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Synorsts.  Adule alligators perform two conspicuous social displays, bellows and head-
slaps. Both of these behaviors are performed from a “head oblique tail arched” (HOTA)
posture, Bellow displays, by both males and females, involve the production of a loud,
roaring vocalization. Male alligators also produce a infrasonic signal, termed subaudible
vibrations, just prior to the audible bellow. Bellowing occurs throughout the year but is
most frequent during the courting season, when alligators bellow daily in choruses. Chorus
length appears to be correlated with the size of the adult population. Chorusing is fre-
quently initiated by females but seems to be perpetuated by male alligators. Bellowing
may serve to attract alligators of the opposite sex and possibly to space out animals of the
SAme sex.

The headslap display is an assertion display consisting of eight component behavioral
acts: the elevated posture, HOTA posture, subaudible vibrations, headslap, jawclap, growl,
inflated posture, and tail wag. Each act component is variable in presence and intensity
producing a highly variable, graded signal. The alligator typically remains motionless in
the HOTA posture for aboul 16 sec before executing the headslap/jawclap acts. The
headslap display involves a rapid clapping shut of the jaws as the undersurface of the head
is slapped against the water surface. Headslapping is most commen in early morning and
afternoon hours. Analysis of 1,050 headslap displays by 91 known individuals indicates
that 84.5% of the observed displays were performed by males, Headslap displays are
generally performed from typical display sites which the alligator seeks out prior to the

display. Responses to headslap displays include headslapping by others, lunges, approaches,

and bellow growling, The headslap display

functions as a declaration of presence.

A musky odor is commonly detected in association with both of these social displays,
suggesting a possibly important, but little understood, pheromanal component of these

behaviors.

The displays both involve complex signals including visual, auditory, olfactory and
possibly tactile channels of communication. Most of the behaviors described are shared

with many other species of crocodilians,

InTRODUCTION

The study of the social behavior of croc-
odilians is still in its infancy. Although
crocodilians are large, conspicuous, and
were, at least historically, common com-
ponents of their aquatic communities, until
recently little but anecdotal observations
had been made on them. Accounts of
encounters with the American alligator
(Alligator mississippiensis) fill the notes of
many early explorers and settlers of the
voutheastern United States. Most are highly
mbellished but include many interesting
bservations of the alligator’s behavior and
natural history. Records dating from the

——

' From the Symposium on Bislogy of the Crocedilia
esented at the Annual Meeting of the American
“aciety of Zoologists, 27-30 December 1987, at New
“irleans, Louisiana,

late 1500s describe the roaring bellows of
alligators resounding through the south-
ern swamplands. Bartram’s (1791) florid
writings include accounts of bellowing,
nesting and the aggressive nature of the
alligator. Bartram (1791) and Audubon
(1827) both comment on the enormous
concentrations of alligators in large south-
ern rivers.

Most early scientific studies of the alli-
gator concentrated on descriptions of their
morphology and physiology (Clarke, 1891;
Reese, 1907, 1915; Coulson and Hernan-
dez, 1964). However, Harper (1930) and
MclIlhenny (1935) contributed important
observations of the natural history of the
alligator obtained during years of close
association with the animals in the wild.

In the 1960s, detailed studies of the ecol-
ogy of the Nile crocodile (Crocodylus niloii-
cus) began to emerge, providing the first
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systematic observations of the behavior of
any crocodilian species (Cott, 1961; Modha,
1967; Pooley, 1969). Interest in the biol-
ogy of the American alligator grew in the
United States (Joanen, 1969; Joanen and
McNease, 1970, 1971). As details of these
studies emerged, a picture developed of
behavior far more complex than that of
any other reptile group yet studied.

Detailed observations of crocodilian
behavior required study of the animals
under captive conditions. Herzog (1974)
and Garrick and Lang (1975, 1977a, b)
studied aspects of the social behavior of
American alligators in alligator farms in
Florida. Their combined efforts (Garrick
et al., 1978) provided the most complete
description of behavior and communica-
tion of any crocodilian species.

In 1981, 1 began working with a captive
alligator population, primarily to gather
sufficient data for a detailed analysis of
courtship behaviors (Vliet, 1986, 1987).
The study allowed comparison, verifica-
tion, and further quantification of the
behaviors described in the earlier works
cited above. [ used a large number (ca. 160)
of adult study animals, each individually
tagﬁcd and of known sex and size. Workin
at the St. Augustine Alligator Farm (SAAF
in northeastern Florida, [ recorded obser-
vations of behavior during the courtship
season, April through the beginning of
{unc. from 1981 to 1983, Data were col-
ected during more than 850 hr of obser-
vation. The study site was a lake of approx-
imately % hectare surface area traversed
by a wooden boardwalk from which obser-
vations were made. A detailed description
of the study site and methods is provided
in Vliet (1987). The majority of observa-
tions of courtship and other social behav-
iors were made from distances as close as
3 m and not greater than 25 m, Observa-
tions were recorded on audio cassette, 35
mm slide film, 8 mm film, and Y% inch video
for analysis.

Alligators commonly perform two con-
spicuous social displays, bellowing and
headslapping, during the courting season
as well as at other times of the year. Infor-
mation from observations of more than
1,200 timed observations of bellowing and

2,000 headslapping displays, performed by
individuals of known size and sex, collected
during the SAAF study, allowed a more
detailed description of these behaviors than
had been possible in the past.

BELLOWING
Introduction

Crocodilians are quite vocal relative to
other reptile groups and alligators are
among the most vocal of the crocodilians
(Campbell, 1973; Gans and Maderson,
1973; Herzog and Burghardt, 1977). Ref-
erences to alligator vocalizations, as early
as 1564, were among the first recorded
observations of alligator behavior (Neill,
1971). Harper (1930) and Mcllhenny
(1935) both mentioned the loud roaring
vocalizations produced by the male alli-
gator during the breeding season. Evans
and Quaranta (1949) discussed the highly
vocal nature of the alligator. Oliver (1955)
also described bellowing by males toattract
female alligators.

Detailed analysis of these behaviors has
occurred only recently, Garrick et al. (1978)
defined the terms used in describing bel-
lowing displays. The vocalization is referred
to as the “bellow,” the associated move-
ments from one bellow to the next as a
“bellowing cycle,” a number of bellowing
cycles produced in series is referred to as
a “bout,” and the combined bouts of all
individuals are called a "'chorus."

Both male and female alligators bellow
(Garrick and Lang, 1977a; Vliet, 1986).
During the the alligator's breeding season,
bellowing occurs almost daily. The bellow-
ing of one animal stimulates others in the
population to bellow, eventually forming a
bellowing chorus. When bellowing does
begin, the chorus spreads very rapidly
through the population. Bellowing spread
through the study lake in the SAAF study
in less than 30 sec. Alligators often
responded to the bellowing of an initiating
animal within 15 sec.

Behavioral act components

The changes in body posture and
associated movement acts in bellowing
have been described by many authors
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(McIlhenny, 1985; Beach, 1944; Joanen
and McNease, 1971; Silverstone, 1972;
Fogarty, 1974; Herzog, 1974; and Garrick
et al, 1978). A typical sequence of body
movements during bellowing by a male alli-
gator is illustrated in Figure 1. Bellowing
is composed of four primary body move-
ments.

1. Inhalation.—In preparation for bellow-
ing, the alligator raises its head out of
the water (Fig. LA), remains still
momentarily, then performs a gulping
motion, visibly contracting the laryn-
geal musculature as if forcing air into
its body. The alligator then drops lower
in the water (Fig. 1B).

2. Head oblique tail arched (HOTA) pos-
ture.—Following inhalation, the alliga-
tor raises its head to a 30 or 40 degree
angle and arches its tail (Fig. 1C) into a
posture referred to as the "“head oblique
tail arched posture” (Garrick et al.,
1978).

3. Subaudible vibrations (SAV).—In males,
the alligator then visibly tenses and pro-
duces an infrasonic signal so powerful
that water “dances" up around the alli-
gator's torso (Fig. 1D). This signal has
been termed “‘subaudible vibrations™
(Garrick and Lang, 1977a).

4. Audible bellow.—The audible bellow, a
deep, roaring vocalization, is produced
immediately following the SAV (Fig.
1E). Early authors often claimed that
bellows could be heard over distances
of a mile or more (Kellogg, 1929; Har-
per, 1930: Mcllhenny, 1935). Although
these estimates are extreme, the low
frequencies of bellows do carry great
distances over open marshes. A sono-
gram of a 2.86 m male ;lllitg;mn' bellow
is given in Figure 2, The bellow has a
dominant frequency ol about 0.1 kHz
with harmonics to 0.4 kHz. An artifact
of the SAV signal is apparent immedi-
ately before each audible bellow,

The bellowing cycle for female alligators
differs somewhat from that of males.
Female alligators do not produce the SAV
signal and the audible bellow of the female
is produced as the animal lowers into the
water following inflation of the lungs.
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FiG. . Body postures and movements associated with
the bellowing display in a male American alligator.
(A) Inhalation (0.00 sec); (B) lowering (1.38 sec): (C)
head oblique tail arched posture (3.78 sec); (D) subau-
dible vibrations (4.78 sec); and audible bellow (5.40
sec).

Sexual dimorphism in bellowing displays
Characteristics of the bellowing display
differ between the sexes, As females do not
woduce the SAV, the interbellow interval
is shorter than that of males and the ca-
dence of female bellowing bouts is more
rapid. In the SAAF study, the mean dura-
tion of each bellow cycle for female alli-
gators was 5,29 sec (n = 132) as compared
to 6.65 sec (n = 352) for males. These val-
ues indicate bellowing cycles somewhat
longer than those reported by Garrick et
al. (1978). Females averaged 5.34 bellows
per bout (n = 153) while the mean bellows
per bout for males was only 4,59 (n = 429).
However, the overlap was great enough
that the difference is not statistically sig-
nificant. A frequency distribution of bel-
lows per bout given by alligators at SAAF
is shown in Figure 3. On average, an alli-
gator bellows %l.:e or six times per bout,
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Fic.2. A sound spectrograph of the bellowing vocal-
izations of a 2,86 m male American alligator. Artifacts
of the “water dance" effect of the subaudible vibra-
tions are visible immediately prior to the audible bel-
low.

A primary difference between the sexes
is the production of the SAV signal in males,
The SAV involves the production of an
infrasonic acoustic signal from within the
torso causing water droplets to be pro-
jected up as much as 25 cm above the water
surface (Fig. 4). The signal also causes
nearby physical objects to vibrate. Very
preliminary measurements suggest that the
signal has a frequency of approximately 10
Hz (Vliet, 1986). This signal is strongest
prior to the first audible bellow and sub-
sequently becomes weaker and of shorter
duration with each subsequent bout. The
duration of the initial SAV of a 3.2 m male
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Fic. 3. A [requency distribution of the number of
bellows included per bout in bellowing displays of
male and female American alligators in Apriland May
1988 at the §t. Augustine Alligator Farm (n = 640).

Fic.4. A photograph of the “water dance,” an effect
of the subaudible vibrations produced by adult male

alligators,

at SAAF was 1.35 sec while that of the fifth
bellowing cycle lasted only 0.55 sec. A si‘;-
nal of this frequency should theoretically
travel long distances under water. It is con-
ceivable that the SAV signal in association
with the bellowing display allows females
to locate males during the courting season
(Garrick et al., 1978).

Vague references to this behavior are
scattered throughout the literature of alli-
gator behavior. Bartram's (1791) much
maligned descriptions of alligator bellow-
ing included remarks that the bellow was
“not only shaking the air and waters, but
causing the earth to tremble.” Kellogg
(1929) noted that the voice of the female
was “less tremulous” than that of the male.
Mcllhenny (1935) included an accurate
account of this phenomenon, referring to
“tremulous vibrations'' during bellowing
by a male. His description is the first to
clearly mention the ‘“‘jets” of water
“bouncing into the air from the water.”
Ditmars (1946) also alluded to this behav-
ior and Beach (1944) noted that the “spas-
modic jerks” were not produced by a 1.5
m male alligator. More recently, Herzog
(1974) clearly referred to this behavior
during bellowing, but failed to make note
of the sex of the animals. A compilation of
behavioral acts by Garrick and Lang
(1977a) included SAV in bellows by
females. In observations of thousands of
bouts of bellowing and headslap displays
by individually marked animals of known

sex in the SAAT study, females were never
observed to produce this signal.
Thereare very clear examples of sex rec-
ognition during bellowing perhaps as a
result of perception nr:hcg;\v. Alligators
of opposite gender often pair up and bel-
low simultaneously near, or in contact with,
one another (Garrick and Lang, 1977a;
Vliet, 1986, 1987). Females frequently
approach bellowing males and twist or
wrap their bodies around the head and neck
as he continues to bellow. Many of these
interactions proceed into courtship en-
counters (Evans and Qauranta, 1949; Gar-
rick and Lang, 1975), although in captive
situations most courtships occur outside of
bellowing choruses (Vliet, 1987).

Circannual and circadian patlerns

Alligator bellowing may occur at any time
of the year although it is a rare occurrence
during the coldest months (Garrick et al.,
1978). The peak of bellowing activity
occurs at the peak of the courting season
(Bartram, 1791; Mcllhenny, 1935; Joanen
and McNease, 1971, 1972, 1975, 1979;
Fogarty, 1974; Garrick and Lang, 1977q;
Garrick et al., 1978; Vliet, 1986). Follow-
ing the courting season, bellowing choruses
continue, but are of shorter duration and
are less regular than before (Joanen and
McNease, 1971; Herzog, 1974; Garrick et
al., 1978).

Sporadic bellowing may be heard at any
time of the day or night, However, sus-
tained choruses of bellowing occur only in
morning hours (Reese, 1907; Harper,
1930; Herzog, 1974; Garrick et al,, 1978;
Vliet, 1986). In the breeding season,
choruses become a daily occurrence,
Periods of bellowing choruses recorded at
SAAF in the spring months of 1983 are
shown in Figure 5. Through the course of
the breeding season, choruses were initi-
ated progressively earlier in the morning
(Herzog, 1974; Vliet, 1986). Total length
of chorusing per day also increased. In late
May, when bellowing activity wasat its peak,
there were typically two morning choruses;
one near dawn, and another later in the
morning (Vliet, 1986).

There is evidence that population size
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Fic.5. Temporal distribution of marniing billowiig
choruses at the St. Augustine Alligator “.mn T
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may influence the length of bellowin
choruses (Vliet, 1986). In a few |ml:lhl|rn
records of chorus length, larger populi-
tions of captive adult alligators appear to
have longer periods of bellowing. Herso
(1974) recorded an average chorus len lﬁ
of 11.3 min for a captive group of 26 adult
alligators. Garrick et al. (1978) reported
that at the peak of bellowing activity for a
population of 35 adults, choruses averaged
21.5 min. During the 19883 courting season
at SAAF, 1 found the average length of
chorusing per day for a population of more
than 350 adult alligators to be 35,4 min (n
= 60). Durinf the peak period of bellow-
ing, in mid to late May, total chorus lengths
;;cruged more than 55 min per day (n =
Female alligators produce a vocalization
referred to as a “'bellow growl” (Garrick et
al., 1978) in response to mostly male activ-
ities such as headslapping or approaching
for courtship. Bellow growl vocalizations
differ from the typical bellows in that the
HOTA posture 1s not assumed before
vocalizing (Garrick ef al., 1978). At SAAF,
I found that bellow growls by female alli-
gators were often the stimulus for bellow-
ing choruses. Frequently females would
bellow growl in response to male aggres-
sion nearby and then continue to bellow
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with the normal movements and cadence
of the bellowing display. However, once
chorusing had begun, male alligators
seemed responsible for perpetuating the
bellowing Cﬁorus.

Functions of bellowing displays

Numerous reports suggest that bellow-
ing serves as a sexual attractant between
alligators of opposite sex (Carr, 1967, 1976;
Fogarty, 1974; Garrick, 1975q; Vliet, 1986,
1987). Joanen and McNease (1971, 1975)
believed bellowing attracts alligators to the
open areas of the marsh in which they court.
Bellowing may also act as an agonistic sig-
nal to alligators of the same sex (Kellogg,
1929; Oliver, 1955), Additionally, bellow-
ing may provide information on the size,
sex, location, and possibly social position
of the performer (Garrick and Lang, 1977a,
Garrick et al., 1978). Garrick et al. (1978)
also speculated that bellowing interactions
may serve to synchronize group activity.

Bellowing displays may be instrumental
in defining territories or home ranges in
the early part of the season. In captive sit-
uations, males fight vigorously during bel-
lowing choruses at the beginning of the
courtship season (Garrick et al., 1978; Vliet,
1986). Many serious and permanent inju-
ries are sustained in these fights. Males
appear to become more tolerant of other
bellowing males as the courtship season
progresses. There is some evidence that
suggests this aggression also occurs in wild
populations. Schmidt (1922) reported fre-
quent mutilations of large specimens and
suggested this was due to males fighting
one another in association with bellowin
in the spring. Joanen and McNease (1972
mentioned that there was evidence, in the
form of fresh injuries, suggesting that males
had recently taken part in combat.

HEeADSLAP
Introduction

Alligators of both sexes perform a social
display referred to as a headslap (Garrick
and Lang, 1977a; Garrick et al., 1978). The
headslap appears to be a typical reptilian
advertisement display, uimF]y indicating the
presence and location of the performer
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(Garrick, 1975a; Garrick and Lang, 1977q).
In its simplest form, the display may involve
only an isolated jawclap, In its most intense
form, the headslap display includes eight
behavioral acts,

Accounts of the headslap display are
poorly represented in the older literature.
Joanen and McNease (1971) mentioned a
“ritualistic biting of the water" by males
as a part of courtship. Silverstone (1972)
referred to ‘‘jaw-smacking” b{' the male,
and rarely by the female, alligators he
observed near Fort Pierce, Florida.

BEHAVIORAL AcT COMPONENTS

Garrick and Lang (1977a) recognized
seven different forms of the headslap dis-
play “‘each resuhini from the addition of
signal elements.” In addition to seven
behavioral acts commonly associated with
the headslap display, I consider the “ele-
vated posture” to be a good indication that
the display will be performed and have thus
included it as an additional act component.
So, at SAAF, 1 recognized eight acts com-
monly associated with the display.

Any of the behavioral act components of
the headslap display described below may
be included or omitted from a display. Most
of these acts are variable in intensity. Con-
sequently, headslap displays are extremely
variable, both in content and intensity.

Elevated posture

Alligators preparing to headslap may
assume a characteristic body posture here
referred to as an “elevated posture.” The
body is held straight and somewhat ele-
vated so that the entire cranium, nuchal
scales, dorsal scalation, pelvis, and much of
the dorsal surface of the tail is held above
the water surface (Fig. 6A). Alligators may
remain in the elevated posture longer than
35 min before performing the display.

Head obligue tail arched posture

A HOT A posture indistinguishable from
that of bellowing is assumed in preparation
for a headslap display (Fig. 6B). Once posi-
tioned, the displayer remains motionless
for about 16 sec before rapidly executing
the headslap. The body is always held
straight during the headslap display.
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Rarely, headslap displays are performed
from an elevated posture. In intense dis-
ﬁlays. alligators begin to tail wag before

eadslapping (Fig. 6C). Garrick et al. (1978)
state that this posture was assumed in four
of the seven cases used in their description
of variation of the display. At SAAF, the
head oblique tail arched posture was
observed in association with more than 99%
of the hundreds of headslap displays
recorded.

Subaudible vibrations

The SAV display is frequently included
with the headslap display (Garrick and
Lang, 1977a; Vhet, 1986), immediately
before or simultaneously with the headslap
act itself. As in association with bellowing,
the SAV is produced solely by male alli-
gators (Vliet, 1986). It is not included in
all male headslap displays performed by
adult males. The SAV signal is occasionally
presented in series, with as many as eight
repetitions before the headslap (Vliet,
1986). Multiple SAVs prior to headslap-
ping were not common at SAAF. In such
cases, the first was always the most intense
with subsequent SAVs becoming weaker
and more rapid, ultimately culminating in
a headslap display. Only 12% of the males
exhibited multiple SAVsand, of these, none
performed them in more than 86% of their
observed headslap displays,

Headslap

Generally presented simultaneously with
the jawclap, the headslap involves a vig-
orous and sudden slap of the undersurface
of the alligator's head against the water
surface (Fig. 6D).

Jaweclap

The jawclap consists of a rapid opening
and snapping shut of the alligator's jaws,
producing a loud (67 db at 4.5 m [Herzog,
1974]) percussive sound (Fig. 6E). The jaw-
clap can be heard at least 200 m through
air and probably even farther underwater
(Garrick and Lang, 1977a).

The presentation of the jawclap is highly
variable. Very rarely, an animal performs
two jawclaps in series separated by only a
few seconds (Vliet, 1986). Jawclaps may also
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Fie. 6. Body postures and movements associated with
the headslap tlininluy of a male American alligator, (A)
An alligator in the “elevated posture,” assumed prior
to performance of the headslap display; (B) head
oblique tail arched posture (0.00 sec); (C) tail wag
begins (17,22 sec): (D) headslap with subaudible vibra-
tons (17.83 sec); () jawelap (17,38 sec); and (F) inflated
posture (at 33,50 sec).

be presented without an accompanying
headslap. Alligators performing jawclap
displays on land rarely include the headslap
behavioral act in the display. Conversely,
headslaps are only very rarely performed
without an accompanying jawclap. Ina non-
social context, LhejawrFap is also used by
alligators toward human intruders (Bar-
tram, 1791; Garrick and Lang, 1977a).

Growl

Alligators often produce a gutteral growl
just before, durinF, or immediately after
the headslap/jawclap. The growl has a fre-
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Fic. 7. A frequency histogram of time intervals between more than 900 headslap displays recorded in April
1983 at the St. Augustine Alligator Farm. Several intervals of greater than 60 min are not represented.

quency of approximately 100 Hz (Garrick
el al, 1978). It is performed mostly by
males. However, a few headslap displays
performed by females also include a growl.

Inflated posture

Following the headslap/jawclap display,
the alligator typically rises into a conspic-
uous body posture (Fig. 6F) referred to as
an inflated posture (Garrick et al., 1978).
The legs are extended fully, the back
arched, and the tail is held at or above the
water surface. The head may be held either
above or below the water level, and the
mouth may be open or remain closed.

Tail wag

While in the inflated posture, alligators
generally perform a “tail wag” (Silver-
stone, 1972; Garrick and Lang, 1977a;
Garrick ¢f al,, 1978), undulating the tail
vigorously from side to side, and thus vio-
lently churn the water. In the most intense
displays, tail wagging is initiated before the
headslap and intensifies following the dis-
play.

BenavioraL Act CADENCE

The cadence of the headslap display is
relatively stereotyped. The length of time

the HOTA posture is maintained before
execution of the jawclap averaged 16.2 sec
(n = 118) in the SAAF study. Garrick e al.
(1978) reported a maximum pause of 45
sec and Herzog (1974), a maximum of
75 sec. At SAAF, I noted that alligators
appeared cautious at this time and often
suspended the display momentarily. Fol-
lowing this motionless period, the head-
slap/jawclap is performed rapidly, within
0.08 and 0.15 sec (Garrick et al., 1978).
Headslapping displays are contagious
(Garrick et al, 1978; Vliet, 1986). The
headslap of one animal causes others to
headslap. However, the response may be
more than 15 min after the first display
(Vliet, 1986). This very long response time
may be the result of alligators selecting a
display site before displaying (see below).
Once in position, the animal either initiates
the display performance, or waits for
another animal to headslap. As a result,
headslaps are grouped in time: several dis-
plays occur within 15 or 20 min and then
there are no displays for the next 45 min
or an hour. Figure 7 illustrates the time
intervals between more than 900 headslap
displays recorded in the SAAF study.
Although the average interval was more
than 10 min, the modal classes are of very
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short intervals of less than 1 min, indicat-
ing the clumped nature of these displays.
Although even large males typically do not
headslap more than two or three times in
a day, rarely, in the SAAF study, I noted
that some males headslapped twice within
as little as 6 min.

Alligators in Florida perform headslap-
ping displays throughout the year. How-
ever, there is seasonal variation in the fre-
quency of this behavior. Silverstone (1972)
and Garrick et al. (1978) indicated that
headslapping was most frequent in the
breeding season.

Within the breeding season, there is con-
siderable variation throughout the day in
the frequency of the display as well. Gar-
rick ef al. (1978) found headslapping to be
primarily a morning activity with 81% of
all such displays recorded before noon, At
SAAF, the frequency of headslapping
through the day (Fig. 8) showed a more
complex pattern (Vliet, 1986). Headslap-
ping was a very frequent activity in early
morning (ce. 4.5/hr) but lessened as most
of the animals moved up into basking areas.
After basking, animals moved back into the
water and the frequency once again
increased (ca. 6/hr) in early afternoon. A
late afternoon basking period caused
another drop in the likelihood of the dis-
play. This was followed by a final increase
near dusk. Headslapping occurs often at
night but no quantitative data exist to com-
pare with daytime frequencies.

SEXUAL DIMORPHISM IN
HEaDSLAP DISPLAYS

In the SAAF study, during approxi-
mately 395 hr of behavioral observation in
the 2 mo period from 8 April through 7
June 1983, a total of 2,078 headslap dis-
plays were documented. In 1,050 of these,
I determined the individual identity of the
alligator performing the displays. Male alli-
gators performed headslap displays much
more frequently than did females. Most
(95.5%) of the males (n = 66) in the study
population were observed to headslap while
only 43.1% of the females (n = 65) were
identified performing displays. These males
(n = 63) averaged 15.5 headslap displays
per individual during the period of obser-
vation while those females that did display
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Fic. 8. Average hourly frequency of headslap dis-
plays recorded in April 1983 at the St. Augustine
Alligator Farm,

(n = 28) averaged only 2.4 observed head-
slap displays. As a result only 5.5% of the
1,050 headslaps recorded from identified
alligators where performed by females.
Female displays tend to be less intense, and
less complex, than most male displays (Sil-
verstone, 1972; Vliet, 1986). 1 found no
correlation between body size and fre-
quency of headslap displays for either sex.
However, Garrick et al. (1978) stated that
dominant males and females headslapped
more often than subordinate animals.

DisPLAY SITE SELECTION

The SAAF study indicated that alliga-
tors actively seek out specific display sites
from which the headslap display is per-
formed (Vliet, 1986). Animals often posi-
tion themselves in these display sites for as
long as 35 min before they actually per-
form the display. Frequently used display
sites were most often against the shore (87%
within 0.6 m), More than one third of the
display sites were covered by overhanging
vegetation or structures. Secluded loca-
tions in backwaters or cuts in the bank were
often preferred as headslap display sites. A
few displays were performed in open water
(ca. 1%) or on land (5.5%).

OBSERVED RESPONSES
In addition to stimulating headslapping
activity in other alligators, several common
responses to headslap behavior have been
observed. These include lunges by male
alligators, bellow growl vocalizations by
females, swimming away from or ap-
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roaching the displayer and approaches
ollowed by courtship (Garrick etal., 1978).

Lunges are performed exclusively by
male alligators. Immediately following a
headslap display, the lunging animal pro-
pels itself forward, charging through the
water. Lunges are not always directed
toward the displaying alligator; they can
be directed at an angle to the displayer.
Most lunges do not culminate in contact
between the animals although attacks and
bites do occasionally occur. Lunges may be
elicited from animals as much as 15 m from
the displaying animal.

As mentioned previously, female alliga-
tors, especially small adults, produce a bel-
low growl vocalization in response to nearhy
agonistic interactions or when approached
by a large male (Garrick and Lang, 1977a;
Vliet, 1986). This vocalization is also very
rarely made by very small (<220 cm) males
(Vliet, 1987). Females respond with bellow
growls to headslapping displays or fights

etween males from as much as 15 m away,

Headslap displays frequently elicit the
approach of other alligators (Garrick,
1975a; Garrick and Lang, 1975; Garrick
and Lang, 1977a; Vliet, 1986, 1987). Gar-
rick and Lang (1977a) reported animals
approaching from as far as 50 to 756 m.
Displayers are occasionally approached by
alligators of the ogposite sex. This fact led
Garrick ¢f al. (1978) to consider headslap
displays as courtship advertisement dis-
I')lays. In the SAAF study, approaches fol-
owing headslaps lead to courtship only
rarely (Vliet, 1986, 1987), in less than 1%
of the headslap displays observed.

FuncTion oF HEADSLAP DISPLAY

The function of the headslap display
might best be described as a declaration of
presence (Garrick et al., 1978). Like other
reptilian assertion displays, it seems to serve
to advertise the location of an alligator,
frequently being presented soon after an
alligator has arrived at a new area or just
before it leaves an area. The contagious
nature of the display sug%}ests that it might
play some role in establishment and main-
tenance of dominance or hierarchical rela-
tionships. In the captive population studied

by Garrick et al. (1978), the majority of
headslaps were performed by the most
dominant males and females. However, in
the SAAF study, the frequency of head-
slapping by an individual was not corre-
lated with size or other behaviors that might
indicate dominance, such as lunging or
courtship activity. The fact that heagslap
displays do occasionally lead to courtship
suggests a small sexual component to the
display.

Discussion

These two social displays, bellowing and
headslapping, form an integral part of the
social communication of adult American
alligators. Ontogenetically, these displays
are first performed while the alligators are
still subadults. I have seen alligators at 1.1
m total length rcrform headslap displays
and alligators slightly smaller attempting
to bellow.

The displays are complex, involving
stimuli to several sensory apparati, includ-
ing visual, auditory, olfactory, and proba-
bly tactile cues. The aquatic environment
in which these signals are transmitted and
received undoubtedly enhances the alli-
gator's ability to perform these complex
social displays, allowing easy mobility and
rapid transmission of signals as well as
emphasizing visual signals at the water sur-
face.

Many authors have noted an association
between bellowing activity and reproduc-
tive activity in crocodilians. In addition to
repeated references to this for Alligator mis-
sissippiensis (Schmidt, 1922; Beach, 1944;
Fogarty, 1974; Garrick and Lang, 1975,
1977a; Joanen and McNease, 1975; Gar-
rick et al.,, 1978), it has also been reported
in the spectacled caiman, Caiman crocodilus
(Alvarez del Toro, 1969), the American
crocodile, Crocodylus acutus (Alvarez del
Toro, 1974), the Nile crocodile, Crocodylus
niloticus (Cott, 1961), and the saliwater
crocodile, Crocodylus porasus (Deraniyagala,
1939).

Garrick and Lang (1977a) and Garrick
etal. (1978) suggested that the highly vocal
nature of the a?]igamr might be an adap-
tation to the marsh habitats in which they

ALLIGATOR SOCIAL DISPLAYS 1029

live, which are dense and thus restrict the
importance of visual signals in social com-
munication,

The headslap display appears to have
evolved to maximize several cues well suited
for the water surface environment in which
the alligator lives. The display has a num-
ber of components that function to make
the alligator conspicuous. Visual compo-
nents include the HOTA posture, the
inflated posture following the headslap, and

ibly the “water dance” visual effect of
the SAV. The HOTA and the inflated pos-
tures are held for a period of time sufficient
for other alligators to recognize the loca-
tion, and possibly the size or identity, of
the displayin al?ilgalor. Auditory compo-
nents of the display, consisting of the jaw-
clap and the growl, draw the attention of
nearby animals. Additionally, the headslap
act provides an underwater, percussive Eif—
nal. The tail wag possibly adds a tactile
component to the display by producing
surface waves which may be felt by alli-
gators some distance away. Males also
incorporate the SAV, a gender-specific sig-
nal that might be perceived underwater
throughout the lake. Interestingly, despite
the conspicuous nature of the headslap dis-
play, alligators choose secluded display sites
from which to perform the display.

The use of olfactory cues in alligator
social communication has not been clearly
demonstrated. Alligators of both sexes have
two pairs of scent or musk glands, one just
medial to the mandible on the underside
of the jaw and another in the lateral walls
of the cloaca (Bell, 1827; Reese, 1921).
Many authors observe that the mandibular
glands are everted and musky fluid is
ejected during bellowin'% (Schmidt, 1922;
Kellogg, 1929; LeBuft, 1957). Others
(Beach, 1944; Silverstone, 1972; and Gar-
rick et al., 1978) say there is no detectable
scent during bellowing, Mcllhenny (1935)
thought musk could be smelled but saw no
ejected liquids. Neill (1971) stated that
glands were not everted in bellowing and
no scent was noticeable.

During the course of the SAAF study, |
detected musk at some point during most
bellowing choruses (Vliet, 1986). Mandib-

ular glands are occasionally everted during
bellowing although this is unusual. In air,
musk remains concentrated in trails, and
is not easily detected unless one moves
through a trail. The wooden boardwalk at
SAAF allowed easy movement around the
study lake and through these trails of musk.

In many headslap displays and aggressive
encounters, 1 also have noted areas of oily
sheen on the water, usually near the cloaca
of the animal. Musk is most easily detected
when near the animal, especially at water
level. Perhaps the primary mode of trans-
mission of alligator musk is on the water
surface and not through the atmosphere.

The importance of the SAV signal in
crocodilian social communication has not
been explicitly stated. References to simi-
lar behavior in other species of crocodil-
ians include the Nile crocodile, Crocodylus
niloticus (Modha, 1967), the American
crocodile, Crocodylus acutus (Garrick and
Lang, 1977a), the New Guinea crocodile,
Crocodylus novaeguineae (Lang, 1980), the
Chinese alligator, Alligator sinensis (Gar-
rick, 19756) and the spectacled caiman,
Caiman crocodilus (Herzog, 1974). T have
also observed the SAV in a male of the
Orinoco crocodile, Crocodylus intermedius.
It seems likely that most, if not all, species
of crocodilians use this signal in social com-
munication.

The density of the study population at
SAAF was much higher than that of other
captive alligator populations in which
behavior was previously studied (Herzog,
1974; Garrick et al., 1978). More than 150
adult alligators were kept in the 0.25 ha
lake at SAAF while ml?y 356 adults were
enclosed in the 0.9 ha lake studied by Gar-
rick and Lang (Garrick et al, 1978). In
spite of the very high density, the social
behaviors observed at SAAF (Vliet, 1986,
1987) differ little from those described b
Garrick et al. (1978). The most striking dif-
ferences arise in the frequency of displays
performed by subordinate alligators. Gar-
rick et al. (1978) reported that dominant
male and female alligators performed the
majority of courtship and headslap dis-
plays. Although courtship activity was cor-
related with size at SAAF (Vliet, 1987), the
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frequency of headslapping was not clearlg
associated with dominance. In very hii_
captive alligator densities, dominant/sul
ordinate social structures may break down.
Although very large males were still clearly
dominant in agonistic encounters, smaller,
subordinate alligators did perform many
social displays.

The behavioral act components of social
displays for all crocodilian species are
remarkably similar. Most of the signals
described above are also reported from
other crocodilian species, although bellows
are sufficiently distinct from the roaring
vocalizations of other crocodilians to be
considered unique (Garrick and Lang,
1977a; Garrick ef al., 1978). Species dif-
ferences arise not in the types of behaviors
utilized but in the order and combination
of which acts are performed. The living
species of crocodilians are relicts of a once
more diversified group of reptiles (Romer,
1966). The few species that have survived
to modern times are relatively conservative
in their morphology. These remnant
sEecics seem to have been conservative in
the evolution of their social displays as well.
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