Behav Ecol Sociobiol (1999) 45: 323-329

ORIGINAL ARTICLE

Sabra L. Klein - H. Ray Gamble - Randy J. Nelson

© Springer-Verlag 1999

Trichinella spiralis infection in voles alters female odor preference

but not partner preference

Received: 23 April 1998 / Accepted after revision: 25 October 1998

Abstract Females may choose mates based on second-
ary sex traits that reflect disease resistance. Accordingly,
females should be able to distinguish between unpara-
sitized and parasitized males, and should prefer to mate
with unparasitized individuals. Mate and odor prefer-
ences for uninfected males or males infected with the
nematode, Trichinella spiralis, were examined among
prairie voles (Microtus ochrogaster) and meadow voles
(M. pennsylvanicus). In a 15-min odor preference test,
only female meadow voles distinguished between bed-
ding from parasitized and unparasitized conspecific
males, and preferred to spend time with bedding from
unparasitized males. Although T. spiralis infection in-
fluenced odor preference in female meadow voles, there
was no effect of infection status on mate preference
among either species. Testosterone and corticosterone
concentrations were not different between parasitized
and unparasitized males. However, among prairie voles,
males that spent an increased amount of time with fe-
males during the mate preference test had elevated tes-
tosterone concentrations. Taken together, these data
suggest that (1) female meadow voles can discriminate
between unparasitized and parasitized males, (2) the
effects of infection on steroid hormone concentrations
may be masked by the effects of social interactions, and
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(3) parasites may represent a selective constraint on
partner preference in voles; however, the life cycle of
parasites may influence female preference and should be
considered in studies of female preference.
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Introduction

Parasites can affect the reproductive success of an indi-
vidual by increasing female choice of resistant or healthy
individuals as mating partners, which in turn may reduce
the probability that infected individuals gain matings
(Edwards and Barnard 1987). Females may discern these
parasitized individuals based on secondary sex traits that
can be used as general indicators of resistance to disease
(Hamilton and Zuk 1982). A dynamic relationship is
assumed to exist among hormones, secondary sex traits,
and the immune system. Thus, because hormones often
modify both the expression of secondary sex traits and
immune responsiveness, the condition of secondary sex
traits may be used as overt indicators of immunocom-
petence (Folstad and Karter 1992). A testable prediction
that emerges from these hypotheses is that females may
distinguish healthy males based on the expression of
hormone-dependent traits, and may prefer to mate with
males that possess these traits. Several studies suggest
that parasite infection alters mate preference, with fe-
males generally preferring unparasitized over parasitized
males (Hamilton and Zuk 1982; Kavaliers et al. 1997,
Zuk et al. 1990).

From a proximate perspective, females may use
changes in visual, olfactory, or behavioral traits to dis-
criminate healthy from parasitized males. Unlike female
birds that rely heavily on the condition of visual sec-
ondary sex traits in mate selection (Zuk et al. 1990),
female rodents may discern parasitized males based
on odor cues (Kavaliers et al. 1997). Olfaction is the
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primary sense used for communication in rodents and
has been hypothesized to be important for the detection
of parasitized individuals, especially if the parasite is
transmissible (Kavaliers et al. 1997). The extent to which
Trichinella spiralis alters odor stimuli, including urine
and feces, was examined in the present study. Because
this parasite is not easily transmissible between rodents
(Despommier 1983) olfactory cues may not be important
for female discrimination between parasitized and un-
parasitized males. The only known modes of transmis-
sion of this parasite are via cannibalism and
coprophagia (Despommier 1983). Although voles are
coprophagic, the limited social interactions between in-
fected males and uninfected females was hypothesized to
reduce the possibility that females would become in-
fected in the present study.

Female rodents may also use behavioral modifica-
tions to discriminate between parasitized and unpara-
sitized males. T. spiralis can alter reproductive and
non-reproductive behaviors of the host. Male mice are
less likely to mount and copulate with female mice
infected with T. spiralis compared to uninfected females
(Edwards and Barnard 1987). Additionally, infection
with T. spiralis reduces activity and exploratory behav-
iors in male mice (Rau 1983a, 1984) and during
aggressive encounters, males infected with T. spiralis are
more inclined to assume subordinate status, as opposed
to dominant status (Rau 1983b). Hormones can modify
behavioral and olfactory cues (Nelson 1995). While the
effects of steroid hormone manipulation on 7. spiralis
burden have been studied (Mankau and Hamilton 1972;
Reddington et al. 1981), endogenous hormonal changes
following T. spiralis infection are not known. Because
parasite infection in vertebrates often suppresses tes-
tosterone and elevates corticosterone concentrations,
steroid hormone concentrations were hypothesized to be
related to behavioral and olfactory changes induced by
T. spiralis infection (Hillgarth and Wingfield 1997).

From an adaptive functional perspective, the extent to
which females discriminate between parasitized and un-
parasitized males may be related to the mating system.
Males of polygynous species mate with many females
during the breeding season and rarely provide parental
care (Andersson 1994). In contrast, males of monoga-
mous species remain with females following copulation
and may assist with nest building, food gathering, and
parental care (Andersson 1994). Thus, because monog-
amous females rely on males substantially during the
breeding season, their investment in mate selection is
significant. As a result, females of monogamous species
may use disease status to a greater extent than females of
polygynous species (Moller 1994). Alternatively, because
females of polygynous species mate with more than one
male during the breeding season, avoidance of disease
may be more critical and, therefore, disease status may be
more important in mate selection for females of poly-
gynous than monogamous species.

The purpose of the present study was to examine
whether female voles discriminate between parasitized

and unparasitized males, and to determine the extent to
which different mating strategies may influence female
partner preference. For this assessment monogamous
prairie voles (Microtus ochrogaster) and polygynous
meadow voles (M. pennysylvanicus) were infected with
the nematode, T. spiralis. These host species were se-
lected because individuals of these two Microtus species
have virtually identical diet, habitat use, and gross
morphology, yet differ dramatically in mating strategies
(Dewsbury 1990). Additionally, these species have been
used successfully to address evolutionary principles
about the role of the mating system in behavior, mor-
phology, and physiology (e.g., Gaulin and FitzGerald
1989; Insel and Shapiro 1992; Jacobs et al. 1990; Klein
and Nelson 1998a, 1998b; Klein et al. 1997; Ostfeld and
Heske 1993). The parasite, 7. spiralis, was selected be-
cause it is a naturally occurring endoparasite in Microtus
species (Timm 1985). However, the extent to which
T. spiralis has modified the evolution of Microtus species
has not been assessed. Although this study examined the
ability of females to use parasite infection as a factor in
mate preference, this study was not a direct test of the
Hamilton-Zuk hypothesis (Hamilton and Zuk 1982)
because variation in resistance to 7. spiralis was not
examined. In other words, unparasitized voles cannot be
considered “resistant’ because they were not exposed to
the parasite. This study does, however, test the general
assumption that females should be able to discriminate
between parasitized and unparasitized males, and should
prefer unparasitized conspecific males during partner
preference tests. In addition, this study tested the pre-
diction that females should use cues, such as odors, to
discriminate between parasitized and unparasitized
males.

Methods

Animals

Sexually mature (>60 days of age) male (n = 40) and female
(n = 20) prairie voles (Microtus ochrogaster), and male (n = 40)
and female (» = 20) meadow voles (M. pennsylvanicus) were used
in this experiment. All animals were obtained from our breeding
colonies. Animals were individually housed in polypropylene cages
(28 x 17 x 12 cm) in accredited colony rooms with a 24-h 16L:8D
light cycle (lights on at 0600 hours EST). Temperature was held
constant at 21 + 2 °C and relative humidity was held constant at
50 £ 5%. Food (Agway, Prolab 2000) and tap water were avail-
able ad libitum throughout the experiment. All procedures de-
scribed below were approved by the Johns Hopkins University
Animal Care and Use Committee.

Procedure

At 60-75 days of age, male meadow voles and prairie voles were
assigned to either the infection group (n = 20/species), in which
each male was inoculated by gavage (i.e., through a tube in the
esophagus) with 100 larvae of T. spiralis suspended in 0.9% sterile
saline, or the control group (n = 20/species) in which males re-
mained undisturbed in their home cages. After inoculation, animals
remained undisturbed, other than routine cage cleaning, in their



home cages for 25 days. Accumulation of larvae in musculature is
essentially completed by 21 days post-inoculation (Despommier
1983); however, live larvae persist in muscle cells for several months
as a chronic infection. At 25 days post-inoculation, behavioral
testing began, and at 30 days post-inoculation, all animals were
killed as described below.

Female odor preference test

Tests of odor preference, for the soiled bedding of conspecific
males, were performed in a plastic T-apparatus. The apparatus
consisted of one base arm (24 x 5.5 cm) attached by a three-way
connector tube (8 X 5.5 cm) to two stimulus arms (each 24 x
5.5 cm). The ends of each stimulus arm (8.5 cm) were partitioned
off by a plastic mesh divider. Females were placed in the appa-
ratus at the far end of the base arm and given free access to the
base arm and 15.5 cm of each stimulus arm (i.e., up to the plastic
mesh divider). Pooled soiled bedding (about 20 g) from either
parasitized or unparasitized conspecific males was placed in each
stimulus arm. The soiled bedding consisted of fresh excretory
matter (both urine and feces) and wood shavings collected from
the home cages of parasitized and unparasitized males. Soiled
bedding was collected and used in preference tests on the same
day. During each trial, females could smell the soiled bedding, but
the plastic mesh divider prevented females from coming into di-
rect contact with the soiled bedding. For each preference test,
females were given 5 min to acclimate to the apparatus without
the soiled bedding present. Females were then removed from the
apparatus, soiled bedding from either parasitized or unparasitized
males was placed in the ends of the stimulus arms, and females
were then released back into the apparatus for a 15-min odor
preference test. During the test period, the duration of time a
female spent within 15 cm of the plastic mesh divider (i.e., down
one stimulus arm), as well as the number of times a female en-
tered a stimulus arm was recorded. If a female failed to enter a
stimulus arm during the test period, then the trial was discarded
(two female meadow voles failed to exhibit these behaviors and
those trials were not included in data analyses). Each T-apparatus
was washed thoroughly with hot water and laboratory disinfec-
tant soap between trials. The placement of soiled bedding from
parasitized and unparasitized males (i.e., either in the right or left
arm) was randomized between trials. All test were conducted
between 1300-1500 hours under red lights to avoid aversive effects
of light on performance.

Female partner preference test

Female preference tests were run in a three-chamber test apparatus
that consisted of three plastic chambers (17 x 20.5 x 22 ¢cm) con-
nected in series by two plastic hollow tubes (8 x 5.5 cm). During
each trial, two males (one parasitized male and one control male)
were loosely tethered in one of the two end chambers, with each
male tethered in a single chamber. A female was released into the
center chamber and given access to all three chambers. The males
were visible to the female but not to each other. These males were
matched in terms of age, size, and reproductive status. Trials lasted
for 3 h and were monitored using time-lapse video taping (Pana-
sonic, model no. AG-6124). Trial time was based on previous data
that suggested 3 h is enough time for copulation to occur in prairie
voles (DeVries et al. 1995). The amount of time (s) that a female
spent with either male during a trial and the number of entries a
female made into the chamber of a male were recorded. If these
behaviors did not occur during a trial, then the trial was discarded
(three female meadow voles failed to exhibit these behaviors and
those trials were not included in the data analyses). Food and water
were available ad libitum in each of the three chambers. Immediately
after behavioral testing, males were lightly anesthetized with me-
thoxyflurane vapors (Metofane, Schering Plough, Union, N.J.) and
bled from the retro-orbital sinus into heparinized tubes (50 pl/tube).
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Blood plasma samples were stored at —80 °C and used for later
analysis of plasma testosterone and corticosterone using the ra-
dioimmunoassay (RIA) procedure described below. Following
bleeding, animals were killed by CO, asphyxiation and cervical
dislocation, skinned and eviscerated, and muscle tissue was digested
(using the procedure described below). The number of recovered
larvae was counted for each vole using appropriate dilutions.

T. spiralis digestion

Digestion of muscle tissue in an acidified pepsin solution releases
live trichinae from cysts that develop in muscle tissue (Gamble
1996). Muscle tissue from skinned, eviscerated vole carcasses was
ground to expedite digestion. Muscle samples were then digested in
artificial gastric fluid containing 1% (w/v) pepsin and 1% (w/v)
hydrochloric acid. Ground muscle tissue from each animal was
added to the artificial gastric fluid (prewarmed to 37 °C) and stirred
on a magnetic stirrer for 3-4 h at 37 °C. The mixture was then
allowed to settle for 15-20 min, the upper two-thirds of the mixture
was decanted and the remainder poured into conical-bottom pi-
Isner glasses. After settling for 15-20 min, the supernatant was
aspirated and the remaining sediment was washed with tap water
(37 °C) and allowed to settle for an additional 15-20 min. This
washing step was repeated until the supernatant was clear. The
remaining washed sediment was transferred to a 50-ml conical
tube, allowed to settle, and aspirated down to a final volume of
10 ml. The sediment was then poured into a petri dish and Tri-
chinella larvae were counted using a dissecting microscope. Dilu-
tions were made as necessary to facilitate counting.

Steroid hormone RIA

Plasma testosterone concentrations in males were assayed by RIA
using '*°I kits purchased from ICN Biochemicals (Carson, Calif.).
The testosterone assay is highly specific; cross-reaction with other
steroids is <0.1%. Testosterone values were determined in a single
RIA, with a 4.4% coefficient of variation. Corticosterone was
measured using a '*°I RIA kit (ICN Biochemicals) that had pre-
viously been validated for use in voles (Taymans et al. 1997). The
only deviation from the manufacturer’s protocol was the dilution
factor for the plasma. The plasma samples in both species were
diluted 1:2121 in assay buffer (Taymans et al. 1997). All plasma
samples were assayed at the same time, and the intra-assay coeffi-
cient of variation was 4.8%.

Statistical analyses

Mate partner preference was determined by examining the per-
centage of time a female spent with either male during a trial and
the number of entries a female made into the chamber of a para-
sitized or unparasitized male. Odor preference was determined by
examining the percentage of time a female spent in the stimulus
arm containing soiled bedding from parasitized or unparasitized
males and the number of entries a female made into the stimulus
arm containing soiled bedding from parasitized or unparasitized
males. Arcsine transformations were performed on percentage-of-
time data from both mate and odor preference tests. Mate and odor
preference were assessed using two-way ANOVAs with two be-
tween-subject variables (species and infection status). Plasma tes-
tosterone and corticosterone concentrations were compared using
two-way ANOVAs with two between-subject variables (species and
infection status). Numbers of 7. spiralis larvae recovered from each
animal approximately 30 days post-infection were compared be-
tween species using an independent two-tailed ¢-test. Correlations
among female preferences, body mass, steroid hormone concen-
trations, and worm burden were examined using Pearson product-
moment correlations. All mean differences were considered statis-
tically significant if P < 0.05.
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Results

Female mate preference data

Within each species, females spent an equivalent amount
of time in the chambers of parasitized and unparasitized
conspecific males (P > 0.05; Fig. 1A). Additionally,
female voles made an equal number of entries into the
chambers of parasitized (meadow voles = 21.33 +
8.06; prairie voles = 39.50 £+ 5.24) and unparasitized
(meadow voles = 30.25 £ 9.92; prairie voles = 38.81
+ 5.74) conspecific males (P > 0.05). Overall, female
prairie voles spent more time with males (regardless of
infection status) than did female meadow voles
(Fi150 = 34.941, P < 0.001).

Female odor preference data

Female meadow voles spent significantly more time with
soiled bedding from unparasitized as compared to pa-
rasitized conspecific males; conversely, female prairie
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Fig. 1 Mean (+SEM) proportion of time female prairie voles and
meadow voles spent with conspecific males, either infected with
Trichinella spiralis or uninfected, during a 3-h mate preference test
(A) and mean (= SEM) proportion of time female prairie voles and
meadow voles spent with soiled bedding from conspecific males,
either infected with 7. spiralis or uninfected, during a 15-min
olfactory discrimination test (B). Asterisk indicates that female
meadow voles spent significantly more time with soiled bedding
from unparasitized than parasitized males

voles spent an equivalent amount of time with soiled
bedding from parasitized and unparasitized conspecific
males (F;4s = 9.339, P < 0.01; Fig. 1B). Female
meadow voles and prairie voles made an equal number
of entries into the stimulus arms containing soiled bed-
ding of parasitized (meadow voles = 3.92 £+ 0.99;
prairie  voles = 10.15 = 1.18) and unparasitized
(meadow voles = 4.46 = 1.02; prairie voles = 9.76 +
1.18) conspecific males (P > 0.05).

T. spiralis infection data

Following inoculation with 100 larvae, more larvae were
recovered from prairie vole as compared to meadow vole
males approximately 30 days post-inoculation (¢ =
-2.351, df = 27, P < 0.05; Fig. 2). Among prairie
voles, heavier males had lower worm burdens (> =
—-0.57, P < 0.05). No such relationship existed for
meadow vole males (P > 0.05).

Steroid hormone concentrations

Plasma testosterone concentrations did not differ be-
tween parasitized and unparasitized males within either
species (P > 0.05; Fig. 3A). Additionally, in contrast to
previous studies (Klein and Nelson 1998a, 1998b, Klein
et al. 1997), testosterone values were not higher in
meadow vole than prairie vole males (P > 0.05).
Among male prairie voles, circulating testosterone con-
centrations were positively related to the amount of time
a female prairie vole spent with a male during the
partner preference test (> = 0.37, P < 0.05; Fig. 3B).
There was no correlation between testosterone concen-
trations and the amount of time a female meadow vole
spent with conspecific males (* = —0.15, P > 0.05).
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Fig. 2 Mean (£ SEM) number of T. spiralis larvae recovered from
male prairie voles and meadow voles approximately 30 days
following inoculation with 100 larvae. Asterisk indicates that
prairie voles had significantly higher numbers of larvae recovered
from muscle tissue than meadow voles
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from male prairie voles and meadow voles that were either uninfected
or infected with T. spiralis. Blood samples were collected after the 3-h
partner preference test. B Correlation between the percentage of time
female prairie voles spent with both parasitized or unparasitized
conspecific males and plasma testosterone concentrations (ng/ml)
from parasitized and unparasitized male prairie voles

Corticosterone concentrations did not differ between
parasitized and unparasitized males among either prairie
voles or meadow voles (P > 0.05). Overall, prairie voles
had higher corticosterone concentrations than meadow
voles, regardless of infection status (F; sy = 196.052,
P < 0.001; Fig. 4). Body mass did not differ between
parasitized and unparasitized males of either species
(P > 0.05). However, among meadow voles, larger
males had lower corticosterone concentrations (r* =
—-0.39, P < 0.05).

Discussion

Several hypotheses suggest that male advertisement of
disease resistance represents the dynamic relationship
among secondary sex traits, hormones, and the immune
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Fig. 4 Mean (£SEM) plasma corticosterone concentrations (ng/
ml) from male prairie voles and meadow voles that were either
uninfected or infected with 7. spiralis. Blood samples were collected
after the 3-h partner preference test

system (Folstad and Karter 1992; Wedekind and Fol-
stad 1994; Zuk 1996). The purpose of this study was to
examine how male voles advertise infection status and
whether females use this information in partner prefer-
ence tests. In this study, female meadow voles spent less
time with soiled bedding from males infected with
T. spiralis compared to bedding from uninfected males
suggesting that males may advertise infection status
through odors found in urine and feces. Although in-
fection of males with 7. spiralis influenced female
meadow vole odor preference, there was no effect of
infection status on female partner preference in either
species.

From a mechanistic perspective, females may use the
condition and expression of secondary sex traits to dis-
cern parasitized from unparasitized males. The extent to
which secondary sex traits are altered by parasites, as
well as the extent to which females use this information,
may depend on whether the parasite is transmissible.
The disease avoidance hypothesis suggests that females
should use infection status in mate selection because by
mating with unparasitized males, females gain a direct
advantage by protecting themselves and current off-
spring from exposure to potentially contagious diseases
(Able 1996; Hamilton 1990; Kirkpatrick 1996; Kirk-
patrick and Ryan 1991). T. spiralis is not readily trans-
missible  between rodents (Despommier 1983).
Therefore, females either may not use cues associated
with infection in partner preference or cues important to
partner preference may be unaffected by this non-
transmissible parasite. Data from American kestrels
(Falco sparverius) support the latter hypothesis. Specifi-
cally, female American kestrels show no preference for
uninfected males over males infected with T. pseudo-
spiralis (Henderson et al. 1995). Female American kes-
trels use courtship display rate in mate selection
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(Duncan and Bird 1989), and courtship display behav-
iors in males are unaffected by T pseudospiralis infection
(Henderson et al. 1995). Taken together, these data
suggest that the effects of parasites on behavior and
subsequent partner preference may be related to parasite
transmissibility.

An alternative hypothesis is that behaviors associated
with infection, including reduced social contact and ex-
ploration, are unaffected by 7. spiralis. Previous data in
voles suggest that females attend to behavioral modifi-
cations, collectively termed ‘“‘sickness behaviors,” asso-
ciated with infection (Klein and Nelson, 1999).
Specifically, when male voles are exposed to lipopoly-
saccharide (LPS), which is essentially killed gram-nega-
tive bacteria cell walls, they engage in less social contact
with conspecific females than saline-injected males (S.L.
Klein and R.J. Nelson, unpublished data). As a result,
females spend less time with LPS- than saline-injected
conspecific males during partner preference tests (S.L.
Klein and R.J. Nelson, unpublished data). The extent to
which T. spiralis alters behavior in Microtus species was
not examined in the present study, but should be ad-
dressed in future studies.

Steroid hormone concentrations are often altered by
parasite infection (Hillgarth and Wingfield 1997) Spe-
cifically, testosterone concentrations are often sup-
pressed and corticosterone concentrations are enhanced
by parasite infection. Testosterone concentrations are
also typically higher in meadow vole than prairie vole
males (Klein and Nelson 1998a, 1998b; Klein et al.
1997). In the present study, steroid hormone concen-
trations were not altered by 7. spiralis infection. Addi-
tionally, testosterone concentrations were virtually
identical between meadow vole and prairie vole males
(see Fig. 3A). Testosterone concentrations in prairie
vole males were higher than values typically reported for
this species (Klein and Nelson 1998a, 1998b; Klein et al.
1997), suggesting that concentrations were enhanced in
prairie voles as opposed to suppressed in meadow voles.
Steroid hormone concentrations in males were measured
after the 3-h female preference test, and brief social in-
teractions can alter steroid hormone values (Alberts et
al. 1992; Wingfield et al. 1990). Accordingly, prairie vole
males that spent more time with conspecific females had
higher testosterone concentrations (see Fig. 3B). Expo-
sure to a conspecific female increases testosterone con-
centrations in male prairie voles in a similar manner to
that reported among birds (Wingfield et al. 1990; S.L.
Klein and R.J. Nelson, unpublished data). These
results suggest that exposure to conspecific females alters
hormonal status in male mammals, and to a greater
extent among monogamous than polygynous males.
Additionally, these data imply that social interactions
may mitigate the effects of infection on endocrine
function.

Infection of males with T. spiralis resulted in higher
numbers of larvae accumulating in muscle tissue of

prairie voles compared to meadow voles (Fig. 2; S.L.
Klein, H.R. Gamble, R.J. Nelson, unpublished data).
Increased parasite infection in male prairie voles did not
affect female partner preference in this species; i.e., fe-
male prairie voles did not exhibit a preference for un-
parasitized over parasitized conspecific males.
Conversely, female meadow voles were able to discrim-
inate between the odors of parasitized and unparasitized
males. This species difference in the ability to discern
parasitized males may be related to differential mating
strategies. Previous work has illustrated that sex differ-
ences in 7. spiralis infection are more pronounced
among meadow voles than prairie voles, with males
having higher worm burdens than females (S.L. Klein,
H.R. Gamble, R.J. Nelson, unpublished data). Sex dif-
ferences in parasite infection are not observed among
prairie voles. Because female meadow voles have lower
worm burdens than conspecific males, female meadow
voles may use infection status in mate selection to a
greater extent than female prairie voles (Zuk 1990). If
selection pressures associated with parasite infection
status are increased among polygynous meadow voles,
then meadow voles should have lower parasite burden,
higher immune function, and an increased ability to
discriminate between parasitized and unparasitized
mates, all of which have been demonstrated in this
species (Klein and Nelson 1998a, 1998b; S.L. Klein,
H.R. Gamble, R.J. Nelson, unpublished data; Fig. 1B).
Taken together, these data suggest that variation asso-
ciated with parasite infection may be influenced by
evolutionary factors.

In summary, female voles can discriminate between
the odors of males based on infection status. Because
female voles did not prefer unparasitized over parasiti-
zed males during partner preference tests, and because
T. spiralis is not transmissible, future studies must ex-
amine the extent to which transmissible parasites influ-
ence partner preferences behavior in voles. Additionally,
future studies must discern whether 7. spiralis is im-
portant for the evolution of Microtus species. Specifi-
cally, if T. spiralis infection is not a constraint on
selection for individuals of Microtus species, then fe-
males would not be predicted to use 7. spiralis infection
in partner preference tests. However, these data do
support the basic assumption of the Hamilton-Zuk hy-
pothesis (Hamilton and Zuk 1982) that females are able
to discriminate between parasitized and unparasitized
males and prefer the odors of unparasitized males,
suggesting that parasites may play a role in sexual se-
lection among voles.
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