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Abstract. WC simultaneously monitored the heart 
rate and behavior of nine free-living Greater White- 
fronted Geese (Anser albifrons) on their wintering 
grounds in northern California. Heart rates of wild 
gecsc were monitored via abdominally-implanted radio 
transmitters with electrodes that received electrical im- 
pulses of the heart and emitted a radio signal with each 
ventricular contraction. Post-operative birds appeared 
to behave normally, readily rejoining flocks and flying 
up to 15 km daily from night-time roost sites to feed 
in surrounding agricultural fields. Heart rates varied 
significantly among individuals and among behaviors, 
and ranged from less than 100 beats per minute (BPM) 
during resting, to over 400 BPM during flight. Heart 
rates varied from 80 to 140 BPM during non-strenuous 
activities such as walking, feeding, and maintenance 
activities, to about 180 BPM when birds became alert, 
and over 400 BPM when birds were startled, even if 
they did not take flight. Postflight heart rate recovery 
time averaged < IO sec. During agonistic encounters, 
heart rate exceeded 400 BPM; heart rates during social 
interactions were not predictable solely from postures, 
as heart rates were context-dependent, and were high- 
cst in initial encounters among individuals. Instanta- 
neous measures of physiological parameters, such as 
heart rate, are often better indicators of the degree of 
response to external stimuli than visual observations 
and can be used to improve estimates of energy ex- 
penditure based solely on activity data. 
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Heart rate is a good indicator of an animal’s energy 
expenditure (Wooley and Owen 1977, Woakes and 
Butler 1983), and response to adverse stimuli (Harms 
et al. 1997) and conspecifics (Kanwisher et al. 1978). 
The rate at which an animal’s heart beats depends not 
only on physical activity and condition, but also on the 
level of external stimulation, including both real and 
perceived threats to its immediate survival and social 
position. Understanding how heart rate varies with ac- 
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tivity and social behavior should enable us to better 
measure energy costs and evolutionary consequences 
of specific actions and behaviors (Bartholomew 1987). 

Heart rate, however, has rarely been measured on 
wild free-living birds, and the few studies to date 
(Kanwisher et al. 1978) have monitored very few in- 
dividuals, or relied on potentially obtrusive, externally- 
mounted, heart-rate monitors. Heart rates have been 
published for only one species of goose, the Barnacle 
Goose, Branta leucopsis (Butler and Woakes 1980, 
Nolet et al. 1992) and these studies were of captive, 
human-imprinted birds. Here we present the first in- 
formation bn instantaneous heart rates of wild-caught, 
free-flying waterfowl in known activities. This also is 
one of thi few studies (Kanwisher et al. 1978) to pro- 
vidc information on heart rates of birds conditioned 
for, and participating in, normal day-to-day activities. 

METHODS 

WC used rocket nets to capture geese on their primary 
wintering area in the Central Valley of California in 
December 1996. Ten adult female geese wcrc selected 
for imnlants. We studied Tulc Greater White-fronted 
Geese IA. a. gambeli) which are somewhat larger than 
the other subspecies (A. a. frontalis) wintering-in Cal- 
ifornia (Elv and Dzubin 1994). Transmitters (model 
HRT-156, Tclonics Inc., Mesa, ‘Arizona) were covered 
in a braided surgical mesh (Marlcx Mesh, Davol, Char- 
lotte, North Carolina) and abdominallv imolanted into 
the right air sac using standard surgical’ procedures 
(Korschgen ct al. 1996). Positive and negative leads of 
the transmitter were placed just beneath the sternum, 
close to the heart (Butler and Woakes 1979). Each 
transmitter was secured with sutures placed through 
the mesh so that the antenna portion of the 44 g radio 
package was situated on the dorsal side of the abdom- 
inal cavity to increase transmission range. Leads were 
anchored by a single suture at the base of the sternum. 
Transmitters had a maximum rate of 600 beats min’ 
and a life expectancy of 4-5 months. Geese were re- 
leased 2 days after capture. 

One of the purposes of the project was to determine 
the influence of aircraft overflights on the behavior of 
the geese during summer in Alaska, so radios were 
programmed to transmit for 15 days after capture in 
December, and then resume transmission when geese 
arrived in Alaska in mid April. Hence, we collected 
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data on heart rates and behavior over the two-week 
period immediately after release. Birds were observed 
from a motor vehicle while they were at foraging sites, 
flying, and at roost sites. Heart rate signals were re- 
ceivcd with either a 3- or 4-clement Yagi antenna held 
by hand, or mounted in a dual peak/null array on a 
vehicle. Heart rate signals were fed from a telemetry 
rcccivcr to a portable tape recorder for later analysis 
(Kanwisher et al. 1978). Initially, we synchronized ob- 
servation data with tape recordings by recording pre- 
cise start times on tapes and in field notes; later, we 
recorded bird behavior and heart rate simultaneously 
onto the same audio tape. Heart rates were generally 
recorded continuously for l-5 min per bird, during 
which time the behavior of the focal bird was noted, 
as well as the behavior of the entire flock. Tape speed 
was periodically monitored by recording segments 
with a stopwatch and then timing playback speed. It 
proved difficult to keep track of flying birds; in in- 
stances when an individual could not be followed in 
flight, we recorded flock behavior. 

Behaviors were assigned to one of seven categories: 
(1) feed (head down while stationary or moving), (2) 
rest (neck coiled on back and bill on chest, or head 
and neck on back with bill pointing towards tail), (3) 
standing (head up, not moving, but neck bent-as op- 
posed to alert), (4) alert (head up, not moving, neck 
extended, but back horizontal to ground), (5) alarm 

Observations of behavior were made with IOX bin- 
oculars or a 10-60X power spotting scope. We also 
noted time of day, flock size, presence of other goose 
snecies. and habitat in which birds were encountered. 

determined to be artifactual rather than true multiple 
contraction events. Occasional irregular pulses are 
commonly associated with implanted heart rate record- 
ers in birds (C. Harms, pers. comm.); in our birds, such 
pulses were found to be associated with thoracic mus- 
cular contractions. Multiple electrical discharges were 
almost always detcctablc, as they were distinctly 
spaced and tightly grouped. In rare instances when 
multiple pulses were suspected in the read-out but 
spacing was not obvious, the heart rate sample was 
discarded. 

Each of the sound bytes from a given behavioral 
state and time period were pooled into a single bout 
record. Multiple bouts of the same individual were 
then used to establish a mean heart rate of each bird 
in a given activity. Analysis of variance (ANOVA; 
SAS Institute 1989) was used to detect differences in 
heart rate among individuals and among behaviors. 
Significant ANOVAs were followed by LSD multiple 
comparisons (SAS Institute 1989). To test for individ- 
ual variation in heart rate, WC developed heart rate 
scores for each bird by ranking each individual within 
an activity, and calculated ranks based on deviations 
from mean rankings. Values presented are mean i- 
standard error (SE). 

(head up, neck fully cxtendcd, with chest higher than 
tail; Lazarus 1978) (6) walk (head up, walking), (7) 
preen (manipulating feathers with bill), (8) fly (bird in 
the air and not landing), and (9) landing (bird descend- 
ing to the ground). 

We made digital sound “bytes” of each heart rate 
recording by playing back tapes of heart rate signals 
into a sound card on a Macintosh 7100 computer (Ap- 
ple Computer Co., Cupertino, California). Heart rates 
were determined by using an acoustical software pack- 
age (Canary, Cornell Ornithology Laboratory, Ithaca, 
New York) that created a spectrogram of heart beats 
and observer recording relative to a time scale. We 
determined heart rate from the number of pulses in 
each IO-set byte, unless the recording was of a bird in 
flight, when WC used 5-set bytes to improve resolution 
for examining characteristics of rapid pulse variations. 
We also created detailed (<5 set) heart rate profiles to 
better characterize responses during periods of rapidly 
changing heart rates before and after flight, and during 
aggrcssivc encounters (Figs. 1, 2). Filtering techniques 
allowed use of recordings with poor signal-to-noise ra- 
tios. Occasionally the signal-to-noise ratio was too 
poor to visually detect all heart pulses on the spectro- 
grams; in most of these instances we could hear the 
audio signal on playback, and after slowing the play- 
back speed were able to edit the output accordingly. 

cantly elevated. We detected no significant differences 
in heart rate among birds in maintenance and foraging 

RESULTS 

activities including walking, feeding, resting, preening, 
or standing (casual head-up; Table 1). The nonsignifi- 

There was significant variation in heart rate among be- 

cant slower heart rates of walking and feeding geese 
were likely due to the low heart rate of a single indi- 

haviors (Fx,,os = 

vidual (see below). 

226.6, P < 0.001; Table I). Birds 
engaged in energetically-costly activities such as flying 
had the highest heart rates. During predator surveil- 
lance (alert and alarm), heart rates also were signifi- 

Patterns of double electrical pulses were occasion- 
ally detected in post-operative geese. We verified the 
nature of electrical impulses and hence origin of paired 
signals by obtaining electrocardiograms of a restrained 
bird with a transmitter in place. Paired pulses were 

Heart rates varied significantly among individuals 

(F,,,,,, = 2.4, P < 0.05; Table I), even after WC reduced 
the number of behaviors and individuals in the analysis 
to minimize number of missing cells in the two-way 
ANOVA. One bird in particular, number 5675, had 
substantially lower heart rates than most other individ- 
uals when engaged in less taxing activities such as 
walking, feeding, preening, and casual head-up behav- 
ior (Table 1). However, there was significant interac- 
tion among behaviors and individuals (F,,,,,,, = 2.0, P 
< O.Ol), as evidenced again by bird number 5675, 
whose heart rate was amongst the lowest for most ac- 
tivities, but was one of the highest during flight (Table 
I). Individual variation in heart rate was not in gcncral 
related to body mass (r2 = 0.01; P > 0.5, II = 9; mean 
of rank score in each behavior relative to body mass), 
although heavier birds had higher heart rates during 
flight (9 = 0.50, P < 0.05, n = 8). 

Heart rates were generally (4 of 5 instances) elevat- 
cd (X = 176 -C 87 beats min’; BPM) during head 
shake preflight behavior (Johnsgard 1965). Heart rates 
of flying birds averaged 4 13 BPM. This value includes 
all birds known to be in the air, except those descend- 
ing to land. Variation in heart rates within and among 
flying individuals was undoubtedly due in part to var- 



392 SHORT COMMUNICATIONS 

5 two\ mm* 
-NNt-W 

tl tl $1 tl $1 tl +I $1 fl 

: 
Or-r-Wbr-WC- 
t-*mmor--- 

f m***bm~* 

a 

d 

iable flight characteristics, for which WC often could 
not account. 

In several instances, we were able to continuously 
monitor heart rate and behavior of birds during take- 
off and landing (Fig. 1). Heart rate was highest during 
take-off (pumping flight), and lowest when birds were 
gliding. The mean heart rate of three birds immediately 
after landing was 229 ? 70 BPM. Recovery of heart 
rate to normal (non-flight) level was very rapid, rc- 
quiring < 10 set in the two instances in which the 
entire landing sequence was recorded. 

On one occasion, we were able to monitor heart rate 
of a bird throughout an aggressive encounter at a feed- 
ing site (Fig. 2). Heart rate increased to 400 BPM in 
the initial encounter (A; Fig. 2). The bird remained in 
a threat posture after the initial encounter (B), during 
which time heart rate lowered briefly to 200 BPM be- 
fore quickly rising during a joint threat with other fam- 
ily members (C). Heart rate quickly fell when foraging 
resumed. 

DISCUSSION 

Lack of variation in heart rate for birds engaged in 
common field behaviors (walking, foraging, preening, 
standing) also has been reported for Black Ducks 
(Anus rubrips; Wooley and Owen 1978) and supports 
the findings of other studies that found little variation 
in energy expenditure among such activities (Weathers 
et al. 1984). This is in contrast to some studies (Fred- 
erick and Klaas 1982) that have used multiples of basal 
metabolic rate (Paynter 1974) to build energetic mod- 
els based on time budget data. In some circumstances, 
however, it seems that foraging can bc an especially 
costly energetic activity for geese, particularly when 
excavating subterranean plant parts (Burton ct al. 
1979). This was not the situation in our study, when 
geese fed in harvested rice fields on readily available 
waste grain (C. Ely, unpubl. data). 

Individual variation in heart rate has been docu- 
mented previously in other species of waterfowl 
(Wooley and Owen 1978, Nolet et al. 1992). Nolct et 
al. (1992) reported individual variation in daily energy 
expenditure and heart rate in Barnacle Geese, in a 
study in which oxygen consumption was measured to 
calculate the relationship between heart rate and en- 
ergy expenditure. They also found, as have others 
(Gessaman 1980), that the relationship between heart 
rate and oxygen consumption varies among individu- 
als, and emphasized the need to incorporate individual 
variation in studies of energetics. Despite the preva- 
lence of individual variation, Nolet et al. (1992) con- 
cluded that heart rate can be used to estimate energy 
expenditure in free-living birds. However, the exis- 
tence of individual variation does necessitate obtaining 
larger samples to adequately represent population 
means. Within-population variation in energy expen- 
diture also indicates that differences in body condition 
(e.g., Ely and Raveling 1989) may not be due solely 
to variation in foraging abilities and social constraints, 
but also to basic differences in metabolic rate. 

Heart rates of white-fronts in non-strenuous activi- 
ties (including resting; Table 1) were generally higher 
than 66-104 BPM as reported for resting Barnacle 
Geese (Nolet et al. 1992) but lower than 1 IO-240 
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FIGURE 1. Changes in heart rate of Greater White-fronted Geese recorded during (A) preflight, (B) take-off, 
(C) flapping flight, (D) gliding, (E) landing, and (F) recovery. Figure is a composite of three different recordings 
(A-C, D, E-F). 
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FIGURE 2. Changes in heart rate of a Greater White-fronted Goose during an agonistic encounter, illustrating 
(A) rapid increase in heart rate during an initial encounter with a conspecific, and less prolonged responses 
during (B) a subsequent encounter with the same individual, and (C) during a joint threat with family members. 
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BPM reported for geese walking at minimum recorded 
speeds (0.3 m set-I). However, the studies are not di- 
rectly comparable, as the lowest heart rates of Barnacle 
Geese were recorded for quiescent birds that were rest- 
ing and fasting. Also, the Barnacle Geese were roughly 
30% lighter than the 2,550 g geese we studied, and 
were captive, and likely not as physiologically well 
conditioned as the wild geese in our study. Heart rates 
of homeotherms are largely a function of body size 
(Nagy 1987) and conditioning (Butler and Turner 
1988). 

Head shaking is a pre-flight behavior in geese that 
is thought to help maintain family integrity by syn- 
chronizing take-off of family members (Raveling 
1969). Our findings of increased heart rate during pre- 
flight activity indicates that head shaking also may 
serve to physiologically prepare birds for strenuous ac- 
tivity. 

Variation in heart rate of white-fronts during hov- 
ering, gliding, and flapping flight supports findiigs for 
other species of birds (Butler 1991). Wind speed and 
direction also influence the cost of flight. Flvinr into 
a wind will normally increase the cost of iighy, but 
the air flow over the wing will minimize the energy 
expended and heart rate observed during landing, 
when heart rates are similar to birds gliding or slope 
soaring (Fig. 1). Butler and Woakes (1980) reported a 
heart rate of 261 BPM in slope soaring Barnacle 
Geese. 

The potential energy cost of aggression and other 
social behaviors has frequently been alluded to, but 
there have been few direct or indirect (Kanwisher et 
al. 1978) measures of energy expenditure during such 
activities. Studies that have related energy expenditure 
to social behavior have relied generally on captive or 
semi-captive animals (Walsbcrg 1983, Hupp et al. 
1996), and hence have been of limited applicability 
with respect to the importance of social context. Only 
by studying animals in their natural environment can 
we accurately measure the energy cost of social be- 
havior in wild free-ranging birds. 

We greatly appreciate the help of Dennis Orthmeyer 
and John Takckawa of the U.S. Geological Survey, 
who facilitated capturing the geese. Greg Mensik and 
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ly provided facilities and assistance. We thank Dan 
Mulcahy, who optimized the implantation procedures, 
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Abstract. We present the first documentation of 
Kittlitz’s Murrelet (Brachyrumphus brevirostris) vo- 
calizations, based on recordings made in Glacier Bay, 
Alaska, in 1994. We identified two apparently related 
types of calls: groan and quack. The Kittlitz’s Murrelet 
calls were markedly different from the most common 
calls of the congeneric Marbled Murrelet (Brachy- 
ramphus marmoratus), but shared characteristics with 
the Marbled Murrelet’s less common “groan” call. 
Phylogeny, breeding biology, and habitat characteris- 
tics may explain relationships between the congeneric 
vocalizations. More complete knowledge of the Kit- 
tlitz’s Murrelet vocal repertoire is needed before vo- 
calizations can be either used or discarded in the de- 
sign of effective programs to monitor this rare and 
poorly-known species. 

Key words: Alaska, Alcidae, Brachyramphus bre- 
virostris, calls, communication, Kittlitz’s Murrelet. 

The Kittlitz’s Murrelet (Brachyramphus brevirostris) is 
a rare North Pacific alcid whose breeding biology and 
behavior remain obscure. Limited data suggest a world 
population of only about 20,000 birds (van Vlict 
1993). Federal listing of the Kittlitz’s Mm-relet as a 
species of special concern in Alaska highlights the vul- 
nerability of this species to oil pollution, gill-netting, 
and trophic changes (van Vliet and McAllister 1994). 
Because the Kittlitz’s Murrelet has cryptic breeding 
plumage and breeds solitarily in remote alpine habitats 
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(Day et al. 1983), it is an exceptionally difficult species 
to monitor or manage. 

Unlike its congener the Marbled Mm-relet (Brachy- 
ramphus marmorutus), whose conspicuous vocal ac- 
tivity and extensive repertoire have been reasonably 
well described (Nelson and Hamer 1995, Nelson 
1996), the vocal repertoire of the Kittlitz’s Mm-relet is 
virtually unknown; indeed, it is one of the last species 
within the North American avifauna whose voice has 
remained unrecorded. Webster (1950) gave the only 
known description of the Kittlitz’s Mm-relet call, re- 
ferring to it briefly as “a hoarse, long-drawn-out 
squawk.” Here we provide a more thorough descrip- 
tion of the voice of the Kittlitz’s Murrelet based on the 
first known audio recordings obtained for the species. 

METHODS 

We recorded alternate-plumaged Kittlitz’s Murrclets at 
sea on the morning of 4 August 1994 from a 6-m ves- 
sel in Johns Hopkins Inlet (58”54’N, 137”02’W), Gla- 
cier Bav National Park. Alaska. We used a Sonv TCD- 
D7 DAT recorder and a Sennheiser ME-88 shotgun 
microphone with a K3U power supply. Sonograms 
were produced on a Macintosh computer using Canary 
bioacoustics software, version I .2.1 (Cornell Labora- 
tory of Ornithology, Ithaca, New York). Vocalizations 
have been archived at the Library of Natural Sounds, 
Cornell Laboratory of Ornithology. 

WC drifted among small numbers (<IO) of foraging 
Kittlitz’s Murrclets for about 5 hr, and heard only a 
few vocalizations. Calling birds did not open their bills 
when vocalizing, but occasionally could be identified 
by distention of the gular region. 


