
anceatry wilh man--are also explicitly' included in the analysis. The results show that: high-frequency hear- 
ing (above 32 kHz) is a characteristic unique to mammals, and, among members of this class, one which is 
commonplace and primitive. Being highly correlated with functionally close-set ears, it is probably the 
result of selective pressure for accurate sound localization. Low-frequency hearing improved markedly iu 
mankind's line of descent, but the kind and degree of improvement are not unique among mammalian 
lineages. High sensitivity developed in the earliest stages of man's lineage and has remained relatively 
unchanged since the sinfian level. The frequency of the lowest threshold has declined in Man's lineage--the 
greatest drop probably occurring during the Eocene. The total area of the audible field increased until the 
Eocene and has decreased since then. 

INTRODUCTION 

N' the course of experiments on the perceptual con- tributions of the mammalian cerebrum, we have had 
occasion to test the auditory abilities of some of the 

most primitive mammals now in existence. The results 
of these tests have revealed that there are severul di- 

mensions of hearing on which mammals are either 
strikingly similar or strikingly dissimilar. Since these 
dimensions may prove to be of importance in recon- 
structing the evolution of human hearing, we have 
collected the results of comparable tests in other animals 
and arranged the array of results in a manner that allows 
statistical comparison along three other dimensions. 
one phylogenetic and two morphological. 

Because of the generality of some newly invented 
behavioral techniques, we have been able to include 
data from four species of primitive mammals: opossum 
( Didel phis virginia,a), hedgehog ( He.miechi,us aurilus), 
tree shrew (Tupaia glis), and bushbaby (Galago sene- 
galeusis) (Ravizza el al., 1969a, b; Heftnet el al., 
1969a,b). Our choice of these particular animals as 
experimental subjects relies entirely on morphological 
and paleontological conclusions regarding their phylo- 
genetic relationship (Fig. 13. Since it is reasonably likely 
that an ordered sequence in time was formed by the 
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common ancestry of man with each of these four ani- 
mals in turn, comparison of their auditory character- 
istics with each other and with monkeys, apes, and men 
provides information relevant to questions concerning 
the evolution of human hearing. 

I. METHOD 

In this report, two separate statistical comparisons 
are made among mamnmls for each of five quantifiable 
features of hearing: high-frequency cutoff, low-fre- 
qnency sensitivity, lowest threshold, best frequency, 
and total area of the audible field. First, the distribution 
of each of these anditorv parameters has been derived 
for all mammals in which comparable data are available. 
These distribntions provide the basis: (13 for comparing 
mammals with nonmammals; (2) for estimating the 
breadth of variation of the parameters among m,xmmals 
so that significant differences among lower taxa can be 
recognized; and (3) for correlating the auditory param- 
eters with morphological parameters. 

Second, the values of each auditory parameter have 
been arranged according to phyleti• level for seven 
mammals that are the best available approximation of 
a phylogenetic sequence. These arrays provide the 
basis: (13 for demonstrating the significant differences 
between levels of the phyletic sequence and (2) for 
recognizing the evolutionary changes in hearing that are 

























MASTERTON, HEFFNER, AND RAVIZZA 

Unlike high-frequency sensitivity, the biological sig- 
nificance of low-frequency sensitivity is probably not 
related to sound localization, but, excepting possibly- 
Body Weight, the parameters included in this analysis 
provide no intoradiate clue to what this significance 
might be. 

t2. Lowest Threshold 

Figure 6 shows that opossum is relativeIx' insensitive 
compared to the other primitive mammals. Since the 
opossum is also the most primitive of the four, this ob- 
servation suggests that the evolution of human hearing 
might have been accompanied by an increase in sensi- 
tivity. The parameter we have chosen to describe sensi- 
tivity is the intensity coordinate of the lowest point on 
the audiogram. 

Like the previous parameter, this one is also subject 
to variation other than that due to real differences 

tween anilnals. Perhaps the most important source of 
error in estimation restilts from the practice of obtain- 
ing thresholds only at frequency octaves. That is, by' 
necessity the frequency axis of an empirical audiogrant 
is scaled discretely instead of continuously. This means 
















