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Abstract
For meadow voles, Microtus pennsylvanicus, seasonal differences exist in self-grooming and in odor
preferences for conspecifics, two behaviors which facilitate sexual interactions in this species. Both
behaviors are mediated by photoperiodically-induced changes in circulating gonadal steroid hormone
titers which, in turn, can be transduced by the duration of the melatonin signal that a seasonally
breeding animal receives. The goal of this study was to determine whether exogenous melatonin
administration affects circulating gonadal steroid hormone titers in meadow voles, and whether it
influences their odor preferences and self-grooming behavior to same-and opposite-sex conspecifics.
Long-photoperiod voles that did not receive exogenous melatonin had higher testosterone (males)
and estradiol (females) titers than did short-photoperiod voles and long-photoperiod voles treated
with melatonin for 12 weeks; the latter had similar estradiol and testosterone titers. Long-photoperiod
voles that did not receive melatonin preferred the scent marks of long-photoperiod opposite-sex
conspecifics and spent more time self-grooming in response to their odors than those of either long-
photoperiod same-sex, short photoperiod same-sex, or short-photoperiod opposite-sex conspecifics.
Long-photoperiod voles that received melatonin, however, no longer preferred the marks of long-
photoperiod opposite-sex conspecifics and no longer spent more time self-grooming in response to
their odors, not unlike the odor preferences and self-grooming behavior of short-photoperiod voles.
As a whole, the data suggest that the duration of the melatonin signal is likely involved in mediating
the photoperiodically-induced changes in gonadal steroid hormones that mediate a meadow vole’s
odor preferences for opposite-sex conspecifics and its self-grooming response to those marks.

1. Introduction
For many seasonally breeding mammals, seasonal shifts exist in the behaviors that facilitate
and surround reproduction (18,26,34,36,41). Seasonal differences in these behaviors that are
directed at opposite-sex conspecifics are generally mediated by photoperiodically-induced
changes in the endocrine milieu of individuals (2,25,40,41,45–47). For example, high titers of
the gonadal steroid hormones characterize long-day breeders such as voles and Syrian hamsters
housed under long photoperiod, whereas low titers of these hormones are characteristic of
individuals housed under short photoperiod (48,54). In voles, high titers of gonadal steroids
support reproductive activity and related behaviors directed at opposite-sex conspecifics,
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whereas low titers of gonadal steroids induce reproductive quiescence and related behaviors
not directed at opposite-sex conspecifics (19–21,33–35).

This photoperiodically-mediated change in hormonal control underlying seasonal shifts in the
behaviors that facilitate interactions with opposite-sex conspecifics, may be transduced by the
duration of the melatonin signal that a seasonally breeding animal receives (46,47). However,
numerous studies that have examined the effects of melatonin on the behaviors that support
interactions between opposite-sex conspecifics show that there is no general pattern as to
whether melatonin duration inhibits, stimulates, or has negligible effects on such behavior
(26,28,48,53,54). Some studies on Syrian and Siberian hamsters report that short-day patterns
of melatonin during long photoperiod maintain or stimulate the production of gonadal steroid
hormone titers that in turn induce or maintain the behaviors directed at opposite-sex
conspecifics. These studies also point out that long-day patterns of melatonin during short-
photoperiod inhibit or suppress gonadal steroid hormone titers that maintain or stimulate
behavior directed at opposite-sex conspecifics (26,47). In contrast, other studies on Syrian and
Siberian hamsters report that short-day patterns of melatonin during long-day lengths are either
independent of the gonadal steroid hormones, independent of melatonin, or both (1,5,49), and
that sexual behavior and other behaviors directed at opposite-sex conspecifics are not affected
by melatonin treatment (2,7). Still other studies on male Syrian hamsters, meadow voles, and
rats found that exogenous melatonin has mixed effects on behavior, some of which are
stimulatory (6,11,29) and some of which are inhibitory (16,25,31,39,40). The results of these
previous studies are somewhat intriguing in that they suggest that the effects of exogenous
melatonin on circulating gonadal steroid hormones and the behaviors that surround
reproduction differ among species of long-day seasonal breeding mammals.

In the present study, we evaluated the effects of exogenous melatonin on testosterone and
estradiol titers, odor preferences, and self-grooming behavior of meadow voles to same- and
opposite-sex conspecifics. Meadow voles are an excellent species to study in this regard
because they display striking seasonal differences in their responses to odors of conspecifics,
an indication of their interest in the opposite sex (17,18). During the breeding season or under
long photoperiod (LP), meadow voles spend more time investigating the scent marks of
opposite-sex conspecifics relative to those of same-sex conspecifics (15,18–21), and spend
more time self-grooming when they encounter opposite-sex conspecifics relative to those of
same-sex conspecifics (34). In contrast, during the non-breeding season or under short
photoperiod (SP), meadow voles have fewer interactions with opposite-sex conspecifics and
generally become reproductively quiescent (18,22,36). At this time of year, male and female
voles no longer maintain preferences for the odors and scent marks of opposite-sex conspecifics
(15,19,21), and they no longer spend more time self-grooming in response to odors of opposite-
sex conspecifics than to those of same-sex conspecifics (34). In addition, seasonal differences
exist in the gonadal steroid hormone titers of male and female meadow voles. Under long
photoperiod, voles have high titers of gonadal steroid hormones, which are necessary to support
the behaviors that surround reproduction. In contrast, short photoperiod voles have low titers
of gonadal steroid hormones, which induce reproductive quiescence (15,18–21). Many other
seasonally breeding mammals show similar seasonal variations in gonadal steroid hormones
and the behaviors that surround reproduction (46,47).

The first hypothesis we tested was that 12 weeks of a constant melatonin signal is sufficient to
maintain low gonadal steroid hormone titers in male and female meadow voles. Specifically,
LP male and female voles implanted with exogenous melatonin will maintain lower
testosterone and estradiol titers as compared to LP male and female voles not treated with
melatonin, but similar titers of such hormones as compared to SP male and female voles,
respectively. The second hypothesis we tested was that 12 weeks of a constant melatonin signal
is sufficient to alter the odor preferences and self-grooming responses of LP male and female
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meadow voles such they no longer reflect those displayed by LP male and female meadow
voles not receiving melatonin. That is, LP voles treated with exogenous melatonin will spend
similar amounts of time self-grooming in response to odors of opposite-sex conspecifics and
those of same-sex conspecifics, and spend similar amounts of time investigating the odors of
opposite-sex conspecifics and same-sex conspecific. Specifically, LP voles treated with
melatonin will behave in manner similar to that of SP voles.

2. Methods
2.1 Animals

The LP and SP meadow voles used in this study were third generation captive animals, trapped
originally in northern Kentucky and southern Ohio. Long-photoperiod voles were conceived,
born, and raised under a 14L:10D regime (lights on at 0700 h, CST, and off at 2100 h, CST).
Long-photoperiod voles attain sexual maturity at about 60 d of age, which coincides with that
reported for free-living voles during the spring and summer months (16). Long-photoperiod
voles, like their free-living counterparts during the breeding season, readily mate within a few
minutes of pairing with opposite-sex conspecifics (37); these voles also maintain high titers of
circulating gonadal sex steroids (19). Thus, we considered voles born and reared in long-
photoperiod as being reproductively active. Short-photoperiod voles were conceived, born,
and raised under a 10L:14D regime (lights on at 0700 h, CST, and off at 1700 h, CST). Short-
photoperiod voles do not reach sexual maturity until 160–180 d of age, and like most free-
living adult voles during the non-breeding season, these voles do not readily mate with
opposite-sex conspecifics (37). Short-photoperiod voles have lower titers of circulating
gonadal sex steroids than that of LP voles (37). Thus, we considered voles born and reared in
short photoperiod as being reproductively quiescent. Both LP and SP voles were weaned at 21
d of age and then housed with littermates in plastic cages (26 × 32 × 31 cm) until they were
40 days of age. At 40 d of age, voles were housed singly in a plastic cage (13 × 16 × 13 cm).
Animals were provided ad libitum with food (Rodent Diet 5008, PMI Feeds Inc., Brentwood,
Missouri, USA) and water. Cages were cleaned once a week and cotton-nesting material was
replaced every two weeks.

2.2 Melatonin Treatment
Forty-d-old LP voles were implanted with either melatonin-filled capsules or empty capsules
for 12 consecutive weeks following the procedures detailed in Ferkin and Kile (16). Briefly,
capsules were constructed from Silastic tubing (Dow Corning, Midland, MI; OD 0.077 in, ID
0.058 in) cut into 20-mm lengths. Capsules were either filled with 10-mm active length of
crystalline melatonin (N-Acetyl-5-methoxytryptamine, Sigma Chemical Co., St. Louis, MO)
or left empty. The ends of all of the capsules were sealed with silicon rubber cement (5-mm
of silicon rubber cement on each end). Melatonin-filled and empty capsules were incubated
separately in sterile 0.9% saline solution for 24-h before insertion into the voles. Voles were
anesthetized with isofluorane vapors prior to being implanted with a single capsule
subcutaneously in the interscapular region. Although endogenous melatonin is not released in
a steady amount as in Silastic capsules (3), we chose this technique as opposed to pumps or
daily injections for several reasons. First, capsules reduce handling stress and the need for
cannulas, which may affect self-grooming (17). Second, identical melatonin implants reduce
the attractiveness of the anogenital area scent marks of LP voles to opposite-sex conspecifics
(16). All subjects were tested 12 weeks after they were implanted with either a capsule
containing melatonin or an empty capsule. The same subjects were not used the self-grooming
and odor preference studies.
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2.3 Gonadal Steroid Hormone Measurement
In this study, the circulating testosterone titers of LP male voles treated with melatonin (n=10),
LP males not treated with melatonin (n=10), and SP males (n=10), and the circulating estradiol
titers of LP female voles treated with melatonin (n=10), LP females not treated with melatonin
(n=10), and SP females were measured (n=10). Blood samples were taken from male and
females subjects 24 h after they completed their behavioral test. The subjects were anesthetized
with isofluorane vapors and a blood sample was obtained via cardiac puncture. All sampling
took place between 0800 and 0900 CST. Plasma was isolated and stored at −80°C until analyzed
via an enzymatic immunoassay (EIA) using commercial assay kits from Diagnostic Systems
Laboratories (DSL, Webster, TX, USA).

We compared the circulating testosterone titers of LP male voles treated with melatonin, LP
males not treated with melatonin, and SP males. We also compared the circulating estradiol
titers of LP female voles treated with melatonin, LP females not treated with melatonin, and
SP females. In that the data were not normally distributed, we used separate one-way ANOVA’s
to determine if significant differences existed in estradiol concentrations among females and
testosterone concentrations among males. When significant main effects were detected, Holm-
Sidak post hoc tests were used to determine significance differences between the pairwise
comparisons. Statistical significance was accepted at α ≤ 0.05.

2.4 Self-grooming Procedure
Subjects in the self-grooming tests were melatonin-treated LP male voles, melatonin-treated
LP voles, blank-treated LP male voles, blank-treated LP female voles, intact SP male voles,
and intact SP female voles. Subjects were given a choice between the anogenital scents of
either: a) LP males and LP females, b) SP males and SP females, c) SP females and LP females,
or d) SP males and LP males. There were 10 different subjects used for each self-grooming
test. Although each subject underwent a single self-grooming test, the scent donors were used
in multiple self-grooming tests. Scent donors were 80 similarly aged LP and SP males and
females (n = 20 donors per group). Scent donors were not implanted with Silastic capsules and
were not used as subjects.

At the beginning of each self-grooming test, the subject’s cotton bedding was removed from
its cage. Next, approximately 8 g of vole-scented cotton bedding from either a LP male, a LP
female, a SP male, or a SP female donor was placed into the subject’s cage. This scented
bedding had been in a cage of a scent donor for 14 d. Two min after the cotton bedding was
placed into the cage of a subject, we recorded continuously over the next 5 min, the amount of
time that it self-groomed as described elsewhere (23,24,35,43). Briefly, in voles, the general
pattern of self-grooming consists of a cephalocaudal progression that begins with rhythmic
movements of the paws around the mouth and face, over the ears, descending to the ventrum,
flank, anogenital area, and tail (23). After each test, the scent donor’s cotton bedding was
removed from the subject’s cage and discarded. The experimenter wore latex gloves at all times
to prevent transfer of human odor. The experimenter was blind to the treatment condition and
the identity of the scent donors. The amount of time voles self-groomed in response to
unscented cotton bedding were not measured because previous studies have shown that voles
spend less than 2–3 seconds self-grooming when presented for 5-min with unscented cotton
(23,24,35,43).

A two-way ANOVA (sex of donor × photoperiod of donor) was used to determine if significant
differences existed in the amount of time that subjects spent self-grooming in response to each
odor stimulus. When significant main effects were detected, Holm-Sidak post hoc tests were
used to determine significance differences between the pairwise comparisons. Statistical
significance was accepted at α ≤ 0.05.
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2.5 Odor Preference Testing
Subjects in the odor preference tests were melatonin-treated LP male voles, melatonin-treated
LP voles, blank-treated LP male voles, blank-treated LP female voles, intact SP male voles,
and intact SP female voles. Subjects were given a choice between two pairs of anogenital scents
from either: a) LP males and LP females, b) SP males and SP females, c) SP females and LP
females, or d) SP males and LP males. There were 12 different subjects used for each odor
preference test. Each subject underwent a single odor preference test with a unique pair of odor
donors. However, the same scent donors were not used in multiple odor tests.

We chose anogenital scent marks because they convey sex-specific information to conspecifics
(15,22), and because the attractiveness to of these scent marks to conspecifics is affected by
the length of time that scent donors are treated with exogenous melatonin (16). Collection of
anogenital scent marks followed procedures detailed elsewhere (15). Briefly, scent marks from
the anogenital area were collected by rubbing a clean glass microscope slide against this area
of the donor for 5–10 s. The resulting 1.0 × 0.2 cm streak (scent mark) from each donor was
placed randomly on either the right or left-side of the slide. Sixty seconds elapsed between
placement of the scent marks from the first and second donor. The slide was suspended by a
clasp and wire hanger approximately 1 cm above the substrate and against the wall opposite
the nest in the subject’s home cage. Then, during the 3-min test, the total amount of time that
subjects investigated the marks from that pair of scent donors was recorded. Subjects had to
lick or sniff both scent marks on the slide for the data to be included in the analyses. The
observer was blind to the position of the scent donor’s marks on the slide. Each slide was used
only once and then discarded.

We used paired t-tests to determine if significant differences existed in the amount of time that
subjects spent investigating the scent marks of LP male and LP female donors and time spent
investigating the scent marks of SP male and SP female conspecifics. Statistical significance
was accepted at α ≤ 0.05

3. Results
3.1 Estradiol and Testosterone titers

Treatment with melatonin affected the circulating titers of testosterone and estradiol in male
voles (F2,29 = 153.7, p < 0.001) and female voles (F2,29 = 872.6, p < 0.001), respectively.
Briefly, melatonin treatment LP male and LP female voles treated with melatonin capsules for
12 weeks had lower circulating titers of testosterone and estradiol titers than did LP male and
female voles treated with an empty capsule for 12 weeks, respectively (Holm-Sidak test, p <
0.05 for each comparison, Fig. 1a, b). The testosterone and estradiol titers of LP male and LP
female voles treated with melatonin were similar to those of SP male and SP female voles (p
> 0.05 for each comparison, Fig. 1a, b). The average intra-assay and the inter-assay coefficients
of variation were 7.3 % and 12.1%, respectively.

3.2 Self-grooming Tests
The amount of time that male voles and female voles self-groomed in response to the scented
bedding of conspecifics was affected by the condition of the scent donor and whether subjects
received melatonin capsules. A two-way ANOVA revealed significant main effects for
condition of the subject (F 8, 239 = 12.13, P < 0.001) and for condition of the donor (F3, 239 =
5.53, P = 0.001). However, there was also a significant interaction between condition of the
subject and condition of the donor (F24, 2 39 = 15.79, P < 0.001), indicating that the effect of
the donor’s sex varied across the photoperiod of the donors. To investigate this interaction,
data for each of the conditions was analyzed via a one-way ANOVA. The analysis revealed a
significant main effect for condition of the subject (F8, 239 = 4.57, P < 0.001) and for condition
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of the donor (F3, 2 39 = 3.42, P < 0.018). Post hoc comparisons indicated that LP females more
time self-grooming in response to the bedding of LP males than to that of LP males, SP males,
and SP females (Holm-Sidak, p < 0.05; Fig, 2). In addition, LP females spent more time self-
grooming in response to the bedding of LP males than to that of LP females and SP females
(p < 0.05; Fig. 2). However, they spent a similar amount of time self-grooming in response to
the bedding of SP females than to that of LP females (p > 0.05; Fig. 2). Long-photoperiod
males treated with melatonin, LP females treated with melatonin, and SP female spent a similar
amount of time self-grooming in response to the odors of LP males, LP females, SP males, and
SP females (each comparison, p > 0.05; Fig. 2). Short-photoperiod males spent more time self-
grooming in response to odors of SP males and LP females relative to odors of LP males and
SP females (each comparison, p < 0.05; Fig. 2).

3.3 Odor Preference Tests
The amount of time that male voles and female voles spent investigating the scent marks of
conspecifics depended on whether the subject received an exogenous melatonin capsule, and
on the sex and photoperiod of the scent donor. Specifically, LP males not treated with
exogenous melatonin spent more time investigating the odors of LP females than those of LP
males (t = 6.12, df = 11, p < 0.001), but spent a similar amount of time investigating the odors
of SP males and those of SP females (t = 0.17, df = 11, p = 0.86; Fig. 3a). Untreated LP females
spent more time investigating the odors of LP males than those of LP females (t = 5.66, df =
11, p < 0.001), and they also spent a similar amount of time investigating the odors of SP males
and those of SP females (t = 0.379, df = 11, p = 0.71; Fig. 3b). In contrast, LP males that
received melatonin capsules spent a similar amount of time investigating the odor of opposite
and same-sex conspecifics regardless of photoperiod (t = 1.27, df = 11, p = 0.320, for LP donors
and t = 0.10, df = 11, p = 0.91 for SP donors; Fig. 3c). Long-photoperiod females that received
melatonin capsules spent similar amounts of time investigating the odors of LP opposite and
same-sex conspecifics (t = 1.03, df = 11, p = 0.32), but they spent more time investigating the
odors of SP females than those of SP males (t = 2.7, df = 11, p = 0.01; Fig. 3d).

Short-photoperiod males spent similar amounts of time investigating the odors of LP males
and those of LP females (t = 0.006, df = 11, p = 0.99), and investigating those of SP males and
those of SP females (t = 0.1.05, df = 11, p = 0.31; Fig. 4a). Short-photoperiod females spent
similar amounts of time investigating the odors of LP males and those of LP females (t = 0.46,
df = 11, p = 0.65), but spent more time investigating the odors of SP females than those of SP
males (t = 4.06, df = 11, p = 0.002; Fig. 4b).

4. Discussion
The present study assessed the interactive effects of photoperiod and exogenous melatonin on
self-grooming and odor preferences, two behaviors in a suite of those that facilitate sexual
interactions between opposite-sex conspecifics (4,17,18,23,24,27,30,41,44), in male and
female meadow voles. Our results are consistent with the hypothesis that 12 weeks of a constant
melatonin signal is sufficient to alter the odor preferences of LP meadow voles such that they
no longer reflect those displayed by voles that did not receive exogenous melatonin. That is,
LP male and LP female voles implanted with melatonin capsules spent similar amounts of time
investigating the odors of LP opposite- and same-sex conspecifics. Thus, exogenous melatonin
treatment was sufficient to abolish the opposite-sex odor preferences of LP voles. In contrast,
LP voles not treated with melatonin spent more time investigating the scent marks of LP
opposite-sex conspecifics as compared to those of LP same-sex conspecifics. These latter
findings were in agreement with previous studies. These studies reported that voles not treated
with melatonin preferred the odors of LP opposite-sex conspecifics compared to those of LP
same-sex conspecifics (18–21).
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Our results also demonstrate that 12 weeks of a constant melatonin signal was sufficient to
alter the self-grooming behavior of LP male and female meadow voles such they no longer
reflect those displayed by LP male and female meadow voles not treated with melatonin. We
found that 12 weeks after receiving a melatonin implant, LP meadow voles no longer spent
more time self-grooming in response to bedding scented by a LP opposite-sex conspecific as
compared to a LP same-sex conspecific. Similarly, gonadectomized LP voles that did not
receive replacement gonadal steroids, LP voles that were treated with bromocriptine, and intact
SP voles no longer spent more time self-grooming when they were exposed to bedding scented
by a LP opposite-sex as compared to a LP same-sex conspecific (34,35). Previous work has
also indicated that treating LP voles with melatonin is sufficient to suppress aspects of the
attractivity of LP voles (16). In contrast, LP voles not treated with melatonin spent more time
self-grooming in response to scents of LP opposite-sex conspecifics than to scents of LP same-
sex conspecifics (this study, 23,34,35). Similarly, exogenous melatonin reduced chin marking,
a behavior associated with attracting males in rabbits (26). Interestingly, exogenous melatonin
reduced or inhibited the sexual behavior and investigation of female vaginal secretions of LP
male Syrian hamsters in some studies (25,31,32,39,40,45), but exogenous melatonin had no
effect on their sexual behavior in other studies (6,11). For example, exogenous melatonin had
no effect on the sexual behavior of LP female Syrian hamsters (2).

We also determined whether exogenous melatonin was sufficient to alter the odor preferences
and self-grooming responses of LP male and female meadow voles such that they reflect those
displayed by SP male and female meadow voles, respectively. A short-day pattern of melatonin
in LP voles was sufficient to induce treated males to no longer display preferences for the odors
of LP and SP conspecifics, and for females to prefer the odors of SP females to those of other
conspecifics; these odor preferences match those of SP meadow voles (18,20,22). In contrast,
exogenous melatonin was not sufficient to induce LP-treated males to self-groom in response
to odors of LP conspecifics and those of SP conspecifics at rates similar to those of SP male
and SP female voles exposed to the odors of LP and SP conspecifics. Short-photoperiod male
voles spent more time self-grooming in response to odors of SP males than did LP male voles
treated with melatonin. This suggests that some other hormones may, in combination with
melatonin, be involved in the seasonal shift in self-grooming behavior in meadow voles, e.g.,
prolactin and the gonadal steroid hormones (34,35), however, this speculation requires further
testing. Alternatively, it is possible that the self-grooming behavior of melatonin-treated LP
male voles differs from that of SP male voles because the duration of the melatonin signal
differs. Long-photoperiod male voles received essentially a constant melatonin signal, whereas
SP males received a pulsatile melatonin signal that is characteristic of short day length (3,5).

We found that voles treated with 10-mm implants of melatonin for 12 weeks had lower
circulating titers of testosterone and estradiol as compared to voles treated with empty implants
for similar amounts of time; the melatonin treated voles had titers of estradiol and testosterone
that were similar to those of intact SP voles of similar age. Thus, our data support the predictions
of the first hypothesis tested. Our results echo those reported in other studies, showing that a
short-day pattern of melatonin induces a decrease in gonadal steroid titers in LP male and LP
female voles and deer mice and a suppression of reproductive responsive, which is
characteristic of SP voles and deer mice (8,9,16). Thus, the current data on meadow voles
suggest that melatonin may be involved in the transduction of the photoperiodic effects on
circulating gonadal hormone titers, which in turn, mediate odor preferences and self-grooming
responses, which may be used by animals to communicate sexual interest and the attractiveness
of their odors to conspecifics (16,18,20,33,34,35,39,41). However, some studies on Syrian and
Siberian hamsters report that short-day patterns of melatonin during long-day lengths are either
independent of the gonadal hormones, independent of melatonin, or both (1,5,7,49,54).
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It appears that there may not be a general pattern to explain the effects of exogenous melatonin
on the signals and behaviors associated with reproduction (e.g., 2,3,10;28,42,48,50–54). In
fact, a number of studies have pointed out that melatonin produces bimodal, dose-dependent
effects. Administration of low doses of melatonin stimulated sexual behavior in rats (6,10).
Systemic injection of small doses of melatonin (10, 50 and 100 μg/kg) facilitated sexual activity
of male rats, whereas a greater dose (1 mg/kg) of melatonin induced sexual inhibition (13),
barbiturate-induced narcosis (14), reduced gut motility (12), and antidepressant effects in rats
(38). In contrast, the inhibitory effects of melatonin have been reported on the attractivity and
proceptive behaviors of female Syrian hamsters and male and female voles (16,25,32,35,39,
40). Finally, in some animals changes in behavior seem to be independent of melatonin’s affects
on gonadal steroid titers. In such cases, melatonin may not necessarily act as an anti-gonadal
hormone (7,49,54), and may not modulate all seasonally varying signals and behaviors (2,28,
48). However, it is the duration of the melatonin signal that is important, not the concentration
(3). We are not aware of any study showing that the amplitude of the melatonin peak had
additional effects over and above what the duration does (i.e., it is all-or-none---if the duration
is sufficient, you induce gonadal regression at 10ng/day and 100ng/day has no further effect)
(3). In our study, treatment with melatonin capsules for 12 weeks was sufficient to induce LP
treated voles to have gonadal hormone titers that were similar to those of SP voles. More
importantly, the dose of melatonin used in this study elicited the short-day phenotype with
regard to odor preferences and self-grooming. Our data support the speculation that melatonin
treatment had inhibitory effects on the gonads and/or its inhibitory action on prolactin (33,
35,42,50,52). However, we urge some caution in this interpretation as our capsules did not
simulate the circadian release of melatonin. Implants and timed infusions of melatonin may
have different effects on the endogenous pineal melatonin rhythms and subsequent proceptive
behavior (42,51).

Based on our results, we infer that a constant melatonin signal may be sufficient to induce
melatonin-treated LP voles to no longer display behaviors that are directed at attracting
opposite-sex conspecifics. If this inference is correct, our results may augment those suggesting
that melatonin may be involved in the transduction of the photoperiodic effects on circulating
gonadal hormone and prolactin titers, which, in turn, mediate odor preferences, which may be
used by animals to communicate sexual interest and the attractiveness of their odors to
conspecifics (16,18,21,33,39,40). Thus, it may be likely that for meadow voles, and for perhaps
for some other seasonal breeding mammals, seasonal differences in behavior may allow
individuals to coordinate sexual behavior, and maximize their reproductive success by mating
at a time of year that is propitious for their survival and that of their offspring (1,5,17,18,26,
47,53).
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Figure 1.
Mean titers ± SEM of circulating (A) testosterone of LP male voles not treated with melatonin,
LP male voles treated with melatonin, and SP male voles and (B) estradiol of LP female voles
not treated with melatonin, LP female voles treated with melatonin, and SP female voles.
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Figure 2.
Mean time (s) ± SEM that LP male voles not treated with melatonin, LP male treated with
melatonin, LP female voles not treated with melatonin, LP female voles treated with melatonin,
SP males, and SP females spent self-grooming when they were exposed to bedding scented by
LP males, LP females, SP males, and SP females. A two-way ANOVA was used to test for
significant differences in the amount of time self-grooming across each odor condition (α ≤
0.05). Histograms capped with different letters indicate significant difference between odor
conditions (Holm-Sidak test, p <0.05).
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Figure 3.
Mean time (s) ± SEM that a) LP male voles not treated with melatonin, b) LP female voles not
treated with melatonin, c) LP male voles treated with melatonin, and d) LP female voles treated
with melatonin spent investigating the scent marks of LP males versus those of LP females
and the scent marks of SP males versus those of SP females. Paired t-tests with a Bonferroni
correction was used to test for significant differences in time spent investigating each pair of
scent marks. Asterisks indicate significant difference between the scent mark pairs (p <0.0127).
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Figure 4.
Mean time (s) ± SEM that a) SP male voles not treated with melatonin and b) SP female voles
not treated with melatonin spent investigating the scent marks of LP males versus those of LP
females and the scent marks of SP males versus those of SP females. Paired t-tests with a
Bonferroni correction was used to test for significant differences in time spent investigating
each pair of scent marks. Asterisks indicate significant difference between the scent mark pairs
(p <0.0127).
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