CHAPTER 10 -
CELLU&KR ORGAN IZATION AND DISTRIBUTION OF FAT
AND SﬁCCINIC DEHYDROGENASE IN THE GASTROCNEMIUS MUSCLES
OF & FEW BIRDS

The central theme in the preceeding chapters was an

elucidation of the cellular organization of the flight muscles
of birds anF(bats and their functional ;mplicatiqn. Thgt_the<
distribution pattern of the various fibre types is related to
the nature and extent of activity of the flight muscles has
been established unequivocally. Apart from the_wings,_theilegs
of birds are also called»ppog to peffo;m certa;nhfunctiongl‘
activity. Legs may-be used to swim in water, to walk on"marshy
land, to run on open land, or to perch on trees etc. Thus in
certain birds the leg muscles have to perform sustained activity
whereas in certain others their activity is limited to less
strenuous movements., It was therefore thought to be of interest
<to study the fibre composition of the leg muscles °§“bir§5

‘of the leg, the gasﬁrognqmiu§amgscle is one of the largest and
most powerful in the movements of tbeAleg,_ngcelthis_mugcle was
chosen for the present study. The localization and distribution
pattern of succinic dehydrogenase (SDH)activity and fat were
found to be satisfaqtq:y\c?iteriawﬁo? the e;ucidgtiqp’gfhthe‘ )
fibre types which constitute a muscle and was used in the chara-

~cterization of the_gastrocnemius_musc1e~as was done in the case

of the pectoral muscles (Chapters 2, 3 and 4).
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MATERIALS AND METHODS. _ )

The gastrocnemius myscles of the following twelve species
of birds which show differepﬁ modifications of their legs
depending on their particular mode of life, were selected for
observations (Figs. 1 to 20).

Common Myna (&cridotheres tristis)

' Rosy Pastor (Sturnus roseus) )
—Spotted Dove (Stregtogelia chinensxs)
Redvented Bulbul (Pycnonotus cafer)
Jungle Babbler (Turdoides striatus)

Crow-Pheasant (Centrogus sinensis)
Guinea Fowl : )
Redwattled Lapwing (Vanellus 1ndicus)
Pariah Kite (Milvus mlgrans)
Brahminy Duck (Tadorna ferrqg_lea)

Largéyhistling Teal (Dendroczgna bicolor)
Cotton Teal (Nettapus coromandelianus)
Among all these birds, the Common Myna, Rosy Pastor, Spotted

Dove, Redvented Bulbul, Jungle Babbler and Crow~Pheasant use
their legs mainly for walking or hopping on the ground or for
perching on trees. Thenother six birds put their legs to varied
“actions. The Guinea Fowl (like the Domestic Fowl) is mostly on
land and its legs are used not qnly_fo:ﬂwalking’anq running as the
other gallinaceous birds but also to dig the soil and debris to
obtain insects, worms etc. on which they feed. The Redwattled
Lapwing has long and thin legs which are mainly used for wading



in shallow waters and walking or running on land. Ig the Pariah
Kite, the legs are provided with powerful talons and are used
for grasping and holding the prey while in flight. The Brahminy
Duck, Largéyhistling Teal and Cotton Teal are aquatic birds
with webbed feet and theip legs are .used for paddling through
water, ‘ . ‘ o o _

411 the birds, except the Guinea Fowl which was killed
in the laboratory by decapitation, were shot by an air rifle in
‘the field and were brought to the laboratory within half an hours’
The gastrocneﬁius muscleQwasvggigklyvdissgcted out and frozen in
the deep freeze of a refrigerator. Hand sections about 15 to 20u
thick were cut from the m}ddle region of the muscle. The metpqu
used for the.demonstration pf_fatvgndwspﬁ,wgre as described for
the pectoral muscles (Chappe:g Zﬁand>4){“The diameter of the
differené fibrés and number of each fiﬁge type in a given unit
regionﬂwere also measured as described in chapter 6. The concen-
trations of SDH and fat in the different fibres were assessed by
visual observation under the microscope and denoted as + for the

minimum to ++++ for the mexXimum.

RESULTS 4ND DISCUSSION . _
The gastrocnemius muscle 6f'a11 the twelve birds studied
showed the presence of all the three types (R,W and I) of fibres
described in the pectoral muscles of birds, and as A B C cells
by Stein and Padykulal(1962) in Fhe_ggstroqnem;qs muscle of the
’ rat. Based on the felative abundance pf‘th§ three types of ?ibres
the gastrocnemius of the different birds could be classed into

two groups (Table 1).



Group 1. (W.I.R.) _ , ,

In tbe gastrocnemius muscle of birds belonging to thi§
group the fibre types were in thehfdllowing‘Qrder-oprredomit
nance - white, intermediate and red (Figs 1 to 8),vWin1nvthg
group, the percentage of the fibre types were, white:47 to 5?%1
intermediate: 22 to 35% and red: 17 to 23% (Table 1). This type
of .fibre distribution is comgargple to the pectoralis muscle
of the 'Fowl type! birds (Qpapter 2). The birds belonging to
the present group have their legs adapted eilther for landing

on the ground, for hopping or for perching on trees., Hence the
gastrocnemius musqlegin these birds 1s_not‘ppg‘tg_sustain§d acti~
vity as is the case with the pectoralis muscles of the 'Fowl
type' birds. The nature of the fibre distribution in the gastroc-
nemius of these birds is also in accordance with the activity

of the musde, since the red fat_gtiliéing_fgpres are the least

in number. On the other hand this muscle should be capable of

guick and fast contractions as seen in a .sudden take off from

the ground.

Group 2. (I.H.R.) o - S o

Though the gastrocnemius muscle in this group of birds
consists of all the three types of fibres (Table 1) represented_
in group 1., tpeir ordgr“qf prg@ominancelﬁiffe;.igAtpg gact that
the intermediate fibres aré more in number than the white (Figs.
9 to 20) (intermediate : 40 to 44%, white: 32 to 38% and red: '
20 to 26%). The birds in group 2 make greater use of their legs
than those in group 1 and it is significant that the fibre



compositions of the gastrocﬁemius muscle in the two grouﬁs
also show two different patterns. Among the red fibres of group
2 those:in the gastrocnemius of the swimming birds, Brahminy
Duck, LargdWhistling Teal, and Cotton Teal show the highest
concentrations of fat and SDH (++++, Table 1), and are studded
with numerous mitochondria. Hence the gastrocnemius of these
birds are evideptly the most adapted, among the gastrécﬁemius
muscles of all the bifds studied, for ;ustained muscular activity.
This is in keeping with a greater amount of sustained work they
have to put in while paddling. = , - ] o
It may be seeﬁ»that the gastrpcggm;us“musdleuhas’gvolyed
along two lines: 1. Gastrocnemius musele such as those of birds
in Group 1 in which three types_qf f;brgs gxis; in therrdqr‘
(W), (I) and (R) with white fibres predominating and 2. Those
as in Group 1 in which the three types of fibres are arranged
in tﬁe ordér (), (W) and’(g) with the intermediate fibres pre-
dominating. . ) 3 '“ o
The fibre composition of the gastrocnemius muscle of the

various birds reported here offers some comparision with the

fibre composition with the flight muscles of birds, The gastroc~

nemius: of Group 1 (W I.R. ) is similer in its fibre distribution

to the pectoralis of the non-flying birds (Fowl type) while

that of Group 2 (I.K.R.) the birds have their gastrocnemius ]

better adapted for sustained actlvity in keeping with their functiowm -
-=aal demand. It is interesting to note that though all the fibre

types encountered in the pectoralis of birds are also represented
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in the gastrocnemius of the birds studied, the widg variety of
fibre distribution patterns encountered in tle pectoralis muscles
of birds is not found in the gastrocnemius. For-?xagp;e none )
of the gastrgcnem;us‘musclg;s?u&;gdJygreufoppdt;9 b?_egqluﬁively
composed of eithe;‘two types of fibres or one type of fibre
' only as in tlepectoralis of some birds. Further a muscle type
in which the R fibre predominates as in some of the)f;yiggw )
birds is not representgd in the gastrocnemius muscle of any of
the birds investigatgd, S N L

With regard to @he diametgr o{ eggh‘pg ppghthreggtypeg
of fibres in the gastrocnemius studied in the twelve birds, it
may be noted that the Gg;neg Fowl has the maximum‘@;ameter in
all the three types (90.0m in W, 80.0p in I and 70.0u in 5){
In the Redvented Bulbul the“d;amepers‘of‘thg fibre types are
52,50 in W, 47.5n in I and 40.Cu in R. The smallest red fibre
(35.0n) was obtained in the Cotton Teal, the smallest white
fibre (52.5p) in the Redvented Bulbul and the smallest interme-
diate fibre (45+0p) in the Spotted Dove and the Cotton Teal,
It is interesting to note that the largest of the red fibres
(70,0p in the Guinea Fowl) is larger than the smallest of the
white fibres 52.5p in the Bulbul. In the blological world,
various systems fall into defenite and overlapping size ranges.
It is a matter of common knowledge that the largest cell is
larger than the smallest mammél, the largest virus larger than

the smallest cell.
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Figures 1 to 20.

- _Phqi;qmicrjog;japt_)s of the T. 8. of the
gastrocnemius muscles of some birds showing the
localization of succinic dehydrogenase activity (SDH)

and of:fat.

W ..o White fibre type

| eee Intermediate fibre type
R ... Red fibre type
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Fig. 1. Fig. 2.

Rosy Pastor (SDH) Rosy Pastor (Fat)
(Sturnus roseus) X 432. (Sturnus roseus) X 432.
Fig. 3. Fig. 4.
Redvented Bulbul (SDH) Redvented Bulbul (Fat)

(Pycnonotus cafer) X 432. (Pycnonotus cafer) X 432.
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Fi%. 5. Fi% 6.

Jungle Babbler (SDH) Jungle Babbler (Fat)
(Turdoides striatus) X 432. (Turdoides striatus) X 432.
Fig. 7. Fig. 8.
Crow-Pheasant (SDH) Crow-Pheasant (Fat)

(Centrppus sinensis) X 432. (Centrppus sinensis) X 432.



139

_ Pig. 9. _ Fig. 10.
Guinea Fowl (SDH) Guinea Fowl (Fat)
X 288. X 288.
Fig. 11. Fig. 12.
Redwattled™ Lapwing (SDH) Redwattled Lapwing (Fat)

(Vanellus indieus) X 288. (Vanellus indieus) X 432.
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. Fi%_ 13. . Fi%_ 14.

Pariah Kite (SDH) Pariah Kite (Fat)
(Milvus migrans) X 432. (Milvus migrans) X 288.
Fig. 15. Fig. 16.
Brahminy Duck (SDH) Brahminy Duck (Fat)

(Tadorna ferruginea) X 432. (Tadorna ferruginea) X 288.
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Large WhlSt?lng Teal (SDH) Large WhlSt?lng Teal (Fat)
(Dendrocygna bicolor) X 288. (Dendrocygna bicolor) X 752,
Fig. 19. Fig. 20.

Cotton Teal (SDH) Cotton Teal (Fat)

Kettapus coramandelianus) X 288. (Nettapus coramandelianus) X 133,



