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Abstract

Sensory driven immediate early gene expression (IEG) has been a key tool to explore auditory perceptual areas in the avian brain. Most
work on IEG expression in songbirds such as zebra finches has focused on playback of acoustic stimuli and its effect on auditory processing
areas such as caudal medial mesopallium (CMM) caudal medial nidopallium (NCM). However, in a natural setting, the courtship displays of
songbirds (including zebra finches) include visual as well as acoustic components. To determine whether the visual stimulus of a courting
male modifies song-induced expression of the IEG ZENK in the auditory forebrain we exposed male and female zebra finches to acoustic
(song) and visual (dancing) components of courtship. Birds were played digital movies with either combined audio and video, audio only,
video only, or neither audio nor video (control). We found significantly increased levels of Zenk response in the auditory region CMM in
the two treatment groups exposed to acoustic stimuli compared to the control group. The video only group had an intermediate response,
suggesting potential effect of visual input on activity in these auditory brain regions. Finally, we unexpectedly found a lateralization of Zenk
response that was independent of sex, brain region, or treatment condition, such that Zenk immunoreactivity was consistently higher in the
left hemisphere than in the right and the majority of individual birds were left-hemisphere dominant.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction specific song has since been verified through tract tracing,
electrophysiology, and lesion studies (¢338,18,29]. Stud-

In songbirds the auditory brain regions specialized for ies of other avian taxa have also revealed sensory driven
processing conspecific vocalizations were first identified by IEG expression specific to conspecific vocalizati®28].

their increased expression of immediate early genes (IEGs)Moreover, levels of ZENK expression in CMM and NCM

following exposure to conspecific song. Regions including
caudal medial nidopallium (NCM; formerly called caudo-
medial neostriatum) and caudal medial mesopallium (CMM,;
formerly called caudomedial hyperstriatum ventrale, cmHV)
exhibit increased expression of the IRENK (also known
aszif-268, egr-1, ngf-la andkrox-24) following exposure to

of male and female birds is related to previous experience
and/or the behavioral saliency of the particular vocalizations
heard (e.g[2,6,19,26). Thus CMM and NCM are implicated
as important regions for the perceptual processing of conspe-
cific vocalizations.

Birdsong is a vocal signal critical for successful courtship

conspecific song compared with exposure to other soundsin many bird species. However, song is usually not the only

[20]. The importance of these regions for processing con-
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component of courtship behavior. Courtship signals may
contain visual, postural, kinetic, and vocal components and
typically involves coordinated interaction between males and
females. In zebra fincheddeniopygia guttatacourtship

involves all of these components. Male visual signals include
ornamental plumage and bright red beak color. Males actively
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court females by singing while performing a hop-pivot dance 120, Sony) was placed. A smaller (36 sn25 cmx 31 cm) female
[21,30] Thus courtship involves color signals, body and holding cage was directly beside the video camera.

beak movements, and complex sound production. Few To record courtship behavior and singing, a male was placed
studies, however, consider more than one of these variablegilone in the recording cage overnight. The next day the video cam-
at a time when assessing mate choice behavior or the neuraf'@ Was tumed on and a female zebra finch was placed in the
mechanisms underlying perception of courtship song (but smaller adjacent cage for approximately 30 min after which the
see[4]). Although the effects of compound acoustic and female and male were returned to their respective housing cages.

. | stimuli h b . . di d This resulted in video recordings of males approaching the video
visual stimull have been investigated in regards t0 SONg cymerg along the perches while dancing and singing. A sample of

learning (e.g{1,13,14) the effect, if any, of visual stimuli  hese video recordings are available on the internet http://publish.

on perceptual processing of song by adult songbirds remains,yo.caismacdou2/finchmovie.html.

unexplored. Video recordings of three males were used to create three
The purpose of this study was to determine whether song-30 min playback sequences for use as experimental stimuli (each

induced IEG expression in the songbird auditory forebrain sequence using only a single male). Playback sequences were pre-

is modulated by the visual stimulus of a courting male. For pared using iMovie software (vers. 3.0, Apple Computer). Each

example, perhaps the visual stimulus of a singing bird would playback sequence was six.repetitions of a 5 min recording. Thg

focus attention on the associated song, and result in greatep Min recordings were comprised of alternations between 30 s movie

activation of auditory areas in the brajh6]. To test this, sequences of an actively courting and singing male and 30 s movie

we presented male and female zebra finches with playbacksequences of an empty cage.

of male zebra finch courting behavior in one of four con-

ditions: (a) audio and video, (b) audio only, (c) video only, 2.2 Playback procedure

and (d) control (no audio or video). Following playback we

measured the number of cells containing the Zenk proteinvia  Prior to the playback, each bird was isolated for approximately

immunocytochemistry to determine whether the visual stim- 24 h in a 36 cnmx 25 cmx 31 cm cage inside a sound-attenuating

ulus affected the auditory areas CMM and NCM. Although chamber (50 cnx 70 cmx 50 cm). Each chamber was equipped

only males produce song in this species, we assessed thavith a playback speaker and video screen (a 1%c®b cm thin

responses of both males and females to test for potential sexilm transistor (TFT) liquid crystal display screen) for stimulus pre-
differences in IEG expression. sentation. Images on TFT screens have been shown to be sufficiently

realistic to elicit courtship behavior by male zebra fincliésg, and
use of these screens in particular have elicited approach behavior
by female songbirdf 2]. Playback of the video sequences on these
screens resulted in an image of the courting male that was approx-
) ) ) imately life-sized. We could remotely monitor each chamber using
Herein we use brain nomenclature set forth by Reiner ¢23). microphones and video cameras mounted inside the chambers. The
We refer to theimmediate early gene&ZasNKandits proteinproduct  TgT screens produced no detectable noise. When turned on but with
as zenk. no image, the screens provided extremely dim illumination within

This experiment used 11 female and 17 male adult zebra finchesine chamber. When turned on with an image, the screens provided
(seeTable J). Prior to the experiment, birds were housed in groups much more illumination within the chamber.

and food and water were available ad libitum. Care and all experi-  stimuli presented in each condition are presentediable 1

mental procedures were conducted in accordance with the Univer-Thjrty minutes prior to each playback, the lights inside the chamber
sity of Western Ontario’s animal use regulations. were turned off. Following this the TFT screen was turned on and the
30 min playback began. For each subject one of the three playback
2.1. Stimuli sequences was selected in a block-randomized fashion for use as
a stimulus. In the control condition and audio only condition the
We made stimuli by video-recording male zebra finch courtship TFT screen was turned on but no stimuli were presented on it. For
behavior (singing and dancing) in a customized recording cage mea-the three treatment conditions we presented the playback sequence
suring 70 cmx 45 cmx 45 cm. Two 70 cm perches ran the length of ~ through the TFT screen only (video only), the speaker only (audio

the cage to an opening in which a digital video camera (DCR-TRV 0nly), or both (video and audio).
We recorded the number of hops, the number of calls and the

number of song bouts performed by each bird during the 30 min of
playback. When counting number of calls, we did not discriminate
among short (a.k.a. “tet”), medium (a.k.a. “stack”) and long (a.k.a.

2. Material and methods

Table 1
Treatment groups and sample sizes

Treatment group n Audio stimulus _ Video stimulus  «gistance” calls[22,33] rather we counted the sum total of all
Video and audio 4 males, 3 females  Song playback ~ Courting male these calls (although the large majority of them were long calls).
(A+V+) Once the playback finished the TFT screen was turned off and the
Vic(lio ‘\3/”';’ 4 males, 3 females  None Courtingmale  hird remained in the dark for one further hour.
—V+

Next the bird was given an overdose of ketamine and xylazine

Au&i\?il;/ Smales, 3femlaes  Song playback  Blank screen (1:1) and then transcardially perfused with heparanized 0.1 M phos-
Control (A—V—) 4 males, 2 females None Blank screen phate buffered saline (PBS) and then 4% paraformaldehyde. Follow-

ing perfusion, the brain was immediately removed and placed in 4%
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Fig. 1. Photomicrographs of a sagittal section of a female zebra finch auditory forebrain illustrating Zenk immunoreactivity in the audio araybiigo pl
condition. The boxes indicate regions sampled to quantify Zenk-ir in CMM (A), NCMd (B) and NCMv (C). Left is rostral and up is dorsal. Scale bar is 0.5 mm.

paraformaldehyde for 24 h then placed in 30% sucrose in PBS for and caudal borders of NCM, and Field L defined the rostral bor-
approximately 24 h until saturated. The brains were then frozen in der. Zenk-ir in NCM was assessed at a dorsal and ventral location
dry ice and stored at 70°C until immunocytochemistry (ICC) for (Fig. 2). Zenk-ir in CMM was quantified in the same sections used
Zenk protein was performed. for NCM and was assessed in the most caudal area bounded by the
lateral ventricle and the caudal-ventral boundary of the mesopallial
lamina (LaM). The dorsal and caudal borders of HVC were defined

2.3. Immunocytochemistry by the lateral ventricle and the border with NCM defined its rostral
and ventral borders.
For each bird, twenty-four 40m sagittal sections starting from For each zebra finch, eight sections per hemisphere (tpu.A80

the midline were sectioned on a cryostat for each hemisphere andfrom the midline) were measured for Zenk-ir. Quantification began
collected into PBS. We processed brains in batches balanced acroswith the first section in which NCM was attached to the rest of the
each of the four treatment groups. Thus, although male and femalebrain to guarantee that it was mounted in the correct orientation, and
brains were processed in separate runs playback treatment was baleontinued for the next seven sections moving laterally. For each bird
anced across runs. 16 images (0.39 mm 0.29 mm) of each brain region were captured
Sections were washed in 0.1 M PBS, incubated in 0.580-H using a Zeiss Axiophot microscope and SPOT Insight digital cam-
for 15min, and washed again in 0.1 M PBS. Next, sections were era. Images were captured from locations used in previous studies
blocked in 10% normal goat serum for 1 h, followed by incubation (e.g.[9,12,26) and sampled dorsal and ventral portions of NCM as
in the primary antibody (anti Egr-1, Santa Cruz Biotechnology, cat- well as CMM. The locations of these areas are illustrateeign 1
alog # sc-189) at a concentration of 1:20 000 in PBS containing For CMM, the image was captured from the most caudal part of
Triton X-100 (PBS/T) for approximately 24 h. Then sections were the region. For NCM, a dorsal image was captured from the most
washed in PBS/T and incubated in biotinylated goat-anti rabbit anti- dorso-caudal part of NCM and a ventral image was captured from
body for 1 h (1:200 dilution in PBS/T). Next, sections were washed the centre of the ventro-rostral area of relatively high immunoreac-
in PBS/T, incubated in avidin-biotin horseradish peroxidase (ABC tivity. This sampling method thus captured images from the areas
Vectastain Elite Kit) for 1 h and washed in 0.1 M PBS. Finally, the with highest density of immunopositive cells within these auditory
sections were visualized using&diaminobenzidine tetrachloride  regions.
(Sigma FastDAB), mounted on gelatin-coated microscope slides,  For eachimage, we counted the number of immunoreactive cells
dehydrated in ethanol and protected with coverslips affixed with following a semi-automated protocol using SigmaScan Pro software
Permount (Sigma). (SPSS Science). In a pilot study we confirmed that this protocol pro-
Zenk immunoreactivity (Zenk-ir) was quantified for three audi- duced almost identical results to cell counts performed manually. In
tory brain regions: the dorsal and ventral parts of the caudal medial brief, we converted each image to grey scale and set a threshold
nidopallium (NCMd, NCMv) and the caudal medial mesopallium mask that highlighted all immunopositive cell nuclei. In a subset of
(CMM; Fig. 1). The lateral ventricle defined the dorsal, ventral, images (=5 birds) we recorded the minimum and maximum sizes
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of cells (determined visually) counted by the system, and then aver- 300 CMM
aged across birds. We used this range of cell sizes to determine what ggg
objects counted by the system were actually immunopositive cells. 150
Objects that were smaller or larger than this range (7.7-84% 100
were eliminated from the automated counts to give a more accu- 58
rate estimate of the number of immunopositive cells in each image. X 4 N Ay
An observer blind to treatment condition and sex of the subjects FEYY Y ¥y yw
performed all cell counts. =
8 200 NCMv
T 150
c
‘D 100
3. Results N
o 50
E
3.1. Auditory brain regions Z vy ¥ vy
¥R ¥ ¥ ¥ oy ¥
To determine potential effects of sex, treatment condi- 250 NCMd
tion, brain region, hemisphere and medial-lateral position we 200
initially conducted an omnibus multi-way ANOVA includ- :gg
ing sex and treatment group as between-subjects factors and 0
brain region (CMM, NCMv or NCMd), hemisphere (left, 0
right) and medial-lateral position (section numbers 1-8) as x x@-@x & A &
within-subject factors. This analysis revealed main effects ¥ v
Males Females

of treatment groupK(3,19)=3.2,P=0.046), brain region
(F(2,38) = 18'§P <0.001), and hemispher&(l,19) = 19_'9’ Fig. 2. Mean £S.E.) number of Zenk-ir cells in CMM, NCMv and NCMd
P<0.001). Neither sexH(1,19) = 1.6 P=0.23), nor medial- for male and female zebra finches exposed to both audio and video (A+V+),
lateral position F(7,133)=1.2,P=0.32) were significant  audio only (A+V-), video only (A-V+), or neither audio nor video
main effects. In addition, there were several significant inter- (A—V—) of a digital movie of a courting male zebra finch. Cell counts are
action terms. In particular there was a significant inter- the number cells per field of view samples (see Secljorfilled bars are
action of brain regior sex F(2,38) =23.3,2<0.001), of means for the left hemisphere, open bars are means for the right hemisphere.
brain regionx treatment groupK(6,38) =2.7P=0.03), and
of brain regionx medial-lateral position K(14,266)=2.3,
P=0.006). The interaction of treatment groxpnedial- condition P=0.002 andP=0.03 respectively). The video
lateral position was also significantF(@1,133)=1.8, only condition, however, did not differ significantly from
P=0.03). any of the other three condition&i¢. 2). Thus, in CMM
Differences in Zenk-ir between the three auditory brain male and female zebra finches exposed to the two playback
regions may result from a number of factors independent of conditions with an audio component had the greatest Zenk-ir
the experimental manipulations of interest here. Because ofresponse and those exposed to the video only condition
this, and because there were significant interactions betweerhad an intermediate response. To further analyze the effect
brain region and several other factors of interest (see above)of laterality, we compared the amount of Zenk-ir the left
we ran separate multi-way ANOVAs for each of these three and right hemisphere individually for each bird and found
brain regions. As well, because there was no significant mainthat in CMM, 21 of 28 birds had greater Zenk-ir in the left
effect of medial-lateral position in our omnibus ANOVA we hemisphere.
used the average number of Zenk-ir cells across the eight In NCM (both ventral and dorsal regions) there was a sig-
sampled sections for each hemisphere as the dependent meaificant difference in Zenk-ir between hemispheres (NCMv:

sure in these separate sexreatment groux hemisphere
ANOVAs.
In CMM there was significant variation in Zenk-ir

F(1,20)=23.3P<0.001; NCMd#(1,20)=10.3P=0.004),
but there was no significant main effect of sex (NCMv:
F(1,20)=1.4P=0.25; NCMd:F(1,20)=1.9,P=0.19), nor

between sexes, between treatment groups and betweetreatment group (NCMv#(3,20)=2.4,P=0.10; NCMd:

hemispheres Hig. 2. A multi-way ANOVA revealed a
significant main effect of sexH(1,20)=7.1,P=0.015),
treatment groupK(3,20)=6.9,P=0.002), and hemisphere

F(3,20)=1.7,P=0.19), nor any significant interactions.

Thus, in NCM Zenk-ir was greater in the left hemisphere but

did not vary between the sexes or treatment groups. To fur-

(F(1,20)=9.9,P=0.005) with no significant interactions ther analyze the effect of laterality, we compared the amount
among these factors. Thus in CMM, Zenk-ir was greater in of Zenk-ir the left and right hemisphere individually for each

females than in males and was greater in the left hemispherebird and found that in NCMv, 23 of 27 birds had greater

Post hoc analyses (Tukey's HSD) revealed that in CMM Zenk-ir in the left hemisphere (one bird showed no domi-

Zenk-ir in the audio/video and audio only conditions nance), and in NCMd, 20 of 28 birds had greater Zenk-ir in
were both significantly different from the no audio/video the left hemisphere.
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250 stimulus of a male zebra finch or the behavioral response
of the subject during playback altered this Zenk response.
Birds in the audio and video, and audio only groups had sig-
5 150 nificantly greater Zenk-ir in CMM than birds in the control
£ group (no audio or video). Birds exposed to video only had
= 100 levels of Zenk-ir that differed neither from the birds hear-
ing audio stimuli nor birds in the control group suggesting
o some intermediate level of activation. In particular, Zenk-ir
in the CMM of females exposed to only visual stimuli was
A+V+ A+V- AV+  AV- A+Ve A+V- AV+  AV- closer to levels found in females exposed to song than to con-
Hops Calls trol females Fig. 2). The source of this intermediate level of
activation is unclear, but could have resulted from sounds
Fig. 3. Mean £S.E.) number of hop; and c_aIIs performed by r_'nale (fil!ed generated by the birds moving about the cage or calling.
bars)_and female (op_en bars) zebra finches in response to a digital movie ofa Although females had significantly greater levels of Zenk-
courting male zebra finch. Treatment groups were exposed to both audio and, T : .
video (A+V+), audio only (A+\-), video only (A-V+), or neither audio irthan males, there was no significant interaction between sex
nor video (A-V-). and playback condition, thus the effects of stimulus type on
Zenk-irin CMM occurred in both sexes. We also found no dif-
ferences in amounts of behavioral activity (calls, hops, song
3.2. Behavioral responses bouts) among the playback groups, nor was there any rela-
tionship between these activities and Zenk-ir in any region
To determine if birds in different playback groups differed (CMM and NCM) for individuals within any group. There-
in their behavioral responses to the playback we comparedfore, it seems that individual birds’ behavior during playback
groups in separate ANOVAs for the number of calls, the did not affect the results.
number of songs (for males only) and number of hops per- |t has been well demonstrated that both CMM and NCM
formed during the 30 min playback session. For calls and are part of the auditory processing system in songbirds (see
hops we conducted two-way ANOVAs of sexplayback  Section1). However, in this study the only brain region
condition. For songs we conducted a one-way ANOVA of that differed in Zenk-ir among our playback treatments was
playback condition because female zebra finches do not SingCMM. Zenk-ir in NCM followed a similar trend to that
There were no significant main effects of sex on the number gbserved in CMM (sedig. 2), with highest numbers of
of calls and hopsKig. 3, calls F(1, 20)=0.006,P=0.94, Zenk-ir cells found in the two treatment groups receiving
hopsF(1, 20) =2.29)P=0.15). Although the control group  audio playback. Thus the lack of a statistically significant
(no audio or video) appeared to have the fewest behavioralmain effect may have resulted from insufficient sample size.
responses compared to the other groups, there was no signifin general however, increased IEG response to conspecific

2004

icant main effect of playback group for any behavieig( 3, vocalizations has more consistently been found in CMM than
callsF(3,20)=1.55P=0.23; hops(3,20) =1.14P=0.36; in NCM in a variety of avian taxa (reviewed [&8]).
song bout$=(3,13) =1.13P=0.37). Few studies have presented multimodal stimuli in the

To determine whether the birds’ own behavioral responses study of song learning and song perception. Recently it was
related to their Zenk responses, we tested the correlationsfound that habituation of the Zenk response to song in male
between behavioral responses (calls, hops, song bouts), andebra finches was dishabituated if a visual stimulus (colored
Zenk-ir cell counts in CMM and NCM separately for each |ights) were presented in synchrony with sofig]. This
group. We combined data from both sexes for correlations study suggests that visual stimuli modulate activity in the
with calls and hops, but examined correlations with song auditory forebrain through associative or attentional mecha-
bouts only for males. There were no significant correlations nisms. In our own study, the visual stimulus of a courting male
among any behavior and Zenk-ir in the three areas, indicatingwas not associatively paired with song during the experiment,
that Zenk-ir counts in CMM and NCM were not related to  however the subjects would have experienced a lifetime of
vocal behavior or general activity in individual birds of each the pairings of these two types of stimuli. In our experiment
group. visual stimuli paired with song did not increase Zenk-ir over

that observed to song alone. However, birds presented with
only visual stimuli and no song had Zenk-ir intermediate

4. Discussion to those hearing song and control birdsg; 3). This result
could result from either prior associations of the visual stimu-
4.1. Response to playback lus with song, or enhanced attention to acoustic stimuli other

than song (e.g., cage noise, calling, or ventilation fans). We

Overall, we found that the Zenk response in CMM was are thus unable to differentiate between the attentional and
significantly elevated in birds exposed to the acoustic stimu- associative models proposed by Kruse efld]. Our study,

lus of song playback. There was limited evidence that visual in conjunction with Kruse et al., does suggest that the Zenk



DTD 5

6 M.T. Avey et al. / Behavioural Brain Research xxx (2005) XXX—XXX

response in the auditory forebrain may be modulated by other [2] Bolhuis JJ, Ziljstra GG, Boer-Visser AM den, Van Der Zee EA.
sensory modalities. Further work is required to explore this Localized neuronal activation in the zebra finch brain is related to

tOpiC. the strength of song learning. Proc Natl Acad Sci USA 2000;97:
2282-5.
[3] Chew S, Mello C, Nottebohm F, Jarvis E, Vicario DS. Decrements in
4.2. Lateralization auditory responses to a repeated conspecific song are long-lasting and

require two periods of protein synthesis in the songbird forebrain.

- . . . Proc Natl Acad Sci USA 1995;92:3406-10.
We found a lateralization of Zenk-ir response in special- [4] Collins SA, Hubbard C, Houtman AM. Female mate choice in the

ized auditory brain regions (CMM, NCM). The lateralized zebra finch — the effect of male beak colour and male song. Behav
response was an unexpected finding, and the experiment  Ecol Sociobiol 1994;35:21-5.

was not designed to test for lateralization of Zenk response [5] Cynx J, Williams H, Nottebohm F. Hemispheric differences in avian
per se. There are no simple histological explanations for song discrimination. Proc Natl Acad Sci USA 1992;89:1372-5.

. . T . [6] Eda-Fujiwara H, Satoh R, Bolhuis JJ, Kimura T. Neuronal activa-
the consistently greater immunoreactivity in the left hemi tion in female budgerigars is localized and related to male song

spheres so we are left to conclude that most birds did indeed  complexity. Eur J Neurosci 2003:17:149-54.

have lateralized brain activity during the playback session. [7] Floody OR, Arnold AP. Song lateralization in the zebra finch. Horm
Lateralization of song production has been previously Behav 1997;31:25-34.

reported (e.g[7,25,31). There is also prior evidence that [8] Fortune ES, Margoliash D. Parallel pathways and convergence onto

. . . HVc and adjacent neostriatum of adult zebra finchEsegiopygia
avian perceptual systems are lateralized and left-dominated. quttaty. J Comp Neurol 1995:360:413—41.

Lateraliz_ation Of bOth. anatomy apd function of .the visual  [9] Gentner TQ, Hulse SH, Duffy D, Ball GF. Response biases in audi-
system in a variety bird species is generally evidenced by tory forebrain regions of female songbirds following exposure to
greater use of the right eye and left hemisphirg, 24} sexually relevant variation in male song. J Neurobiol 2001;46:48-58.
Indeed, lateralization is reported for IEG response to [10] George 1, Vernier B, Richard JP, Hausberger M, Cousillas H.

. . . . Hemispheric specialization in the primary auditory area of awake
sexually Imp”nted StImUI[17]' In zebra finches, Workman and anesthetized starlingsStgrnus vulgaris Behav Neurosci

and Andrew([32] found a right-eye and left-hemisphere 2004;118:597—610.
dominance in the perception of courtship behavior (but see[11] Gintirkin O. Visual lateralization in birds: from neurotrophins to
[27]). Inthe present study, the auditory areas CMM and NCM cognition? Eur J Morphol 1997;35:290-302.

also responded with greater Zenk-ir activation in the left [12] Hernandez AM, MacDougall-Shackleton SA. Effects of early song
hemisphere experience on song preferences and song control and auditory brain

. L . regions in female house finche€grpodacus mexicanusJ Neuro-
Several studies have now also reported lateralization in biol 2004:59:247-58.

the auditory processing of song. In a lesion study, Cynx et [13] Houx AB, Ten Cate C. Song learning from playback in zebra
al. [5] found hemispheric differences in auditory processing finches: is there an effect of operant contingency? Anim Behav
of song by zebra finches, with the right hemisphere being = 1999:57:837-45.

more important in discriminating precise auditorv informa- [14] Hultsch H, Schleuss F, Todt D. Auditory-visual stimulus pair-
p gp y ing enhances perceptual learning in a songbird. Anim Behav

tion within songs, and the left hemisphere being more impor- 1999:58:143-9.

tant in discriminating their own from a cage-mate’s song. [15] lkebuchi M, Okanaya K. Male zebra finches and Bengalese finches
Electrophysiological studies have also revealed hemispheric ~ emit directed songs to the video images of conspecific females pro-
differences in Field L in starlingsSturnus vulgariswith the jected onto a TFT display. Zool Sci 1999;16:63-70.

riaht hemispbhere havina areater response to a bird’s own SOng[lﬁ] Kruse AA, Stripling R, Clatyon DF. Context-specific habituation of
9 P ag P thezenkgene response to song in adult zebra finches. Neurbiol Learn

and familiar songs, and the left hemisphere having greater  \em 2004:82:99-108.

response to unfamiliar son§E0]. Thus, lesion studies, elec- [17] Lieshoff C, dirgen G-O, Bischof H-J. Sexual imprinting leads to lat-

trophysio|ogy, and now immediate-eany gene expression all eralized and non-lateralized expression of the immediate early gene

indicate lateralization in the processing of conspecific song zenk in the zebra finch brain. Behav Brain Res 2004;148:145-55.

by songbirds. [18] MacDougall-Shackleton SA, Hulse SH, Ball GF. Neural bases of
song preferences in female zebra finchEeefiopygia guttata Neu-

roReport 1998;9:3047-52.

[19] Maney DL, MacDougall-Shackleton EA, MacDougall-Shackleton
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