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Chemoreception in the Feeding Behaviour of Adult
American Alligators, Alligator mississippiensis

The involvement of chemoreception in the feeding
behaviour of reptiles has been studied in lizards,
snakes (see Burghardt 1980 for review) and turtles
(Grassman & Owens 1984). No experimental
investigations of responses to prey chemicals by
crocodilians have been reported, although anec-
dotal accounts suggest they use chemoreception in
food recognition (e.g. Neill 1971; Pooley & Gans
1976). We report field experiments demonstrating
the use of chemoreception in food recognition by
adult American alligators.

Alligators were observed at the Rockefeller Wild-
life Refuge, Grand Chenier, Louisiana, during
August and September 1988, Experiments were
conducted in a 12:5-ha pen, consisting of approxi-
mately 70% land and 30% water, containing five
male and 15 female alligators maintained together
for 15 years. Alligators were maintained on nutria,
M yocastor coypus, meat placed once a week at a site
within 2 m of the water in their enclosure.

In experiments 1-3, alligntors were presented
with paper bags measuring 13 x 7 x 27 cm contain-
ing (1) beef, Bos sp. (2) nutria, or (3) western
diamondback rattlesnake, Crotalus atrox, meal.
Control bags contained only paper. Each bag was
perforated by 24 holes (diameter = 3-0 mm), spaced
approximately 3-0 cm apart. Bags were soaked in
tap water for 10 min and filled cither with 227 g of
meat or folded, water-soaked paper bags. All bags
were bound at the bottom and tied closed at the top
with a piece of string, approximately 50cm of
which was lefl free to attach to a rope-and-pulley
system in the study pen.

In experiment 4, alligntors were presented with
an aqueous extriet obtained by adding 450 ml of
distilled water to 440 g of nutria meat, und filtering.
A S-mlaliquot of filtrate was placed in o hot bath to
remove the water. The residue was weighed, indi-
cuting a 12mg/ml solution. Experimental bags
were soaked for 2 min in the filtrate; control bags
were soaked in tap witer,

Alligntors were presented with one meat-
containing and one control bag during each 10-min
session, Sixteen sessions ench were conducted in
experiments | and 2; ten sessions each were con-
ducted in experiments 3 and 4. Experiments 14
were conducted consecutively, with from | to 22
days intervening between experiments.

A rope 16:5 m long attached 1o two pulleys was
placed over a 13:5-m channel, 2 m deep. One pulley
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was attached 09 m above the ground (o a post on
one side of the channel. The pulley on the opposite
shore could be moved between two hooks located
1-8 and 09 m high on a post. Control and exper-
imental bags were tied 68 m apart on the rope
while it was in its raised position. The bags were
positioned over the water (approximately 3-4m
from cither shore). The adjustable pulley was then
moved to the lower hook to allow the bags to
partially enter the water. Observers were stationed
near one of the posts.

During each session we scored: (1) number of
alligators visible by Nashlight before and after each
session; (2) number of mouth contacts alligators
made with each bag: (3) Jatency of alligators to
remove bags; and (4) the presence or absence of
bags at the end of a session. We observed alligators
during all tests by shining a flashlight near the rope,
but neither directly on it nor on the bags suspended
from it. Alligators always approached the bags
while swimming near the water surface, thus their
responses could be observed. At the end of each
session, we raised the pulley and pulled the bags or
their remnants to shore. We removed the bags and
string (if either was present) and presented two
new bags. The position of control and experimental
bags on Lthe rope was counterbalanced with each
presentation.

Alligators had been fed 825 kg of nutria meat S or
6 days before conducting experiments 1, 3 and 4;
they were fed 412 kg of nutria meat 1 day before
conducting the experiments, between 1952 and
0223 hours. Air and water temperatures ranged
from 22 to 27" and 24 to 29°C, respectively.

Information by which our subjects could dis-
criminate between conditions was limited, initially,
to chemical cues; all materials were contained in or
absorbed onto paper bags presented under reduced
illumination. Our inability to identify individuals
responding under these dimly lit settings, however,
poses u constraint to the statistical analysis of our
data. The censuses conducted before each session
indicated from two to seven alligators in the vicinity
of our apparatus, but we do not know how many
individuals responded to the materials presented.
Our data analyses should be considered with this
caveal in mind.

The Fisher exact probability test indicates that
bags containing meat or meat extract were removed
more often than were control bags (2 <0-05 for all
experiments; Table I). Nutria are commen in the
diet of free-ranging alligators in the area from which
our subjects were obtained (Valentine et al. 1972
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Table I. Respanses by alligators 1o control and meat-containing or extract-treated bags
Experiment  No. of 'J&?.?ch g Vi e
s oy o L
no. sessions Condition first contactedt contucts} k" n?.'t’c;;mm l'!rl:nl:ﬁ\'ed*
1
16 S:c.}uol A 21£04*  3540-5(14) 8
o ¢ ngR jmhap e
| 640 5+04(15 2*
5 g gm:\u Im:ll l6* 1:340:2¢ 1‘910‘1(162 i6*
s::km o* 26405 35406 (8) 2
] . Snake meu 10 FIEOI®  2810.4(10) 10+
it | 11 £04% 35427 (6) 0*
ria extract o= 264 04* 28406 (9) 8*

* Significant difference detected between control and experimental values (P <005),

1 Fisher exact probability test.
$ 1-lest.
§ Munn Whitney U-test.

McNease & Jounen 1977), and all our subjects
been raised on this species. Beef is not : nu::r'ﬁ
food for alligators, and snakes are not commonly
encountered in analyses of their stomach contents
(Valentine et al. 1972; McNease & Joanen 1977).
Mcl[henny (cited in Klauber 1972) stated that
fathgalprs vigorously shake venomous snakes
including rattlesnakes, Belore ingesting them, but
that non-venomous snakes are swallowed uncer-
emoniously. Hesuspected that alligatorsdistinguish
bc_twcen snakes on the basis of chemical cues since a
skinned rattlesnake carcass was shaken. We lailed
to observe head-shaking or other unusual reactions
dum"ng presentations of rattlesnake meat, but the
species we used is not one alligators encounter
under normal conditions, e
“The Mnlmn—Whilney U-test failed 1o deteet dif-
ferences in the latencies with which alligators
contacted experimental and control bags (P> 005
for a.ll experiments). Their tendency to contact
experimental bags first (Fisher exact probability
test; P <0+05), however, suggests that they detecied
waler- or air-borne chemicals from materials
presented to them (Table 1),
_ Observations of the behaviour of alligators dur-
Ingourtests suggests that contact chemoreception is
important in food recognition, Alligators grasping
control bags opened their jaws and released bags

intact on 30 occasions during our experiments.

Bags containing meat or treated with meat extracts,
on the other hand, were released only 11 times;
generally they were removed when first contacted,
Since ors, as with other crocodili
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Acoustic Characteristics of Alarm Calls Associated
with Predation Risk in Chickadees

The possibility of coding of information concerning
some aspects of the nature of the predator and/or
the degree of predation risk in alarm calls needs to
be addressed in a variety of species, especially under
field conditions. Here, I report evidence that the
degree of risk from aerial predators in Mexican
chickadees, Parus sclateri, is associated with signifi-
cant differences in pitch in a single kind of alarm
call, and discuss context-specific variation of alarm
calls of some other avian and mammalian species.

As part ol a study of the chickadee's vocal reper-
toire (Ficken, unpublished data), T observed flocks
of four to six Mexican chickadees, usually associ-
ated with over 30 other individuals of several
different species on § and 6 October 1985 and 5-10
October 1986 at Rustler Park in the Chiricahua
Mountains (Cochise County), Arizona, I used a
Sony Professional Walkman cassette tape-recorder,
and either an Electrovoice Soundspot microphone
or a Nakamichi CM-100 cardioid microphone, and
analysed vocalizations with a Kay 7800 Digital
Sona-graph (150-Hz filter band width). .

During the study many hawks were migrating
through the area, and about two hawks per hour
were sighted near the study flocks. The chlcl:ufi:u
gave high-pitched calls (termed ‘High Zees ! by
Ficken & Witkin 1977), typical of many passerines
and often referred to as ‘aerial’ predator calls
(Marler 1955). In response to these calls, all flock
members immediately stopped moving and became
silent.

I recorded 12 bouts of calling from at least eight
different flocks (in numerous other cases, calls were
heard but not recorded). In five cases, the context
was unknown, as the predator was not observed.
Before 1 measured sonagrams, 1 divided the con-
texts of calling into two categories based on pre-
sumed risk of the predator to the chickadees. The
low risk category included two cases of hawks
(Accipiter spp.) that were flying very high and not
near the flocks, one call given when a Steller's jay,
Cyanocitta stelleri, lew over the flock very suddenly

(thechickadee's response was probably one of initial
‘mistaken identity’, as these calls are not usually
given to this species), and one to a Buteo sp. flying
high over a flock (chickadees usually did not callin
response to these hawks which pose little danger to
small birds). High risk included sharp-shinned
hawks, Accipiter striatus, flying within 30 m of the
flock. These hawks feed on small birds.

As the calls are given in a serics consisting of
nearly identical calls, I measured only the first call
in cach series. Because of the trend for higher
pitched calls in high risk situations for black-capped
chickadees, P. atricapilius (Ficken & Witkin 1977), 1
predicted higher pitch in calls in high risk situations
in Mexican chickadees. In all cases, only one
chickadee in the flock called. Calls were coded and
measured 'blind’ us to their context. The alarm u_|h
of the Mexican chickadee are distinguished casily
from other species in the flocks because of their
rapid frequency modulations (Ficken, unpublished
data). Only once did another speciescall.

Calls given in the high risk situation were signifi-
cantly higher pitched than thosein the low risk situ-
ation, and there was no overlap in pitch between
the two risk categories. No significant difference
oceurred in the duration of the individual calls, but
larger samples might reveal a tendency for longer
durations in high risk situations (Table ). In the low
risk cases, normal movement and calling seemed to
resume more quickly than in the high risk cases.

Table 1, Comparison of high zee calls in low and high risk
situations in Mexican chickndees

Highest Lowest
lrequency  [requency Duration

(kHz) (kHz) (s}
Low risk 87 75 013
RS 72 013
87 o1 017
&5 o8 014
High risk 90 77 018
- 90 80 0-22
92 80 013

Mann-Whitney U-test, one-tailed, U=0, P=0028 for
highestand lowest frequency: U=35, P=0-43 for duration

Seyfarth et al. (1980) suggested that vervel
monkeys, Cercopithecus acthiops, ‘name’ predators
by giving calls that are specific l_‘or different
predators; response to the calls also differs accord-
ing to the kind of predator. This type of call
specificity is probably unusual,

Short Communications 401

In some species, different major categories of
alarm calls may be given in a consistent manner
according to a general context. For example, in
ground squirrels, Spermophilus spp., very different
vocalizations are reported for aerial and ground
predators (Balph & Balph 1966; Melchior 1971;
Sherman 1985). Owings & Hennessy (1984) noted
that ‘aerial’ predator calls in ground squirrels are
usually given when raptors arrive low and fast;
another type of call is often associated with mam-
malian predators thut usually come less suddenly.
Sometimes ‘aerial’ calls are given when a mam-
malian predator is close, Thus, the type of call is not
indicative of a particular ‘class’ of predators, but
rather is associated with the degree of ‘urgency’
of response required. Similarly blue tits, Parus
caeruleus, gave a ‘scolding’ kind of call to life-size
models of a hawk close by and the “aerial’ call 1o a
smallmodel mimicking the hawk at a greater height
(Klump & Curio 1983). Both black-capped and
Mexican chickadees give different kinds of calls
when mobbing a stationary predator than when a
hawk flies over (personal observation).

In chickadees, consistent variation within a
single call category provides the possibility of
communicating degree of risk. These alarm calls
are simple acoustically so coding possibilities are
limited to pitch and duration. In chickens, Gallus
domesticus, differences occurred in grosser aspects
of acoustic structure of ‘aerial’ type calls given to
predators and harmless objects (Gyger et al, 1987).
In the black-capped chickadee, P. atricapillus, high
zees were lower pitched and of shorter duration
in response o a nearby mink, Mustela vison,
(presumably low risk; it appeared suddenly, but
elicited only u short burst of calls), than to a fiying
sharp-shinned hawk or a perched northern saw-
whet owl, Aegolius acadicus, although sample sizes
were small (Ficken & Witkin 1977), Smith (1977)
noted that these high-pitched alarm calls, although
typically given to hawks, rarely il ever, ‘name a
single class of predator’ and my observations on
chickadees support this observation. However,
variation in the pitch of an acoustically simple call
may encode information concerning the relative
degree of ‘risk’ or ‘urgency’. This system differs
from that reported in some other species in that this
fine-grained information is encoded in a single type

of signal.

The Southwestern Rescarch Station of the
American Museum of Natural History provided
facilities during this study. I thank James Popp for
his helpful comments.

MILLICENT SIGLER FICKEN
Department of Biological Sciences,
University of Wisconsin-Milwaukee,
Milwavkee, WI 53201, U.8.A.
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Statistical Evidence for Aggressive Response to Red
by Male Three-spined Sticklebacks

A clussic example of a sign stimulus as defined
by Tinbergen (1948) is the aggressive response of
the male three-spined stickleback, Gasterosteus
aculeatus, 10 intruding males who have developed
the red breeding coloration (ter Pelkwijk &
Tinbergen 1937). The male will even attack a crude
fish-shaped dummy with a red belly introduced into
his territory. But oddly enough, statistically signfi-
cant positive evidence with controlled experiments
still seems to be lacking for this widely known
example of a social signal (Bacrends 1985). Here, |
report the resulls of relevant experiments done
some lime ago at the University of Leiden,

The conditions under which the sticklebacks
were maintained have been described by van lersel
(1953). The fish, captured while migrating from the
sea Lo their breeding places in Holland in small,
shallow, freshwater streams, were stored in dense
numbers in a large tank filled with running water
at 10°C to keep them at a low level of breeding
activity. In spring, single male fish were placed in





