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“ SUMMARY

© The pectoralis major muscle of the domestic form of Columba
" livia revealed the presence of three types of muscle fibres, red, white -
and intermediate, while that of the wild fprm was made up of 2.
distinct components of fibres, red and white.  This- mor]:ﬂ'lolog;cai
characteristic seems to be!dorreldtéd with 'flight abifity.

+ INTRODUCTION o

Recently, there has been 5 considerable interest in the metabolism of
red .muscle as compared with white voluntary skeletal .uscle of vertebrate.
Hlstochermml differences have been demonstrated be’ veen these two basic:
types of muscle fibres. The red muscle (type I) is rich in succinic dehydro-
genase, fat and lipase. The white muscle (type II) is rich in glycogen, poor:
in fat and its related enzymes (OGATA, 1958 ; DUBOWITZ and PEARSE,
1960, 1961 : JINNAI, 1960 ; BECKETT, 1962 : ENGEL, 1962, STEIN
and PADYKULA 1962 ; HENNEMAN and OLSON, 1965 ; NISHIYAMA,
1965 ; BEATTY, BASINGER, DULLY and BOCEK, 1966 ; EDGERTON,
1968 and EDGERTON and SIMPSON, 1969). According to the available
literature, the breast muscle of the pigeon is histochemically classified into the-
two basic types of muscle fibres by oxidative enzyme reactions GEORGE and
NAIK, 1958 b & ¢, and 1959 ; GEORGE and SCARIA, 1958 a.and b;
GEORGE and TALESARA 1960 and 1961 ; GHINOY, 1963 and 1970 ;
DUBOWITZ, 1963 & 1966 ; NENE and GEORGE, 1965 and GEORGE and
BERGER, 1966. GEORGE and BERGER (1966), attributed the difference
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in muscle fibres to their functional adaptation at the molecular level. GUTH
-and SAMAHA (1969) and BARNARD, EDGERTON, FURUKAWA and
PASER (1971) suggested that both white and red fibres are fast contracting
‘while the intermediate fibre has a slow contracting time.

The histochemical studies on the pectoralis muscle of two allied forms
-of columba livia revealed an interesting difference with a possible physiolo- -

gical significance and the results of that study are reported in this short com-
munication.

MATERIALS AND METHODS

Well-fed, healthy, adult pigeons (Columba livia) of the domestic (220-
250 g) and wild forms (145-160 g), were decapitated and allowed to bleed.
Pieces of the pectoralis major muscle were quickly excised and frozen for sec-
‘tioning at 15-25 u. The sections were then directly transferred too freshly
‘prepared incubation medium at 40°C for 15 minutes for the demonstration
of succinic dehydrogenase (SDH) activity, adopting the method prescribed
by NACHLAS, TSOU, DE COUZA, CHENG and SELIGMAN (1957).

Additional small blocks of pectoralis muscle fixed directly in cold neutral
formalin, calcium formol and carnoy were used to demonstrate lipase, fat and
-glycogen using the tween 80, sudan black and PAS reactions (PEARSE, 1968),

Sections were mounted in 509, glycerine and the number of broad fibres

‘per square counted according to the method described by GEORGE and NAIK
(1959).

In addition, some necessary measurements were included - weight of
‘the bird, wing area, wing span, wing shape and weight of the wing muscles.

RESULTS AND DISCUSSION

The observed results indicated variability in the SDH activity in the
two allied forms of C. livia. The domestic form revealed the presence of
a small band of marrow red muscle fibres (type I) towards the centre of the
muscle, surrounded by intermediate and broad white muscle fibers (type II).
‘Some narrow fibers were scattered at random towards the periphery (Fig. 1).
“The diameter of the narrow fibers ranged from 25-29 microns, that df the
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tbroad fibres ranged from 180-130 microns and 37-40 microns in the “inter-
mediate fibres, in the proportion of 1 : 4 : 2 respectively. The presence
.of 'the intermediate fibres in the domestic form agreed with the findings
of GERMINS, D’ALORA and WASHRMANN (1965) in chicks. On' the
other hand, the wild form demonstrated in the present investigation shar-
ply differentiated two distinct types without any intermediate forms (Fig 2).
‘The diameter ranged from 30-35 microns in the narrow fibres and 65-110
microns in the broad fibres, in the proportion of 1:25. The distribution of
narrow and broad  fibres demonstrated, in the wild form agreed
-well with GEORGE and NAIKE (1959) on C. livia although differing in
the proportion of narrow : broad. It was noted that there was a predominan-
ce of type II fibres i 'the periphery of the M. pectoralis major of the
pigeon. The absence of type I fibres from the periphery of the fasiculi of
the muscles examined refelcted the funtional differences between the fibre
types. Type I fibres were surrounded by greater numbers of ‘capillaries
than the relative by anaerobic type II fibres (ROMANUL, 1964). The
aerobic fibres may be distributed in the central regions of the fasiculi in
order to prevent compression of their capillaries by rigid perimysium and
consequent interruption of their oxygen supply. Type I fibres in contact
with the relative by avascular perimysium may also be at a slight disadvantage
because they have smaller surface areas through which oxygen may diffuse.
Thus the association of the oxidative fibres with the more muscular central
regions of the fasiculi is well marked in the pigeon due to the greater overall

metabolic rates and greater oxygen demands of their muscle fibres in birds
than in other vertebrates.

Failure of demonstrating the intermediate form of muscle fibre by using
the histochemical reactions, lead us to differentiate between the two allied
forms- of C. livia. This was due to difference in stainability among the dif-
ferent types of fibres which could not be so clearly demonstrated as in case
-of the use of SDH (OGATA and MORI, 1964). GEORGE and TALESARA
(1961) demonstrated that even homologous muscles of birds may show great
“variations in microscopic structure and enzyme activity, recording greater SDH
activity in the good flyers than in the poor flyers. Also, the findings of
REVEL (1962), LASIEWSKIN, GALEY and VASQUEZ (1965) ; GAU-
THIER and PADYKULA (1966) ; HALL — CRAGGS (1968) and EDGERT-
“ON, CERCHMAN and CARROW (1969), suggested that oxidative was directly

related to metabolic activity and frequency or total amount of chronic con-
-tractile activity.
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In the light of the present findings, the difference in enzyme activity
may be accounted to the difference in flying habits. The occurrence of small,
large and physiologically slow intermediate fibres was explained through the
fact that the reciprocal enzyme activities may represent different states of
contraction. Therefore, the higher the proportion of intermediate fibres-
relative to red and white fibres — the slower the contraction time for that
muscle (GUTH and SAMAHA, 1969 and BARNARD, EDGERTON, FURU-
KAWA and PASER, 1971). The marked variation in diameter between the
fibres of different enzyme activity supported by the fact that these fibres were
of different typts, as did the consistency of both reaction and size in the red
muscle of the fish (DUBOWITY and PEARSE, 1960).

In view of the present observation and the biophysical calculations in
table I, it becomes valid to relate the obtained results with a possible diffe-
rence in the flight ability of the two allied forms of C. livia. This hypotheti-
cal assumption may put farward when bearing in mind previous findings in
other birds, for example, the parakeet (PRITTAVULA KRAMERI) and the
bee-eater (MEROPS ONENTALIS). The M. pectoralis major consists of
only the narrow variety of fibres, the broad ones being absent altogether.
There are other species, for example, the domestic fowl (GALLUS DOMES-
TICUS) and the kite (MILVUS MIGRANS) in which there is the broad
variety of muscle fibers. Thus further studies should be engaged with flight
energy and estimate flight ranges of the two allied forms of C. livia. activities
may represent different states of contraction. Therefore, the higher the pro-
portion of intermediate fibres relative to red and white fibres the slower the
contraction time for that muscle (GUTH and SAMAHA 1969 and BARNARD
EDGERTON FURUKAWA and PASER, 1971). The marked variation in
diameter between the fibres of different enzyme activity supported by the
fact that these fibres were of different types, as did the consistency of both
reaction and size in the red muscle of the fish DUBOWIT and PEARSE,
1960).

In view of the present observation and the biophysical calculations in
table I, it becomes valid to relate the obtained results with a possible difference
in the flight ability of the two allied forms of C. lvia. This hypothetical
assumption may be put forward, when bearing in mind previou§ findings in
other birds, for example, the parakeet (Prittavula krameri) and the bee-eater
(Merops onentalis). The M. pectoralis major consists of only the narrow
variety of fibres, the broad ones being absent altogether. There are other
species, for example, the domestic fowl (Gallus domesticus) and the kite
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(Milvus migrans) in which there is the broad variety of muscle fibers. Thus
further studies should be engaged with flight energy and estimate flight ranges
of the two allied forms of C. livid.

TABLE 1. Biophysical calculations of the two allied forms of columba livia

Wild Domestic
Wing loading . . ., ., . 0.06 kg/meter? 0.08 Kg/meter?
APt Tatio « .+ s e s 0.07 _ 0.09
Power — wight ratio . . . . 10.7% 20%
Gliding angle “. . . . ... 2.8 Kg/meter 4,17 Kg/meter
Power loading . . . . . . . 7.4 Kg/Hp 13.2 Kg/HP
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Fig. 1. Transverse sectticn of M. pectoralis major stained for SDH
activity shswing junction of several fasiculi. Note, red white
and intermediate fibres. White fibres predominate in preiph-
ery of fasiculi, X 60

Fig. 2. Section of N\:. pectoralis major stained for SDH. Characteri-
stic distribution of centrally situated red muscle fibres. X 950



