" Reprinted from PHYSIOLOGICAL ZOOLOGY

Val. 51, No. 2, April 1978

©1978 by The University of Chicago. All rights reserved.
Printed in U.S.A.

'I"EMPERATURE INFLUENCES ON HATCHLING CAIMAN
CROCODILUS DISTRESS CALLS!

LESLIE D. GARRICK AND RITA ANNE GARRICK

" Center for Field Biology and Conservation, New York Zoological Society, Bronx, New York 10460; and

Department of Medicine, College of Medicine and Dentistry of New Jersey,
New Jersey Medical School, Newark, New Jersey 07103

(Accepted 7/18/77)

Hatchling Caiman crocodilus fuscus were tested for their tendency to emit a distress
call and show an extension reflex as they were held by the base of the tail at cloacal
temperatures (T) ranging from 7 to 36 C. The low T, threshold for the distress call
was about @ C and for the extension reflex, 9.9 C. There is no apparent upper Ta
threshold for the distress call. However, no vocalizations were emitted above 33 C,
perhaps because gular pulsations overrode their expression. The duration of the
distress call, which consists of three or four distinct bands between 0.2 and 2.4 kHz,
and the duration of the intercall interval both decreased with increasing Te. In con-
trast, repetition rate was stable over a broad range of T, (18-33 C), and the spectral
composition of the calls also was unchanged over a range of 12.8-33.0 C. Temperature
independence of sound energy distribution and stability of repetition rate are deemed
adaptations which reduce the ambiguity in the distress call signal to the receiver,
provided that the auditory system of the receiver is similarly responsive to tempera-
ture. Low temperature functioning of neuromuscular systems would appear to be
advantageous for small crocodilians, whose body temperature fluctuates more than

-+ _the body temperature of larger animals.

Crocodilians, like other reptiles, have
definite temperature tolerances (Colbert,
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Cowles, and Bogert 1946) and behavior-
ally regulate their body temperature
(Diefenbach 1975; Lang 1975; Smith
1975). Also physiological functions, for
example, heart rate (Smith 1975; Grigg
and Alchin 1976) show a predictable de-
pendence on body temperature. An
equally important problem is whether
crocodilian communicatory behaviors are
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temperature dependent as they are in
some frogs (Blair 1958; Zweifel 1968) and
insects (Walker 1975). Crocodilians are
quite vocal, and recent research has sug-
gested that the sounds made by adults
(Garrick and Lang 1977) and young
(especially their distress calls and grunts;
Alvarez del Toro 1969; Pooley 1969,
1976; Campbell 1973; Kushlan 1973;
Hunt 1975; Pooley and Gans 1976) are
of significant adaptive value,

We therefore investigated the influ-
ences of changing body temperature
primarily on the vocalizations but also
on gular movements and a noncommuni-
cative reflex of hatchling Caimen croco-
dilus. The temperature threshold for
vocalization and its effects on the tem-
poral and spectral qualities of the dis-
tress call were emphasized in order to
suggest probable vocal mechanisms and
the ecological significance of temperature
on the communicatory behavior of croco-
dilians.

MATERIAL AND METHODS

Growing, hatchling Caiman crocodilus
Sfuscus were studied during May, June,
and July 1974 at the New York Zoologi-
cal Park. Over this time mean body
weights and total body lengths of 10 ani-
mals changed, respectively, from 35.7 to
49.1 g and from 23.7 to 254 cm, The
caiman were housed in a large tub con-
taining 2 inches of water (24.0-25.2 C)
and were provided with a basking plat-
form which was warmed by two red-bulb
IR lamps from a distance of about 0.5 m.
Other platforms without incident heat
were also available, Air temperatures
above the water varied from 23.6 to
29.8 C, and surface temperatures on the
basking platform, which was usually wet,
varied from 26.4 to 28.4 C. All animals
fed at least three times per week on a
balanced diet of beef liver, heart, and
ntuscle and fish supplemented with bone

e

meal. All were healthy during the experi-
mental period.

The caiman were observed through.a
one-way mirror, and while basking they
were gently picked up and their cloacal
temperature (7,) meuasured with a
Schultheis rapid-responding thermom-

eter; at this time any vocalizations were -

also noted. The same thermometer was
used for all 7, and other temperature
measurements. Cloacal _temperatures
(no. = 30) of basking animals ranged
from 24.4 (just beginning to bask) to
36.4 C; the mode was 27.0 C. These T.'s
overlap the range of voluntarily selected
body temperatures of 150-350-g C. croco-
dilus (Diefenbach 1975) and are im-
portant in interpreting the effects of
changing temperature on their behaviors,

The vocalizations of 10 individually
marked caiman were tape recorded un-
der controlled conditions. The caiman
were either heated with a 250-W IR
lamp or cooled in an ice bath (7-14 C),
both of which were harmless procedures.
Then their tendency to vocalize was
tested by holding an animal firmly by
the base of the tail in a normal dorsal-
ventral orientation, during which it may
vocalize and reflexly extend its limbs.
Because specific sounds are evoked when
the young animal is held and because
these sounds attract adults (Kushlan
1973), this vocalization has been charac-
terized as a distress call. There is con-
flicting opinion, however, as to whether
the distress call is a discrete vocalization,
part of a graded vocal system (Burghardt
1977), or the same as other juvenile
vocalizations (Camphbell 1973). For our
purposes it is not necessary to address
this question now. What is important is
that we controlled the conditions for

elicitation of the vocalization which en- -

abled us to determine the causal relation-
ship of T, to the vocal parameters, Addi-
tionally, the strength of the extension
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reflex and the rate of gular pulsations
(movements of the gular region) were
measured at different 7.’s in caiman dur-
ing elicitation of the vocalizations.

Tape recordings of the distress calls
were made at 34 inches/s on a Nagra
IVL tape recorder using a Sennheiser
condenser microphone (MKH 815). Anal-
ysis was conducted with a Kay Electric
Sound Spectrograph using the wide band
pass filter. The following parameters of
the distress call were measured: (1) repe-
tition rate, (2) call duration, {3) inter-
callinterval duration, and (4) sound
frequencies.

RESULTS

Effect of temperature on distress calls.---
Caiman distress calls are given, with the
mouth open or closed, as a series of three
or more sounds pronounced “ehh.” The
call is composed of three or four distinct
bands, the fundamenta] and several har-
monics, which may first rise sharply and
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then decrease rapidly in frequency: Spec-
tral composition of the three bands was
independent of 7', (no. calls analyzed =
27) over a T, range of 12.8-33.0 C. The
median frequency composition of the
first three bands was approximately 700-
200 Hz for band 1 (which is here con-
sidered the fundamental), 1,200-400 Hz
for band 2, and 1,800-800 Hz for band 3.
Examples of calls at difierent T’s ap-
pear in figure 1. It is apparent that the
difference between the ‘maximum and
minimum frequency of each band is
greater in bands 2 and 3, but bands 2
and 3 are not always coincident in these
examples. Also at T, = 31 C the initial
upswing of the call was absent.
Repetition rate (calls/10s) did not
show a simple linear dependence on T..

‘Deviations from linear regression were

significant (P < .05), perhaps due to
heterogeneity about the regression line
and/or a curvilinear relationship (Sokal
and Rohlf 1969). The relationship was

L 30 °¢

Fic. 1.—Sound spectrograms of the distress calls of one Caiman at different T'’s (C}
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not simplified by a semilog plot; how-
cver, an arithmetic plot (fig. 2) demon-
strated that between 18 and 33 C repeti-
tion rate varied in no apparent pattern
between 6 and 10/10 s,

Call duration varied inversely with in-
creasing T, (figs. 1, 3), ranging from
0.344 to 0.082s for the corresponding
T, range of 12.8-33.0 C, Analysis of vari-
ance for linear regression (Sokal and
Rohlf 1969) demonstrated a highly sig-
nificant (P < 001, F[1,17] = 165.25)
inverse dependent relationship of call
duration on T.. The duration of the in-
tercall interval also was inversely de-
pendent on T, (fig. 4). The same analysis
showed a highly significant relationship
(P < 001, F[1, 15]) = 19.57). The range
of the duration of the intercall interval
was 3.07-0.97 s between 12.8 and 33.0 C.
Call duration and intercall-interval dura-
tion did not vary with T, in a constant
relationship. As demonstrated by the
ratio of regression coefficients, .076/.011
~ 7, intercall interval decreased more
rapidly in duration than did the call
duration.

Elicitation of distress colls at different
T'’s.—Distress calls were not elicited at
every attempt or at all T.’s over a range
oi 7-36 C. Data were grouped into 5 C
classes beginning at 7 C. The proportion
of trials resulting in vocalization was
clearly associated (P < .005) with the
temperature group (table 1; G-test,
Sokal and Rohlf [1969]). One result was
that caiman within the extreme-tempera-
ture groups vocalized less (table 1). For
instance, within the 7-12 C group two
vocalizations occurred in the 9 C class,

TARBLE 1

PROPORTION OF CAIMAN VOCALIZING WITHIN
EACH TEMPERATURE GROUF (7T%.)

Group No. Neo. Froportion

°C T Vocalizing Tests Vocalizing
M-36........ 3 15 .200
2530 ... 20 69 289
19-24.. ... 15 39 .385
13-18........ 38 85 447
7-12........ 7 63 L1111

Total....... 83 271
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F1g. 2.—Relation of distress call repetilion rate to T, (no. = 33)
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one in the 10 C, and two each in the 11
and 12 C classes. Hence the low T,
threshold for distress calls was between
9 and 9.9 C, thc same as for the exten-
sion reflex {sec below). Within the high-
est temperature group (31-36 C), only
three distress calls were emitted, none
above 33 C. The paucity of calls above
33 C appears related to the occurrence
of gular pulsations. Specifically, between
31 and 36 C distress calls were emitted
only once in 11 trials when gular pulsa-
tions also occurred, but calls were emit-
ted twice in four trials in the absence of
gular movements. However, the fre-
quency of occurrence of the calls was not
significantly different from chance in
either case (P > .05, 2 X 2 test of inde-
pendence). Likewise, there was no statis-
tically significant effect of gular move-
ment on the frequency of vocalizations
over a T, range of 25-36 C (P > .05,
no. gular movements = 41).

The rates of gular pulsations varied
from 8 to 12/5s (no. = 11) between
26.2 and 36.4 C. Similar rates of “gular
fluttering” in Ceiman at the same body
temperatures were found by Diefenbach
(19758).

Temperature effects on the extension re-
flex—When a caiman was held by the
base of the tail, it extended its limbs,
lifted its head, and arched its tail. Often
an orientational component followed the
extension reflex; that is, the animal
turned and attempted to bite the experi-
menter’s hand. The extension reflex was
slight or partial at T.’s of less than 9.9 C
but much stronger at T,’s from 9.9 to
16.5 C (no. = 10). No vocalizations oc-
curred during these 10 trials, and only
one vocalization was emitted during
nine additional trials from 16.5 to 21.5 C
when biting also occurred. Biting was
attempted first at 13.0 C, and a strong
bite was delivered at 17.7 C and all
higher T.’s.

DISCUSSION

Repetition rate of the distress call was
relatively stable between 18 and 33 C,
whereas call duration and intercall-inter-
val duration both decreased linearly with
increasing 7', (figs. 3-4). These results
are plausible because any time period {,
can be divided into £, (call duration) and
#; (intercall interval), so that ¢ + & =
t., and this expression is independent of
repetition rate. Hence these three param-
eters account for all of the relevant tem-
poral measures of these vocalizations.

A significant deviation from linear re-
gression for repetition rate might be ex-
plained by the uncontrolled state of the
caiman during testing, but it is probably
not explained by differential handling
contributing to the heterogeneity of the
data. A more interesting possibility is
that repetition rate and body tempera-
ture vary in a curvilinear relationship,
with a plateau between 18 and 33 C.
Stability of repetition rate over a 15C
range would be adaptive because it would
reduce the temporal ambiguity in the
distress call, provided, that is, that the
receiver’s hearing is similarly responsive
to temperature.

Some temporal parameters of the
vocalizations of some reptiles and am-
phibians respond to temperature changes
similarly to caiman, whereas others do
not. For example, Zweifel (1968) found
that repetition rate (= pulse rate) of
Bufo emericanus americanus and B. wood-
housii fowleri mating calls increased but
call duration decreased with increasing
body temperature. Similarly, the mating
call of the gray tree frog (Hyla versicolor,
Blair 1958), several species of chorus
frogs (Psewdacris), and the southern toad
(B. terresiris, Bellis 1957) show the same
trends in repetition rate and call dura-
tion, but with air temperature. Marcel-
lini {1974) reported that the repetition

o,
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rate of the multiple chirp call of the
gekkonid lizard, Hemidaciylus frenatus,
varied positively with air temperature
measured at the time of the call.

The frequency structure and repetitive
pattern . of the Caiman distress call
should make it easily locatable (Marler
and Hamilton 1966). The sound energy
in the major bands (0.2-2.4 kHz; fig. 1}
of the distress cali, which is similar to
frequencies of juvenile C. crocodilus calls
reported by Campbell (1973), changed
relatively little over the T, range 12.8-
33.0 C. Unchanging partitioning of sound
energy of the distress call over a broad
range of T is adaptive because it reduces
ambiguity in the call and increases locat-
ability for the potential receiver, which
may be an aid-giving adult (Kushlan
1973) or another juvenile (Pooley and
Gans 1976). In contrast to the tempera-
ture independence of these call fre-
quencies, Blair (1955, 1958) found that
middle or dominant frequencies of mat-
ing calls of Microhvyia olivacea, M. care-
linensis, and Hyla versicolor increased
with increasing air temperature. Addi-
tional experiments are required to deter-
mine if the Caiman call functions adap-
tively at different body temperatures of
both sender and receivers.

In considering the design of such
studies, we already know that juvenile
C. crocodilus demonstrate maximum au-
ditory sensitivity within a range of 0.2—
2.0kHz (Manley 1970; Wever 1971;
Campbell 1973), indicating a perceptual
match with the distress call frequencies
reported above. The next step might be
to test auditory sensitivity at different
body temperatures. This procedure has
merit because of the profound effect of
temperature on the reptilian auditory
system (Campbell 1969; Verner 1972,
1976). However, analysis of the two
components of the cochlear potential of
C. crocodilus showed that the CM, com-

ponent was relatively temperature inde-
pendent and would function anaerobi-
cally (Kauffmann 1974); its significance
for hearing or behavior has not been
demonstrated. Final evaluation of tem-
perature effects on acoustic behavior
might involve playback of the distress
calls, which have been recorded at differ-
ent body temperatures, to juveniles and
adults held at different constant body
temperatures.

It became evident during the study
that certain motor acts may effectively
overtide the emitting of these distress
calls. The first suggestion was that gular
pulsations may be incompatible with
sound production between 31 and 36 C.
(But a small sample size was the likely
cause of the probability of occurrence
being statistically nonsignificant [Sokal
and Rohlf 1969].) At these body tem-
peratures the rates of gular pulsations
are similar to rates in alert Caiman
(Flanigan, Wilcox, and Rechtschaffen
1973) and rates during the nonventilatory
phase ‘of respiration (Naifeh, Huggins,
and Hoff 1970), during which the gular
movements ventilate the olfactory epi-
thelium (Huggins, Parsons, and Pena
1968; Gans and Clark 1976). These T,’s
(31-36 C}) are between the “preferred
range”’ (28.5-31.5 C) and the maximum
voluntary tolerated 7. (36 C) for small
caiman {Diefenbach 19754) and within
the basking range of our animals. More-
over, vocalizations were not emitted dur-
ing the extension reflex (9.9-16.5 C) and
emitted only once when attempted or
actual biting occurred (16.5-21.5 C).
Surely these observations deserve more
attention because they imply, first, that
the distress call can be overridden at a
high but nonetheless common T, level
and, second, that other motor acts com-
pete with the expression of this vocaliza-
tion at 7.'s between 9.9 and 21.5 C.

Anatomical considerations.—The rela-
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tive temperature independence of repeti-
tion rate and call frequency and their
divergence from the temperature-depen-
dent relationships of call duration and
intercall interval suggest that anatomical
investigations would be rewarding. The
larynx, because it gives structure and
pattern to the airstrcam, is a place to
focus. Although no direct cvidence indi-
cates which of the laryngeal structures
determinc the call patterns, they may be
inferred from descriptions of the actions
of the muscles during respiration and
vocalization (Naifeh et al. 1970, 1971a,
19715; Naifeh, Huggins, et al. 1970;
Gans and Clark 1976).

Basically, Caiman respiration on land
involves active expiration and inspira-
tion and full inspiratory breath holding.
The ingpiratory breath holding (nonven-
tilatory phase), which does not always
occur (Gans and Clark 1976), results
from the action of the glottal sphincter
muscle shutting the glottis (Naifeh,
Huggins, et al. 1970). Rhythmic glottal
opening appears to be under the control
of the glottal dilator muscle, which is
situated at the anterior margin of the
glottal opening, and the posterior portion
of the glottal sphincter muscle (Naifeh,
Huggins, et al. 1970). These muscles
probably determine the temporal as-
pects of the vocalization, that is, the call
duration and repetition rate, which ap-
pear to be differentially affected by tem-
perature. Last, by inference, the glottal
aperture, which opens moderately at ex-
piration {Naifeh, Huggins, et al. 1970)

and is modulated by glottal dilators and
sphincter, shapes the spectral composi-
tion of the call. Supposedly the mecha-
nism determining glottal aperture is hittle
affected by changing temperature,

Ecological significance.—That the dis-
tress call and extension reflex both have
low T, thresholds near 10 C suggests
adaptation to low temperature. There is
some evidence bearing on this supposi-
tion :smaller Cafman (Diefenbach 1975¢),
American alligators (Joanei and Mc-
Nease 1972}, and Crocodylus niloticus
(Pooley and Gans 1976) feed at lower
body temperatures (at about 15 C) than
larger members of their species. Also
Pooley (1962) found that only 75%, of a
group of juvenile Nile crocodiles were
paralyzed at a low body temperature of
7 C. These observations show that some
small crocodilians feed and locomote at
body temperatures {5-20 C below their
‘normally’ selected levels. Small croco-
dilians may benefit from low-tempera-
ture functioning of physiological systems
by gaining more time for energy assimila-
tion. Additionally, because small Caiman
heat and cool faster than larger juveniles
and adults (Diefenbach 19758}, the T,
of small crocodilians should fluctuate
more. Thus, based on their thermal
properties alone, toleration of low body
temperatures would be adaptive. In this
regard, McNease and Joanen (1975)
found that, compared with adults, juve-
nile American alligators were more often
active during cold periods.
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