Electroglottographic assessment of
in vivo Japanese Macaque sound production
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Introduction

» primates are humans' closest phylogenetic relatives
» primates' call repertoire is well described acoustically
» ... but little physiological/physical data is available

— experimental difficulties in vivo
» get physiological correlate of vocal fold vibration
» document with electroglottography (EGG)

— supporting data from excised larynx

Methods

- one female Japanese Macaque **
* trained to vocalize upon stimulus ]
e SPL-calibrated microphone signals
* simultaneous EGG recordings

— compare to excised larynx data
» Green'’s call classification (1975)
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** with permission #2015-148 of the Kyoto University
Animal Welfare and Animal Care Committee

Results

See Table 1 and Figures 1 and 2.

For the 26 mixed coo/grunt phonations, the EGG signals show
transitions between the individual call types occurring within as
little as one to five vibratory cycles (Figure 3).

::;;; n avg. £, [Hz] avg. df [Hz] |2'9° @SPII;) [::(c”
coo 368 580.5 (+ 44.7) | 677.4 (+202.2) | 83.0 (%5.2)
growl 17 304.5 (+117.9) | 419.7 (¥291.1) | 80.2 (*4.6)
~ chirp 3 | 1001.2 (+ 88.6) | 2591.4 (£775.2) | 92.3 (*3.4)

Table 1: in vivo data summary, only periodic signals considered; df: dominant frequency
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Figure 1: in vivo data summary: (A) phonetogram, data averaged per call. Supplemen-
tary non-stationary analysis of the “coo” calls revealed an average increase of 0.072
dB per Hz f,; (B) dominant frequency (df) vs SPL; (C) f, vs. df. In 11.9 % of all cases,
the df was at twice f,, suggesting vocal tract modifications in between phonations.
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Figure 2: Stereotypic EGG signals, in vivo and ex vivo (excised larynx). The ex vivo
chirp could only be achieved at high subglottal pressures and tensed vocal folds. The
evidence for vocal fold vibration (corroborated by high-speed video data) suggests that
the “chirp” is not a “glottal whistle”.

(8)

AW W oot

{‘WN‘\W\' ‘ “‘ A (LA ‘ |

50 100 150 200 250 300 350
© i

300 350

(0)
am

abrupt transition coo to grow! - v A A VAN
40 245 250 255 260 265 270 275 _ 280 285 290 205 3001 305310 315 320
Time (ms)

Figure 3: Abrupt transition from “coo” to “growl”. (A) Spectrogram; (B) acoustic signal;
(C) EGG signal; (D) portion of the EGG signal, extracted at 240 — 320 ms.

Discussion & Conclusion

« first calibrated phonetogram for non-human species

* mapping of three distinct call types.

* coos/grunts/chirps: distinct laryngeal mechanisms
— analogous to ‘“registers” in human singing

The Japanese Macaque larynx constitutes a simple system that
is capable of generating complex behavior via modification
of only few physiologic parameters. Such a trait, requiring much
simpler neural input and control as compared to human lan-
guage, is important for establishing the species' vocal communi-
cation repertoire.
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