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The study of parasites and their hosts has typically focused on the physiologi-
cal, morphological, and immunological adaptations to parasitism, adaptations
which the parasite employs to survive and reproduce in the host and those used by
the host in self-defense. This paper explores instead some of the behavioral
aspects of the parasite-host relationship. The parasite can alter the behavior of the
host in ways which will facilitate dispersal of parasite propagules to new hosts or
increase the amount of energy available for the parasite’s growth. The host in turn
can employ behavioral defense mechanisms as well as the more familiar physio-
logical and immunological defense mechanisms. In one of the most interesting
forms of behavioral defense, a host may use its own death to increase its inclusive
fitness. Since some types of parasiti¢ infections cause death or sterility of the host
they also result in the host’s genetic death. Although the host may be unable to
affect its individual reproductive fitness it can affect its inclusive fitness. The host
can change the time and nature of its death; it can ‘‘commit suicide,’’ or behave
aberrantly and increase the probability of death by predation, thus preventing the
maturation of its parasite and lowering the risk of parasitic infection for other
members of the host species. If the mature parasite would have been more likely
to infect the host’s kin than nonkin, the host’s suicidal behavior will increase its
inclusive fitness and thus have a positive selective value.

I will first discuss four types of parasitic life cycles and behavioral interactions
between these parasites and their hosts. The phenomenon of host suicide and
situations where this phenomenqn might be expected to occur will be discussed in
detail. Finally, I will outline the role that host suicide may have played in the
evolution of complex life cycles.

DEFINITIONS

To understand the situations in which various types of behavioral manipulation
of hosts by their parasites or behavioral defense by hosts against their parasites
can be employed, it is necessary to first outline the characteristics of the four
types of endoparasites which will be discussed (table 1). Since ectoparasites (or
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TABLE 1

CHARACTERISTICS OF FOUR MAJOR TYPES OF ENDOPARASITES*

Effect of Effect of
No. of Single Multiple
No. of Hosts Parasite Infection
Free- Parasite Occupied on Host’s on Host’s
Living Individuals by One Size of Reproductive Reproductive
Stage per Host Parasite Parasite Success Success
Group 1 ............. Present 1 individual. Large Reduce to Same as single
Parasitoid clone, or 1%-10% zero infection,
group of host’s reduce to
siblings body size zero
Group2 ......eeennn. May or may 1 individual, Large Reduce, Same as single
Castrator not be clone, or 1%-10% usually to infection
present group of host’s zero
siblings body size
Group 3 ............. May or may 1-many Small Little effect Reduce, amount
Single-host not be several orders variable
true present of magnitude
parasite smaller than host
Group4 ............. May or may 1-many 2-4 Small Little effect Reduce definitive
Multi-host not be in definitive compared to on definitive; host’s success,
true present host; no. in definitive; amount variable: effect on
parasite intermediate size in intermediate intermediate
varies intermediate varies highly variable
varies

* After Kuris (1974).
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micropredators) are often able to exploit several individuals of one host species in
succession, and since their feeding behavior resembles that of predators, they lie
outside the scope of this paper.

Both parasitoids (group 1) and castrators (group 2) undergo growth and devel-
opment within a single host, typically have a free-living stage, and are large,
generally 19%-10% of the host’s body weight. They differ in one important respect:
A parasitoid causes the death of its host, while a castrator causes permanent or
temporary reduction in the host’s fertility (Kuris 1974).

True parasites with one host (group 3) and with two or more hosts (group 4) are
small, generally several orders of magnitude smaller than the host. A free-living
stage may or may not be present. A single parasite generally has little effect on the
reproductive success of the host; infection with many parasites of one species or
infection with more than one species can have more serious effects on the host.
Group 3 and group 4 parasites differ in that group 3 parasites occupy only a single
host in their lifetime and are thus said to have a simple life cycle. Group 4 parasites
occupy a definitive host, in which parasite reproduction and some growth occur,
and one to three intermediate hosts, in which a variable amount of growth,
development, and in some groups asexual reproduction occur. Such life cycles are
known as complex life cycles.

HOST-PARASITE INTERACTIONS

The problems faced by parasites.—All parasites face three problems. The first
is dispersal of propagules to new hosts. Parasitic groups with free-living stages can
accomplish this relatively easily; examples are the parasitoids, in which the
free-living stage typically locates and infects new hosts. Parasitic species with no
free-living stages must use other methods. The morphological and reproductive
adaptations used to accomplish this are well documented in the parasitological
literature (Cheng 1973). Less well known are the parasite induced changes in host
behavior which facilitate the dispersal of propagules to new hosts. Dence (1958)
and Orr (1966) discuss the behavioral effects of the cestode Ligula intestinalis on
intermediate fish hosts, and Lester (1971) reports behavioral changes in fish
infected with Schistocephalus trematodes. The bivalve mollusc Macoma balthica
is an intermediate host for the trematode Parvatrema affinis (Swennen and Ching
1974). These clams feed while buried in the sublittoral and tidal flat mud. Unin-
fected clams do not leave any conspicuous marks in the sand indicating their
presence. Infected clams are concentrated in the higher parts of the tidal flats,
closer to the shore, and leave conspicuous zig-zag tracks in the sand (Swennen
1969). The definite hosts are oyster catchers and other shorebirds, which have
been observed to use visual as well as tactile cues to find the clams (Hulscher
1973).

The second problem faced by parasites is obtaining sufficient energy for growth,
maintenance, and reproduction at the expense of the host. The parasite can alter
the host’s energy budget to increase the amount of the host’s energy potentially
available to the parasite. For the purposes of discussion the host’s energy can be
compartmentalized into a number ofi more or less discrete units: energy used in the






