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Methods
(a) Contact call acoustics
Prior to assessing vocal learning, we tested whether contact calls of young and older adults differed with respect to each of the 17 acoustic parameters. We computed a mean value per individual for calls produced throughout the entire recording period for each parameter and compared this mean between the two age classes using an independent samples t-test for parameters exhibiting a normal distribution and homogeneity of variances. Parameters that failed to meet one or both assumptions were analyzed using a Mann-Whitney U test. 

(b) Acoustic space generation using rarefaction
Since the size and shape of acoustic space can depend on the number of calls sampled, and we observed high individual variability in the number of contact calls produced during a recording block (ranging from 0 to 1,398 contact calls), all acoustic spaces were generated using a rarefaction subsampling procedure to be able to accurately draw comparisons across groups. Prior to subsampling, we only included recording blocks for each individual in which at least 6 contact calls were collected. Rarefaction then consisted of randomly resampling the same number of calls from each recording block per individual (using the minimum number of calls across these groups) for 30 iterations, resulting in each acoustic space containing 180 contact calls.

(c) Video coding
Social interactions were coded by two trained observers (B.M. and S.L.O.) and inter-observer reliability was assessed at “good” to “excellent” reliability (ICC = 0.972; 95% CI = [0.892, 0.993]) by employing a single-measurement, absolute-agreement two-way mixed-effects model using the package irr (version 0.84.1) in R version 4.0.5 (R Core Team, 2021). 

(d) Social integration over time
	For each network type, to assess whether age can predict changes in strength and density over time, we also fit GLMMs with additional fixed effects of recording half and the interaction between age class and recording half. For density over time analyses, experimental flock was added as a random effect to account for repeated measures by flock. Similarly, for strength over time analyses, individual identity was added as a random effect to account for repeated measures by individual bird. Upon finding no significant interaction between age class and recording half for proximity, affiliative, and agonistic models, we removed the interaction term from these models.

Results
(a) Effect of age on contact call acoustics
Contact calls produced by male budgerigars differ acoustically by adult age. Older adults produce calls of decreased duration (W = 486, p < 0.001) and decreased interquartile time range (W = 119, p < 0.001) (Figure S1). Older adults also produce higher frequency contact calls (mean frequency: W = 486, p < 0.001; mean dominant frequency: t = 4.7972, df = 46, p < 0.001; mean peak frequency: t = 4.2669, df = 46, p < 0.001. Additionally, contact calls of older birds had a significantly lower frequency modulation index (W = 74, p < 0.001) but are noisier, having significantly higher time entropy (t = 3.8797, df = 46, p < 0.001) and kurtosis (W = 393, p = 0.03118). 
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Figure S1. Contact call spectrographic parameters found to differ by adult age. ***P < 0.001; *P < 0.05.
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Figure S2. Contact calls projected into two-dimensional acoustic space using the t-SNE dimensionality reduction approach, where each point is a single call. Calls produced by a young adult in block 1 (a) vs. block 5 (b) and calls produced by an older adult in block 1 (c) and block 5 (d). These acoustic spaces are based on raw call numbers (without rarefaction) which reinforces our use of subsampling to generate acoustic spaces with equal call numbers.

(b) Social integration over time
When including the effect of time on social integration by comparing metrics computed for the first and second halves of recording, we find that social relationships change over time in similar ways for both adult age classes. For relationships defined by close proximity, density significantly increases over time for both young and older adult flocks, reflected by a significant effect of recording half (z = 2.534, p = 0.0113) (figure S3a). While connectivity based on proximity increased, the strength of connections remained stable over time for both young and older birds (figure S3b). Similarly, we find a significant increase in affiliative density (z = 3.875, p < 0.001) and strength (z = 7.156, p < 0.001) as well as agonistic density (z = 4.467, p < 0.001) and strength (z = 6.987, p < 0.001) (figure S3c-f). The interaction between recording half and age class was not significant for any model, indicating that both young and older adults show similar patterns of increased affiliative and agonistic social integration over time.
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Figure S3. Change in social integration over time by adult age class. Mean ± SE proximity (a-b), affiliative(c-d), and agonistic (e-f) density and strength metrics computed from interactions subset by the first and second half of the video-recording period. *P < 0.05. ns = not significant.



image1.png
(a) Kkk (b) Fkk

( C) Kkk ( d ) *
[ | [ | L o— L o—
0225 093 ) .
—0.10:
2
[0}
0.200 . 20.09 . 40
@ : g goe2
< 2008 g 3
£ . <
-% 0175 = . o g 0
H £ 007 goot 2 :
a & E H
3 20;
z .
0.150 2006 *
£ 0.90
0.05 . 10
Young Oid Young [ Young Old Young Oid
Adult age Adult age Adult age Adult age
(e) *k*k (f *k*k (g) *kk (h) *kk
42 ' —3.75 f 1 r 1 f 1
T ~ x 7 *
— < I 5
k> 3350 236 £
239 g g 89
g g 3 s
g E325 533 35
3 Py o o
36 g = 2
@ @ =
& < T z
& E 300 230 Za
Q
=33 2 & 3
3 b s
2275 27 w
Young Oid Young Oid Young Gl Young Oid

Adult age Adult age Adult age Adult age




image2.png
(a)

TSNE2

TSNE2

-50 1

Block 1 acoustic space

100 1 Young
o]
50 %)@coo
° O@@O
0-
° °
-50 - L.
1100 -50 0 50 100
TSNE1
100 A Old
(]
[e]
50 A o o °
S .
o )
04 0‘:'. © .~‘
, B g 0
St %
° (e}

4100-50 0 50 100
TSNE1

(b)

TSNE2

(d)

TSNE2

100 Young

i ?
50 Q@%OQ
P

Block 5 acoustic space

Qeo @
07 oo %%
° ©
(e}
-50 1 $ go%
@

4100-50 0 50 100

TSNEA1
1001 Ol
50 1 0°
0®
...
0 °
-50 1 .. .o'
®o

4100 -50 0 50 100
TSNE1




image3.png
( ) Recording period

o
=]

o
3
@

Proximity density
o o
> 8

o
o
=]

o
(=]

o
9
o

Affiliative density
o o
> 8

g
o
=)

(e)

=}
=)

=)
~
a

Agonistic density
=] =]
¥ 8

(b)

1st half
2nd half
* N NS
— Soe| NS
[
=4
[
43 04
2
Eo2
x
o
S o0
Young Old Young Old
Adult age Adult age
Recording period
(c) op (d)
1st half
2nd half *
< 25|
220
[
% 15
[
210
o 5
S
<o
Young Young Old
Adult age Adult age
Recording period (f)
I:I 1st half
0O 2nd half
*
* < 25|
.
20|
5 *
% 15
2
® 10
c
S 5
jo2}
<

o
o
=]

Young Old
Adult age

Young Old
Adult age




