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Damage caused by introduced species results from the high
population densities and large body sizes that they attain in
their new location1–4. Escape from the effects of natural enemies
is a frequent explanation given for the success of introduced
species5,6. Because some parasites can reduce host density7–13 and
decrease body size14, an invader that leaves parasites behind and
encounters few new parasites can experience a demographic
release and become a pest4,15. To test whether introduced species
are less parasitized, we have compared the parasites of exotic
species in their native and introduced ranges, using 26 host
species of molluscs, crustaceans, fishes, birds, mammals,
amphibians and reptiles. Here we report that the number of
parasite species found in native populations is twice that found in
exotic populations. In addition, introduced populations are less
heavily parasitized (in terms of percentage infected) than are
native populations. Reduced parasitization of introduced species
has several causes, including reduced probability of the introduction of parasites with exotic species (or early extinction after
host establishment), absence of other required hosts in the new
location, and the host-specific limitations of native parasites
adapting to new hosts.
On average, 16 parasite species were recorded from native
populations of host species. Of these, an average of only three
parasite species successfully accompanied an invader to its introduced range. In addition, an average of four new ‘native’ parasites
colonized the introduced host. In sum, introduced populations had
roughly half the number of parasite species of native populations.
These differences in parasite species richness between introduced
and native ranges were significant when species richness was

Figure 1 Parasite release experienced by introduced species. This release is represented
by the proportion (N 2 I )/N, where N is the value for the native range and I is the value
for the introduced range for standardized parasite species richness (SR), average
prevalence (Avg P), summed prevalence (Sum P) and average prevalence on a per628

standardized across studies (Figs 1 and 2a), and this effect was
independent of sampling effort (Methods).
Introduced populations were also less heavily parasitized in terms
of both average prevalence of each possible parasite species (4% in
introduced versus 15% in native) and sum of the prevalences (71%
in introduced versus 133% in native) of total parasite species per
host population (where the prevalence of a parasite is the percentage
of hosts that it infects in a population; Figs 1 and 2b, c). Average
prevalence on a per-parasite-species basis (that is, parasites with
zero prevalence were excluded from the calculation) did not differ
between native and introduced populations (Figs 1 and 2d). In
other words, parasites that invaded with their hosts achieved as high
a prevalence in introduced populations (mean prevalence 28%) as
in their native populations (mean prevalence 23%; Wilcoxon
signed-rank test, P two-tailed ¼ 0.18). The parasite species left behind
tended to be those that were less prevalent (mean prevalence 20%)
in native populations as compared with those that did transfer
(mean prevalence 27%; Wilcoxon sign-rank test, P onetailed ¼ 0.001). For example, only the most prevalent of the seven
reported trematode species that infect the snail Batillaria cumingii
in its native range, Japan16–18, has invaded the west coast of North
America (M.E.T., J. Byers and T. Huspeni, manuscript in preparation). Native parasites that colonized introduced host populations (mean prevalence 29%) attained prevalences that were not
significantly different from those introduced with the exotic host
(mean prevalence 20%; paired t ¼ 0.31, P two-tailed ¼ 0.76). Taken
together, these findings suggest that there is nothing inherently
different about the susceptibility of introduced populations versus
native populations. Instead, parasites may be lost or ‘filtered out’ as
a result of the invasion process.
Introduced populations are often derived from relatively small
subsets of native populations (and sometimes from uninfected lifehistory stages), and this reduces the probability of introducing
parasites along with a host species. Another potential limitation for
the establishment of introduced parasites is that many parasites
have complex life cycles requiring more than one host. If suitable
hosts for all parasite life-cycle stages are not present, then the
parasite will not become established. In addition, host population
bottlenecks after introduction may break transmission of those
parasites present in the founder population. For example, descendants of 100 adult European starlings, Sturnus vulgaris, released in
New York City (1890–1891) spread over all regions of the United
States15,19,20. Of the 44 parasite species that we report from European
starlings, a random sample of 100 invading birds should have had

parasite-species basis (Avg P . 0; that is, parasites with zero prevalence were excluded
from the calculation). This analysis is carried out on all taxa combined (based on data in
Fig. 2). Error bars show 95% confidence intervals.
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only 28 parasite species (estimated by an iterative resampling of 100
starlings from an infinite population, n ¼ 10,000 trials,
range ¼ 19–37, with 95% of the time values falling between 23
and 33 parasite species). The small size of the founding starling
population and lack of appropriate intermediate hosts might have
further reduced the 28 expected parasite species to the nine species
that we recorded in North American starlings. This is consistent
with a previous quantitative study examining the parasites of native
and introduced populations of starlings and house sparrows15.
Individuals arriving after an invader’s population density
increases could bring additional parasite species, and these would
probably experience increased transmission efficiency at the higher
host densities. For example, the black rat, Rattus rattus, was most
certainly introduced repeatedly around the world. It is not surprising that, in our analysis, 38% (one of the highest values) of the rat’s
native parasites were also recovered from introduced populations.
Along with a complementary study of pathogens on introduced
plant species21, to our knowledge this is the first taxonomically
broad quantitative support, using a standardized analytical procedure, for the hypothesis that introduced species lose their native
parasites and that their colonization by new parasites does not make
up for that loss. Although the hypothesis that release from parasites
may contribute to the success of an introduced species in a new
environment is rarely examined quantitatively15, a study of the
European shore crab, Carcinus maenas, shows that prevalences of
parasitic castrators of the shore crab are negatively associated with
demographic success (biomass and body size): introduced populations of C. maenas were not infected with these parasites and were
significantly larger and had a greater biomass as compared with
European populations14. Our results highlight the importance of

evaluating the role of parasites when examining the invasive species
problem. More generally, invasions provide several opportunities to
assess how parasites regulate host populations. In addition, their
absence from introduced pest species suggests that the full potential
of biological control to mitigate invasive species has not been
explored as yet.
A

Methods
Measures of parasitism
We analysed parasitological studies of 26 invasive species from seven taxa examined in
their natural habitats (see Supplementary Information for full list of species and study
selection criteria). To compare parasite measures across the diverse range of host taxa
studied (which varied in their parasite richness), we standardized parasite species richness
for each population of hosts in each study as a proportion relative to the total number of
parasite species found in all studies in the native range of that host species. In addition, we
compared both mean prevalence (averaged across parasite species for each host species
and the summed prevalence (sum of all parasite species for each host species). The latter
measure gives an indication of the unweighted cumulative extent of parasitism (or
potential impact of parasitism on a host population) that each host experiences14. For each
of these metrics, we estimated the proportional parasite release experienced by introduced
species as (N 2 I)/N, where N is the value for the native range and I is the value for the
introduced range of the above metrics.

Controls for potential confounds
We addressed two potential confounds of this approach. We expected to find a larger
number of parasitological studies in native regions than in regions where the host had been
introduced—an artefact that might lead to more comprehensive parasite lists in the native
ranges and, therefore, could generate a spurious pattern with species richness consistent
with our prediction (fortunately, prevalence is generally independent of sample size22).
However, a detailed analysis of the association between parasite species richness and
number of hosts examined (in host’s native ranges) showed that there was no significant
association (P . 0.05) for all but four of the 26 species (Bufo marinus, P ¼ 0.02;
Lepidodactylus lugubris, P ¼ 0.02; Perca fluviatilis, P ¼ 0.01; and Poecilia latipinna,
P ¼ 0.01). In addition, in a general linear model with invasion status (either native or
introduced) and host species as main effects, sample size was not significantly associated
with parasite species richness (P . 0.05) and there was a significant effect of invasion
status and host species on parasite species richness (P ¼ 0.0001 and P ¼ 0.0001,
respectively). We also considered that a positive association between a species’
geographical range and the community of parasites that it supports could confound our
comparisons if species had limited introduced ranges relative to their native ranges. We
controlled for this by averaging standardized parasite species richness (instead of
summing standardized parasite species richness) across sample sites. This enabled us to
use sites of relatively similar areas as replicates in native and introduced regions for each
host species. In addition, introduced ranges were, on average, five times larger than native
ranges, indicating that if such a bias existed, it ran counter to our results.
Received 20 August; accepted 29 November 2002; doi:10.1038/nature01346.

Figure 2 Parasitism in introduced and native populations. a, Standardized parasite
species richness (estimated as N r ¼ N f =N n ; where N f is the number of parasite species
found in the study and N n is the total number of parasite species found in all studies in the
native range of a given host species) in the native (x axis) and introduced ( y axis) range.
The diagonal line indicates no difference. b, Average prevalence (% of hosts infected,
including parasites with zero prevalence). c, Summed prevalence (sum of prevalences of
all parasite species). d, Average prevalence on a per-parasite-species basis (that is,
parasites with zero prevalence were excluded from the calculation). In a–d, filled circles,
molluscs (n ¼ 7); filled squares, crustaceans (n ¼ 3); filled triangles, fishes (n ¼ 6);
open circles, amphibians and reptiles (n ¼ 3); filled diamonds, birds (n ¼ 3); and open
squares, mammals (n ¼ 4).
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Insect photoreceptors have provided a model system for examining specific molecular mechanisms involved in information
processing with graded voltage signals, including signal transduction (the phototransduction cascade)10 and membrane filtering (the
photo-insensitive membrane)11. Using these mechanisms, insect
photoreceptors must compress the vast spatiotemporal range of
light intensities to which they are exposed into voltage responses of
limited amplitude and speed. In Drosophila, these mechanisms can
be studied in relative isolation by patch-clamping dissociated
photoreceptors, but in vitro photoreceptors do not survive prolonged light stimulation. By contrast, in vivo photoreceptors can be
recorded intracellularly for more than an hour, and exposed to a full
range of light intensities12 (Fig. 1a). The photo-insensitive membrane of these cells contains three voltage-activated Kþ channels: a
Shaker channel that generates an A-type current, a slow delayed
rectifier and, in some cells, a fast delayed rectifier9. The contribution
of the Shaker Kþ channel and its functional homologues (including
vertebrate Kv channels)2,3 to neuronal function remains unclear,
although they are thought to attenuate the amplitude of graded
potentials and back-propagated action potentials in dendrites13–15,
to influence the firing frequency of spiking neurons16 and to
determine the reliability of spike propagation17. The performance
of a photoreceptor in coding a light signal can be described
quantitatively by its sensitivity, signal-to-noise ratio and frequency
response, allowing specific components of the signalling machinery,
including ion channels, to be related to specific aspects of cellular
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An array of rapidly inactivating voltage-gated K channels is
distributed throughout the nervous systems of vertebrates and
invertebrates1–5. Although these channels are thought to regulate
the excitability of neurons by attenuating voltage signals, their
specific functions are often poorly understood. We studied the
role of the prototypical inactivating K1 conductance, Shaker6,7,
in Drosophila photoreceptors8,9 by recording intracellularly from
wild-type and Shaker mutant photoreceptors. Here we show that
loss of the Shaker K1 conductance produces a marked reduction
in the signal-to-noise ratio of photoreceptors, generating a 50%
decrease in the information capacity of these cells in fully lightadapted conditions. By combining experiments with modelling,
we show that the inactivation of Shaker K1 channels amplifies
voltage signals and enables photoreceptors to use their voltage
range more effectively. Loss of the Shaker conductance attenuated the voltage signal and induced a compensatory decrease in
impedance. Our results demonstrate the importance of the
Shaker K1 conductance for neural coding precision and as a
mechanism for selectively amplifying graded signals in neurons,
and highlight the effect of compensatory mechanisms on neuronal information processing.
630

Figure 1 Shaker Kþ channels amplify photoreceptor voltage responses. a, Responses
of wild-type (WT, black) and Sh KS133 (red) photoreceptors to a 1 s pulse of light.
b, Mean (^s.e.m.) depolarization of WT (black) and Sh KS133 (red) photoreceptors to
dynamically modulated light contrast at five light intensities (n ¼ 6 for each photoreceptor
type in all experiments presented here). I, given background light intensity; I o , maximum
background light intensity. c, f, Waveform of the average voltage signal of WT (black) and
Sh KS133 (red) photoreceptors to noise-modulated light contrast at the highest light
intensity. d, g, Corresponding voltage noise (grey) for the averages presented in c and f. e,
h, Distributions of the signal (WT, black; Sh KS133, red) and noise (grey) for
c–g. i, j, The signal variance (i) and the signal-to-noise ratio (SNR, j) for WT (black) and
Sh KS133 (red) photoreceptors at each adapting-light background.
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