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Abstract. Noise localization thresholds and the ability to localize pure tones at 60° separation were deter-
mined for three domestic pigs using a conditioned avoidance procedure. The average threshold for localizing a
brief noise burst was 4.5° which is much more accurate than the thresholds of other hoofed mammals, such as
horses, cattle and goats. The ability of pigs to localize low-frequency tones indicates that they can use the bin-
aural phase-difference cue. However, they were unable to localize tones of 4 kHz and higher, indicating that,
like other hoofed mammals, their ability to use binaural intensity cues is greatly restricted if not completely ab-
sent. An examination of the superior olivary complex of pigs revealed that in relative size, shape and cell den-
sity it is more like that of cats than that of other hoofed mammals.

In our survey of sound localization among mam-
mals of varying sizes, lifestyles and phyletic histories,
we have found that localization acuity varies widely,
from approximately 1° in humans and elephants to
20° and greater in horses and some small rodents [for
recent reviews, see ref. 7, 13]. In attempting to analyze
this variation, the first factor considered was the var-
iation in the magnitude of the binaural cues for locus.
That is, the large heads and widely spaced ears of
some species result in larger interaural differences in
time and intensity than do the small heads and nar-
rowly spaced ears of smaller species. However, the
correlation between interaural distance and localiza-
tion acuity is not strong (r = -0.50, n = 19, p<0.01)
and indicates that interaural distance accounts for
much less of the variance in acuity than originally ex-
pected.

In examining the relation between interaural dis-
tance and localization acuity, one group of mammals
was found to be particularly exceptional in that its
member species have much poorer acuity than ex-
pected based on their interaural distances. This group
consists of hoofed mammals [7, 9). Besides having

poor localization acuity, these mammals are also ex-
ceptional in that each species seems to have lost, ei-
ther partially or completely, the ability to use the bin-
aural intensity-difference cue to localize sound [11,
12, 16]. Accompanying this inability is an atypical ap-
pearance of the superior olivary complex (SOCj) [11,
12], the first nuclear complex in the auditory pathway
to respond to binaural differences in intensity [18].
Thus, an understanding of the extent of variation in
localization abilities, along with an appreciation of
the selective pressures that produce the variation and
the neural substrates that permit it, should lead to a
more complete understanding of both the functions
and mechanisms of hearing in mammals.

The purpose of the present report is to increase the
sample of hoofed mammals examined for sound lo-
calization in order to determine how widespread is
the phenomenon of poor acuity, loss of the binaural
intensity cue and poor development of the SOC. The
domestic pig (Sus scrofa) was selected as a subject
based on both its phyletic heritage and its lifestyle.
Like cattle, pigs belong to the Artiodactyla, a large
and successful order consisting almost exclusively of
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large prey animals. However, pigs are members of the
most primitive family in the order and are less special-
ized in their digestive physiology and behavior than
bovids. Of particular interest is the fact that the do-
mestic pig’s wild ancestors in Asia, and their feral
form in North America, are both rarely preyed upon
but rather are, themselves, frequent predators. Thus,
the degree of similarity of the sound localization abil-
ity of pigs to that of other hoofed mammals, and to
that of more predatory species, may indicate whether
sound localization is a conservative character com-
mon to all members of an order, or a character that
changes more rapidly in response to the selective
pressures peculiar to the lifestyle of each species.

Materials and Methods

Subjects

Three adolescent female pigs (referred to as A, B and C) of three
different breeds (Duroc, Hampshire and Yorkshire, respectively)}
were used in these tests. The animals were housed together in a
room with free access to food. Water was used as a reward and was
available only in the test sessions. The animals were weighed daily
to monitor their deprivational state. A complete audiogram of each
animal, obtained previously, gave no indication of auditory dis-
ease, and the animals remained healthy throughout testing.

Behavioral Apparatus

Testing was conducted in a guiet cement block room,
3.15x2.55% 2.44 m, the walls and ceiling of which had been lined
with eggcrate foam and the floor carpeted to reduce sound reflec-
tion. A double door with fiberglas insulation between the doors was
installed to attenuate sounds emanating from outside the room. A
nearby, sonically isolated room housed the behavioral control and
stimulus generation equipment and a television monitor for view-
ing the animals. The animals were tested in a wood frame stall,
1.35 m long by 0.55 m kigh by 0.5 m wide. The top and front of the
stall were enclosed with a welded wire (5 x 10 em mesh) arch 0.65 m
above the sides of the stail. The pigs stood on a 27-cm high platform
with their ears 22 ¢cm above the side of the stall. A water spout 50 cm
above the platform protruded into the wire mesh within easy reach
of the pigs, The water spout was connected to a solenoid water
valve and an 8-liter reservoir, both located in an adjacent room.
The water spout was also connected to an electronic circuit which
detected when the animal made contact with the spout, and mild
electric shocks could be delivered through the spout and the metal
floor.

Acoustic Apparatus

Noise localization thresholds were determined for a single
100-ms burst of broadband noise with a fast (10-ps) rise-decay.
Considerable effort was expended to be sure that the pigs had no
cue other than the locus of the sound source on which to base their
responses. The electrical signal was produced by a noise generator
{Grason Stadler 1285) and was then led to a programmable attenu-
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Fig. 1. a Stimuli used in sound localization. The noise stimulus
had an abrupt onset and a 100-ms duration; the pure-tone stimuli
had a 50-ms rise-decay and remained at full amplitude for 50 ms. b
Sample trial sequence in which two safe (right) trials were followed
by a warning (left} trial; note that shock follows the warning trial
and occurs after the animal’s response has been determined (i.e. at
the end of the ‘response window"). ITI = Intertrial interval.

ator {Coulbourn 585-08) which randomly varied the intensity of the
noise burst over a 7-dB range in order to guard against possible
speaker differences. From there the signal was sent to either a left or
right line, which, in turn, led to a rise-decay gate (Coulbourn
884-04), then to an amplifier (Crown D75), and finally to one of
two loudspeakers mounted on a perimeter bar (1 m radius) at ear
level. Thresholds were determined using both dome tweeters and
Koss 1-in {2.54-cm) ministereo headphone receivers (which facili-
tated testing at small angles of separation). In a final effort to en-
sure against slight quality differences between speakers that might
serve as a confounding cue, threshold determination was replicated
with the spectrum of the noise randomly varied between three dif-
ferent spectra produced by three different settings of a graphic
equalizer (Symmetric Sound Systems EQ-3) inserted between the
noise generator and the programmable attenuator. There were no
differences in performance or threshold between the two determi-
nations, or with the two different transducers, so the data were
combined.
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Fig. 2. Sound localization performance of three pigs
using a single burst of broadband noise (100 ms dura-
tion). Note good performance at angles of azimuth as
small as 10°, 50% detection threshold at 4.5° and close
agreement among animals. A, B and C represent indi-
vidual animals. Dashed line indicates 50% detection. A
score of 1.0 indicates perfect detection, and a score of 0.0
indicates random performance (for further explanation
see Psychophysical Procedures).
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Pure-tone localization was examined at a fixed angle of 60° for
single tone bursts of 100 ms duration and 50 ms rise-decay, permit-
ting full amplitude for 50 ms (fig. 1). The tones were produced by an
oscillator (Hewlett-Packard 209A) and led to a programmable at-
tenuator (Coulbourn $85-08) which randomized intensities over a
4.dB range. From there the signal was sent to either a left or right
line, then led to a rise-decay gate (Coulbourn S84-04), audio filter
(Krohn Hite 3202), amplifier (Coulbourn $82-24) and, finally, to
one of two loudspeakers placed on the perimeter bar (5-in woofers,
dome tweeters or ribbon tweeters, depending on the frequency be-
ing produced).

Audiograms for the three pigs had been determined previously.
Their hearing range at 60 dB intensity extends from approximately
40 Hz to 40 kHz, with a broad range of good sensitivity between
250 Hz and 16 kHz. All stimuli, whether noise or tone, were pre-
sented at an average of 45 dB above threshold.

Psychophysical Procedures

A conditioned avoidance procedure was used for testing. A
thirsty animal was trained to drink steadily from the water spout in
order to receive a steady trickle of water (35-65 ml/min) while lis-
tening to a neoise burst emitted every 7 s from the speaker on its
right side. It was then trained to break contact with the spout when-
ever the noise burst was emitted from the speaker to its left by fol-
lowing the left noise bursts by a mild electric shock from the spout.
Breaking contact in this way allowed the animal to avoid the shock
and served as an indication that the animal detected a shift in the
locus of the sound source. To provide feedback for successful
avoidance, a light in front of the animal was flashed during shock
delivery. To reduce the effect of spurious pauses, the results of a
tria] were antomatically discarded if the animal was not in contact
with the spout at any time during the | s immediately preceding a
trial although the trial was presented as usual. This criterion was
applied equally to left and right trials and did not bias the resuits.

The test procedure, diagrammed in figure 1, consisted of pre-
senting 2.5-second trials separated by 4.5-second intertrial intervals

g0

(i.e. one trial every 7 s). Each trial was either a ‘safe’ trial during
which the signal came from the right, or a ‘warning’ trial in which
the signal came from the left. Warning trials occurred randomiy
with a probability of 0.20. No trial was given in the 2.5 s immedi-
ately following a warning trial in order to allow an animal suffi-
cient time to return to the spout.

Performance was quantified by detecting spout contact in each
of the ten 15-ms time intervals during the final 150 ms of every trial.
This measure of ‘time in contact” was averaged separately for safe
trials (S) and warning trials (W) for each angle of speaker separa-
tion, and a measure of discrimination was then expressed in the
form (S-W)/S. In trained animals the measure varied from near 0.0
(failure to detect the shift in locus) to 1.0 for perfect detection.

For a second statistical analysis, the probability that the two
samples of scores, S and W, belonged to the same population was
determined for each block of trials at each angle (Mann-Whitney U
test). Thresholds were determined by reducing the angular separa-
tion between the speakers until the pigs could no longer distinguish
between them above a level expected by chance (p < 0.01). For com-
parison with other species, the 50% detection threshold (a perform-
ance score of 0.50) was used.

Anatomical Methods

The materials nsed consisted of the normal brains of three pigs.
The animals were euthanized and then perfused through the heart
with 0.9% saline followed by 10% formalin. The brains were pre-
pared for frozen sectioning by immersion in a cryoprotectant (25%
glycerine) and cut in either coronal, sagittal or horizontal sections
20-33 um thick. Alternate series of sections were stained with either
thionine or Protargol. The superior olives were compared with sim-
ilarly stained material from numerous other species including cats,
dogs, horses, cattle, goats, sheep, deer, elephants and numerous
small species. Cats and horses were chosen for illustration because
they best illustrate the relation of pigs to a well-known carnivore
and to a represeniative hoofed animal. All iliustrations are of sec-
tions through the largest extent of the nucleus.
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Noise Localization

Figure 2 illustrates the ability of the three pigs to
localize a single 100-ms burst of broadband noise.
Each animal performed very well at angles larger
than 10°. At smaller angles, performance feli rapidly
to chance at 2.5° with 50% detection thresholds at
4.5°, False alarm rates generally remained low (below
5%), and the fall in performance at small angles was
due primarily to a drop in detection rate.

Pure-Tone Localization

To explore the ability of pigs to localize sound
sources using binaural time and intensity cues alone,
the animals were also tested for their ability to local-
ize a brief tone pip at frequencies from 125 Hz to
20 kHz. Intensity-difference cues are not produced by
low-frequency tones and phase-difference cues be-
come ambiguous at high frequencies; thus, the ability
to localize low-frequency pure tones indicates that an
animal can use the binaural phase-difference cue, and
the ability to localize high-frequency pure tones indi-
cates that it can use the binaural intensity-difference
cue [e.g. 13, 23]. At 60° separation, the calculated fre-
quency above which the phase cue becomes ambi-
guous for an animal with a spherical head and the in-
teraural distance of an adult pig is 2.075 kHz (indi-
cated by the vertical stippled bar in fig. 2) [for the for-

Fig. 4. Coronal section through the SOC at the level of its maxi-
mum size in a pig. In comparison to other large hoofed mammals,
the neuropil is dense and the size relatively large in relation to the
cross-sectional area of the brainstem at this level. MNTB = Medial
nucleus of the trapezoid body. Protargol stain. Scale bar = 1| mm.

mula for caiculating the frequency of ambiguity, see
ref. 1, 19]. Therefore, for pure tones above approxi-
mately 2 kHz, a pig would be predicted to be forced to
rely on binaural intensity differences to localize.
Figure 3 iliustrates the ability of three pigs to local-
ize single pure-tone pips from speakers separated by
60°. The performance of the pigs at frequencies of
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| kHz and below was excellent. Above 1 kHz their
performance began to fall. By 2.8 kHz their perfor-
mance was near chance, and for all higher frequencies
the pigs were unable to distinguish between the two
sound sources. These results indicate that pigs easily
use the binaural phase-difference cue present in low

¥

Fig. 5. a The MSO in coronal section consists of a column of
fusiform and multipolar cells. Arrows indicate the location of
higher-magnification views in b-d. Scale bar = 0.2 mm. b Multipo-
lar cells are common in the dorsal MSO. Scale bar = 0.02 mm. ¢
Fusiform cells become more commeon in the middle MSO. Scale bar
= 0.02 mm. d Fusiform cells in the ventral MSO. Scale bar =
0.02 mm. a-d Thionine stain.

frequencies, however, they have little or no ability to
use the binaural intensity-difference cue presentin the
high frequencies despite their good sensitivity to those
frequencies. _

It should be noted that monaural locus cues were
greatly reduced, if not eliminated, in the present tests
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due to the use of pure tones (which eliminated spec-
tral cues) and random intensity variation (which eli-
minated the monaural intensity cue).

Superior Olivary Complex

The SOC of a pig is illustrated in figure 4. The SOC
is large and well defined by its neuropil. The medial
superior olive (MSO), illustrated in figure 5a, is a
large column of densely stacked fusiform neurons
much like those seen in cats. Figures 5b-d illustrate
the typical fusiform shape and medial-lateral orienta-
tion of the neurons in the MSO. The presence of these
typical neurons suggests that in the pig, as in other
more thoroughly studied species, the MSO cells re-
ceive input from both the contralateral and ipsilateral
cochlear nuclei and are well-suited to compare the
auditory input to the two ears.

The lateral superior olive (LSO) is illustrated in fig-
ure 6a. It is also large and, compared to that of horses
and cattle, contains more densely packed cells [11].
However, compared to those in cats, the cells of the
LSO in pigs are somewhat sparse. The majority of
neurons in the LSO (fig. 6b, ¢) appear to be fusiform
in coronal section and oriented perpendicular to the
borders of the nucleus. This configuration is similar to
that in cats and suggests that the neurons are aligned
along isofrequency planes and are well suited to func-
tion as comparators of interaural intensity differences
[17]. However, many muliipolar cells are present as
well; in horizontal sections, such as illustrated in fig-
ure 7a, these neurons have a multipolar appearance
and are not oriented toward the borders of the nu-
cleus. These multipolar neurons may correspond to
the ‘multiplanar’ cells which make up 11% of the cells
in the LSO of cats and have been suggested to be re-
sponsive to broader bandwidths and serve a function
different from that of the fusiform cells [17, 22]. The
medial nucleus of the trapezoid body contains large,
darkly stained cells, illustrated in figure 8, which re-
ceive typical calyx endings from large fibers in the
trapezoid body.

In figure 9, the configuration of the SOC at the lev-
el of its greatest extent is illustrated for pigs, domestic
cats and horses. Examination of serial sections from
several individuals of each species reveals that the
SOC of pigs resembles more closely the SOC of cats
than it resembles the SOC of large hoofed mammals
in size relative to cross-sectional area of the brain-
stem, in configuration of MSO and LSO, and in den-
sity of neural elements.

Fig. 6. a The LSQ in coronal section is in the form of an ‘M’ and
contains multipolar as well as fusiform cells oriented toward the
borders of the nucleus. Arrows indicate the location of higher-mag-
nification views in b and ¢. Scale bar = 0.2 mm. b, ¢ Higher-power
views of lateral and medial portions of the LSO illustrating the low
density of neurons and the presence of multipolar cells. Scale bar =
0.05 mm. a-¢ Thicnine stain.
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Fig. 7. Horizontal section of the right LSQ. a Note varying orientation of fusi-
form cells and the presence of multipolar cells. Protargol stain. Scale bar =
0.2 mm. b Higher-power view of cells from the middle region of the LSO in hori-
zontal section; note multipolar cells and fusiform cells oriented parallel to the bor-
ders of the nucleus. Thionine stain. Scale bar = 0.02 mm.

Fig. 8. Cells and neuropil in the medial
nucleus of the trapezoid body illustrating
calyx-type endings; the parts of each end-
ing visible in the plane of focus are drawn
and a dashed line surrounds the cell body.
Protargol stain. Scale bar = 0.0l mm in a
and 0.02 mm inb.
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Discussion

Localization Acuity

The 4.5° sound localization threshold of pigs is
smaller than that of most mammals [for recent re-
views, see ref. 11, 14]. Indeed, with an interaural dis-
tance between that of humans and horses, and the
large interaural differences in time and intensity that
result, good acuity might be expected. But by having
such good acuity, pigs are notable among hoofed
mammals as all three of the other hoofed mammals
examined to date (horses, cattle, goats}) are poor local-
izers despite their large interaural distances [9].

In seeking the source of selective pressure for this
unusual feature of pigs, several unique features of the
lifestyle of pigs may be relevant. For example, pigs
are not as specialized for herbivory as the other
hoofed mammals, and, unlike them, are rarely prey.
Rather, pigs are themselves more often predators to
be reckoned with, as their large canines attest. This
relatively predatory lifestyle may be a factor in their
localization acuity; as we have previously noted,
among smaller mammals predators seem to be under
stronger selective pressure than prey to localize accu-
rately. For example, the smallest extant member of
the Carnivora is a more accurate localizer than any
rodent yet examined, including those with much
larger interaural distances [13]. Similarly, a predatory
rodent, the grasshopper mouse, is a more accurate lo-
calizer than its interaural distance would predict [14].
Pigs may share in the selective pressure on predators
since they are more accurate localizers than the other
members of the Artiodactyla which are exclusively
prey.

On the other hand, pigs are members of the least
specialized family of Artiodactyla, and localization
acuity commensurate with their interaural distance
may simply be a primitive character which the other
artiodactyls have lost as part of their specialization.
Further tests with other unspecialized but nonpreda-
tory artiodactyls might clarify this issue.

Use of Binaural Cues

The inability of pigs to localize high-frequency
pure tones indicates that they are virtually unable to
use interaural intensity differences to localize sound.
Of the two binaural cues for localizing pure tones,
only the interaural intensity difference should be
available to pigs for frequencies above approximately
2 kHz at a speaker separation of 60°. The remaining,

Fig. 9. Comparison of the SOC in a pig, a horse and a cat. ‘6’
and ‘7' indicate the sixth and seventh cranial nerves. MNTB = Me-
dial nucleus of trapezoid body. Scale bars = 1 mm.

but limited, ability of pigs to localize frequencies one
half octave higher than the theoretical limit of the
phase cue suggests that there may be a small residual
ability to use the interaural intensity-difference cue.
The variation among the three individuals in the exact
frequency at which they fell to chance may be due to
variation in the ability to use what, in pigs, may be a
vestigial ability - i.e. perception of interaural intensity
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differences. On the other hand, there is room for some
error in the theoretical calculations of the upper fre-
quency limit of binaural phase differences because
they are based on a sphere of the same diameter as the
head of an animal. It is possible that a small-magni-
tude phase cue is actually available to pigs at slightly
higher frequencies than would be expected if their
heads were smooth spheres. Nevertheless, despite the
possibility of some residual ability to use the binaural
intensity-difference cue, it seems clear that pigs do not
use this cue for most of the frequency range for which
it should be available - indeed, the intensity differ-
ence between the two ears typically increases at higher
frequencies where pigs perform at chance [6, 71.

Most mammals studied so far are able to use both
binaural phase- and intensity-difference cues to local-
ize. These include tree shrews, macaques, squirrel
monkeys, humans, Norway rats, kangaroo rats, ger-
bils, cats and least weasels [1, 3, 4, 8, 13, 15, 20, 21].
Nevertheless, there appear to exist species that rely
primarily or exclusively on only one of these binaural
cues. The first to be discovered was the hedgehog [20]
which does not use the binaural phase cue. More re-
cently we have found species, including horses and
cattle, that do not use the binaural intensity cue, and
elephants that are capable of using it only over a re-
stricted range [11, 12]. The pig is the fifth species
known to have absent or restricted use of one of the
interaural localization cues.

Like the other species that do not use the binaural
intensity cue, the pig is a large mammal (adult body
weight exceeding 100 kg), suggesting that perhaps
there is some common factor in this group that re-
duces the usefulness of the binaural intensity cue. One
possibility is that for species with very large heads
there are many situations in which the intensity differ-
ence between the two ears would be so great that a
sound would be audible in the near ear and inaudible
in the far ear. In such a situation the source couid be
localized only to the hemifield and further precision
would depend on monaural cues. The inability of ele-
phants to localize pure tones in the upper two octaves
of their hearing range [10] suggests that the limited
utility of the interaural intensity difference at very
high frequencies may contribute to restriction or loss
of ability to use the cue in large-headed species. On
the other hand, humans are able to localize high-fre-
quency pure tones (although this ability has not yet
been e¢xamined for the upper octave of human hear-
ing) [21], indicating that not every large species neces-

sarily loses this ability and suggesting that more than
one factor may be involved.

Pigs differ from the other hoofed mammals that do
not use the binaural intensity-difference cue in one
important respect — whereas the others are poor local-
izers, pigs are very accurate localizers. Thus, the sug-
gestion that species such as horses have given up the
use of one of the main binaural locus cues because
they are under minimal selective pressure to localize
and can be sufficiently accurate without the intensity
cue cannot be applied to pigs. The acuity of pigs is as
good as that of cats and monkeys, yet, unlike cats and
monkeys, pigs achieve their good acuity without as-
sistance from the interaural intensity-difference cue.

In conclusion, we cannot yet say why some species
use only one of the binaural difference cues to localize
sound. The finding that pigs, which are accurate local-
izers, use the interaural phase cue (and probably time
cues in general), and not the interaural intensity-dif-
ference cue, has eliminated some plausible explana-
tions. A more satisfactory explanation must await an-
alyses of the use of binaural cues in species that re-
present different taxonomic groups and lifestyles.

Superior Olivary Complex

So far, in attempting to understand what appear to
be the unusual aspects of sound localization in pigs
(their good acuity and their inability to use the inter-
aural intensity cue), we have examined the possible
influences of heritage and habitus. It is also appropri-
ate to look at a different level and examine in pigs the
neural structures that are known to play a role in the
localization of sound and the early analysis of binau-
ral locus cues - the SOC.

The SOC provides the first opportunity for input
from the two ears to interact and is the main binaural
nucleus in the brainstem. The functions of its two
main components have not yet been completely de-
fined, but it is clear that they play different roles in the
localization of sound. Cells in the MSO are respon-
sive to low frequencies, and the firing rate of many of
these cells is-affected by the phase relationship be-
tween the stimuli at the two ears, whereas most (al-
though not all) remain relatively insensitive to inter-
aural intensity differences [5, for a review, see ref. 18].
The LSO, on the other hand, is primarily responsive
to high frequencies, and its neurons are strongly af-
fected by transient and ongoing intensity differences
at the two ears [2, 5, 18, 27)]. These differences suggest
that the MSO is important for the analysis of binaural
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time cues and that the LSO is important for the analy-
sis of binaural intensity cues.

The conclusion that the MSO subserves localiza-
tion based on time cues and the LSO subserves locali-
zation based on intensity cues is supported by the fact
that hedgehogs lack both an MSO and the ability to
use the binaural phase cue [20]. Similarly, the LSO of
horses and cattle is small, diffuse and disorganized,
and these species lack the ability to use the binaural
intensity cue [9, 11, 16]. However, data for pigs sug-
gest that the MSO-time, LSO-intensity dichotomy is
somewhat more complicated than it first appears.
Even though pigs lack the ability to vse the binaural
intensity cue, they possess a relatively large and well-
developed LSO comparable to that of species like
cats, weasels and rats which do use the binaural inten-
sity cue [13, 20]. Thus, it is likely that the LSO serves
an additional function or functions in pigs and that
these are present only to a limited extent, if at all, in
horses.

Although we as vet have no evidence as to what the
different functions of the LSO might be, at least one
possibility comes to mind: it is already known that
species vary in the location of olivocochlear neurons
- in the hilus of the LSO in cats and in the lateral por-
tion of the body of the LSO in rodents [25, 26]. It is
possible that the LSO remains as a source of afferents
to the cochlea in species whose LSO lacks the ability
to analyze binaural intensity differences.

Finally, there exists in the LSO (in addition to the
characteristic fusiform neurons) a variety of cell types
coupled with a variety of response characteristics [17,
22, 24]. Such evidence suggests that the function of the
LSC may not be restricted simply to an analysis of in-
teraural intensity differences. It is not unlikely that
several analyses may be performed by the different
cell types in the LSO and these may be differentially
emphasized in different species. Further insight into
the nature of the contribution of the LSO to hearing
will undoubtedly be suggested by electrophysiologi-
cal and antomical investigations of species with atypi-
cal abilities.
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