-
ches. {After Thrall and Burdon 2003.)
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Figure 18.8  Computer simulation of coevalution between pres and A
¢ stor i which the optunal predator phenoty pe (e, moutt
e A prey phenotype (e.g., $ize). (A) Evolution of charac
s As o character state diverges fram a relerence value, #s
provents i1 from evolving indefinitely in elther direchion. T
e of the prodator’s characier state lags behind the proy '« (B
s an Jm.‘uu state means may be paratlclod by cycios in
aton denwity, ariging partiv from changes in the match between the
o pcter and the prey’s (Alter Abrama and Matsuda (997.)

spevies will often evalve s the same diection (¢ g, towand greater
spocd), arniving at an equikibriam point that § comined by phys-
whoglcal imits or excessive investment costs, However, suppaose the
capture rate depends on a clase match between ¥ and v, that devi-
ation too greatly in either direction increases the cost of x (or i), and
that ¥ = . Then either ncreasing or decreasing ¢ will unprove prey
sunvival In this case. y will evolve in one or the other diection. and
s will evolve to rack . Eventually ¥ may #volve in the opposite di-
on as its cost becomes too great, and © will evolve likewise
Continung cycles of change in the characterishics of both speces
might result, and these genetic changes may contribate to cyvcles in
population densaty (Figure 135}

cle

Examples of predator-prey coevolution
yet been possible

It has ne

» obtain datas on long-term ceevolution
populations, but there 5 plentiful indirect evidence that
encmies and vichims aflect each othery’
ing the Mesozoic, new, highly effective predators of o
s shell-crushing fishes and crustaceans that could cither crush or
tip shells, evolved The diversity of shell form m bivalves and gas-

o pods then ncieased as various limeapes evolved thicker shells,

hicker masgins of the shell aperture, or spines and other ex
conces that could foil at least some of these predators (Figure 1
i 1987)

i natura

rolusion. For e

v

Lhie rough-skinned newt (Taricke grimwlost) of nocthwestern

N Y Amernica has one of ihe most potont known defenses a;
stion: the neurotoxn retradotoxin (TTX). Most populatiens
wave nigh levels of TTX in the skun (one new? has enough to ki
25,000 Inboratary mice). but a few populations, ~uch as the one «
ncouver Island, have almost none {(Brodie .axd
Reodie 1999; Brodse et al 2002). Populations of the

et

ialts from oulvide o
taogye of this newt have almost no resistance to TTX
Sut populabions ihat are sympattic with toxic newts
teed on them, and can be as much as a hundred

gartor snake Thaacrophis s

that evolved i the Mosozos, prowide prod

inst predators. Spines on the shells of bivalves

£ Jd gastropod.

s trom sw,

may reduce the effectivencss of crushing

wedaniss, (U} The narrow aperture of Cyyps

o e ents predasors from reaching the
wtos by D Mclntyre. )

-
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The most ressstant srake

Figure 1..10 Variation in TTX resistance.
d by crawling speed after injection i
ulnuon to dose, In garter snakes from several
The least resis lation is from
Maine, where e toxic rough-skinned newt
(Tanicha grenulosa) does not occur. Two of the
other nonresistant populations coexist with newt
popuations that lack TEX, The three most resist-
ant populations are sympatric with toxic newt
populations. (After Brodie and Brodbe 1999,
photo © Heak Wallays.)

| —— Turichs
— Farick peseat a0 toxs

times more resistant to TVX thar allopatric popula-

Py T
1

SRRV
[

TTX dose (mass adjusted Mo units)

Figure 18.11  (4) A fledling
European cuckoo (Clculns cawarnsh
Being fed by its foster paceat, 8

yeed warbler (Acrocepdulies seir-
parcens). (B) Mimetic pnl\‘mor-
phism in the cuckoo, left col-
um shows eggs of six spodies par-
a=itieeid by the cuckeo {from top:
robim, pled wagtnil. dumock. ruad
warbler, meadow pi
warbler), The wc(vmy| ol
shows a euckoa egg 1ok in e cor-
responding host's aest. The match
Ie quite close except for cuckos
eas Laid in dunnock nests. The
aght column shows artificial eggs
wsed by reseaschers o 1est rejection
responses, (A £ David K,hen’
natwepleom; B, photo by

Brooke, courtesy of N. B [)(“l&'\)

TS S URT 1]
1o e

PRI tions (Figure 18.10) Similarly, many species of in-

MY sects feed on plants that bear diverse chemical tox-
ins and have evolved a variety of mechanisms of
resistance to those toxins. Plants in the carrot famiby,
for h in toxic fu ins, but the
high actvity of a detoxifying enzyme enables larvae of the black swallowtail butterfly (Pa-
pilio polyxenes) to feed on such plants with impunity (Berenbaum 1983).

Brood-parasitic bitds, such as cowbirds and some species of cuckoos, lay eggs only
in the nests of certain other bizd species. Cuckoo nestlings eject the host's eggs from the
nest, and the host ends up rearing only the parasite (Figun: 18.11A). Adults of host species:
do not treat parasite nestlings any diffecently from their own young, but some host species:
do recognize parasite eggs, and either eject themn or desert their nest and start a new nest
and clutch,

The most striking counteradaptation among brood parasites is egg mimicry (Rothstein
and Robinscn 1993). Each populauun of the Enropean cuckoo {Crcnlies canormis) contains.
several different genotypes that prefer different hosts and lay eggs closely resembling
those of d’mrpmtem:d hosts (Figure 18.11B). Some other individuals lay nonmimetic eggs.
Some host species axept cuckeo eggs, some frequentiy tiect them, and others desert par-
asitized nests. By tmring the fate of artificial cuckoo eggs placed in the nests of various

(a3
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bird species, Nicholas Davies and Michacl Brooke (1998) found that species that ave not
parasitized by cuckoos (due to unsuitable nest sites or feeding habits) tend not to eject
cuckoo cags, whwreas among the cuckoos’ prefermed hosts, those specics whose eggs are
munkched by cuckoos rejected artificial eggs more often than those whose eggs are not
rumicked. These species have evidently adapted to brood parasitism. Moreovet, popu-
latiors of two host species in loeland, where cuckoos are absent, accepted artificial cuckoo
rm whereas in Britain, where those species are favored hosts, they rejected such e

rprisingly, among sultable host species, those that are rarely pmaﬂnzzd by cuckocs did
um differ in discriounatory behavior from those commonly pausmmd Davies and col-
leagues suspect that the rarely parasitized species were more commonly parasitized in
the past, but that their ability to reject cuckoo egus has selected against the cuckoo geno-
types that parasitized these species.

IRbatl & and the Jution of parasite virulence
The wo g chalk thata ite faces are moving itself or its p
hest tn.. Iy ) and & the host’s defenses. Some
P o vertically, from a host parent to her offspring,
a5 in the cue of Wolividiin bacteria, which are transmilted in insects’ eggs A

{see Chapter 15). Other pa are fly among o~
hosts in a population via the external environment (e.g., human thi- wil

o)

vin contact between hosts {e.g., the causes of venereal diseases, such as
the ganorrhea baclunum) or via carnzvs {VICTORS, such as the mosqui-
e Ut the % protist and the vellow fever virus)
The effects of parasites on their hasts vary gmaﬁy Those that reduce
e survival ot reproduction of their hosts are considered virulent. We
ane d here with unds ding the evoluti cy factors that af-
foct thedcg:tc of vuu!ence This mp-c has immense medical implica-
tions b the e of v can be rapic in "microparasites”
sich as viruses and bacteria (Ewald 1994; Bull 1994). The level of viru- o

noviruses, the cavse of the common cold, are dischavged by sneezing), | [ l‘

Rabbie moraliry Wi
2
T

lunce depends on the evolution of both host and parasite. For example
(Fenner and Ratchiffe 1965), after the European rabbit (Orvﬂohsm cu-
shouliy) became a severe rangeland pest in Australia. the myxoma virus,
from a South American mbbit. was introduced to cantval it Perdodically o
atter the mtroducnion, wikd rabbits weve tested for esistance 10 a stan-

dard strain of the virus (Figure 18.124), and virus samples from wild so (L3051
rabbits were tested for viruience in a standard laboratory <rain of rab-

bils (Figure 18.12B}. Over time, the rabbits evolved greater resistance to

the virus, and the virus evolved a lower level of vinulence. Although of S
some almost avindont stroms were detected, the virus population as a .
whaole did not become zvirulent. =
(L]
THEGRY OF THE EVOLUTION OF VIRULENCE. Many people unagine that par-
asites generally evolve to be benign (avirulent) because the parasite’s
survival depends on that of the host population. However, a parasite
may evolve o be more benign or mone viculent depending on many fac-
towrs (May and Anderson 1983: Bull 1994 Frank 1996).

1%67-¢8

Iroparion of anple (%)
T

|
Figure 18.12 Coevolution in rabbits and mvoma virus after the virus was ‘nm,n
wiroduced into the rabbit population i Awmalia. (A} Mosality in fidd-col 1ol
octnd rabdie ex posed 0 3 standand virus strain docliond as the wild popula-
tHon € i epidemios, (1) Virus samplos foom the wild, tested on
a st sabbit stock, were gradded frem Jow (1) 10 Nigh (3) virwionce. Aver-
s vieulengce decrvased over Ume, Su stabilized ot 2o yvermodiote level. (A & '
atter Fenoer and Ratcliffe 1555; B after May and Andersos 1983 )
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Theﬁh'lessofapamlesﬂmpenpn‘poﬂmloﬂ- of bosts its prog
infect and may be d by R;. the = produced by an infected
host
Re=ovdnr
where N is the of hosts ilable for by the b is the
probability mxl\epmgeavwmnfeauduudlhw :'slheuuuluy ru-ol hosts due
1o parasitism {and is 2 function of the p fence), 4 is the y rate of hosts
dmloomamuvdrsuenlenmnumdmwwmlmm
to furth the d i is the rate at which hosts move out of the in-
fected class (and thus are not a source of new Infections). In many cases, b depends on the
parasite’s reproductive rate within the hast—but this variable is often proportional to v,
since the parasite uses the host’s (a\ugy,, in, ete.) to reprod Thus b and
o may be correlated, in which case the p i greater virul if, however, v
Figure 18.13  The Smesses of becomes oo great, lhehnsl mvdnebe[om pamsnzs can be transmitted w new hosts, so
Mﬁ::;:'m * there is tion
parasite elfects o6 various Amongnmytxmd\atmavaﬂeﬂhelevﬂotvlnﬂememalevolws thmbcarspc-
m"‘mmﬁ* cial mention First. each host may be viewed as tion {deme)
d by & i of p ites. Demes that kill their host belom (ransmsslnncnnmbule ess to the total par-
mkx.w-ua!nhuuﬁ-nm asite than more demes, s lection {(group selection) favors
focauty dollgll {solki syrabols) low virulence. [ 3 host typically becomes mfected by unly one mdlvldul parasie, or
and from loca Sties at various dis- by closely rehled individuals, the demes are kin g is then
.T.h':‘ml ’TM ";’m_ ion, and low viruk mayevol\'e 1f, however, each host is in-
duced per how (spore h-ll ) was fected by mulnpde, unrelated genotypes of parasites, selection within demes favors geno-
greawst when the parasite infected types with high reproductive rates, which will be transmitted in greater numbers. Thus
divichaals from its own greater virulence is expected to evolve in parasite species in which multiple infection is
that pasisites are best frequent (Frank 1996).
ac to local bost
® snorta iy Wt aaihiogh s Second, if hosts rapidly become i m\mm\e to the pagasite {ie, it r in the above equation
the parnsite s own or nemb host is large), selection favors rapid reprody that is, o g the host’s L ol
showing that v paca- the parasite. Because this may entai] greater virulence, u\ effective immune sys-
sife s moat vieulent i the tem (or a drug that rapidly kills the parasite) may sometimes induce the evolution of

popul
evoived (After Ebert 1994)

higher virulence.

A third factor affecting the level of virulence is whether parasites are transmitted hor-
izontally or vertically. The hansoussion (and thus the fitness) of horizontaily transoutied
parasites does not depend cn the reproduction of their host (a; mfove
on its long-term nurvival) In the p yofa scally
ted p ite are “inherited” di so b d de on the host's reproduc-
tive success. Hence we may expectnoluhm Iowaﬂda rehm'ely less viru-
lent state in verncally Thist supported
by an experiment with bm:te:wphage, inwhicha phnszgmo(ype that re-
duces its host's growth declined in ﬁequenq and a more “benevolent™
genutype d, when h was p d (Bull et

al 1991).

VIRULENCE AND RESISTANCE IN NATURAL POPULATIONS.  Displonis mogme, @ plank-
tonie crustacean, is pnmsxnz«lhya maospordunm(w in-
.-d

m

that rep l!tgut ighier spores
in the host's feces. in p pousof d and uninfected Daph-
nin, the greater the ber of p ies in the infected 1. ﬂvemon
likely the other was to b fected. M thep

mnmwnmwﬁermmmmwmm
their own or nearby populations than when they infected hosts from dis-
tant populations (Figure 13.13). Thus populations of this parasite are best

L
(B 2o

Distamce of Dophuia popalatioa
from somrce of pasusite (han)

r
2o

adapred 10 their Jocal host population. 2nd their more virulent effect on
sympatric than on allopatric bost populstions contradicts the naive hy-
pothesis that parasites necessarily cvolve to be benagn.

40
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Aveegs provalence
ol infeciion atwmng

1A (L] Comman gemitypes
L .
«:lo..' 3 [ ’
Z B e i —— Figure 18.13 i ol freguency-Uepend
E ent selection for resist mat tocke i a
Bl New Zealand freshwater suaff, (A) Changes in
7 o the frequency of each of sivona! asanal sisail
[ genotypes, here represeniid by gaaotype 12,

swers tracked by the infection rato, suggesting

g | that a g enorrr hag lower Dimess when itg free
o - ‘ quenicy is high (B) Three of four recently com-
g L Man snail cknes ware morE suscophible to

2 infection by the trematinde than were o group of
z 466 yave clones, (After Dvbdah) and Lively 1998)
g (AR

z i

JUT 150 1994 (95 199 7-—"‘— S*ﬁ‘;‘(
G oy gSUDIVpes
Commuon penbpiyjes
Astudy by Mark Dybdahl :md Cuctis Lively (1998) on a freshwater snail (P i

sus patipodarion} and its ¥ ite (M) mup)m!l-h sp.lin New Zexland is partica-

Iarly intesesting because of the evideice it s both on ¢ wm and on the ad-
vimtage of sexual reproduction {see Figure 17.21 ). The snail pepulation includes both
“exnal and parthenagenetic individusls. When the trematode infects a snail, it reproduces
profitically within the snail and completely sierilizes st. Like the mucrosporidian parasites
that infect Dphiria, the trematodes are more eapable of infecting <n:|||~ from their gwn
pepulation than thos¢ frism other pop i In a lake pop 4 miostly by asexual
snails; the frequencios of different clonal genotypes {distinguished by allozyme markers)
n;!\._sn;:mi wver the course of 5 years, and the rate of infeclion of most of the genatypes
aheut a year after the gevoty pe peaked in frequency (Figur 18.14A) This ob-
servation susgests that rare snail genotypes have a selective advantage because they are
resistant to the most prevalent parasite genotypes (and loas their advantage as they be-
ey Mote cohuron; “¢ Figure 18.6). Ths hy pothesis was confirmed by expasing 4 rare
clunes and 4 Clones Yot had recently been commen 1o ndection by parasites from the same
lake: the rare clones were much less susceptibile to infection (Figure 18, 14B), (Asnoted in
Chapter 17, this cbservation suppurts the hypothesis that sexuzl reproduction could be
sdvantrgeous because it generates new, rare, reaistant genctypes )

Mutualisms

Mutualisms are interacions betwiun species that benefit individuals of both species. In
symbiotic mutualisms, individuals are intimate v assotiated for much of their lifctimes.
some mukhialisme lave promoted the evolution of extreme adaptations. lowers that are
peilinated by long-tongued moths usually have a long, tubular, white coralla and are fra-
srart at dusk or at night. Darwin, having seen the Muddagascan orchid Angrseciin
fde in & Lordon greenhouse, with a nectar spur up ta 30 ¢ Jong, predicted that
romgwient in Madagadcar there must exist a moth with similarly long proboscis, capa-
bl of palliniathig 3. Mo than a contury Jater, such sphinx mioths, with tongues more than
24 om laivy, were (Guid, and they do indecd pollinate this orchid and its relabives (Figuce
15.15; NMilsson o al. 1935).

I Thwe Oy of Spovies, Darwin challenged his niaders bo find an instineo of a species’ hav-
ing been iy ed solely (or the benofit of anothey specios, “{ur such Could not have been
produced through natural selection.” No one has met Darnwin’s challenye. Mutualisms ex-
emplify not altruism, but reciprocat exploitation, in which each specien ablains samething
from the other, Some multualisms, in fact, have arisen from paresitic or other exploitative e-

Notas sin archivar pagina 11
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iB) Figure 18.15 Mutualisnis may result in exlieme adapiats
The orchid Angraecum sesqgn Z
spur. (B) The long-to. P
pollinates A, seaqueipndale. Darwin predicted the existence of such a pol-
linator based on secing the orchsd in 4 Londoo greenbouse. (A 0 Cer-
ald and Buff Corst/Califain ia Academy of Stiences; B0 The Natura)
| History Museum. London. |

lationships. Yuccas (Yuooa, Agavaceae), for example,
are pollinated only by female yucca moths (Tegeticulir
and Parateyeticuda), which carefully pollinate a yucca
flower and then lay eggs in it {Figure 1816A). The lar-
vae consume some of the many sceds that develop,
Some of the closest relatives of Togeticale simply feed
on developing sceds, and one of these speaes inci-
dentally pollinate: the Bowers in which it Livs i egige,
ilustrating what may have been o transitional step
from seed predation to mutualism (Figure 15.168)
There is always the potential for contbict within mu-
% s tualisins because a genocype that “cheats” by exploiting its pariner without paving the cost
Mecthr Lt e of providing a benefit in exchange is likely 10 have a scloctive advantage. Thus sckction will
always favor protective mechanisms in one or bath species to prevent oversxploitation (Bull
and Rice 1991). Mogeover, seloction will favor “honest” genotypes if the individual's genetic
self-interest depends on the ftness of its hast or partner {Herre et al. 1999). Thus the factors
that should favor evoluionary stability of mutuatisms include vertical barsmission of en-

o

Flgun 18.16  Yucca minths and their evolutio
v histary. (A) Y moths of the genus Teg
nm anly Tav eggs in vueca flowers, but use ‘ipuxal- “Cheaders'<}
wouthpasts 1o actively pollinate the fowers in S
(B) A phylogeny of the yucea
ajor evalutionary changes.
nera such as Gregn inciden-
wally pollinate the vvers in which they lay eggs
ate mutualiEm evoloed in the ancestor of
cila and Paralegeticoda, and cheating later
evolved twice within Tigeticuds. (A courtesy of O.
Pellmyi; B after Pellmyr and Leebens-M. 1954.}

ing

~Togevcuta
el ool

Togevivda owherion

hﬁimwn\

)- Tegeesvdis racreane
Yowin ’

cotonized =Paranuerads

A

mProduzs
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COEVOLUTION: EVOLVING INTERACTICNS AMONG SPECIES

dasymbionts from parents to olfspring, repeated or lifelong sssociation with the same in-
dividual host or pastrecr, a-hl resrncoed opportunities 1o switch to other partners or to use
other | ndeed appear 1o conform to these principles.
For esample, the Bmh:u-m !:vnma that live within the cells of aphids and are vertically rrans-
mutted (see Figure 18.34) are all mutualistic, as far as is known. However. this i not an in-
variablke rube, and some vertcally trarsmitted symbionts are harmful to thesr hosts.

An example of haw cvolutionary stability can be achieved is provided by the inter-
action belween yuce species and the moths that are their sole pollinators (Pellmyr and
Huth 1994). Typically, the moth lays only a few s in each flower, so that only a few
of the many developing seeds i the flower are consumed by the larvae. The moth could
Loy more eggs per ilower—indeed, she distributes eggs among many flowers - s0 why
does she lay 50 few in each? The answer hies, in part, in the fact that the plant does not
have enough resources to mature all of its many (often 300-1500) flowers inta Fruits
Pellonyr and Huth hand-pollinated all the flowers on some plants, and found that only
about 15 percent of the flowers yiclded mature seed-bearing fruits—the rest were aborted
and dropped from the plant. In the hield, Pellmyr and Huth found more moth eggs, on
average, in aborted than in maturing fruits, supgesting that the plant is more likely to
abaort a fouit I many eggs have been laid in it Fruit abortion imposes strong selection on
moths that lay 100 many eggs in a flower because the larvae in an abocted flower or fruit
perish. Thus the moth has evolved restrant by individual selection and self-interest

Mutualisms are not always stable over evolutionary time: many species cheat, For in-
stane, many orchids secrete no nectar foc their pollinators, and some practice downright
dhocel s they release 3 scent that mamics 3 female insect’s sex pheromane, attracting male
tmects that accomplish pollination while “copulating”™ with the Aower [see Figure 11.2)
Two tmeages of yucca moths that bave evohved from mutualistic ancestors do not polli-
nate, and they lay 50 many eggs that the lrvae consume most or all of the yucea seeds
(sev Figune 18.168). ITese “cheaters™ circumvent the plant’s abortion response to high
numbers of eggs by laying their eggs after the critical pedsod m which fruit abortion oc-
curs (I"Cllmyr and Lesbens-Mack 1999)

The Evolution of Competitive Interactions
The population densities of many spe:-es are I-muml. at least at imes, by resournces such

a= food, space, o qu C v f occurs within many
speces pecific P and b species If they wse some ov all of
the same ( A ) Dacwin postulated that competition wonld

im pose selection for (ﬂm in n:mure wse and vieweed it as & major reuson for the ori-
pin and divergence of species. There is now a good deal of evidence that evolution in re-
spuurse to competition 18 one of the major camses of adaptive radiation (Schluter 2000)
Foologists have shown that symypatric animal spooses differ in nosousce
e (Figure 18.17), 1t is plausible that such differences have evolved, at feast in part, to
avold competition. Suppose individuals that differ in a phenotypic trait (e, bill depth
N eantating birds) differ in the resowroe thoy use (e, scod size), that two species are
baoth variable in this character, and that the frequency’ distributions of the two over-
lap greatly, so that most individuals suffer compotition from members of both their own
spevies and the other species (Rigure 18.18) Then, 2 losss a6 there s a broad range of re-
source types, the individuals with the most extreme phenotypes (e.2., extremely small or
large bills) will experience less intraspecific competition than more “central™ phenoty pes

Figure 18.17  Differcices in te=ouice use among, chosely related soecies ane ilhustrated by bum.
Plcbin (Bondie) in Colorade. Some spackes obtain nectar and pollen from fowers of diffcrent
corodle lengths (which ane generally ditferent specion). These differencos are condlated with the
fengsth of the Ivn s pmbon“ “\mr wpecies l.N\l use flowers with similar corrolia lengths have dis
fenent and 8 live at low and high alts-
tichiss, m-pocllvnly, am 8 "\fm B Mmm, and 8 andodcniy have sascoessively hogher alurmdinal
distributions, (After Pyke 1
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Figure 18.18 A model of evoluti div

LT T

The x-axis mmpmuvwdumu m.h x5 H: size,

that is chwely corelated with some quality of 2 reource, such a the average sise

dlhrﬁnlm-nrnbyllwptmhpe The carve iz )wmslhermq--n-

of food items that vary in size. Teo vareble specios

g,uaenl initially averlap greatly in 3, 2aod therofore in lhrlmd e l!!) gpu\d
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Figure 18.19  Ecclogical release

The diffe « i bill size b

butions {red, dark groen) so Iﬁal they overlap less.

they are less abundant, and they will experience less interspecific competition be-

cause they tend not to use the same resources as the other specios. Thenfore, the nost ex-

treme gemypoc will have higher fitness, Such detﬁ(y-depnuimt divarsitying selection

can result in the bvo species” evolving Jess overlap I thelr use of msowrces and L o shilt

deﬁrﬂh‘memny&mcad\MM(Sm 199, Toper and Case 1922).
to

specices i= often calked ecological char-
acmdbplaomwmmhebn}

Because recombination among loc restricts the varianor in a pol
determines resource use (see Chapter 13), a broad spectrum of resources may not be fully
utitized by just one or o species, In that case, one or more additional species, differ-
ing from the first two, may be able to invade the community. Both the invaders and the
previous residents may then evolve further shifts in resource utilization that minimize
competition. The species may also diverge in other that red ipeti such
as habitat use. For ple, although some of the L species described in Figure
1817 differ in proboscis length and thus in the flowers they use, others are similar in this
respect, but those species occupy different habitats (i.e., altitudinal zones).

Brown and Wilson (1956) couned the term character displacement to describe a pattern
of geographic vanation wherein sympatric populations of two species differ more greatly
in a characteristic than allopatric populstions One possible reason for such a pattern is
that the characteristic is associated with the use of food or another resource, and that the
species have evolved differences in resoudce use where they would otherwise compete
with each other. (Hence, "character displacement” is oftén used 1o mean the process of
divergence due to competition,) The kind of geogmphk pm:m |ha| varnlnd Wilson
described has provided some of the best evidence for
to competition ( Laper and Case 1992; Schluter 2000). Fnt!umplr, mec-nup-gm gmum!
finches Grospiza fortis and G, fuligineso differ more in bill aize where they coesist than
where they occur singly (see Figure 9.27), Differences in bill size are cortelated with the
efficiency with which the birds process seeds that differ in size and hardness, and the pop-
wlation size of these finch species is often food-limiled, resulting in competitivn (Grant
1986). A rather smilar example is the case of sticklebacks in the Gastvadtons soulaatis com.-
plex. In northwestern North America, several lakes cach have o seproductivedy isolated
forms, ane benthic and one limnetic (see Figure 16.8), which differ in body shape. mouth
morphologv and the number and length of the gill rakers. Other lakes have anly a single

ol sh.ﬂebadt wm\ lmerm«linu- motpholog (%Nutu and McPhail 1992

lygenic character that

e sewes hgmkr in Mrfunrm«
strutne (A), the oaly spacies of
woodpecher on the shand of His-
panivla, than in continental IKa:ﬁl
sueh as AL aupsfanes (B), which is
sympateic with other species of
wondpeckeo, Bill size is correlated
with differences in feeding bebav-

8 wa.lmot, pul ox-
mhlsgtumunaﬂmln e use and in dated phe i it ocours
alone than if it coexists with competing species. Bonl.ogiml release b most often character-
istic of island populstions. For example, the sole finch species on Cocos Istand (in the Pa-
cific Ocean northeast of the Galapagos Islands) has a much broader diel, and forages in
more different ways, than do any of its relatives in the Galapages [slands, where there are
many more species (Werner and Shecry 1987). Similarly, the only species of wood pecker
an the Caribbean island of Hispaniola exibits greater sexual in the length of

1 sy g er saxaia! o P
tewulin in broader nesoures use
M sttty [Alter Selamder 19&6)

the bill and tongue than do related contiwental species that coexdst with other woodpecks
ers, and the sexes differ in whese and how they forage (Figure 1519, Selander 1966,
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Community patterns

Of all interspecies interactions, competition has bewn mast emphasized in «oologists” at-
tempts ta detect and explain repeatable pattemns in ccological communitiss. Competition
is uiten supposed to limit spedies diversity within contemporary assemblisgss, and it may
have affected species diversity over long periods of evolutionary time lsee Chapiter 7)

To sume extent, ecological interactions may guide the evolution of inkeracting species
alony predictable paths, Iting in cox gent patterns. This deean'talwags happen,
however; for example, blood-drinking bats ane restrictisd to tropical America, even though
the abundant hooled mammals in Africa would provide plenty of foad for such species.
Similarly, the species diversity of lizards that live in deserts in North aend South Amer-
iva is lower on both of those continents than in Australia, where lizards ave move diverse
in deserts and also occupy wetlands, a habitat that very few American lizards use
(Schiluter and Ricklefs 1993).

Nevertheless, some surprisingly consistent pstlerres have resuited from convergent
evolution, In Chapter 6, fur example, we describaed thie remarkable putabbel ewsdution of
Asaliz lizards on different Caribbean islands, each of svhich has morphologicaily and eco-
Togically corresponding species that rvpically seek food in different micrlubitos {soe Fig-
ure 6.21). Cuba, Hispaniola, Jamaica, and Puerto Rico all have clades with fourecomorphs
that an: adapted for foraging in four different forest microhabitats: on Use crowns of Lrees,
in the trunk<crown region, on twigs, and in the trunk-ground area (Figure 15.20). The most
reasonable interpretation of this partem is that as new species have arisen on each island,
they have evolved in similar ways to avoid competition by adapting to the same kinds of
proviously unused miccobabitats.

In a similar vein, species of forest-dwelling bird-cating hawks {Sasipiees) that differ
in body size differ correspandingly in the size of the prey species the usually take. Pairs
of svmpatric species of Accipiter consistently difter more in body size than if pairs of
species were taken at random from the 47 species in the world (Figone 1821 Schoener
14144). Such examples suggest that principles of ecological organization may confer some
predictability on the course pf evolutionary diversification.

PCCHHSEHEBPPNECC] ) JHRPPPHHCCCCHEC
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Figure 18.2¢  (A) A moleculay
phylogeny of Al spacies in the
Greater Antilles indicates frauent
transitions ameng the acomorph
classes. The Jetters al the wop indi-
cate the isfand on which cach

Povies oovt Csboaz H, His-

niola; 1. Jamaica: B Puerto Rico)

(B} A phylogenetic tree, for cach
island, of the four ecomorpls fhat
are common to all the isiands,
extracieal from the full phalogeny.
(Afer Losos e al. 1998.)
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Figure 1821 Thmughout the world, T —— e | (R of
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Multispedies interactions

Each species in an ecological conununity interacts with several
or many other species. Consequently, its evalutionary response
1o interaction with ane species may be influenced by the effect
of another, in any of many possible ways. Two examples will il-
Justrate this point.

=T A THREE-SPEOES SELLCTION MOSAX.  John Thompson (1999) has

N <
Aberta, Canacla #5000y observed that the selection imposed an a species by its inter-

B actions with other species may vary fram one geographic pop-
wlation to another, resulting in a geographic mosaic of coevo-
) it Rockies lution, Selection may be stronger in some places than in cthers,
or even favor different chacacteristics, and gone flow among
such populations may result in Jocally inadegquate adaptation.
Croig Benkman and his collaborators (Benkman 1999;
Benkman et al. 2003) have studied such 2 geographic mosale
of interactions among lodgepole pine (Pimws connorta) and two
sed predators, the ged squirre! {Tinriesciwre Ladonions) and
the redd crossbill (Lexar curpirostna) (Figure 18.23)

Tuoughout much of the distribution of the pise in the north-
ern Rocky Mountains, squirrels harvest and store great num-
bers of cones and are the primary consumers of pine seceds,
Benkman et ol have found that squirrels prefer narrow cones
that have o high ratio of seed kernel to cone mass, and $o im-
pose selection for wider cones with fewer seeds. Red croesbills,
which feed almost exclusively on pine seeds that they extract
from cones with their peculiacly specialized bill, are much more
abundant in a few small mountain ranges w here squirrels are
absent than where squirnels ocour. Crossbills foed less efiectively
on larger, wider cones that have thicker scales—and these are

Figure 18.22 A geographic mosaic of cocvolution. The colored area represents the distribution of lodges
pole pine (Piis contortn) in the northern Rocky Mountaing, In mest of this ares trad), red sjulrrels are
abundant, cones have the shape shown ot the o, Lett, and red cromabills (Lovie vurimosieg) buave avlatives
Iy shallow bilks (bieds and cones are drawn 1o relative scale), In peripheral mountain rmges fdue). red
squirrels are (or were, until very recently) absent. Hese the concs ditfer in shape and scale thickness, and
the crossbills have more robust bills. (Afier Benkiman et al. 2000.)
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Figure 18.23  Batesian mimicry. The palatable sd spotted pu
! top! resembles the pipevine swall
roisomots cher
Lt wats when it is a barve. Prodatons that |
now, o avodd the moded also will tond to aveid aracking
Sadounseki / Photo Resod rchers, bnes Swtlies

17 i
ch stones dista

ohow ) w

i Researchers, Inc)

preceely the charactertstics that have evolved in pine populations that
suficr seed predation only from cmssbills Conespondingly. crossbill pop-
ulations in these Jocanions have evolved longer, deeper bills than in re-
These bill characteristics have been
of caged crossbills, to enhance feeding efficiency on large,
alodd cones. Thas coevolution between pines and crossbills is ap
parent where these species interact strongly, but whene squirrels are the
lominant sced predatos, they drive the evolution of cone characteristics

sions where red squirrels occur
[

 tes

and crossbills adapt accordingly

MIMICRY RINGS,

fwa fo
In Bawsian mimiciy. a pa

pa

more unpalatable species are co-mu

tab

Defensive mimicry, i which onc or more species gain
protection againet predators from their nesemblance to one another. pro-
vides model systems for studying many evolutionary phenomena
let and Joran 1999; Joron and Mallet 1998; Tumer 197
ms of defensive mimicry have been necognizad (see Chaper 3)

specics (a mimic) resembles an un

ble species (a model: Figure 18 23} In Malleran mumicry, two or
1 cs (or co-models). In both cases.
preclators learn, from unpleasant experience, to avoid potential prey that
look like the unpalagable species. (Such le.
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aas

arn, from unpleasant exper-

e trimmic. (Linwen
5. McKowve:

SE1S
) Traditionally,

ning has been experimen-

tally documented, espacially with birds preyving on batterflies and other

sects.) Often, although not always, the models and mimics display

conspicuons aposematic (waming) patterns

{Cuoups of species that benefit from defensive mimicry are known as s
ases, mimicry rings include both strongly unpalatable and maldly unpal

many

xY RINCs In
ble

spectes: the latter may be “quasi-Batesian™ mimics of the more unpalatable species In
many cases, several mimicry rings are found in the same regtion, each consesting of inul-

Liple species of

imilar Mdllerian mimics and often including some palsiable Batesian
ics (and/or muld ly unpalatable quasi-Batesian mimics) as well (Figure 18.24). Espe-

Uppet Husl laps fiver

r

L

{
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(A7 Batesan pair Unpalatsbie model,
patatsable mimic

B Midlierian pei = Mo smd mhode!
ose in palatatuiny

we b

Mimic density

Mimbc slone |
= Mode] and mimiz
e Model alone

(reference constant)

e

i e

Figure 18.24 A mimicry ving Helicowie
and H. crate have a very different color
pattern in the Mayo and upper Husllaga civ
enstorn Pery, than in the lower Hu
where they jo! mbmecry ring wil
o This ring of unpal
Tour othe wies of 7
of butterthios (the tag hroe species in the oo
column), and a moth (center column, bottom)
{Courwesy of 1. Mahlee.)

Pt
wities, three other g

Figure 1825 Computer saulations of the probabuity of predator altack on model-mimic
pairs of prey species. In each graph, » constant peobability of attack on the unpalatable ;
when it is alonw, is assarmed, and the probabulity of attack is scaled relative to that level, (4) A
palatable Timic expeciences high predation when its moded is absent (“mimic alone”), much
lower predation schen it is rare. § increaningly bigher predation as (s density increases rela-
tive to that of the model (B) A Mullerian specis pair in which one specses (“mimic™) s only
slightly less ungalatable than the other (“model™). As the mimic's density incresses, prodators’
aversion is counforoed at a higher rate. so predation on both species declmes. (C) A mildly
unpalatable “quass-Uatesan™ mie i aloo, sulers somewhat less predation as its density
increases because precators learn 1o avoid it=-but then soon torget and attack again, beeause
they have had only & mild aversive expenience. High densities of the mimic will result in higher
predation on the model because prodators are only seldom strongly deterred. Hence the apose-
matic color patiern tends o kee ity advantage. (Alter Mallet and joran 1999.)

cially among swallowtail butterflies, Batesian mimics are sometimes polymorphic within
populations, with each morph resembling a different unpalatable model (e, the Afri
swallowtail Papilto dvlmnes, see Figure Y.2A). Mullerian mimics are almaost never poly-
morphic withun populations, but different geographic races of certam species may have
different aposematic color patterns and may belong to different mimicry rings (e g., the
geographic races of Heficonius veato and H. melpoimene; see Bigures 1219 and 18.24)

Selection on a oimetic phenotype can depend on both its density, relanve to that of a
maodel speaes, and the degree of unpalatability of the model. A predator is more likely to
avoid eating a butterfly that looks like an unpalatable model if it has had a recent rein-
forcing experience {e.g., swallowing a butterfly with that patiern, and then vomiting).
If, however, it has recently swallowed a tasty butterfly with that phenotype, it will be
more, not less, inclined to eat the next butterfly with that phenotype Thus the rarer a
palatable Batesian mimic is, relative 10 an unpalatable model, the more likely predators
are to associate its color pattern with unpalatability, and so the greater the advantage of
resembling the mode] will be (Figure 18.25A). (The degree of unpalatability of the model
also affects the outcome because the more unpleasant the predator s experience has been,
the longer its aversion to that color pattern is likely 1o last.) Munetic polymorphism n
Batesian mamics such as Pigalio dodanus can therefore evolve by freguency-dependent se-
lection: a rare new phenotvpe that mimics a different model species will have higher fit-
ness that a common mimetic phenotype, simply because it is less common and predators
will not have had an opportunity to leam that butterflies with that phenotype are palat-
able rather than unpalatable

Since Mullersan ondmics jointly remforoe aversion learning by predators, there is likely
to be strong stabilizing selection for & comman color pottern i all sympatric unpalatable
species (Figuee 18.25B). However, many apparent Mullerian mimics, such as Heliconins
melpomeny, may actually be mildly unpalatable quasi-Batesian mimics, lowering the ef-
fectiveness of the aposematic color pattern (Figure 1825C) Mutant phenotypes in a quasi-
Batesian species might have a selective advantage if they resembled a different mimicry
ring with much more abundant or much more unpalatable model species (Mallet and
Joron 1999). Thus hypothesis is likely to account for grographic vanation in mimetic pat-
tems

an

Summary

1. Coevolation is recipracal evolutnary change i two o¢ (mone species resulting from the
mieracnon between Mem. Species alko display many adapations to mterspecific interace
tions that appear one-sided, rather than veciprocal

Phiylogenetic studies can prov ide information on the age of associations hetween species
and on whether or not they have codiversified or acguired adaptations to each other. The
phylogenies of certain symbsonts ancl parasites are congruent with the phylogessies of thelr
hasts, implving caspeciation. but in other cases such phyvlogenies ase incongruent an!
imply shifts between hoit lincages

N
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COEWOLUTION: EVOLVING INTERACTIONS AMONG LFECIES aar

. Loorolubian In predato-prey and parasite-host interactions can theoretically resull in an
wilgeing evolubonary ams race, & stable genelic equibibrivmm, indefinite Huctsa fons in
SRl o postHon, o Bven extnelon

. Parasites {including pathogenic microorgani=rres) may evolve b be moee o loss vieuket,
depending on dhe corelation between vinalende arsd the paresite’s producdive Tale, vt
el veraus horizental transmission between hozts, infection of hosts by singbe versus multi-
ple parasite geroty pes, ind other fachors, Parasifes do not imoesanily svoivg o be ey,
Shutunlizp ba best viewed o5 reciprocal oxplodtiiom. Selecton Tavory gereelipes that provide
benefits o another species if this action yields benefits to e individud. in retarm, Thas the
conditions il Favor low virulence in parasates, sach as verical tmnsmnsion. can ke futor
the evolution of mutualsms. Mutual isms may be vnstable, bomuse “cheating” map be
advantigoous, of stabde, s mclividually ad vastagecos foreach protner So provide a
benefit to the ofher,

# Evelutionary weepansss bo competition ameng species may bkeod be divesence in esource

e gl snmetimes in morpholegy icharacts: displacement), Thaese responses have dsberod

adaptive mdiation. In some cases, adaplive diversification has soouned repeatedly, in paral-

el in respanse b compatition,

Copvalutionary inwractions between specis mmay be atterad by o fuind species, Such -

achions con have several consequences, incloding geographic vaciation in e insensite and

direction of cosvalutionmry selection.

e

=

=

Tferms and Concepts

character displacement guild comvelution
cogvalution horizontal transmission
diffuse copvalution rrutualism

acological relesse specific coavelution
eicapi-and-radiate copvelution symbiatic
gene-for-gene interactions vartical transmission
geoagraphic masaic wirulenee

Suggestions for Further Reading

A, N T ELCTOTRRAL Y PR {Universny of Clu

andd eculogy of many i teractions especisly amung plants.
hops ard of that book"s thermes bt i Liv

Chicage Mess, 2004

interacticha ane the boeus oF says by provmdrent researchers m PRt sierac-

et iced 1 epavach, exciibed by C M. Hervom and O Pellmyr (Blskwell Scimee, Ox-

P
ford, 202
Sl S7=Teb B an excellent entre bito i subieck. Eom e
(Dol University Pross, Oncord, 20000, Bncludes vsbens i
icalinkeractions and Uheir role i diversification,

Problems and Discussion Topics

1. Flover migghn coevoiu inn batwesn a specialfized parmsite and o st that gither is or is ool
adteckad by numerses obher spacies of parasibes differ?

phylegenete analyses of predators and prey, orof parasites aml hoses, help o

¢ wehathir s ik there ok Bogin a comvallitionary “arms s’ 7

2 Tl gencration e of o tree specios is Dkely G be 50 ta 100 ties kiges Ban that of meany

Species of herbivorous insects and parasitic fungl so its patential mite of evalution shaukd

b aldwes, Why have trees, or other seganisnns with long generation Himes, 0ot becomi:

4t by the pedentially mese rapid evolution of thie el ereniss?

ohan experiment de determine whether greater vinilenee is adve

transmithed parasite and o a vertically franamitted parasine.

5 Some authors have suggested thot solection by predatoes may have favored host specia lise
o in herbivoraus insects fe.g., Bermays and Graham 1938). How might this occur? Come-

£ 1ngecaes ina horizon-
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pare the paitecn of nid

difberences among species that might divesge due fo predation
with the pattern that might evolve Jue to computition for resources,
. Provide a hypothesis to account for the extremely bong nectar spur of the archid An,

T

sexpiaipalale (see Figure 1815) and the long proboscis of its pollinator. Flow weuld you test

your hypothesis >

~

oi the extinction, b

. In simple ecotogical models, two resource-Himited species cannot coexist stably If they use
the sarme nsoumces. Hence coexisting species ans expected to d
ompetition, of species that are o similar. Thesefore, coe

m resounce use becouse
isting

species coubd differ vither becaise ot this purely voolouical process of "sorting” o because

of evolutionary ¢!

ergenar n response to compeotition. How might one distinguish which

process has caused an observed partem? {Soe Losas 1992 for an example )
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