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PROPOSAL:  It is generally believed that the only phonological effect of Rendaku (sequential 
voicing) is the addition of voicing, as in (1a-b).  A well-known puzzle for this position is that, when 
Rendaku applies to ha-gyō consonants (allophonic h, ç and φ) as in (1c), it unexpectedly derives b, 
altering both manner and place.  A widely accepted solution is that the ha-gyō sounds are derived 
from underlying p, to which Rendaku directly applies and derives b (McCawley (1968)).  This study 
explores an alternative analysis of the derivation of b from ha-gyō consonants in present-day 
Japanese.  Specifically, Rendaku is claimed to apply to φ and derive β, to which fortition applies 
and derives b post-nasally.  This proposal is supported by the results of a production experiment and 
the examination of various diachronic changes in the phonology and orthography of Japanese. 
EXPERIMENTAL SUPPORT:  The proposed analysis is supported first by the results of an experiment 
involving 78 stimulus words with Rendaku deriving s → z ((1a)) and ʃ → ʒ ((1b)) as well as h/ç/φ 
→ b ((1c)) in both post-nasal ((1-ii)) and intervocalic ((1-iii)) positions.  Three repetitions of each 
word were obtained from 12 native speakers of Tokyo Japanese, thus yielding a total of 2808 
recorded tokens, from which the consonants derived by Rendaku were analyzed acoustically.  
First, as shown in (2-i), brief bursts of high-frequency energy were visible in spectrograms at the 
beginning of the target consonants significantly more often post-nasally than intervocalically.  
Since such bursts cue stoppage of airflow, this suggests that the output consonants of Rendaku are 
predominantly pronounced as non-continuants (dz, dʒ, b) post-nasally and as continuants (z, ʒ, β) 
intervocalically.  This observation is corroborated by the shorter frication duration of z/ʒ in post-
nasal context (2-ii), indicating affrication (cf. Mitani, Kitama and Sato (2006)).  Since the inputs to 
Rendaku in (1a-b) are s and ʃ, these experimental results suggest that the derivation of (1-ii) 
involves post-nasal fortition of z/ʒ into dz/dʒ (e.g., / kaɴ + sakuɾa/ → kaɴzakuɾa→ [kaɴdzakuɾa])). 
The results are also compatible with previous impressionistic accounts that b undergoes intervocalic 
lenition to β in Japanese (Kawakami (1977), Vance (1987)).  Globally, then, this means that forti-
tion and lenition processes can both apply to the obstruents voiced by Rendaku in Japanese.  It still 
needs to be accounted for, however, why the positional contrast observed in (2) is not completely 
categorical;  that is, the Rendaku-voiced obstruents were sometimes pronounced as non-continuants 
post-nasally and as continuants intervocalically.  HISTORICAL SUPPORT:  The above synchronic 
analysis can also be regarded as a natural consequence of the following historical changes in the 
phonology of Japanese: (a)  From ancient to late-medieval Japanese, all ha-gyō consonants were p, 
but sometime during the Muromachi period (1336-1573), /p/ was replaced by /φ/ (except in onomat-
opoeia) (Kiyose (1985)).  (b)  Rendaku is known to have applied at least from the Nara period 
(710~) through the present day (Nakata (1972)).  (c)  Both post-nasal fortition of the voiced 
fricatives z/ʒ and intervocalic lenition of their affricate counterparts dz/dʒ took place in the latter 
half of the medieval period.  Consequently, the environments for the application of these processes, 
and the pronunciation of words involving these sounds, gradually came to be mixed up.  This phe-
nomenon spread widely around 1500~1700 (late Muromachi to mid-Edo periods) and, as a side 
effect, caused the well-known "Confusion of Four Kana Scripts" (Toyama (1972), Komatsu (1981)).  
The historical facts (a)-(b) above suggest that, ever since φ replaced p, Rendaku must have derived 
β from φ.  Moreover, the addition of post-nasal fortition and intervocalic lenition to the grammar of 
Japanese in (c) can be thought of as the historical origin behind the phonetic realization of the 
Rendaku-voiced obstruents in (1).  The hypothesis that these phonological processes did not and 
still do not discriminate any of the voiced obstruents z/ʒ/β allows us to explain why the distinction 
between post-nasal and intervocalic contexts in the experiment above was not fully categorical, i.e., 
all three Rendaku-voiced obstruents were occasionally pronounced as continuants post-nasally and 
as non-continuants intervocalically.  This presumably reflects the same underlying mix-up behind 
the Confusion of Four Kana Scripts described in (c).  (The resulting phonotactic pattern could also 
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be captured by the interaction of fortition-driving and lenition-driving constraints in OT terms, cf. 
Smith (2008).)  The proposed analysis (/φ/ → β → [b]) can also rationalize the use of diacritic 
marks on the kanas for pa-gyō (e.g., ぱ) and ba-gyō (e.g., ば) much more straightforwardly than 
McCawley's analysis (/p/ → [b]) when we take into consideration the correlation between further 
historical changes in phonology and those in kana orthography in Japanese as summarized in (3).     
(1) (i)  Voiceless input (ii)  Rendaku, Post-nasal (iii)  Rendaku, Intervocalic 
a. sakuɾa 'cherry blossoms' kaɴ-zakuɾa 'winter cherry bl. jae-zakuɾa 'double cherry bl.' 
b. ʃake 'salmon' giɴ-ʒake 'silver salmon' ʃio-ʒake 'salted salmon' 
c. hako 'box' juːbiɴ-bako 'mail box' φude-bako 'pencil case'      

(2) (i) 

 

(ii) 

  
In both, segmental context highly significant (p<2.2e-16 for anova() of (g)lmer model fits +/-context)    
(3) a. Around 1500~1600 (from late Muromachi to early Edo periods), voicing of obstruents  

  became a distinctive property (Kiyose (1985)), and came to be consistently indicated in  
  the kana script by the dakuten diacritic (゛) (Numoto (1992)).  

  b. Between ca. 1200-1700, p came to be reintroduced into non-onomatopoeia in post-nasal  
  position (e.g., sanpai  'three prayers') and in emphatic geminates in war tales (e.g., appaɾe 
  'admirable!')) because of foreign (especially Chinese) influence (Toyama (1972)).  

  c. The occlusion of p came to be consistently indicated in the kana script with the han-dakuten 
  diacritic (゜) around 1830-1840 (toward the end of the Edo period) (Numoto (1990)).   

  d. The allophonic variants of /φ/ started to appear around 1600-1700 (the early Edo period)  
  (Komatsu (1981)) — [h] by Debuccalization and [ç] by Palatalization.    
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