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Neural processing of a whistled language

A rare surrogate of Spanish highlights the adaptability of the brain’s language regions.

ilbo Gomero is a whistled language

that is a rare and endangered surro-

gate of Spanish, used by shepherds on
the island of La Gomera in the Canary
Islands for communication over long dis-
tances on difficult terrain. Here we show
that areas of the brain normally associated
with spoken-language function are also
activated in proficient whistlers, but not in
controls, when they are listening to Silbo
Gomero. Our findings demonstrate that the
language-processing regions of the human
brain can adapt to a surprisingly wide
range of signalling forms.

The traditionally recognized ‘language’
areasin thelefttemporal and inferior frontal
lobes of the brain are not exclusive to speech
processing — for example, they are engaged
in the perception of visual-gestural linguis-
tic signals in sign languages used by the deaf’
and in non-linguistic acoustic signals™’. We
have investigated which areas of the brain
are activated in users of Silbo Gomero,
henceforth Silbo, during their comprehen-
sion of this whistled language.

Silboreduces the full phonemicinventory
of Spanish to two phonologically contrast-
ing vowels and four consonants* . Whistled
‘words’ are formed by recoding the vowels
and consonants of individual Spanish words
into whistles that vary along a pitch dimen-
sion (high to low) and which differ with
respect to the character of the melodic line
(continuous or interrupted). Although this
leads to phonological mergers and hence
potential ambiguities, in practice users rely
on repetition and context for the com-
munication of short and simple, routine
messages. The compositional, formant-like
glides of Silbo can therefore function as a
form of linguistic communication, provided
that listeners know the rules of the whistled
codification and can interpret the semantic
content in the shared cultural context.

We acquired functional neuroimaging
data while users (Silbadores) and non-users
(controls) of Silbo were exposed to compre-
hension tasks (for details, see supplemen-
tary information). The first task involved
listening passively to Silbo and to Spanish
sentences against a baseline condition of
digitally reversed Silbo. In the second task,
participants were asked to monitor cycles of
Silbo ‘words’ and Spanish words intermixed
with silent periods.

Our results show that the temporal
regions of the left hemisphere that are usually
associated with spoken-language function®”’
are engaged during the processing of Silbo
in experienced Silbadores (Fig. 1). Passive-
listening and active-monitoring tasks produce
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Figure 1 Colour-coded brain-
activation patterns from functional
neuroimaging of Silbadores and
non-whistler controls, produced
in response to tasks in Silbo
Gomero and in Spanish. a, Sur-
face rendering of each side of
the brain, and b, axial sections of
a normalized brain, showing sites
of activation by passive listening
to sentences in Sibo and in
Spanish. ¢, d, Axial and coronal
(centre) sections showing sites
of activation for e, Silbadores
in Silbo passive-listening and
Silbo-monitoring tasks; and for
d, Silbadores and non-whistlers
in all Silbo and all Spanish-
spoken tasks. Voxel coloration
for activation response: yellow,
Silbadores to Silbo sentences
(a=c); green, non-whistlers to
Silbo sentences (b) and to all
Silbo tasks (d); dark blue, all
subjects to Spanish sentences
(@, b) and to spoken Spanish
tasks (d); light blue, Silbadores to
Silbo-monitoring  tasks; white,
Silbadores to all Silbo tasks; and
red, common activations in Silba-
dores for Silbo and Spanish (a, b,
d) and for the two Silbo tasks in
c. The left side of the axial and
coronal images corresponds to
the left side of brain.

acommon activation in the left superior pos-
terior temporal gyrus, near the temporal—
parietal junction (Fig. lc); activation of
the right-hemisphere superior—midtemporal
region is also evident across both the Silbo
and Spanish speech conditions (Fig. 1a,d).
Activity increases in the right temporal
lobe in response to non-linguistic pitch
changes, tones and complex sounds®’, but
the same regions may also be associated
with linguistic processing tasks — particu-
larly at the sentence level. However, we
identified no common cortical language
areas for Silbo and for speech in non-
whistlers (Fig. la, b). Group analysis indi-
cated that the areas activated during both
Spanish and Silbo processing in Silbadores
differ significantly from those in non-
whistlers (Fig. 1d, and see supplementary
information). A time-series analysis of the
region of interest for each subject verified
that Silbomodulates cortical activity only in
the Silbadores and not in the controls (see
supplementary information).

©2005 Nature Publishing Group

How is this pattern of activation for whis-
tle processing in experienced users of Silbo
(Fig.2) explained? On the one hand, whistled
speech relies upon changes in pitch and
melodic form to create distinctive acoustic
patterns; on the other, it serves a communi-
cative function. Our results indicate that, in
this situation, it is the temporal-lobe regions
implicated in language processing that
respond, even though the signal is a whistle
and the language an unusual speech surrogate.

Left-hemisphere temporal and parietal
regions may provide complementary path-
ways for language processing” """ It has been
proposed that an anterior—ventral system is
used for analysing and mapping complex
acoustic sounds, such as speech, onto lexical
representations and that a posterior—dorsal
system processes the articulatory—gestural
representation of speech®. We saw less
ventral-anterior temporal activation during
Silbo-processing than during speech-
processing tasks, perhaps because this simple
whistled system has only a limited number
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Figure 2 Silbador from La Gomera in the Canary Islands using the
whistled language Silbo Gomero as a means of remote communi-
cation. The language recodes the vowels and consonants of indi-
vidual Spanish words into whistles.

of uniquely specified phonological contrasts
that need to be analysed. But for both speech
and Silbo processing, the posterior temporal
cortex is activated in a region that is involved
in articulatory—gestural representations'>".
The presence of premotor activation (tongue
and lip representation) that is involved dur-
ing Silbo communication is consistent with
thisinterpretation.
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Early ant plagues in
the New World

he identity and origin of the West Indian

plague ants of the early sixteenth and

late eighteenth centuries have long
been a mystery'. By reviewing historic
accounts with an analysis of the present-day
Caribbean ant fauna, I have narrowed the
list of suspects to two species and their
insect symbionts.

During, or soon after, 1518-19, a plague
of stinging ants hit the fledgling Spanish
settlements on Hispaniola, the second
largestisland in the Greater Antilles. Accord-
ing to an eyewitness account by the premier
colonial historian Bartolomé de Las Casas’,
the insects destroyed crops over a substantial
portion of the island and invaded dwellings.
During 1760-70, similar ant plagues spread
through the Lesser Antilles, reducing sugar-
cane fields to “a state of the most deplorable
condition™.

What were the plague ants, and why did
they multiply to such proportions? I investi-
gated these questions during field work on
the historic plague islands, paying particular
attention to species that might be descendants
of the plague ants. I also combed contempo-
rary accounts of the ants and fitted together
information concerning their appearance
and habits, which I matched against that of
the now reasonably well-known modern ant
fauna. By a process of elimination, I narrowed
the list of fauna to candidates with all of the
available defining traits.

The Hispaniolan plague ant s easily char-
acterized from the first-hand account of Las
Casas”. The ant he described was very aggres-
sive; it had a painful sting; it occurred in
dense populations in the root systems of
shrubsand trees; it did not cutabove-ground
vegetation yet somehow damaged the root
systems; and it was also a pest in houses and
gardens. The only species also present in
the modern West Indian ant fauna that has
all these qualities is the tropical fire ant,
Solenopsis  geminata. This inference 1is
strengthened by the fact thatanother fire-ant
species, S. invicta, attained plague propor-
tionsin the Gulf statesin the 1940s, following
its introduction from the La Platte region of
Braziland northern Argentina®*.

The 1760-70 plague ants of the Lesser
Antilles had the same traits as S. geminata
save two: in the several accounts of these
species, including details from an eye-wit-
ness on Grenada’®, there is not a single men-
tion of defensive aggression or of stinging by
the ants. An attack by swarms of fire ants is
unavoidable if an intruder nears their nests,
and would surely have been mentioned
by anyone who had experienced it. And a
fire-ant sting contains a venom that burns,
creating a small, itching welt, which would

presumably also have been reported.

There is one possible clue: on Barbados in
the mid-1600s there was an ant that was a
serious house pest. Unlike fire ants, its work-
erslifted and carried large food items, such as
cockroaches, in an unusually coordinated
fashion. This feature points to the ant genus
Pheidole. Among the many species known
from the West Indies’, only two are candi-
dates: P jelskii, a native species, and P. mega-
cephala, which is of African origin. The
evidence favours P. megacephala, a global,
invasive ant that has caused similar problems
in other tropical countries’.

A puzzle remains: only the attine leafcutter
ants of the New World are known to attack
vegetation as an important source of food, yet
entire plantations on Hispaniola were wiped
out “as though fire had fallen from the sky and
scorched them”, records Las Casas’. Sugar
canein the fields of the Lesser Antilles likewise
disappeared in the 1760s (ref. 3).

The only viable hypothesis is that the ants
had a symbiotic relationship with insects that
attack plants directly. The two plague-ant
suspects, S. geminata and P. megacephala,
heavily attend sap-sucking coccids, mealy
bugs and other insects of the Homoptera
group’. The ants protect these insects in
exchange for their abundant excrement,
which is rich in sugar and amino acids. The
Spanish, not recognizing the role of the
homopterous sap-suckers in the midst of the
myriad kinds of insect teeming around their
crops, would understandably put the blame
on the stinging ants. It was not until the late
eighteenth century, on Grenada, that natural-
ists began to suspect the involvement of
homopteransin the West Indian ant plagues’.
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