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?'HE HEART RATE OF SMALL BIRDS1 

EVER since Buchanan2 in 1910 recorded the heart 
beat of the canary as 1,000 per minute it has been 
known that the heart rate of small birds is very rapid. 
However, the quoting of these fast rates in text-books 
and elsewhere has created a misleading impression re- 
garding the rapidity of bird's hearts; especially when 
attempts have been made to compare these early re- 
cordings with basal rates of man and laboratory ani- 
mals. The heart rate of the canary as well as other 
small species may reach 1,000 beats per minute or 
even greater, but only for short intervals under con- 
ditions of excitement or vigorous exercise ; basal rated 
are far  below this figure. 

I n  making a special study of the heart rate of small 
birds and mammals by means of the cardio-vibrometer, 
I have been particularly interested in using the heart 
rate as an index to the physiological response of the 
intact animal to environmental change~.~,~.5.6Be-
cause the heart rate is variable and such a sensitive 
"physiology-of-the-whole" indicator, it  is necessary 
(1) to determine a basal rate or some sort of standard ' 
rate to serve as a basis for comparisons and (2) to 
obtain auantitative data, that is, a large number of -
readings over sufficient time period to obtain a true 
measure of heart activity. To obtain a basal rate, 
muscular activity, food intake, temperature and cere- 
bral activity (fear, excitement, etc.) must be controlled 
since, generally speaking, these have the most marked 
effects on the heart rate. Removal of the unpredict- 
able effects of the conscious centers has been one of the 
chief difficulties in dealing with the heart rate in the 
past, but with the cardio-vibrometer this factor can 
be satisfactorily contrelled even in wild species since 
the heart beat together with breathing and other move- 
ments is picked up indirectly, amplified and recorded 
by a piezo-electric system. There are no electrodes 
attached to the bird, it  perches normally of its own 
volition, and need not be disturbed in any way during 
the experiinental period. The use of a crystal driven 
pen recorder facilitates obtaining a large number of 
accurate readings over long periods, although there 
is still much to be desired from the quantitative 
aspect. 

Disregarding for the moment age, sex and seasonal 
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variations, the average basal heart rates in round num- 
bers of several species of common wild birds and thc 
canary are listed in Table 1,together with the maxi- 

TABLE 1 
AVERAGEBASAT)HEART RATE ( T I M E S  PER M I N U T E )  I N  ROUND 
. NUMBERS T H E  HEART RATE SO FARA N D  M A X I ~ X K I M  

RECORDED ANDFOR SMALL W I L D  SPECIES T H E  
CANARY (PRELIMINARY DATA) 

Mourning Dove .............. 5 130 

(Zenaidura macroura) 

Towhee ..................... 4 40 

(Pipilo erythrophthalmus) 

Cardinal .................... 3 40 

(Richmondena cardinalis) 

English Sparrow ............. 7 28 

(Pesser domesticus) 

Song Sparrow ............... 5 20 

(Uelosaiza melodia) 

Canary ........................ f 0  16 

(Serinus canarius) 

Black-capped Chickadee ....... 14 12 

(Penthestes a t r i ca~i l lus )  

Chipping Sparrow .............. 2 12 

fSntzeZla nasserina) 

Housk Wren ......I.. ........ 4 11 

(Troglodytes aedon) 

Ruby-throa'ted Hummingbird . . .  2 4 
(Archilochus colubris) 

mum rakes which I have recorded immediately after 
flying, vigorous exercise or excitement. The basal 
rates represent the average rates of the birds when 
a t  rest, in a post-absorbtive but not starved condition 
(3-7 hours after last feeding for passerines, longer 
for larger birds or those with crops), in darkness, 
awiy from human presence, and at an air tempera- 
ture a t  or slightly below thermal neutrality ,(about 
3032O C. for small birds). The same standardized 
procedure4,5 was followed in all cases, and most of 
the records were made in the early evening, during 
the normal roosting time. 

Determination of the limits of normal heart func- 
tion is, of course, only the beginning of an under-
standing of the heart rate. Some of the general fea- 
tures of the heart rate in small bird.s, as brought out 
in the studies so far, may be summarized as follows: 

(1)As is to be expected, the smaller the species 
the more rapid the rate, but the correlation is not 
necessarily absolute (as can be seen from Table I ) ,  
since factors other than body size may influence a 
species basic heart rate. Thus, the canary appears 
to have a higher basal rate than wild finches of oom-
parable size; this may be dne partially to the fact 
that the canary has a smaller heart and lower con-
centration of hemoglobin in its blood than its wild 
relatives.7 Likewise, the heart rate of the mourning 

7 For .canary heart size, see Buchanan, Ann. Rept.
Smithsonian Inst., 1912) : 487-505; for hemoglobin data, 
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dove is apparently lower than that of the domestic 
fowl,8 a much larger bird. 

(2) Not enough data have yet accumulated to jus- 
tify a general statement regarding the effect of sex 
on the heart rate in birds. I n  some species, such as 
the domestic fowl,8 there appears to be a distinct 
difference between the sexes; in many other species 
little or no difference is evident from data so far  
accumulated. 

(3)  I n  wild birds, a seasonal difference in basal 
heart rate has been demonstrated for a t  least one spe, 
cies, the black-capped chickadee, the basal rate being 
89 i:25.1 per minute higher in summer than in win- 
ter.5 

(4) The relation of age to basal heart rate is com- 
plicated; much depends on the air temperature being 
considered and the status of the temperature regula- 
tory mechanism. I n  altricial species which are hatched 
completely cold-blood:d, the heart rate at hatching 
varieg directly with air temperature as in a frog, 
then gradually becomes inversely related to the tem- 
perature as temperature regulation becomes estab-
lished. Interestingly enough, a t  a thermal neutral 
temperature the heart rate of nestlings of all ages, 
juveniles and adults of the house wren is about the 
same, 450/min. At 21' C. -(70° F.), however, the 
heart rate rises from 150/min. at hatching to 600/min. 
a t  9 days of age (whe* heat loss control is poorj apd 
drops to about 490/min. in the adult4-reflecting in a 
dramatic way the ontogenetic recapitulation of poikilo- 
therniism to homeothermism. 

(5) There are two types of inherent variationf; in 
the heart rate of birds as follows: ( a )  The rate usually 
decreases slightly a t  the peak of lung and air sac in- 
flation and increases between breathing cycles. I n  
n~amn~alsthis relation of breathing to heart rate is 
apparently the r e v e r ~ e . ~  (b) Slower, more or less 
rhythmic but not regular cycles of slow and fast rate 
which I have called "oscillatory variations" can 
usually be detected. These cycles occur about 2 to 15 
times per minute and the degree of oscillation varies 
considerably with the individual sometimes amounting -
to 10 per cent. of average rate for a minuta period. 
Similar variations, presumedly related to vagal peri- 
odicity, are known in man. 

(6) Any factor which abnormally lowers the heart 
rate below basal level tends to produce sinus arrhyth- 
mia, which also occurs in some individuals at basal 
level. When the heart speeds up in these individuals, 
arrhythmia disappears. 
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(7) Heart rate-air temperature curves are very 
similar to CO, production-air temperature curves,* 
indicating that heart rate is a rough index to the rate 
of metabolism a t  least as far  as temperature effects- 
are concerned. 

(8) At lower temperatures breathing rate is usually 
directly correlated with heart rate, but at high tem- 
peratures the relation may become inverse as a result 
of reflexive acceleration of breathing rate coming 
before a rise in body temperature accelerates the 
heart, since increased ventilation is a principal means 
of heat loss in birds. 

(9) The ratio of breathing rate to heart rate ap- 
pears to be significantly different in small birds and 
mammals, being greater than 1to 6 in birds and less 
in mammals. I n  general, small birds breathe less 
rapidly but have a somewhat higher heart rate than 
small mammals of the same size, although comparable 
data are as yet few. -

(10) By placing the pick-up crystal under the nest 
it has been possible to record the heart beat of an 
entirely wild bird during normal incubation in the 
field. During a 24-hour recording period the heart 
rate in the house wren ranged from 950 when the 
bird had just returned to the nest after a period o'f 
active flying and feeding, to 550 after the bird had 
remained quiet on the nest. A rate as low as the 
450/min. basal recorded under controlled conditions 
was not recorded in the field. Also, strangely enough, 
the heart rate was actually higher at night than when 
the bird was resting quietly in daytime. This was 
a,pparently to be explained by the fact that the tem- 
perature was 20° lower at night. To get a rate as 
low as 450Jmin. under natural conditions apparently 
the night temperatures would have to approach 
thermal neutrality; during the day activity, feeding, 
etc., would keep heart rate above basal regardless of 
temperature. 
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APPLYING COLCHICINE TO PLANTS BY 
T H E  AEROSOL METHOD 

BOTHthe published work1 and experience of the 
authors indicate that a fairly sharp distinction exists 
between the response to colchicine application by 
mature meristems such as occur in trees, shrubs or 
herbaceous plants and the response of juvenile meri- 
stems such as the plumule. While the results with 
germinating seeds or very young 'seedlings on the 
whole have been satisfactory, results with more mature 
plants have been meager. For  example, complete 
immersion of very young seecllings of certain species 

1 H. Dermen, Bot. Rev., 6: 599-639, No. 11, 1940. 


