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FOREWORD

Many of the data on the dimensions of flying animals are found in
journals which are not readily accessible. Aside from Sotavalta’s pa-
pers on insects, published within the past 15 years, the significant refer-
ences are also many years old, harking back to an era when such studies
were undertaken primarily to provide inspiration for the development
of aircraft.

The literature is quite extensive for insects, for birds, and even for
bats. Furthermore the results of the several investigations appear con-
sistent among themselves, leading to the presumption that a reasonable
degree of precision obtains for all the great mass of available data.

It seemed worthwhile first to bring these scattered sources together
in one publication, and second to plot the various dimensions against
each other to determine how well the principles of dimensional similar-
ity hold for so diverse a collection of flying animals. The figures speak
for themselves, The text has been added by way of summary and to
point out certain anomalies which appear to provide exceptions to
nature’s usual sense of orderliness. The scientific names in the tables
are given as they appeared in the original publications, in the belief
that few identification difficulties will arise.

There is no claim to originality in what follows. I shall be quite con-
tent if it is useful, perhaps even stimulating, to entomologists and
ornithologists.

CrawrForRD H. GREENEWALT

Greenville, Delaware
November 1960
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DIMENSIONAL RELATIONSHIPS
FOR FLYING ANIMALS

By CRAWFORD H. GREENEWALT
President, E. I, du Pont de Nemonrs & Co.

For a dimensionally similar series of objects, animate or inanimate,
a volume or a mass will be proportional to the cube, a surface to the
square, of a linear dimension. If Alice, then, after sipping from the
bottle labeled “Drink me,” were reduced to one-third of her normal
height, her surface would be one-ninth, her weight one twenty-seventh,
of its original value. Or if we should plot Alice’s weight and that of
many other little girls, large and small, against let us say the length of
their arms, we should find in logarithmic coordinates a straight line
whose slope is 3, or in mathematical terms

W=k
where J#7 is weight, [ is length of arm, and ¢ a constant of proportion-
ality.

For cats or for mice the result should be the same with, however, a
different value for ¢, meaning simply that cats or mice are dimension-
ally similar within their families but not with each other, or for that
matter with little girls,

BODY WEIGHT AND WING LENGTH

We turn now to figure 1 (all figures follow page 7), on which is
plotted total weight against wing length for the entire array of flying
animals. We see that for body weights ranging from less than 1 to more
than 10 million milligrams, weight is roughly proportional to the cube
of the wing length.

Insects show a much greater “scatter” than birds, evidence I sup-
pose of nature’s versatility in designing many models of animate air-
craft at the lower end of the scale. The highest values of wing length
per unit weight are found for the dragonflies and damselflies, for cer-
tain butterflies, and for such insect specialties as the craneflies and
mosquitoes. Except for the dragonflies, these are rather poor fliers
with low wing-beat rates. Lowest relative wing lengths are for the

SMITHSOMIAN MISCELLANEOUS COLLECTIONS, VOL. 144, NO. 2



-

2 SMITHSONIAN MISCELLANEOUS COLLECTIONS  voL. 144

bumble bees whose bulky, heavy bodies make one wonder how they
can manage ever to become airborne. YWhat might be called the “main
sequence’ of insects falls on a straight line well below that for the birds.
One might expect this to mean a generally poorer flight performance,
but this does not necessarily follow, since in appraising aerial ability
one must also take wing-beat rate and muscle weight into account.

For birds, excluding for the moment the hummingbirds, the scatter
is much less, particularly at the small end of the scale. In general the
soaring birds have long wings, the gallinaceous birds short wings per
unit of total weight. When one considers the aerodynamics of soaring
this result might well have been expected.

Hummingbirds fall into a very special group, for here nature ap-
pears to have devised an unusual model, one in which weight is pro-
portional to the 1.5 power of the wing length. This result is so un-
expected that one might well question its validity. In figure 2 the
hummingbird region is expanded, and I have plotted separately the
two sets of available data. Their self-consistency leaves little room for
doubt of the basic relationship. Hummingbirds cover only a small part
of the roster of flying animals, and it should be noted that extrapolation
of the hummingbird line either to larger or smaller body weights
would lead to aerodynamic monstrosities. I can offer no rationale for
the anomaly. Hummingbirds are excellent fliers, and it may be that
their peculiar dimensional relationships contribute to this end.

One also sees that the hummingbirds are placed almost exactly in
the center of the figure ; hence they may represent a zone of transition
between insects and other birds.

BODY WEIGHT AND WING AREA

Figure 3 shows the relationship between body weight and wing area.
The results do not differ significantly from those in figures 1 and 2.
Note again the much greater scatter for insects, the increasing scatter
for birds as size increases, and the anomalous proportions for the
hummingbirds, In figure 1, however, wing length for birds is in gen-
eral greater per unit weight than for insects. Wing area, however, for
the long-winged insects is considerably greater per umit weight than
for the long-winged birds.

Figure 4 is an expansion of figure 3 for birds (excepting humming-
birds) with a differentiation in charting for selected bird families. We
see that in general the birds of prey have the highest, ducks and gal-
linaceous birds the lowest, relative wing area. Aerial performance does
not necessarily track relative wing area. Ducks, for example, are strong
and competent fliers, making up for their small wing area by an un-
usually high wing-beat rate.
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Note also that soaring birds, the albatross particularly, are not ex-
traordinary in relative wing area, falling generally in line with the
small passerines.

WING LENGTH AND WING AREA

Figure 5 shows the relationship for birds, figure 6 for insects. The
birds fall into a very consistent pattern, but here the differences for
soaring birds become more apparent. The albatross, for example, has
a very long wing per unit area, as does the frigatebird and booby. This
means simply that for soaring birds the wings are long and narrow, a
condition essential for good aerodynamic stability, which does not re-
quire per se a large wing area.

In figure 6, the insects show their unusually large “scatter.” We have
models ranging from the long, narrow wing of the fruitflies and crane-
flies to the broad stubby wings of the butterflies. The proportionality
constant in the equation relating wing area with the square of the wing
length varies through a factor of 5. For birds the variation is scarcely
a factor of 2.

Figure 7 shows data for bats. One sees that these data are very self-
consistent and that the constant of proportionality is quite close to that
for birds. The flying model is similar, much more so than the appear-
ance of the two classes of animals would lead one to expect.

WING SPREAD AND WING LENGTH

In virtually all ornithological handbooks the wing length as given is
not the length of the whole wing, but that of what is called the “hand,”
viz, the distance from the wing tip to the first articulated joint. This
practice arises out of the great difficulty in measuring total wing length
or wing spread from bird skins, as compared with the relative ease of
measuring the length of the “hand.” Figure 8 shows Magnan's data
on wing spread plotted against the measurements of the length of the
“hand.” Tt is essential here to use data from a single investigation since
precise measurement of wing spread is greatly influenced by the tech-
nique of the particular observer. We see that the two hands average
62 percent of the wing spread. The “scatter” is not great, a tribute to
Magnan's self-consistency.

WING AREA AND WING WEIGHT

In dimensional theory, the weight of the wing should be proportional
to the cube of its length, or to the 1.5 power of its area. Figure 9 shows
the relationship for insects and birds. We see that wing weight is pro-
portional not to the 1.5 power, but to the 1.67 power of the wing area.
Since we have previously shown wing area proportional to the square
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of the wing length, we must conclude that wing thickness increases
with the 1.34 power of the wing length and that the wings include a
steadily increasing percentage of total weight as the size of the animal
increases.

While we know little about the structural properties of bird and in-
sect wings, it is reasonable to assume that if the thickness increased as
the first power of the length, the angular deflection at the wing tip dur-
ing, let us say, the downbeat would be constant. Since wing thickness
actually increases as the 1.34 power of wing length, the angular deflec-
tion at the tip must decrease with increasing size (or weight) of the
animal. This may be related to maintenance of aerodynamic efficiency
with increasing size, but the argument is certainly not an obvious one.

It is even more extraordinary to note that the data for insects and
birds fall on a continuous straight line. The materials of which the
wings are constructed are totally different for the two classes; a ribbed
chitinous membrane for the former and a complex structure of bone,
muscle, and feather for the latter. It must, however, follow that the
mean density of wings remains the same quite regardless of the mate-
rial of construction.

It follows from the wing area-wing weight relationship that the
weight of the wings will comprise a steadily increasing percentage of
total body weight as the size of the flying animal increases. For the
mosquito Aedes aegypti, weighing 1 milligram, Sotavalta's data show
0.2 percent of the total weight contained in the wings, whereas for
the falcon Gyps fuleus, weighing over 7 kilograms, the wings, ac-
cording to Magnan, are 22 percent of total weight.

WING-BEAT RATE AND WING LENGTH

There is good evidence® that the beating of the wings of flying ani-
mals can be described using the well-known theory for mechanical
oscillators. This theory presumes a resonance frequency for beating
wings which will be maintained regardless of changes in either external
or internal wing loading. It follows then that wing-beat rate will be
constant for a particular animal. The equation is as follows:

-t
where f is the wing-beat rate, br? is proportional to the weight of the
wing muscles, and [ is the moment of inertia of the oscillating system,
viz, the sum of the moment of inertia of the wings and the internal mo-

1 Greenewalt, Crawford H., “The Wings of Insects and Birds as Mechanical
Oscillators,” Proc. Amer. Philos. Soc., vol. 104, Ne. 6, 1960,
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ment of inertia of the wing muscles and whatever part of the skeleton
vibrates with them. If we assume br® proportional to P (or the weight
of the animal) and J to * (the product of wing weight and the square
of a distance proportional to wing length) we see that the product i
should be constant for a dimensionally similar series of animals, We
have seen, however, from firure 9 that for the whole roster of flying
animals the weight of the wing varies with the 3.3 power of the wing
length. Hence it should follow that the constant will be proportional to
1115 ot to fI.

In figure 10 we have plotted all available data for wing-beat rate
against the corresponding wing length. We see that there is a limiting
boundary line which does indeed have the slope 1.15. Unfortunately
the data for birds are quite limited. I have obtained measurements for
hummingbirds and for a few small passerines using high-speed cinema-
tography, and Meinertzhagen gives data for a number of large birds
whose wing frequencies are sufficiently low to permit visual counting.
Even for insects there are insufficient data to show conclusively
whether the slope 1.15 is characteristic also for particular families or
genera of insects, or whether in these limited ranges a slope of 1.0
obtains. Figure 12 would appear to give some support to the latter
hypothesis. Here we have placed the insects in four arbitrarily selected
groups with decreasing values for fl assumed to be constant. It is seen
that in quite general terms the various genera appear to fall on lines
for which the slope is unity.

Whatever the proper exponent for [ (and for a particular genus it
makes little difference) the product fl appears to define the flying ability
of the animal. This would place the fruitflies at the bottom of the list,
with butterflies not much better. The best fliers would appear to in-
clude many of the Hymenoptera, certain Diptera genera, and a few
Coleoptera. The birds in general seem to be more proficient fliers than
the insects, with the hummingbirds at least equal to the best in both
groups.

The hummingbirds again appear to be anomalous, but the data are
not good enough to establish quantitative relationships with sufficient
precision. Figure 11 is an expansion of the hummingbird region. The
best fit for the data appears to be a line whose slope is 1.25 and this
slope correlates well with what one would expect from the other dimen-
sional relationships for the family.

It is to be hoped that many more data for birds will become available
in order that these relationships can be more precisely established.
Ideally, of course, one should have data on wing length, wing weight,
muscle weight, and wing-beat rate for each specific individual. Here
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we have had to assume muscle weight proportional to body weight,
which is true only in the most general terms,

MUSCLE WEIGHT

In figure 13 we show the weight of the large pectoral muscle plotted
against total weight for birds. The large pectoral muscle powers the
downbeat of the wings, and so is the prime source of energy for flight.
We see that for the entire procession of birds, from a tiny kinglet to a
mute swan, the large peetoral averages 15.5 percent of the body weight
with very little “scatter” on either side of the mean.

In figure 14 the weight of the large pectoral muscle is plotted against
the weight of the wing, Here the scatter is considerably greater and the
wing weight increases with the 1.1 power of the muscle weight. Body
weight, on the other hand, increases with the first power of muscle
weight. The rationale here is based on the data presented in figure 9.
We recall that wing weight increases more rapidly than body weight,
and since muscle weight is directly proportional to body weight it
must also increase more rapidly than the weight of the muscle,

Figure 15 shows the weight of the small pectoral musele (which
powers the upbeat) plotted against body weight. Here we find the
same proportional relationship that existed for the large pectoral mus-
cle, but a far greater scatter from the mean. In general the gallinaceous
birds have relatively large small pectorals ; for soaring birds and birds
of prey the small pectoral is a much lower percentage of body weight.
The explanation is not readily apparent. Gallinaceous birds are rela-
tively poor fliers, but it is hard to say why this should be associated
with a relatively large small pectoral.

In figure 16 the weights of the two pectoral muscles are plotted
against each other. We see that on the average the large pectoral has
10 times the weight of the small pectoral. The scatter from the mean is
considerable, owing of course to the variability in relative weight of the
small pectoral muscle.

The relative muscle weights provide the best available evidence for
the presumption that for ordinary birds power for flight is provided
wholly by the downbeat of the wings. If we make the reasonable as-
sumption that power output is proportional to the weight of the muscle
we see that the small pectoral can provide no more than 10 percent of
the power required for flight. Since power must be expended merely to
lift the wings, the contribution of the small pectoral muscle to flight
may well be considerably less than this percentage,

For hummingbirds the situation is quite different. Large and small
pectorals account for 25 to 30 percent of total weight as compared with
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an average of 17 percent for ordinary birds. Hence one would expect
hummingbirds to be relatively more powerful fliers. The ratio of the
weights of the two muscles for hummingbirds is roughly 2 as compared
with 10 for ordinary birds. One can then safely assume that both up-
beat and downbeat contribute power for flight. This is also what one
would expect from the pattern of the wing beat seen in high-speed
moving pictures.

In figure 17, total muscle weight is plotted against body weight for
insects. We see the usual scatter typical of dimensional data for insects.
However, for many insects, notably the Neuroptera, Diptera, and
Hymenoptera, total muscle weight is roughly the same percentage of
body weight as is found for birds. For the butterflies, however, the
musculature is very light, correlating with their poor flight perform-
ance,

Admittedly these same data could have been presented in many dif-
ferent ways. No attempt has been made, aside from figure 4, to sub-
divide the insects and birds into families and genera, Such an effort
might well be fruitful, but the data collected here are probably not
sufficiently precise to permit more than the broadest generalization. It
is possible that relationships such as these will be of significance in
taxonomic investigations both for insccts and birds. It is to be hoped
that someone will find the rather tedions investigations worth the effort.



-~ s 3% N - - — Domedea arvions Mo
‘0
o
frepate agwic ..'D J&rm N'rﬂg Y "-FCE'FF
5 Mileus mivus 5.. [ 1'.'!‘ QG {bﬂ? ” f
e s 0, %c ,5"'5#"' &
P d @ G © o it: U ®o
WING LENGTH ang 8O0y WEIGHT -y E%Dam E% Gr U UOQ}
Sterng Rrunda o vo

For insects ond efher birds
e slope of the Ines & 3,
for Aummingbiras it 5 15

Q 'I- FRatianes coichicus
& Coccotvs sarglis

o® 9°
O OTHER BiRDs

L)
% Colinvs pacioraiis

:

WING LENGTH - millimeters

Adasoemie cpaitig lh.

Codsplerys wrps w
-

Myrmaison  formecarmas &

2 Tiowie Aprion pusiia w b . .
*  Lepidoplers G A {’ﬁ For lnsects and Mumminphirds wing lengin is meosured
o Odonata 1

. from wing tip fo shoulder foint, for Other Birds wing
& length is ona - half the wing spread

_w Bombus muscorum

W Sombus prolerm

BO00Y WEIGHT - milligrams

m rd
I

Fie. 1




50

ooi— HUMMINGBIRDS

- e Harimaon
go— S o Ruschi
o
E
=
3
s0— !
=
S0 g
g > Body weight and Wing length

40 Egquolion of e line

M = gone 14732

Bady | weigh! - groms
I l l | l

g 3 4 5 & & n 5 20

Fia. 2



- 5 cenfimeters

”ﬁ!gmgfmhm,f

WING AREA and TOTAL WEIGHT - BIRDS

F BT gl R Sompalptaly SO, 0 ey ared dioded Ar
P fag- Moy sowps oF o fofa) PR el B Sonsiant
Tre plof shows By fo be moaphly P cote for cortmn
orcers gad fomewl Wanghonr Afessn famies [ .8
Aowdvdy, be very pepet.  fuces, for erample, fof 2 repean
for mheh “unt wog oree ™ areropes aboof 73, for fodeang
nd ples pensen, “unt ming oreo ” cveroges obout 20
AMhouph precise Srs e nof pesdadi, i 5 prodaMe Mot
STk pampparnie for Mew meiatiely ower wing ae
@ comeinongingle hphse et Begt rate

Lt wing are " A ide consiost is e sguanien

A & g WTE Tre fnas s the plot corripond fo te
PRy abes e ¢

LI
5
-
fires S0 B
’ il
e o o -
(i -
= i remader Eruigni o
g ’
3 : AT Megekeendg . proy
ol 5
- o - S
_‘__.-"'. L] ‘- ; o
.._‘__,- o - : .___.-'
Fregore aguia . o [ e Mot o
i -8 -
el e
i T
3 T el ta}
5 O A~ z o
. = : %, - -
- T @ -
= il n S .
& o -
A & P
% = o - /
0] e
&
e ,-*/
S
L :
L -
; -
."-"'
.-"-.
ol
>
_z".
o
Green Fed
Anctidoe Crconiformes
Hirundinidioe Goviidae Strigiformes
Fodiciach nadl
Galliformes Falconiiormes

Fic. 4




g Diomedea sxufons
(o]
& Fregata aquila O Q
o o
o
100 — Sula bessana g o} - 0
WING LENGTH and WING AREA o >
Phalocro corax carboe» O g‘ 0 0
BIRDS S e -
D o
Wing langth /s one -Aalf the wing span 5 B G 0
Wing area is for bothwings 00 o 0 > C?Cp 59 o
- T
0% FTP
o] g% Q 6, P 500
0 o0pCel 2
mr; CC%C} e
o e L)
S o S, ©
i 0 gF
S % O ¥ Og
S % 0,20
5 o 0
S o a B o0
: o t? 0 e o
< Qe B2
s C A =
E’ L) OG o o
3 © o0p& %¢
o o o]
g‘ Q & @
0 @ —“ o
"' (gk%
o]
> s EQUATION OF LINE
- cnga% (tength) = .93 (area)
5o 5
(o]
o) o
o
Wing Area - sq centimelers
4 [ | |
20 /00 1000 10000

Fic. 5



s0—
s
Jo —E
.E
b
W
i v
=
s
tn
£
m_

WING LENGTH and WING AREA for BATS
fieagtt)t = (76 farea)

Wing fangth is ons - holf the wing spaa
Wing area is for bolh wings







Wing Bact Raote - Cycles per Second

a %a
Thass orw SetlariTas, gad soin
W pamde wiep Rempap
a
[+0a ]

i Wing Length = milmalers

WiNG BEAT RATE ond WING LENGTH

Bopndory kee  pFT o ITEG

Fic. 10



5o

50

40

Ll

15

Wing beaf rote  Sec™'

o0

WING BEAT RATE
and
WING LENGTH

Hummingbirds

Line "% = 3549

Shoboscopic

frequency
deferminoiions O

Wing fength - mm
1 1 1 1

ey |
40 S0 B0 0 80 50 00 2O

Fic. 11

30 —\\
o iﬁummmgbfrds
4 o WING BEAT RATE
\ and
S WING LENGTH
sl \ Ogshed line »I1"*¥ = 5830
- Solid ine  #1'9 = 3530
I'l.:l
o &
L]
T
2
o B
L 7]
E=1
g
=
Eal—
Frequencies  from
o Molion  Piclures Other Birds
Wing leagth - mm
0 1 1 1 1

90 50

R R P |
&0 mansam—éa—.«%



. ]
00
00 WING BEAT RATE ond WING LENGTH
350 b=
b
g
o
& -
50 f= g
g
L%)
aale
- §
L
o
L
]
®rE
a5 Boardary Sae  wf"% w THO
frows lingy wf = conifanl
i
2 =
Wing Langth - milfmelers
| Hﬁ
o F; 7 : ; : ; } :I- ;Icr .cjl Fo # 30
Fic. 12—Wing-beat rate and wing length for insects
GROUP 1
HYMENOQOPTERA COLEOFTERA DIPTERA
ACULEATA NEMATOCERA
Vespa Crronia Rironome g
Megarhils Patosia BRACHYCERA
Anthidinm Tabauus
Paithyrus Nevidamuz
Bombis Bombyling
Apis Foelucella
Erigtalis
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Agrypon
GROUP 4
HYMENOPTERA DIPTERA
TEREOBRANTIA NEMATOCERA
Nemeriis Trichocera
BRACHYCERA

rosopiila
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METHODS EMPLOYED IN OBTAINING DATA FOR TABLES 1-3,
FROM O. SOTAVALTA

Wing freguency:

All papers—"Flight tone”: Sotavalta has the gift of perfect pitch and made
nearly all his measurements by the "acoustic” method. He reports a
possible error in his determinations of =5 to +1 percent. Data are given
which show his “acoustic” method to be in elose agreement with direct
stroboscopic measurements.

Total weight:

1947—Weights determined using “in most cases” a balance with a sensitivity
of = 1 mg. after exposure of the insect to HCN vapor for 10 to 15 sec-
onds.

1952
15;,;4} As above, but with & more accurate balance.

Wing length:
All papers—Measured using a commeon millimeter rule with an accuracy of
4 14 to 1 mm. Distance is the “direct distance from the wing tip to the
articular point.”

Wing area or total susfaining surface:

1947—Measured by tracing the contour of the entire insect with spread wings
on millimeter cross-section paper, “the wings then being fresh in their
assumed striking position straight aside.” This gives the “total sustain-
ing surface.”

1952—Measured as above but here the area of all wings alone was measured.
This gives true “wing area” of all wings.

Wing weight:

1952 —Weighings made on a microchemical balance with an accuracy of 1
microgram. For very small wings, several were weighed together and
the average weight computed.

1954—As above but with a torsion microbalance of 5 micrograms sensitivity.

Moment of inertia of wings:

19527 Determined by summation of the weights of small wing slices multiplied
1954 [ by the square of the distance of the slice from the articular point.
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TABLE 1.—DATA FROM 0. SOTAVALTA, ACTA ENTOMOLOGICA FENNICA,

PT. 4 (1947)
Wing- Total
bezat Bod Win sustaining
rite weight ]rnrd.t surface
gl m. i w2
LerinopTERA ;@
Papilio machaon E5 369 43 2,064
" " 5 610 49 2,810
. i ] 610 49 2810
Pieris napi .. ] 47 22 6836
Gonepterys rhomm . 6.7 168 28 1,128
Fanessa anliopa ... 10 4085 38 2,030
Hemaris fuciformis . 85 241 22 440
Chacrocampa clpenor . 58 642 30 780
£ o : 57 480 3l 770
A porcellus 71 308 21 426
o o 71 383 22 477
3 i 65 496 25 589
. # 67 iz 20.5 462
" Ll ﬁg 334 22 Szn
Deilephila galii ............... 52 765 32
Sphinx ligustri & .. an 1,645 51 2057
i = 2 .. 28 2 53 2,360
“ pingsiri & 42 477 34 934
e & 7 520 38 1,041
" 2 &= 35 550 39 1,287
Acronyeta auricoma 58 217¢ 15 278
Agrohs occulla ... 30 252 27 830
Sora rubricosa ... . 44 125 16 i
L s 55 165 17 i
Charaeas graminis & ... 71 65 12 246
Hadena lateritia .......... 45 a3z 22 i
* manoglypha 53 280 22 572
Hydroecia fucasa ... 61 100 16 307
Xyling ingrica 49 210 20 A
Catocala frazing ... 12.5 1,235 47 2710
Geometra papilionaria . 10 24 716
Aegeria np:’ﬁ:rm:’: & i 87 310 16 i
“ e 75 485 20
COSIus COSUS 8 e 44 997 27 i
" N 37 2,645 38 1,694
= iy bt e S 41 1,730 35 1,326
HysMEN0FTERA
Symphyla
Dt’;n“iu s N 123 68 8 "
Trickiosoma lucorvm oo . 73 265 20 3
Sirex gigas 9 . 69 440 26 T
Aculeata
Camponotus herculeanus @ 73 120 13 e
Ammophila sabuloss 9 .. 143 86 11.5 ey
Vf.?n: oulgordy @ L 165 224 14 166
¥ " b R B i) 10
Collefes cunicularivg .o s g 107 10
Andrene 1696 & e R 154 13 137
Eucera longicornis @ oo 170 150 11,5 i
Megachile logopods 8 ... 214 153 11
- é SRR 155 11 .
i it | S 205 214 12

“ g T e 136 12 s
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TapLe 1. —continned

Wing- Total

Leat Budg 'wing sustaining
rate weight lengt suriace
secd . T, win,
Hyumexortera, Continued
Aculeata, Continued
Megachile ligniseea @ cvcccvinsins 233 115 10 o
4 rohundala § . 207 38 6.5 A
Anthidivam manicaith & vecveeresers 233 171 11 = 18
o + B . 233 1] 8.5 i
" - e e 196 104 a5 L
FPrithyrus ripestris B ocvenesnnes 123 541 18 361
” BoRemicts Q@ e 123 715 19 s
Bombus hortorum & ... 195 14 217
i L - 533 16 262
o i ) 450 17 368
i3 = el 337 15 i
oy equesiris F oo 58 8 e
. hypuorum § ... 485 16 i
i [T} g sm 16 308
= agrorim 9 225 13 192
0 lapidarins 537 16 284
a B ? 534 16 270
3 a 487 16
o ruderaris @ e 302 13 210
i praforum T oeeaes 101 9 90
o e - R S 520 16 e
* e A e 487 16.5 e
AP mellifies ¥ 233 &5 9 86
e 2 ¢ B S SRS 225 o9 10 S
i 2 Wit o i A 225 o7 a5
B B A et 230 100 9.5
- ” e e 230 o 10
i o SR D 240 95 10
5 . 1 A i 247 o4 a5
s B M, = 247 101 10
5 = LR S e L 65 9 A
1 £ s e e e 230 o 10 i
Terebrantia
Amblyjoppa profess .omiioeiie. 82 165 16 i
Coclichnewmon comitator ..., 123 3z 10.5 P
Opheltes glavcopleris ... 52 95 20 e
i 2 e 55 120 205 e,
Paniseus opaculiis .oevceeceee. 78 20 10.5 AL
¥ i S AR i 22 10.5 S
het) RS SE S . 71 45 13.5
Enicospilus ramidulus ¢ 73 25 11.5 o
. - merdaring .. 82 25 11 -
CpNen IteNs L o4 45 14 141
" i 55 45 15 i
o i 55 48 15.5 e
e b 55 35 16 5
Agrypon anzim ...... 78 11 9 40
HEMIPTERA :
Heteroptera
Mesocerus marginatus ... . 120 g5 10 2
Carpocoris purpureipennis a1 74 10 o
Dolycoris baccarnim & ..oovvvevaecienns 116 48 8 B4
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TABLE l.—conlinned
Wing- Total
heat Bod Wing  sustaining
raie wt—iﬂ'ﬁl length surface
sec-1 . A, pren,?
Hesrrera, Continued
Cdonata
Aeschng FUNEED i iiiemnimnirins 35 958 48 2,180
CoLEOPTERA ;
Creophilus maxillosus e a8 200 15 Vsl
Geotrupes slercoraring . 85 810 22 520
e R . B7 1,000 24 684
i o 73 690 23.5 e
o " i, B 540 23 cho
Aphodiis subterranens ... i 117 32 8.5 e
L FMCEOTINE o.oeerereereremerensens a2 35 9.5 s
Amphimallon solstitialis ... S 364 19 e
s ! i A e &0 06 18 i
Melolontha hippocastani ... 58 1,220 29 965
Trichites fosCIGHE oo 116 170 14 s
5T B T T — 08 512 22 425
" e S 107 478 22 g
521 225 5
437 215 .
611 225 i
323 19.5 -
338 20 g
478 22 i
521 21 2
534 20 i
529 21,5 :
21 7
151 14
126 135
o g 74 12
Saperda carcharias 1,010 26 g
e i ]'m 2'6 SW
Dirresa:
Brachycera
Tabanus fropicss T ececeememoe £ 165 131 12 e
E y g 185 81 13 S
L1} o g m 13 R
# bromius 9 78 125 L
Neoilamus cYonurms e 170 42 10 e
Bombylits tafor & .ceecmeee 255 60 12 1T
’ o = P el e o 240 79 12 100
" o] R 230 36 10 65
2 o S AR 170 75 12 ooy
Vohicella pellucens . 147 200 15 o
f # B ey 156 125 14 e
Erisialis 0esirace o iimarmeee 200 101 11 i
- # e . 200 83 11 =
" o R 200 116 11.5 e
! . R - 200 104 12 e
% b Al ~ 170 174 13 )
o tenax : 175 165 13 160
“' *  (same specimen) . 161 150 13 160
it E - e 130 13 160
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TABLE 1. —concluded

Wing- Tuotal

beat B?d; Wing  sustaining
rale weight length suriace
gee-d il ., meand
Dirrera, Continued
Brachycera, Continued
Helophilus iriviltats eeeecicacinns 222 o 11
Dirosophila fumebris i 170 6 4
Nematocera
Tipuln excies & i 49 32 17 145
W Thsterliy & 67 32 13 75
Y reriple 9 .. i 59 18
" relene § o g 49 o 23
Pachyrrhing analis . wu DT 147 18.5 =
! T R B TR 87 10 10 sl
Limnobia quadrimaocnlale ..o 55 29 155 =
Culicidae sp. & 2.5 4 10
b 2 5 (] =
= beserd o M ) N TR 25 5 e,
3 ] i 5 6.5
n ) 5 6
Anopheles maculipennis § ... 240 4 G 16
Theobaldia alaskatngis @ e, 233 10 7.5 ey
Chirononis plusnosns & .eevevesvereees 311 13 7 24
“ “ . S - 330 & 7 29
" iy & (s sp) .. 4% 8 7 29
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TABLE 2.—DATA FROM 0. SOTAVALTA, ANN. zZ00OL. S0C. “vANAMO,"
voL. 15; wo. 2 (1952)

Wing- Aloment of
beat Bed WI“E Wing Wing inertia
rate weight lengt arezx wedght of wings
Jee- ma, L, w3 . mg. (mm.}

LePIDOPTERA ;
Fieris brassicae v 10.5 144 34.0 1,720 17.975 4,230
By e (] 37 236 853 5,075 698
Macroglosswm stellatarum .. 73 282 213 ¥ 9,180 593
Pocetlocampa populi ... 55 112 16.7 317 5.225 265
HyYyMENOPTERA &
Aculeata
Apis mellifico o 234 111 10.2 62.0 0.425 9,55
" = . 247 a4 07 57.6 0.425 7.3z
" r . (240} 69 03 57.6 0.360 6.14
% ] (240} 77 9.6 57.9 0,365 6,92
Bombus lapidarin 143 477 16.6 172 2465 131
e ~ (161) 658 17.3 189 2.745 169
& terresiris . 156 E80 17.3 197 2.860 158
Fespa germanica 139 240 16.2 133 1.390 69.6
¥ wmigaris . 139 81 132 1.7 0.665 26.0
b ¥ 147 a8 13.3 85.2 0.760 278
* erabro ... 104 597 243 304 5.675 G608
Tercbrantia
J{\)rphfm: e 62 a3 15.0 155 0.675 322
EMEFIIE CONESEENS wmvemeeeen 147 J.625 4.0 bt 0.025 (0.061)
COLEOPTERA ©
Melolonthe oulgaris ... 62 597 281 445 8.955 1,180
Cerambycidae sp. wveereece 80 142 15.5 133 1.845 688
Amphimallon selstitialis ... 78 201 19.9 229 2.840 187
DiprERA :
Brachycera
C::H?ph ora erythrocephala ... 143 114 85.9 0,605 149
I o w180 15 74 30.6 0170 1.39
L o - 156 o4 11.3 79.6 1.030 182
o i . 165 62 10.7 6.7 0.670 10.5
L " 156 106 114 731 1.000 17.4
o ™ 165 i 110 608 0.520 o
o # o 161 61 0.8 61.1 0460 733
L L 152 o4 10.7 1.1 (445 7.89
5 B S HR 9.3 50.5 0.275 4.37
b 3 - [(161) 47 8.9 48.8 0.290 370
= 23 o 127 aiin 10.3 67.6 0.375 i
o " — 156 3s 9.0 0.6 0.275 P
o r 2 165 33 2.0 525 0.360 e
= o i C1BLY 39 0.6 534 0345 6.30
H i = 161 30 10.0 57.0 0.430 iite
a g 165 44 9.8 580 0.460 B.06
Ertsiglis tewax ..., B 50 11.5 67.3 0.655 159
i e 206 13.3 988 0.985 310
i o AR R b 106 122 76.5 1.050 238
o R s e 180 93 13.1 Bio 1.030 247
# b S R 4.1 S 12.5 £1.1 0.645 e
b e L R R | FisE 13.3 014 0.835 o
- P e Ao 185 176 13.0 87.0 1.355 276
& 2 e 1 143 124 819 1.090 250
o o I Tl RSN )] cm 11.8 769 1.045 242

Musca domestica ... 165 50 199 0055

swa
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TasLe 2—concluded
Wing- ) Moment of
beeat Doud Win Wing Wi inertia
rate weight leny arex weight of wings
gee-d A mim, w2 g, iy, (mm.)®
Dirptera, Continued
Brachycera, Continued
Drosophila melanogaster ... 185 0.740 2.0 (0.0027) (0.0017)
Nematocera
Tapnila ap. oo n L 63 21 15.5 75.5 0.460 290
A = 42 a5 20,3 138 0.865 100
et 63 30 15.5 870 (.655 4.1
i u 49 M 18.5 125 0890 862
A e L A 49 30 18.5 130 0.930 832
o S e e A A 49 21 16.1 0.7 0.720 55.7
16.9
ol 63 20 127 6l.4 0.465 139
= " 49 75 20.0 152 1.385 132
e 48 23 18.5 131 0.930 71.4
e o 48 22 179 120 0.875 74.8
i 43 22 17.0 106 0,785 51.5
i 197 123 0.940 104
b M, poas 49 25 16.5 101 0.785 54.3
Trichocera sp. .. 67 1.565 7.2 21.3 0.050 0.674
g s 20 0830 65 18.0 0.025 0.30)
Theobaldia annulaia .. 262 0.000 6.2 16.9 0.065
= A e B et 6.8 20.3 0.060 0.62
Aedes aegypti oo 600 1028 25 24 E{I.EIDEE; ﬂ.{H}S;
e s R 360 1820 3.5 5.0 0.0080 0.020
Culicidae sp. 9 e, 277 5.800 5.9 15.0 0.040 0.30)




16 SMITHSONIAN MISCELLANEOUS COLLECTIONS
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TABLE 3.—DATA FROAM 0. SOTAVALTA, ANN. ENTOMOLOGICA FENNICA,
voL. 20, ¥o. 3 (1954)

Wing- Moment of
beat Bod Wing Wing inertia
Ente weight length wei of wings
see-l gl B, mi, pir. fmm. )
LErIDorTERA
cAgroli ppailon o il g 1] 169 18.2 5.235 325
b LT e 44 e 221 7.315 671
Amphitrofa clandesting e =4 150 220 6,730 654
7 % P —— Y 48 i 227 7.830 701
i " P e O h 46 et 21.3 5.845 428
Sideridis wniprncta ... 41 5 20.3 6.875 548
" 1 T o o o 46 111 18.6 3025 233
Amathes bicolorago ... 54 69 15.5 2.645 138
2 " L 51 114 15.2 2.030 105
o e 53 64 15.6 2225 o9
o 4 N 41 112 16.1 3455 201
Peociloconipa Poptll o ocsiesseaserrrens 35 112 16.7 5.225 265
BLATTARIA:
Periplaneta americana & 36 820 233 25.8 2,590
— = 35 230 4.0 Jo.4 6,360
E: i & 32 Soxts ) e
CpoxATA: Fore  Hind
Sympelrnm dange & i e 41 92 240 230 50 770
2 e 44 101 275 265 94 1,550
L L Y e 41 137 287 270 6.5 1,460
" b (RIS 41 102 230 220 44 590
g o R 41 29 216 37 560
& R R e e 46 9 258 250 26 720
= iy R e i o P e 41 91 260 248 5.0 790
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TABLE 4.—DATA FROM B. HOCKING, TRANS. ROY. ENTOMOLOGICAL SOC.,
vor. 104, p1. 8 (1953)

Wing-
beat Wing Wing
rate arca lenyrth
see-d s I,
HyYMENOPTERA :
Aenleata
e S ST ST = 198 283 9.2
DiprERA:
Brachycera
Tabmr::: T I S S 119 574 14.3
seplenirionalis # 93 29.3 102
Chrysops furcala ... 4, 110 219 8.6
e [T T T e o 109 18.9 8.1
Drosophila g 208 1.5 214
Nematocera
Aédes compestres o LA .4 5.3
" communis ... s 216 39 44
“  mearchicus .. 318 3.6 38
4 pumctor ... 290 .4 5.3
Steenlinon venststum ... 258 3.8 32
: oitlatnm ... 200 4.6 33

Hocking's paper is not clc:u' as to whc’cher the wing areas in the table above
are for both wings or only one. In a recent letter he states that the measurements
are for one wing and in the case of Apis for a pair of wings on one side.
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TABLE 5—DATA FROM REED, WILLIAMS, AND CHADWICK, GENETICS,
voL. 27, vo. 3 (1942)

Wing- 7 :
Eii‘.l! w,i’:" e
Drosophila immigrans ... 166 3.19 340
5 wirihe 156 3.39 323
o peendoobsenra i 191 231 283
o e SR TR, 191 223 273
H i = 175 248 284
o “ 180 2.53 288
i . 173 263 288
s e S i 169 274 3.00
3 B e 166 282 3.00
b o 174 275 296
. " 179 2.60 298
= b 178 2.55 2956
i S 182 256 296
" MArande .. 173 293 3.09
e e i 154 3.39 337
4 it S L . 159 329 321
" s N A 166 3.23 3.29
i athobarea: o 154 272 2.96
b MR e L 188 243 286
b 2 185 218 277
" repleta 177 342 3
= o e € e 160 3.63 346
o melanogasier 178 213 261
5 T T e M 169 233 282

* Both wings.
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TABLE 6.—DATA FROM A. MAGNAN, LE VOL DES INSECTES, PARIS, 1934

Wing-
Wing  Wing  Wing  Wing  beat
Weight spread  lengt surface  weight rate
. HIH wiwi. wan,? LT, see-1
DipTERA
Culex pipiens 2.25 10 43 21 = =
Tipula gigantea ... 60 51 23.6 226 20 48
Trichocere fuscat e 225 15.5 7.0 - e 100
Tabamis bovinss ... 276 41 155 184 3.0 06
Dasyramphis atra ... 233 < 15.7 150 24 100
Bombyling mafor ... 45 22 9.0 +i 0.4 —
Chrysotoxum bicinctum . we - A0 285 128 68 1.0 120
5 pernale ... &4 235 105 &l 0.5 150
o arcuialtim 73 28 12 74 0.6 144
Folucella gcﬂr:m:.r ........... 5 73 25 12 78 0.5 120
o ombylans ... E 33 14 ] 1.0 —
i plumala ... 124 325 130 92 1.2 120
. BONAFIE o, i b 40 i7 124 3.0 —
Ly T gy kAT TR 115 32 13 108 20 =
Eristalis tengs e, i s 73 25 115 74 0.6 210
Echinomya grossg ..ceeeea- 197 45 14 124 20 —
Calabomba Prastrl e 3 275 12 40 0.4 190
Sarcophoga carnaria ... 45 19 7.5 36 0.45 160
Cu]'f!:pfmm TOMELOTID eereoirssmrrmmnminmsin a0 22 10 50 0.9 —
L erylhrocephaly .. e 23 18 7.5 24 0.2 160
Musca domesiice oL 12 13.5 5.5 20 0.2 190
Fannia scalaris 10 14 i 19.6 — 210
HYMENOPTERA :
Xylocopa vialacea 614 44 18 172 3.0 130
Bombus lapidarius 495 40 16.5 165 31 o0
= terrestris 388 39 16 142 25 130
s Rorfornem o = 159 31 13 a0 12 135
b TUTEOTUIN | e sereioeis 226 305 125 20 1.0 128
Fespa crabo 9 e 567 525 225 260 6.0 100
b M T T 373 40 18 180 24 -
R s o T R et 187 31 14 98 0.9 110
Polister galRews oo 115 265 115 46 0.6 220
Apis mellifica 78 8.5 42 0.5 250
Ammaophilo saltlose e 45 20 9 42 0.5 120
Almetses temodus o 52 — 11.4 - — 70
LEPIDOPTERA :
1. Rhopalocera
Papilio podaliring ..o &0 37 3,600 20 10
BT rr e SR 370 82 38 2,200 45 =
Pieris Drasficie oo eeeees 127 6 kil 1,840 21 12
" rapae 32 25 1,000 8 —_—
" mapi 55 49 22 760 5 —
Anthocaris cardamines ... 45 48 22 780 4.2 S
Rhodocera rhamni oo 107 61 27 1,200 12 21
Vamerss Mriicae o eeeaininanin 112 52 24 1,000 8 o
ot ) 195 62 285 1400 17 18
e T, R R 131 45 20 &20 g a5
= Al e - 134 57 27 1,080 15 10
- COFENE o 173 58 26,5 1,040 12 20
Ary{wm"r pophia oo o oL 180 66 30 1,760 13 e
L T g D WL S 278 n 32 1,800 28 10
FPararga moero &7 53 245 1,160 72 g
S — 45 44 20 720 3 —
Coenonympha pamphilus .. 46 375 16 480 35 pr
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TABLE b.—coniinned

Wing-
Wing Wing Wing Wing lIrF:ue.‘l.tu
Weight spread  lengih  surince weight rate
MR, [ wiml, s, 2 =l are=l
II. Helerocera
a. Sphingids:
Acherontia atropos v 1,000 110 51 2,050 G670 2
Py T 1L T L T 2,200 110 49 2,160 — —
bl T T R e 2,400 104 44 2,000 = —
Macroglossa stellatarim ... ARUE T L 470 20 400 10 &3
: bombyliformis e 189 435 195 262 74 ED
Zygoena Alipendulae .. ovooicriverians 127 38 18 300 5 48
b. Bombyces:
Collimorphio RErg o eeviseivemsmmeinnns 196 63 28 1,080 16.4 —
Chelonia villica e I 49 21 E00 13.0 20
Spilosoma fuliginesa ......ccoeveemse 36 14 300 3 —
e MRttt i, 305 17 460 ] -
Zenzera aesenli 51 20 480 15.6 -
Dasichyra pudibunda 62 215 BO0 13 28
Bombyx rubi 695 31 1,300 34 18
L GUETENE  orerresssesramsasesarssrssoens a0 27 1,080 264 —_
Philosamia cynthia ... 132 61 5,000 93 8
Saturnia pyrl e 150 70 12,000 300 8
Notodonta diclaeq ... 52 23 500 84 22
FPygoera bucephala oo 58 26 200 18 —_
¢. Noctuids:
Agrostis exclamationis .. ...covienrnn 133 35 14.5 320 5 41
Triphoena pronube ... . 485 6l 30 780 30 24
FPlusia gamma 144 42 18 440 5 48
d. Phalenides:
Venilia macularia .....cooseesmsmsers 21 335 16 340 2.2 25
Ephemera tiilgola e eeeceeececinneres 93 43 20 _ 7 29
COLEOPTERA® :
Oryctes NOSICOrME oo orieecinrios 2,700 87 37 744 M6 —_
Laomitis Corony oo 2,600 B3 6 800 385 33
FPrionus cariarius ........... e 1,000 56 24 450 15 e
Melolontha til@arnis ..eecceiams 061 62 28 402 128 46
Cetonig anuralt .ooe...o..... 537 50 20 130 4 26
Dorcus parallelipipedns ..ooveeee. 418 45 20 200 5 —
Amphimalluy fuseus o, 201 30 16 160 4 -
Cerambyr scopolii ... e LR 375 16 166 B =
Telephorus fuscus ... 109 285 125 116 167 72
Clerus alvearius ... 71 24 11 g2 1 =
Aromia moseRatd .ooeeins 133 3s 143 - e du
ORTHOPTERA® :
Paracinema Iricolor eeeccrreens 1,400 & 30 800 125 =
Oedipoda coerulescens ... 614 46 22 460 6.1 ==
NEUROPTERA :
Libellules
Sympethrum siriolala .. 212 61 k)| 780 B8 £y
B meridionale 281 &7 32 1,000 125 21
" fonsconlombe 157 61 295 760 g2 =
£ sanguineum 101 B85 28 260 6 "
Leucorhinia caudalis ... 237 68.5 1,020 08 =
Libeliula depressa ... L 245 B0 385 1320 144 20
Orthetrum coerulescens .. s 2AE 65 325 1,080 146 20
i cancellotum . 2 5300 a0 385 1,200 189 =

* For membranous wings only.
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TaBLE b.—concluded

Wing-
Winr Wing Wing Winz beat
Weight spread |ET.||{I:TI. suringe weight raie
RHIT, ., B, wir 2 #Ee gee-4
NeurortERA, Continued
Libellules, Continued
Leptetrum 4 maculatum ... 307 72 M5 1,060 12.0 21
Cordulia acnea .............. . 1 | 71 335 - 9.6 33
Gomphus vulgatissimus . 638 70 335 940 11.1 —
Brachyiron pratense .. 557 Frd 365 1,200 14.4 33
Crphiogomphes .scrpc::.ruur.r 312 ril 34 940 128 42
Anas formosus o meseanns 1,200 109 50 2,280 454 22
“ parthenope . 03 o r 45 1,950 27 —
Aeschna rufeseens 611 a0 43 1,780 312 20
“ mizsie 530 80 Jo.5 1,380 215 kL
Calopteryx splendens .. 120 64 30 — 118 16
L1 1], E— o 70 M4 820 52 —
Pyrrhosoma mininem 38 40 25 — 20 27
Ischnura elegans ... 20 305 155 130 1.0 —
Panorpa communis . 30 32 14.5 175 1.0 28
Myrmeleon formicaring ... AR i | 685 33 700 5 —

TABLE 7.—DATA FROM MAGNAN AND PERRILLIAT-BOTONET, C.R. ACAD.

scr., voL. 195, pp. 559-561 (1932)
Weight of pectoral muscles and weight of body for insects

Weighe
Bod r.-tF
weight muscle Muscle
i, . weiiht
DIrTERA :

Meisea domesticd it 14 1.50 10.7

o ] 14.5 1.20 827
Folucella sonaria 140 21.0 15.0
Tabamits DOUIRNE ecsssammmmsmsnssassmisiaean 276.8 47.1 17.0
" - o34 709 18.0
Echinomyg grossa eeeesmsissins 197 233 11.8
Gastro ‘{:’n!u; equi 115 173 15.0
Eristalis tenax 126.5 182 14.4
Tabaris BOTINEE oo omicrmessminsmisnnis 186 335 18.0
e i 183 3.5 i8.3

HyMENOPTERA ;

Bombus lapidarivs eoeeeeeessnivicea o 149.5 224 150
o g 95 11.9 12.5

*  hortorum 159.5 17.9 11.2
[T 2 g 1] N 3734 40,0 10.7
4 = Gl 381 40.4 10.6
o o 389 315 8.1
Bombus terrestris 215.5 327 15.2
L i 205.5 30.0 14.6

o e 1 S = 115 186 16.2
Fespa erabo 339 44.7 132
Apie mellifica 115 14.9 13.0
Ammophila sabulosg oo, 452 317 70
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TasLE 7 —concluded

[.EPIDOPTERA :
Pierss DrObiel oo riins 127.3
L e bt R B7.7
S 1] T S— 552
i i Sgls
.. i 7 547
me'fm: ﬂfﬂ{?lifﬂ ..................................... 134
Maereglossa stellatarum 345.5
Callisnorphe lera i 196.4
[ i 15?-5
ol e A S 2145
Fanessgdo oo, i 195
Rhodocera rhammni 150.5
Argynnis pandora 250.5
- s S e 148.6
0 AR e 206
[t Wi 1'&]
i i 2?3.5
Plhing gownm .- L = 725
Spilosoma fuliginosa ..oeecaemasaion 106.5
Zenuzera gesculi 340.7
Bombyx quierens 189.5
ORTHOPTERA :
Oedipoda caertlycens . .oiccciicicace 614
Cetonia gurata ... 2975
Paracinema tricolor i - 1,403.5
NEUROPTERA :
Diplox SangUINER i il 101
= " 156.5
5 ” 117.5
" - AR N A O 161.5
o fomsconlomBer ..o canenns " 157
Myrmeleon formiscarnis e AL 0.5
Diplox meridionalis o eresemesssmsmasses 281.6
Ischnura elegans 20
Orthetrum coerulescens . 2482
Arschng e0anes e 445
mixria 530.5

vor., 144

= HME
0 o 0 Ay Bt g
onohoihhooouoDooo

Bk bk
0 RIEN SIS D0

EREmms
mhooat
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TABLE 8 —DATA FROM KARL MULLENHOFF, PFLUEGER'S ARCH.
GESAMTE PHYSIOLOGIE, VOL. 35, Pr. 407453 (1885)

Data for birds, bats, and insects
P—Total weight in grams.
Weighings made to three significant figures on freshly killed animals.
p —Weight of flight muscles in grams.

F—Total sustaining surface in square centimelers (values not given in the tables
which follow). Birds were placed on their back with wings and tail feathers
extended as in flight and the entire contour traced on white paper. Parallel
lines 1 centimeter apart were drawn on the figure and the area measured,
taking the mean length between lines and summing the areas,

Insects were mounted on needles, the wings arranged as in flight. After drying
the specimens, the contours were traced on millimeter cross-section paper and
the individual square millimeters counted,

t —Area of both wings in square cendimebers.

Determination as for sustaining surface.

The area for a given contour could be measured with an accuracy 1 to 1,000,
but repeated measurements on a given bird, because of variable stretching of
the wings, would deviate by as much as 1 in 100.

K—Wing spread in centimelers.
| —Length of both wings in centimelers,
These were taken directly from the contour drawings made for the deter-
mination of F and f. They are accurate to 1 part in 100,
The values given by other observers were selected by Miillenhoff on the basis

of their accuracy and self-consistency. The different observers are identified in
the second column as follows:

1, Miillenhoff 4, V. Ledenfeld 7, De Lucy
2, Harting 5, Marey 8, Pettigrew
3, Mouillard 6, Legal and Reichel 9, Krarup Hansen
o o BUE e OB
Ob- p'r!rﬁh 'ﬂﬁﬁ muﬁa nﬁ? w:'r:'l“
BETVer P P i K 1
Bats
1 Pleropus edulis ccievennes 2 1,380 117.6 1,630 120 104.4
2 L geoffrovi 3 53 — -— 484 —
3 Macroglossus minimus ... 2 214 — 9 24.5 224
4 Phyllostoma perspicillatum 2 477 - 190 6.8 33z
5 spectrum ... 2 164 — 626 509 528
6 Megaderma trifolium .. 2 521 — 164 44.8 39.0
7 Glossophaga soricinus ... 2 14.6 — 94 24.0 228
8 Vespertilio pipistrellus ... 2 5.6 0.35 50 23.5 21.0
9 mumu.:r ol Ll 20.9 — 180 tE 53]
10 T S LA T 2 349 — 140 420 0
11 i pipisirellus ... 1 3703 — 49.59 19.75 1745
12 Plecotus aurithis eevere 2 10.4 0.76 70 26.0 25.0
13 Taphosous saccolaemus ... 2 187 — 158 205 26.4
14 Mormops 5. e 2 208 — o4 28.7 234
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TaBLE 8.—continned

Wing area - Length
Flight for both Wing of both
Weight muscles wWings spread wings
O AL, We.-gms. o ? rm, ent,
EOFVET P n f K 1
Bats, Continued
15 Nyetinomus acgyptioens . 3 6 - - 4.3 ==
16 Molossus longicandatus ... 2 335 — 104 352 31.0
17 Noctilio unicolor oo, 2 44.5 rck 254 46.2 44.0
Frying Fism:
8 Dactylopterus volitans ... 2 572 i 440 41 43
e Erpcoctus cvolans e 2 107 = 124 24 21
Birps ;
18 Lawing excubitor 9 .. kS 3 _ 144 — —
19 Turdus mernla ....... 5 4.0 — 230 —- —
20 L . 2 838 19,05 212 — 320
21 oy R i 74 19.6 1658 - -
22 o pilariy 1 100 - 1286 39 33
23 b (T . 2 103.4 23.3 202 — J4.4
24 Saricola oenanthe 5 56.1 - 125 —_— —
25 Parus coerulens 2 01 —_— 28 — 18.0
26 " major .. 2 14.5 2.10 62 — 210
27 Alauda cristata 5 36.8 — 202 — —
28 i i 3 34 S - 30.5 —_
20 = e 3 37 - - 33.1 —
30 ¥ arvensis .. 2 322 5.10 150 — a6
31 Emberiza guberna 2 25.5 2.03 100 —_ 21.0
32 Fringilla spinus ... 2 10.1 — R -- 19.0
33 e cannalina 6 19 518 55 — —
34 Pelrocincla cyanca . 3 53 2 = e =
35 Budyles flava ... 3 20 - - 27 —
36 Passer domesticus § . 4 2833 — 76 2 tid
37 £ i B 3 27 —_ - 23 =
3B 2 i .~ E— 3 25 - - 226 -
39 = - i 34 874 &2 — Tx¥
40 Bombyeilla garrala ... 2 &0.0 11.0 Ba —_ 32
41  Sturnus tulgaris .o 5 78 - 202 >3 i
42 " iy = 6 82,5 20,48 192 365 e
43 i S e 2 86.4 1645 170 - 334
44 2 e 3 71 — — 384 Sk
45  Gracula religiosa 2 161 17.2 376 —_ 52.0
46 Cortus acgyptiacus ... 3 395 - — B4 _
47 T 3 615 - — 107.5 —
48 o rormix .. 6 615 141 1,343 e —
49 e 1 ot fi 615 151 1,280 — A
50 y | e fi 508 140 1,144 = —
51. o f 505 131 1286 = i
52 " G AR : ] 5635 140 1,310 == ==
S o N, . 6 557 115 1,260 78 =
M4 . J B ] 557 120 1,324 =k =
55 g R = ] 547 129.7 1,324 = =
56 1 i ] 519 121 1,280 = =
57 e o) B i 493 1039 1,003 - =
g - L IS B 75 = 1156 == =
59 = Wt i - & 493 1084 Sl = e
6l * frugilegus ... 4 i A75 1,219 1 o2 M
6l T . L (4] 419 £O 1,144 L =
62 Y 3+ T R 6 507 109.6 1,144 = =
63 " & o e, 0 454 100.6 OR8 = =
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TaBLE S.—conlinued

Wing area Lenath

Flight for bath Waing of both

ol Welght #::gdn w'm;;i f-r:_s:at w‘]:l:!

BEFNET F1* 'rpl | i K 1
Birns, Continued

64 Cortus corone i 498 115.1 1,284 —_ —
5 5 " (4] 477 03.6 1,10 - —_
66 G 230 54.06 00 — —_
67 6 225 55.0 601.4 0.0 _—
68 i 204 53.3 610 64 —_
69 i 202 48.96 560 55.5 —
70 i 190 35.3 522 — -—
71 5 179 42.02 482 51 -
72 5 275 — 690 - -
73 G 212 — 540 _ —_
74 £ 176 43.3 460 - —
75 fi 174 39.6 466 — —_
76 6 125 6.4 443 - -
77 ] 132 375 508 — —_

7B 1 180 —_ 565 56 47.3
79 ] 156 40,1 e 1] = —
&0 1] 165 oo 490 - —
&1 6 188 450 551 — -
82 5 49.1 — 329 — —
23 s 3 62 - — 43.0 —
B4 Cypselus apus 4 335 — 144 — —
85 s ¥ 3 33 — - 376 a—
86 Hirundo rustica . 4 15.7 — 135 _ —_
&7 i o 4 19.4 — 114 —_ —
B8 " 5 4 18 — 110 — =
59 i e i 4 19.9 — 134 - —
o0 " * 2 adolt 4 19.9 — 134 — —
o1 i ¥ 2 juv 4 19.4 —_— 114 e —
a2 b urbica .o 5 18.0 —_ 120 s —
93 Cotyle rupestris ... 3 16 = = ki —=
o Coprimulgus ... 3 62 e — 50.9 =
95 C'e'r‘yff MOFIAG . 5 86.0 — 2.38 — e
06 & s 5 g29 — 270 — —

97  Psttacus erithaces 2 300 e 584 =2 506
o8 g i 1 200 —_— 710 71 60
99 Chrysolis amazonica ... = = 300 — 895 73 63

100 Plyctolophus sulfurens ... 2 250 239 544 e 60.6
1000 Picsts taridid o oeeeceeniian (i} 101 28.08 408 - —
101 Alcedo ispida 2 .. 3 27 = = 232 s
102 i o ol L i, 3 31 — — 25 —
103 i o B e & 3 34 - — 26.2 —
104 Coracias garrils ceceees 3 133 — — 62.5 —
105 Merops apiaster .o, 5 18.30 — 117 = e
106 Fultur cimeress e 5 1,535 - 3,233 —_ =
107 B L T el 5 1,664 - 3,131 —_ 4=
108 Otogyps auricularis ... 2y 8,152 —_ - 266 —_
109 fr;.vp.f e i 7,50 — — 251 -
110 Neophron percnopierss .. 3 1,705 —_ —_ 161.5 o
111 Hahlaectus albcilla ... ey 1 5,000 — 7,073 226 190
112 i i S 1 4,500 — 7,000 217 182
113 . T il 1 4,900 — 200 209 1835
114 Pandion halioelos ... A 3,055 TH B52 e =
115 " b st 3 1,270 — —_ 155 s
116 o 3 e [ 1,950 518 3,142 e —
117 Falco migrans oo L a 620 — 1, = S
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TABLE 8.—continucd

K Tea L. i1

Flight  forboth  Win of both

Weight muscles wings EOTER WIngs

Ob- gms. Wit -t £m.2 £, o,
server P P { K 1

Bmps, Continued

118 Faleo tinnunculus ... 5 129 — 642 — —
119 = " 3 181 —_ . 74.0 —
120 o iy (i1 260 1 680 65 —_
121 o o 5 147 —_— 546 — —_
122 " kobeck (7) 5 282 o 970 e -
123 “  subbuteo 5 510 — 1,684 -— —
124 " peregrin a3 580 — — 104 —
125  Milous aegypting ... 3 640 —_ = 133 —
126 Astur palumbaring 1 800 — 1,520 103 92
122 " - 3 290 — — 71.8 —
128  Accipiter nisus ¢ . 1 260 — 800 75 67
129 o . ] 275 85.1 690 63 —_
130 # - i 6 766 250 —_ 885 —_
131 o " 3 152 — — 61.8 —

132 % ’* 1 150 — 496 55.5 49.5
133 o e 1 250 — 710 6% &0
134 = L . 4 266 - 864 — —_
135 Circis SerNginosts . 5 209 —_ 1,188 — -—
136 Auieo wulgaris ... 1 Q00 — 2,610 130 113
i “ 1 o00 — 2,500 126 109

1 200 — 2210 125 105

1 600 — 2,170 117 100

8 785 — 1,651 == S

6 785 154.6 = = =

6 1,217 242 2,350 123 0.1

6 862 176.9 2, 120 —

1 1,000 — 2359 140 117

1 850 — 2,020 129 108

1 1,000 = 2445 135 114

1 1,000 — 2510 144 123.5

1 o0 - 2220 132 115.5

1 1,125 - 2,880 143 123

1 730 — 2420 137 116

1 400 — 1,190 97 B4

1 250 — 1,440 a7 84.5

Ie3E & # it 3 305 - —_— 04 =2

154 Ano olus oo =t 275 —_ 1,010 a2 83.5
iy s R T 232 479 1,102 92 A
156 « = 6 237 084 1154 i =
157 Asyo brachyolks e ST | am - 1,230 103 83
158 i}'ﬂﬁum GlCD i = [ 1,777 376 3,020 4.5 e
159  Athene possering ... A 129 — 442 = ==
160 = et st 123 - 34 - -
161 Ephialtes scops e - 3 150 — — 52.6 —
162 Columba lwva .o ot 7 200 — 750 — P
163 5 b 298 — 608 - =
164 22 . N = 1 205 — 598 70 50
165 i ot L= el 1 202 — 541 a4 E4
166 M domesticd cer.. 6 206 938 - —_ —
167 o e 335 113 650 64 e
168 *  oegyptioca & ... 3 257 — — 56 ==
169 “ NNGELD e e 112 — 292 =2 il
170 g aegyptiocd . 3 223 — —_ 50.4 B
171 5 ] e 110 —_ — 215 -
172 Tetras wrogallus & e 1 2,700 — 1,785 116 05
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TasLE 8.—conlinued

Wing arca Length

Flight for both Wing of bodh

Weight muscles wings spread wings

Oih- . Wt -gins. cm.2 £, el
SETVET P i f K 1

Bmps, Continued

173 Telrao urogallus 2 ... L 1 2,600 = 1,800 113 96
174 i R 1 1,450 — 1,380 102 85

175 i e Rl 1 1,350 _ 005 82 79.5
176 " T Rl 1 1,030 —_ 850 B0 68
177 2 o Biis o 1 1,200 — 880 87 71
178 " o g 1 730 = 530 2.5 51

179 i = P e 1 1 1,000 —_ 775 75 61.5
180 “  bonasio ....... e 1 370 — 30 52 40
181 b " e 1 375 — 375 51 40
182 Lagopus alpings ..ooecvnnn 1 530 — 640 66 L1
183 s o A 1 650 — 452 60 =0
184 Perdiz riufg e 1 380 .- 400 51 41
185 20 e e 1 M0 — 30 49 38
186 *  cinerea & 1 450 — 365 53 41
187 7 e ] 320 105 336 =5 _
188 o AL e (] a2 123 a8z — —
189 1 o b B Ve, 6 ars 126 366 —_ -
150 y et e L - 5 280 —_— 320 _ -
191 Colurniz communts . 3 100 —_ —_ — _—
192 * o B 4 92.1 — 142 — _
193 Pavo crist 3 oo 1 3,300 — 3,480 128 104
194 Phasianus colchicus 2 ... 1 950 —_ 755 it} 52
195 = b 1 1,100 _ 855 72 57
196 - i & 1 1,000 — 880 76 6l
197 X b B 1 1,570 - 895 72 55
198 s B L 1 1,250 - E96 72 56
199 " o & 1 1,125 — 900 73 59
200 Meleagris gallopato .. 3 3,000 — — 110 o
201 Otis tarda 9 1 8,900 - 5,720 207 184
T e R 0,600 2300 5,937 208 181
ot I 0 T S 7 9,500 — 8,543 ] e

204 Rallus pectoralis . 2 142 154 328 — 42.0

205 o aguaticts 8 e 2 170.5 19.05 202 —_ 33.0
o - BT 3 192 = = =5 o
207 Fulica gir@ e 2 405 51.8 524 —_— g3
208 Gallinula chloropus 3 595 — — 696 —
209 Oedicnenmnis crepitans 9 3 455 — — B0 =
210 i i F 3 470 — -— 773 - -
211 Hoplopterus spinosus ....... 5 160 — 636 — -—
212 s R 3 170 - — 60.0 =
213 Charadrias plutiolis ... L= il ) 160 —- — 582 =
214 i o 2 (] 190 55.8 366 —_ —
215 " g 3 i (1] 170 49.3 334 —_ —
216 - PTIT, e =k 50.5 17.6 183 - —_
217 Haematopus osiralegus .. 6 555 137 722 21 =
218 i i e 6 488 7.5 —_ 75 =
219 “ i il [i] 521 128.1 740 - =
220 o " = (0] 445 106 2 = L
221 M i 6 437 0.4 697 e S
773 7 o = G 380 93.9 670 _— =
>33 " M i (i} 358 42.1 562 — ot
o4 “ o s i 341 848 708 e s
225 Glarcola torguals e 3 67 — = 525 i
26 M SRR g 05.2 — 33 = =
227 Vaonellus crisiatus o 6 190 53.5 614 —_ =
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TABLE 8.—conlinucd

Wing area Length

Flight for bath Win of baih

Weiiht musclea wings BPTERL wings
O ama, Wi, e £m, cm,
server P ™ f K 1

Birps, Continued

228 Fanellus cristatus ... [ 204 55.0 624 — -
229 i 5 6 232 63.0 720 — -
230 3 H 6 232 6d.4 730 66 e
23 e " 3 210 — - 75.5 —_—
232 Strepsilas inderpres .. [ 136 327 235 - —
233 Scolopar rusticols .. 1 300 — 00 63 53
234 = " 1 320 — 00 64 54
235 Ll £ = o 1 300 - 505 63 53
236 7 gallingge e, 3 100 —_ — 44.3 e
237 At S 1 300 — 440 59 48
238 i B 1 270 — 490 62 53
239 i P e 1 300 — 05 il 51
240 i L kAl (3 55 13.3 137 —_— —_
241 Rhynchaca capensis ... 3 103 - - 40.6 -
242 Numenius phocopus ... 2 440 503 964 —_— o0
243 o argualus & ... 3 764 — — 103 —
244 “ AN~ 3 520 = — 95.5 —
243 Lo 6 585 167 o920 s =
246 i ] 615 175 = = e
247 B i 676 169 1,020 = =
248 " ] 695 199 936 935 —
249 e ] 762 203 924 a3 —
250 - 6 B08 217 1,160 - —

251 Machetes pugnar & ... 2 190 454 328 —_ 524
252 Tringa cinelis o 6 120 315 262 — —
233 * subarguald ... 3 76 - — 438 =
254 n conniNg i 3 24 - — 29.6 —_
255 . ARpE R ] 49.5 13.5 135 37 ==
256 Limosa rufa ecoeemencke. £ i 208 532 425 =2 e
257 o gL * b 220 56.2 428 i pe:
238 & e AR b 6 227 57.6 444 — =L
258, 5 " e LI (7] 235 67.4 492 — =
239 Tolanus Sp. 6 47 124 144 - ==
260 e — 6 49 12.54 149.4 - —
261 S T T ] 229 58.6 404 — —
262 Recurwvirosta avocetia ... 3 325 o = 70 ==
263 Ihis falcinellus e T 365 - = 0.0 =
T T 7 e S b 6 3,300 857 4 880 170 =
265 L, - e 3 2,140 — — 208 —
266 M LI A ik 265 - 4,506 — —_—
267 Ardea nyclicorax ... LY 615 =l - 104 =
268 ST e 4 1,409.5 - 3584 — —_
269  Botourus stellaris & ... 1 1,500 —_ 1,915 120 100
270 Ardetta minutus 3 318 .- = £0.3 £,
271 sAnser cinercss ... 5 3 2,020 —_— — 137 et
272 Anas G 606 165 642 78 —

2y 1 880 - 685 83 69.5
74 @ 1 1,100 — 900 04 78
il 1 00 — 710 83.5 70
26 ¢ 1 000 — 735 80 73
o . 1 950 _ 838 87.5 75
i T 1 900 - 813 71
279 1 1,000 — 687 &5 72
280 ¢ AL 3 297 —_— = = =

v § I, L R 275.5 63.85 — — 496
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TABLE S8.—contined

Wing area Lesngth
Flight for both Wing of hoth
Weight muscles wings sprend wines
Ob- g, Wi.-gma e L, e,
BETVET P n i . |
Breps, Continued
282 Anmas elvpeals & i T 925 — — 72 _
283 i I - Bt . 3 727 — s 70 -
284 Fuligula eristalg ... o 6 1,116 M3 1,440 104 —
285 S tlomgula 1 827 —_ 480 ] 53
286 wo placahy Sl 1 922 — 550 74 63
287 o Pt 2 508 76.6 642 Ll 70
283 Pelecanus onocrotalus ... 3 6,625 = X 280 £
289 Procellaria giganieg ........ 3 2 880 — — 175 —
200 Puffinus Euhlit oo 3 700 — — 125 —
291 i e S SRR 3 00 — — 117 —
202 Iomedea exulans ............. 8 12,700 —_ = 400 —_
293 Larus melanocephalus ... 3 232 —_ —_ o4.6 —
21;4 0" [T} = 3 E-Eﬂ EEy e 9{5_5 e
295 o argenfoMs i, 2 565 93.0 1,082 = 26
296 ey S R 6 a2 143 1,550 — -
207 H 4 U ] 1,035 161.2 2,380 — —_
208 " il T ] 1225 108 1,830 — —
200 i i 6 1,080 185 1,936 —_ s
300 “ widibundus ... 2 197 26.13 662 e 3.0
301 i o T S ] 355 68.3 1,118 108 -
302 5 i i f 642 — 1,748 = =i
303 g Al S il ] 720 130 1,742 - —
04 s ) IR T ] 785 130 1,920 — —
305 Sterna canlicen . ik & 174 34.0 660 93.6 -
306 = e L 6 116 253 427 70 —
307 R T i e 6 33.0 11.9 185.4 a0 —
InsEcTS: .
311 Ephemera i.mfyr:i'a et o 1 J0.8 — 126 37 HS5
312 Ca!o,b.‘rr:p.r 'm'r;m TN 4 200 — 1,394 75 74
313 S 4 100 — 1.112 68 G
34 Agrion puella & e 4 26 . 220 45 44
315 Libellula ?ﬂmﬂ: A isth 4 920 — 2,200 108 106
316 b EPresse ... ... 9 200 — i 80 =
37 i o a8 4 GO0 — 1,332 82 78
318 > wulgata & . 4 150 = 728 &7 57
319 e cancellata 9 .. 1 620 — 1,456 B85 22
320 Cordulia genea & oo 4 240 — 1,048 71 70
321 Lui.lfﬂwfu cancellata & ... 4 440 —_ 1,408 B &4
322 drimactlata 3 4 290 - 1,108 76 74
223 Setodes prlasus o 1 13 — 141 30 2B
325 Calosoma chaﬂhaula Bt 1 6414 — 300 54 43
326 & _— 1 B2.6 —_ 336 57 44
327 Hydrophilus picesus & ... 1 52124 — 779 a8 74
328 b e - sy 1 4,950 — 770 85 72
329 . = 1 J327.6 — 674 79 66
330 i i~ i 1 3, l?u -- 600 72 59
331  Dyficus marginalis 2
fEromed o 1 1,777.2 — 479 60 50
332 Dylicus marginalis 2
i s | 2,323 — 658 73 62
333 Dyticus morginalisr 9
o fD nrrowed e i% — g%g % 57
ylicus marginalis & —.. 1 - 60
335 Acilivr sulcatus & 1 314.7 — 201 40 4
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TABLE 8. —continued
Wing area Length
b Flight for both Wing ol both
Weight murscles wings spread Wings
Qb iR, Wi -gms, cm cm. o,
SETVEr P o f K 1
Ixsects, Continued
336 Colymbetes fuscus cwereees 1 275.5 — 240 40 35
337 * gropis ... 1 77 — B9 26 21
338 Geotrupes stercorariug ... 1 7.5 —_ 177 50 36
339 Melolontha tulgaris 9 ... 1 950.8 — 366 6l S0
340 i i S 1 975 — 357 64.5 53
34l = 2 - i 1 067 - 285 6l 49
342 Ludins Genens ..o 1 68.6 - 67 18 14
343 Culex pipiens .. 7 3 —_ 30 — -
344 Chironomus stercorariug . 1 12 — 3.5 7 6.5
345 Pachyrhinag pratensis & . 1 41 - 60 34 32
36 i b e 1 73 — 62 36 33
347 Tabanus infuscains § ... 4 160 - 176 - -
348 Lepier .rml'a‘,burm | 1 205 — 62 28 25
340 = ; Buns 1 M4 — 58 26 23
350 o i A 1 782 —_ 55 26 23
351 o i B e 1 26 —_ 46 23 20
352 Musca vomilorig ... 1 65 ey 73 24 18
353 *  domestice R o 1 16.9 - 25 15 12
354 F gL 1 10 — 18 14 12
355 ’ “ ik 1 11.5 — 16 14 12
356 Pollenta rudis ..o o 534 — 37 21 16
357 Eristalis rupium ... 1 288.2 —_ H 19 16
358 o aenens 1 384 — 32 20 17
350 o 5 1 387 —_ 31 21 18
360 5 f 1 62.9 — 37 23 19
361 s 7 1 35.5 _ 27 19 15
362 i i 1 380 — 32 21 17
Syrphus :cnf'fmr e 1 7 - 17 15 13
364 Surcu‘p.&agu COFNGTED e 1 69 — 50 24 19
365 slercoraria .. 1 23 _ ki 21 19
366 Popilio podalirits .icne. 1 340 - 1,129 7n 65
367 Pum brﬂmcae ............ 1 81.8 — 928 50 47
............ 7 200 — 1,660 — —
369 Rhodocera rhamni & ... 4 183 — 1 2;4 — =
370 b 1 Ly et el 1 126.4 —_ 1,138 56 53
371 Argynnis aphirophe & ... 4 25 — 404 — =
a2 Vnur.uu wriicae e i 1 114 — 840 53 51
373 [, 1111 S— e 1 383 — 330 34 31
374 Lycacng argus & e 4 12 -— 204 - —
375 Sphinx pingsirt § . 4 430 —_— 1,010 o i
o ( hh ; i 4 540 1,030
With eEEE) e = —_ ), — P
377 Sphinx [igusini B ceceesns 4 1,920 — 1,864 T R
378 “ " 2 R 4 1,370 — 1,600 - -—
379 Smerinthus ocellatus § ... 4 550 — 0R4 . A
380 Eupleria lucipara 9 cee..n 4 75 — 334 —_ —
3Bl Apis mellifice ¥ oo 1 812 10 = = =4S
382 3 - e | 1 &2 124 - —adt ==
383 L " ot et 1 93.5 121 —_ — s
3Rl ¢ - b ST i 1 108.4 148 — = 2
[ [ g
(with pollen) o 1 103 — 57 20 16
385 Apis meﬂuﬁca S e T 1 742 - ki) 18 15
386 Bombus muscorum ... 1 345.6 - 81 28 20
387 = prolorum o 1 443 — 103 38 28
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TasLe 8. —concluded

31

Wing area Length

Flight for both Wing of both

Welght migeles wings spread wings
Ohb- g, Wi -gmas, cm3 i, cm.
sErVer P n i K 1

IxzecTs, Continued

388 Bombus pratorim ... 1 271.2 — 52 26 1%
389 it " : 1 257 — a0 26 2
390 Systropha spiralis ... 1 24.4 =2 34 17 14
391 5 b - 1 14.5 — 45 17 14
J92 ” A 1 152 — 32 16 14
393 " 1 1 21.0 - 27 21 18
3 Osntig bcornis ... 1 529 —_ 47 21 16
95 adinca .. 1 34.5 —_ 38 20 18
396 Dichroa gibbg .eeereesees 1 19.2 —_ 28 16 14

TABLE 9.—DATA FROM AUGUSTO RUSCHI AND
CRAWFORD H. GREENEWALT, UNPUBLISHED

Wing-beat rate, body weight, and wing length for certain humminghirds.

The nomenclature is from Ruschi, derived, I believe, from Simon.

The wing-beat rates were measured, some by Ruschi, some by Greenewalt, us-
ing a portable stroboscope. In principle a slotted disk was fitted to a monocular
s0 that the slotted portion of the disk passed through the optical axis. The disk
was driven by a battery-operated variable-speed motor. A small generator,
mounted on the shaft which carried the disk and driving motor, was connected
to an ammeter calibrated in revolutions per second. The technique comprised
sighting on a hovering bird and adjusting the motor speed until the wings ap-
peared stationary. The wing-beat rate was read off from the ammeter connected

to the generator.

The individual readings differ widely in probable error. In two cases—Calli-
phlox amethysting & and Melanotrochilus fusens—many readings were made
and the observed rates are believed reliable to a few percent. For most of the
others only one or two readings were possible, and the birds moved so rapidly
that only a few seconds were available to bring the instrument to equilibrium,
Individual readings could easily be in error by as much as plus or minus 10 per-

cent.

Weights and wing lengths were obtained by Ruschi on the same individuals,
These are not necessarily the same individuals for which wing-beat rates were

determined.

For comparison, wing lengths, supplied by Lanyon, American Museum of

Watural History, from the literature (principally Hartert), are also given.

The wing areas are calculated values. Length and area measurements are

available for three species (Archilochus colubris and A. alexandri (Poole, 1938)

and Ewpherusa eximio (Magnan, 1922)). The averages for these three species
result in the equation A = 0.7] P where [ is the length in centimeters and A the

arca of both wings in square centimeters, The areas given in the table are caleu-

lated from Ruschi’s wing-length measurements using this equation.
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TaABLE Q. —concluded

fing- Wei Wi res r
\Lnf W i-'im t?xw?ns;: \'.mﬁnl:.nmh
rate hird £, =
see-d . caleulated  Ruschi Lanyen
Melanotrochilies FRECUS e cciiiiiiiiidimsneines 6.8 45.6 80 B4
Aphantochroa cirrochloris ... 6.9 3.9 &7 6.7
Clytolaema rubricanda & ... 6.8 389 74 4.7
ks ¥ 6.5 30.0 i5 66,7
Lophornis magnificus. & ... 2.3 11.35 40 41
= 2 R 21 11.35 40 41
Anthracothorar nigricollis & ... 6.8 4.8 70
Enpetomena macrowra macroura ... 75 39.9 75 747
Amazsilio Brevirostris § i cianina 4.0 17.8 50 50.7
Colibri serrirostris 6.0 348 Ll 4.7
A P e e S R 71 358 71 74.3
" coruscans ... 8.9 49.0 83 80.3
Boissonneaua jording 81 42.1 7 78
FPhaiolacma rubinoides aeguatorialis i 67 0.0 65 727
HPTOCRENS CRYTEWED. 1ooivecrsssmmssemesepsasmssmnsssmanss 4.6 b 56 51.3
Heliangelus wilsont & 7.1 328 68 72.7
Hylocharis cyanus 2 . 34 18.5 51 49.3
o - 32 3.7 19.2 52 -
o gappliena &Ly 3 4.2 192 52 51.7
f,gfﬁarm’: TEFFEaust T oo = 41 3.0 11.35 40 44.7
Calliphlox amethysting & ... 78 28 7.74 33 36
. e i 62 28 7.74 33 37
FPopelairea langsdorffi melanosternum § ... 51 3.0 7.74 33 37.3
Ensifera ensifera & 22 125 421 77
Florisugo mellivora & oo 27 6.2 319 67 ao.7
Popelairea langsdorfii melanosternum & e 5B 3.0 7.74 33 —
Florisuga mellivera 8 . 22 6.7 J1.9 67 —
Chrysolampis mosquitis 3 oeeeee ] 4.1 231 57 56.3
Chiorostilbon aurcoveniriz 3 .. sl 30 2.5 17.0 40 50
Stephanoxis lalondi & ceeeecssimsserrrerersereenis 25 42 20,7 54 52
o i = St AN £ U i 20 4.1 192 52 —_
Thalurania nigrofascials 8 o ivieisriearees 33 4.3 23.1 57 57
Eriocnemis luciani & 27 7.0 36.8 72 73
Phaethornis b, hispidus & 26 7.0 25.6 Lili] o0.7
Lewcochloris albicollis & 32 6.0 25.6 60 60
Aglacactis enpripenmis 2 15 7.3 52.6 84 B7.7
Amozilic tephrocephals & oo ] 52 33.9 58 59
Glaucis hirsuta 3 21 7.0 23.1 57 57.7
Prasites daphne 8 k| 3.1 13.7 a4 48
Coeligena torquate & 22 7.8 a9 75 787
Heliomaster furcifer & 29 5.3 223 56 56
Patagona gigos & ... — 20.0 120 130 1327
Heligthriz aurila auriculals & oo 19 59 30,0 65 65.3
Stephanoxis loddigesi 8 FL Ty 4.0 19.2 52 51.3
Discosura longicatds & .evonsemsssremsrasrramassenns 40 ki 144 45 —
Aupories superbur & . 28 3B 207 54 -
Schistes albogularis & 30 3.5 18.5 51 —
Campylopicrus obscurus aequatorialis @ .o — 7.6 36.8 72 —
Chlorestes n. notalus & EEE PR 38 17.0 49 —_
Thalurania f. baeri & ... 30 4.4 20.7 54 —
Amaszilia fimbriata pigricaida s AL i8 20,7 54 —~
Thaluramia walerioni & 32 4.8 20.7 54 —_
Anisoterus pretrei 3 I S AR
Pigmornis nattereri an 31 131 43 =
I ruber ruber @ 48 23 774 33 =
o idalige % 38 24 B0 35 ==
Fopelaires langsdorffi langsdorffi & wocrrens 60 3z 922 36 et
Thalurania f. furcala & a0 42 21.5 55 —
Eupetomena m. simoni 20 70 36.8 72 o
Amazilia milleri 2 32 4.1 17.8 50 —
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TasLE 10.—DATA ON HUMMINGRIRDS AND OTHER BIRDS
FROM VARIOUS AUTHORS
The wing-beat rates given here for hummingbirds are believed to have higher
precision than those determined by Ruschi and Greenewalt using the portable
monecular stroboscope. They were determined either from high-speed moving
pictures or with stroboscopic methods of higher precision.

Wing- Weight ]
beat of Wing
rate bird length
gee=d [, THIM, Method
M= H:gh—s moving pictures
Etrﬂbﬂswpm
Husyrweemns: (from mefnrd H. Greenewalt, unpublished)
Calliphloz amethysting 8 e 5 73 — a3 S
Archilochus colubris & ... 70 - 38.5 M
2 PR R 52 — 44.5 M
Melanotrochilus fuscus ... 25 - &0 b
Amazilio EPANLE ceerreererssresseens - 215 — 53 M
Campylopberus hemilenenrns ...... 27 — 74 M
Microchera albocorongts & e 52 - 40.5 M
M s s 48 - 40.5 M

Husarxcamps : {(from E. Stresemann and K. Zim
Ornithologische Monatsberichte, WI 5 (1932} )

Eu{ﬂamc::a LT T e O 22 6.0 78 5
Chioresics caernlens ..o MR L 3.2 50 5
Chryselampis elatis ... 32.5 15 57 5
PRAFIOTHIE TUHINE coirinrereriissmpmsnsissia 50.5 20 3o 5
Hussixcemos : (from M, Stolpe and K. Zimm
Journ. Ornithologie, vol. 87, pp. 136—-15-. (1939))
Chilorostilbon aurcoteniris .. 37.5 — a0? M
Melgnotrochilus fusens — oo L RS — 0 M
Otrer Bmos : (from Crawford H. Greenewalt, unpublished)
Parus mmhumms P b 27 — 654 M
Sitta carolinensis .. 21 o 92 M
Parus bicolor i 24 -— 82 M
Dendrocopus pubescons .. 18 — 97 M
Mimus polyglottos e . 14 - 112 M
Carpodacts . PUFPHFEUS cveeeeereieonees 20 —_ 83 M
Common crow 3 - 320 Visual
Otaes Breps: (from H. Ochme, Journ, Ornithologie,
vol. 100, pp. 363-396 (1959))
Hirundo rishiog —erisessississsns 6 — 150° M
Pagsser domesticus . 13 - 110 M
Phoenicuris phoenicriris 15 _— 120 M
B s T T e R Sl 10 — 170 M
“Haustanbe” ... 6 — 310 e
bl Sl sl 4 — 410 ?

Wing length from wing tip to first articulated joint: 2 Ridgway. 9 Authors. 2 Ruschi,
& The American Museam of Natural History (Lanyon), & Auothor.

Wing span Wing area
o em. cm,2
HPM apis 38.8 111.2
frundo rusiica 320 123.6
FPhoenictiris ochruros e ceneas 25.3 106.4
Parus major 24.0 004
Passer domestiois ——omscimsens .  M4B 103.0
O andamay s 22 8l.6
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TABLE 1 1.—DATA FROM FRANK A. HARTMAN, AUK,
voL. 71, ¥o. 4, pe. 467469 (1954

Cardiac and pectoral muscles of trochilids

W:i'ght Weight of
o pecioral

‘ngit heart muzculaiure !:::rl::"'_f.

i, % of body weight L

Glaucis hirsuta affinis @ o vicciiniins. 613 227 27.6 6.5
o o oo Jen 6.95 —— - 58.6
Phacthornis guy coruscus 3 578 2.40 286 61.5

o superciliosns cassing 9 ... 6,15 219 = e
o fonguemarens satnratus 9 2.64 242 _ 379
Phacochron cutierti 9 ooeeareisiaci 7.05 — —_ 686
5 e . FY L Ol A T 9.30 1.74 —_ 722
Campylopterus hemileweurns & ... 11,92 1.95 337 739
Florisuga mellivora @ oo 6.96 1.23 — 65.2
Cohbrs thalassinus cabanidis § .. 48 —_ —_ 61.0
i i SRR 528 1.0% — 66.9
Anthracotheraz nigricollis nigricollis 9 7.33 227 o 65.2
i t ' 686 B o 660
Chlorostilbon cawivelii assimilis 9 ... 313 1.88 26.5 441
" w L . 3-“3 — AT 45-5
Damophila julic panamensis 9 .. 3.03 202 — 426
= by & 335 — — 434
Arm;{:u'l'a amabilis n'a:tnrffmm's g . g% 2.23 — —

i o decora & ... 474 2,30 - 54.0

e edward niveoventer 3 . 443 228 2385 51.0

! Iz i 497 —_ — 53.8

™ “ pedward 9 . 4.15 = _ 52.2

o tzacatl tzacatl 9 4.72 212 26.6 549

2 " i 540 — — 58.3
Eupherusa exima egregia & ... 4.35 234 —_ 60.1
Elwira chionura 9 283 225 == 46.8
=2 i & 293 — — 50.3
Chalybura buffonii micans ¢ .. 5.6 — — 620
Lampornis caslancoventiris 2 5.26 216 225 64.3
Heliodoxa jacula henrvi @ . 7.39 1.98 279 6.2
Engenes fulgens spectabilis 5.7 216 — 73.5
Heliothrix barrott @ ... 57 —_ —_ 66.6
Archilochus colubris § 336 2.1 = 445
il -u 3 3_2 ! e 3&5
Selasphorus scontilla @ 223 240 247 5.7
(1] I 2_33 = =¥ 32.?

* The wing-length measurements are averages taken [rom Ridgway, "Birds of North and
Middle Armerica"

Unpublished data from Frank A. Hartman (Letter to C. H. Greenewalt,
March 17, 19607

Pectoral muscle as
% of holy weicht

Katw

Targe Small Lares/Small
Anthracothorax nigricollis . 2 25 g6 2.50
Damephila fulie 16.0 10.5 1.52
Selasphorus seinfilla e e A2 9.9 1.84

Flarisuga mellivora 20 10 2.00
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TABLE 12.—DATA FROM D. B. 0. SAVILLE, AUK, VoL. 67, p. 502 (1950)

Peetoral muscle ns
% of body weight

Ratin
Large Small Large/Small
Archilochus colbBrfs m i iiaesinssmssessnes 20.5 92 222

TABLE 13.—DATA FROM R. MEINERTZHAGEN, 1BIS,
voL. 97, wo. 1, pp. 111-114 (1955)

Wing-beat rates—large birds

Wing lengths supplied by Charles Vaurie,
The American Museum of Natural History

w"r'fll’m Wing length

gee=l Lt

Raven 35 455
EATTION CTOWE o i e T i 3.6 325
Fantailed raven 3.5 g
Rook 23 215
{ackdaw ................................................ i 39 237
ungle crow A 3.3 377
Magpic 30 204
Starling S 5l 128
Blickbrd ee—_l o o 5.6 125
Cuckoo 4.8 222
Short-cared owl 25 312
Peregrine falcon 4.3 309
Barbary falcon 4.9 283
Merlin 4.9 199
Kestrel 3.5 245
Hen harrier ...... 3.2 342
Montagu's harrier o 31 360
Black kite 28 450
Osprey 24 472
Egyptian vulture 27 495
Heron ... 25 450
Great whitespret o 0 o0 2.1 437
Flamingo 24 400
Mute swan 27 501
Shell duck 30 375
Mallard 5.0 274
Gadwall 5.0 271
Wigeon 5l 262
Shoveler 5.0 242
Commeon scoter 5.0 235
Velvet scoter 43 281
Eider duck 4.8 289
Merganser 4.6 289
Gannet 3.0 403
Cormorant 39 350
4.8 270
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TABLE 13 —concluded

ra.tl:! Wing length
J00= i,
Great crested grebe e g 6.3 187
Great northern diver oo, 4.2 350
Fulmar ... 3.6 321
Manx shearwater 5.1 24
pigeon 4.0 245
Rock pigeon oo 4.3 222
Rinped plover ..o 53 134
Giolden ploves-o L 4.0 190
LepWing ..om-ccoesess 23 226
Turnstone ...... 4.0 152
Red shanlk 4.2 155
Ruff 4.1 192
Orsteeatelier oo U 4.1 257
Curlew 4.0 292
SNIPL oeimmecrnanes = 5.8 133
Greater black-backed gull oo, 27 497
Leszzer black-backed gull 28 422
Herring gull o 28 438
T v iy 1) | S P S S B 30 355
Black-headed gull 28 307
o gy e e e L T 33 A2
Sandwich tern .. 24 308
Pulffin i 4 L 160
GaglEod, e L LR Y 45 200
Black guillemot 8.0 163
Coot 5.8 212
Pheasant oo dnon e o0 247
Cdp el e o R T 4.6 393

TABLE 14 —DATA FROM EARL L. POOLE, AUK,
voL. 55, rr. 511-517 (1938)

Woedghts and wing area of 143 species of North American birds

Poole's table is arranged in order of ascending weights and I have retained
this format, although it might have been better to group the birds in accordance
with families and genera.

The wing arcas are for both wings.

Poole did not give wing-length measurements, These have been taken principally
from Ridgway's “Birds of North and Middle America”™ and Forbush's “Birds of
Maszachusetts and other New England States.” The measurements for Sihene-
lides olor and Celumba I livia were taken from Witherby's “Handbook of
British Birds."

Ridgway's measurements were made with dividers, one point resting against
the anterior side of the bend of the wing, the other point touching the extremity
of the longest primary. The value given in the table is the average either as
reported by Ridgway or obtained by averaging the values given for the extremes.
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TABLE 14.—coniinued

Forbush's measurements were made of the folded wing. Here again the value
given in the table is the average of the two extremes. It is evident from the good
correlation in the charts that Ridgway and Forbush were both measuring the
same dimension within a very small error.

In the table that follows, wing-length measurements from Forbush are marked
* - the two from Witherby, **: all others are from Ridgway.

; Wing Wi
Weighe arca

. cm.d cin.
Fegulie & solrapd oo = 575 51 584
Cnrﬂl o ¢ calenduls & oo, 6.73 5825 589
Seto aga ruticilla & . 8 62.5 6.35
Certhia familiaris amrrtfm:;: R s 8 66.5 6.55
Dendroica ﬂr::g:wf:u 2 220 69 6,01
b . vierns & 9.20 58.5 6.38
- & CAOEFRICICENE '8 e iesscnrnana 0.25 a7 6.52
Nannus k. hiemalis 2 9.4 41 4.76
Creathlypis fﬂcima.' brﬂcfi:d’act;lfu .E' ............ = 9.5 5853 551
Muiotilia varia & 10.5 7l 6.86
Troglodytes a. addon 8 e 11 4840 507
Dendroica pensyploanics 3 ceccrennaccsnas G- 11.1 60.5 6.33
Compsothlypis americang pusilla & e i 11.85 56 6.06
Pp:..eh’ap puallad e 12.1 62 6.45
enthestes a. alricapilig & o 125 76 6.6
Passering cyanea & 13 22 6.78
Spizella p. passering & 13.5 91 6,91
o T ] e B e R A 14 83 7.26
Seitrnus n. noveboracensis & i 14.5 26 7.67
Dendroica coronata & 15.5 o1 741
Stelgidoplerys ruficollis serrvipennis § ... 15.75 107 11.1
Fireo a. solitaring & 16.75 E8 746
Hirundg erythrogaster & e & 17 1185 118
Melospiza geormana 3 17 73 6,25
Chaetura pelagica & 17.3 104 129
Melospiza I lincolni & 17.8 725 6,30
Spisella g arborea & 8 o0 7.60
Ammedramus savannarim ausiralia & ... 18.5 £0 6.10
Anthus spinoletia rebescens 9 eereeae 19 109 219
Sayornis phoche 9 20 134.5 833
Iridoprocne bicolor & 20.1 125 11.74
Junco h. hyemalis & 215 99 7.93
Melospiza m. melodia 3 22 86.5 6.73
Baeolophus bicalor & 225 117.8 7.98
Tcterus spurius & 23 100.5 7.82
Passer d. domesticus & 24.5 02.5 7.60
Carpodacns p. purpiress & s 24.5 104 833
Dryobates pubescens medianus § ... 24.8 136 041
Bombycilla cedrormm & 25 130 0.38
Oceanodroma L. lewcorhod e 26.5 251 159
Zanatrichia albicallis & 26.5 108 7.47
Pooccetes §. GrOMIMEES § ceceeseesmemesessssmserines 27 108 2.10
Hylocichla guttata fazoni & add Fir 29.5 116 0.44
? furcesceny & L, 323 147 10.23
Sialia 1. ml’u 3 327 148 10,01
Hylocichla minima aliciae & . M 150 10.40
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TasLE 14.—confinued

voL. 144

Wing Wing
Weight area length
[, em £m.
Piranga flata hepabica & o oenineeiies o 358 153 10.26
Dumctelln carolinensis & o iiieeaiains 39 150 a12
Hedymeles Indovicianus & . 40 166.5  10.14
Passerella i, ifigcg & cccmmeerresermsersssssemmemas 40.5 116 B9z
Pipilo ¢. eryihrophthalmus & . 41.7 145 892
Progie 8 BT & emeereesecses s i mmstrses 43 185.5 1463
Hedymeles m, melanoceplialus 5 ..... 4.7 200 9.98
Tringa 5 solitario & i 47 192 12.65
Actitis macularia & oceeoesseee 47.5 146 10.05
Pinicola enncleator lencura & . 1] 189 11.41
Molothrus a, ater & oo 50.5 179 11.05
Coccysus 0. GMEPIEANNS & ceeeereiiiiscss = 61 266 14.36
Rallus I, lmicola & ... : 65 221 10.59
Agelaitis p. phoenicens & icniiniann i] 245 12.09
Balanasphyra f. formicivora & e 74.5 306 14.11
Porzana caroling 3 75 176 10.70
Chordeiles 11, THROF & oo cssiucanmnniasnen 75.25 3495  19.80
Turdus m. migralorivg & .. 82 244 13.43
Sturnus v, vulgaris B4 1903 1290
Oxyechus v. vociferus 3 85 275 16.02
Centurns carolimis & ar 262 13.10
Cyanocilia c. erisfole & i 29 236 13.15
Alle alle & .. 96 146 11.58
Accipiter v. velox 8 A 97.5 439 17.11
Colaptes auratigs Delertis & eoeiessmassrinees 100 324 15.63
Pisobia melanolos & 101 199 13.98
Cyanocephalus cyanocephalus & eievieeeeee 108 390 1540
ryplogloiis 8. AC0MICE & ceccmmcmsmsenissrmemsnnse - 108 420 13463
Capella delicata & 112 250 12.71
Owuiscalus q. guisenla & .. 1223 324 14.38
Zenaidura macrowra carolimensis & e 130 3575 14.72
Valco 5. sparverins 9 137 372 19.5
Shnrnella m. EBINE B ciems i e - 145 265 1224
Megaceryle a. aleyon & 155 376 15.63
Totamis melanolencis & 170 412 18.78
Accipiter v velox 2 171 607 20,03
Falco c. colimbartits & ccisnmscsrsssnmssanans 173 410 18,89
Otus asio nacvios & 178 523 16.02
Philohela minor § ... 198.5 354.66 1235
Colinns 2. TIPGINIANIS 8 receescesssssnsmesmsmes 198,64 2168 1115
Rallus e. elegans & 227 536 16.34
Bulorides U. TirESCENS mmmeeemssmeean 230 660 15.1*
Asio wilsonianns 2 230 1,182 20.20
Ctur asio naevivg 2 254 476 16.60
Cortnis OSSfragus D msmesemsissmine R B 912.5° 2715
Asio wilsontanus 7 288 1,198 20.39
Cortas ossifragus & 309 1,072 27.80
Columba I liwia a4 S67 21.93%+
Nettion carolinense 321 37 17.5%
8qurm‘fﬂa discors ... 332 370 18.4*
allinula chioropus cachinnans & ool 332 4795 1745
Podilymbus p. podiceps 3435 291 12.4*
Colymbus auritus J69.5 350 14.5*
Buico p. platyplerus & Y] 1,012 2628
Chartloneita albeala .. i 412 16.4%
Circus hudsonius & 414 1,382 33.96
Accipiter cooperi & 428 5 R0R 23.10
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TaprLe 14.—concluded

Wing “ri.l'li
Weight ares lengt
i, cin g £,
Fulica a. americang & .o 435 506 19.03
ol (T 1 et o 1 A S s oS 449 1,246.5  26.0*
Tyto alba partincola & 505 1,683 J2.86
[ R T R e e I 510 1,830 3328
Bonasa u. umbellus & ... 165 527 18.36
Corvus b, brachyrhynchos .5 s, b Rl 552.5 1,344 32,10
.’:':'{balm!'u chpmra ..... 570 570 24.1%
Air sponsa & 589 G660 227
Circus Llrd:u;lm:ls 9 615 1,696 36,75
Botaurus J’euhy::lanu el S 625 1,258 29.4*
Erismatura famaicensis ‘rubida ... 635 S04 14.7%
Falco peregrinug angtum & i 712 1,146 3142
Chanlelasmus streperis 723 718 26.2*
"-T:.'racu T T e e 757.31 460 19.7*
o T e 763 472 20,0
Nycticoraxr nyclicoras Roaetli v eecsrnsanees 204 1,773 0.4
Buitee L liveatus & ... 804 1,656 32.08
Astur a. atricapillus & B848.6 1,420 32.52
Lorus grgentatius smithsonignis & .oeveieeveees . 850 2,006 41.0
Buteo b. borealis & e, 875 1,878 36.96
Casmerodins albnus eqretia ....wonccenansmssenss . 899 2,528 381+
Dafila acufa t=itzihor ... 970 761 262+
Branta bernicla hroto 1,024 1264 33.6*
Clangula hyemalis 8 e - 1,038 55048 221+
Buteo lagopus s. johamnis & . T e it 2,592 40.74
Anas rubripes IFIstis 9@ e e e 1,142 1,007 26.2*
Falco peregrinns anatnm 9 e 12225 1,342 35.63
Anas p. platyrhynchos 9 1,2335 052 27.0v
Phasiants colchicns Lorgialits & ceeceses 1,304 a7 2341
Buteo b. borealis 9 1,307 2,204 38.88
Astur a. atricapillus 2 1,370 2,004 33.36
Nyctea nyciea 8 . 1,404 2,576 40.81
Anas p. _ﬁ-F:rhrhyncIros Rt e S 1,408 1,029 27.9
Buba w. -;-:rymmm:s g - 1465 2,534 36.63
O airginrgnns pocificns & i 1,480 2426 33.65
Pondion haliaetus carolinensis & oeeere. 1,797.5 3211 47.74
Ardea h. herodigs oo SN N11005 4,436 48.1*
Caothartes oira seplenirionalis & e 2,409 4,356 53.59
Gaovig 1. tmmer ¢ & & Aies 2425 1,358 36.0*
Meleagris gallopave silvesing @ . 3,807 3,752 41.43
Aguila chrsaetos conadensis © meeoereescoees 4,604 6,520 63.32
Branta c. canadenis 5,662 2,820 46,4%
Cygnus colimbionis 5,043 4,156 55.0*
Sthenelides olor 2 11,602 6,303 55.25%e
HusmaIxeeRDs ;
Archilochus alexandri & 2.55 1275 427

colubriz & 298 1240 3.5
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TABLE 15.—DATA FROM A, MAGNAN, ANN, 5CI. NATURELLE,
ser, 10, vor. 5, pr. 125-334 (1922)

Les caractéristiques des oiseaux

Magnan has divided his birds into groups in accordance with their mode of
flight. His short titles are difficult to translate, and T have left them in the original
French, The basis for his classification is given on pages 165-171 of the original
paper, together with the French common names of the species.

In addition to the data presented in the following tables, Magnan has measured
many other characteristics, such as, for example, the length of body, length of
tail, weight of wing skeleton, weight of heart, etc. I have given here those meas-
urements which seemed particularly pertinent to flight.

The one measurement which presents difficulties is that of wing spread. Mag-
nan says “The measurement is a matter of individual judgment; it is essential
that all species be measured by the same hand, the wings must be stretched in
precisely the same manner. The point is important, not if the wing spreads differ
by a factor of 2, but if the differences are small.”

All measurements appear to have been made with the greatest care. Captive
birds were used, and those which appeared to be in bad health were discarded.
Nowhere else in the literature is there such an abundance of data. For anyone
interested in dimensional relationships the entire paper is well worth careful

study.

Total Wing Wing Wing wiﬂi Pectoral muscles

igh area wef re ight, g,
b S e i i e e
Rapaces diurnes voiliers
Gyps fulzyus 7,269 10,540 1,599 2557 60.8 958 61.8
Gypacius barbains grandis ... 5,385 7431 1,279 2524 1.7 715 46.8
Catharisia alrald ....ccsmeens — 1702 o1z az27 140.8 50.2 290 153
Aquila chrysatus ... B I 5382 813 2121 68.2 476 256
Hierafus fasciahies ... - 2060 3,172 408 1552 560 223 1446
Helotarsus ecandatus ........... . 2095 3,582 406 153.6 51.2 270 12.4
Geranpatus melanolencus ... a2y 3,550 402 145.3 51.5 194 10.8
CArcaings GOICHS e eeeeemceemsemmeerees 1,653 4,121 400 1810 533 226 109
Butea bucto - L0EF 2,601 151 1322 404 1135 8%
Pernis apivoris ... S L 1,804 109 1199 45.1 798 388
Pandion haligtus ... 1,105 2921 J10 157.2 49.6 149 8.84
Circus acruginosos G20 2,264 141 135 413 842 374
“ cyaneus 9 4715 1,759 m 116.7 374 738 325
- 331 1,406 701 1044 339 38 228
M e D 2365 1296 615 101 359 360 163
B OMACTRINE e e ~ 386 1,413 751 1107 357 480 193
Milous milous 27 2,902 218 162.8 50.7 151 7.58
Falmipédes voiliers

Diomedea exilans oo - B,502 6,206 1,377 3408 674 1,036 505
- Fregala aguila 1,620 3,240 326 2019 6l 186 07
Sula bassana . 2,690 2,450 300 183.6 48.7 323 20.7
Puffinus kuhli .. 572 1,280 980 1211 Mo 673 42
Hydrobates pelagieus 17.40 104 261 332 124 244 016
Larus marinus 1,915 2719 394 1726 09 228 230
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Taozal Wing Wing Wing Wi Peetoral muscles
weight ares weight  spread Itngﬁ weight, gm.
e, e, 3 . e, . Large nuall
Echassiers ramo-planeurs
Ardes ciReren s 1,408 3.590 320 1726 437 207 142
Egretta alba 1,178 2827 225 144.7 433 161 14.1
Botaurus stellaris ... 1,198 2,696 171 1329 351 167 17.2
Nycticorax nycticora 512 1577 780 1048 272 621 7.5
Platalea lewcorodia .. 1,565 2488 282 1370 372 266 24.4
Ciconig ciconig ... 3438 4951 670 1978 55.9 537 482
Megalornis grus 4,175 5,553 810 211.0 56,4 850 65.6
Leplopilus crumenifer 7,030 8,225 1,516 2817 785 1202 1036
Fanellus vanellus 668 386 750 226 HO o 41
Rapaces nocturnes ramo-planeurs
Bubo bubo 1,720 3,715 366 164.1 431 246 13.1
Asio otus 247 1,082 499 041 3L.5 273 173
RO o s criiensiic it 300 1,396 750 1075 J29 464 2.57
Otus scops : : 49,75 4035 113 523 151 4.70 027
Tyto albo e 20D 1,163 545 973 281 332 215
T ] T T e e T S . 418 1,304 761 950 224 25 230
AENE BOCINE e, . 1615 459 253 539 19.5 180 1.19
Rapaces diurnes ramo-planeurs
Aecipiter Gentilis i, 708 1317 113 1007 303 1055 375
o MSHE @ e et R &2z 469 750 236 451 234
i B 136 530 282 622 19.0 228 124
Polyboriis tROTHS ooeoreeeoreeereeseronnen 1,209 2,321 224 1354 416 1485 953
Falco Honnnculis @ i 245 708 424 738 232 283 164
" E e A T 172 703 305 751 23.6 212 155
b T T Bl13 1,285 153 1054 345 1486 658
e S e 165 558 321 M7 252 00 144
“ eolumbarivg reguiNg s 145 438 . 238 604 24.7 29 135
Corvidés ramo-planeurs
Corvus corone 470 1,058 747 894 295 60.9 489
¥ el | SRS S e e 633 1,317 960 979 318 860 614
Trypanocoras frugilegns .. 470 1,387 800 9722 319 692 508
Colocus moncdula spermologus ... 253 665 370 708 234 a3a: 223
Eyrrhamru pyrrhocorar ... 390 48 585 672 26.3 27 390
rocnlus groculuy 223 997 365 72 279 278 214
Nucifraga caryocatacles .. LT 515 218 598 18.5 225 205
Coracias garrulis 128 483 189  ol.5 19.7 160 160
F ST 35 = (N 214 640 314 592 19.1 268 218
Garrulus glandar 160 534 209 543 19.0 189 193
Upsipa epops a1 366 123 477 157 143 109
Naxthowra yucar ... ... ., 713 Jla 927 373 14.1 780 087
FPaszsereaux ramo-planeurs
CHEUINE CONOTIHS woimsiensssianmsaismninres 104 419 203 583 198 195 164
Caprimulgns europacis s a2 398 161 569 194 166 1.B5
Apus apis .. 36.2 165 499 420 175 675 090
Chelidon yustica ... . .. 18.35 135 271 330 119 340 033
Hirundo urbica St 14.35 92,0 180 202 . 100 1.90 017
Riparia rupestris e 15.50 119 225 314 11.2 252 0165
Palmipédes ramo-planeurs
Phalocro coras corfio e 2,113 1,967 265 171 424 262 265
Puffnur peffimer . M2 575 455 811 238 426 410
Larus argentatus oo, 1,189 2,105 226 143 466 141 121
H o camis 367 1,149 710 108 M4 470 360
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TasLE 15.—continued

Total Wing Wing Win Win Pectoral muscles
welght arca weight Bfren Ithmi weight, gm,
. cm, 2 TR, £, o, Large mal
Palmipédes ramo-planeurs, condimied
Rizso tridactyll oo 488 967 71.7 105 323 650 630
Larus ridibundus . 261 gs53 42.5 a7.1 0.7 333 300
Sterna Rirnd i 118 563 220 g2.0 284 190 1.9

Passereaux rameurs a vol soubenu

Muscicopn SIFIEID i isismns 14.35 11% 1.80 267 2.99 210 020
Fieedula hypoleuca .. . 12.50 a1.0 133 244 7.89 195 020

Alauda arvensis ... 2830 163 3es 317 045 605 0.55
Anthus pratensis 13 06.8 211 259 7.86 391 045
" trivialis .. 20.70 125 254 286 .06 Jor 038
Motacilla alba 22 132 305 283 297 455 038
“ flava . 16.50 10 200 250 764 340 026
o cinerea 16 920 194 252 806 370 0.29
Lanius excubitur .. 50.50 210 B0 355 11.1 7.22 0.77
schator 26.10 144 305 314 11.0 330 039
*  collurio .. 30,95 182 282 286 879 320 030
Luscinia megarnyn 17.1 100 1.70 255 824 235 029
Ervthacus rubeenla .. 12.75 88.0 1.65 227 6,78 214 025
Phoenicurus phoenicurus 13 91.0 145 256 7.99 226 022
oo ochruris
i gibraltariensis .o 16.95 1224 210 270 B8.73 250 025
Pratincols rubetra e 13.05 038 1.5 235 777 204 020
i Fo ol S e S 11.45 768 1.20 216 .54 168 0.17
Phylloscopus bonellii . 7.65 63.0 080 191 571 120 014
i rifus .. 525 482 060 174 539 065 010
Oriolus oriolus ... 72 274 091 470 15.39 147 122
Meonticola solitarins ... 62.8 236 6.5¢ 86 12.32 840 082
= saxatilis ... 47.5 160 438 355 11.23 7.25 070
Turdus merulo .. 91.5 260 899 406 12.62 146 170
“ mgumanni ... 762 225 715 377 11.87 113 135
" piscivorns ... w106 07 1125 440 14.20 225 LB0
* hlans .ol & 08 225 290 420 13.83 228 1.B4
" SMMSENS ... - 70.3 19 664 367 11.14 140 140
B 1T S e M 56 180 570 371 11.48 109  1.00
G 7.7 L I W 055 222 2BS 427 13.30 157 159
Shirnes smlgaris ... 79.5 192 796 391 1247 150 154
L0 CUENrORIrD i 47.6 167 582 319 10.16 103 1.02
Coccothraustes coccothraustes ... 42 148 465 320 073 8.18 087
Pyrrhula p. enropaeg coeiicceann. 214 94.8 235 255 8.05 320 040
Serinus canariug Serinng ... - 8335 731 117 221 7.10 123 017
Chords ehlorey o s = 23.70 100 275 2D 8.62 575 047
Fringilla caoclebs ........... o 21.15 102 275 285 285 495 D40
5 el L Tl — 25.1 123 290 2481 9.08 4,10 040
Passer domesticd ....ooveeemieeesnens 30 1 28 252 746 485 049
A AHONBORE cerererspermermsmerpms e 152 76.0 1.58 218 7.18 255 033
Felronia petroni@ oo iiieesiciinraen, 25 100 230 284 09.06 400 049
Carduelis carduelic . T 1665 921 210 248 701 342 035
S{{l’m‘u spinus ...... 1180 680 124 214 683 247 017
canthus canmabing 15.80 6.1 1.85 248 8.03 360 036
gp:’nw P, 1] . 11,95 73.9 145 245 7.3 240 025
mberiza citrinelld i - 25 130 336 281 9.06 500 055
i LT e e LA e o 231 104 260 248 7.40 470 040
2| hortilone oo 33 122 245 273 B.66 420 048
o cia 21.40 108 1.78 258 TIr 395 032
o ScHOERielNS s 20 114 L6s 255 7.60 4.00 0,30
Regulus reguls . . B0 J2.2 040 143 5.00 045 005
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TasrLe 15.—continuwed
Total Wing Wing Wing Wing Pectoral muscles
weight area weight  spread length weight, gm,
g, cm.2 [, i, [ Large Small
Passereanx rameurs a vol peu soutenn
Cyanecnla suesica cyaneculd ... 14.30 78.9 1.4 214 6.31 1.75 026
Syltno atricapilla .. 16.25 28.9 1.75 238 7.60 1.75 023
* jimplex 15.8 749 152 236 7.53 1.58 022
o POMMIHES oo cermmersmnesreen 5. 18.65 87.1 159 225 7.16 220 0.25
Prunella modularis ... 18 801 1.55 2210 6.55 240 0.24
Hypolais iclering .o 10.65 80.0 08B 205 6.60 118 0.14
Acrocephalius cirpacens ... 12.80 67.2 1.00 20,3 6,78 1.52 018
“ schocnobasntis ... i 10.40 529 0og 192 6.11 122 014
Parus major . 2145 102 160 233 7.50 275 025
coerileng 11 Ga.0 098 214 6.67 1.77 018
Y erisfalis WIFAINE e 10.20 729 1.28 202 6.29 142 015
*“  palustris longirostris .. 10,90 64.1 114 200 621 175 017
" ! COMMUNES oenas 11.75 719 1.20 209 6.82 170 017
Aegithalus caudafus ... 8 58.0 073 186 6.0 125 012
eI TNrEdES e e 156 457 20.5 517 16.15 254 195
Dryobates majfor pinctorwm ... 73 238 075 422 12.95 130 114
MINOT ROTHOTII reemeeeneaes 15.50 103 190 259 848 250 025
Jynx torguilla e 37.30 116 358 204 B.69 6.95 048
erthig brachydactila ... 8.50 66.0 092 200 6.12 125 0.13
Sitla eurofoes cOemg .o oo, 21.10 1327 255 274 8.57 320 030
Trichodroma MUrario e 15 174 225 301 .86 230 017
Troglodytes troglodytes ..o 10.1 414 075 169 4.76 1.15 0.15
Passereanx vibrateurs
EupRerisa eXbmil e 285 15.4 0,18 130 5.10 08 012
Echassiers rameurs terrestres
Otis tarda 8,950 5,728 1,208 208 519 1790 224
“  felrax 230 1,038 120 865 226 182 225
Burhinus ocdicnemus .. 522 157 7.0 Bi7 234 813 920
Charadrins apricariug ...... 178 356 20.3 58.5 17.4 41.2 604
morinellis ... a0 247 90 46.6 14.8 2000 275
Crex crex 155 318 16,1 47.8 14.0 243 338
Scolopar rusficold e a2 506 37.5 665 206 820 178
Fchassiers rameurs riveraing
NUMERTUS GFQUATLS oo 768 1,175 108 1044 302 145 180
Haematopus ostralegus .. 438 622 640 BOS 258 65.6 B68
Charadrius hiaticula ... 622 188 590 408 13.1 0y 130
Squatarela squatorola ... 216 413 238 654 204 407 520
Gallinage 9allinage coeereeee—es 05.5 244 029 448 128 253 520
Lymnocrypies gollinule oee. 57 178 640 393 108 113 224
COMULRS CANMMIE eerriesncsisrmemmmeemasnsans 88 269 1i.2 50.3 136 187 246
Eriolia_alpina 44 126 365 360 109 845 110
Arenaria MIEPres o e 107.8 213 9.80 476 14.8 224 304
Calidris lesicophaeqd oo ccinaane 41.9 160 420 354 11.5 .60 152
Machetes pHORAE et 180 457 22,5 632 16.2 413 518
Tringa n o e 156 406 18.5 60,8 18.8 338 464
MO erthrobur 133 326 15.5 54.1 16.3 286 439
“ tolamus Py Sl v 366 142 1.6 14.8 262 379
“ o perophus .. REETIA 727 248 835 472 14.6 182 3.00
M hgbeleous %5 égg 2;,25 g»g; %é..;r 4%.10 1.52
Limosa laponica ... e ] : : 4 780
. :‘n{um R e e R 527 303 69.0 208 517 700
Recurvirostra avocetld s — 295 fE4 416 72 220 494 308
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TABLE 15.—continued

Tetal Wing Wing Wing Wini Pectoral muscles
weight ares weight spread  lengt WEL‘H’hI.gM.
I e am, £, £, Large mall

Colombins rameurs

Columnba palvmbous oo 405 a7 70.0 751 24.5 118 18.5
: GENGE ... B 532 44.3 75.3 20.9 739 123
TRFTUF SHFHEY oo oo cmns st mmioss 178 376 245 520 17.5 o4 730
Gallinacés rameurs
Telrao urogallus & 3,361 1412 339 1318 360 607 208
L i [~ SRS, S p— 1,890 1,219 206 91.5 336 413 1l
Eyreerdetrie: & o con o 1,030 968 105 B3B8 232 238 M0
" Tt e R 940 846 96.9 764 216 144 &7.0
Tetrao mediis ............. A 1 1 78 130 870 255 2 754
Logoies s - L 462.5 486 420 60.3 186 787 211
b lagopus .. 620 626 57.3 682 213 124 372
= SCofcHs .. fi24 593 56,0 709 214 122 3465
Tetrastes bonasia . 278 386 21.5 52.9 16.3 730 247
Caccabis rifa ..o e 490 519 42.7 544 16.6 012 322
Coccgins soxablis 606.5 473 482 55.0 16.1 926 312
Perdix perdix . 387 433 304 52,5 15.3 Bi6 286
Coturniz coltimia ..o, 8312 171 760 358 10.5 1475 413
Colinus pecloralis e w1315 196 989 351 o966 261 9.86
Rbynchottts rufeStens e 821.7 657 6l.6 67.4 21.5 159 370

Palmipédes nageurs rameurs

Cygnus cygnus 5,925 3377 a78 230 6.1 884 70.1
Anger fabalis .......... SRS, . I3 1] 2675 425 162 467 555 597
% onser . . 3,065 2697 491 163 465 570 598
i I 10 e S R TR 1,715 1,835 204 141 407 309 303
Branta bernicla 1,273 1,388 165 119 336 200 229
s T T e R 1,150 1,150 150 108 356 192 208
Anas Ffah'rh;wdmr R 11 %28 117 o0 259 215 327
Spofula clypeatn .emiessessnansin 633 614 66.0 798 232 115 152
Dafila acuta Q55 840 Q8.0 916 256 186 200
Mareca penelope ooeiceiciael 230 664 B3.6 85.5 254 146 17.7
Ouerguedula ereccg ... . 293 349 31.0 57.8 17.9 577 733
L guerguednla o 327 399 36.2 654 193 634 B9
Clangula elangula ..o e G228 516 570 0.0 19.6 106 14.5
N¥roca myrocg ool o o 512 512 S0.0 68.0 184 86.8 10.25
mRE T T R e S 741 474 55.9 706 208 123 1355
“  ferima 842 615 20.0 74 217 166 164
M marila 673 621 08.6 Bl.6 219 176 163
Oidemia migra 870 679 BR.0 85.0 229 102 122
" fusca 1,578 1,010 160 967 256 218 268
Palmipédes plongeurs rameurs
Mergus serralor o ii i 818 589 77 886 244 142 147
RS Y T e T 1,470 853 167 955 262 213 220
S albeliy e 495 431 41.0 62.5 17.4 855 937
Colymbus eristalis e - 190 561 720 78.6 17.6 920  Bo0
= F LA LT T R .. 480 542 432 20 164 52 528
= el L - 180 236 10.9 44.0 10.2 1465 1.95
Govig seplentrionalis ... . A L &0 102 104 266 5B0 555
" arclica 1,495 1,196 168 120 309 147 1045
Alca forda 780 382 48.0 681 193 97.0 289
Uria troille 1,010 424 61.9 02 201 148 48
Fratercula arclicd o SR 345 237 56,4 16,2 04 9350
Alle alle 912 167 775 BT 128 128 3.5
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TasLE 15—concluded

Total Wing Wing Wing Win Pectoral muscles
weight area weight  spread Itnﬂi weight, pm,
anL, i3 am, €. cin. rEE mall

Bchassiers plongeurs rameurs

2 T S N S 578 618 40.5 725 20.0 57.3

Gallinula chioropus - 205 368 21.0 55.9 12.8 330

Porzana porsang ... & 69 228 644 394 11.5 9.15

Rallus aguations oo 128 261 050 413 11.6 114
Passereaux plongeurs rameurs

Aleedo ispida . 364 108 375 288 829 .02

e
T
Ronas

0.76
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Note: After completion of the present manuscript 1 have noted Frank A.
Hartman's “Locomotor Mechanisms of Birds” ( Smithsonian Misc. Coll., vol. 143,
Neo. 1). This paper contains many data on dimensional relationships for birds, A
cursory inspection of the tables indicates general agreement with the relationships
presented here. It is unfortunate that I was unable to include Flartman's excellent
and abundant data in the present compilation.—C. H. G.
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