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HATCHING AND CRECHE FORMAT]ON-
BY CROCODYLUS POROSUS.—Many species

of crocodilians atiend wnd puatalh | onea
their nests during incubation. and adulis of sev-
eral species remain with their voung for several
months after they haich (Crocodylus purfusiris,
Darmakumarsinhji, 1947; C. wiloticus, Cort,
1971; Caiman crocodilus, Staton and Dixon.
1977; C. moreleti, Hunt, 1975; C. poresus, Webb
etal, 1977). However, the role of adnlis at pests
and the significance of juvenile vocalivation e
unclear. Lee (1968) who weihed e #% cin
mississippiensis, and Hall and 1 .he ojeaiod
Blake. 1974) working with . «lei no s o st
«d that calling by juveniles syin hriosnscd Faach-
ing. Campbell (1973) and Staion and Divon
(1977) felt that the primary purpose of calling
was to induce the female 10 open the nest prior
to haiching and 1o maintain hatchling creches
(groups of haichlings often accampanicd by an
adult). These interpretations have not heen
tested experimentally.

This note reports observations on four as-
pects of hatching and creche formation by C.
porosus: 1) the effect of vocalization on time of
haiching; 2) behavior of adults at nests; 3) the

-relationship between nest opening and hatch-

ing; 4) the effectiveness of hatchling vocalization
in maintaining creches in the field. The study
was underiaken on the Liverpool and Tomkin-
son rivers, northern Australia. Descriptions of
the area, climate and other studies being under-
taken under the auspices of the joint University
of Sydney, Department of the Northern Ter-
ritory Crocodile Research Facility have been
given by Messel and Buter (1977).

Effect of vocalization on time of hatching.—Two
groups of ten eggs from the same nest were
incubated in polystyrene boxes. Two weeks be-
fore the estimated time of haiching a wape ie-
corder was placed in one box (treatment) and
recordings of hatchhng calls from a wild nest
were played for one hour in every six. Mechan-
ical stimulation of eggs was kept 10 a minimum.
Whenever the tape recorder was turned on in
the weatment box the lid had 10 be opened.
Similarly the lid was taken off the other box
(control) and replaced so that both boxes re-
ceived the same slight mechanical stimulation.
Rotting vegetation packed around the eggs in
both boxes maintained the temperature of the
eggs between 30 and 32 C. This is within the
normal range of nest temperatures in the wild.
Each box was kept in the same room, but the
tape recorder could not be heard by me outside
the “treatment” box when the lid was in place.
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The boxes were checked vegularly and eggs
were removed when the haichling’s snout broke
through the shell. The embryos called in re-
sponse 10 the 1aped calls in the “treatment” box
but no calls were heard from the “control” box
during checks.

Haiching of eggs in both treatment and con-
trol was protracted compared with nests that
were excavated. The interval between the first
and last eggs hatching was 458 hours in the box
subjected to hatchling calls and 397 hours in
the hox without a 1ape recorder. There was no
significant difference between the mean time of
haiching of the two groups (t,, ap, = 0.66, P >
0.5). .

Calls synchronize development in some
species of birds (Vince, 1969) but as young C.
porosus call only when the nest is disturbed it is
unlikely that calling acts similarly for C. porosus.
Hall and Lake (reported in Blake, 1974) no-
ticed that hatching of C. niloticus eggs in nests
they opened often caused adjacent nests 1o
hatch prematurely. They suggested that calls
from the first nest sumulaied the surrounding
nests to hatch. Tt is probable that eggs of C.
niloticus, like eggs of C. porosus do not hatch in
response to calls from other eggs, and that eggs
hatched in respons€ to mechanical sumulaton
caused by excavation of adjoining nests.

Behavior of adults at nests.—Fifty two nests were
checked at weekly intervals to see if an adult
was present and to see whether the eggs were
alive. A “Minolta” 8 mm movie camera with in-
tervalometer (Telonics Pty Ltd) was used to
photograph seven nests and surrounding areas
automatically ar three minute intervals for pe-
riods of up to 16 days. On most davs. lighting
limited imterpretation of photographs o those
taken between 0830 and 1740 hours.

Crocodiles attended nests long after the eggs
had been killed by flood waters, and one croc-
odile was photographed at the nest for the four
days during which the nest was covered by be-
tween one and three m of water. Some croco-
diles attended nests for up to two months after
the embryos had been killed, but no nest con-
taining only dead embryos was opened by a
crocodile.

Some nests containing live, full term embryos
were torn apart and the eggs were removed.
Tracks around nests indicated the presence of
large crocodiles. There were no tracks of other
large animals that might have been nest pred-
ators.
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At one nest the 1ime lapse camera recorded
a large crocodile (estimaied 1o be 3 m long)
moving back and forth between a nest and a
lagoon 5 m away. In several frames egg shells
could be seen strewn around the nest but these
had disappeared by the time the crocodile
ceased coming to the nest. No other animals
were recorded by the camera. The nest was
checked the next day. There were no eggs or
egg shells left in or near the nest. Seven haich-
lings were caprured in the lagoon near the nest
and at least 20 others were seen further out in
the lagoon. C. niloficus opens its nest o free its
young, then eats the empty egg shells (Pooley,
1977). The fragmentary observations given
above suggest that C. porosus may show similar
behavior.

Hatching of juveniles in the absence of an adult —
Nests at which no adult crocodiles were present
were opened by me within two days of the
voung commencing to call. To test whether
opening the nest affected survival of hatchlings
one nest was left unopened until the young
ceased to call.

Four nests were opened within two days of
the young commencing to call. All live enbryos
in these nests hatched within 40 min of the nest
being opened and most fully developed em-
bryos hatched successfully. In the nest left for
14 days the majority of fully developed em-
bryos were dead. Hatching success differed sig-
nificantly between the nest opened after 14
days and the nests opened after less than two
days (F,; = 18.18, P < 0.025).

Eight of the embryos that died in the nest left
for 14 days had their snouts protruding from
the eggs. The nest was loosely packed and it
therefore was unlikely that they were physically
incapable of releasing themselves from the
eggs. Of the two eggs that hatched successfully
one was at the top of the egg cavity and one
was in the center. The hatchlings escaped from
the nest by digging holes (3 cm diameter) to the
surface. :

The nest had been inspected regularly
throughout the incubation period and the tem-
perature of the egg cavity measured with a
mercury thermometer. The temperature of the
egg cavity varied between 31 and 33 C and the
nest material was always moist. Therefore the
hatchlings probably had not been subjected to
low temperatures or low humidities which
would make them abnormally weak. This sug-
gests that excavation of the nest by an adult
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may be necessary for successful hawching of
some eggs. -

Crocodiles ready 10 hatch ravely called spon-
taneously. Calls could be elicited from a nest by
bumpiné the surface, by a loud noise such as
a low flying aircraft or the playing of a tape
recording of hatchling calls close to the nest. In
the field the agent most likely to bump the nest
would be a parent. Not calling except when the
nest is bumped may reduce the chances of calls
of the young attracting predators when an
adult is not present.

Halchling vocalizations and maintenance of crech-
es.—This experiment tested whether haichling
calls kept hatchlings together in the field. In an
initial experiment 11 haichlings were released
into the upper reaches of the Liverpool River.
They immediately swam to the bank. After ten
minutes a lape recording of hatchling calls was
played from a boat 9 m upstream and 7 m from
the bank. A current estimated as 2 km/hour was
flowing from the boat towards the site of re-
lease.

In a second experiment seven hatchlings
were released in the same section of the river
but on the opposite bank. After ten minutes a
tape recording of hatchling calls was played
from the bank 9 m from the site of release.
There was a current estimaied as 1 km/hour
flowing {rom the site of release towards the tape
recorder.

Of the hatchlings from the wwo releases, all
but one moved to within 0.5 m of the tape re-
corder within 20 min of its being turned on.
They remained there until it was switched off
two hours later. The one hatchling that ignored
the call swam off vigorously when released and
was not seen again. During the second experi-
ment one hatchling released during the first
experiment, seven days previously, responded
to the tape recording by swimming diagonally
across the river (30 m wide) from 30 m down-
stream, crawling up the bank and sitting on the
tape recorder.

Although hatchlings did not form creches
during this study, previous studies have shown
that C. porosus hatchlings sometimes form
-reches accompanied by an adult crocodile
‘Webb et al., 1977). Haichling creches have
>een described for other species of crocodilians
A. mississippiensis, McIlhenny, 1935; C. niloticus,
Modha, 1967; Cott, 1971). This study has
hown that vocalization is an effective means of
naintaining haichlings in groups. Vocal com-
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munication is almost certainly the primary
means of keeping creches and adulis in contact.
Why juveniles do not form creches in the ab-
sence of an attendant adult when they have the
means of keeping in contact is not known, but
dispersing may be an advanage when an adult
is not present to protect the creche fram pred-
alors.
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OBSERVATIONS ON THE BODY TEMPER-
ATURE AND ACTIVITY IN THE RED
SPOTTED TOAD, BUFO PUNCTATUS.—
Several studies have shown that anurans are
capable of regulating their body temperature
through behavior (Lillywhite, 1970; Lillywhite
et al., 1973; Seymour, 1972; Pearson and Brad-
ford, 1976; Carey, 1978). The purpose of this
study was to determine the effect of behavior
on the body temperature of the toad, Bufo
punctaius.

Materials and methods.—This study was conduct-
ed at the Philip L. Boyd Deep Canyon Desert
Research Center in Palm Desert, Riverside
County, California during August 1974 and
August 1978. Toads were collected from a
small (1.5 X 4 m) man-made pond at the re-
search center were they have been established
for several years. Miniature (6 X 16 mm) tem-
perature-sensitive radio transmitters were used
to continuously monitor toad body tempera-
tures, with an accuracy to 0.1 C (McGinnis,
1967). The transmitter was inserted into the
coelomic cavity through a 2 cm incision on the
ventral surface of the toad anterior to the seat
patch. The incision was closed with 000 surgical
suture, and the 1oad was released the next eve-
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Fig 1. Body temperature and activity of B juene
latus (toad A) on 9 August 1974. The lines Jdepict
surface temperature in sunhght (upper solid) and in
shade (lower solid), 10ad body temperature (doried)
and ambient temperature at approximate location of
toad (dashed). Note drop in body temperature (ar-
row) prior 1o emergence from burrow retreat. The
lower bar indicates the location of toad in pond (solid
black), away from pond (diagonal hatching) or in bur-
row (clear).

ning. Afier release, the body temperature of
cach 10ad was recorded continuously for a pe-
riod of 2-3 days at % to 1 hour intervals. Sig-
nals were received by an AM radio via a loop
antenna placed in the general vicinity of the
toad. Air temperature, ground-surface temper-
ature in the sun and shade, and ambient tem-
perature in the immediate vicinity of the toad
were recorded with thermistor leads and a
Model 44 YSI Telethermometer. If environ-
mental temperatures exceeded 50 C, they were
measured with a mercury thermometer (—-20
to 110 C).

Results and discussion.—A 1otal of five toads (516
temperature recordings) were monitored over
a period of 11 days. A summary of body tem-
peratures is given in Table 1. The average uver-

TaBLE 1. StmMmary of Bobpy TEMPERATURES RECORDED FROM B. punclatus At Deep Caxvon 18 1974 (Toaps
A-C) anp 1978 (Toaps D-E).

Active body 1emp.

Overall body temp.

Toad Time period i SD Range N i SD Range N
A 8/9-8/10 28.7 &5 23.0-33.8 34 32.6 3.7 23.0-37.0 90
B 8/16-8/19 22.9 1 20.8-25.0 67 29.5 3.8 20.8-34.1 164
C 8/19-8/21 2272 1.5 19.8-25.8 30 275 3.9 19.8-32.7 78
D 8/14-8/15 219 1.3 20.0-26.5 35 29.5 4.2 20.0-33.2 90
E 8/16-8/17 23.0 2.0 19.0-26.9 37 30.8 5.5 19.0-35.2 94




