Developmental changes in the shape of the vocal tract in chimpanzees
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INTRODUCTION: The human larynx descends during postnatal life. The descent of the larynx forms a double resonator system with equally long horizontal (SVTH) and vertical (SVTV) parts of the supra–laryngeal vocal tract (SVT). This developmental phenomenon is believed to be unique to humans, contributing greatly to speech development by providing the necessary hardware. In this study, the postnatal developmental pattern of the SVT was examined in chimpanzees, using Magnetic Resonance Imaging (MRI). The results were compared with that reported in humans [1] to elucidate how and when the uniqueness observed in the adult human appears during growth.

SUBJECTS AND METHODS: Three living chimpanzee infants, named Ayumu (male), Cleo (female), and Pal (female) and fifty embalmed specimens, from perinatal to fully adult, were examined using a General Electric Signa Profile MRI scanner (0.2 Tesla) at KUPRI [2,3]. The living subjects were scanned at scheduled intervals from 4 months to 3.5 years of age, wherein they were anesthetized intra-muscularly and were placed supine with their heads fixed to the coil with belts. Care and use of the chimpanzees adhered to the guidelines of the KUPRI, and the protocol for the MRI examinations was approved by the Ethics Panel of the KUPRI. The proportional changes of the SVT were ascertained in the chimpanzees using the morphometric measurements on the MR images [2,3]. 
RESULTS: The laryngeal skeleton descended relative to the palatal plane in chimpanzees as in humans during growth, which was shown by increases of SVTV length. However, the SVTV length was shorter about 1.0 cm in chimpanzees than in humans. For living subjects, the laryngeal skeleton descended rapidly relative to the hyoid, but descent of the hyoid relative to the palatal plane was not accompanied in the first year of the age. After the second year, the hyoid also descended greatly in chimpanzees, as in humans, but the laryngeal skeleton descended slightly. The chimpanzee SVTH increased gradually during early infancy as in humans, but its growth was accelerated to increase in chimpanzees faster than in humans. Thus, the ratio of the SVTH to SVTV lengths decreased by the end of the first years of the age, but after then it increased gradually toward the initial level. In contrast, in humans, it decreases during infancy and early juvenile toward 1.0 ratio. 
DISCUSSION: These results showed that the descent of the larynx is installed not only in humans but also in chimpanzees. In early infancy, the descent is principally completed by the descent of the laryngeal skeleton relative to the hyoid, resulting in decrease of the ratio of the SVTH to SVTV lengths, but not accompanied with the hyoid descent relative to the palatal plane. After then, in chimpanzees, the horizontal oral cavity grows greatly to increase the ratio, although the larynx continues to descent relative to the palatal plane. This fact suggested that the double resonator system of SVT evolved at least in two steps, and not in a single step in the human lineage. The first step involved the descent of the larynx relative to the palatal plane at least in the common ancestor of chimpanzees and humans, maybe of the extant hominoids. The following steps in the human lineage involved loss of the development of the prognathism and increase of the vertical dimensions between the hyoid and palatal plane. The evolution was possibly effected principally by the structural modifications of the facial skeleton, not by the descent of the larynx. This two-step model should alter our perception of the evolution of the morphological foundation for speech.
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