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Abstract
Vocal production is crucial for successful social interactions in multiple species. Reward can
strongly influence behavior; however, the extent to which reward systems influence vocal
behavior is unknown. In songbirds, singing occurs in different contexts. It can be spontaneous and
undirected (e.g., song produced alone or as part of a large flock) or directed towards a conspecific
(e.g., song used to attract a mate or influence a competitor). In this study, we developed a
conditioned place preference paradigm to measure reward associated with different types of
singing behavior in two songbird species. Both male zebra finches and European starlings
developed a preference for a chamber associated with production of undirected song, suggesting
that the production of undirected song is tightly coupled to intrinsic reward. In contrast, neither
starlings nor zebra finches developed a place preference in association with directed song;
however, male starlings singing directed song that failed to attract a female developed a place
aversion. Unsuccessful contact calling behavior was also associated with a place aversion. These
findings suggest that directed vocal behavior is not tightly linked to intrinsic reward but may be
externally reinforced by social interactions. Data across two species thus support the hypothesis
that the production of undirected but not directed song is tightly coupled to intrinsic reward. This
study is the first to identify song-associated reward and suggests that reward associated with vocal
production differs depending upon the context in which communication occurs. The findings have
implications for understanding what motivates animals to engage in social behaviors and ways in
which distinct reward mechanisms function to direct socially appropriate behaviors.
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1 INTRODUCTION
Vocal behavior is critical for successful social interactions in a wide range of animal species,
including songbirds. Reward associated with production of particular behaviors is a
powerful behavioral incentive, influencing feeding, social, and sexual behaviors (e.g., [1–
5]). Songbirds produce song at high rates within multiple social contexts, suggesting that
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they are highly motivated to sing and that singing behavior may be linked to reward.
Progress has been made in understanding the neural basis of song learning and sensorimotor
processing (see multiple reviews in [6]), but little is known about reward associated with
vocal production.

One roadblock for testing the role of reward in vocal production is the lack of a metric for
evaluating reward associated with the act of singing. Here we modified a conditioned place
preference (CPP) paradigm, one of the most commonly used methods for measuring reward
[7–10], to evaluate song-associated reward. The methods we used are based on the idea that
the neural state associated with singing behavior acts as an unconditioned stimulus. When
this neural state is paired with a distinct place (in our study a distinct compartment in a CPP
apparatus), this place becomes associated with the state associated with the singing
behavior. Thus, if song is associated with or induces a pleasurable or rewarding neural state,
then males should develop a CPP.

As a first step in the evaluation of CPP as a measure of song-associated reward, we
examined two commonly studied songbird species known to produce high rates of song
within distinct social contexts in a laboratory setting. Specifically, we examined song-
associated reward using CPP in male zebra finches (Taeniopygia guttata) and European
starlings (Sturnus vulgaris) singing within functionally distinct social contexts. Directed
song is used to attract mates or repel competitors and can evoke an immediate, obvious
behavioral response in conspecifics (e.g., cause a female to approach or mate with a male
[11–14]). Male songbirds also sing spontaneous song that does not result in immediate,
obvious behavioral responses in conspecifics. This type of song is referred to as undirected
[11–14] and in adults is considered important for song practice and the maintenance of large
flocks [15,16]. Our predication was that if reward plays an important role in the initiation or
maintenance of singing behavior, then males will develop a place preference (indicative of
reward state) for the side of a CPP apparatus previously paired with song. Our results
support this prediction but additionally suggest that the relationship between reward and
singing behavior differs depending upon whether song is undirected or directed. To our
knowledge, this research is the first to evaluate reward and communication in an animal
model system using CPP, and it sets the stage for future studies examining the role of reward
in different types of social communication.

2 MATERIALS AND METHODS
All procedures were approved by the University of Wisconsin Institutional Animal Care and
Use Committee and adhered to the National Institutes of Health Guidelines for the Use of
Animals in Research.

2.1 Rationale for conditioned place preference methods
CPP involves associating the primary rewarding properties of a specific unconditioned
reward stimulus (e.g., food or drugs, or in the present study singing behavior) with a
previously neutral stimulus (e.g., a distinct chamber in a place preference apparatus). After
pairing the unconditioned stimulus (e.g., the affective state induced by singing behavior)
with a neutral stimulus (e.g., a distinct chamber), the neutral stimulus then becomes a
conditioned stimulus and can elicit an approach response (if the properties associated with
the unconditioned stimulus [e.g., the act of singing] are rewarding) or avoidance (if the
properties associated with the unconditioned stimulus are aversive) [7–10]. The CPP
paradigm that we use in the present study was developed based on studies of copulation-
associated reward in male rats [2,8,17]. Copulation is similar to the act of singing in that it
cannot be administered in the same way as commonly studied food or drug rewards (e.g.,
one cannot “inject” the act of singing or sexual behavior; either an animal produces the
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behavior or it does not). In past rat studies, males were presented with a female prior to
being restricted to one side of a CPP apparatus (rather than being presented with the female
while being restricted to one side of the apparatus), and the males that ejaculated developed
a CPP [2,17]. This is considered evidence that this behavior induced a rewarding neural
state, and using this method the physiological consequences of the behavior (and not the
factors triggering the behavior, such as female presence) are measured [8,18]. We employ
similar methods here 1) because few male songbirds sing in the CPP apparatus (likely due to
the stress of being placed alone into a chamber), and 2) to induce directed song we must
present males with a social partner, which we do not wish to do in the CPP apparatus as this
would conflate the physiological causes or consequences of song production with
reinforcement associated with the presence of a conspecific in the CPP apparatus.

2.2 Conditioned place preference in zebra finches
Thirty-two adult male zebra finches (Taeniopygia guttata) from our breeding colony were
housed for the duration of the experiment in groups of 4 in cages (approximately 59 cm ×
59cm × 59 cm) containing food, water, perches, and enrichment materials. Males were
exposed to a 16h light: 8h dark photoperiod.

2.2.1 Habituation days—Male zebra finches with distinct combinations of colored leg
bands were observed by an individual positioned in front of the cage. To habituate males to
the presence of the experimenter, males were observed for at least 30 min on 5 days during a
one-week period prior to conditioning. All observations and testing occurred at the same
time each day between 11:00 and 13:00 hours.

2.2.2 Conditioning day—On a single conditioning day, males were observed for 30 min
in home cages at least 2 days following habituation. We selected 30 minutes as a starting
point based on studies of ejaculation-induced reward in rats [2] and because 30 min provides
an adequate amount of time to quantify individual differences in singing behavior. During
this period the numbers of directed and undirected songs were counted. Directed song was
defined as song produced by a male oriented towards another individual while displaying
distinct postural changes, including fluffing of cheek and nuchal feathers. Undirected song
was defined as song produced by a male facing away from other individuals or facing
towards others but without any obvious postural changes or conspecific-directed orienting or
approach behaviors. Long contact calls were also quantified. Long contact calls can be
considered another form of directed communication used to establish contact with
conspecifics by a bird that has been separated from its flockmates [13,19,20]. Immediately
after the 30 min observation period each male was rapidly captured, removed from the home
cage, and placed into one side of a CPP apparatus for 30 min. The CPP apparatus consisted
of a standard cage (approximately 118 cm x 59 cm x 59cm) divided into two distinct
compartments by an opaque divider (the same color as the compartment in which the bird
was confined). Each compartment was decorated with colored construction paper covering
the walls, floor, and perches. One side was decorated with green materials and the other side
was decorated with yellow materials. The colors of the left and right sides were
counterbalanced across cages.

During conditioning, half of the birds were placed on the side of the CPP apparatus
decorated with one color and the other half were placed on the side decorated with the other
color to control for any initial color preference bias. Vocal behavior was also quantified
during this period. After the 30 min period, males were placed back into the home cages.

2.2.3 Test day—The following day, each male was placed into the center of the same CPP
apparatus in which he was conditioned; however, on this day the partition separating the 2
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sides of the CPP apparatus was removed, allowing males free access to both of the distinctly
colored sides of the apparatus. Each male was selected arbitrarily from the home cage. Leg
bands were checked to determine in which cage the bird had been placed during
conditioning, but to prevent observer bias the experimenter had no information about the
color/side of the apparatus in which a male had been confined during conditioning. The total
amount of time each male spent on each side of the apparatus during a 30 min observation
period was recorded to determine side preference. The number of times males moved from
one side of the apparatus to the other was also quantified to ensure that males explored both
sides of the CPP apparatus.

2.3 Conditioned place preference in European starlings
The results of the first study in male zebra finches singing to males indicated that our
measure of song associated CPP was effective. We planned to follow up with tests of male
zebra finches singing to females; however contagious bacteria were identified in a few birds
in our colony and we have subsequently stopped all research with zebra finches. Therefore
we ran additional studies in starlings, which expand the scope of this study to include
relationships between song and reward in another species singing in additional social
contexts. Twenty-six males with distinct combinations of colored leg bands were housed in
groups of 3 to 4 in indoor aviaries (approximately 2m x 2m x 2.5m). Each aviary contained
4 nest boxes, food, water, and perches. The endocrine state of male starlings is sensitive to
the photoperiod. Prior to the study, all males were exposed to photoperiods of 18 h light: 6 h
dark for 12 weeks followed by 6 h light: 18 h dark for 8 weeks. This schedule of long
followed by short photoperiods causes starlings to enter a state of photosensitivity that is
characteristic of the fall non-breeding season [21]. In this state males have regressed gonads,
form large flocks, and sing high rates of undirected song [22]. Photosensitive males do not
display sexual responses or song production in response to females [22]. Fourteen males
were tested singing undirected song in the fall-like photosensitive state (fall condition
males).

Twelve photosensitive male starlings received subcutaneous testosterone (T) implants and
were placed on a photoperiod of 11L:13D to induce a spring-like breeding season endocrine
state (spring condition males). Treating photosensitive male starlings with T implants
stimulates male sexual responses to females, including high rates of sexually-motivated,
directed song production (e.g., [23,24]). Each male received 2, 14-mm long silastic implants
(i.d., 1.47; o.d., 1.96 mm; Dow Corning, Midland, MI) packed for 10 mm with crystalline
testosterone proprionate (Sigma-Aldrich, St. Louis, MO). Males were anesthetized using
isoflurane gas anesthesia and implants were inserted through a small incision over the breast
muscle. Males were tested 8 days after receiving implants.

2.3.1 Conditioning day—On a single day of conditioning, males were observed for 30
min in home aviaries. Fall condition males sing high rates of undirected song and do not
orient directly towards single conspecifics while singing or sing in response to the
introduction of another individual [22,25]. Thus all of the songs produced by fall condition
males were considered undirected. For spring condition males a female conspecific was
released into the aviary immediately prior to the 30 min observation period. Male starlings
do not face females during courtship song but typically fly to a nest site (a nest box in this
case) and sing from the perch or from inside the box (a location from which they cannot see
the female). Although it is possible that some of the songs produced by males in a spring
condition were undirected, our assumption based on past studies of males with elevated T
(e.g.,[22]) is that a larger proportion of the songs produced by spring condition males tested
in the presence of a female are directed than undirected; and certainly spring condition
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males produce more directed songs than fall condition birds (who based on past literature
are unlikely to sing any female-directed songs [22]).

For observations of fall and spring condition male starlings we recorded several behavioral
measures in addition to vocal behavior based on questions generated by the results of the
zebra finch study. Specifically, in addition to the number of times each male sang we
quantified bouts of preening, eating, and drinking (separate bouts were separated by 2
seconds). We additionally, counted the number of “prurrp” calls [26] produced by each
male. These calls are proposed to call together flocks of starlings [26] and may represent
another form of directed communication in the sense that they can immediately attract
conspecifics. Finally, we recorded the number of times females landed on nest boxes of
males singing in the spring condition.

At the end of the 30 min observation period, each male was rapidly captured, removed from
the home aviary, and placed into one side of a CPP apparatus for 30 min. The CPP apparatus
consisted of a standard cage. One side was decorated with green materials and the other side
was decorated with yellow materials. During conditioning, half of the birds were placed on
the side of the CPP apparatus decorated with one color and the other half were placed on the
side decorated with the other color to control for any initial color preference bias. Vocal
behavior was also quantified during this period. After the 30 min period males were placed
back into the home aviaries.

2.3.2 Test day—The following day CPP was assessed in starlings following the identical
protocol described for male zebra finches.

2.4 Statistical Analysis
For both the zebra finch and starling studies, on test day the proportion of time each male
spent on the side of the apparatus in which he was previously confined during conditioning
was calculated as a measure of CPP. For each analysis the CPP measure was arcsine
transformed to improve normality [27].

Ten male zebra finches spent the entire test period on one side of the apparatus, indicating
that they were not exploring the apparatus prior to making a side choice. These males were
excluded from the analysis. (During conditioning they did not differ from the remaining
males in comparisons of undirected song, calls or number of movements from the floor of
the apparatus to the perch [results of independent Student’s t-tests revealed p > 0.31 in all
cases]). The remainder of the males on test day moved from one side of the CPP apparatus
to the other a mean of 7.36 times (sd = 4.5). For zebra finches each of the 3 vocal behaviors
(undirected singing, directed singing, and calling) were collected during the same time
period for each individual, thus the data could be normalized against each other by
calculating the proportion of the total vocal behavior produced the 30 min prior to and the
30 min during conditioning that consisted of undirected songs, directed songs, and calls. The
proportion data were analyzed using simple linear, logarithmic, and polynomial regression
analyses to identify the model that best explained correlations between CPP and the
proportion of undirected song, directed song, and calling behavior. (Normalized data were
inter-related, rendering multiple regression analysis inappropriate.) The best model was
selected based on examination of the adjusted R2, normal and residual plots, and standard
error (and in each case proved to be linear).

Male starlings were not discarded from analyses for not exploring the apparatus (all but one
bird moved back and forth during testing). Fall condition males moved from one side of the
CPP apparatus to the other a mean of 54.21 times (sd = 46.67) and spring condition males
moved from one side of the CPP apparatus to the other a mean of 34.42 times (sd = 21.38).
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For starlings, song (undirected for fall condition birds and directed for spring condition
birds) and prurrp calls were recorded during the same time period for each individual, thus
these data could be normalized against each other by calculating the proportion of the total
vocal behavior (songs plus calls) produced for 30 min during and the 30 min prior to
conditioning that were undirected songs (for fall condition males) or directed songs (for
spring condition males) and calls. Stepwise multiple regression analyses were run to
determine the extent to which the proportion of song/calls, preening, and bouts of feeding
and drinking (entered as independent variables) explained variation in CPP (entered as the
dependent variable).

For each species and for each vocal behavior males were split into two groups based on
median vocal production during and 30 min prior to conditioning (those below the median
were considered to vocalize at low rates [low group], those above or equal to the median
were considered to vocalize at high rates [high group]). Comparisons of males in these
groups were made using Student’s t-tests or Mann-Whitney U tests when assumptions of
normality or homogeneity of variance were violated.

Additional analyses were run on the spring condition starlings to examine whether social
responses of females contributed to male CPP. Male starlings sing to attract females to a
nesting location. We considered the number of times females landed on an individual male’s
nest box an indicator of his social success. A correlation was used to examine CPP and the
number of times a female landed on a male’s nest box. Males were also divided based on
whether or not a female ever landed on his nest box. Data violated assumptions of
parametric statistics, thus a Mann-Whitney U test was used to compare CPP in males that
did compared to those that did not attract a female to his nest box.

In regression analyses outliers were identified using deleted residuals and Cook’s distances.
No outliers were identified in the zebra finch data set. For fall condition starlings, a single
outlier was identified (proportion undirected song = 1; proportion time spent on conditioned
side of CPP apparatus = 0.24; Fig. 2E). For spring condition males, an outlier was identified
for a single male (number of directed songs = 15; proportion directed song = 0.34;
proportion time spent on conditioned side of CPP apparatus = 0.17; Fig. 2B, 2F). These
outliers were not included in the analyses but are shown in the figures to illustrate that
inclusion would not alter correlations identified between CPP and measures of vocal
behavior.

3 RESULTS
3.1 Zebra finches

Zebra finches produced multiple undirected and directed songs as well as calls (Table 1).
CPP correlated positively with the proportion of undirected song (linear regression: r = 0.58,
N = 22, p = 0.005; Fig. 1A). CPP did not correlate with the proportion of directed song
(linear regression: r = −.05, N = 22, p = 0.82, Fig. 1B); however, a significant negative
correlation was identified between CPP and the proportion of calling behavior (linear
regression: r = −0.52, N = 22, p = 0.013; Fig. 1C).

CPP was significantly higher in males singing at the highest compared to the lowest rates
(based on a median split of the raw singing values) of undirected song (Mann-Whitney U
test: U =25.50, Nbelow median =11, Nabove median = 11, p = 0.022; Fig. 1D). In contrast, CPP
did not differ in males producing low or high rates of directed song (Independent t test: t20 =
0.001, p = 0.999; Fig. 1E) or calling behavior (Independent t test: t20 = 1.05, p = 0.308; Fig.
1F).
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To provide data related to the function of calls, we compared calling behavior in isolated
birds compared to birds in social groups. Consistent with past data showing zebra finch
contact calls to be produced primarily by birds separated from flocks [13,19,20], the
majority of contact calls were produced when males were isolated during conditioning as
compared to during the behavioral observation period 30 min prior to conditioning
(Repeated measures t test: t21 = 4.33, p = 0.0003; Table 1).

3.2 European starlings
3.2.1 Undirected song (fall condition)—Starlings in fall condition produced multiple
undirected and directed songs as well as calls (Table 1). Results of both forward and
backward stepwise multiple regression analyses were identical and significant (adjusted R2

= 0.88, N = 13, p = 0.000008). Undirected song (Beta = 0.96, SE = 0.10, t10 = 1.29, p =
0.000002) contributed significantly CPP (Fig. 2A). (Because for starlings only two vocal
behaviors were recorded during the same time period for each male, in contrast to the zebra
finch study, the correlation between CPP and calls is the inverse; Fig 2A.) No other variable
contributed to CPP.

Fall condition males did not sing while in the CPP apparatus, thus singing was produced in
the 30 min prior to conditioning. An analysis comparing males categorized as low or high
singers (based on a median split of the raw singing values) indicated that CPP was
significantly higher in males that sang high compared to low rates of undirected song
(Independent t test: t12 = 3.36, p = 0.006; Fig. 2C). CPP did not differ in males calling at low
compared to high rates in fall condition (Independent t test: t12 = 0.98, p = 0.347).

To provide data related to the function of calls, we compared calling behavior in isolated
birds compared to birds in social groups. No significant differences were observed in prurpp
call production when males were isolated during the 30 min conditioning compared to
during the behavioral observation period 30 min prior to conditioning (p > 0.05; Table 1).

3.2.2 Directed song (spring condition)—Starlings in spring condition also produced
multiple undirected and directed songs as well as calls (Table 1). Results of forward and
backward stepwise regression analyses were identical (adjusted R2 = 0.38, N = 11, p = 0.06).
Although the overall regression was not significant, preening behavior did significantly
contribute to the prediction of the dependent variable (preening Beta = −0.77, SE = 0.28, t8
= 2.77, p = 0.02). (Males that preened at high rates spent more time away from the
conditioned side of the apparatus). No other behavior contributed to CPP, including the
proportion of directed song or inversely, calling behavior (Fig. 2B).

No significant differences were identified in CPP for spring condition males producing low
or high rates of directed song (Mann-Whitney U test: U = 15.00, Nbelow median =6,
Nabove median = 6, p = 0.631; Fig. 2D) or producing prurpp calls at low compared to high
rates (Independent t test: t10 = 0.18, p = 0.859).

To provide data related to the function of calls, we compared calling behavior in isolated
birds compared to birds in social groups. No significant differences were observed in prurpp
call production when males were isolated during the 30 min conditioning compared to
during the behavioral observation period 30 min prior to conditioning (p > 0.05; Table 1).

Additional analyses were run to examine the possibility that directed song is primarily
rewarded by external social responses of conspecifics rather than intrinsically. A trend was
observed for CPP to correlate with the number of times a female landed on a male’s nest box
(an indicator of the extent to which a male was successful at attracting a female) during the
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30 min prior to conditioning (r = 0.56, p = 0.0585; Fig. 3A). This trend reflected a place
aversion in males that failed to attract a female to a nest box.

Males were then divided based on whether (n = 7) or not (n = 5) a female ever landed on his
nest box. Although males in neither group showed an overall CPP (Fig. 3), males that never
attracted a female to a nest box spent significantly more time away from the conditioned
side of the apparatus compared to males that attracted females to the nest box (Mann-
Whitney U test: U = 4, z = 2.19, p = 0.028; Fig. 3B).

4 DISCUSSION
The present study demonstrates a tight link between individual singing behavior and reward
state and highlights the utility of the CPP paradigm for examination of reward related to
song production. Interestingly, in both zebra finches and starlings only undirected singing
behavior was tightly coupled to reward state (as reflected in the development of a song-
associated place preference), indicating that the role of reward in vocal production differs
depending on the function and social context in which an individual is communicating. Data
across species thus suggest that undirected and directed song rely on partially distinct reward
mechanisms.

4.1 Undirected song and intrinsic reward
Undirected song is not directed towards other individuals, appears to be ignored by other
birds, and occurs without any obvious immediate external reinforcement (such as the
attraction of a mate [11–14]). The link identified in the present study between undirected
song and individual reward state suggests that in the absence of any obvious, immediate
external reinforcement, undirected communication may be intrinsically rewarded. It is
possible that a reward state induced by environmental stimuli (e.g., the presence of adequate
food or the absence of predators) or individual factors (e.g., low anxiety levels) facilitates
undirected singing behavior. Alternatively the act of producing undirected song itself may
activate reward neural systems to facilitate further song production (perhaps in part by
reducing stress and leading to a positive affective state). We expect these effects are bi-
directional, much like singing behavior in humans which can induce positive affect [28–31]
and is widely thought to be facilitated by a positive affective state.

4.2 Directed song may be externally reinforced by the behavioral responses of
conspecifics

The absence of a link between directed song and individual reward state in the present study
indicates that directed song may not be as dependent on intrinsic reward as undirected song.
Given that directed singing behavior functions to attract conspecifics (such as mates) or
repel competitors, directed song may primarily be externally reinforced, for example
through reward resulting from mate attraction and copulation. We formulated this
hypothesis after completing the zebra finch study and therefore do not have data on the
behavioral responses of the recipients of directed song for zebra finches. In starlings
however, we did collect this information. Directed song in the starling study was elicited by
the presence of a female and was highly sexually-motivated. Interestingly, males that failed
to attract a female spent the majority of time on the side of the apparatus not paired with
song, suggesting that the failure to attract a female induced a negative affective state
resulting in a place aversion. Somewhat unexpectedly, attracting a female to a nest box did
not induce a CPP in this study; however, interactions with a female lasted only 30 minutes
and males did not interact physically or copulate with a female. Had behavioral interactions
resulted in copulation, we predict that males which successfully copulated with females
would develop a mating-induced CPP as in prior studies in rats [2,17]. Although future work
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is required, the present results are consistent with the idea that directed song may be
externally reinforced by the behavioral responses of conspecifics.

4.3 Calling behavior is associated with a place aversion
In the zebra finch and starling studies, contact calls related negatively to CPP. In zebra
finches loss of social contact (i.e., separation from a flock or sexual partner) rapidly triggers
production of distance contact calls, which are infrequent in birds in flocks or in contact
with sexual partners [13,19,20]. Consistent with these past studies, the majority of calling
behavior by zebra finches in the present study was observed in male isolated in the CPP
chamber during conditioning rather than during the period of behavioral observations in
flocks. Thus, similar to male starlings singing to attract females, vocal behavior in isolated
male zebra finches can result in immediate social contact (i.e., reunion with flockmates).
Likewise, the starling calls that we recorded are thought to call together conspecifics to form
flocks [26]. Thus in starlings and zebra finches high rates of calling are likely elicited by
males seeking social contact; however, because birds were isolated, calling behavior did not
result in conspecific attraction. Therefore, it is possible that for both calling behavior and
female-directed song in starlings the failure to attract a conspecific induces in a negative
affective state resulting in a place aversion.

4.4 Potential mechanisms underlying song-associated reward
The differences identified here between reward state and undirected compared to directed
singing behavior suggest different roles for rewarding neurochemicals in communication in
these two contexts. Dopamine plays a primary role in incentive motivation and reward-
directed behaviors, including sexually-motivated song directed towards a female [5,23,32–
42]; however, it has been argued that dopamine does not underlie reward per se [5,33,43].
Instead, other neurochemicals such as opioid neuropeptides are proposed to play a primary
role in pleasure or reward associated with multiple behaviors, including social, sexual, and
feeding behaviors [44–50]. Recent data in zebra finches and starlings indicate that opioids in
brain regions involved in reward, including the ventral tegmental area and medial preoptic
nucleus, are more tightly linked to undirected than directed song [51–53]. Peripheral opioid
pharmacological manipulations also demonstrate that opioids differentially regulate directed
and undirected song [37,51,54]. Furthermore, in female ring doves (Streptopelia risoria),
both auditory and proprioceptive aspects of vocal production feed back onto hypothalamic
neural systems to influence opioid rich neural circuits [55,56]. Based on these data, it is
possible that opioid reward initiates undirected song or that self-stimulation of opioid release
in limbic systems by the act of vocal production contributes to reward associated with
undirected song (reviewed in [56–58]). With the use of the CPP paradigm, a next step will
be to directly examine whether the reward state associated with the act of singing undirected
song is mediated by opioid release in reward neural circuitry.

4.5 Methodological considerations
The CPP methodology employed in the present study differs somewhat from CPP tests often
used in studies of other rewards (such as food or drug rewards) [7,9,10]. For example, in
studies of food and drug reward it is common during conditioning to repeatedly place an
animal in one side of a CPP apparatus with a reward and one side of the apparatus without a
reward. Unlike food or drug rewards birds cannot be administered the “act of singing”
(either a bird sings or it does not), which means that an experimenter cannot control how
much, when or if a bird will sing. Thus pairing “the act of singing” (e.g. 20 song bouts) with
one side of the apparatus and “a lack of singing” (0 song bouts) with the other side
repeatedly is not possible. This means that the novelty of the song-paired and unpaired CPP
compartments in the present study was not controlled as it can be in rats placed an equal
number of times in the two sides of a CPP apparatus. Thus novelty may contribute to the
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present results. Although this cannot be ruled out, in the absence of a compelling argument
for why preferences for novelty would correlate linearly with the rate of undirected but not
directed song production, we believe the results of the present study more likely reflect links
between song and individual reward state than differential responses to novelty.

It is also common in studies of food and drug reward for preexisting individual side
preferences to be determined during habituation and then subtracted from preferences
observed on test day, to control for preexisting preferences [7,9,10]. In the present study,
although we did not test individual baseline CPP side preferences prior to conditioning,
across individuals we counterbalanced conditioning across the side and color of the CPP
apparatus to control for any general side or color preferences. We plan to examine this issue
in our future work but here believe that the consistent associations identified between CPP
and undirected but not directed song in two songbird species are not likely artifacts related
to baseline preferences.

Finally, it is likely that stress is inherent to any study involving CPP as animals are moved
from home cages and restricted to relatively novel chambers. We expect that the contact
calls measured in both zebra finches and starlings reflect individual stress responses to being
placed alone in a CPP chamber. Thus individual stress levels may interact with the positive
affective state associated with song to determine individual CPP. It is important to note
however that all birds (whether singing directed or undirected song) were tested under
identical conditions. Despite the fact that stress levels would be expected to be similar across
birds singing directed and undirected song, only birds singing undirected song developed a
strong place preference.

4.6 Conclusions
The present study provides a novel method for assessing song-associated reward and
suggests that reward associated with vocal production differs depending upon the social
context in which communication occurs. Specifically, the data indicate that undirected but
not directed song may be primarily facilitated and maintained by intrinsic release of
rewarding neurochemicals. The results also suggest that reward is differentially associated
with directed and undirected communication across species and contexts irrespective of
whether vocal behavior is complex and learned (as is typically the case for song) or
relatively simple and less dependent on learning (as is typically the case for calls) [59]. The
data have potentially broad implications, providing insight into what motivates animals to
practice social behaviors during development and ways in which distinct reinforcement
mechanisms function to direct socially appropriate adult behaviors.
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Highlights

A place preference paradigm was used to measure reward associated with singing
behavior

Male songbirds directed song to conspecifics or sang spontaneously (undirected
song)

Males singing undirected but not directed song developed a place preference

Results suggest that undirected but not directed song is linked to intrinsic reward

Factors rewarding vocal production may differ depending on the social context
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Figure 1.
Evidence linking undirected song and reward in male zebra finches. A–C) Scatterplots
illustrating correlations between CPP and proportions of total vocal behavior consisting of
A) undirected song, B) directed song, and C) calls. Y-axis represents the proportion of each
vocal behavior produced for 30 min during and 30 min just prior to being placed on one side
of the CPP apparatus (conditioned-side). The X- axis represents the proportion of time males
spent on the conditioned side of the apparatus the following day. Each point represents data
from a single male. Regression lines indicate the slope of significant correlations. D–F) Bar
graphs showing the mean proportion time spent on the conditioned side of the CPP
apparatus for males that produced low (open bars) or high (filled bars) rates of D) undirected
song, E) directed song, and F) calls. * = p < 0.05. For all legends: Analyses were performed
on arcsine transformed proportion data. Untransformed data are shown to illustrate actual
vocal responses. A proportion of 0.50 is marked by small dark rectangle.
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Figure 2.
Evidence linking undirected song and reward in male starlings. A–B) Scatterplots showing
correlations between CPP and the proportions of song (y axis on left) and calls (y axis on
right) that were A) undirected and B) directed. C–D) Bar graphs showing CPP in males
producing low and high rates of C) undirected and D) directed songs. See Figure 1 for
additional description of axes. Diamonds in scatterplots indicate statistical outliers not
included in the analyses.
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Figure 3.
Evidence that failing to attract a female has negative valence in spring condition males. A)
Scatterplot showing a correlation between the number of times a female landed on an
individual male’s nest box and CPP in male starlings. Y-axis represents the number of times
a female landed on a male’s nest box during the 30 min prior to conditioning. The X- axis
represents the proportion of time males spent on the conditioned side of the apparatus the
following day. B) Bar graph showing the mean proportion of time spent on the conditioned
side of the CPP apparatus for spring condition males that failed to attract (open bar) or
successfully attracted (filled bars) a female to a nest box. Each point represents data from a
single male. * = p < 0.05.
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Table 1

Mean (sd) vocal production for birds in each condition

Prior to conditioning During conditioning

Zebra finch undirected song 6.77 (8.4) 6.59 (13.30)

directed song 5.5 (7.04) n/a

calls 9.14 (8.42) 46.27 (39.87)

Starling

 fall condition undirected song 3 (2.66) 0

calls 5.36 (4.93) 5.78 (9.40)

 spring condition directed song 2.58 (4.76) 8.75 (4.07)

calls 6.33 (8.77) 7.00 (11.15)
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