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HEART WEIGHT IN BIRDS
By FRANK A, HARTMAN

Since the heart is the source of power for the circulation, its relative size indicates
the capacity to move the blood. Determinations of heart welghts in relation to body
weights have been made in vertebrates, especially birds, by a number of investizators
over the years. Many of the values reported have been based on single specimens and a
majority are Old World species. :

In collecting material for other studies we have accumulated a considerable amount
of data en the heart weights of birds taken in the United States and Panami, Our ma-
terial coniirms some of the old ideas and sugoests problems for further vezearch, More-
over, data on many birds not published hitherto are recorded.

METHODLS

All except small birds were weighed in the field soon after shooting, on one of the
following Chatillon spring balances, the most sensitive one for the weight involved being
wsed: 6000 grams capacity with 24 mrams sensitivity; 2000 grams capacity with 25
grams sensitivity; 500 grams capacity with 10 grams sensitivity; 100 grams capacity
with 0.25 grams sensitivity (a very long balance, made for the purpose), Small birds
were weighed at camp on a torsion balance of 120 grams capacity and 2 migm. sensitivity.

While in the field, immediately after weighing, the birds were enclosed in nlastic
bags to prevent drying. In camp the hearts were removed after cutting the hlood wvessels
close to the organ. Blood was expressed by gentle pressure on cotton or filter paper
through siits in the ventricles. Weighings were made immediately either on the torsion
balance or, in the case of hearts litle more than a gram in weight, on a Roller-Smith
balance with a capacity of 1500 mz. and sensitivity to 0.02 mg. All weights are from
adult birds unless otherwise stated. Nane but heal thy, well nourished birds were used.

Nomenclature is based largely on Peters’ check-list (1931-1951) and on the check-
list of the American Ornithologists’ Union (1931) for North American passering species.

All Panamanian birds were collected during the dry season, January through March,
at the following stations: Juan JMina on the Chagres River; La Jagus River east of
Panama City; Mount Copete (7000 feet) above Boguete; Pale Santa near the village
of El Volein {4000 feet); and Santa Clara, 15 miles from the Costa Rican barder on
the Pan-American highway (43500 feet). Florida birds were collected in January and
February ov June and July on Lake Okeechobee, in the Everglades, around islands off
the Gull coast, and on the prairies of the peninsula. Birds from Maine were obtained
at Lake Iezar in June, July, Auzust and September, Birds from Ohio were collected
at various times throughout the year. Most specimens were obtained in the morning
before 11 a.m, or in the late afternoon,
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RESULTS

More than 1340 hearts were weighed among 291 species and subspecies in 64 fami-
lies, The percentage of heart welghts were caloulated using body weights from the re-
spective individuals from which the hearts were obtained. The list (p. 227 {1.) shows the
number of individuals in each species, the mean values, standard errors of the menns, or
the individual values if the series is small. Sexes are separated for body weiphts but not
for hearts. Representative members of each family are plotted in fizure 1, the scales being -
logarithmic, the heart weights being in millizrams and the body weights heing in grams.
The species starred in the list are shown in hgure 1,

It can be noted in the figure thal the values tend to follow a straizht line down to a
body weight of about 200 grams and then follow another less steep line below this value.
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Fig.' 1. Zelected plottings of heart weights against body weights (log scales).
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In other words, smaller birds have relatively [arger hearts than do larger birds, With
excepilons to be discussed, the bird heart seems to follow a logacithmic eelationship to
budy size. Deviations from this can hest be noted in the list,

Among the families there are great differences, the heart weight runging irom a
little more than 0.2 per cent to 2.4 per cent of the bod y. Wide differences may be found
between species in the same family. Differences between closely related species may ap-
pear to be signilicant but further data and analysis may prove them not to be,

The tinamous have relatively the smallest hearts of all bivds, 0.2 per cent or slightly
above, Following down the llit the pelican Appears to have a smaller heart than the
cormorant but the difference is Liu-_st:lamu.-'l:,r icnificant {P<00.05). Anhinga hearts are
significantly larger than these of the pc]:c’u‘. (P<0.01). Among the herons there was a
significant difference between hearts of the Great Blue Heron of Florida and those
of the Louisiana Heron, the latter beine larcer (70,0173, These last were about the
same percentage weirhl as those of the Anhinga. Among the anatids the heart of
Nommiryy is much larger than that of other ducks weighed, even Awthye (P<<0.01).
Taere was a significant difference between the hearts of two vultures, those of the Black
Vulture being larger than those of the Turkey Vulture (P<20,01).

Specimens of the Bald Eagle taken in Florida were young birds which had rever
been permitted to fiy although they were fully feathered. They were but a faw menths
ald. The hearts of the Bob-white and Wild Turkey collected in Florida were among the
smal]ua:t of all birds studied {0.40 per cent of the body). Shore-birds had hearts that

ere among the largest; especially was this true of the Ruddy Turnstone and the Short-
hhled Doswvitcher, Among the larids the heart of the Roseate Tern is significantly hrt*e:r
than that of the lf,ummun Tern (P<0.01). Although our data are limited, hearts of
columbids showed a considerable range {n size, some being among the smaﬂcst In the
psittacids the parakeet Pyrrhura possessed the largest heart although two specimens
af Brotpgeris had hearts just as large. The cuculids had smatl hearts as did the large
strigids while the Burrowing Owl of Florida possessed a larger heart. The trochilids
poszessed the laroest hearts of all bivds. The hearts of kingfishers were fairly large, be-
ing 1.25 to 1.39 per cent of the body. Toucans with hearts 0.435 to 0.74 per cent of the
body were among those with small hearts. Picid hearts varied greatly in size, those of
the smaller species being relatively larger,

The range of heart size was great among the formicarids, being from about 0.37
(Taraba um;ur} to 1.16 per cent (Dvsithomauws) oi the body. The ranoe among tha
dendrocolaptids was still greater, being from 0.78 per cent to 161 per cent. The hearts
of the swallows were among the largest. The hearts of the Cedar Waxwing and Red-
eved Vireo were especially large (1.53 per cent). The larger heart of the Red-eyed Vireo
compared with that of the White-eved Vireo was of questionable significance zince
P<0.03. The largest parulid, the Chat, possessed one of the smallest hiearts in this fam-
ily (1.00 per cent). In the tanagers the heart values tended to be low, few being more
than 1.30 per cent and hal{ of them less than 1.0 per cent. These differences may be too
great to be explained by body size.

Obwviously there are factors other than body size that influence the relative size of
the heart. These may be sex, age, activity, seazon, climate and altitude. We shall con-
sider these in turn and in the terminal discussion.

Sex—Heart percentages were separated as to sex in all preliminary caleulations,
but zince no significant differences were found zll values were combined. Even in those
species which show considerable zexual difference in the body weight, the heart is of the
same relative size. For example, amonyg the icterids we have the following data:
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Hody weighes

Sex in grams Number Heart percentage
Sturrells magna z TH.0+E3.2 # 1090071
& 1015425 14 L16=0.086
Cagsidiz mezicanns b 98033 3 007
2 185.8==T 7 & 102
Apelains phoemnicens Q ana 2 1.11
& 257 2 L6

Age—Teart weights were determined in nestlings of a few species. A large series
of Brown Telicans only a few weeks of age and ranging in weight from 1100 to 3600
grams had the same relative heart weight as the adults (see list, p. 227), Even the
hearts of very young pelicans, 1100 to 1500 srams in weight, had practically the same
range (mean, 0.84 per cent) as the remaining 64 weiching from 1600 to 3600 orams
(mean, 0.81 per cent), Furthermore, there was no difference between sexes. Also a
considerable series of young Double-crested Cormorants was weighed, ranging in size
hetween 675 and 1500 rrams. The relatively larger value for the hearts in the aduplt
birds was of questionahle sienificance since P<I0.03.

In addition to the adult Great Blue Herons three very young birds [rom the same
nest were weighed, Their hedy weights and heart percentages were: 373 erams, 0.78 per
cent; 1300 grams, 0.75 per cent and 1330 grams, 0.85 per cent. The first two were ap-
preciably smaller than the mean for the eizht adults (P<0.01).

Four young Common Terns not included in the list gave a greater range in relative
size of the hearts than did the adults. Their bodies weizhed 63, 73, 86, and §7 zrams
while their hearts were, respectively, 0.79, 1.26, 1,16, and 0.89 per cent. One half-rrown
pigeon (Columba albiliveq; 140 gm.) possessed a smaller heart (0.52 per cent) rela-
tively than the adults (1,09 pee cent). :

Two nestling Striped Horned Owls possessed hearts approximately the same rela-
tive size as the adult, Three voung specimens (160, 190, and 200 zrams, body weight)
of the Pileated Woodpecker of Florida from the same nest had relatively smaller hearts
than did the adult (0,67, 0.76, and (.79 per cent as against 0,98 per cent, respectively ).

One young Red-eyed Towhee (38.1 grams) possessed a much smaller heart (0,60
per cent) than the adult. Two young Swamp Sparrows {15.9 and 16.5 grams) that could
fly had hearts somewhat smuller (0.95 and 0.99 per cent) than the adults (1.19 per cent)
whereas a young Song Sparrow weighing 20,7 grams possessed a heart 1,04 per cent of
the body compared to 1.15 per cent for the adults, However, hirds not nexrly grown
sometimes possessed hearts of almost the same relative size as ndults, The heart of a
fernale Mourning Dove weighing only 47 grams was 1.08 per cent of the body, One
voung Cowbird weighing 31.5 grams possessed a heart only 1.07 per cent of the body
weight, Cecasionally fully fledged birds of the vear {cranial bones still soft) have heen
weizhed, and their hearts have been found to be adult in size relative to the bao i

More information is needed as to the relative size of the heart at different azes in
the growth of the young birds for different species. The magnitude of the difference LY
be expected to vary in different species.

Activity —Activity may have an important influence on heart size. Thus, trochilids,
among the mest active of birds, have by far the largest hearts (Hartman, 1954, nnd
list). Likewise many other small birds are more active than larzer birds. Among the
relatively large hearts are those of the parulids, certhiids, parids, vireonids, and hirundi-
nids. Equally Jarge in relation to size were the hearts of some charadriids, scolopacids
and recurvirostrids, These are rather active birds and not very large,

Among the parulids the heart ranges extended from a Jittle more than 1 per cent to
1.58 per cent, being lowest in the Chat, This low value may be of questionable signifi-
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cance, however. I' for the difference between the Chat and the Redstart being <003, -
The latter species is smaller and more active than the former. In the icterids the heart
range is great, varying from 0.62 to 1.49 per cent. The Cowhird has a celatively larger
heart than docs the Meadowlark (TP<0.01) or the Boat-tailed Grackle {P<0.01).
Fringillids show differences that might be atiributed to activity and size, The Tndigo
Buniing possesses a larger heart in relation to the body weight than does the Towhee
(P<.0.01). The heart of the Savannah Sparrow iz significantly larger than thal of the
Towhee (P<0.01), but the heart of the Savannah Sparrow is not larger than that of
the Swamp Sparrow, according to our data, ¢ being 2.0 (5 per cent = 2.20).

The smaller woodpeckers possess somewhat larger hearts than do the large ones. The
hearts of the Yellow-bellied Sapsucker and Downy Woodpecker were among the largest.
The heirts of kingfishers were fairly large, being 1.25 to 1.39 per cent of the body. These
birds ar- quite active. _

Seasonal variation —Although we do not have enough data on any one species for
adequate proot, the combined data from several species strongly indicate that the hearts
are relatively lighter during the colder months of the year in some species. This is shown
in table L.

In nine species the difference was too small to indicate a definite trend or there was
no difference. as the following examples show. Green Herons taken in Florida showed
an average of 0.916 per cent for the heart in six specimens collected in January, Febru-
ary, and March whereas the average of the heart in five specimens collected in April,
May, and June was 0.936 per cent. Turkey Vultures from TFlosida showed an average
of 0.68 per cent for the heurt in seven specimens collected in December, January, and
February, whereas five specimens collected in April and May had hearts averaging
0.75 per cent of the body weight, Six specimens of Killdeer collected during February
in Florida kad hearts averaging 1.31 per cent of the body weight, whereas two specimens
collected during June in Ohio had hearts averaging 1,49 per cent. The difference is not
significant since the range is too great for the small number of individuals, Four speci-
mens of the Red-bellied Woodpecker obtained in January had hearts averaging 1.00
per cent of the body weight whereas five collected in March, April, and October had
hearts averaging 1.20 per cent. However, the range in each group is so great that the
difference is not significant,

Table 1
Comparizon of Heart! Body Ratio
Cool seasan, Warm seazon,
Navember thoough March April threegh Octoher
Specivs Bady na.  Av, gm. Hearm  Avze. oy no.  Av. gins Hearl  Avae
per cent per cent.

Fulicia arresfrana 2 394 0.E9 1 485 Q.80
Argmng piclus i &5 0.63 1 &3 0.8
Actitis wgculariz 1 2 095 1 45 1.16
Arohilochus colubeiz i &2 213 1 203 162
Dendraco pos borealiz ] 39.5=06h2 1.21==0.03 ! L) 1.35
Parus bicoler 1 2.2 1.31 & 1.a+0.6 1.65=0.1%
Kitla caralinensis 4 20,450,640 1220004 B 20,3 157
Troglodvies aldon L 0.8 1.10 2 11.05 147
Diagpretella carelinensis 1 37 . QT3 1 41.4 - LIS
Toxastoma rufune 1 305 G z 0.4 108
Sialin stalis G M.AEx317 115004 2 . 3D.5 136
Polioptila caeenilea 1 5.3 1.14 2 35 1.48
Lanins dndevicianus 4 43514 1254007 3 44 1.47
Richwandenn c. cardineliy 2 43.3 1.16 3 al.4 1.53
Richmondena c. foridona 2 39 .51 3 353 1.00
Spizells passering 1 11.0 1.18 i 14 132
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Four species possessed hearts of about the same percentage in cold and warm
weather. In the Vellow-bellied Sapsucker one specimen collected [n January had a heart
that was 1.40 per cent of the bady weizht whereas three obtained in Avgust and Sep-
tember alzo had an average of 1.40 per cent. Six winter specimens of Scrub Jay (Janu-
ary, February) had hearts averaging 1.04 per cent, and seven spring specimens { March
and April) had hearls averaging 108 per cent. Two January specimens of Red-gved
Vireo had hearts that were 1,51 per cent of the body weight, and nine summer specimens
{August, September) had hearts averaging L35 per cent of the body weight. The Tow-
hees of Florida showed little difference in the winter {January, February) as compared
with spring (March, April) specimens, Seven birds obtained in the first period pos-
pessed hearts that were 0.82 per cent of the body weight and six specimens collected in
the latter period had hearts averaging 0.80 per cent. Ten January and February speci-
mens of Eastern Meadowlark possessed hearts .18 pet cent of the body weight, whereas
eight April specimens had hearts 1,11 per cent of the body, The difference was not
significant,

Thus, of 25 species for which we have seasonal data, 16 indicated relatively smaller
hearts in cold weather and 9 showed insiznficant or no differences. In general, when
there is a difference, our data suggest that warm seasons are associated with lareer
hearts in the same species.

Climate—A factor which might influence heart size is climate, However, this is dif-
ficult to evaluate because of complex inherent differences between species which obscure
possible correlations with climate, However, there are a few subspecies or closely related
species for which we have data. There is a significant difference in heart size between
the Double-crested Cormorant of Florida and the Olivaceus Cormorant, the percentage
values being 0.83% and 0.70, respectively (P<0.01%: There may be a difference hetween
the hearts of the northern and Floridan races of the Pileated Woodpecker, An average
of 1.20 per cent for the former and 0.9% per cent for the latter indicates as much, but
more data are needed. The difference between the hearts of the Black-capped Chickades
and the Caroling Chickades may be significant {P<0.05). Likewise, hearts of Fireo
carmiolf are smaller {1.0 per cent) than those of all of the northern vireos (1,32 to 188
percent). Two of the tropical wrens shown {Thrvotharns and Henicorfina) have maller
hearts (0.72 to 0.93 per cent) than the northern members of the family (Troglodvies
and Telmatodyles, 110 to 1.53 per cent). The Red-eved Towhee has a questionably
larger heart than that of the white-eyved race of the species in Florida (1.240.14, com.
pared to 0.84320.03 per cent: P<0.05). The hearts of the Florida race of the Cardinal
are significantly smaller than hearts of the nominate race of Chio (P<0.01%. Thus, we
see that our limited data ineicate that the hearts of some species in warm climates are
relatively smaller than those of related northern species, ’

Altitude—In species which live at high altitudes the hearts may be laroer thap
related forms found at lower levels, This may account for the larger heart (1,32 per cent)
of the Quetzal as compared with other trogons, The keart of the former is questionably
larger (P</0.05) than that of T massens and stnificantly larger than that of T, collaris
(P<0.01). The Quetzal rarely goes below 5000 feat whereas the others are found Jower.
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LIST OF BODY WEIGHTS AND RELATIVE WEIGHTS

TERAXMDLS
Finsten s nru.l.i.'.rr (T*an.)
Nothorercus bonapartel {Pan,)
[ R
Cuvig immer {Maine)

GREIE=

Pudtoce pralis doncinvices [Pan,)

Podidvinbus padiceds (Fla))
PELICANS
Peivconns oceidentelis (Fla.)

CORMURANTS
Plralacrecorax anritng {Fla))

Pralocracoraz olivacess (Pan.)

SNAKERIRDS
Anfiinga anhinga (Fla)

HERONG

Aridea herogdiny erpdias (Ohio)

Ardea kersdias ward! (Fla)

Casmeroding aldas (Pan)
Hydranassa teicolor (Flad
Florida caoerwlea (Fla,)
Butorides wirescens (Fla)
Agamia spami (Pan)
Nycticorax nycticerax (Fla)

Nyclanassa wiolacea {Fla,)
Tigrisoma lneatwm (Pan)
Fletergenns cobanisi {Pan,)
Txabreyeius exilis (Ohind
STORKS
Myeteria americana (Fla.)
IBISES
Guera albs (Fla)
DUCKS
Cafring moschalo (domestic)
Angs Julvigada (Fla)
Avthya affais (Flad
Neowonyx fominicys (Panl)
YULTURES
Sarcarhgmphyy pepa (Pan.)
Coragypr alratus (Fla)
Coragyps alratus (Pan}
Catharles anra (Fla,)
Cotheries aurz (Pan.)

HAWKS
Eutep jomaicensss (Pan.)
Buteo lsmeatus (Fla)
Butea plalyplerus {Panl)
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Hly weights in grums

=29, 1140, 1173
19,435, 14,300

19,7544; %13, 4380

*09,113.3£3.9; 88, 1208246
29,312, 375; 23, 375, 500

429, 3leE41.5; 334, 30360425
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19, 1000; 4 4, 1100, 1130,

132G, 1300
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19,2040
12, 3113, 2300, 2383, 2950,
74, G461
29,825, 532; 94, 93T 430
2%, 315, 350 184, 444102
3%, 313=104; 114, 364142
119, 215230, 74, 212074
19,475; 24, 525, 5350
49,673, 793, 800, 350,
b4, Blozk34
TP, 640163 &4, T16=1583
13, 930
14,1023
39,73,80,95; 848, 780323

*4 3, 3050, 3140, 3220, 3300
9@, T1324.3; *10 4, 952:R27.9

* 3, 406241

19, 880; 24, 1100, 1122
29,500, 511; 54, 601=30.3
19|«35Di 16.'1“3

24, R0 3550

O, 2ITEwAE; 64, 1950314

19, 2000; 28, 1400, 1675

40 EE2=118; 104, 147060

29,1275, 1800; 3 &, 1340, 1175,
i17s

19, 1100
89,638x33.5; 54, f2lx3iaT
3%, 365, 398, 395;

74, 31417.7
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0.57, 0.61



228

Hypomorplnus
wrubitings (Pan.)

Haliaectous lencoce phalus (Fla}
PALCONS

Micrastur racficollic (Pan)

Folvboris cheriveny (Pan)

Felee columbarius {Fla.)

Falco sparverivs (Fin.)
CURASSOWSE AND SUANS

Chamaerpetes wnicolor (Pan}

QUAILS
Cotinyg viepiniareg (Fla)
Odomtophorus gutialins (Pan)

TUREEYE
Meleppriz reliopare (Fla)
CEANLS
Grus canadenziz (Fla)
LIMTEREING
Aramug seolopacens (Fla)
RAILS, GALLINULES; COOTS
Aranides cajenes {Panl)
Loterailys albirularis (Pan,)
Gallinple chlorapus (Flal)

Porphyrnle markinice {(Fli)

Frlica greriganga (Ohiod
SUN GREUES

Helforniz fulica {Pan)
TACANAS

Facana spinesa (Pan.)
FLOVERS

Charadrius voeiferns (Ohiod

Charadring wilionia {Pan.)
SANDPIFERS

Tringa fovipes (Flal

Tringa melenolence (Flad
Actitis maenlariz (Fla)
Arenaric interpres (Fla}
Limmadromur privens {Fla)
Capella gallinago (Fla.})
Frolia minutille {Fla)
Eralig meelonalos (Fla)
STILTS AND AVOCETS
fiseantopus kimandepe (Flad
GULLS AND TERNWS
Lars ateicilln
Celochelidon nilotice (Fla.)
Chilfaonias igre (Pl
Sterna hirwndo {Fla)
Sterna forsteri (Flal)
Sterne dongolliz (Flal)

Thalagsens maximus {Fla.)

THE CONDOR

Nody weights in grams

19,1250
&3 9, 3630, 3812

*19,150; 1.3, 165

39, 010=18; § 4, 832255
19,153

$9, 114,766

49,1150, 1203, 1236, 13255
*5 g, 1095 £63

19,150 %34, 142048
39, 250, 280, 280,
63, 31284

+29, 2900, 3000
*19,4110; 1, 5375

=2, 831, 890; 24, 1000, 1225

=59, 3i3==32.8; 24, 330,410
L2,44; 15,3853
2@, 273, 300 43, 275, 278,
300, 400
TR, Mekdad; 34, 230.0K116
TH, 4430247, 83, 34362062

*19,125; 14,143
B9, 107T=84; ¥11 3, 1708

6%, 833
9, 8l4

z

=22 64, Bl E

+r8; A4, 805630

39, 100, 103, 136, 4.8, 70, 30,
23, 110

29,186, 250; 5, 2008659

29,3545

*EQ, 10743 123, 118253

39,103, 105, 110; 65, G823

19,100; 14, 83

13,185,202

14,74

£, 155=74; ¥7 3, 160225

32, I06=kT4.4;: 103 JodLtET

14,150

34,534,535 53

59, 10022 74, 10836

A9, 115,120,123, 14, 1278

79,106.72=1.0; *4 8 100,
110, 110, 112

0%, 43119.7; 63, 4402113

Number
af heart
winghts

1
2

P

[#3)

L

-
= O S R e L Y

=,
Bk G e

L=

Veol. 57

Mearts as
per cent af

bely weighl

0.0
0,76, 0.8+

.57, 0,59
.90
1.56
1.27

0.49:20.02
0392007

0.143, 0375

0.39, 040

0.70, 0.86

0.6, 0.65, 0.76, 082

050,051, 0.61
0.57, 0.63

1.07
LA7, 037,061
058, 062, 0,82
0y

0.820.08

135003
1,27 =003

dex
L e
[
ta
“an

froin b

1.27=0.04

073, 093, 0.98
0.94

1.16, 1.0
108005
122

13400+
1154800



July, 1033

PICEANS AND HVES
Colamba albilineg (Pan)
Avwaidira macrowrs Ohaod
Colnmbigalling peszering {Fla.)
Leptofila seepequxt {Panl)
f.r‘;:l."l:'!'f.ra.' g:u"l!.':.'u'n:.':f {1":1[1..]
Orvopelia chiviguensis (Pan)
PARHOTS
Pyrefura ot (Pan)
Brotogeris jrgudaris (Pan.)
Pionas seaddiz (Panly
Ameazona awlimenelis (Pan)
CUC K0S
Coccyzns americanns (Ohio)
Figva cayana {FPan)
Crotophags major (Pan}

Crotepizagn anl {Pan.}
Tapera nacvia {Fan.)

OWLE
iy eholita (Tanl)
Bichp vivginianus (Ohio)
Fulsabrix perypicitlleia (Tan.)
Speotylo cumicotoria (Fla)

Strix varin {Ohic)
Sirix wvaria (Fla.)
fhiwe pvn clamalor

MOTOOS
Nyetihing grisens (Pan.)

GOATSUCIRERS
Nycridromus allicollis (Pan.}
T MM INGEIRDS
Canpylogidrys henilen-
enrus (Fan)
Selasplooris scintilla (Tan)

TROGONE
Plraromuchrus waoging (Fan)

Troges massena (Fan.)

Trogon collaris {Pan.}

Trogon viclacens (Pan.)
RINGFISIIERS

sfepaceryie aloyon (Qhio)

Chiorogeryle americana (Tan.)

Cilaroceryle aenea (Pan.)
PUFFIIRDS

Notharckus macra-

raynekos (Pan.)

TOLCANS

Anlgcarhynehus prasinus {Pan}

Pieroglogsng terguatns (Panl)

Famplartos swainsoes (Pand

HEART WEIGHTS IN BIRDS

Hendy weights in grams

I9,300,300; 54,304124
H9, 1001044, 131 =63
12,350;13,308
139, 1493£4; 104, 1563240
19,1335, 13,173

39,300, 305, 325; 54, 27324

149, 303£0.5; 103, 82.7+=13
39,628 04,71 73,0082
19,212; 24,210,220
29,370, 100, Ly, 225

19,5660 32,43, 68,63
B, 1011=2.3; 848, 1046232
e, 132, 1ad, 14l

T4, 151458
G0, 87 T34 134, 10221
19,3%.3; 58,35x1.1

19,180

19, 1748; 14,1040
#1 4, 500

&9, 130, 130, 157, 170,

4.4, 130, 153, 170, 170

29,681, 701; 14, 632

19, 875; 34, 651, 730, 80O
29,400, 475, 2 4, young 33, 335

39,150, 123, 157;
34, 130, 187, 190

69, 49.4220,8; 104, 51,521

34,112 113,133
*Q QP30T
Jd, a1, 215,278

3@, 170, 186, 210,

14, 148, 100, 200
48,127, 128, 130, 140;

S e
69,032 134,601
19,698, 348,3503, 013 68

"HP, lE=1T: 08, 19133
34, 361, 36.8, 387
19,151

19,80 *3&,59,96,103

P, 145455, 64, 153761
B 286654 110, B0
49, 600=106; 13, 680

Mumber
of heart

weighis

[ [P R N R P

L= £

P

B = s Oh

" 234

Hearts as
[Her Cen t_nf
bl wighe

1094004
1,11, 1.15, 1.37
1.22,1.22
Q.B5£0.02
0,34, 059
0.33, 0.42, 0.42

1 45+0031

1.1%, 1.26, 1.50, 1.53
i.12

1.16

1.3, 103, 117, L4
0,061 =002

0.62, 056, 0.71, 0.50
0372003
¥, 030

052
.46, 0.51
034

D&% =001

0.33

160, 0.61, 065
1359

042,044 {young)

058008

Q.73 =005

1.87, 185, .00

2ADER12

1524006

17 =005
1.022=0.03
1.04, 1.10

139004
1.25
132

0.36
0654003
O0ex0.02

068, 0,00



230

WOORPECKERS

Colaptes onrntns (Fla) |

Dryacapus pileatus

gbicticola (Maine)
Dryocopus pleatus

feridonus (Flal)
Drvocapus wetng (Panl)
Melonerpes formiciverss (Pan)

Cestprpes coralinee (Ohin)
Centurus relricapiling (Pan,}
Sphyrapicus varing (Ohin)
Drendroco pos villosxs (laine)
Dendroco pog pelescers (Ohio)
Dendrocopos harealis (Fla))
Plhloeoceasics guntama-

leprrs (Panl)

WOODIEWERS

Xiphoriynchg
erytirepyrins (Pany

Xignorfivnchus navus (Poanl)

Lepeefocelaples o Tinis (Panl)

SHiasamps crferica pilluy (Pan.)

Dremdrocinela homochroa {(Pan.)

OYENEIRDS

Synallazis brachyira (Pan)

Margararnis rubirinosn: (Fan)
FPsereidocolaptes lezorencef (Panl)
Premuopley brugnescens (Panl)
Argbaeerthio strieticepe {Pan.)

ANTHIRDS
Taraba major (Pan)
Themnopliive doliefuy (Tan)
Diygichunnas mesialis {Pan)

Myrneotherula
schisticolor {Pan,)
Cercomacrn nicricans {Pan,)

Mayrneecize Tongipes (Panl)

Cymnofithys bicolor {Pan.)
MANAKING

Manacies wibellinns (Fan.)

Hekiflormis turdinu: (Panl)
COTINGAS

Cotinra ridpwayi {Pan)

Lantocera rufercoes (Pan,)

Pachvrampling polvckhoj-

teracr {Pan)

Titwrn semifascinla (Pan)
TYRANT FLYCATOLIERS

Savornis phoele {Maine)

Myinzeteter seyenensis (Pan,)

Myiarchus ferox (Panr.)

THE CONDOR

Roay weights in grams

4@, 03, 95, 09, 120;
24,108, 120

39,239, 260, 280

14,250

29LIRT, I00; 2 4, 165, 147
39,745 75 TR,

44,69, 77, 78, 80

109,6804=1.7;94, 7624
89, 487208 174, 35200
39,45, 47, 48; 249, 41+E1
13%,03x1.4; 114, 73%1.1
149, 28x005; 23 4, 152004
49, 453415, 58,424432

69,2330040; 34, 122, 255, 260

$0,455=10; 14, 47
39,44, 45,46, 33, 46, 49, 49
319,332, 33.5, 33.6;
34,335 355, 28
39,122, 12,5, 13.0;
&4, 14240325
39,357,362,435;18,49

14,211
14,161
19,307:14,53
td,13,15.3
AR ]

*40Q, 62,657, 66.7, 138 14, 69
5@, 28.1205; 74, 18205
49,150, 14.3, 14,9, 15;

54, 14402

42,59,9,0,10; 24,907
¢, 152 18.2;

34,169, 17,178
19,274; 43,20, 292, 303, 32
39,278,285, 298; 14,29

A7 Q, 17520364, 2001£07
19,541

19,605;68,32.8218
29,41, 52.2; 18,386

19,208
"1Q,73.2:18,73

59, 18549205, 64, 0308

§¢,25010;34,27, 278,28

39, 20,302; 44, 0.2, 2LE,
325,337

Number
of hart
weinhis

— ek

20 bt WS e B0 D Cu

B3

Fb b B3 e

LEE

Vol 57

Hearta ai
e cent of
body weight

122008
1.15,1.24

098
1138

091,111,122
L20+=0.035
L2002
14242003
123003
1.33,1.34, 1.44
1,27 003

087, 10O

0.87,0.96
0.70,0.81,0.52

0.92+0.05

1.24, 1.43
1.52,1.71

1.02
0.ar
E13, 132
097, 101
1.20, 1.34

050,052, 0,58, 0,67
0463003

1162005
110
(LG8, 073, 074, 08T

D.37,0.30
103, 1.17

0493007
1.49

1.1+
1.54

115
1.16,1.23

1.22, 1.23
0.79, 0.44, 0.85, 0,08

0.57



July, 1935

Myiarcizns Luberculifer {Pan.)

Mrviarcins crinilyy (ORI00
Canropas virens (Ohio)
Empidoney Reviventris (Pan.)
Lwpidanay feaiilil (Qhis)

B pionax minimns { Maiae)
Afitee pleanes plaea-
cercns (Pan,)

Tercmotriccus eryti-

rars {Pan)
Plat yrinelny meyitacens {Fan.)
Todivastrum ciiercamn (Pan,)
Lophobriccus piléatns (Pan)}

Serpophaga cinereq (FPan.)
Elaenia flavagasier (Pan.)

Pipronvor pha olegpinca {Pan.)
FWALLOWS
Riparia riparia {Maineg)

Iridg pragae bicalor (Maine)
Hirpnda ristica {Maing)
Progue zubis (Maine)
Prypochelidon cyanalenca (Pan)

P rochelidon pyrrko-
rota (Maine)

Stelridoptervx rufi-
collis {Maine}
CROWS AND JAYS
Cyanocet!ia cristela
bromeia (Waine)
Cwanocitta cristaty
eristata (Fla.)
Apielocoma cosrnlescens (Fla}
Corvis brachyrlivnchos
brackvrkynckes {Qhig)
Carvus brachyrhynchos
Dasennes (Fla).
TITHICE
Parus atricapillus
airfcapiinvg {Maine)
Parys carolinensiy {Ohio)
Farug brealor (Ohio)
KUTHATCHES
Sitra carolinessiz (Maing)
Sitba canadersis (Maineg)
CREETERS
Cerbiii famiioris (Ohio)

WRENS
Trogledyles aédon {Ohio)
Traglodytes smusculus {Pan)

HEART WEIGIHTS IN BIRD:

) Bily weights in grams
6%, 1930.3%9; 348, 19.5,

20.5, 210
19,5338, 25, 341, 348
19,155; 84, 142204
29,10, 10,5, 34, 118, 11.2, 113
49,115 12.2, 16,3, 17.3;

G, 1336034
3%,022+008; 14, 10.1£0.25

*30, 80,85, 8.6
3d,91,9.1,123

19,832; 23,160, 163
14,123
89,63520.03, 38, 6.37X0.30
19,70, 73 458,15,
&1, 84, 8.4
1%, 7.7
49,21, 25, 238, 26.2;
64, 23.7=0.56
29,96, %3

40120, 155, 19, 20;
34,11,122 128
39, 233x2.3; 104, 11004
G%,100=06;15,17.8
69, 50.7+1.1; 164, 48910
49,09,92, 07, 10.1;
b4, 987003

49,185, 10,3, 19.5, 21;
44,175, 1.3, 23, 33

2¢,134,15.6; 24,161, 16.2

2@, 83, &4, 90, 98; 14, 03.6

39,05, 67,73, 28,72, 78

BO,T081.4; 88, 130x1s

39,400, 440, 450; =
T, 340, 445

*39, 4405, 53, 4577

219,109=0.2; *308, 11.5=0.1
249, 9.80.0; 138, 106202
129, 207204; 173, 2242203

*19, 08202, 04, 20902

149, 9.8205; 104, 10.620.3

®4Q, 7.3, 8,85,9.1;
114, &.y30.20

49, 12.00003; 84, 11003
19,14;13,148

Number
of heart
weights

k3 Ba o

L= )

o e

Ly

L]

10

Cam ofu

-3

231

Hrarts as
per cent of
teufy weight

051
1.14,1.24
1.33
0.59, 1.30

1.2320.03
1.27,1.28,1.52

1.41, 1.60, 2.00

1.08
1.40
050, 100, 1,14, 1.22

094, 0.95
1.35

127
1.01, 1.08

A2 =00
142005
142£003
1382004

1.33=0.05

14220003
149, 161

0.00, 0.91, D.93, (.95

1.60, 1.15
1O7:0405

1.20
GHEEG.07
145iz=0n0:

1.30, 1.30, 1.34, 1.45
158014

1280008

- 147008

124, 1.71

1.10,1.39, 1.53
1.09, 1.24



237

Thryothorns Ieucotis (Pan.)

Thryvatharus sadestus (Pan)
Henicorlina lewco-

#hrys (Pan,)
Telmualodyies polus-

fris (Ohio)

ATQCKINGEIRDS
Afimns polvelottos (Fla)
Degrmelella carolin-
ersrz (Maine)
Taxagtanm riefam (Ohio)

THRUSIIES
Rhodinecichla rosea (Panl)
Turdus puvratorcis (Ohia)
Turdns pravi {Pan,}

Tuwrdns pleberus {Pan.)
Howlocichla puttate (Maine)d
Hylocichla fuscescens (Maine)

Catharns griseice ps (Pan}
Sialiq sialis (Ohio)

GNATCATCHERS AND KINGLETS
FPolioptile ceerilen {Ohio)

Regulas sairapa (Ohin)
Feenlis eolendrnls (Maine)

PIPITS
Anthns spinoletta {QOhio)

WA WINGS
Bombyeilla cedrorim (Mauine)

STLEY FLWCATCIERS
FPriloporys candetus (Panl)

TEFIER BIIMIKES
Cwelarkeis pujanensiz (Pan,)

SHHIKES
Lanius Indovicianive (Fla )y

STARLINGS
Srarnees vufearis (Ohio)

VIREQS
Vireg griseus (Fla)
Virea carmeioli (Pan}
Vireo solitaries (Maine)
Virea alivacens {Maine)

HONEY CREEPERS
Dreenis cayanag (Panl)

WD WARBLERS
Muiotidte varie (MMeine)

TIIE CONDOR

Bady weights in gramas
39,172,183, 20.2;
6, 201200
2,13, 19

17, 168; 44, 167,173, 181, 19

19,11; 24,12, 12

=)@ 4816 94, 614

"B, 380E15 04,
2T, 505717, TR

19,438,234, 50, 50.5, 50,5
GQ,817£138, 134, 785k22
3R, T05 M, s
33,70, 04, 715
29,90, 95; 54,60, 79, 89
=49, 30.9+2.5; 104, 3505
4@, 293, 32.5, 335, 1.8;
84, 33.1%1.1
32,002, 305, 308
L, 317402 145, 308+056

42,5,5.5, 5.5 5.5,

S, 5542007

129, 63008, 104, 6322018

10 33,39, 6.3;
04,6603

®] 3,22

12 34,3425 20,74
*12 4, F2TE066

12,335;: %2 4,386,415
"19;342:14,298
58, 48407 F88, 471210

32,696, 75 70;
€54, TE4, 79, 82,4

19,113, 84, 12.2=04
19,1545 28,125, 135
59, 16605 54, 16303
149, 1736=0.40;
21, 1B16=055

P9, 145, 15; *53, 126205

112, 106602 144, 1I03==02

Number
al heart
Wil

14

1o

Vol. 57

Hearls as
per cent of
ooy weizht

0.72,0.84
0.84, 086

0.93

124,1.27,1.43

1.13£003

1.092-0.05
0&T, 0.89, 1.17

0.6

133

077,087, 1.06
1.182=0.12
121 =004
121, 1.61

.83
121==0.04

1.14, 143, 149
1.26, 1.27, 1.3}

1.36,1.42, 1.78

184

135001

130, 137, 118
097

1.35+0.03

1.13,1.30, 1.47

13272003
0.87, 1.00, 1.04
1.64
1540006

1.50

1.152=3.05



July, 1953

Vermivora peregrina {Ohio)
Vermivore gutluraiis (Pan)
Paregla pitfayioni (Tan.)
Dendroica aeetiza (0hio)

Dendrpion magentia (Maine)
Dendroica caerulereens { Maine)

Dendroica coronata (Dhia)

Drespefraica vierns {:v'[.".:il'll.":l

Freelreica furea {Maine)

Ovmidroicn feasylvania
(daine]d

Dewdroicg gastaea {3 aine)

Dendroica strpda (0 Taing)

Deadroten diseelor {Flal
Dendrodca galmarum (Flu)
Seinrns srrecapillng {Maine)

Oiperornis phiilsdel phin (Ohia)
Geotnlypis friceas

brachvdactvie {dlaine)
Geolhlvpis trickns ignota (Fla)
feterin virens (Ohio)
Wrlsania pusila (Pam.)
Vilsoniz canadensis {diatac)
Setoplais ruticilta [ ¥iaine)
A yiabharns miniatus (Pan)
Barilenterns cnleivarus (Pan.)
Bastle wlerus

melnnogenys (Pan,)

THOUPLALS

Farkynchng wapleel (Tanl)
Cacicnes vitellinns (Pan)
Amblveercus holo-

serfotns § Panl)

Dolichenyx arysiverys (Ohaa)
Molellrns ater {Ohio)

Strreella magna (Fla).
Teterr palbnls (Pan.)
loters masontelas (Fanl)
Cassidix sexicanus (Flal)
Apelafur phacnicens phecricens
Agelaiug phociicens

mearnsi (Fla)
Enpiragus carotings (Ohied

Cuerveadus guisonda (Fla,)
TANAGERS

Chrloropheria callnphevs (Tan.)

Taragra ebeicapils (Pan)

Tanporg srvsie {Panl)

Fangaraicterpsephols {Pan.)

HEART WEIGHTz IN BIRDS

[ady welghts in grams
Té, hTEx=08y
19, 0.06; 24,95, 103
L S

LY, 08I E04E;

134, 1030031
0@, 8392021 17 &, 0.00£0.56
39,9,9 %95;

44,9, 9.5,9.5 103
109, 11.83+0.25;

4, 1306022
162, 87520,13; 204, 934029
139, 0.6320.17: 04, 935030

149, 06420175 204, 939013
79, 141520,

154, 1330061
49, 6.3, 83, 538, 11.9;

34, 134, 149, 15.2
QLB 9 938,05 0,0.5
9,87, % 9 1008, 923042
A9, 10.01+053;

g, 1B =05]
29,113,127 66, 11.52=0.2

129,06203; 224, 1024011
2OOAE 033,09 1805, 105
Q250,325 54, M6405
6%, 705008 74, 157013
19,05, 68; 04, 904023

129, 8.26%0.15; 114, T.33x0.18
IOoE4 9 54, DEAED14
19,13.1; 14, 113

24,103,112

19,1105 34, 200, 205, 230
68, 11537

49, 33, 36, 6.7, 38;
64,704+0.3
19,243,350 64, 345208
102, 3367084,
13 &, e 60=010
G2, 76032 204, 01525
29,325,353, 88, 340=05
39, 52.5,53,302; 24,372,864
42,0583, 144, 183877
T2, 4 £212;,94,63013

T, IRE 3234, 46, 50, 50

49, 53, 55, 57.2 58.1;
33,65, 66, 76

19,77:24,935, 110

14, 24.1

23, 11.4,12.3,12.7, 145
14,14
“Q0, 12.0%04; 143, 21703

Sumhes
of hert
weighis

14
14

11

bl Dy O el AL e e B

-

=]

-
oD ba On fxme WD

ey Ley

e

10

233

Hiearts as
per cent of
bgudw weight
147
092,105, 1.15
1.20

LS00
1.2120.04

1532000

129004
1.290.08
117004

117006
102

128
1.24220.05
1.2470.03

123003
050 =006

1302006
1.24, 135
1.01=0,00
103 +=0.03
1.2%
12300
132014
1.59

0.7

0.9%
1.06, 1.5

0.7% 054, 091, 056
1234=0007

Lafz=nod
1.17=009
109 =011
052, .87
Lo0==0004
1.20

1.09+0.13

LIS, 1.30, 130 .
I.13,1.13, 1,25

1.37
1.23
1.05
1114006
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Theaupis eplscobus {Pan)
Thraupis palmarim {Pan)
Remprocelns posserinf (Pan}

Ramphocelns dimidialus {Pan,)
Remphocelus icderenotu: {Pan,)
FPirarpa Irncoplerus (Panl)
Habia rebica (Pan)
Tackvphonus enfus (Pan)

Chlororpingus

eprtholmicns {Pan.)
Chlororpingus #ilecins (Pan.)
Phrosricothrin iz

Fnscicande (Panl)

FINCIIES
Soitolor alrice s {Pan.)
Salintor maxiens {Pan.)

Seltaror giviaticeps {Pan}
Ricamondena cardinalis
cardinaiis (Ohio}
Richkmondens cardinelis
floridana (Flad
Plencticus ludo-
wickanus (nine)

Prenctions tihializ (Pan)
Pagzerina cyanes (Ohio)
Steropliile aurite (FPanl)
Treris oliyaces {Pan.)

Atlagetes brunnei-nucha {Pan)
Atlapeler putturalis (Panl)
FPrelliopharyy higliz {Pan.)
Arremionops sirintice s (Pan,)
Arremaonoeps confrostris (Pan.)
P:-pfﬂul ¢r;v|f.|]rr]j.".r:!r'.'.'2..rrr.'.'15

erytiropithalmees (Ohio)
Pipilo ervthrophibalinus

alleni (Fla)
Passergulus sand-

wichersis [Ohio)
Ammodramur saven-

stk e (0hin)
Posrerferbolns feni-

Lot (Ohiod
Sgizelly postering {Ohio)
Spicelly pusiita (rhi)

Fonotrickie alhis

eoilis {Maine)
Zonotrickin cafenes (Fan)
Melospiza georgigra (Maine) -

Melospiza meladia {(Chie)

THE CONDOR

Body weighis im prams
49,3331 T3, 320005
49,371,408, 419, 45
19,237,319, 311,

4&,303, 305,35, 154
g, 29400
b T T
19,37;24,324, 328
1d,37%3
49,334 35, 365, 37.8;
14,314

18,195
19,152

19,347 34, 303, 396, 4]

14,718

PR 40516 44, 438, 4408,
4.8, 47.5

49,381, 302,41, 442

138 42.7£07; 164, 43.7+0.7
19, 32;44,36,309,37,41.2

IO, 443 A56; 245, &1,

42,7, 43, 441
G2, 01108 34, 61.3, 63, 46
19, 14; 52, 1587062
I I
4R, 85 0,91 08;

44,85, 86, 17 10
PRLA35,3T; 34,40 41, 4422
19,33 24,335 392
2g, 32,351
99, 371207 58, 21006
12,418

29,36.9,30; 164, 4205
29, 36305114, 44107
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DISCUSSION 3

Omne of the earlier publications on the subject of heart weights is that of Parrot
(1893) who lists 97 species represented by 181 specimens. Generally speaking his shore-
birds had larger hearts than did our shorebicds. Likewise we differed in many other
groups. Hesse (1921) and Rensch {1948) included birds in their study of vertebrate
hearts, and Groebbels (1932) compiled a sununarcy of data from other authors. Groeh-
bels found that the data for the same species given by diffecent authors were often con-
tradictory. He attributed this to differences in the method of preparing the heart. He
also noted that in some species the heart size differed between the sexes. We have not
found such diflerences in this study.

Sakharova {1940) determined the heart weights in 230 individual birds from the
Moscow Zoological Tarle and compared them with data in the literature. She reported
that in some a small difference could be observed which was most often expressed in an
increase in the cardiac index of the birds from the Zoological Tark. She sugnests that
this was due to the emaciation resulting from sickness. Therefore those values can hardly
be taken as typical. However, in most cases her values azreed with those in the litera-
ture which she cites. She notes further that very little chinge oceurs in the cardiac index
in Lirds kept in cages for a long period and that the size of the heart is a more or less
constant charvacteristic for the species.

Crile and Quiring {1%20) published heart weighis of more than 50 species of hirds
irom North America and Africa, many of them heing represented by only one or twa
individuals. We have values for 14 of the species which they report. Tf one allows for
individual variation, we are in fair agreement except for the Turkey Vulture {their heart
value is 2.07 per cent compared with ours of 071 per cent), the Great Horned Owl
(their value, 0.73 per cent: ours, 0.49 per cent) and the Brown Pelican (their value,
0.66 per cent; ours, 0.815 per cent}. Their Turkey Vuiture must have been a voung bicd
since it weighed less than one-thicd as much as an adult.

Stresemann ([927:203) has pointed out that large birds have comparatively smaller
hearts than do smaller birds whereas Parrot {1593), Groebbels (19327, Stresemann,
and Rensch concluded that birds flying great distances or living in northern latitudes
or high altitudes possessed relatively larger hearts than did other hirds,

Although size appears to be a factor in the relative proportion of the heart, other
intfluences maodify this relationship, Some of these have been indicated but there are
difierences which are unexplained. For example, the Roseate and Common terns are
alike in size but the former possesses the larger henrt. On the other hand, species in which
the sexes differ in size have hearts which are alike in percentage.

Why do the heart values tend to follow one straight line until about 200 grams body
weizht and then show slight relative decrease? This question is unanswered. Could it be
due to an abrupt change in metabolism? The relative size of the heart must be asscci-
ated with the rate of metabaolism, The latter 15 raised with increased heat loss and with
exercise. Small birds produce more heat to compensate for heat loss through their rela-
tively larre surface area and they are more active than large birds. The differences
among birds of nearly the same size may be due to differences in activity. Certainly
this is true in some species,

Let us examing the data which support this thesis. First of all, the trochilids are
probably the mest active birds and have, relatively, by far the larzest hearts (Hartman,
1954}, Many other small birds are very active and have relatively large hearts. The
Chat, which is the largest of the parulids, {s less active than the smaller members of the
family and has apparently the smallest heart. The larger members of the iringillids
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possess smaller hearts in proportion to their size and may show less activity. The larer
icterids have smaller hearts than the smaller members of the family and may be less
active (for example, Cassidin and Sturneila),

Amaong the shorebirds, those with relatively larger hearts may be the more active,
but the difference in this respect is difficult to evaluate, Arenaria and Lisonodromus pos-
sess larger hearts than do others, Birds such as tinamous, quail, and turkeys that rarely
Ay long distances have very small hearts, Valtures that soar mest of the time have
smaller hearts than those which flap their wings frequently,

Estimation of the relative amount of physical activity iy observation of the birds
in the field can be but a crude epproximation. A chattering bird or a vigorous songster
does not necessarily engage in great muscular exertion. Exact comparison could be made
only by measurcment,

These limited observations sugmest that activity may be a determining factor in
heart size in birds. There is evidence that this is true in mammals. Steinhaus, Kirmiz,
and Lauritsen (1932) showed that swimming or running caused cardiac hypertrophy in
the dog, the former being more effective than the latter, MeClintock, Hines, and Jordan
(1939) observed that voluntary activity in the female rat in revolving cazes for six
and one-half months increased dried heart-weight by 10 per cent. Wild hogs posseszed
hearts 0.638 per cent of the body weight; in domestic hogs they were only 0.38 per cent
of the body weight {Geschwend, 19313,

We have caleulated the heart weight in terms of per cent of body welzht in data pub-
lished by Crile and Quiring (1940). The zrevhound had relatively one of the larzest
hearts, at 1.26 per cent, and the collie-police dox had a heart enly 0.77 per cent of the
body weight. Almast all values for mammals were lower than a vast majority of these
for birds. Here again, heart-size often was related to activity, The following examples
illustrate: grizzly bear, Usrsus horeibitis (zoo specimen}—0.79 per cent; jaguar, Felis
once (from zoo)—0.54 per cent: tiger, Felis tgris (captive)—0.33 per cent; porpoiss,
Plrecaena phocacna—0.52 per cent: anteater, Tamandua letradactvla—0.44 per cent;
three-toed sloth, Bredvpns grisens—0.24 per cent; monkey, Macacus rhesns—0.33 per
cent: squirrel, Sefwrns budsonicns—0.73 per cent; and meadow mouse, Microtns drem-
mondi—0.70 per cent. Thus we see that on the whole, mammalian hearts are smuller
than avian hearts. This had been shown to be true by Parrot {1303).

Why does climate affect heart size, If it does? Granted that our data are too meager
to bear conclusively on this peint, they do sugrest such an effect. A comparison of sub-
species should be most valid {for example, Riclondera cardinelis cardivalic and B, ¢,
floridana), The northern subspecies has a greater range of stimulation, longer daylizht
in summer and shorter in winter, together with a greater range in temperature and cor-
respondingly the heart is larver. In the areas corresponding to these races, the mean
annual temperature is 34,477, (Ohio) and 7L9°F, (Florida).

Does season affect heart size? Qur data dervived from just a few species are only
sugeestive, If the difference is valid, it might be explained by difference in activity. In
the short daylizht of winter in northern climates, birds seele their food, bask briefly in
the sun, if at all, and hunt some spot where they can be undisturbed for the long night.
This is in contrast to the long summer daylight with prolonged activities of courting,
feeding of young, and general reaction to environment,

We have very little data on the effect of altitude, the Quetzal being our sole example.
In the tropics the essential difference between low and high altitudes is temperature,
especially the cold nights of the latter, the length of daylight being the same. Stroh!'s
observations (1910) on Lagapues bear on this point. He found that the hearts of L. sewtas,
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the alpine ptarmigan were relatively much larger than the hearts of L. lagopus, the marsh
ptarmigan. He atteibuted this to the differences in altitude to which the birds were
subjected.

When does the heart of the developing voung bird reach the same proportion to the
body as that in the adult? Laura Kaufman {quoted by Groebbels, 1932) has reported
the relative heart weizght in the domestic pigeon at difierent ages. From the seventh
throuzh the thicteeath day it is much larger (1.5 to 1.6 per cent) than in the adult (1.3
per cent). The titae an which the hearl percentage becomes the same as in the adult may
vary in different species, hut more evidence in support of this idea is needed.

In peneral, it may be said that the smatler, more active bicds hove relatively larger
hearts. Tn other words the lareee hearts are assoctated with increased metabeolism neces-
sitated by heat loss or caused by exercise. Dilferences between sexes as to heart weight
are rare or absent. The inaction brought on by long winter nights i3 associated in some
species with smaller heart weights. Also warm climates may be associated with relatively
small hearts. Undoubtedly many factors are involved. A characteristic heart size is
inherited. This must be modified by natural selection acting on variations through many
generations in response (o the circulatory requirements arising from conditions impaosed
by exercise, heat production and the environment. The heart of each individual may
be modified temporarcily by any of these inlluences, but the heart of the average member
of the species represents the total response over many generations,

SUMMATY

Percentage heart weights for more than 1340 birds distributed among 291 species
and 64 families, are -'rnfen Thesze specimens were collected in the eastern United States
and Panami.

When the logarithms of the heart weights are plotted against those of the body weight
the values tend to follow a straight line to about 200 grams body weight and then
follow another line that is slightly steeper,

Percentare heart weirhis rangze from a little more than $.2 per cent in tinamous to
2.4 per cent in hummingbicds, Relatively small hearts are also found in Colines, Mele-
agris, and Chawacpedes, Somewhat larger are those of some hawlks, some rails, some
cuckoos, and many owls. Relatively lavge hearts are found amaong shorebirds, kinghsh-
ers, swallows, titmice, nuthatches, creepers, waxwings, vireos, and warblars,

Mo evidence of a difference in heart size was Iound between the sexes,

The age at which heart size attains adult magnitade appears to differ among species.

Heart size is related to activity in many instances, those of birds accustomed to
sustained strenuous exertion being the largest in pru-mr[im Lo the body,

Limited data on several sln,mr:s sugzest that heart sweight clq,fleasﬁ in the colder
months of the vear In some species.

Certain northern subspecies appear o have larger hearts propoctionately than do
southern subspecies of the same species,

Larger hearts may be associated with permanent residance at high altitude.

Heart weight in birds is relatively greater than in mammals,
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