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Altered host behaviour in a cockroach-acanthocephalan association 

N I C H O L A S  J. G O T E L L I *  & J A N I C E  MOORE'[" 
*Department of Zoology, University of Oklahoma, Norman, Oklahoma 73019, U.S.A. 

tDepartment of Biology, Colorado State University, Ft. Collins, Colorado 80523, U.S.A. 

(Received 18 March 1991; initial acceptance 5 April 1991; 
final aeceptance 7 November 1991; MS. number: A6004) 

Abstract. The effects of  parasitism by the acanthocephalan Moniliformis moniliformis on the behaviour 
of two ecologically similar intermediate cockroach host species (Periplaneta americana and Blattella 
germanica) were compared. Open field activity, substrate orientation, substrate colour choice, photo- 
philia, phototaxis and photokinesis were measured for infected cockroaches and uninfected controls in a 
series of  laboratory arena experiments. Parasitism had significant effects on activity and substrate use, but 
not on photic responses. Compared with control animals, parasitized animals of  both species showed a 
decrease in travel velocity and distance, and an increase in the use of  horizontal surfaces. Other behaviour 
patterns were also altered by parasitism, but the direction and magnitude of  the alteration depended on 
slrecies, sex and light regime. Similar responses of  the two species to parasitism may reflect common 
selective pressures on the host-parasite interaction, including ecological similarities of the host species 
and shared predators, lnterspecific differences in the response to parasitism may reflect phylogenetic 
differences, physiological limitations, or constraints due to body size differences. 

Parasites often alter the behaviour of  the hosts that 
they inhabit (Holmes & Bethel 1972; Moore & 
Gotelli 1990). These alterations include changes in 
response to humidity, substrate colour, light and 
alterations in levels of activity. Altered host 
behaviour often has important ecological conse- 
quences for the parasite and the host, and a variety 
of evolutionary scenarios have been proposed to 
account for it (Moore & Gotelli 1990). 

Altered host behaviour may enhance parasite 
transmission by increasing host vulnerability to 
predation (Holmes & Bethel 1972). From the host's 
perspective, altered behaviour may be a form of 
host suicide that prevents parasite transmission to 
kin (Smith Trail 1980). Altered behaviour may also 
be an expression of a host-induced physiological 
fever, or other nutritional or physiological changes 
associated with parasitism (Beckage 1985; Lawrence 
1986). Dawkins (1982) suggests that intermediate 
host behaviour is a 'shared phenotype', con- 
trolled by both parasite and host genes and that 
behavioural alterations are an evolutionary 
compromise between conflicting host and parasite 
strategies. 

To date, most studies of  altered host behaviour 
have focused on single host-parasite associations. 
As a consequence, a comparative perspective is 

somewhat lacking in this literature (but see Bethel & 
Holmes 1977; DeMont & Corkum 1982; Helluy 
1983). Alternative hypotheses, such as phylogenetic 
or physiological constraints on host behaviour, can 
only be investigated by comparing the behaviour 
patterns of different host species infected with the 
same parasite (Moore & Gotelli 1990). 

The association between acanthocephalans 
(thorny-headed worms) and their intermediate 
cockroach hosts is an ideal system for such a com- 
parative study. Acanthocephalans often alter the 
behaviour of  their intermediate hosts in ways that 
make them more vulnerable to predation by a 
definitive host (Moore 1984a). Furthermore, cock- 
roaches exhibit a variety of  complex behaviour, 
including escape responses (Camhi et al. 1978), 
activity patterns (Roberts 1960) and substrate 
orientation (Silverman & Bell 1979), that may 
affect their vulnerability to predation. 

In this study, we compare the behaviour of two 
intermediate cockroach host species, Periplaneta 
americana and Blattella germanica, infected with 
the acanthocephalan Moniliformis moniliformis. 
Periplaneta americana is the intermediate host 
species most commonly used in laboratory studies 
ofM. moniliformis. Other intermediate host species 
may also be used by M. moniliformis in the field, 
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Mature female worms were dissected, and eggs were 
washed, centrifuged, and stored in tap water at 5~ 
We mixed acanthocephalan eggs derived from 
several different worms and rats to provide the 
experimental stock. Cockroaches used to maintain 
the acanthocephalan life cycle were never used in 
behavioural tests. 

Experimental Infections 

Unless otherwise stated, both species of cock- 
roach were treated identically. We selected 
randomly a total of 20-40 cockroaches, provided 
them with water and starved them for 5 days. They 
were then assigned to the control or parasitized 
treatments. The parasite treatment group was given 
one teaspoonful of apple sauce containing the eggs 
of M. moniliformis. Control animals were also 
given apple sauce. We combined subgroups of 
animals at the time of exposure to disrupt any 
dominance hierarchies that might have interfered 
with feeding. We allowed both groups to feed until 
the apple sauce was consumed. After feeding, cock- 
roaches were placed in individual half-pint labelled 
jars, provided with food and water ad libitum, and 
maintained for 8 weeks on a 12:12 h light:dark 
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Figure 1. Mean (+SE) per cent substrate use by P. americana and B. germanica. Fl: unparasitized; I1: parasitized. 
(a) Males, red light; (b) males, white light; (c) females, red light; (d) females, white light. BV: black vertical; WV: white 
vertical; BH: black horizontal; WH: white horizontal. For control males N =  28 (P. americana), N= 25 (B. germanica); 
parasitized males N=36 (P. americana), N= 17 (B. german&a); control females N= I0 (P. americana), N=25 
(B. germanica); parasitized females N= 22 (P. antericana), N= 25 (B. germanica). 

sistent. Finally, the use of  white vertical surfaces 
decreased under  white light for all groups. 

Activity Measurements 

Effects o f  parasitism 

Parasi t ism had no effect on activity time (Table 
II; Fig. 2). Under  both light conditions,  parasit ized 
B. germanica moved more slowly than did their 

uninfected counterparts .  Periplaneta americana 
males ran slower when parasitized than did un- 
infected males, but  parasitized females ran faster 
than uninfected females (Fig. 3). These differences 
in velocity were statistically non-significant. 

As a consequence of  these differences in velocity, 
parasit ized B. germanica and parasit ized P. 
americana males covered significantly less distance 
than did uninfected counterparts ,  while parasi t ized 
P. americana females travelled greater distances 
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Table III. Average (_.+ SE) behavioural scores for light response experiments 

% Time Freeze 
Species Treatment in light* time (s)t Direction:~ 

P. americana Control 8.07 29.45 3-46 
(N= 25) (3.73) (3.55) (0.37) 
P. americana Parasitized 16-53 46-54 3-76 
(N=25) (3.31) (10.24) (0.33) 
B. germanica Control 34-15 9-38 3.87 
(N= 53) (4.69) (I.29) (0.23) 
B. germanica Parasitized 32-73 13-01 3-21 
(N=33) (5.29) (8-45) (0-77) 

Only males were used in these experiments. 
*The average percentage of time spent in the light in a shading experiment. 
tThe average 'freeze time' (s) ofcockroaches exposed to a point light source. 
:~The average directional score (0 = towards light; 6 = away from light). 
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tend to move further than do uninfected ones 
(Moore 1983b). Our study appears to be the first to 
report a decrease in distance travelled in arthropod 
hosts of  acanthocephalans, although decreases in 
velocity have been inferred (Moore 1983a). More- 
over, this decrease is not restricted to P. americana. 
We find comparable results with a co-occurring, 
ecologically similar host (B. germanica). In a 
congener, Periplaneta brwmea, however, M. 
moniliformis parasitism had no significant effect 
on activity (Carmichael & Moore 1991). However, 
both species were tested at temperatures below 
their optimum, which may account for differences 
in their activity patterns (Delcomyn 1971) and their 
responses to parasitism. 

Positive responses to light are a common effect of  
acanthocephalan parasitism and have been reported 
in at least eight arthropod-acanthocephalan associ- 
ations (see Moore 1984b; Moore & Gotelli 1990, 
for review). Among these is P. americana infected 
with M. moniliformis (Moore 1983a; Wilson & 
Edwards 1986; see also Edwards 1987). In contrast, 
we were unable to demonstrate any significant 
parasite effects on either phototaxis or photophilia 
in either cockroach (Carmichael & Moore 1991, 
obtained similar results for P. bnamea). However, 
variances in these data were large, and we note that 
in P. americana, parasitized animals spent, on 
average, twice as much time in the light as did 
uninfected animals, and had a longer freeze time 
(but see Moore 1983a). 

Substrate responses showed complex interactions 
with light, species and sex. None the less, there 
was a general response to parasitism: under most 

conditions, parasitized animals of  both species 
shifted to horizontal substrates. 

At  least three factors may contribute to this shift. 
First, cockroaches on horizontal surfaces may be 
more vulnerable to predation by the final host 
(Silverman & Bell 1979). Thus, the behavioural 
alteration may contribute to parasite transmission. 
It is, at least, consistent with that hypothesis. 

Second, standing on a horizontal surface may 
require less energy than clinging to a vertical sur- 
face. Preliminary data suggest that infection with 
M. moniliformis may alter oxygen consumption by 
P. americana (B. Full, personal Fullru behav



958 Animal Behaviour, 43, 6 

(1983b) showed that dark terrestrial isopods par- 
asitized with Plagiorhynchus cylindraceus spent 
more time on light-coloured substrates than did 
uninfected isopods. Pigmentation dystrophy has 
also been reported in some crustacean hosts (see 
Moore 1984b for review). In such a situation, the 
host might be more conspicuous to a predator 
against its normally chosen substrate. 

Despite numerous descriptions of  altered 
behaviour associated with acanthocephalan infec- 
tion, comparative studies are rare. Bethel & Holmes 
(1973, 1977) observed one host, Gammarus lacustris, 
infected with either Polymorphus paradoxus or 
Polymorphus marilis, and found that the species of  
parasite influenced the response of  gammarids to 
environmental stimuli; these responses affected risk 
of mallard predation. DeMont & Corkum (1982) 
showed that each of two species ofostracod infected 
with Octosphffferoides chandleri responded more 
positively to light than did uninfected eonspeeifics. 
Other stimuli were not tested. 

Our comparative study has shown that two eco- 
logically similar cockroach species, which are both 
intermediate hosts, show some similar responses 
to parasitism by M. moniliformis. These shared 
responses may reflect shared selective pressure on 
the parasite-host association. Nevertheless, each 
species showed some unique behavioural responses 
to parasitism, and these differences were often 
mediated by sex and light regime. Interspecific 
differences in behavioural responses may result 
from divergent histories, physiological limitations, 
or constraints due to body size differences. Body 
size differences, in particular, may have profound 
effects on host behaviour, physiology and metab- 
olism (Calder 1984), and probably contributed to 
at least some of  the behavioural differences between 
P. americana and B. germanica. 

However, it is difficult to know which of the 
differences between host species are responsible for 
divergent behaviourai responses when only two 
host species are compared. By introducing M. 
moniliformis into several different cockroach 
species, we hope to reveal consistent effects of  
ecology, phylogeny and body size on host 
behavioural responses to parasitism. 
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