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Summary. This  work consolidates data about these 
interesting organic crystals of vertebrate inner ears. It 
addresses 5 aspects of inner ear otoliths not completely 
understood to date: 1) embryological data that explains 
the formation of the crystals, 2) the significance of the 
organic and the inorganic phase of the otolith and the 
changing patterns of otoconia formation a long the 
evolutionary tree, 3) otoliths contribution for detecting 
linear acceleration, 4) the effect that altered gravity and 
aminoglycosides have on the development and adult 
shape of the crystals, and the evolutionary significance 
of a changing shape of the crystals from primitive forms 
(lamprey) to  high vertebrate birds and mammals is 
discussed, 5) functional attributes of the otolithic organs 
and morphological modifications of the otoliths by 
physical and chemical insults are presented with an 
extensive discussion of the most relevant literature 
published and available to us. 
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Introduction 

T h e  w o r k i n g  hypo thes i s  accep ted  today  f o r  
vestibular function, is that mechanical displacement of 
hair cells stereocilia initiates transduction of physical 
into neural energy (Pickles, 1982; Hudspeth, 1983). 
Preferential sensitivity of hair cells (Ashmore, 1994) 
according to directional displacement of the hair bundles 
has been known for decades, and the diversity of hair 
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cells and afferent neurons morphology (Engstrom et al., 
1966; Hamilton, 1968; Ballantyne and Engstrom, 1969; 
Bergstrom, 1973a-c) suggests that vestibular receptors 
acquired distinct phenotypes that imparted to  them 
specific antigenic identity (Fermin and Martin, 1995; 
Fermin et al., 1997). Acceleration of the head provides 
the inertia necessary to displace the stereocilia against 
the otolithic membrane (Israel and Berthoz, 1989) and 
thus, it is reasonable to assume that the loading mass of 
the otolithic membrane was shaped by the progressive 
v a r y i n g  s i z e  of the  ves t ibu la r  end  o rgans  d u r i n g  
phylogeny. T h e  elegant work of Lewis et al. (1985) 
showed that newer  species  progressively acquired 
refinement features (Vinnikov, 1965) not only at the 
level of the sensory epithelia, but also at thc level of the 
otoliths. In the portion of this review that addresses the 
evolutionary significance of the otoliths it is clear that 
the transition from single otoliths to compound and 
multiple single crystals conglomerate invariably goes 
hand in hand with the refinement of the epithelia and 
design of the vestibule. 

The transition from "more to a less" bulky vestibular 
structures probably occurred with the transition from 
water  to  terrestrial  evolut ion,  but the  relationship 
remains unproven. In higher vertebrates utricular and 
saccular volumes varies among species, with a gradual 
increase proportional to body weight (Igarashi et al., 
1984). An in depth analysis of the auditory end organs 
refinement and function during phylogeny was done in 
birds and reptiles by Manley (1990c), who indicated that 
one of the first changes occurred when transformation 
from pressure to motion began at the surface of the 
swimbladder (Manley, 1990b). The Weberian ossicles 
that connect the bladder to the hearing apparatus are 
found in l iving f ishes  attesting to the transition o f  
swimbladder  f rom a barometer-sensing organ in to  
a modi f i ed  aux i l a ry  sensory  s t ruc tu res .  Fur the r  
modifications continued with the emergence of newer 








































































































