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Abstract: Anuran amphibians exhibit complex vocal behavior, which is an important mechanism in breeding and species identifi-

cation. In the past it has been assumed that caudate amphibians are generally silent, with the exception of a few which have been

shown to emit faint squeaks and barks. More recent researches have indicated that Cryptobranchidae may be the exception, as

having a true voice based on anatomical evidence. To test this hypothesis we studied 4 specimens of the giant Chinese Salaman-

ders, Andrias davidianus, under controlled laberatory conditions. These observations appear to verify both the presence of under-

water vocalization and some behaviors associated with it. It is suggested further research under field conditions is warranted.
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The vocal behavior of amphibians has been reviewed

(1=4]  The general conclusions of these review-

extensively
ers were that anuran amphibians exhibit complex vocal be-
havior, which is an important mechanism in breeding and
species identification, and that caudate amphibians are
generally silent, with the exception of a few which have
been shown to emit faint squeaks and barks. Maslin con-
cluded that most salamanders could produce sounds of
varying types; some of these sounds being incidental to
respiration and some being produced deliberately as a part
of a defense mechanism!'). He also attributed some sala-
manders ( Dicaptodon ensatus, Andrias japonicus, and
Ambystoma maculatum ) with having a true voice since
they possess a valvular mechanism in the larynx!'! .
Although Maslin’s descriptions of salamander vocal-
izations are enlightening'', the behavioral significance of
these sounds is still vague. With the exception of the spec-
trograms of a squeak produced by Aneides lugubris and a
“bark " uttered by Dicaptodon ensatus'*’, quantitative de-
scriptions of the sounds are lacking. It is not clear whether
the sounds heard in some cases were involuntarily produced

by handling or prodding; and in the case of aquatic
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species, whether the sounds were produced in air, under
water, or hoth. Bogert and Maslin each referred to many
observations of salamander vocalization!®"

Chinese giant salamander, Andrias davidianus Blanchard,

; one for the

dating as far back as A.D. 300. These statements are at-
tributed to Koo Po( AD 300) who reported that it makes a
sound like an infant cry, resulting in the modem Chinese
name Nei-yu or Wawa yu, which means baby fish*. Li
and Lan made some preliminary descriptions of the natural
and evoked calls of Andrias davidianus, without observa-
tions of the behavior!® . However, before any firm state-
ment can be made about the possible behavioral signifi-
cance of salamander vocalizations, controlled observations
of behavior, recordings, and spectrographic analyses of as-
sociated vocalizations are needed for all species suspected
of being true sound producers.

The primary objectives of this study were(a) to de-
termine if this species of Andrias produces sound under
water without artificial stimulation, (b)to determine peak
periods of activity, (c) to determine the extent and type
of interaction that may exist among animals in the group,

and(d)to determine what effect of the number of animals
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has on the amount of vocalization.
1 Materials and Methods

Through the cooperation of the University of Hong
Kong and the Biology Branch, Office of Naval Research of
USA, six Chinese giant salamanders were made available
for studym. The animals ranged in size from 42cm to
54cm, snout to vent length. Based on the observations of
Yoshihiro, the smallest sexually mature animal he had ob-
served was 57.5¢m, snout to vent!®’ Although this would
make most of the animals in our study population sub-
adult, based on the skull collection at the University of
Hong Kong, the size of individuals in the wild over the
past decades has been decreasing ( University of Hong
Kong, unpubl.data) .

Four of the six animals provided were selected for
this study. The four experimental animals were placed in
a 50-gallon aquarium held to a temperature of 18—24C .
During most of the six month period of the study the tem-
perature was 19°C + 1 °C (mean + S.D.) . The four exper-
imentla animals were placed on a 12:12 hour light-dark
cycle. Data collection periods with ten minutes in dura-
tion were randomly scheduled every two hours over a 24-
hour period. During these periods, visual observations of
the animals’ behavior were made and tape recordings were
made of any associated sound production.

The recording system used consisted of a Uher Model
4000S tape recorder, a Hewlitt Packard Model 466A AC
amplifier, and an Atlantic Research Model LC 57 hy-
drophone. The system response was limited to that of the
recorder, + 2.5dB from 30Hz to 12kHz at 3—3/4 ips.
An monitoring system consisted of a Clevite type CH 15
hydrophone, a Heathkit Model AA3a amplifier, an Argos
Il speaker, and a Heathkit 5-inch laboratory oscilloscope
was used to aid in correlating vocalization and behavior
without having to rely entirely on the monitor associated
with the tape recorder. All of the sounds recorded were
analyzed on the Kay Electric Co. Model 6061A sona-
graph, with a built-in narrow band filter(40Hz) .

2 Results
2.1 Vocalization and Activity

Before the formal stages of the study started, it was
apparent that these salamanders did produce sounds since
some of the sounds could be heard without the aid of elec-

tronic equipment. The more controlled observation and

recording periods verified these initial observations. As has
been stated in the literature, Andrigs is primanly noctur-
nalt®"), the greatest activity occurring between 1800
hours and 2400 hours. For purposes of this study, activity
is defined as movement on the part of one or more of the
experimental animals as well as vocalization. Although live
food was placed in the test enclosure twice during the
study, no feeding was obhserved. However the prey items
(gold fish)disappeared. A graph of observed animal activi-
ty is presented in Fig. 1. The periods of the greatest activ-

ity were also the periods of maximum vocalization .
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Fig.1 The percentage of time during each iwo hour observation

period while one or more animals were active

A series of different postures seemed to occur consis-
tently during both rest and activity. In the resting pos-
ture, the entire ventral surface of the animal was in con-
tact with the substrate, the forelimbs and hindlimbs were
pulled up, and the tail was often curved and placed paral-
lel to the body(Fig.2). A second type of posture was asso-
ciated with air gulping at the surface(Fig.3) . Sounds were
sometimes made prior to rising to the surface(Fig.4). In
some cases, air bubbles were released in association with
the sounds. The sonogram in Fig. 4A and B was with a
bubble release, and Fig.4C was a similar sound without
air release. Sounds of this type varied in duration from
0.07 to 0.18s. The majority of these emissions had a fun-
damental of 200—210Hz with three to four harmonics.

Fighting was relatively common among our study ani-
mals. The posture shown in Fig.5 was assumed prior to
actual attack and occasionally during fights. Most fights
were of short durations(5—10s) and consisted of the ag-
gressor biting the attacked animal on the tail or hind-
limbs. The greatest number, variety, and most complex
sounds were produced during these aggressive encounters.

These sounds (Fig.6) ranged in duration from 0.20 —
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Fig.2 Typical resting posture of the 4. davidianus used in this study

Water Surface

Water Surface

Fig.3  Typical postures of the A. davidianus assumed prior to and during air breathing at the surface
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Fig.4 Sonagrams(40Hz filter)of sounds produced by A . davidianus prior 1o rising to the water surface. A & B: sound with a hubble release; C:sound without
a bubble release
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0 Water Surface

Fig.5 Typical posture assumed prior to and during aggressive behavior
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Fig.6  Sonagrams (40Hz filter) of sounds produced by A. davidianus
during fightin

0.50s. Some contained pulses with repetition rates of 30—
35pps (pulses per second) (Fig.6D)and almost sinusoidal
components at 125Hz, 250Hz, and 400Hz(Fig.6A and
6B) . The latter, on occasion, had one or two harmonics.
Some of the pulses contained energy up to 1.2kHz.

During foraging for food and investigating areas of
the tank other than that normally inhabited, Andrias
raised its body on all four limbs with head level (Fig.7) .
Feeding was also initiated from this posture. This same
posture was also assumed by an animal retreating from a
fight. The sounds associated with this posture consisted of
two types: (a) almost sinusoidal with frequencies of
220—300Hz, and(b) pulses at a rate of 30pps, which
are the same as D in figure 6, with energy from 100—
400Hz and pulse duration of 0.017—0.022s. It is inter-
esting to note that each of these sounds also occurred as
a component of the sounds associated with fighting behav-
ior(Fig.6A and 6B). This could indicate vocalization by
the attacked animal as well as the aggressor.

Fig.7 Posture assumed by animal foraging for food and also retreating from a fight

2.2 Territoriality and dominance

When the four animals were initially placed in the
test tank, they all occupied one end of the tank for the
first two days. The animals then divided into two groups,
each group occupying a separate end of the tank. Using
the viewing window as a reference, the animals on the
observer’s right were designated A and B, those on the
left C and D(Fig.8). In the group A-B, A was judged to
be dominant since this animal was always the aggressor.
Likewise in C-D, C was the aggressor. There were initial-
ly three directions of interaction, A-B-D,C-D,and D-B.
In the latter cases when B or D was chased from their
“territory” , they would retreat to the opposite end of the
tank and come in contact with animals occupying that end
[Fig.8(a)]. Fighting would then ensue. A fight origi-
nated at either end of the tank would initiate interaction at
the opposite end.

The original plan of the study was to progressively

remove one animal at a time from the tank and observe in-
teraction and vocalization as a function of the number of
animals . This phase of the study was initiated earlier than
scheduled due to injury to individual test animals. Animal
D received several cuts and abrasions during the previous-
ly described skirmishes. These injured areas developed a
white fungus-like growth, which was found to have a bac-
terial growth associated with it ( Pseudomonas sp.). The
animal was removed from the tank for treatment and sub-
sequently died.

The distribution of the remaining three animals was
unchanged, A and B occupying the right end of the
aquarium and C, the left end. The increased space avail-
able to each animal decreased the number of contacts and
thus the number of fights[ Fig.8(b)]. When animal C
was removed, animal B shifted its location to the left of
the tank [Fig.8(c)]. In each case, the “subordinate”
animals removed (D, C, and B) had several cuts and
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abrasions on the tail, hind-limbs, and head, which were
infected with Pseudomonas .
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Fig.8 Graphic of location of animals in the tank and direction of aggres-
sive interaction as a function of the number of occupants. Arrow solid line
indi main i tion, Arrow with dotted line indicated secondary in-

tion. Number of animals d

as injured individuals are removed

from the experiment due to infections.

The extent to which decreasing the number of ani-
mals reduced the fighting activity can be seen clearly by
looking at the average number of sound emissions for each
study group size (Fig.9). With the removal of one ani-
mal, the average number of sound emissions per period of
peak activity decreased approximately 60 percent; howev-
er, the removal of an additional animal further reduced
the number of emissions only by 15 percent. With a sin-
gle animal in the aquarium, the number of vocalizations

dropped to near zero.
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Fig.9 Average number of sound emissions as a function of the study
group size.
3 Discussion and conclusions
In its natural habitat, Andrias is known to be a
largely solitary animal. It occupies burrows under banks,

logs, or large flat rocks. These burrows are seldom occu-
pied by more than one animal. When placed in confine-
ment, they are also cannibalistic®'!'’. The animals used
in this study aquarium fit this description well.

There is some evidence that salamanders have a func-

[10] 'and that some will respond to

frequencies of 194—244Hz!'"? | In the case of Andrias da-
vidianus , the frequency range of the signals produced has

tional hearing mechanism

energy well within the range of hearing demonstrated for
these other species. However, there are signals with fre-
quency beyond this range of hearing. Until we have quanti-
tative measurement of Andrias hearing range this question
will be mute. The current observations have indicated that
Andrias davidianus does produce a variety of vocalizations
under water as a function of regular interaction with mem-
bers of the same species. Although some of these vocaliza-
tions are associated with respiration only, others are closely
correlated with aggressive and defensive behavior.

This study adds emphasis to Bogert’s original specu-
lation that, “To judge by recent studies of fishes, some
aquatic salamanders conceivably produce sounds under
water that have gone undetected”'*!. It would be surpris-
ing if under water vocalization in aquatic or semi-aquatic
salamanders were limited to Andrias davidianus. An in-
teresting field of investigation is open, especially in the
study of those forms with relatively complex behavior pat-
terns that can be easily observed under natural conditions .

The observation that vocal activity appears to be re-
lated to the number of animals presented could be that the
presence of other individuals stimulates vocal behavior.
Some observations of other Cryptobranchidae indicate that
Andrias davidianus may be solitary except during periods
where they aggregate[”) . This could be an indication that
this is the only period when vocalization is active.

These and some of the other observations need to be
compared with detailed observations in the field. Since
the 1970’s, China has been conducting research on this
important and critically endangered species both in the
laboratory and in the field. The Giant Salamanders is a
rare amphibian. There are only three species in the
world. Unfortunately the Giant Salamander meat is very
delicate and high in nutritional value. Also it brings a
very high price on the black market which stimulates

poaching. It has been suggested by some Chinese scientist
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that research on behavior, cultivation and reproduction
should be increased!'!). With the assistance of the Insti-
tute of Hydrobiology of the Chinese Academy of Sciences
in Wuhan, it is hoped these field studies on the vocal be-
havior of Andrias davidianus can start in the near future.
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