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Abstract.—Adaptation is the usual context for interpreting parasite-host interactions. For example, altered host behavior
is often interpreted as a parasite adaptation, because in some cases it enhances parasite transmission. Resistance to
parasites also has obvious adaptive value for hosts. However, it is difficult to evaluate the adaptive significance of
host-parasite interactions without considering the historical context in which these traits have evolved and if they can
be predicted by host (or parasite) phylogeny. We examined the influence of host phylogeny on patterns of altered
behavior and resistance to parasitism in a cockroach-acanthocephalan system. A consensus cladogram for cockroach
subfamilies was produced from the morphological data of McKittrick. We used this cladogram to predict patterns of
altered host behavior in seven cockroach host species. Each species was experimentally infected with a single species
of acanthocephalan, Moniliformis moniliformis, a parasite that is transmitted when cockroaches are eaten by rodent
final hosts. Activity patterns, substrate choices, and responses to light were measured for control and infected animals.
These data were recoded into a behavioral matrix of discrete characters. We determined the most parsimonious
distribution of the behavioral characters on the tree obtained from McKittrick’s data. We then measured the concordance
between the behavioral data and the cockroach cladogram with the consistency index (CI). We compared the observed
CI to the expected value based on a randomization of observed character states. For three different models of evo-
lutionary character change, there was no evidence of strong concordance (significantly large CI) between altered host
behavior and host relationships. Parsimony analysis of the interior nodes of the phylogenetic reconstruction suggested
that unaltered behavior was the ancestral state for most host behaviors. We also compared host phylogeny to a data
set on the susceptibility of 29 cockroach species to infection with M. moniliformis. At the species level, there was a
significant concordance between susceptibility and host phylogeny. This pattern was consistent with the finding that
susceptibility of species varied significantly among different subfamilies. However, at the subfamily level, susceptibility
was not strongly concordant with phylogeny. We predict that, given enough time, resistance should be lost in subfamilies
that are currently resistant to parasitism. In spite of the potential importance of phylogeny in the evolution of behavior
and susceptibility, we found little evidence for phylogenetic effects in this system. We conclude that changes in the
behavioral responses of hosts to parasites and, to a lesser extent, changes in susceptibility are more frequent than
cockroach speciation events in different cockroach lineages. This finding strengthens the assertion that at least some
of the altered behaviors are adaptive for host and/or parasite.
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The outcomes of parasite-host interactions are often in-
terpreted as adaptive for host and/or parasite (e.g., Toft et al.
1991; Lafferty 1992). For instance, behavioral alterations are
ubiquitous among parasitized hosts. Animals with parasites
are known to differ from unparasitized conspecifics in their
choices of microhabits, thermal regimes, and diet items. Their
social status, competitive ability, and attractiveness to mates
often varies from that of uninfected animals (see Moore and
Gotelli 1990, for review). Despite the breadth of such effects
on animal behavior, the evolutionary context is poorly un-
derstood. Behavioral changes are often assumed to benefit
the parasite by enhancing transmission (Rennie 1992), and
in a few cases, the occurrence of altered behavior and in-
creased predation has been demonstrated in the same host-
parasite association (e.g., Moore 1983). Enhanced parasite
transmission has not been demonstrated in the majority of
cases of altered behavior, however (Moore and Gotelli 1990),
and other explanations for altered behavior include kin-se-
lected host suicide (Smith Trail 1980), host defense (Hart
1988; Horton and Moore 1993), and prolonged host survival
(Baudoin 1975). Dawkins (1982) argued that host behavior
is a ‘“‘shared phenotype’’ that represents a compromise be-
tween conflicting host and parasite strategies. Regardless, the

beneficiary of parasite-induced behavioral alterations is not
always obvious.

Resistance to parasitism has also been examined in an
adaptive framework, and its cost and life-history implications
have been thoroughly investigated in a snail-trematode as-
sociation (Minchella 1985). Indeed, one way to avoid be-
havioral alterations associated with parasitism is to avoid
parasitism altogether. The evolutionary basis for host spec-
ificity—why some parasites are narrowly restricted in their
use of hosts, whereas others are more catholic—is a central,
unresolved question in the study of host-parasite interactions
(e.g., Combes 1991). Likewise, the ability of a host species
to resist some invaders and not others is poorly understood,
despite its importance to public health considerations.

Explaining phenomena in terms of adaptation can be a
powerful tool for both prediction and clarification (Williams
and Nesse 1991). Adaptive explanations nonetheless need to
be contrasted with alternative explanations for a trait (Gould
and Lewontin 1979). We need to elucidate the pattern of
altered host behavior that might be expected in the absence
of any host or parasite adaptation.

Phylogeny provides us with such a pattern. The fact that
all species are related to one another, some more closely than
others, is another powerful predictive tool. Even in the ab-
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sence of adaptation, we expect closely related species to ex-
hibit similar traits (Harvey and Pagel 1991), including similar
responses to parasites. The likelihood of a trait being avail-
able for natural selection may be strongly influenced by the
history of the taxon, especially if the trait is not easily lost
or acquired. In fact, in the absence of strong selection, the
distribution of the trait may largely reflect phylogeny. Such
a distribution can be considered an evolutionary null hy-
pothesis (Kochmer and Handel 1986; Gittleman and Kot
1990).

In the event of a concordance between phylogeny and the
distribution of the trait, adaptation cannot be ruled out de-
finitively as an explanation for the distribution: the trait may
be currently adaptive in a way that is coincident with a phy-
logenetic pattern, or it may have been adaptive in an ancestor
and is now shared by descendants of that ancestor (Cod-
dington 1988). By comparing altered behaviors and suscep-
tibility of a group of related host species to host phylogeny,
however, we can evaluate the importance of history in pro-
ducing these patterns (Brooks and McClennan 1991). If the
traits reflect a strong phylogenetic component, adaptive ex-
planations for the traits may need to be deemphasized, par-
ticularly if the selective regimes are very different for extant
taxa.

This historical perspective is often lacking in many studies
that purport to be of evolutionary significance, including the
study of parasite effects on hosts. The test of the null hy-
pothesis of phylogenetic influence on these and other phe-
nomena requires data collected from related hosts under com-
parable conditions and some independent estimate of the phy-
logenetic relationships among these hosts.

We looked for phylogenetic patterns of altered host be-
havior in an acanthocephalan parasite-cockroach host system.
The ability to alter intermediate host behavior is widespread
in the phylum Acanthocephala (Moore 1984), where the al-
terations usually involve responses to specific environmental
stimuli rather than generalized host debilitation (Holmes and
Bethel 1972). The infected intermediate host must be eaten
by a suitable vertebrate definitive host for parasite transmis-
sion to occur. In this case, it is especially tempting to invoke
the altered behaviors as adaptive for transmission. They may,
however, be a defensive response on the part of the host (e.g.,
Smith Trail 1980; Boorstein and Ewald 1987; Horton and
Moore 1993), or a reflection of overall pathology.

Our comparative study of hosts examined behavioral al-
terations in cockroach hosts that are infected by the acan-
thocephalan, Moniliformis moniliformis. We studied an acan-
thocephalan because altered intermediate host behavior is a
trademark of the phylum. We chose M. moniliformis because
it develops in several species of cockroaches that are ame-
nable to comparative laboratory study and alters a variety of
cockroach behaviors. Our studies compared individuals of
each of seven cockroach species to infected conspecifics in
a variety of tests that examined behaviors thought to be im-
portant to predator avoidance or host defense: substrate ori-
entation (horizontal, vertical), substrate color choice (black,
white), open field activity (three indices), and three types of
responses to illumination (Carmichael and Moore 1991; Al-
lely et al. 1992; Gotelli and Moore 1992; Moore and Gotelli
1992; Moore et al. 1994). In addition, a total of 29 species
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of cockroaches were examined for resistance to infection by
M. moniliformis (Freehling and Moore 1993; Moore and
Crompton 1993). Although it would be desirable to have
more than seven host species for the behavioral study, most
other acanthocephalan-arthropod systems would have yielded
far fewer tractable combinations. We compared altered host
behaviors and host susceptibility to a cladogram of the cock-
roaches constructed from morphological characters (Mc-
Kittrick 1964).

MATERIALS AND METHODS

Reconstruction of Cockroach Phylogeny

Ideally, the construction of a cockroach phylogeny should
be conducted by an insect systematist. Early in this study,
we contacted a number of arthropod specialists (J. Carpenter,
B. Thorne, I. Huber, and L. Roth), none of whom were aware
of ongoing studies of cockroach phylogeny at the subfamily
level. Recent studies have addressed the phylogenetic status
of the primitive cryptocercid roaches (Thorne 1990;
DelaPorte 1992), but we know of no study using modern
phylogenetic methods that addresses relationships among
cockroach subfamilies. The definitive work on this topic con-
tinues to be McKittrick’s (1964) monograph. She provided
detailed descriptions of morphology and musculature of rep-
resentative species from different cockroach subfamilies and
produced from these a dendrogram of subfamily relation-
ships. Although her monograph predates modern phyloge-
netic methods, her results were summarized in tabulature
form and included discussions of presumed ancestral and
derived character states. We therefore rely on our own phy-
logenetic reconstruction of McKittrick’s (1964) data (Table
1).

Table 1 of McKittrick (1964) lists 27 discrete characters
for 20 cockroach subfamilies. Six taxa had character states
identical with those of other subfamilies and so were not
included in the cladistic analysis. Of the 27 characters, five
are based on oviposition behavior, five on male genitalia, 10
on female genitalia, and seven on the cockroach proventric-
ulus. Some of these characters are nonindependent. Her char-
acters 3, 4, and 5, which describe oviposition behavior, are
not independent of character 1, mode of reproduction. Sim-
ilarly, her characters 23, 24, 25, and 27 describe dentition
patterns, and are not independent of character 21, presence
or absence of the dental belt. Tree structure and consistency
indices were similar with and without these nonindependent
characters. However, the full character set gave better reso-
lution of the basal subfamilies. Character states are sum-
marized below (see Table 1).

(1) Life history, two states: oviparous (0), false ovovivip-
arous or false viviparous, (1).

(2) Ootheca rotation, two states: ootheca held dorsal (0),
ootheca rotated 90° (1).

(3) Oviposition digging, three states: with mouthparts (0),
with legs (1), no oviposition digging (2).

(4) Oviposition behavior, four states: walk forward to ovi-
posit (0), oviposit before site is prepared (1), back over
hole to oviposit (2), no oviposition (3).

(5) Reduction in oviposition digging, three states: reduction



