INTRODUCT ION

Flight is the most chargcte:istic fegture Qf‘birdsmw ‘
and the ability to fly has made them thg‘gogt»success:ulqg;qup
of vertebrates other than mammals. The adaptive changes that
have taken place in the evolution of the avian body tq_mget
the demands of an aerial life yaye left impripts glmgst on
all the systems, of wh;cﬁrthe skeletal and muscular are the
most prominent. The gross morphology of the musculature has
been a subject of inquiry since lopg4and several authors have
made substantial contributions to our understanding of this
aspect (reviewed by George anq'gerggr,~1966). These observations
paved the way to further explorations of the biochemical organi-
zation of the skeletal musclegnpagt;cglag;yiﬁhg flight muscles
at the cellular and subcellular levels (reviewed by George and
Berger, léés). Considerable work has accumulated in the recent
years in tpis field. Qhese_stgdies hava_clear}y'shQWp that the
flight muscles are structurally an¢”metabo;icg;ly.adgpted to
specialized activity. In the cellular organization of the muscle,
morphological patterns are pnly_thg‘gros§”exgo§ition of the |
heterogengiiy that exists at the molecular level. Thus the
presence of @wo Qistinctvtypes of gibres_f the narrow red (R)
and the broad white (W) ones in the pigeon pectoralis muscle
presents a classical example of morphological diversity at the
molecular and biochemical levels (Chapter 1).

This fundamental specialization of the two distinct types
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of fibres (red and white) has been shown to have some ‘bearing
on the mode of muscle action and conseeuently on the mode of
flight. It was therefore thought rewvarding to study the cellular
organization in the flight muscles of a number of different
species of birds, indulging in different modes of flight..These
studies have revealed the wide variety of muscle types encountered
in the flight muscles of birds. o
The occurrence of an intermediate type of fibre (I) as
intermediate in the varlous characteristics between the R and W
types encountered in the pectoralis muscle of some birds. The )
presence of all the three types of fibres the W type predominating
was found in the pectoralis of the Domestic Fowl which practically‘
a non-flying bird. In sharp contrast to this pattern some passerine
birds such as the Sparrow, Munla etc. possess only the R type of
fibre in their pectoralis muscle whereas in some soarers such as
the Vulture the fibres are all of the I type. It should be mentioned
that none of the birds studled showed the presence of entirely i
type of fibres in their pecteralis. In,a survey of the cellular
organization of the pectoralis muscles of various birds it was

found that muscles could be grouped into six different groups. -

The possible relationship between the fibre architecture of the muscle

and the mode of flight is suggested (Chepter 2e
o The _supracoracoideus muscle which is the principal. elevator

of the wing was also studied in the various birds. It was found

that this muscle is less developed than the pectoralis with the

sole exception of that of the Rubythroated Hummingbird (Archilochus



colubris) where both the flight muscles (pectoralis afd supra-
coracoideus) are more or lsss equally well developed (Chapter 3).
| It is now Well established that fat is the chisf fuel for
the sustained muscular activity (George and Berger, L9§§Qapq it
vas found to be of interest to study the component fibres of the
two flight muscles in the vafions birds. It was found that the -
maximum load of fat occurred in the red fibras, the minimum in the
white fibres and medium in the intermediate fibres. However, a
few exceptions to this general pattern %%s'also note&, (Chapter 4)
Bats also being good fliers like birds it .was considered
to be of interest to stuly the cellulsr organization of their . _
flight ‘muscles. In the present study the pectoralis major and the
pectoralis minor of a few representative bats were studisd and

v

the results compared wi@phthose obtainedAon birq§:”With the -
absence of the grest varisty in the modes of flight seen in birds,
the patterns of organization met with in bats were found to be
fewer (Chapter 5). L v“ ) ) e L

) Tha,Rosy Pastor (Sturnus roseus) is a migratory starling
visiting Baroda every year in large numbers. From their breeding
grounds (probably U.5.S.R.) they come in flocks in the Winter
(October) and spend sbout six months in Baroda. At the onset of
Summer (April) they fly back to their'bréeding gfounds. ‘Recent
investigations by George and his assqc}a@es have shed.much light
on the various aspects of their physiological adaptations. They
observed that there is a great increase of fat and glycogen in _

the flight muscles of these birds from the post- to premigratory
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peried. However, we have no information on the digrnaf varia;ions
in the glycogen and fat levels of the pectoralis of these birds
during the pre- and the postmigratory periods. Data along“tbeee ‘
lines were obtained from an investigation described in chapter é.
Since it was noted that there is an increase in the o
glycogen content of the muscle 1n the Rosy Pastorwtpwards migration,
and that the glycogen 1s considerably depleted during night, a
study on the effect of cold stress on pigeons was undertaken with
a view to find out if glycogen is utilized for thermogenesis
(Chapter 7). s
fstudy of the diurnal varistions in the glycogen and fat
levels of the flight muscles (pectoralis major and pectoralis minor)
of bats (Hipposideros speoris) was also undertaken since bats
which are active at night and rest in the day time offer a striking
contrast to the birds studied which are active during day and rest
during night (Chapter 8). '

] Phosphorylase activity is known to be high in the broad
fibres and low in the ‘narrow fibres of the pigeon pectoralis. A
histochemical ‘survey of the distribution of this enzyme in the
various fibres in the flight muscles of a few representative flying
and nonpflying birds was carried out, the results of which are
presented in chapter 9, . _.

~ That the distribution pattern of the various fibre types
is related to the nature and extent of activity of the muscle is
evident from the studies of the flight muscles of birds and bats

reported herein. Since apart from the wings, the legs of birds also



L4

called upon to perform various kinds of activity, it'hasAthought

interesting to study the fibre composition of the leg muscles

of a few selected birds exhibiting diverse adaptations of the leg.

The gastrocnemius muecle being the largest and the most powerful

in the movements of the leg, a study of this muscle with respect

to the 1ocalizetion and distribution pattern of succinic _dehydro=

genase activity and fat was also undertaken (Chapter 10).
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CHAPTER 1 )
CHARACTERIZATION OF THE RED AND WHITE FIBRE '
TYPES IN THE PIGEON PECTORALIS

It is now well established that the various cellular
components of a muscle are not homogeneous in their structural
and biochemical characteristics, In his ploneering observations
on the structure of the striated muscle Kolliker (1857, 1888)
described mitochondria as interstitial gragules_@istinct‘f?om’
fat droplets., Later, Bullard (1912) in a study of the histolo-
gical organization of the pigeon pectoralis not only confirmed
the mitochondrial inclusions which are different from fat
droplets, but also recognized the fact that these fat inclusions
are not uniformly distributed in all the fibres of the same
muscle, but they differ considerably in different muscles as
well as in different fibres of the same muscle. The differences
in the structural and cellular organization among the fibres
present in the same muscle has been confirmed later by gggrgé
and Jyoti (1955) by the demonstration of two distinct types of
fibres in the pigeon pectoralis = a broad white fibre and a
. narrow red fibre. & reinvestigation of the pigeon pectoralis
(George and Naik, 19593 George end Talesara, 1962) showed that .
among the two types of fipreslﬂtpeﬂbroqdwwhipq fibres are glycogen
loaded and are adapted for anaerobic metabolism using chiefly
glycogen as fuel for energy and that the red fibres which are

fat loaded are adapted for aerobic metabolism using fat as fuel.
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The above observatlons showed that the pigeon pegtoralis
is not a2 homogeneous muscle consisting of an uniform type of
fibres. Even the relative distribution of the red and white
fibres were found to be different in the different regions of
the muscle (George and Naik, 1959%a). It should also be mentioned
that in transverse sections all the fibres of the same type do
not show the same intensitycéf staining either for fat or for
glycogen. Taking the intensity of staining as an index of the
concentration of the substance it may be stated that some of the
white fibres contained more glycogen than the other white fibres
while some of the}red fibres more fat than other red fibres.

Among these two distinct types of fibres mentioned above,
the red fibres were found to contain more numerous and larger
sized mitochondria (George and Naik, 1958a). The presence of a
greater concentration of succinate dehydrbgenase located in the
red fibres was also showed histochemically (George and Talesara,
196la). By virtue of the red fibres having a greater concentra=
tion of fat lipase and oxidative enzymes and the white fibres
containing a gregperﬁconcgnt?ap;qp of glycqgeg_gpg g}ycglyp;c
enzymes, these two types of fibres have been shown to be two
distinct'differanp‘sysnems ghowing Q§vggsg"mep§bp};g adaptations
(George and Talesara, 1962). Thus the pigeon pectoralis exhibits
in its cellular organization two distinct specializations struc~
turally and functionally. The red fibres are adapted for sustained

las
activity and the white ones for quick and shorﬁécontractions.

The various characteristic features of the two types of fibres



that constitute the pigeon pectoralis, are summarized in the
fvom : ’

following Table taken M&vian Myology" (George and Berger, 1966).

CHARACTERIZATION OF THE FIBRE

TYPES
Properties | Type 1 Type 2

Colour Red White
Diameter Small Large
Blood supply Copious ‘Little
Myoglobin High Low
Sarcoplasm Gréqq;ar Clear
Mitochondria Numerous Sparse
Fat High Low
Glycogen qu E;gh
Lipase High Low
Phosphorylase Low High
UDPééglycogén transglucosylase Low High .
Aldolase Low High
Lactic dehydrogenase N -

(Cytoplasmic) Low - High

(Mitochondrial) High ' Low
Other oxidative enzymes High o Low
hlkaline phosphatase Fairly high  Moderate
&cid phosphatase , Moderate Fairly high
ATPase (acid) ‘ Low | High

ATPase (neutral) High Low
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Properties Type 1 Type 2

Becetylcholinesterase High Low
Butyrylcholinesterase ) | Low High‘
&ctivity \ Spgtained Rapid
Contraction ‘ Slow Fast

- Basing the structural organization and therrelgtive distri=
bution of the red (R) type and white (W) type of fibres of the
pigeon pectoralis as the basic pgttgxn‘yhemoccq;reqée_gnd
distgibutgog of these two types of fibres in the pectoralis
muscles of other birds were investigated with a wiew to a. better
understanding of the relationship between structure and function.

~ . In the study of the pectoralis of the domestic fowl,
however, a third intermediate type of fibre (I) was revealed.
It therefore became clear that the occurrence and distribution of
this type as well in addition te the other two types, in the
pectoralis muscles of the various birds under investigation, -
are to be considered. The resultsof such an.investigation is

reported in the next chapter,



