
colchicine is effective in the treatment of 
about three-quarters of all attacks of 
gout without significant rebound after 
cessation of therapy (16), although other 
modes of therapy, such as adrenocorti- 
cotrophic hormone, may be followed by 
recurrent attacks. 

The availability of a specific and sensi- 
tive method for the measurement of col- 
chicine, not requiring the administration 
of a radioisotope, should lead to impor- 
tant clinical uses. Whether plasma and 
urinary concentrations are different in 
gouty patients on colchicine prophylaxis 
who have recurrent attacks as opposed 
to those who do not is not yet known. 
Our method should be helpful in monitor- 
ing patient compliance. Finally, since 
colchicine is under study in clinical situa- 
tions apart from its use in acute gout- 
for example, in hereditary Mediterra- 
nean fever (17) and in hepatic cirrhosis- 
a method for the study of the clinical 
pharmacology of this agent should as- 
sume increasing practical importance. 
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Gibbons and Their Territorial Songs 

Abstract. Discovery of the great call of the Javan gibbon and finding an enclave 
of the agile gibbon in Kalimantan permit for the first time a comparison of vocaliza- 
tions among all major taxa of Hylobates. The songs are stereotyped, constant 
throughout the interrupted areas of distribution of each taxon, and are sexually di- 
vocal. 
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Recently we succeeded in tape-record- 
ing wild populations of the rare silver gib- 
bon of Java, whose unique territorial 
song has not previously been described. 
This was during our travels in Southeast 
Asia to hear all species of gibbons in the 
natural state in order to compare their vo- 
calizations. We believe such criteria (1) 
might solve the problem of how many 
species make up the genus ilylobates of 
man's fourth closest relatives. We also 
discovered throughout the genus that the 
male's and female's contributions to the 
territorial song are entirely different, that 
these songs are stereotyped, and that 
they are consistent throughout the entire 
range of each species, even those whose 
distribution is interrupted by intrusions 
of another species. Further, we found 
that the familiar vocalizations of the agile 
gibbon, hitherto known only from west- 
ern Malaysia and Sumatra, also prevail 
over a large section of central Kaliman- 
tan as well as in extreme southern Thai- 
land; at the latter place, south of Yala, 
we had earlier misidentified their songs 
(2). We tape-recorded in the wild all the 
isolated populations of gibbons (there is 
a total of 14 such populations variously 
separated by rivers and straits) except 
those of the concolor gibbon, which we 
could not find in the portions of its range 
we visited, in Laos. Also, we did not ob- 
serve the populations of siamangs and lar 
gibbons in western Malaysia, whence ex- 
cellent recordings were already avail- 
able. 

Audiospectrograms of the territorial 
songs of gibbons, which we label as if 
they are all species of equal rank, are dis- 
played in Fig. 1. We have incorporated a 
few recordings, superior to ours, from 
colleagues as indicated. A glance at Fig. 
1, each line of which reads like a musical 
staff, shows that the scores are so long 
and complex (some involving poly- 
phony) that they deserve a more detailed 
description, which we will offer after in- 
troducing the manner and time of deliv- 
ery and apparent function of the territo- 
rial song. 

Each pair of gibbons daily advertises 
its territory by loud singing accompanied 
by gymnastics-a show of force. The fe- 
male's great call dominates the half-hour 
morning bout. It is a brilliant theme last- 
ing 20 seconds or more, repeated every 2 
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to 5 minutes. It swells in volume after 
soft opening notes, achieves a climax in 
pitch, intensity, or rapidity (at which 
time the gymnastics occur), then sub- 
sides. The male's shorter phrases, vary- 
ing according to the species, either ap- 
pear at appointed times during the great 
call, follow it as a coda, are interspersed 
between great calls (the female's opening 
notes command his silence during her 
aria), or are broadcast from his sleeping 
tree during a predawn chorus (3). The 
male begins this chorus as a simple 
phrase after which he is silent for a quar- 
ter-minute while listening to his neigh- 
bors reply in kind. During the next 45 
minutes or so until dawn, the male gradu- 
ally adds to and embellishes the phrase 
to make it an elaborate, varying, brief 
song. The female gibbon can utter the 
short calls of the male; the male, how- 
ever, never sings the great call. Subtle 
differences characterize individuals (3), 
and often the subadult joins the bout of 
great calls (Fig. 1, line 6). Thus, territo- 
rial singing of the family broadcasts pre- 
cise information on the species and sex 
of particular individuals, the area occu- 
pied by the parents, and the presence of 
a junior ready to form a new pair. 

The siamang's great call (Fig. 1, top) is 
of barks alternating with booms resonat- 
ed in a vocal pouch which the animal 
blows up like a balloon. Despite the 
bark's prominent harmonic, its pitch ap- 
parent to the human ear is that of the low- 
er of the two parallel tones, lower also 
than the male's scream which is uttered 
at each of the two accelerations by the 
female. The song ends in a polyphonic 
tour de force marked by a rise in pitch of 
the female's bass line to harmonize with 
the thunderous pouch booms of the 
male. 

The concolor gibbon's dialogue, at 
least in the zoo pair whose recordings 
are shown in Fig. 1, commences with a 
series of short phrases by the male to be 
interrupted by the great call, which 
reaches a climax at the highest pitch ut- 
tered by any gibbon (not markedly high 
in this particular, lethargic female), then 
subsides in a birdlike twitter. The male 
responds with a much longer, ex- 
temporized phrase than before. 

Most of the morning singing of the Ja- 
van gibbon, Hylobates moloch, is a fe- 
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Fig. 1. Audiospectrograms of gibbon territorial songs. 
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male solo of great calls with subdued cli- 
max, rallentando. We have heard the 
male's hoots between great calls early in 
the bout. 

The hoolock's territorial song includes 
an accelerated passage of alternating 
high and low notes reminiscent of the sia- 
mang, except that the bass line gradually 
ascends. It is an elaborate duet (4), yet 
we heard a single female at the Calcutta 
zoo render the entire score as a solo. Til- 
son, observing in Assam, found that the 
preliminary high note is the male's signal 
which precipitates a rendition of the 
great call by his mate. 

The Kloss gibbon's great call is prob- 
ably the finest music uttered by a wild 
land mammal. Following the magnificent 
central trill is a slow, stepwise descent in 
a low register. (The soft first and last 
low-pitched notes are barely visible on 
the sonogram.) The fully elaborated pre- 
dawn phrase of the male includes a trill 
(3), not shown; we heard these lovely 
sounds at 4 a.m. on a moonlit night from 
Tenaza's camp on South Pagai. 

The pileated gibbon's territorial song 
is a duet of the pair plus a male coda, 
whereas that of Mueller's gibbon is sepa- 
rated into male predawn and female 
morning solos. The great call, practically 
identical in these two taxa, illustrates 
"the peculiar bubbling noise they make" 
(5). 

Individual variation and to some ex- 
tent population dialects are responsible 
for the differences in length and number 
of climactic notes of the otherwise identi- 
cal great calls of agile and lar gibbons 
(Fig. 1, lower six songs). The males in- 
dulge in predawn choruses, which they 
can also elaborate at other times of the 
day. They provide mandatory fillers be-. 
tween great calls, plus a distinctive coda 
thereto: "who-hah" in the agile gibbon, 
hoots and lugubrious quavering notes in 
the lar. 

Gibbon vocalizations, well correlated 
with coloration (6), point toward the exis- 
tence of nine species of Hylobates, pro- 
vided that no substantial breakdown of 
reproductive isolation will be found at 
the contacts of H. agilis with H. lar in 
the vicinity of Lake Toba, Sumatra, and 
at the Thai-Malaysia frontier and be- 
tween H. agilis and H. muelleri on Bor- 
neo. Finding this proof is complicated by 
deforestation at Lake Toba, terrorism 
and banditry at the Thai-Malaysia bor- 
der, and the fact that on Borneo the two 
taxa of gibbons appear to have identical 
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powerful guide to the isolation of species 
by appropriate pairing and restriction to 
territories. That the selective forces put 
a higher reward upon differentiation of 
the male's voice than of the female's is 
evident from those taxa distinguished vo- 
cally by only the male's part of the terri- 
torial song. 

JOE T. MARSHALL, JR. 
ELSIE R. MARSHALL 

36 Soi Chaiyos 11, Sukhumvit, 
Bangkok, Thailand 

References and Notes 

1. Successfully used for Cercopithecus by T. 
Struhsaker, in Old World Monkeys, J. Napier and 
P. Napier, Eds. (Academic Press, New York, 
1970), pp. 365-444. 

2. J. Marshall, B. Ross, S. Chantarojvong, J. Mam- 
mal. 53, 479 (1972). 

3. R. Tenaza, Z. Tierpsychol., in press. 
4. Tenaza informs us that this observation is includ- 

ed in his detailed analysis of all gibbon vocaliza- 
tions together with their social and evolutionary 
significance, which will appear as P. Marler and 
R. Tenaza, in How Animals Communicate, T. 

powerful guide to the isolation of species 
by appropriate pairing and restriction to 
territories. That the selective forces put 
a higher reward upon differentiation of 
the male's voice than of the female's is 
evident from those taxa distinguished vo- 
cally by only the male's part of the terri- 
torial song. 

JOE T. MARSHALL, JR. 
ELSIE R. MARSHALL 

36 Soi Chaiyos 11, Sukhumvit, 
Bangkok, Thailand 

References and Notes 

1. Successfully used for Cercopithecus by T. 
Struhsaker, in Old World Monkeys, J. Napier and 
P. Napier, Eds. (Academic Press, New York, 
1970), pp. 365-444. 

2. J. Marshall, B. Ross, S. Chantarojvong, J. Mam- 
mal. 53, 479 (1972). 

3. R. Tenaza, Z. Tierpsychol., in press. 
4. Tenaza informs us that this observation is includ- 

ed in his detailed analysis of all gibbon vocaliza- 
tions together with their social and evolutionary 
significance, which will appear as P. Marler and 
R. Tenaza, in How Animals Communicate, T. 

The desert iguana (Dipsosaurus dor- 
salis) develops a fever in response to in- 
fection with Aeromonas hydrophila (1), a 
gram-negative bacterium pathogenic to 
reptiles and amphibians. This fever re- 
sults from the lizard's selection of a 
warmer microenvironment. Because the 
febrile response is similar in reptiles, 
birds, and mammals, and because the 
body temperature of an ectotherm, or be- 
havioral thermoregulator, such as the 
desert iguana can be easily controlled at 
either the normothermic or febrile level 
by simply adjusting ambient temper- 
ature, D. dorsalis was proposed as a suit- 
able animal model for study of the role of 
fever in disease (2). Lizards were infect- 
ed with A. hydrophila and then placed in 
constant temperature chambers adjusted 
to between 34? and 42?C. At temper- 
atures of 40? and 42?C (corresponding to 
low and high fever, respectively), the 
mortality of lizards attributable to infec- 
tion with A. hydrophila was 33 and 0 
percent, respectively. The mortality at 
38?C (the normal body temperature of 
afebrile or uninfected lizards) was 75 
percent. These data indicated that an ele- 
vation in body temperature led to a sig- 
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nificant reduction in host mortality (2). 
In mammals, fever is often reduced by 

administering an antipyretic drug such as 
sodium salicylate (3). This drug produces 
effective antipyresis in reptiles and birds 
inoculated with dead bacteria (4, 5). 
However, the effects of drug-induced an- 
tipyresis on the survival of mammals, 
birds, or reptiles infected with pathogenic 
bacteria have not been determined. Be- 
cause of the results described above (2), 
we suspected that the administration of a 
dose of sodium salicylate sufficient to 
produce an attenuation of fever inD. dor- 
salis would lead to a significant increase 
in host mortality. We report here that 
whereas the development of fever in D. 
dorsalis results in low mortality (less 
than 10 percent), suppression of fever by 
an injection of a nontoxic 'dose of sodium 
salicylate results in substantial mortality 
(100 percent in these studies). 

Lizards (D. dorsalis) weighing 25 to 45 
g (Hermosa Reptile Farm, Hermosa, Cal- 
ifornia) were housed at an ambient tem- 
perature of 22? to 24?C in circular cages 
and had free access to mealworms, let- 
tuce, and water. The cages were kept on 
a photoperiod of 12 hours light and 12 
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Fever: Effect of Drug-Induced Antipyresis on Survival 

Abstract. To determine whether the prevention of fever affects the survival of an 
animal infected with pathogenic bacteria, lizards (Dipsosaurus dorsalis) were infect- 
ed with live Aeromonas hydrophila and received varying doses of sodium salicylate, 
an antipyretic drug. Twelve lizards received identical injections of bacteria along 
with a nontoxic dose of sodium salicylate; five animals increased their mean body 
temperature at least 0.6?C and survived the week, whereas seven did not develop a 
fever and died within 3 days. These data indicate that in these lizards the prevention 
of fever by use of an antipyretic drug such as sodium salicylate increases the mortali- 
ty rate from bacterial infection. 
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