: AGGRESSIVE BEHAVIOR BY ADULT MORELET'S
CROCODILES CROCODYLUS MORELETI TOWARD YOUNG

R. Howanp Hunt

Apstact: The behavior of mixed groups of adult and
Cmmduhu maoreleti was observed at the Atlanta Zoological Pur

ﬁnung Morelet’s crocodiles,
during three reproductive

P While maintaining a strong promctive response toward all young approached by

| and i

humans, adults

lly attacked young (40-75 cm in total length),

especially when these young were in contact with or approached small hatchlings, This ag-
gressive behavior resulted in the segregation of successive age clusses. Hatchlings (23-40 cm)

were never threatened or attacked by adults,

Comrerent observers are beginning to
understand the complexities of crocodilian
parental behavior. A female Nile crocodile,
Crocodylus niloticus, has been observed
picking up 19 hatchlings in her mouth and
transporting them 15 m to water (Pooley,
1974; Pooley and Gans, 1976}, An American
crocodile, Crocodylus acutus, was photo-
graphed as she excavated her young from
the nest and carried them to water (Ogden
and Singletary, 1973). Hatchling transport
has also been reported for the spectacled
caiman, Caiman crocodilus ( Alvarez del
Toro, 1969, 1974), the Morelet’s crocodile,
Crocodylus moreleti (Hunt, 1975), and the
American alligator, Alligator mississippien-
sis (Kushlan, 1973).

Immature erocodilians vocalize when dis-
tressed, attracting adilts to their delense.
This behavior crosses species boundaries as
Neill (1971) discovered in New Guinea
when he grabbed a young vociferons New
Guinea crocodile, Crocodylus novaeguineae
md was attacked by an adult estuarine
crocodile, Croecodylus porosus. Many wild
ind captive adult alligators will attack hu-
nans holding young alligators (total length
= 23-150 em) producing distress calls. The
vontinued protective response by adults to-
ward young is difficult to reconcile with

ccounts of aggression by adults toward
voung. Adult A, mississippiensis have been
wen stalking B-month-old (total length =
40 e¢m) alligators (Herzog, 1974). Philip
‘hwens (personal communication) at the
Corkscrew Swamp Sanctuary, Florida, ob-
crved  adult alligators  taking  juveniles
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(total length = 60-90 em ) into their mouths
shaking and then releasing them uninjured,

Here I report observations of and experi-
ments with captive Morelet's erocodiles in
mixed age groups of young and adults at
the Atlanta Zoological Park. The overall
purpose of this study was‘to detect chang-
ing behavior of adults toward growing
young. The adults protected all young of
several age classes from human intruders
but frequently threatened (no contact) and
occasionally attacked young  erocodiles
(total length = 40-75 em). Immediately
after the 1975 hatching period, a juvenile
with a hatehling in his mouth was in-
troduced to the adult crocodiles to deter-
mine if adults would injure n cannibalistic
juvenile.

MareniaLs axp MerHons

Seven individually recognizable adplt C.
moreleti were divided into two groups in
January 1973. Group I contained a male
(AZP 29) and two females (AZP 23, 26).
Two males (AZP 19, 20) and two females
(AZP 21, 25) were in Group II. Each group
lived in a solarium 9 m x 9 m furnished
with & 4,500-1 pool and a planted area 4.5
m X 9 m. The average air temperature
was maintained at 32°C. The adults were
fed whole chickens once a week, and the
young received shrimp, minnows, mice and
crickets three times a weck. Self-piercing
monel no. 1 tags were attached to the toe
webbing of hatehlings and monthly sam-
plings of young were caught and measured.

The following terminology is used for
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age groups: (1) hatchling—1 day to L yr
of age, avernge total length = em;
(2) yearling—1 to 2 yr of age, average total
length = 50-65 cm; (3) juvenile—2 to 3 yr
of age, average total length = 65-100 emy;
(4) young—1 day to 3 yr of age.

Observers were provided with an excel-
lent view of the crocodiles from a darkened
aren along ane side of each solarium and
separated by a glass partition. Available
light was sufficient for most observations
but for night illumination a single 250-W
infrared f%ood]ight was placed in each
solarium. An audio amplifier (Pace Maker®
PM33) and speaker transmitted vocaliza-
tions from within each solarium to the ob-
servation area, At least one S-minute check
of the two groups of crocodiles was made
by staff members every 2 h, from 0900 to
1800, seven days a week. During episodes
of significant crocodile activity the author
spent from one to 10 h ebserving the activ-
ity to its conclusion.

For the past three years, young C. more-
leti have lived with adults, Fresh crocodile
eggs were removed from nest mounds and
incubated at 30°C in 30-1 Styrofoam® boxes
containing slightly damp peat moss. When
the babies within the eggs vocalized, the
Styrofoam® box containing the eggs was
buried in the mound, and in most cases,
the female released the hatchlings from
the nest. Representative babies from three
successive hatches (1973-1975) lived with
Croup I Adults in Group I1 did not live
with young until July 1975 when nine
young were introduced.

To test the adult protective response, ex-
perimental introductions were conducted
by tethering a juvenile (total length = 68
em) to a 560-g piece of cork and taping a
hatchling in its mouth. A dead hatchling
and also a live 2-week-old hatchling (total
length = 23 cm) were used on separate oc-
casions. The live hatchling was secured
inside a 2.5 cm % 8 em clear plastic tube,
permitting it enough freedom of movement
to voealize. The completed unit was posi-
tioned inside the juvenile’s mouth at the
mandibular symphysis to provide maximum
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visibility of the hatchling. White adhosive
tape closed the juvenile’s jaws around the
plastic tube containing the hatchling. The
dead hatchling was taped in the juvenile's
mouth in a similar manner. A tape recorder
was used to record hatchling distress calls
for playback experiments.

RrsvLTs

Observations.—In August 1973, C, more-
lett hatched from eggs produced by the two
females in Group 1. Female A [= AZP 28]
opened her nest and carried the hatchlings
to water but female B [= AZP 23] did not
respond to the vocalizations of her hatch-
lings in the nest mound. Nine of these hatch-
lings (total length = 23 cm) were left with
the Group I adults, They spent most of their
time basking on the shore near a pile of
rocks and logs in the territory of female B.

The two females, A and B, became ex-
tremely aggressive toward each other after
the August hatching period. Neither female
was dominant and each maintained a dis-
tinet territory.

By 10 months of age, the nine hatehlings
(total Jength = 40-50 em) had become very
secretive and rarcly entered the water, On
several occasions female B and male X
[= AZP 29] stalked hatehlings hiding in
vock piles. If appronched closer than 1
by these two adults, the hatchlings would
grunt several times and would move furthe
back into their rock retreat. At 2130 on 30
July, female B swam underwater toward «
hatehling cating minnows in the shallow:
The young C. moreleti ceased feeding whet
she almost touched it with her snout and
both remained motionless for 10 minutes.
The hatehling finally erawled out just b
fore the female lunged from the watc.
throwing water spray on the bank. The
threat display ended when the young C.
moreleti fled under a rock pile near tle
nest mound.

Eggs from females A and B failed
hatch in 1974 but in mid-September il
1974, female A released a substitute clutch
from female C [= AZP 25] in Group |
Most of the 30 hatehlings remained 1
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Tavte 1.—Summary of observed aggressive b
‘ ggressive ekz)lo;a;?ward young by § Morelet's crocodile A [=

No, young
_ Dates  ®A0em 4078 em
1974 .
21-30 Nov 24
1-31 Dec 20 ig
1975
1-31 Jan 15
1-28 Feb 11 g:
1-31 Mar 6 33
1 Apr-10 Jun N 39
1024 Jun 39
24-30 Jun 3 37
1 Jul-31 Aug 2 a3
1-3 Sep T 28
4-17 Sep 5 3
18-25 Sep 37 3

female A but some individuals wandered
over the entire solarium.

From August to the end of October 1974
fenm!c B was observed threatening the nine
yearlings on 16 occasions. In a typical
threat episode, she slowly approached a
young C. moreleti from the water, then
(!uickly lunged and snapped at it. She ini-
tiated eight of these threats in water and
on nine occasions threatened yearlings
mingling with hatchlings. At 2100, on 30
October, a yearling swam behind a voealiz-
ing hatchling. Female B lunged at the year-
ling and chased it from the water.

By mid-November of 1974, female B died
of osteomyelitis resulting from a fight in-
jury. Before the death of female B, female
A was not aggressive toward young, but
when she assumed the territory of the dead
lemale, she threatened yearlings.

F:um 21 November 1974 to 3 September
1975 female A was observed threatening
ur attacking young (total length = 40-75
em) on 117 occasions (Table 1). Sixty-
cight percent of all her threats and attacks
oceurred when young emerged from their
refuge areas during evening feeding periods
-l]ld 90% were initiated in the water,
P'wenty-nine percent of this female's threats

No. threat

Ave

4 e vurue length les
‘ia):l_ﬁ o Muu No. attacked of yo
e
3 55 R
12 50 2 40
21 58
5 60 1 65
X 60 7 )
60 2 50
6 60 1 gg
29 55 2 50
2 65 ol
E &

and attacks were directed at yearlings
they fed or mingled with haﬁchlingi (wtlt;’tesﬂ
length = 23-40 cm), On B December 1974
she threatened a yearling when it attempted
to take a chick head from a hatchling. Five
days later, she ignored two yearlings feed.
ing near several hatchlings until they pur-
sued one hatchling with food in its mouth,
The female lunged at the pursuers and
forced them from the water, On 2 January
1975 she lunged at a yearling when it swam
near six hatchlings. The hatchlings re-
mained stationary but the yearling left the
wntel“, only to return 1 h later. Another
yeurlu_\g grabbed several shrimp and a
hatchling’s foot simultaneously on 17 Jan-
uary 1975 and dragged the vocalizing hatch-
ling under a pile of vocks. Although she
could not see the distressed hatchling, fe-
male A lunged at four yearlings in the
water. Several rapidly growing hatchlings
reached 40 em in November 1974 and were
threatened and attacked by the female. By
April 1975 all the 8-month-old hatchlings
exceeded 40 em and were subjected to
threats by the female. On 5 April 1975 a
yearling (total length = 50 em) chased
several hatchlings with no interference from
female A.
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During eight attacks, female A used her
mouth t% seize young (total length = 40-
65 cm). A typical attack oceurred on 14
February 1975 at 1840 after she swam un-
derwater toward a_yeatling. The yearling
did not appear to be aware of the female
until she contacted it with her snout. She
quickly grabbed and lifted it frOn‘! the
water. After relaxing her grip until she
held the vocalizing yearling by its tfdl, fe-
male A released the uninjured yearling. Tt
quickly swam to the shore and crawled
into a pile of rocks and logs. The other
yearlings and hatchlings living with Group
1 vocalized during the 4-minute seizure.

Three 10-month-old hatchlings (total
"length = 30 em) that had been reared in
stock tanks apart from adults were intro-
duced to Group I on 24 June 1975, Female
A slowly and carefully picked up one of
the vocalizing hatchlings in her mouth n.ml
transported it to the water. This hatchling
carrying behavior contrasted gfr:ntiy with
the abruptness she showed in seizing larger
young (total length = 40-T5 em).

On 10 June 1975, all 29 eggs laid by le-
male A were removed from her mt:umd and
incubated artificially. She cuntm.ued to
guard her intact nest but juveniles oc-
casionally basked on the slopes of the

und.

m(')l‘he hatching eggs of Female A were rc-
buried in her nest mound on 2 September

1975. She released the hatehlings after

dark but only five live hatchlings and 2

dead embryo (total length = 18 mp) were

present on 3 September. Several juveniles
were particularly attracted to those hatch-
lings encumbered with egg m;-mbrunef;.

Female A chased one juvenile after it

picked up the dead embryo but she was

unable to contend with all 28 young scat-
tered around the hatchlings. Although can-
nibalism was not observed, 25 of the year-
lings and juveniles were removed, leaving

three small yearlings (total length = 40-

45 cm).

On 18 September 1975 female A released

a second group of 32 hatchlings (from eggs

laid by female C in Group 11). The gre-
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garious hatchlings remained near the femle
and were not molested by the remaining
three, secretive yeatlings.

Group 11 did not live with young until 3
July 1975, Four yearlings and one hatchling
were transterred on that date from Group !
to Group 1L An additional four yearlings
were introduced to Group IT from stuck_
tanks, where they had been reared apart
from adults. : 4 '

Both before and after the introcductions,
male Z and female C in Group 11 were
chased from the water and oceasionally pur-
sued on land by the dominant pair of croc-
odiles. Because of their preoccupation with
escaping injury from the dominant croco-
diles, male Z and female G were not ob-
served protecting or threatening young

iles.
m;?::ﬂn 3 July to 8 September 1075, fe-
male D [= AZP 9]1] made 11 threats on
- young (total length = 40-75 em). In her
only attack, she seized a yearling in her
mouth but released it uninjured. Threat-
ened yearlings and juveniles fled from fe-
male 1 but they often returned. She chased
one yearling from her nest mound on l(?
August 1975 at 1300 but it returned to bask
u later.
20;)1:: § September 1975 at 0930 we re-
buried the hatehing eges from female D in
her nest mound.  Using all four feet, she
serpped the overburden away from the ege
and gently scooped the hatehlings into he
mouth. In the water, she apened and closed
her mouth, producing a flow of wate
around the hatehlings. Several ]uvt-.m.ir-
grunted and moved closer to the vocalizin:
hatchlings. One juvenile near the nes!
mound nipped first at an egg shell and the

at a hatchling. It retreated when female 1

approached. She chased other juvc.niles ap

proaching hatehlings  but the juveniles

avoided her by taking refuge in rock il

log debris. One juvenile under log .IH

swallowed @ hatehling headfirst. The eiglt

juveniles and one yearling were remov: 1

from Group 11 on 11 September 1975.

Male X in Group 1 was observed threat
ening young (total length = 40-75 on
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on six occasions from 26 July 1974 to 15
April 1975. On 29 July he lunged at a hatch-
ling (total length = 45 cm ) eating minnows
in the water but his attack was interrupted
when female A raised her head to his.

During this study, five of the adults

(males X, Y; females A, B and C) main-
tained a strong protective response toward
vocalizing young held by the author, On 3
August 1974, while measuring a hatchling
in the solarium containing Group I, I was
chased by the three adults. On 1 January
1975 I noosed a yearling that female A had
just threatened. As I measured the vocal-
izing yearling, male X and female A lunged
from the water forcing me to retreat. A
week later, T noosed a hatchling (total
length = 34 cm) swimming in the solarium
pool and again, the adult pair lunged at
me. On 3 July 1975 T captured a yearling
from an elevated walk .5 m above Group
II. When the yearling vocalized, female
D and male Y lunged from the water and
bit at my legs.

Experiments—To determine if any cir-
cumstance could provoke our adult C. mere-
leti into injuring juveniles, a 68-cm speci-
men that had lived with Group Il from
3 July to 11 September 1975 was reintro-
duced on 16 September with a dead hateh-
ling in its mouth. The juvenile was tethered
to a piece of cork heavy enough to restrict
mobility, and a recording of hatchling dis-
tress calls was played continually during
cach of two 30-min introductions. Fe-
male 1 seized the vocalizing juvenile and
shifted it about in her mouth for 2 minutes
until it fell out uninjured. At 1800, after
undulating her tail, she again grabbed the
juvenile on the shore and pulled it into the
water. Its distress vocalizations attracted
several hatchlings and male Y. Although
the juvenile was vigorously seized several
more times by the female it was not in-
jured.

On 19 September 1975 at 1715 the same
individual was reintroduced to Group II
under the same conditions as the 16 Sep-
tember introduction except a live hatchling
in u tube was substituted for the dead one

and no recording was used. Female B swam
to the shore and approached the two vocal-
izing youngsters. She gently bit the hatch-
ling's tail that protruded from the tube and
tried to pull it from the juvenile’s mouth.
When she could not free the hatchling
from its protective tube she relaxed her
grip. At 1730, female D lunged at the juve-
nile and grabbed it with her mounth. After
carrying it to the water she relaxed her
grip but seized the juvenile again when it
shook its head in an attempt to free itself
of the hatchling, The female finally re-
leased the vocalizing juvenile after the male
approached her. ' The experiment was con-
cluded at 1830 with no injuries to any of
the crocodiles.

The experiment was repeated on 25 Sep-
tember 1975 at 1800 for Group 1, using the
same live hatchling and juvenile. The juve-
nile had lived with Group I from August
1973 to 3 July 1975, Its reintroduction on
the shore with the hatchling in its mouth
produced no immediate action from the
adults. After 10 min, the juvenile tried
to shake the hatehling from its jaws, pro-
voking an open-mouth vocalization from
the hatchling. Female A reacted to the
vocalization by lunging from the water at
the tethered juvenile. The juvenile could
not drag the cork rapidly enough to escape
and the female caught it at mid-body, in
her mouth (Fig, 1), She carried it into the
water and swam at the surface of the pool
for 10 min. The juvenile vocalized (lower
than the hatchling’s vocalizations) and
appeared  to be uninjured until 1825
when the female lifted it by the tail and
shook it vigorously with lateral movements
of her head. The uninjured hatchling fell
from the tube in the juvenile’s mouth and
swam to the shore, Female A released the
juvenile at 1840 but it was too wenk to
swim. Although no more hatchling distress
calls were heard by human observers, fe-
male A attacked the juvenile a second time
and again released it. Without inflicting
additional injury, male X held the flounder-
ing juvenile in his mouth for 2 min.

Then the female took the juvenile into her
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Fie. 1.—Female Morelot’s crocodile A [= AZP
28] seizing juvenile with hatchling,

mouth a third time and swam with it to a
shallow area of the pool where she lifted
and shook it several more times. At 1855,
the male rammed his snout into female A
and she dropped the juvenile. The male
and female were unusunlly aggressive to-
ward human intrusion at this time, hamper-
ing removal of the dying juvenile. Death of
the juvenile resulted from three deep pune-
ture wounds under its jaw, and a broken
tail. 'With complete mobility, the juvenile
would have probably dropped the shricking
hatchling and escaped from female A, Dur-
ing the study period, this was the only ob-
served attack by an adult that resulted in
injury to a young C. moreleti.

Discussion

Cott (1961) remarked on the difficulty
of finding C. niloticus between 2 and 5
yr of age (total length = 60-120 cm) in
protected wild areas such as below Murchi-
son, in the Kafue and Luangwa Reserves,
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at Mweru Wa Ntipa, and Ndumu Reserve,
Zululand where all other age groups were
abundant, The secretive behavior of the
2 to 5-year-old crocodiles was attributed to
cannibalistic adults. Pooley (1969) reported
that on 12 July 1967, 20 C. niloticus (total
length = 45-60 cm) were released into the
Inyamithi pan, Ndumu Game Reserve,
Zululand. After 3 months only one of the
young crocodiles remained in the area, in-
habited by white pelicans, monitors and
a large population of adult C. niloticus. It
was assumed that the white pelicans ate
most of the young crocodiles but it was also
possible that adult crocodiles chased the
young from the release arca.

Owr female C. moreleti threatened and
attacked young crocodiles (total length =
40-75 em) more frequently during cgg in-
cubation and hatching periods, although
these young were subject to attacks and
threats at any time of the year, especially
when competing with hatchlings (total
length = 23-40 em). Because of the space
limitations in the solaria, dispersal of threat-
ened hatchlings (total length = 40-50 cm,
age = 4-11 mo), yearlings and juveniles
from nest sites was not as effective as it
would be in a wild situation. The female
could not proteet all the emerging hatch-
lings from the excessive number of juve-
niles remaining near nest mounds at the end
of the incubation period but the experiment
with female A showed that juveniles cat-
ing hatchlings risked death if captured Dy
an adult female. Under most eircumstances,
threatened  young €. moreleti becane
seeretive and this seerctiveness segregated
them  from  gregarious  hatehlings  (total
length = 2340 cm) remaining near the
female.
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IDENTIFICATION AND DISTRIBUTION OF
HYLA VERSICOLOR AND HYLA CHRYSOSCELIS
IN WISCONSIN

Avan P, Jastow axn Ricunann C. Voor

AnsTRAcT:

Hyla ehrysoseelis is absent in much of the northem half of Wisconsin, whereas

Hyla versicolor s wuch more widespread in the state, Pulse rates of mating calls of both
species were significantly and positively correluted with esophageal or calling-site tempera-

Lures,

The regressions of pulse rate on temperature for the two species were significantly

different (P < 001). There was no overlap of pulse rates for the two species at any tem-

perature measared in Wisconsin ( 14.8-20.0/

seedly ), Calling I, versicolor & & are sign

ehrysoseeliv & &, Moean size of M. vewicolor §
were 35,2 nun (8D = 3.60),

Jounson (1966) recognized that . versi-
eolor inchuded o sibling species, [, chry-
soseelts, and that the only means of identili-
cation in the field is by mating call, The
calls of both species consist of a series of
pulses (Fig. 1), and II. versicolor has the
slower pulse repetition rate. Zweifel (1970)
found that pulse rate alone is not sufficient
for identification when the two species are
not found together. He showed that pulse
rates for the two species from Delaware,
New Jersey, and Virginia were the same

HempErorocica 33:201-205. June 1977

for H. versicolor; 41.4-714/s for H, chryso-
cantly larger and tend to be darker than H.
4 was 42.6 mm (8D = 2.02); H. chrysoscelis

when calls of H. versicolor at the highest
temperatures were compared to calls of
I, ehrysoscelis at the lowest temperatures,
The species can also be separated by cyto-
logical evidence (Bogart and Wasserman,
1972; J. P. Bogart, personal communica-
tion). Hyla versicolor is tetraploid and H.
chrysoscelis is diploid.

Throughout the literature H. wversicolor
and H. chrysoscelis are reported to be
largely allopatric. Parapatric poulations
were reported by Noble and Hassler (1936),



