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PERSPECTIVES

        T
he concept of antiparasite self-med-

ication in animals typically evokes 

images of chimpanzees seeking out 

medicinal herbs to treat their diseases ( 1, 

 2). These images stem partly from the belief 

that animals can medicate themselves only 

when they have high cognitive abilities that 

allow them to observe, learn, and make con-

scious decisions ( 3). However, any concept 

of self-medication based solely on learning 

is inadequate. Many animals can use med-

ication through innate rather than learned 

responses. The growing list of animal phar-

macists includes moths ( 4), ants ( 5), and 

fruit fl ies ( 6). The fact that these animals 

self-medicate has profound implications for 

the ecology and evolution of animal hosts 

and their parasites.

Janzen ( 2) was the fi rst to describe cases 

in which diseased vertebrates appeared to 

select secondary plant compounds with anti-

parasitic activity. Consequently, self-medi-

cation has often been defi ned as the antipar-

asitic use of secondary plant chemicals or 

other non-nutritive substances by herbivores 

( 1). However, boundaries between nutrients, 

medicines, and toxins are permeable and are 

often defi ned only by the ingested dose of 

a chemical ( 7). Thus, whereas traditional 

examples of animal medication involve ani-

mals eating specifi c plants only when dis-

eased ( 1), recent examples include animals 

increasing the ingestion of particular chemi-

cals that are already in their diets ( 4).

Animals may use chemicals to relieve 

symptoms that are not caused by parasitic 

diseases, but we restrict our discussion to 

self-medication as a defense against para-

sites. Such defenses can come in two gen-

eral forms (see the fi gure). In therapeutic 

medication, diseased individuals alter their 

behavior to medicate in response to para-

site infection ( 4). In contrast, prophylaxis is 

used by infected and uninfected individuals 

alike to prevent parasite infection, often in 

response to high parasite risk ( 5).

Therapeutic and prophylactic medica-

tion can be further divided depending on 

the target of medication (see the figure). 

Much work has focused on cases in which 

animals medicate themselves, including 

baboons and woolly bear caterpillars ( 1, 

 4,  6), but animals may medicate their off-

spring or other genetic kin instead. Fruit 

fl ies have been shown to preferentially lay 

their eggs in high-ethanol food when they 

detect the presence of parasitoid wasps ( 8); 

this reduces infection risk in their offspring 

(transgenerational prophylaxis). Wood ants 

incorporate antimicrobial resin from coni-

fer trees into their nests, preventing micro-

bial growth in the colony ( 5) (social prophy-

laxis). Parasite-infected monarch butterfl ies 

can protect their offspring against high lev-
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els of parasite growth and virulence by lay-

ing their eggs on antiparasitic milkweed ( 9) 

(transgenerational therapeutic medication). 

These studies show that we should deem-

phasize the “self ” in self-medication and 

base medication studies on an inclusive fi t-

ness framework.

There are many examples in which a 

behavior is strongly implicated as medica-

tion, but in which a fi tness advantage for 

the actor remains to be demonstrated. Pri-

mates commonly ingest plant materials 

with antiparasitic properties but with little 

or no nutritional value. For example, they 

chew the bitter pith of Vernonia amygda-

lina and swallow rough plant leaves whole 

( 1). Chewing bitter pith may release anti-

parasitic compounds, whereas swallowing 

rough leaves whole is apparently a means of 

physically expelling intestinal parasites ( 1). 

However, it remains to be shown whether 

parasite infection triggers the behavior and 

whether the behavior increases host fi tness. 

Similarly, a recent study has suggested that 

house sparrows and fi nches add high-nico-

tine cigarette butts to their nests to reduce 

mite infestations ( 10), but it is unclear 

whether the birds gain higher fi tness from 

the behavior.

To conclude defi nitively that a behavior 

is an adaptive form of therapeutic medica-

tion, several conditions must be met. First, 

the behavior involves the ingestion or exter-

nal application of a third species or chemi-

cal compound. Second, the behavior must be 

initiated by parasite infection. This sounds 

easier to establish than it is. For example, 

it is hard to determine whether a behavior 

seen in a particular animal in a fi eld study 

is a result of parasite infection or whether 

something else caused that individual both 

to be infected and to display the behavior. 

Manipulative experiments, in which some 

individuals are infected and others are left 

as uninfected controls, are the best way to 

evaluate this condition. Third, the behavior 

increases the fi tness of the infected indi-

vidual or its genetic kin. Fourth, the behav-

ior is costly to uninfected individuals; if it 

were not, all individuals would display it 

( 4). Fifth, the behavior is relevant in the nat-

ural environment of the host; showing the 

existence of medication with artifi cial diets 

alone does not demonstrate its relevance 

in nature.

The conditions are similar for prophy-

laxis, except that prophylaxis is displayed in 

response to parasite risk rather than infec-

tion. It may also be diffi cult to demonstrate 

costs if prophylaxis has evolved into a fi xed 

phenotype over time.

We have omitted an oft-cited condition 

for self-medication: that the behavior must 

reduce parasite infection or fi tness ( 10). The 

reason for our omission is that medication 

behavior may enhance host fi tness by increas-

ing tolerance of infection (allowing the host 

to maintain fi tness despite being infected) 

without reducing parasite fi tness ( 11).

Many published cases do not yet satisfy 

all these conditions, but animal medication 

is clearly much more widespread than origi-

nally thought. It is therefore important to 

understand how animal medication affects the 

ecology and evolution of host-parasite inter-

actions. We argue that there are at least four 

major consequences of animal medication.

First, when animal medication reduces 

parasite fi tness, we expect to observe effects 

on parasite transmission or virulence. Nei-

ther consequence has received much atten-

tion yet, but two studies indicate that medi-

cation can indeed infl uence the interactions 

between hosts and their parasites. For exam-

ple, when gypsy moth caterpillars consume 

foliage high in phenolics, it reduces trans-

mission of a polyhedrosis virus and facili-

tates moth outbreaks ( 12). There is also pre-

liminary evidence that medication affects 

virulence evolution: increasing parasite vir-

ulence is predicted from models of medica-

tion behavior by monarch butterfl ies using 

toxic milkweed ( 13).

Second, animal medication should 

affect the evolution of animal immune sys-

tems. Immune responses are costly, sug-

gesting that animals should not use or 

evolve immunity when they do not need it. 

Animal medication provides an alternative 

to cellular and humoral immune responses 

and may thus result in a reduction or loss 

of such immune responses. This hypothesis 

has not yet been tested formally, but there 

is suggestive evidence. Perhaps most strik-

ingly, honeybees use a series of behavioral 

immune mechanisms, including the incor-

poration of antimicrobial resin into their 

nests ( 14). Analysis of their genome sug-

gests that honeybees lack many of the cel-

lular and humoral immune genes of other 

insects, raising the possibility that their use 

of medicine has been partly responsible—

or has compensated—for a loss of other 

immune mechanisms ( 14).

Third, host-parasite interactions are often 

used to explore patterns of local adaptation, 

yet surprisingly few studies provide evi-

dence for adaptation of parasites to their 

local hosts or vice versa ( 15). Most of these 

studies are based on experiments in which 

hosts and parasites from multiple popula-

tions are exposed to each other in sympatric 

and allopatric combinations. By not allow-

ing hosts to behave naturally, such studies 

preclude animals from medicating them-

selves or their kin. Thus, if animals have 

locally adapted to their parasites through 

medication behaviors, studies must be 

designed such that animals can display their 

naturally evolved behaviors. It is our expec-

tation that when this is done, more studies 

will fi nd that hosts have locally adapted their 

behavior to their parasites.

Finally, the study of animal medication 

will have direct relevance for human food 

production and health. Disease problems 

in agricultural organisms can worsen when 

humans interfere with the ability of ani-

mals to medicate. For example, increases 

in parasitism and disease in honeybees can 

be linked to selection by beekeepers for 

reduced resin deposition by their bees ( 14). 

A re-introduction of such behavior in man-

aged bees would likely have great benefi ts 

for disease management. In addition, as 

self-medicating animals, humans still derive 

many of their medicines from natural prod-

ucts, and plants remain the most promising 

source of future drugs. Studies of animal 

medication may lead the way in discovering 

new drugs to relieve human suffering. 
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