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The influence of non-host predators on parasite-induced behavioral

changes in a freshwater snail

Edward P. Levri

Levri, E. P. 1997. The influence of non-host predators on parasite-induced behavioral
changes in a freshwater snail. — Oikos 81: 531-537.

Parasites can have striking influences on their host’s behavior that serve to increase
the probability of parasite transmission. The type of behavior induced often increases
the probability of an encounter with the next host in the life cycle. However non-host
predators could also serve as selective forces on the manipulative strategy of the
parasite. In this study, I examined the daily foraging behavior of a New Zealand fish
(Gobiomorphus cotidianus), and related it to the foraging habits of a snail (Potamo-
pyrgus antipodarum) infected with the trematode Microphallus sp. Previous results have
demonstrated that Microphallus alters the snails’ behavior in a time-specific manner:
infected individuals forage on the top of rocks late into the morning, when the final
host (waterfowl) is feeding most, and then move to the bottom of the rocks. Since
waterfowl continue to forage (albeit at a lower rate) throughout the day, the infected
snails’ movement to the bottom of the rocks is perplexing. Here I examined the gut
contents of fish collected at different times of the day. I found that fish feed on snails
predominantly in the late morning to early afternoon hours, which corresponds to the
time that infected snails move to the bottom of the rocks. I also found that snails taken
from fish guts are less likely to be infected by Microphallus than snails from the overall
population. Thus it would appear that the behavior induced by Microphallus decreases
the probability that an infected snail will be eaten by an unsuitable host.

E. P. Levri, Dept of Biology, Indiana Univ., Bloomington, IN 47405, USA

(elevri@sunflower .bio.indiana.edu).

Parasites often alter the behavior of their hosts in ways
that increase the probability of parasite transmission
(for reviews see Holmes and Bethel 1972, Dobson 1988,
Moore and Gotelli 1990). Behavioral alterations of this
type are commonly (but not exclusively) associated with
parasites that have more than one host in their life cycle
and need to be eaten in order for transmission to occur
(Holmes and Bethel 1972). Thus, in many cases, the
effect of the behavioral change is to increase the proba-
bility of predation by the next host in the life cycle.
In some cases, however, it may be more beneficial for
the parasite if its host avoids predation. Avoiding pre-
dation would be advantageous when the parasite is not
sufficiently developed for successful establishment in
the final host. In this case it would be beneficial for the
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parasite to avoid all predators, including the final host.
There are several examples of behavioral manipulation
where induced behavioral changes do not occur until
the parasite is transmissible (Bethel and Holmes 1974,
Hurd and Fogo 1991, Granovitch 1992, Poulin et
al. 1992, Tierney et al. 1993, Levri and Lively
1996). Non-transmissible parasites may also benefit
from altering the behavior of their host. Tierney et al.
(1993) present data that are consistent with the idea
that non-transmissible parasites may induce predator-
avoidance behaviors. Although the aim of their study
was not specifically to address this idea, their data
suggest that non-transmissible cestode plerocercoids in-
crease the recovery time to a predator attack, decrease
the duration of pectoral sculling, and increase
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the time spent motionless of three-spined sticklebacks
compared to uninfected controls. Tierney et al. (1993)
suggest that these behaviors seem to decrease the prob-
ability of predation on the fish.

Avoiding predation may also be advantageous for
the parasite even when the parasite is transmissible,
because changes in host behavior may increase expo-
sure not only to the next host in the life cycle, but also
to predators that cannot serve as a host. In situations
where the next host in the life cycle is not the most
common predator, it may be beneficial for the parasite
to induce behaviors that decrease the probability of
predation. This situation seems most probable when the
chance of encounter with the final host and/or the other
predators is variable in time or space. For example, if
the final host is most active during the summer, but
other predators are active all year long, it may be better
for the parasite to induce predation-enhancing behavior
only in the summer. One may also expect the parasite
to induce behaviors to avoid predation the rest of the
year under certain circumstances.

Behavioral changes that effectively decrease preda-
tion while the parasite is transmissible may occur in the
snail Potamopyrgus antipodarum infected by the
trematode parasite Microphallus sp. Microphallus alters
the behavior of its intermediate host, P. antipodarum, in
a way that appears to increase its probability of trans-
mission to the final host, waterfowl (Levri and Lively
1996). The parasite causes the snail to remain on the
top of rocks (where they are exposed to predators) in
the early morning hours when waterfowl forage most;
while most uninfected classes of snails move to the
bottom of the rocks. However, Microphallus-infected
snails move to the bottom of the rocks in the late
morning. This is somewhat anomalous because water-
fowl continue to forage into the afternoon hours, al-
though less frequently. If increased exposure to
waterfowl were the only influence on the parasite’s
manipulative strategy, then the snails should remain on
top of the rocks throughout the day. To explain this
movement by snails to the bottom of the rocks, it is
possible that other predators (e.g. fish) which cannot
serve as final hosts feed on snails predominantly in the
late morning and early afternoon. If Microphallus were
ingested by fish, the parasite would die. Thus, I hypoth-
esized that Microphallus induces the snail to move to
the bottom of the rocks during the late morning to
avoid being eaten by an unsuitable host.

Here I demonstrate that fish feed on snails in the late
morning and early afternoon more than in the early
morning hours. Further, snails ingested by the fish
Gobiomorphus cotidianus are less likely to be infected by
Microphallus than snails from the population at large.
This result suggests that the behavior induced by Mi-
crophallus in the late morning (movement to the bottom
of the rocks) reduces the probability that infected snails
will be eaten by an unsuitable host.
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The system of study

Potamopyrgus antipodarum is a small prosobranch gas-
tropod found in many New Zealand lakes and streams.
The snail feeds on green algae, diatoms and detritus
(Winterbourn 1970, Haynes and Taylor 1984, Winter-
bourn and Fegley 1989). In rocky habitats the snails
forage on top of rocks for algae predominantly at night
(Levri and Lively 1996). The most common predator of
P. antipodarum in many places is the fish Gobiomorphus
cotidianus (the common bully). The diet of the fish
consists of zooplankton, insect larvae, and several spe-
cies of molluscs, including P. antipodarum (McDowall
1990).

Microphallus sp. is the predominant parasite of P.
antipodarum (Lively 1987), and it has a two-host life
cycle. Adult worms reproduce sexually in waterfowl,
and eggs are expelled into the water with the feces. The
eggs are ingested by Potamopyrgus. The eggs hatch, and
during maturation the parasite reproduces asexually,
producing hundreds of metacercarial cysts. In the pro-
cess the parasite sterilizes the snail. The life cycle is
completed when infected snails are eaten by waterfowl.

Methods

Gobiomorphus cotidianus were collected in each of four
years from Lake Alexandrina on the South Island of
New Zealand (170°27'E, 43°56'S). In February 1994, 1
collected fish (using dipnets) from the lake predomi-
nantly between 13:30 and 15:00. In February of 1995, I
performed the collections starting at 09:00 and 14:00,
and in January of 1996, the collections were made
starting at 09:00, 14:00, and 22:00. In January of 1997
fish were collected on several different days between the
hours of 14:00 and 15:00. These collections did not take
more than one hour to perform. I preserved the fish in
70% ethanol at the time of collection. Before dissection
I recorded the length and gape of each fish. The gut of
each fish was completely removed and the contents
were quantified. I measured the length of each ingested
snail using an ocular micrometer. Any snail greater
than 2.0 mm in length was dissected and its gender,
brooding condition, and parasite prevalence were
recorded (snails less than 2.1 mm in length have never
been found to be infected). I identified the parasites
using the descriptions provided by Winterbourn (1973).

Kruskal-Wallace one-way ANOVA tests were used
to compare the number of snails found in fish guts of
the morning and evening samples to the number of
snails found in the fish guts of the afternoon samples
for each day in 1995 and 1996. Only fish from these
years were used to assess the time snails were eaten,
because fish collected from the other two years were
sampled only in the afternoon. I also used the test to
compare all sample times across years. The non-para-
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Table 1. Analysis of the number of snails found in fish guts by time of day using Kruskal-Wallis one-way ANOVA. The
afternoon samples were compared independently to the morning and evening samples in 1996. In all comparisons DF = 1 except

for the final test grouping the data across years, where DF = 2.

Year Morning Afternoon Evening x? P
N Mean rank N Mean rank N Mean rank
1995 85 57.79 46 81.17 14.26 <0.001
1996 40 52.86 81 65.02 4.19 0.041
81 60.03 35 54.96 0.69 0.408
1995-96 125 126.80 127 162.07 35 139.84 14.69 <0.001

metric test was used because the numbers of snails
found in fish guts within sample times were not nor-
mally distributed.

The above tests assume that snails collected at one
time period do not remain in the fish gut to the next
time period. To test this assumption, I collected fish in
the same manner as described above but from a differ-
ent site. I preserved half of the collected fish immedi-
ately. The other half were kept alive in a 20-1 bucket in
the absence of snails for an additional 3.5 h before they
were preserved. The fish were dissected, and I recorded
the number of fish with snails remaining in the guts for
each group. I compared the ratio of fish with snails in
their guts to fish without snails in their guts for the fish
preserved immediately versus fish preserved 3.5 h later
using a chi square test.

The fish used in this study were collected from two
different sites in Lake Alexandrina, “Campsite” and
“West Bay” (Jokela and Lively 1995). The fish collected
in 1994 and 1997 were from Campsite, and the fish
collected in 1995 and 1996 were collected from West
Bay. To compare the infection rate of snails found in
fish guts to the snail population at large, I collected
snails from the population at large from each site at the
same time the fish were collected. At least 250 snails
were collected from the population at large each year
by sampling rocks within the lake and removing all of
the snails found on them. The snails’ lengths were
measured and they were dissected, noting gender,
brooding condition, and type of parasite. The infection
rate of the snails found in the fish guts was compared to
the infection rate of the snails from the population at
large by using multiple logistic regression. The proba-
bility of a snail being infected was predicted to be a
function of the variable’s population (where the snail
was collected from: population at large or fish gut),
year of collection, and snail size. Size is an important
variable because the probability of infection increases
with snail size in this population (Jokela and Lively
1995) and the size distribution of the snails found in the
fish guts was different from the size distribution of the
snails from the population at large (Levri unpubl.).
The significance of the main effects of population
(eaten by fish or not eaten), size of snail, and year of
collection was determined by subtracting the —2 log-
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likelihood value from the logistic regression analysis
output that included the term as a factor in the model
from the —2 log-likelihood value of the analysis output
from a model with the term omitted. This produces a
log-likelihood ratio statistic whose distribution is ap-
proximately chi-square with degrees of freedom equal
to the number of parameters tested (Hosmer and
Lemeshow 1989). The logistic regression analyses were
performed using SPSS software using the logistic re-
gression procedure (Norusis 1990). Only the main ef-
fects terms were included in the model. A model
including the interaction terms results in individual
regressions for all populations. Since only one individ-
ual was found in infected snails from fish guts, the
interaction terms could not be reliably estimated. With-
out interaction terms, I am assuming that the resulting
regression curves are similar in shape, which is likely to
be a safe assumption.

Results

Only in 1995 and 1996 were the fish sampled over time;
thus, only these data were used to assess when the fish
were feeding. A total of 287 G. cotidianus was sampled
in 1995 and 1996 yielding a total of 591 Potamopyrgus
in their guts. Of the 591 snails, all snails greater than
2.0 mm in length were dissected to determine infection
status (previous studies utilizing over 20 000 snails have
never yielded a Microphallus-infected snail less than 2.1
mm in length). The size distribution of fish was skewed
towards smaller individuals (Levri unpubl.). The num-
ber of snails found in the fish guts ranged from 0 (the
most common observation) to 38. The mean standard
length of the fish was not significantly different among
any of the samples (P > 0.05 in all cases). Thus, the
size of a fish was not used as a factor in the statistical
analyses.

In 1995, fish had significantly more Potamopyrgus in
their guts in the afternoon than in the morning (P <
0.001, Table 1, Fig. 1). I observed the same trend in
1996, but the difference was only marginally significant
(P=0.041). When I grouped data across years, there
were significantly more snails found in fish guts in the
afternoon samples than in the morning or evening
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(Table 1). In the 27 cases where the number of snails in
fish guts was 11 or more, 23 were from the afternoon,
2 were from the morning, and 2 were from the evening.
In fact, all 10 cases where there were more than 16
snails in one fish were from afternoon samples.

Fish preserved immediately after collection were
more likely to have snails in their guts than fish isolated
and preserved 3.5 h after they were collected (Fig. 2).
Fifteen of 25 fish had snails in their guts at the time of
collection; only five of 25 had snails in their guts 3.5 h
after collection (x*>=8.33, P=0.004). In the fish that
were isolated for 3.5 h, all of the snails were clustered in
the terminal portion of the digestive tract. Thus, it is
likely that they would have soon been expelled, espe-
cially if the fish had been foraging freely in the interven-
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Fig. 1. The mean number of snails found in the fish guts by
time of day for 1995 and 1996. There were significantly more
snails found in the fish guts in the afternoon compared to the
early morning in 1995, and the same trend was found in 1996
(Table 1). Vertical bars are standard errors.
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Fig. 2. The percentage of fish with snails in their guts pre-
served immediately at the time of collection and delayed 3.5 h
post collection. Most fish appear to eliminate the consumed
snails within 3.5 h. Error bars are 95% confidence intervals.

ing time. Since the snails seem to remain in the fish guts
for about 4 h, the samples collected in the morning,
afternoon, and evening represent the foraging habits of
the fish for the 4 h before their collection. Therefore,
most if not all snails from the fish collected at 14:00 are
independent from the snails from fish collected at 09:00.

If infected snails are less likely to be eaten by fish
than uninfected snails, fewer infected snails should be
found in the fish guts than expected from a random
sample of the population at large. There were 104 snails
found in fish guts from 1994-1997 that were greater
than 2.1 mm in length, and, thus, could have poten-
tially been infected by Microphallus. 1 found only one
of these snails to be infected by Microphallus (Fig. 3).
The logistic regression analysis (of snail size on proba-
bility of infection) using data from morning, afternoon,
and evening samples for snails in the guts compared to

18

15

H Unintected
[0 Microphallus -infected

Number of snails

22 24 26 28 30 32 34 36 38 40 42 44 46 48 50

Size (mm)

Fig. 3. The size distribution of uninfected and Microphallus-
infected snails found in the fish guts. The size distribution is
skewed toward smaller snails. The only infected snail found
was 2.6 mm in length.
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Table 2. Logistic regression analysis of the probability of infection predicted by snail population (eaten or uneaten), size, and
year of collection. The change in the —2 log-likelihood value follows appoximately a chi-square distribution if the hypothesis of

no effect is true.

Term

Change in —2 log-likelihood value if df P

term removed from the analysis

Morning and evening samples only
Population
Size
Year

Afternoon samples only
Population
Size
Year

All samples
Population
Size
Year

2.16 1 0.14
23.53 1 <0.001
4.89 3 0.18
11.45 1 <0.001
28.65 1 <0.001
4.53 3 0.21
11.51 1 <0.001
28.41 1 <0.001
4.70 3 0.20

uneaten snails yielded a significant effect of population
(P <0.001, Table 2). Thus, snails found in fish guts are
significantly less likely to be infected by Microphallus
than snails from the population at large. The predicted
relationship between the probability of infection and
snail size between eaten and uneaten snails is presented
in Fig. 4. The prediction that fewer infected snails
should be found in fish guts than due to chance was
expected to be dependent upon the time of day that the
fish were collected. When only snails found in fish guts
from afternoon samples are compared to the popula-
tion infection rates, similar results are found (P < 0.001,
Table 2). A total of 64 snails large enough to be
infected were collected from the afternoon-collected
fish. Of these, no snails were found to be infected. For
the 40 snails large enough to be infected found in the
morning and evening samples, one infected snail was
found. The results yielded no significant effect of popu-
lation (P =0.14, Table 2). In all three comparisons a
significant effect of size of snail was found, indicating
that the probability of infection changes with snail size.

Discussion

The results of this study show that the fish G. cotidianus
feeds on P. antipodarum predominantly in the late
morning and early afternoon hours (Fig. 1). This peak
in fish foraging corresponds with the movement of
infected snails from the top to the bottom of rocks
(Levri and Lively 1996). Thus, the behavioral change
associated with the parasite would seem to reduce the
probability of encounter between infected snails and
fish.

To compare the number of snails found in fish guts
from different times of the day, the samples must not
overlap. Said in another way, there should be little
chance that snails in fish guts in the afternoon sample
were eaten in the early morning. The results show that
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there were significantly fewer fish with snails in their
guts for fish preserved 3.5 h after they were collected
than for fish preserved immediately after collection
(Fig. 2). All snails found in fish guts, where preserva-
tion was delayed 3.5 h, were found in the terminal
portion of the gut. Thus they were likely to be elimi-
nated in the near future. Anecdotally, in two instances
where I have been able to feed these snails to the fish in
the lab, the snails passed through the fish in under 3.5
h. Since I performed the fish collections in the morning,
afternoon, and evening at intervals of at least 4 to 5 h,
it is unlikely that snails eaten before the morning
collection times were a significant portion of the snails
found in the afternoon samples.

If moving to the bottom of the rocks in the late
morning reduces the probability of the snail being eaten
by fish, fewer infected snails should be observed in the
diet of fish than is expected based on the infection rate
of the snails in the population at large. Comparing the
infection rate of snails found in fish guts to that of the
population at large within each year of collection re-
vealed that significantly fewer infected snails were eaten
by fish than expected by chance (Fig. 4, Table 2).
Infected snails should have had the lowest probability
of being found in fish in the afternoon if the parasite-
induced behavior reduces the probability of predation.
When only snails from fish caught in the afternoon
samples were used, fewer infected snails than expected
were also found in the fish guts (0 infected out of 64
snails). Since Microphallus-infected snails are on the
top of the rocks in the early morning and evening
(Levri and Lively 1996) there should not necessarily be
fewer than expected infected snails in the fish guts at
these times. The data (1 infected snail out of 40) are
consistent with this idea, but since only one infection
was found, little should be inferred from a single occur-
rence.

Another explanation for the absence of infected
snails in the fish diets might be that infected snails are
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distasteful to fish. Parasites and pathogens have been
demonstrated to increase unpalatability in their hosts in
some cases (e.g. Clay et al. 1985). An increase in
distastefulness could be advantageous for the parasite if
it decreases the probability of predation by non-host
predators. Such an alteration could be a physiological
by-product of infection, or it could be an example of
parasites adaptively altering the phenotype of the host.
In Potamopyrgus infected by Microphallus distasteful-
ness could decrease the probability of ingestion by
non-host predators (fish). However, both fish and
waterfowl ingest the snail without crushing it; thus in
order for the snail to be distasteful to fish, the snail
would have to excrete a chemical. If infected snails did
excrete a distasteful chemical, it would likely be dis-
tasteful to waterfowl as well as fish, which could de-
crease the transmission efficiency to the final host.
Therefore, I believe that a parasite-induced increase in
distastefulness in Potamopyrgus is unlikely. In any case,
this alternative hypothesis remains a possibility.

The foraging of the fish would also seem to explain
the foraging behavior patterns of uninfected snails. In a
previous study, brooding females, males, and juveniles
retreated to the bottom of the rocks in the morning and
did not come back to the top until evening (all classes
of snails, infected and uninfected, were found to forage
at night) (Levri and Lively 1996). It would appear that
these classes of snails behave in this way to reduce the
risk of fish predation. Only non-brooding females re-
main on top of the rocks throughout the day (it ap-
pears that they are trading off the risk of predation
with the resources necessary to initiate the next brood
[Levri and Lively 1996]). Snails infected by transmissi-
ble Microphallus remain on top of the rocks longer in
the morning while waterfowl are feeding. Thus, it
would appear that the parasite manipulates the snail in
the early morning to behave more similarly to non-
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brooding females to increase the chance of being eaten
by a duck. Then in the late morning the parasite “turns
off”” its manipulative effect or induces behavior similar
to brooding females which serves to decrease the prob-
ability of predation by fish. Parasites that are not yet
transmissible do not induce the snails to be on top of
the rocks in the early morning (Levri and Lively 1996).
The behavior characteristic of snails infected with non-
transmissible parasites may result in a decreased proba-
bility of the snail being eaten by all predators, as snails
infected by non-transmissible parasites seem to stay on
the bottom of the rocks throughout the day.

Many studies have concluded that the behavioral
effects of a parasite on its intermediate host facilitate
transfer of the parasite through the food chain to the
next host in the life cycle (Holmes and Bethel 1972,
Dobson 1988, Moore and Gotelli 1990). The results
from these studies suggest that the foraging habits of a
secondary host can be a selective force on the manipu-
lative strategy of a parasite. The present result is the
first example, to my knowledge, that suggests that a
predator that is not the final host may be an important
selective force on the manipulative strategy of a trophi-
cally transmitted parasite. Thus the manipulative strat-
egy of this parasite would appear to be selectively
influenced not only by the foraging habits of the final
host, but also by those of a more common, non-final
host predator.
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