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CHAPTER 5
VARIATION IN THE DIAVGTER OF THS mﬂSCuu FIBRES IN THE

PECTORALIS MAJOR AND ITS RELAWION TO MUSCL: STZE AND

- ~ ~

1OTE OF FLIGHT

W 6w g

Ve, iat ion in the diameter of the muscle fibres in
il [3
different muscles has been of conslderable interest to(muo ie
. \ \&‘ NS (~,W\\< e~ .
brologists. Fibres of Jnsclemdlffe ing in functlonshave been
HM‘!LU&I\.)
studied to correlate the size of the fibre with function. But,

&

this approach has howexer not mel-with much success. Georg -a
e T

and Jyoti in their paper (1955a}, cited in the first chapter

of +this thesis, made some interesting comments on the great

veriation in the diameter of the muscle fibres in the

pectoralis mejor muscke of a few birds and suggested the

possibility of some relation between the fibre dilameter and

the mode of Fflight. The present investigation is an attempt
ey detile Q_M,a.t,m\ fn \.AL\S

to explore furthery the ¢ dark corners of this most complex

prohlemn.
¥aterial and ikethods

All the birds used in the present work)except the
fowl and partridgg,were either trapped or shot with an air-
fifle. The pectorzlis of one side in each bird was vmsed
exclusively for studying the structure of the muscle, the
full account of which will be presented in the next chapter.
The pectoralis of the other side was removedaéhort while

after the death of the enimel and weighed 1mmedlatelya\sﬂa11

pieces cut from it were used for obtaining the fresh frozen
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sections., The sections were mounted in BO # glycercl
solution on microslides and under = magnification of eight
hnndredoighe digmeter of several hundreds of fibres from each
preparation wgfé measuredfﬁsing_the cocular scale and the
micrometer slide., In most of the birds the fibres in the
superficial region.of the muscle were somewhat blgger in
diameter than those in the intericr. So, %o obtainﬁ & correct
mezn value in such a muscie, measurement of the fibre dia-
’}’af’ev\

meter was don_e from areas selected st random from different

depths of the muscle.

Results

‘.fl }" Lu..-’. 'Y\'\La/wu—wwd;\ B
The resultst oh§a1aed§are presented in table me.l,
[ whok N .
where the birds studied are grouped differently =zccording to
thelr mode of flight. It must,however, be siated that the
grovping of the birds is by no means definite and absolute,
Eor example, many of the birds grouped under Ay often exhibit

ootlng type of f1 igi Shikra ( a hawk), though listed as a-

e moving from tree to tree or while

g«.

soarer group.off

flying at low altitu de§>does flep its wings comstantily with
t éu(au-—s >

case, This grouping only suggests the mode of flight cormonly

ard mos freqvently indulged in by = particular bird. The

R AL Kanown ? a4 Q(u-c*{-
relght of blva vherever reco*ded is mont¢oncd 80 as to give

-t

? fan
some ides aéﬁaé e size.eof~the—anired, The values of the
dianeter of the fibres are the mean of several hundreds of
fibres measured, Wherevely more thar one specimen of one type

P &b
vere used, the mean of valuss obtained from different



A Birds exhibiting

7
A

D Fonflying bizdds

Tame of birds

Indizn Rebin

(Saxicoloides Ffuli

House Sparrow

(Passer gdomesticus)

Green Bee-eater

(Mercps orientalis)

Red-vented Bulbul

- i oA

(llolpas tes hoemorrhous)

=ahratta

Woodpecker

(L*Oﬁlcuc mahrattenszs)
Blue~tailed Beg-exter

: (Mercps superciliomus)
White-breasted Tingfisher

(Galcyon smyrnensis)

{(Hirundo dauricsa)

Commeon Dabdler

{Argzva caudata)

Pied-crested Cuckoo
(Clametor jacobinus)

Conmnon Iyna

(Aeridotheres tristis)

Crow 2heasant

(Centropus sinensis)

Green Parzkeet
(Psittacula krawme

T

rij

RBlue Ja,v

(Coracvas benghalensi

Hoel

irds exhibiting Flappwng flight
e~ ruped Swallow

is)

(Budynamis scolopaceus)

Common

House Crow

(Corvus splendens)

Hed-wattled Lapwing

(Sarcogramms indicus)

Paddy Bird

(Ardeola gravi)

Cattle Zgret

{Bubulcus ibis)

Cwl

Spofted Dove ¢ Strepiopelio chinengis)
Birds exhibiting soaring flight

Shikra

(Astur hadius).

Common Pariall Xite

{(iilvus migrens)

White-backed Vulture
(Bseudogvrs bencalensis)

Paritridge— Se.vom’

Fowl

(Pandvy 7D

(Gallus domesticus)
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38,0 * 1C
38,3210 33
40,26 37
42,5110 36

49,811 80
35,5%5
40.2%9 5%
37.0x6 80
37.7%* 10 112
44,08 233
36,67 118
41,58
41.9%9
42,3%11
40,711
42,7%1

Lbre Dody wi. muscle wt.
S

1.0
2.0
1.5

2.5

4.0
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740
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DIAMETER OF MUSCLE FIBRE
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Tig. D.1 Relation between the diameter of the muscle fibres
and the weight of the pectoralis major of the birds
exhibiting shooting type of filight (line a), flapping
type of flight (line b} and socaring type of flight {(line
and the birds which aTe non-fliers,{line d}.
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WEIGHT OF MUSCLE

Shooting tvpe of Tlier
Flapping type of flier
Secaring type of flier
Won-Flying type
Platted after drawing
the regression line
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specimens is given. However, in no case individusl variations
Tore found to he large. It appears that the mean Tibre diame~
ter of the pectoralis is fairly comstant for a bir§>provided

it is fully growvn, normsl and active.

Taking birds of any single group, it can be observed

rezses with the weight of the ruscle.
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Figure 5.1 is s grophical representation of the relation bhet-

that 211 the birds in grove & fall along the iine gj the

formula for the regression line is v =31.2551+3,1023x (r=0.96).
Similarly, the birds of the group B fall along the lineig, ’
where ¥ = 37.8205%0.2618x (r = 0.58). It will be observed

that the slope of ke line z is much stecper than that of tke

line h. Since the npzber—of birds observed in groun C and D

- -
eTe fewer in mumber, no sccurzte relationship for line ¢ and d

be .
cen,derived. But it apreers that the birds of Fae group C
3
do not differ significantly from the group I 28 for , the
relotion between the dizmeter of the Ffibres and the muscle

-eight is concerned,
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e gize of o cell in env tissue is considered to

i

. L. /f{ Ty . .
be o fived entity. In a bigger animnl, it does not become

ﬁ&»&a\;n .
big@eg)%hough cells may inecresse in nuniber to fTorm-a b%gger

structure, An individual muscle fibr% though rultinucleated,
since 1s» derived Trom s single myoblast, r=y be regsirded as

a cell., In thet case, the present work shows that the
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muscular tissue is an exception to the above stated general

1ot in homologous muscles vith identical
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functions, diameter of the fibres varies with the size of the
s C—\- PY

With increase in Tibre dizmeter the distance hetween

the centre of the cell and the blood capillaries lining iis

order increases. Hill {1956) pointed out that, " in objects
. o v g"”’“) -
of similzr shape, the time taken For diffusion <o operate | ehee .
: aeenrG .,
2 . . b . o7 et
veries directly as a square, the linear size, the ratle cf ¢ G»;&»&“
!
!

supply of disolvad substonces to

decreases with the incresse in the fibre diameyter, Under
these reums tances, unless the inherent requirememt of

oxygen in bigger muscles is less, the muscle zannct function

.

effectively,

u dhe toltal power

-~

again, nccording to Hill {1956;,

WL

output of similar onimels incresses about as the square ol

weight dirinishes inversely as the lincar size'., This deduction,

)
i}
D
fn]
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o an

cerived from the prinoipﬂ@s of thermodynamics,
nimzl, oanxaswwéll’apply to an entire ;1sclé% Larger ruscles
sheuld haove higher total power output and consééuently less
oxvgen rewuirement per gram weight, Moreover, comparing the
diameter of fibres with the mmscle weight, has several

advantages, The size of the animel may be expressed in terms

of body weight or the surface arsa. A look at the table Tl
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will show thst the dizmeter of the mascle fibres shows a

e

Q
[

ey relation with ruscle weight thar with the body weight.

e surfece ares is a betier index for size, but ilts accurate

by
bt\ MND maras 1

direct mezsurement is in no way simple. The square of the
aninmel length is often iaken as an index of the surface area,

but it is no longer corpargble in animals with different
shepes, as in birnds, where great modifications in the length

of the appendages and neck are a common feature.

in group A and B%?elation between the weight of
the enimal and Tibre dismeter @SScntislly Fomnins¥the sawe.,
rl
Birds exhibiting shooting trpe of flieht form(gitoge ther)
another line with}yery sueeb&ﬂope, thus differing sharply
from the birds grouped under A and B. The fibre di-meter in
the pectoralis of these birds is conp &1 tively bigge;i/ﬁince,yf

with the increase in the size of the mnscle,‘%he increase in

R P e e ot o

the diameter of the ¢1bres"vs conszder@ble, the decrease in
the rate of diffusion of dissolved substances should be
appreciable, Possiblgf’ﬁhe mode of flight of these birds,

in which every quick succession of wing flaps is followed Dy

a short period of rest, might be the underlying reason. It

is quite significant that this mode of flight is confined ends

1o smaller birds,

Averazge Tibre dismeter of birds in group D is
highest among the birds studied and the limitations it enfor=
ces on tissue respiration is well correlated with the non-

flying habit of these birds., The babbler and crow pheasant



{ineluded in group A) with broad and short wingsare poor
flierg,in that, their wing beats are fast but of very short

duration and it is not surprising that they have fibres with =«
£ e
. TRam  tHhood . .
greater dlamster(when compared to other bltdg)ln groupd A.
rrobably, they may go to form altogether a separate line of

poor fliers,

Among the birds studieq)the parakest and pigeon

&r- . o fibre = .
have pectoralis with smallest average, diameter. Only thing

- - [ «(\\f:
common among them is that both are very good fliers, Parakeetl

is too well known for its flight with uninterrupted rapid
’Hu,'f' 1)

succession of wing beats. The pigeon seems to have faced the

problem of fibre diameter in an unique marmer, the full

significance of which is still obscure, o

f’}\m 'é ipmt‘u'\
Many.more birds, especially{of the bigger) size,

“

ghould be examined before the functional differences in flying
[

birds, as revealed by this work, is firmly established.
=5 .
Nevertheless, the®>oresent observations have opened up some new

avenues in the study of the functional anatony. of muscles.

'

Summery

1, In birds with similar flying habits, the mean

diameter of the fibres in the pectoralis major muscle varies

with the size of the mmscle.

2., The rate of increase in the diameter of the
fibres per gram weight of the muscle varies in birds with

different flying habits,



