CHAPTER 8
SOME GINZRAL COVSIDERATIONS

Certain excellent works on the nyo“ogf of hirds have
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been referred to at various pl=ces in tn@ ““eken+ s tudies and
their importance in the study of muscle homelogy has alsc been
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gtressed. In such studies, howeveggﬁain empheasis
complex problem of muscle homology and fuller information
regarding the working of the mmscle could hardly bd expec
Usually im myological studies the action of the nmuséle is
determined by exeriing a pull on cne end of(thédﬁuscle)in a
preserved znimal. Howell{1945) pointed out the limitations
of such a method and sires®d the importance of electrically
stimmlating the muscle of the anzesthetised animal in order

to c¢btein a better interpretation of mmscle function., Fishe

M

(1946;,in his excellent work on the locomotor o yaratué of newv
vorld vuliures, muzde & specizl study of muscle volume to
deternine the relsiive functional importance of different
muscles in dirferent birés heving close phylogenetic affinity
and correlsted such differences with the flying habits of
those birds, Neir (1952) 1954a &b) was one of the few to study
¥ko avien flight muscles frogfﬁéébologica as well as bio-
chemical points ¢f view, e determined the chemiczl composi-
epphasised the variations as an index of muscle power {1952)
ard broucht to light certain morphological. differences

of -
vetween the wing mbsculmuure’flapping and soaring birds{1954aj.

84



A . - .
neodes of Tlight and put orth some interest ting ideas regaxrding
rmiscle pover in birds, liarey's approach (1893) to the functicnal

labow

<D

aspects of the flight mirscles was a direct one. Io ussd

5

rate instrureats atiached to flying hird’and recorded moveraenis

of some muscles during flight. Brown (194§h¢ 19531,wifh the
help of cinematogreaphical pictures of flying bi ﬂ§, tudied the

dirferent successive steps in bird fiig
comuents on the role of different flight mscles in the succe-
ssive pheses 64 Tlignt. Mumerous appara s devlged for direct
studies in cursorial awd“aquatic animals are)h*” ver, of 1itil
uge for similsor studiess on birds. In this respect larev's
approadh though re rxa07?/oou7d nOtF%bl lowed by later worke ers,
owing to inmumerable difficuliies ecssceiated with handling
such instruments,

" ‘Y}:%;r‘.
Studies on the structure of muscles othier thanqof

. . .\ R . . 3 .
birds have yielded considerable information on(niscle function,

The present studg)fhough confined t¢ & single mmscle, has
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Sh . i
fev*ncbd surficie ent) promise of friitful possibility in such an} X

approach to the study of the functionzl asvects of avian ?

. g . . . .
flight muscles, plkehnectoralls rejor, oiher flight muscles

Tod, have undergone siructural modifications according to their
individual requirements, In the pigeon the important and well

developed muscles of the pectoral girdie - gupracoracoideus,

ceoracobrachialis posterior, subscavuleris, dorsglids scapulae
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and gerratus posterior (terminology adopted from Fisher, 1946)

and all the muscles of the upper arm except brachialis are

mixed muscles,. On‘the other han@)all the muscles of tﬁe fore~

arm except extensor metacarpi radialis have only one type of

fibres (red) with remarkable uniformity in fibre diameter,

on thékgéﬁ;; hand, all the flight musd.es of the kite, excepting
those used merely for the movements of feathers, consist% of
only red fibres, with less variation in average diameter., In
short, %he~structure~of~%he-d%her flight muscles, have under =

{ AL L‘

gone modlflcatlonbslmllar to those of the pectoralis mmgor) 5

and these structursl modifications can be correlated with

function, if those of' the pectoralis are correctly understood.

It is always advantageous to study the structure of
a single mﬁscle in ﬁany different birds rather than of many
miscles in a few birds. The advantage of such an approach is
obv1ousf)égzélder1ng the fact that no two muscles in the animal
body are ﬁe@»identicalkfunction and mode of action., On the
other hand, the homologous muscles of different animals
( provided they all belong to & single natural group) have the
sane function,ighly difference being the manner in which the
work load is handled. Witk one variablq)such as the function
of the muscle thus eliminated, the study of the acticn of the
other variebléanamelv the structure of the musclﬁ)could be
studied vkyarbeflar adventage. The study of the pectoralis
ggjgg)as presented in fhis work, if extended further o mani/ o

% i

nere birds and a similzr study if conducted on the other
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flight rmscles slso, sheould go a lcng way in our understanding
of The functional aspect of flight., The possidle chances of

guccesgs in sucu an enterprise could alsc be realised from the

, the .
work of Barger (1956) on the structure of expansor secundario-
b

rum of

'Y

From the present findings, it appears that the
diameter of the fibres plays a more important role than
hitherto realised and that for stability 2s well as mechanical
efficiency an optimum size for the fibres is necessary.Bigger
diameteyﬁede ntlys cives mechanical advantage to the coﬁtra-
ctile mechanism, Cn the oither hénd)in fibres with smellier

dlameter,  the rate of diffusion of dissolved substances ie

Q

omparatively higher and such fibres are of great advantage
in long and sustained action., The pectoralis of flying birds
in general should be powerful and at the same time adapted

for sustained action, but there is considerable va tion

with regard to these %two important aspectis of muscle action

[RN

n birds differing in their mode of flight. Im birds exhibi-

ting soaring and flapping types of flight a compromise

appears to have been reached in the structure of the pectoralis
sl cremey : . .

to get mex ﬂum out of these two divergent functional aspects

of muscle actlon' the fibres of the pectoralis of these birds

G-
or too small’diameter, the rate of
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have neither +too bi

7 lincrease of which with the increzse in he weight of the
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(muscle, is low. In the first chapter it has beenhhown that
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ctoralis of kite are lorge.and- on the

basis of the study Lndgr chepter five, the large size of
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?CL\ £}
the fibres could be attrzbuted to the bigger size of the

;..l.
~_|
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Tn the birds exhibiting shooting type of flight the

e . Iw

of :
rete,increase -in the fibre diesmeter per increase in gram

!_.h

weight of the muscle/is higher. In the flight of thes 2 birds,

a vhese of cquick wing strokes alternates with a short phase

[

during vhich the wings are flexed znd the hird 700503 its

. B . . 3 AL Borad" r-p
altituds, vhich is regained only with the ﬂo@manﬁcmeat of the

03

first phase, That is vhy the wing strokes are quicksr and

o

more poverful in these tyves of birds than " those of the

h

flapping fyoe of fliers, vhose wing beats are regular and

oltitude is gained with every down siroke of the wings (Brown
& \ 4

1048). Thus in shooting types of fliers more emphesisls is
ton
[AR*

. . de
laid on gquick and Qover:ul sction. HnaV1ev the hird, ﬁh@ nead
. 2 ;
for pogerful strokes(}s 2l1l’ the more greateg%;%x} for vhich

N

B

an increcse in fibre diameter per increszse in gram weight of

e musdie is of distinct advanitage. With the incregse in

flexed., Sut in this: type of bir d§ if with incresse in tuoe
sizs of the muscle and 2n increase in Me diameter of the

i

tibres a bird with the size of o kite wveres to perform the
shooting type of flight, muscle fibres of encrmous size
would have been reguired. This would have enforced such greet

limitations cn the diffusion of substesnces in the muscle fibres

that g short peviod of reccvery)such as could be achidved
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the second nhase of the sheoting f£light when the
winges ave fl¢ K‘w)JOU1ﬁ not have Dsen suflisient. Pernaps
This wey be one of the reasons why this type of flight is
exhibited only by smellesized birds,

~¥he Towl and ;artridg‘,LWhen chﬁéegytake short

hts during which the wing sirckes are heavy and guick

3

(and thue, in the pesgtoralis major, fikres with bigger diameie:
7
tage. The rate of increase in the dianscer

of the fibres per in_crease in gram weight of the muscle is
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cfoourse lowe, Lower concenirat
agyoglobin and wyuochrnmes and slow rate at which the lactic
acid is remowed (due to greater Tibrer diamster) duvring

contraciion, should prevent susisinéd action in these fibres.

the °
Howevery, nothing is known about nature of the fibres

- ) -

in the breast muscle of norm=Tflying water birds, which use

oo
their wings as paddles working in unison wvith »1 gs to propell Ml
through waifer, In these birds the manner in whi the work

ioad 1s handled by the pectoralis major is considerably

Cifferent from that during flight; the wing strokes in thsse
tirds are no longer com@a"*bl » those which meke the

flying bird air-borne, atitae too, the wing flaps

during rvn”géjﬁhe ground are only to give a forwerd accleration.

In this respect *thery toog differ very musk from~ the gallina-

The validity'. of the corrion practice of classifying
red' and tvhite! hes been put to extensive test

during these investigations, and it can now De said that such



2 classification indicatss nothing except the coloﬁé of the
bres. Amceng red fibres themselves two types are
met wit%jcne in vhich there is high amount of fat but little
&f glycogen {e.g. the red fibres of the pigeon pectcralisg
and thd“other type, in which both glycogen sa-well-as fot
are present in large amounts (e.g. the fibres in the super-
ficisl layer of the kite pectoralis). An altermative schenes

of glassification of muscle on the basis of certiain histo-

physiclogical nroperties is suggested as follows:

&. Muscles having only whi fibres with high
moderate amounts of gLJCOgSF(i but with negliglihle fat

ad)
inclusions for %= quick con*racii

m

of short duration,
E‘. g. fOWla

o7
b Iuscles with only red fibres having large amoun

o+
v
L

of fzt inclusions but litile of glycogen, primarily for

sustained isometric contractions, e.g. parakeect.

¢ linscles with red fibres having glycogen as well

as fat in large amounts, for tonus action thus well eguipped

L

for sustained isotonic contrations, e.g. kite.

30

d ifized type of muscles having wvhite, glycogen-loaded,

and red, fat-loaded fibres cccouling side by side, e.g. pigeon,

The problem of the mixed type of muscle in whach
distinctly different types of fibreé'coex1st ac parts of a

single system and working

n dnison as units of an integrated
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organ seems to be of paramount importancq)not only with
respect to the study of muscles of birds but.also for a closer
understanding of the general problem of muscular contractiosu.
The mixed type of pectoralis,as welﬂas pectovalis with only
one type of fibres, occursin birds with diverse flying habits.
However, one could reasonably expect something in common
about the mode of action of the pectoralis of birds 1like

the hawk, kingfisher,and pigeon in havingf@ixed type of
pectoralis, even though they differ widely in their mode of
flight, But we have no means of knowing it at present,
However, the present work has yielded some very encouraging
results, which have brought this baffling problem of mixed
type of muscles to the forefront in a new perspective. The
rectoralis of the pigeon and dove with red and white fiﬁres
of sharply divergent types formsan excellent material for
studying the various aspects of this problem, The high
amount of fat and mitochondrial inclusions in?ﬁarrow fibres
and higher glycogen content and extreme low amount of fat
and mitochondris in the vhite fibres and their implications
on muscle physiology have already been discussed, George and
Scaris (1958) showed that the activity of dehydrogenases is
very high in narrow fibres but in the broad ones they are
hardly detectable with histochemical methods. Lipase and
alkaline phosphatase too are concentrated primérily in the

narrow fibres. Twe Blkaline phosphatase probably pleys an

important role imfat metabolism (Montagna, 1956). George
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and Pishawikar (unpublished) showed that creatine phosphate,
ATP and ATPase, are péésent in very higﬁvconcgntrationa in the
broad fibfes in comparision ?o'the narrow ones. Inorganic pho=
sphateand certain free amin&@cids like glutamic.acid too,are
in high concentration in narrow fibres (George and Pishawikar,
unpublished). )

~

On stimulation,creatine phosphate in bread fibres
getbdepletéd very rapidly with the result that in the stimu-
lated muscle the red and white fibres show no difference in
the concentration of the creatine phosphate (George and Pishg—
‘wikar, unpublished). In the light of the’&bove observations,
‘the negligible dehydrogensse activity in the white fitres of
-the pigeonnand dove pectoralis presents a complex problem,as

\/to how the energy-rich phosphates are built up in them in
such high concentration for whlch Krebs cycle enzyme systems
‘including the dehydrogenases are so far kmown to be absolutely
jnecessary° The present workl: does not provide a solution %o
this probleﬁ but nevertheless suggests some possibilities which
might be of help to future research in obiaining satisfactory
answers. Perhaps the energy-rich phosphates in the white fibres

may regenerate in amy one of the following waysi t:

1, Probably dehydrogenases in the white fibres, even
if in small amounté,may be sufficient for building up a high
amount of energy-rich phosphates during the perioed of rest,
Since the rate of regeneration of energy rich phosphates in

these fibres should be very low, once the reserve store

92
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of energy in the formi of energy-rich phosphates is depleted
luring the process of ooQairéﬁion, these fibres can no longer
coﬁtract and cope vn with the narrow fibres, In the narrow

the encrgy-rich phosphates are,ﬁot built vy in

R

gh
large amount during the period of rest, the chemical processes
that regenerzte these energy sources are very well organised
0 that they can be regenerated contimuously in sufficient -
amount during the vrocess of contraction., This leads to the
conclusion that only dﬁring the initial phase of flight,

that is,during the take off from the perch when the wing
strokes are heavy and of maximum amplitude, the broad fibres
take part in active coatraction and once the euergy-rich
phosphates are depleted they remain passive in a state At
(éomewéat akin to)fatigue,and the narrow fibres alone undergo
the process of contraction tilli the broad fibres are once

again fit to contract.

2. Another possibility 1» that, dus to blgge:
size, the broad fibres havejéreater mechanical advantage and «
higher dymamis power per gram weight than the narrow fibres.
Following this assumption)which is based on th? work presented
in this thesis, it can be visualised that for the same amount
of work done, the broa§ fibres haveiiowér energy consumption
than théxiéé the narrow fibres,and thus in these fibres the

rate of regeneration of the energy-rich phosphates, even if

low, may be sufficient for the sustained contréction.

3. Yet another possibility is the presence of an

alternate pathway for the regeneration of energy-rich phosphates
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in broad fibres., At present the energy rich phosphates are
known to regenerate only through the Krebs cycle enzyme
system, in which dehydrogenases form important links. This
assumption presupposes the presence of an alternate pa%hway,
in which various dehydrogenases are not absolutely necessary
for the regenefation of the energy-rich phosphates, So far,
no such pathway has ever been reported in any living sys tem,
This suggestion is r§%£2r philosophical than scientific,

and is merely a reflection of our lack of knowledge.

The problem is indeed a complex one, Our tools of
research have to be prudently employed in obtaiﬁing the right
answers. Often our methods are unable to give a true picture
of the actual processes and from the data obtaineé,we are lad
to visualige certain functions of the machinery without
having any idea at al%,as to”@£;¥7§?§§§i§;happens in the laviug
syotem., In concluding, I can do no better than quote Green
88 folloﬁs; A sufficiéntly ingenious mechanic could separate
the parts of a baby Austin and use them to meke a DPBZambuls tor
or a pressure pump or & hair~dryer of sorts. If the mechanic
was not particulariy bright and was uninformed as to the gource
of these parts, he might be tempted into believing that they
were iﬁ?act designed for the particular  ends he happened to
have in view, The biobhemist is presented with a simitiar
problem in the course of his reconstructions. The materials
of the cells offer unlimited possibilities of combinations
and interactions, but only a few of these possibilities are

realised in the cell under normal conditions. There is thus



a grave element of risk in trying to reason too closely from

recons tructed systems to the intact cell. The reconstruction
. e
can have no biological significance until some difinite
v
ferred

o

counterpart of these events is observed in yivo." ( as re

by Baldwin,1957)



