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Mermithid Nematode Infections and Drift in the Mayfly Deleatidium spp. (Ephemeroptera)
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ABSTRACT: Alterations in host phenotype induced by parasitic infection
are often interpreted as either host or parasite adaptations, depending
on which of the two appears to benefit. Mermithid nematodes typically
castrate their insect hosts and, therefore, any change in host behavior
has no further fitness consequences for the host; the adaptive value of
the modified behavior must be assessed with respect to parasite fitness
only. In a New Zealand stream, mermithid-infected nymphs of mayflies
in the genus Deleatidium were disproportionately represented in drift
samples compared with benthic samples, suggesting that infection by
mermithids results in an increased tendency to drift. Drifting mayflies
face a higher predation risk from trout, and the mermithid nematodes
they harbor die if ingested by a fish. The change in mayfly behavior
induced by mermithids thus appears to have negative fitness effects for
the parasite, and one possible explanation for this phenomenon is that
it is a nonadaptive, pathological side effect of infection.

Parasites of all kinds modify the phenotype of their hosts. For in-
stance, insect hosts often display altered morphological, physiological,
and behavioral traits after infection by parasites (see Hurd, 1990; Beck-
age, 1993; Horton and Moore, 1993). Because changes in host pheno-
type can affect the fitness of either host or parasite, they are subject to
selection and would normally be expected to represent either an adap-
tive manipulation of the host by the parasite, or an adaptive response
of the host against the parasite. Indeed, the great majority of published
examples of parasite-induced changes in host phenotype have been in-
terpreted as adaptations, usually parasite adaptations (Poulin, 1995,
1998). In this context, examples of changes in host phenotype that result

in fitness losses for both host and parasite are interesting, especially
when involving parasite taxa that include species capable of adaptively
manipulating their host. Such counterexamples would suggest that adap-
tive explanations are not always applicable, and that disadvantageous
pathological side effects can also exist.

Mermithid nematodes are common parasites of insects and other ar-
thropods (Poinar, 1991). Typically, these worms develop in the hemo-
coel of their host until they reach adulthood; at this point, adult worms
emerge from the host and live freely in water, where they lay eggs.
Larvae hatched from these eggs will penetrate a new host and begin
the cycle anew. If the host is mostly terrestrial, worms that are ready
to emerge can induce marked ‘hydrophilia’ in their host and force them
to return to water (e.g., Maeyama et al., 1994). If the host has an aquatic
larval phase with only adult females returning to water to oviposit, as
in mayflies, mermithid worms infecting male hosts can feminize them
and induce them to adopt a female behavior and return to water (Wülk-
er, 1964; Vance, 1996a). Mermithid nematodes are, therefore, capable
of manipulating the phenotype of their hosts to their own advantage.
Because parasitized insects are usually castrated by mermithids before
the onset of these changes (Poinar, 1991; Pritchard and Zloty, 1994),
the behavioral alterations have no further fitness consequences for the
host. In addition to manipulating the behavior of their host to ensure
their return to water, mermithids can also modify host behavior to re-
duce the risk of the host being consumed by a predator. For example,
the parasite Gasteromermis sp. decreases the frequency of drifting in
its stream-dwelling hosts, nymphs of the mayfly Baetis bicaudatus
(Vance, 1996b). This reduces the mortality of the parasite via predation
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FIGURE 1. Prevalence of mermithid infections in mayfly nymphs
Deleatidium spp. from benthic, mid-water drift, and surface drift sam-
ples taken in Sutton Stream. Numbers indicate sample sizes.

on mayflies by stream fishes such as salmonids, which feed mainly on
drifting invertebrates. In the present study, the frequency of mermithid
infections among nymphs of mayflies, Deleatidium spp., caught in the
drift was compared with the frequency of infections in mayflies from
benthic samples to test the hypothesis that mermithid nematodes reduce
the probability of their host drifting. Deleatidium mayflies are among
the most abundant and ubiquitous of New Zealand stream invertebrates,
but identification of nymphs to species has proved almost impossible
(Towns and Peters, 1996).

Samples were taken from Sutton Stream, a tributary of the Taieri
River, South Island, New Zealand. The only fish found in this stream
is the introduced brown trout Salmo trutta L., a visual predator that
feeds mainly on drifting macroinvertebrates such as mayfly nymphs
(Cadwallader, 1975; McLennan and MacMillan, 1984). Three sites were
chosen for sampling, each with similar substrate, water velocities, and
water depth (approx. 15 cm), and each separated by at least 30 m from
the others. Drift samples were collected using 4 nets (9-cm opening
diameter, 250-mm mesh) installed at each site; 2 nets were submerged
in mid-water and 2 were positioned with half of the opening out of the
water to collect near-surface drift. Sampling was carried out over 3 24-
hr periods in February–March 1998. Drift samples were removed from
the nets every 4 hr during these periods, after which the nets were
cleaned and reinstalled. After this, a benthic sample was taken at each
site, just downstream from the drift nets. This involved arbitrarily se-
lecting 10 rocks of comparable sizes from a randomly chosen area,
turning them over, and washing their surfaces into a 250 mm mesh net.

All drift and benthic samples were preserved in 100% ethanol and
returned to the laboratory. During sorting of the stream invertebrates
captured, all Deleatidium nymphs were counted and individually dis-
sected under a microscope to detect the presence of mermithid nema-
todes. In the analysis that follows, all benthic, mid-water drift, and near-
surface drift samples were pooled within each of these 3 categories
rather than treated separately, because of the relatively low frequency
of infections.

A total of 2,597 Deleatidium nymphs was collected and examined
from Sutton Stream. Of these, only 9 (0.35%) were infected with an
unidentified species of mermithid nematode. None of the mayflies
caught in mid-water drift samples was infected, but the prevalence of
infection in mayflies from the near-surface drift samples was more than
5 times greater than that in benthic mayflies (Fig. 1). The frequency of
infection in mayflies from the near-surface drift samples was signifi-
cantly greater than that among benthic mayflies (Fisher’s exact test, P
5 0.0059); this significant difference remained when all drifting may-
flies (near-surface plus mid-water) were pooled and compared to benthic

ones (P 5 0.0498). In other words, mermithid-infected mayfly nymphs
were disproportionately represented in the drift, particularly the near-
surface drift.

Our results are in sharp contrast to those of Vance (1996b), who
found that mermithid-infected nymphs of the mayfly B. bicaudatus from
a stream in Colorado were less likely to drift than uninfected conspe-
cifics. The reduction in the tendency to drift observed by Vance (1996b)
was interpreted as an adaptive manipulation of host behavior by the
parasite, aimed at reducing fish predation on both host and parasite.
Interestingly, in the same system, Vance and Peckarsky (1997) found
that parasite-mediated changes in mayfly behavior led to increased pre-
dation on the host by a benthic invertebrate predator, the nymph of the
stonefly Kogotus modestus. By not escaping an approaching stonefly by
drifting, a parasitized mayfly faced more attacks from these predators.
A similar effect of mermithid infection of mayflies has been reported
in a different system (Benton and Pritchard, 1990). Because predation
by both fish and invertebrates results in the death of the parasite, the
only situation in which a mermithid could benefit by decreasing the
drifting tendency of its host would be if predation rates by fish are
markedly higher than predation rates by benthic invertebrate predators.
In our study system, where mermithids apparently increase the tendency
of mayflies to drift, an adaptive explanation could be that predation by
stoneflies and other invertebrates is more important than predation by
trout, a phenomenon for which information is lacking. Perhaps, in con-
trast to North American streams where drift-feeding salmonids are na-
tive, brown trout in New Zealand have not been present long enough
(less than a century) for invertebrate prey to be responsive to their
threat. This seems unlikely, however, for two reasons. First, stream in-
sects are known to evolve rapidly in response to introduced fish pred-
ators (Flecker, 1992). Second, Deleatidium shows a strong tendency
toward nocturnal drift (less likely to be predated by fish) in a stream
containing brown trout (Sutton Stream) or one containing the native fish
Galaxias eldoni McDowall, as opposed to a neighboring fishless stream
(Williams, 2000). Of course, observational studies like the present one
cannot rule out all alternative explanations, and it is still possible that
the increased propensity to drift in parasitized mayflies is of benefit to
either host or parasite in certain situations.

Previous studies have reported parasite-induced increases in the ten-
dency of stream invertebrates to drift, but only in host–parasite systems
where the parasite can benefit. For instance, the acanthocephalan Pom-
phorhynchus laevis makes its amphipod host more likely to drift, but
because this parasite must complete its development in the gut of trout
or other drift-feeding fish, the behavioral alteration is clearly to its ad-
vantage (McCahon et al., 1991; Maynard et al., 1998). In the present
system, however, the alteration in host behavior induced by the mer-
mithid parasite has no fitness impact on the host, which is castrated by
the parasite (Wülker, 1964; Poinar, 1991; Pritchard and Zloty, 1994),
and apparently only negative consequences for the parasite.
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