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SUMMARY

Birds and bats are both flying animals whose
remote ancestry could be traced to the reptiles. 1In the
evolution of the fiying habit there have been certain
basic changes in the mofphologic and physiologic consti~
tution of these animals. Thé present study on certain
aspects of the morgﬁology,hiétology and metabolism of
the f£light mu;cles of some birds and a bat has brought
forward the following salient facts which have contri-
buted atleast in a small measure to our present _
knowledge of the‘physiologiéal aspects of flight and

the comvergence in the evolution of these animals,
- N }\

1. Morphology of the pecgoralis and other related

forelimb muscles in lizards,birds and bat.

(1) Though the bird and bat both have arisen from
reptilian ancestors and several of their flight
muscles show similar orientation, the majority

" of them_iﬁ the bat present typical mammalian
characteristics while many of the muscles in
the bird are. basically reptiliankwith a few

- gvian modifications.
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(2) the presence in the bat of the patagial attach-

' ments of the deltoideus clavicularis as in the

bird,.a well-deﬁeloped subclavius very similar

to the sternocoracoideus of birds and the well-
developed éét of pectoralis muscles are all
avian features as adaﬁtations for flight. But
on %hé other.hand ihe presence of a powerful

and'well~develbpéd latissimus dorsi with teres

major, a single subscapularis and separate

supraspinatué and infraspinatus muscles and a
poorly developed~énconeus are distinctlyAmamma-
lian,

(3) in the bird the fusion of the biceps, the

presence of two coracobrachialis and the sterno-

coracoideus and the unparalléd development of

the pectoralis set of‘musc;es are special
features idhbirds. )

(4) it is evident that each of these types of flying
animals has evolved along its own lines and the
modificatioﬁsvof the muscles show two such
divergent lines of evolution, ‘

1)) vhere is hardly any differencé in the musculature
between Uromastix, the ground lizard and Calotes,

the arboreal form.
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2. Comparative histology of the breast and leg muscles

in 1lzard bird and bat

(1) - Histologically the breast muscle of the plgeon
is made up of two types of flbres,’a,narrow one
studded with large globules of fat, and granules
of llpo-proteln nature, and a broad _one with the
inclusions very spa:sely distributed. and the fat
globules minute. rthe former type is much more
numerous than the latter. )

(2) the breast muscle of the local kite is w&se made
up of only the broad type of fibres.: '

v‘(B) rhe~nafrow fat-loaded t&pe of fibre is totally
lacking in the breast muscle of the domestic
fowl. - | ‘

(4) rhe breast muscle of the common local bat is
exclusively made up of‘thé narrow tyﬁe of fibre .
the inclusions of fat are, hpwever, much more
prominent in this animal. -

(5) the leg muscle fibres in all these animals are

‘ of fhe broad less-fatty type. wrhe leg muscle of
the fowl 1s reddish and the striations are
prdmingnt. ‘ |

" (6) ithe fat-loaded fibres of the breast mugcle lose

-fat globuleé gradually on stimulatipn?épparently

due to their utilization in contraction, rthe
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. breast mgséle offfhevsfarved pigeons is also
found;to be‘deplétéd of ﬁhéir fat giobules. Most
pfobably'they:ha§e'béen used up to maintain life

L cpduring stgﬁvatione It is thérefore concluded that
fat inclusions are primarily‘usefql during ﬁlight

‘;and serve seconéarily as‘reéerve sﬁore 0 maine-
tain life during starvatién. .

(7) in the evolution of the ﬁqscle fibre; the emerg-
ence of the myoglobin-permeated more mejabo;ic
red type seémé"to be the first stepf the neit
step is the appearance of the fat-loaded narrow
~t§pe as a vériation_from the braéd less-fatty

_red fibre,

3, the lipid and the glycogen content and their reduction

in the flight muscle and liver of some birds and bat

during sustéined activit& of. the former.

(1) tThere is a réducﬁion.inithe free lipid of the breast
and leg“muscle as well as of:the liVer as a resultd
of continuous eﬁ?tation of the respective muscle
in all the animals experimented with.

(2) in the case of the fowl alone there is any indi-

" cation of utilization of bound lipid both in the

‘5reast‘and lég muécié as a result of continué&

eﬁ?tation.
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the high pergentage‘of lipids in the<1eg nuscle
of the domestic fowl indicates that it is gn
animal'adapjed fqy vigoroué_use of ifs leés.
the reduction in lﬁver fét as 'a result of pro-
longed stimulation of the breast muscle suggésts

the ttransport of fat from liver to the flight

‘ muscle. i1t means that the liver serves as depot

fo¥ fat to be utilized in ény emergency. Since
muscle and liver both contain glycogen and fat
askreserve fuel, they are complementary tissues.
Since the breast muscle of the kite gets fatigued
sooner théh;tﬁét of the other animals experimented
with, it appears to be unsuited forysﬁstéined
flapping flight. the soaring habit of the kite
reflects this. ‘ -
the glycogen content of the pectoral muscle of
the kite is more then that - of the fowl, pigeon
and bat separateiy and nearly as much as that of
the pigeon and bat put together, while the
glycogen content of the liver_is more.or less the |
same in all the fouf'animals.‘,
1t is seen that most of the energy utilized in
sustained muscular activity is obtéineﬁ from;fat
while only a:fractipn of it from glycogen,

Lt is noted in the pigeon that after forced flight
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about 77 % of the’totai energy expended was- obtai-
ned from fat and about;78 % after both forced
flight and electrical stimulatiop.

(9) If is concluded that'fat is the chief fuel for
long and suétained-muscular activity in birds and

bats,.

4., the oxygen uptake and the carbondioxide output of the

pectoral muscle fibres of fowl, pigeon and bat,

ihe éxygen uptake and carbondioxide output of the
" pectoral muscle fibres"of the fo&i, pigeon and bat were
estimated by the standard Warburg menometric technique,
it was observed that the rate of txygen consumptidn~w§s
lowest‘in the fowl muscle fibres and highest- in the
pigeon miscle fibres while that of the bat fibres ws
intermediatelbetWWen the two . Asyregards'the carbon-
dioxide output, bat showed the highest and the pigeon
next. the Respiratory Quotient of the fowl and the pigeon
miscle fibres wire more or.less 1-while that of the bat
wes as high as 2.6 thereby dénoting a tremendous amopnt

of anaerobic respiration in the bat muscle fibres,

5. Evolution of flight in bird and bat.

the present study has indicated a morphological,



e
histologica; and physioldgical cogvergeﬁce ;n the
pectoral muscles of the bird and bat‘;nd its signifi-
cance in the evolﬁtion of flight in these animals,

this aspect is discussed, -



