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or anterior to the mid-thoracic region. Such han- 
dling probably facilitates swalIowing and/or may 
damage the mouse’s vital organs. 

A similar relationship between prey weight and 
handling behavior was reported by Loop (1974) 
for the Bengal monitor (Vumnus bengalensis). The 
probability that monitors shook laboratory mice in- 
creased with heavier mice, and Loop concluded that 
shaking caused structural damage to the prey. 

According to the linear regression equation, mouse 
pups weighing much less than 10 g shouId not be 
beaten. Our one observation of a Roadrunner beat- 
ing a mouse pup occurred when the bird had just 
eaten several other pups and was probably no longer 
hungry. Beating behavior in this circumstance sug- 
gests that Roadrunners may beat prey during play 
and exploration. 

We believe that Roadrunners increase the efficiency 
of prey handling by varying the number of times 
they beat prey and by choosing the hardest substrate 
available for beating. This flexibility in behavior may 
have aided the recent range extension of the species, 
by allowing the birds to incorporate new prey into 
their diet. 
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THE SOURCE OF THE DIVE-NOISE 

OF THE ANNA’S HUMMINGRIRD 

LUIS F. BAPTISTA 

AND 

MARGARET MATSUI 

North American hummingbirds of the genus Calypte 
have two kinds of displays involving sound: (I) a 
so-called “static” display in which perched males 
sing and turn their heads slowly to flash their gorgets 
at rivals or intruders; and (2) an aerial or “dynamic” 
display in which males climb up into the air and dive 
at an intruding male or court a female. At the bottom 
of the dive, each species makes a species-specific 
noise (henceforth called the dive-noise). It has been 
suggested that dive-noises are made by the special- 
ized outermost rectrices (Miller 1940, Rodgers 1940, 
Hamilton 1965, illustrations in Wagner 1966). 
Rodgers ( 1940) reported that when the modified out- 
ermost rectrices of the Anna’s Hummingbird (Calypte 
anna) were attached to a strip of bamboo and then 
whipped through the air, a note was produced almost 
identical to that produced by the hummingbird at the 
bottom of the dive. This noise was absent when simi- 
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lar experiments were performed with the nonspe- 
cialized rectrices. 

While studying Costa’s Hummingbirds (C. costue ), 
one of us (LFB) noted that they would produce the 
dive-noise while perched (spectrograms in Wells et 
al. 1978), indicating that this whistle was vocal 
and not mechanical in origin. Joe T. Marshall (pers. 
comm.) has made simiIar observations. This stimu- 
lated us to look closer at the displays of the con- 
generic Anna’s Hummingbird. We present herein 
spectrographic evidence indicating that in Anna’s 
Hummingbirds too, dive-noises are mostly, if not en- 
tirely, vocal in origin and represent a variant of a 
phrase commonly found in static songs. 

STATIC SONG 

Static display and the accompanying song have been 
described (Wells et al. 1978). Briefly, a male sits on 
an exposed perch, spreads his gorget, turns his head 
slowly from side to side, and sings his loud and 
complex song. At least in southern California, those 
songs consist of three main types of phrases (Mirsky 
1976). of which onlv two concern us: ( 1) buzzv 
phrases, which often mtroduce each song (Fig. 1C j; 
and (2) squeaky phrases, which may be divided into 
three parts. The first part is a rapid trill which may 
range from 3.0 to 5.75 kHz (element a in Fig. lA, 
B ). The second portion is a note about 3.25 to 
5.00 kHz with an overtone at 4.50 to 5.25 kHz 
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TABLE 1. Duration of elements in vocalizations 
(ms). 

_~ 
Dynamic displays Static displays 

Element N ms N mi 

a 9 412.87 2 71.99l 11 253.23 & 54.19 
a - b’ 9 134.26 ? 37.35 8 120.48 2 21.31 

b 9 117.69 ? 26.66 11 96.53 + 22.29 
C 9 65.29 f 8.43 11 58.58 ? 6.25 

It-tests were conducted for all values in dive versus static 
display. No significant differences were found. 

2Interval behveen a and b elements. 

FIGURE 1. A: Portion of static song of an Anna’s 
Hummingbird which consists of four buzzes followed 
by a squeak phrase. The squeak consists of a, b, and 
c components. B: Portion of static song of an Anna’s 
Hummingbird showing two squeak phrases followed 
by a buzz. Element a is absent from the second 
squeak phrase. C: Aerial song of Anna’s Humming- 
bird during a dive display, consisting of only four 
buzzes. D and E: Two dive-noises from the dive 
displays of two different Anna’s Hummingbirds. The 
b elements are frequency modulated in B and E, 
whereas in A and D the carrier frequencies appear 
to be more sustained. 

(element b in Fig. lA, B), followed by a buzzy 
portion rich in overtones (element c in Fig. lA, B). 
The squeak phrase may be repeated twice, in which 
case element a is absent from the second rendition 
(Fig. 1B). Some static songs, especially those follow- 
ing an aerial display, may contain no squeak phrases. 
The static display is territorial in function (Pitelka 
1951, Williamson 1956). 

AERIAL SONG 

The dynamic display has been described in detail 
elsewhere (Hamilton 1965, Wells et al. 1978). Near 
and at the top of the climb preceding the dive dis- 

play, the Anna’s Hummingbird sometimes sings while 
hovering. We found, however, that only the buzz 
phrases are used here (Fig. 1C). The hummingbird 
then dives, and at the bottom of his dive makes the 
characteristic dive-noise. Spectrograms of the dive- 
noise (Fig. lD, E), indicate that it is extremely 
similar in structure to the squeak phrase of the static 
display, especially because it includes the a, b, and c 
portions. 

Element a may sometimes be left out in the dive 
noise. This element is absent in the second squeak 
phrase of the static display (Fig. 1B). One bird 
recorded at San Pedro, California, sometimes omitted 
element c in the squeak phrase of its static song. The 

c portion is sometimes absent in the dive-noise (not 
illustrated). Thus, similar variants of the squeak 
phrase are sometimes to be found in the dive-noises. 

The duration of the a, b, and c portions overlap in 
both static and dynamic displays; however, these 
portions tend to be longer in the dive-noise (Table 1). 
In the Costa’s Hummingbird, dive-noises are also 
longer than static song (Wells et al. 1978). The c 
portion in the static display of the Anna’s Humming- 
bird is preceded, moreover, by a noisy portion sep- 
arating it from element b. This noisy portion is 
absent in the dynamic display. 

Pitch of elements a and b and the overtone of b 
are slightly lower in the dynamic display as compared 
to the static (Table 2). Pitch in element c of the 
static display is difficult to measure because of all 
the noise in that element. However, comparing the 
equivalent harmonic in element c of the static display 
with that of the dynamic, we again found a drop in 
pitch in all spectrograms examined. To our knowl- 
edge, the flight speed of the Anna’s Hummingbird 
during the dive has not been determined. Pearson 
(1960) calculated dive-speed of the Allen’s Hum- 
mingbird (Selasphmus sasin) to vary between 34 
and 64 mph. Dive speed of the Anna’s Hummingbird 
must be at least equivalent. At such a speed, a drop 
in pitch in all acoustical elements measured may be 
due to the Doppler effect. 

Squeak phrases in the static display are also char- 
acterized by greater variability in pitch as evidenced 
by the larger standard deviations (Table 2). Spectro- 
grams of squeak phrases reveal the often quavering 
quality of element b and slurred and prolonged ele- 
ment c (Fig. 1B). Elements b and c in the dive- 
noise are more stereotyped. 

We submit that the dive-noise of the Anna’s Hum- 
mingbird is mostly, if not entirely, vocal in origin. 
The role of the specialized rectrices, if any, in pro- 
ducing the dive-noise is not apparent from the sound 
spectrograms, and may be masked by the vocaliza- 
tions. No sounds other than the a, b, and c elements 

TABLE 2. Mean pitch’ of elements in vocalizations 
(kHz). 

Element 

Dynamic displays Static displays 

N kHz N kHz 

a 9 4.10 & .05l 8 4.23 ? 3.0 
b 9 4.00 * 0 11 4.34 k .21 

overtone of b 9 4.5k.06 11 5.08 ? .19 
_ 

1 t-tests were conducted for all values in dive versus static 
display. Only that for pitch of the overtone of b WRE sig- 
nificantly different (P < .05). 

ZHighest pitch + lowest pitch f 2. 
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are evident (Fig. 1). Miller ( 1940) reported on the 
absence of the dive-noise in the displays of sub- 
adults. Pitelka (pers. comm.) noted that the dive 
of young males is not totally silent for there is a 
rush of air, which is a noise. In molting birds, he 
noted a rush of air which might progress to a louder 
click noise as the feathers mature. Whereas the de- 
veloping rectrices may contribute to the louder dive- 
noise, it could be that ontogeny of the voice parallels 
development of the rectrices. “Crystallization” of the 
(vocal) dive-noises may be complete when the rectri- 
ces are fully mature. If so, then the function of 
the specialized rectrices may be to provide added 
maneuverability during the complex dive display. 

We thank Millicent S. Ficken and Frank A. Pitelka 
for their valuable comments on an earlier draft of 
this paper. 
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METABOLIC RATE IN FIVE 

TROPICAL BIRD SPECIES 

CAROL M. VLECK 

AND 

DAVID VLECK 

Metabolic rates are often predicted from allometric 
equations relating metabolism to body mass. Al- 
though the relationship between metabolic rate and 
body mass varies among taxa of birds (Lasiewski and 
Dawson 1967), and with time of day ( Aschoff and 
Pohl 1970), it has not been shown to vary predictably 
with climate (Scholander et al. 1950 ). Few meta- 
bolic data are available on birds living in the lowland 
tropics where ambient temperatures are usually high. 
A few birds from hot climates have low metabolic 
rates (Hudson and Kimzey 1966, Weathers 1977). It 
is therefore of interest to determine if metabolic rates 
of tropical species are lower than those predicted 
from allometric equations based largely on temperate 
species. We report standard metabolic rates of four 
tropical passerines, all suboscines, and one tropical 
nonpasserine, a dove. 

MATERIALS AND METHODS 

Birds were mist-netted in August and September 1977 
on several islands in Gatun Lake in central Panama, 
latitude 9”N. Rates of oxygen consumption were 
measured for at least two hours during the night after 
capture. We kept the birds in the dark without food 
for 3-8 h before testing. They were weighed to the 
nearest 0.5 g with a Pesola scale before and after 
testing. Cloaca1 temperatures were measured at the 
end of each experiment with a quick-registering 
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Schultheis thermometer or thermocouple probe and 
Bailey Bat-8 digital thermometer. 

We measured oxygen consumption in an open 
flow respirometer analogous to the mask system de- 
scribed by Withers ( 1977). Birds were placed in a 
plastic or glass metabolic chamber within a darkened 
box maintained at 30 2 1°C and at ambient water 
vapor pressures which did not exceed 24 torr. Air 
flow through the metabolic chamber ranged from 
120 to 645 cc/min. Carbon dioxide and water vapor 
were absorbed from air leaving the chamber by using 
Ascarite (sodium hydroxide asbestos) and Drierite 
( anhydrous calcium sulfate). Fractional concentra- 
tion of oxygen was then determined with an Applied 
Electrochemistry S3A Oxygen Analyzer. Flow rates 
were measured downstream of the oxygen sensor with 
a Gilmont Flowmeter calibrated against a Brooks 
Thermal Mass Flowmeter. Oxygen consumption was 
calculated from equation 4a of Withers (1977). All 
gas volumes are -reported at standard temperature 
(0°C) and nressure (760 torr. 1 torr = 0.133 kPa ). 
’ Birds satA in the ’ chamber undisturbed for at 

least one hour before we began recording oxygen 
consumption. The lowest rate of oxygen consumption 
during the second hour of each experiment was as- 
sumed to be the standard metabolic rate at 30°C. 
Rate of oxygen consumption usually did not vary 
more than 5% throughout the last 30 min of an 
experiment. bxygen consumption was converted to 
energy assuming a caloric equivalent of 4.8 kcal/l 02 
( 1 kcal = 4.184 kJ) (King and Farner 1961, Lasiew- 
ski and Dawson 1967 ). 

RESULTS 

Standard metabolic rates of the five species are 
shown in Table 1. Predicted metabolic rates in the 
resting phase of the daily activity cycle were calcu- 
lated from the appropriate allometric equations of 
Aschoff and Pohl (1970). For nonpasserines: 


