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Supplementary Table I.  Comparison of juvenile and adult song nuclei cell counts.

Average count per siteSong

nucleus

33

days/

Adult

Cell number

 (N birds) Nissl PV PNN PV and PNN

HVC 33 358 ± 130**

(7)

32.5 ±

9.7

 2.5 ± 1.1

(6)

0.2 ± 0.2** 0.1 ± 0.1**

(6)

Adult 1128 ± 384**

(7)

37.6 ±

10.5

2.7 ± 0.8 1.4 ± 0.2** 1.1 ± 0.1**

RA 33 355 ± 90

(5)

30.5 ±

17.9

11.5 ±

12.1 (4)

0.7 ± 0.6* 0.5 ± 0.6 (4)

Adult 675 ± 347

(7)

26.5 ±

8.1

3.8 ± 0.9 1.5 ± 0.7* 0.9 ± 0.4

Area X 33 1159 ± 147**

(5)

52.2 ±

5.2

2.5 ± 0.3*

(4)

0.5 ± 0.4* 0.4 ± 0.4 (4)

Adult 3855 ± 1123**

(6)

59.5 ±

14.2

1.7 ± 0.5 1.1 ± 0.3* 0.5 ± 0.2

LMAN 33 1048 ± 333

(6)

40.4 ±

2.6

1.4 ± 0.6 0.7 ± 0.3 0.5 ± 0.3*

Adult 1193 ± 318

(4)

43.4 ±

4.9

2.3 ± 1.3 1.2 ± 0.4 1.0 ± 0.4*

Data indicate mean ± std.  LMAN numbers are calculated from every other 35-µm section, others are

from every fifth section.  If not otherwise noted, the number of animals available for percent calculations

was the same as for cell number.  *p < 0.05, **p < 0.0005 unpaired 2-tailed t-test.  For given nucleus and

measurement, adult and 33-day were significantly different.



SUPPLEMENTARY FIGURE LEGENDS

Supplementary Figure 1.  As in mammals, PNNs in the song system can be degraded by chondroitinase and
are specifically labeled by an antibody to chondroitin sulfate.  The top row shows a confocal image of Nissl
stain, which labels all neurons.  The bottom row shows label under control conditions (D; 1º antibody to
chondroitin sulfate, followed by 2º), after chondroitinase (ChABC) treatment (E), and with 1º antibody
omitted.  Although vessels are labeled after chondroitinase treatment (E), no PNNs are seen.  Exposure of
sections to secondary antibody in the absence of primary results in a complete lack of stain.
Supplementary Figure 2.  Neuroanatomical identification of the Nucleus Interfacialis and staining for PNNs
and parvalbumin.  (A) Drawing of NIf anatomy after Cardin and colleagues (2005).  (B) Epifluorescence
image of a Nissl stained section corresponding to drawing.  (C) The same section in B visualized for PNNs.
(C) The same section in B visualized for parvalbumin.  Scale bar: 1 mm.  Abbreviations:  LaM, Lamina
mesopallialis; LPS, Lamina pallio-subpallialis; L, Field L; NIf, Nucleus interfacialis nidopallialli.
Supplementary Figure 3.  PNNs are found in the Nucleus Uvaeformis.  (A) Parasagittal section of an adult
zebra finch thalamus showing Uva and the medial spiriform nucleus (SpM).  White box indicates the frame
for images B-D.  (B) Higher resolution epifluorescence image of Uva stained with Nissl.  (C) The same
section in B visualized for parvalbumin stain. (D) The same section in B and C visualized for PNNs stained
with a chondroitin sulfate antibody.  Scale bars: (A) 200 µm; (B-D) 100 µm.
Supplementary Figure 4.  PNNs are found in the medial dorsolateral nucleus of the anterior thalamus. (A)
Epifluorescence image of Nissl stain shows the location of the medial dorsolateral nucleus in the same
parasagittal section that is examined at higher spatial resolution in B and C. (B,C) A chondroitin sulfate
antibody labels PNNs.  Scale bars: (A) 1 mm; (B) 200 µm; (C) 100 µm.
Supplementary Figure 5.  PNNs are found in Field L2A.  (A,B) PNNs (green) were imaged with a confocal
microscope in Field L2A.  (C) PNNs surround parvalbumin-positive neurons (red).  Scale bars: (A) 250 µm;
(B,C) 20 µm.
Supplementary Figure 6.  Comparison of PNNs and parvalbumin across adult song nuclei revealed several
significant differences.  (A) RA had significantly more neurons with PNNs than Area X.  (B) RA had
significantly more parvalbumin-positive neurons than HVC and Area X.  (C) The percent of PNNs found
around parvalbumin-positive neurons was significantly different among all 3 song nuclei compared, with
HVC expressing the largest and Area X, the smallest.  (D) HVC had a significantly greater percentage of
parvalbumin-positive neurons with PNNs compared to RA.  (*p < 0.05, ANOVA with post-hoc Tukey-
Kramer; Ns: HVC = 7; RA = 7; Area X = 6).
Supplementary Figure 7.  Area X PNNs are developmentally regulated.  The same section was stained and
confocal imaged for: Nissl (A, D; stains all neurons), PV (B, E), and PNNs (C, F).  Note the developmental
increase in PNN expression (C, F).  Stereological quantification revealed significant developmental changes.
Area X volume increased with development (G).  The percent of PV-positive neurons (K) with PNNs
increased with development.  Unlike the pallial song nuclei examined, the percent of all neurons that were
PV-positive (I) decreased with development in the subpallial Area X.  A non-significant increasing trend was
observed with the percent of all neurons with PNNs (H).  The percent of PNNs found around PV-positive
neurons (J) did not change.  *p < 0.05; **p < 0.002, unpaired two-tailed t-test.  Ns for G-K: 33-day = 4; adult
= 6.  Scale bar: 250 µm.
Supplementary Figure 8.  LMAN PNNs appear to be developmentally regulated.  The same section was
stained and confocal imaged for: Nissl (A, D; stains all neurons), PV (B, E), and PNNs (C, F).  Note the
developmental increase in PNN expression (C, F).  Stereological quantification did not reveal significant
developmental changes, although trends for PNN and PV expression were similar to HVC and RA.  Unlike
the other song nuclei, LMAN volume trended to decrease with development, consistent with a prior study
(Bottjer et al., 1985).  No differences were significant using an unpaired two-tailed t-test.  Ns for G-K: 33-
day = 6; adult = 4.  Scale bar: 250 µm.
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