
Do blind people develop superior abili-
ties in auditory perception to compen-
sate for their lack of vision? They are

known to be better than sighted people at
orientating themselves by sound, but it is 
not clear whether this enhanced awareness
extends to other auditory domains, such as
listening to music or to voices. Here we show
that blind people are better than sighted con-
trols at judging the direction of pitch change
between sounds, even when the speed of
change is ten times faster than that perceived
by the controls — but only if they became
blind at an early age. The younger the onset
of blindness, the better is the performance,
which is in line with cerebral plasticity being
optimal during the early years.

Auditory spatial localization is enhanced 
in early-blind subjects1–3, but the effect of
blindness on performance in the non-
spatial auditory domain is less clear:blind sub-
jects seem to be better at some tasks,such as the
perception of chords, than others4–7.Age at the
onset of blindness, which could be an impor-
tant factor,has not generally been considered.

We compared the performance of a
group of early-blind subjects (n�7; ages,
21–40 years; onset of blindness, 0–2 years
after birth), a group of late-blind subjects
(n�7; ages, 24–46; onset of blindness, 5–45
years) and a group of sighted controls
(n�12; ages,21–37) in judging the direction
of pitch change (for details, see supplemen-
tary information). In the task, which is based
on psychophysical testing of sighted individ-
uals8,9, subjects hear two pure tones of differ-
ent frequencies at each trial and have to
decide whether the pitch is rising (second
sound with higher pitch) or falling. In the
reference condition (ST in Fig. 1), the pitch
difference was one-eighth of an octave (1.5
semitones, or 150 cents) and the duration of
each tone was 333 milliseconds (Fig.1a).

Task difficulty was parametrically manip-
ulated in both the temporal and spectral
domains, either by successively dividing tone
duration by two (temporal series; T6, 167 ms,
up to T48, 20.8 ms) or by dividing the fre-
quency spacing between the tones by two
(spectral series; S16, 1/16 of an octave, up to
S128, 1/128 of an octave or 4.7 cents). Eight
different tone pairs (one rising and one
falling, at each of four different frequencies;
frequency range, 500–1,000 hertz) were used
for each difficulty level.Subjects heard stimuli
through headphones binaurally and reported
the pitch-change direction by pressing a key.

For all groups,performance was best in the
reference condition (ST) and was significantly
reduced when either the tone duration
(Fig. 1b; ‘T’ bars) or the frequency difference

between the tones (Fig. 1b; ‘S’ bars) was
decreased (P�0.001). Early-blind subjects
showed significantly better overall perfor-
mance than either the late-blind or sighted
subjects (Fig. 1b; main effect, P�0.008; post
hoc Tukey: P�0.009 and P�0.026, respec-
tively). The results followed this pattern for
both the temporal (P�0.011) and the spec-
tral (P�0.011) parts of the data set. Perfor-
mance by the early-blind group for the most
rapid condition (T48) was equivalent to that
of sighted subjects in the easiest condition
(ST), which comprised durations that were
greater by an order of magnitude. No signifi-
cant difference could be detected between
late-blind and sighted subjects (P�0.67).

There was a significant negative correla-
tion between age of blindness onset and
overall performance (partial correlation
r��0.65,P�0.012) across the entire group
of blind subjects; this relation held even after
accounting for the duration of blindness
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(r��0.49, P�0.045, one-tailed). Again,
this finding held for both the spectral
(Fig. 1c, right; r��0.65, P�0.011) and the
temporal (Fig. 1c, left; r��0.60, P�0.024)
parts of the data set.

Early-blind subjects were better than both
late-blind and sighted subjects at determin-
ing the direction of pitch change,for different
temporal as well as spectral levels. We con-
clude that compensatory auditory mecha-
nisms following visual deprivation must
extend beyond the spatial domain. Our find-
ing that a large part of the variance (42%)
could be accounted for by the age of blindness
onset may explain why conflicting results are
found when early- and late-blind subjects are
pooled together4,6. Moreover, it is in agree-
ment with the idea that cerebral plasticity is
more efficient at early developmental stages.
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Fisheries

Mislabelling of a
depleted reef fish 

Any fish species that appears to be readily
available in the marketplace will create
an impression among the public that

there is a plentiful supply of that fish in the
sea, but this may belie the true state of the
fisheries’ stock. Here we use molecular gen-
etic analysis to show that some three-quarters
of the fish sold in the United States as ‘red
snapper’ — the US Food and Drug Adminis-
tration’s legally designated common name for
Lutjanus campechanus1 — belong to another
species. Mislabelling to this extent not only

Pitch discrimination in the early blind
People blinded in infancy have sharper listening skills than those who lost their sight later.

Figure 1 Judgement of direction of pitch change by early-blind,

late-blind and sighted participants. a, Spectrogram of examples of

the pure tones used in the task for temporal (T) and spectral (S)

series; time increases horizontally and frequency increases verti-

cally; colour intensity reflects the energy of the stimuli. Each tone

pair shows a representative example of stimuli used in each of the

nine conditions, chosen here with a rising pitch from the first to

the second tone. The two tones in each pair were always presented

in succession; the impression of temporal overlap for the most

rapid conditions (temporal series) is an artefact related to the

influence of the acoustic uncertainty principle on the time–

frequency representation. b, Proportion of correct answers

(�s.e.m.) given by early-blind (blue bars), late-blind (red bars)

and sighted (white bars) subjects for the nine conditions. c, Signifi-

cant negative correlation between age of blindness onset and

behavioural performance in the pitch-direction task in temporal

(left; T6 to T48) and spectral (right; S16 to S128) conditions. Blue

and red dots represent early- and late-blind groups, respectively.
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