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THE STRESS SYNDROME AND MEAT QUALITY

THE EFFECT OF BODY SIZE AND SELECTION ON SKELETAL MUSCLE 

FIBRE TYPES IN MAMMALS

H. M. GUNN and A. S. DAVIES

Department of Anatomy, Royal (Dick) School of 
Veterinary Studies, Edinburgh

This study attempts to define and resolve some of the histochemical 
variations in the muscle fibres of mammals, and to demonstrate how the histo
chemical properties of muscle fibres may be influenced by selection and growth.

Fibre type profiles have been established in the diaphragm and M. semi- 
tendinosus of mammals of different body size, using succinate dehydrogenase as 
an indicator of aerobic capacity, phosphorylase as an indicator of anaerobic 
capacity and myosin adenosine triphosphatase as an indicator of intrinsic 
speed of contraction of individual fibres - fibres having a high activity of 
this enzyme being fast-twitch and those having a low activity being slow-twitch.

By using transverse frozen serial sections and back projection, histo
chemical profiles of about 400 individual muscle fibres were made on each 
sample taken from the diaphragms of adult shrews, mice, rats, rabbits, cats, 
dogs, sheep, pigs, oxen and horses; and from the semitendinosus muscle of 
adult mice, rats, rabbits, cats, dogs and horses. From these profiles the 
following types of muscle fibres were found: fast-contracting, aerobic; fast
contracting, with both aerobic and anaerobic capacity; fast-contracting, 
anaerobic; slow-contracting, aerobic; and slow-contracting, with both aerobic 
and anaerobic capacity. The proportion of slow-twitch fibres in the diaphragm 
and M. semitendinosus increases with increasing body size. This finding 
corresponds to a decreasing speed of movement of the diaphragm and limbs with 
increasing body size.

An increase in the proportion of fibres that are low in myosin adenosine 
triphosphatase activity, was seen in the longissimus muscles from 34 Large 
White pigs ranging from 1*3 to 93 kg live weight. This finding indicates a 
modification in the properties of some muscle fibres during growth to enable 
the animal to support itself.

A study of M. semitendinosus and M. anterior pectoral in 10 Thoroughbreds 
and 9 other horses, 33 Greyhounds and 9 other dogs, all the animals used being 
adults, showed that the Thoroughbreds and Greyhounds - breeds which have been 
selected to run quickly, had a lower proportion of slow-twitch fibres, in 
relation to their body size, than animals from other breeds.

AUSWIRKUNG VON KÖRPERGRÖSSE UND ZUCHTWAHL AUF 
SKELETTMUSKELFASERTYPEN BEI SÄUGETIEREN

H.M. GUNN und A.S. DAVIES

Department of Anatomy, Royal (Dick) School of 
Veterinary Studies, Edinburgh

Zweck dieser Studie sind Definition und Analyse einiger histochemischer 
Variationen in Muskelfasern von Säugetieren. Es soll gezeigt werden, wie die 
histochemischen Eigenschaften von Muskelfasern durch Zuchtwahl und Wachstum 
beeinflußt werden können.
Im Diaphragma und M. semitendinosus von Säugetieren verschiedener Körpergröße 
wurden Fasertypprofile erstellt, unter Verwendung von Succinatdehydrogenase 
als Indikator aerober Kapazität, Phosphorylase als Indikator anaerober 
Kapazität und Myosin-Adenosin-Triphosphatase als Indikator der inhärenten 
Kontraktionsgeschwindigheiten einzelner Fasern. (Fasern mit hoher Aktivität 
dieses Enzyms haben hohe. Fasern mit geringer Aktivität geringe 
Kontraktionsgeschwindigkeit.)
Unter Verwendung tiefgekühlter transversaler Serienschnitte und Durchprojektion 
wurden histochemische Profile von ungefähr 400 einzelnen Muskelfasern aus jeder 
Probe erstellt, die dem Diaphragma ausgesachsener Spitzmäuse, Mäuse, Ratten, 
Kaninchen, Katzen, Hunden, Schafen, Schweinen, Ochsen und Pferden sowie dem 
M. semitendinosus ausgewachsener Mäuse, Ratten, Kaninchen, Katzen, Hunden und 
Pferden entnommen waren. Aus diesen Profilen liefen sich folgende Typen von 
Muskelfasern bestimmen: schnell kontrahierend, aerob; schnell kontrahierend, 
aerob und anaerob; schnell kontrahierend, anaerob; langsam kontrahierend, 
aerob; langsam kontrahierend, aerob und anaeob. Der Anteil von Fasern mit 
langsamer Kontraktion im Diaphragma und M. semitendinosus nimmt mit zunehmender 
Körpergröße zu. Dieser Befund entspricht der verringerten Geschwindigkeit 
der Bewegung in Diaphragma und Gliedern bei zunehmender Körpergröße.
Ein zunehmender Anteil von Fasern mit geringer Myosin-Adenosin-Triphosphatase- 
Aktivität wurde im M. longissimus von 34 Großen Weißen Schweinen mit einem 
Lebendgewicht von 1*3 kg - 93 kg gefunden. Dieser Befund weist auf eine 
Veränderung der Eigenschaften einiger Muskelfasern während des Wachstums zur 
Gewährleistung der Standfestigkeit des Tiers hin.
Eine Studie des M. semitendinosus und M. anterior pectoral bei 10 Vollblut- 
und 9 anderen Pferden, 33 Windhunden und 9 anderen Hunden (durchwegs 
ausgewachsene Tiere) zeigte, daß die Vollblutpferde und die Windhunde, die 
för schnelles Laufen gezüchtet werden, einen geringeren Anteil von Fasern mit 
langsamer Kontraktion bezogen auf die Körpergröße aufwiesen als Tiere 
anderer Züchtungen.

L ’EFFET DE LA TAILLE DU CORPS ET DE LA SELECTION SUR LE MUSCLE SQUELETTIQE 
TYPES DE FIBRES CHEZ LES MAMMIFERES

H.M. GUNN et A.S. DAVIES

Department of Anatomy, Royal (Dick) School of 
Veterinary Studies, Edinburgh

Cette étude tente de définir et de résoudre certaines variations histo- 
chimiques dans les fibres musculaires des mammifères et de demonstrer comment 
les propriétés histo-chimiques des fibres musculaires peuvent etre influencées 
par la sélection et la croissance.

Des profils de type fibreux ont été établis dans le diaphragne et les 
muscles semi-tendineux de mammifères de taille différente, en utilisant la 
succinate deshydrase comme indicateur de la capacité aerobie, la phosphorylase 
comme indicateur de la capacité anaerobie et l*adénosine triphosphatase de 
myosine comme indicateur de vitesse de contraction intrinsèque des fibres 
individuelles - les fibres réagissant beaucoup à cette enzymetétant à 
contraction rapide et celles réagissant moins étant a contraction lente.

En utilisant des sections transversales gelées et la "Back Projection", 
des profils histo-chimiques d’environ 400 fibres de muscle individuelles furent 
faits de chaque échantillon pris sur les diaphragmes de musaraignes adultes, 
souris, rats, lapins, chats, chiens, porcs, moutons, boeufs et chevaux: et 
du muscle semi-tendineux de souris, rats, lapins, chats, chiens et chevaux 
adultes. A partir de ces profils, on a découvert les différents types de 
fibres musculaires suivants: contraction rapide, aerobie; contraction rapide 
avec a la fois une capacité aérobie et anaerobie; contraction rapide 
anaérobie; contraction lente, aérobie; et contraction lente avec à la fois 
avec une capacité aérobie et capacité anaérobie. La proportion des fibres 
a contraction lente dans le diaphragme et les muscles semi-tendineux augmente 
avec 1 Accroissement de la taille. Cette découverte correspond à un 
ralentissement de la vitesse du movement due diaphragme et des membres avec 
1’accroissement de la taille du corps.

On a observé chez 34 porcs de type White Large (Blanc gros) dont le poids 
(vivant) varie de 1*3 kg. a 93 kg., un accroissement dans la proportion des 
fibres des muscles les plus longs qui ont une activité basse en triphosphatase 
adénosine de myosine. Cette découverte indique une modification des 
propriétés de certaines fibres musculaires pendant la croissance, en vue 
de permettre a l ’animal de supporter son propre poids.

Une étude des muscles semi-tendineux et des muscles pectoraux antérieurs 
de 10 chevaux de race pure et de 9 autres chevaux, de 33 lévriers et de 9 
autres chiens (tous ces animaux étant adultes) a montré que les chevaux de 
race pure et les lévriers - races qui ont été sélectionnées pour courir vite - 
ont une proportion de fibres musculaires à contraction lente plus basse par 
rapport à la taille de leur corps, que les animaux d’autres races.

3J1KHHHE PA3MEPA TEJIA ’A CEJIEKUia HA TAHU 
CKEJIETHLiX mul.E4HUX TKAHK/i yJISK0riHTAK)mHX.

M. TaHH h A.C.
ÂHaTOMHMecKoro OTAejieHHH KopojieBCKoro HHCTHTyTa BeTepHux 
Hayn (HMeHH B.Ämca), SuHHÔypr.

3 t o  HCCJienoBaHHe nuTaeTca onpenejiHTw HeKOTopue t h c t o - 
XHMHHeCKHe OTKJIOHeHHH B MbimeMHblX TKaHett MJieKOnHTaiOlUHX, H n0Ka3- 
aTk, K8K MoryT ejiHHTk Ha t h c t o x h m h i o  MbimeMHbix TKaHett npoueccw 
cejieKUHH h pocTa.

ycTaHoBHJiH npot'HJiH THnoB TKaHett b jinacpparMe H B nojiy- 
cyxoHCHJikHofi Mhimue MJieKonnTaioianx pasuhix pa3MepoB, Hcnojik3yH 
cyKUHH0-AerHApa3y Kan yKa3aTejik aopoôHott cnocoÔHocTH, $oc<topH • 
Jia3y KaK yKa3aTejik aHaspoÔHott cnocoÔHocTH h m h o  3 HHane h o 3 h h t  pn- 
<£oc$aTa3y Kan yKa3aTe;ik npHcymett c o k paTHTejikHott c k o p o c t h  oT^ejib 
-h h x  TKaHett; npwqeM, z k 3 h h  , oTJinqaiomHecH b u c o k o ö  aKTHBHocTk» 
3Toro 3H3HMa - ÖhicTpo-coKpamaiomHecK, a TKaHH, HweiomHe HH3Kyio 
aKTHBHOCTfc 3TOTO 3H 3 HMa - MeUJieHHO-COKpaiUaKlüHeCA .

MeTOAOM npoeKUHH nonepeMHbix 3aMopo*eHHux cepHÄHbix 
pa3pe30B ycTaHOBHJiH npo$HJiH npHMepHO 400 OTAejibHbix MbimeqHbix 
TKaHett Ha Kaac,nott npo6e, noJiyqeHHott H3 nHa^parM B3pocjiux 3eMJie- 
poeK, Mbimett, Kpuc, k p o j i h k o b , k o i d o k , coÖaK, oßeu, CBHHett, bojiob 
h JiomaAett; h H3 nojiycyxoacHJikHhix Mbimeu Bspocjibix Mbimett, Kpuc, 
k p o j i h k o b , k o i d o k , coÖaK h Jiomajiett. Hayqaa 3t h  npo$HJiH, HanuiH 
cjieayiomHe t h h h  MbimeqHbix TKaHett: ÖucTpo-coKpJtmaiowHecH, aspoÖHbie 
TKaHH, ÖbiCTpo-coKpamaiomHecH c aopoÔHofi h aHa3poÖHoii CnoCOÖHOCTKi 
ßhicTpo-coKpamajofflHecfl:, aHaspoßHbie; MeAJieHHO-coKpamarcmHecfl> asp- 
oÖHbie, h Me^JieHHO-coKpaa.a»iuHecH, KaK h c aspoÖHoß, TaK h c aH- 
aspoÖHofi cnocoÖHOCTk». '4fcjio TKaHeñ b unactparMe h b noJiycyxo- 
KHJikHoft Mbimue, coKpamaiomHecH MenJieHHO, yBejiHHHBaeTCH copa3MepHo 
pa3Mepy Tejía; s t o t  b u b o a  cooTBeTCTByeT yMeHkmeHH¡o c k o p o c t h  
£BH* eHHA ÄHatJ-parMbi h h a c h o b  no Mepe yßejiHqeHHfl pa3Mepa rejia.

B AJiHHHbix Mbimuax OT 34 ÖoJikmHX öejibix cBHHeft, b npeuejiax 
OT 1,3 ä o  93 Kr »«Boro Beca, oÖHapyacnjiH yßejiHMeHHe KOJiHMecTBa 
TKaHett, b k o t o pux MH03HHaneH03HHTpHc^occpaTasa MaJIoaKTHBHa. 3 t o
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yKa3hiBaeT Ha to, hto b npouecce pocTa, BemecTBa HeKOTopux
MhimeHHbIX TKaHeft H3MeHH10TCH, MTOÔhl XHBOTHOe Morxo CTOflTk.

H3yMeHHe noxycyxoxHJikHoB Mhimuhi h nepejiHeB rpyuHofl iiumuu 
Ha 10 MHCTOKpoBHhix h Ha 9 .npyrnx jiooa^HX, Ha 33 6op3ux h na 9 
•Hpyrnx coCaicax ( npHHeM Bee H3yHaeMtie XHBOTHue 6uxh B3pocxue) 
noKa3ajio, hto b hhctokpobhux h 6op3bix - nopoaax, BuCpaHHbix ajih 
OucTporo 6era - KOJinnecTBo Me^JieHHo-coKpamaiomHBCH TKaHefl no 
cpaBHehhk c pa3MepoM Texa MeHtme, neM y xhbothux .npyrax nopoju

THE EFFECT OF BODY SIZE AND SELECTION ON SKELETAL MUSCLE 
FIBRE TYPES IN MAMMALS

H. M. GUNN and A. S. DAVIES*

Department of Anatomy, Royal (Dick) School of 
Veterinary Studies, Edinburgh

INTRODUCTION

Systems of classification of muscle fibres based on histochemical reactions 
have largely ignored the functional significance of the methods used. Nom
enclature of fibres has been in terms of colour descriptions (Ogata, 1958), 
numerals (Dubowitz & Pearse, 1960; Engel, 1962) and alphabetical symbols 
(Stein & Padykula, 1962; Guth, Samaha & Albers, 1970; Brooke & Kaiser, 1970* 
Ashmore & Doerr, 1971), based on observations of histochemical reactions in 
muscle fibres of numerous muscles in a variety of mammals. These systems of 
classification may be superseded if fibres can be characterised by their 
mechanical and metabolic properties.

In this study the use of selected histochemical reactions and profile 
construction has enabled classification of individual fibres to be made 
according to their intrinsic speed of contraction and their capacity for 
aerobic and anaerobic metabolism. The myosin adenosine triphosphatase 
(myosin ATPase) reaction is used to indicate the intrinsic speed of contraction 
of a fibre - fibres having a high activity of this enzyme being fast-twitch 
those having a low activity being slow-twitch (Burke, Levine, Tsairis & Zajac 
1973). Succinate dehydrogenase activity is used as an indicator of aerobic * 
metabolism and glycogen phosphorylase as an indicator of anaerobic metabolism. 
The diaphragm was used to establish histochemical profiles in a variety of 
mammals because it has a similar function in all the animals studied.

An increase in the proportion of fibres that are low in myosin ATPase 
activity during postnatal growth has been reported in the pectineus muscle 
of the dog by Cardinet, Wallace, Fedde, Guffy & Bardens (1969). A similar 
observation has been made by Karpati & Engel (1967) on the soleus of the rat 
guinea-pig and cat. To investigate this phenomenon it was decided to study’ 
the effect of increasing body weight on the histochemical characteristics of 
muscle fibres in the domestic pig, both because the extent of postnatal growth 
of the pig exceeds that of most other domestic animals, and the skeletal 
muscle of the pig appears to be unique in its organisation of histochemical 
fibre types in that one or more bundles of fibres characterised by low activity 
of myosin ATPase are located within perimysium enclosed fasciculi. ’

The members of the Thoroughbred breed of horse and Greyhound breed of doe 
are notably quicker runners than their fellow specific members. These 6 
breeds have been selected to run quickly for approximately 30o’years in the 
case of the Thoroughbred and 3,000 years in the case of the Greyhound The

♦Present address: Department of Physiology and Anatomy, Massey University 
Palmerston North, New Zealand. y’

Possibility that a selection procedure (the criterion of selection being speed 
1 running) may influence the proportions of different types of fibres in the 

muscles of these breeds is investigated. The results have been reported 
Previously by Davies & Gunn, 1971; Gunn & Davies, 1971; Davies & Gunn.1972; 
Davies, 1972 and Gunn, 1973.

MATERIALS AND METHODS

Samples were taken from the costal diaphragm of adult shrews, mice, rats, 
rabbits, cats, dogs, pigs, sheep, cattle and horses; from the dorsomedial 
region of m. longissimus at the level of the thoraco-lumbar junction from 
Large white pigs of 1*3 to 93 kg. live weight; and from the left m. pectoralis 
‘ransversus of horses at the manubrium sterni. The samples were removed 
rom each animal within 45 minutes of death. Complete cross-sections of the 

middle third of m. semitendinosus from mice, rats, rabbits, cats, dogs and 
horses were also taken as soon as possible after death. The outline of the 
transverse sectional area (T.S.A.) of m. longissimus of pigs at the level of 
the thoraco-lumbar junction, adjacent to the sampling site, was drawn on paper 
and the T.S.A. measured by the paper weighing method.

After rapid freezing of a block of fresh muscle, about ten adjacent serial 
sections, 10 thick, were cut transversely to the direction of the muscle 
ibres. The histochemical methods used are described by Davies & Gunn (1972): 
hey are modifications of the methods used by Nachlas, Tsou, de Souza, Cheng 

& Seligman (1957) to demonstrate succinate dehydrogenase activity; Takeuchi & 
Kuriaki (1955) to demonstrate glycogen phosphorylase activity; and Padykula & 
Herman (1955) to demonstrate myosin ATPase activity. The serial sections were 
back projected on to tracing paper so that individual fibres could be outlined 
and their metabolic profiles constructed. To estimate the level of activity 
of enzymes that showed a continuous spectrum of activity between fibres, a 
simple division into high and low was made for each fibre relative to the 
verall level of activity of fibres in each section. Mean fibre T.S.A. were 
estimated by counting the number of fibres projected within an area of known 
magnification and where applicable the mean T.S.A. of each fibre type was 
etermined by cutting out and weighing the tracing paper on which the profiles 

were constructed. K

Low power projection of sections stained for myosin ATPase activity 
enabled an assessment to be made of the number of myosin ATPase low reacting 
undies of fibres in samples from m. longissimus of pigs. Using the 

measurement of the T.S.A. of the whole muscle, an estimate of the total 
numbers of bundles in the T.S.A. was made. At the same time, the number of 
myosin ATPase low fibres in each bundle was recorded and the mean number 
calculated. Similarly, the total number of myosin ATPase low reacting fibres 
was assessed in the m. semitendinosus of dogs by sampling the muscle at 2 mm. 
intervals across its entire transverse section. The total area of myosin 
ATPase low reacting fibres was calculated from this figure, and the mean area 
of myosin ATPase low reacting fibres in the section.

RESULTS

The following types of fibres exist in significant though differing 
proportions, in the diaphragms of the ten species examined: fast-twitch 
aerobic; fast-twitch, with both aerobic and anaerobic capacity fast twitch 
anaerobic; slow-twitch aerobic; and slow-twitch with both aerobic and 
anaerobic capacity. The proportions of each of these fibre types in the 
diaphragms of the ten species examined is given in Table 1.

Table 1 demonstrates that the proportion of myosin ATPase high reactine 
(fast-contracting) fibres increased with decreasing body size. Differences 
in succinate dehydrogenase activity between fibres were not as conspicuous 
as the difference in myosin ATPase activity, and the porportion of fibres 
having a high or low succinate dehydrogenase activity did not show a body 
size correlation. Phosphorylase activity tended to show an opposite trend 
to that of myosin ATPase activity. The horse had nearly 100* of its fibres 
high in phosphorylase activity, but in the shrew diaphragm no fibres with hieh 
phosphorylase activity were seen. 6

In the larger species, fast contracting fibres were high in phosphorylase 
activity, showing that fast-contracting fibres in these species use mainly an 
anaerobic metabolism. In smaller animals, however, the proportion of fibres 
with high myosin ATPase activity exceeded that of fibres with high phosphory
lase activity, demonstrating that fast-contracting fibres may also use 
aerobic metabolism.

Observations on the complete cross sections of m. semitendinosus of mice, 
rats, rabbits, cats, dogs and horses of mixed breeds, showed that the caudal 

re81°n of thr ”“scle of smaller animals contained only myosin 
i v T r  i8 r'iC?lne flbres' "ith ¿»creasing body size, the deep region of 
mixed fibre population occupied a larger proportion of the muscle and the 
proportion of its fibres low in myosin ATPase activity increased.
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The transverse sectional area of m. longissimus of the pigs studied, 
increased with increasing body weight in a relationship to the 2/3 power of 
the body weight. The increase in mean fibre transverse sectional area is 
directly proportional to the transverse sectional area of the whole muscle in 
pigs of live weight from 3*7 to 98 kg. The histological appearance of the 
endomysium and perimysium did not suggest a disproportionate development of 
tissues other than muscle fibres. After ten days of age (3*7 kg live weight 
in this study), growth in T.S.A. of m. longissimus of the pig is therefore 
accounted for by growth of a constant population of muscle fibres.

The number of myosin ATPase low reacting bundles of fibres remained 
constant throughout growth. However, the mean number of fibres per bundle 
increased from 1*0 in early postnatal life to 3*2 at 98 kg. live weight (Fig. 1).

Fig. 1. Fibre types differentiated by the myosin ATPase
reaction in m. longissimus at three stages of growth.

100 urn!

Fibres with intermediate reaction for myosin ATPase were seen adjacent to the 
"myosin ATPase low bundles” . This observation was made frequently in pigs 
between birth and 15 kg. live weight.

Comparison of the T.S.A. of the muscle occupied by myosin ATPase low 
reacting fibres with total body weight by means of double logarithmic 
regressions showed that the area of the muscle occupied by myosin ATPase low 
reacting fibres bears a linear relationship to body weight (log Y * 0*99 x 
log X).

The results obtained by assessing the total area of m. semitendinosus 
occupied by slow-twitch fibres in 12 Greyhounds and eight other dogs are given 
in Table 11. The area occupied by slow twitch fibres in the Greyhound is

significantly less than the other dogs at the *1% level. In samples from 
similar areas of m. pectorales transversus of five Thoroughbreds and six other 
horses, the area of slow-twitch fibres was significantly less at the *5% level 
in Thoroughbreds than in other horses.

Tabic 11

QUANTITATIVE histochemistry of the canine semitendinosus muscle 

Proportion of the transverse sectional area occupied by nyosin 
ATPase low reacting (slow-twitch) fibres

GREYHOUNDS

S.D. 1 
DIFFERENCE BETWEEN N

Collie 
Collie 
Collie 
Labrador 
Terrier X 
Afghan 
Afghan

S IS SIGNIFICANT AT THE 0-1» LEVEL

MEAN
S.D.

DISCUSSION

The effect of body size on fibre types in adult animals

The biochemical studies of Bertalauffy & Estwick (1953), on a series of 
mice and rats, show that the capacity of the diaphragm for aerobic metabolism 
decreases with increasing body size. On that basis it may be expected that 
the capacity for oxidative metabolism may be less in the diaphragm of the 
larger animals in our series, in fact they have a high capacity for aerobic 
metabolism as shown histochemically, and also a capacity for anaerobic 
metabolism, presumably for brief periods of high respiratory rate.

The increasing proportion of fast-twitch fibres with decreasing body size 
may be related to the faster speed of contraction of the diaphragm in smaller

mammals. The proportion of fast—twitch fibres in m. semitendinosus also 
appears to be inversely proportional to body size, although the effect is not 
as marked as in the diaphragm. This property of m. semitendinosus is to be 
expected from dimensional theory (Hill, 1950), according to which the limb 
muscles of larger animals should have a lower intrinsic speed of contraction.

The unequal distribution of slow-twitch fibres across the transverse 
section of m. semitendinosus results in a higher incidence of slow-twitch 
fibres in the deep, medial region than the superficial lateral region of the 
muscle. This allows the deep region to be more suited for a postural 
function, and the superficial region having a greater mechanical advantage 
to be more suited for a predominantly propulsive function.

The effect of changing body size during growth on m. longissimus of pigs

If an animal maintains roughly the same shape as it grows, the cross- 
sectional area of any muscle will increase only by a factor of the 2/3 power 
of the weight. This was confirmed by the comparison, using double logarithmic 
regressions, of T.S.A. of m. longissimus with total body weight. Although the 
muscle should become proportionally weaker by this growth, the T.S.A. of the 
muscle occupied by slow-twitch fibres in fact increases in direct proportion to 
body weight. Awan & Goldspink (1972) have shown that slow-contracting fibres 
can develop and maintain more tension per ^jsole of creatine phosphate used and 
are therefore ergonomically more efficient for postural activity than fast
contracting fibres. Thus, the contractile apparatus of m. longissimus adapts 
to the changing demands placed on it during growth by the relative increase in 
more economical fibres. Histdchemical evidence has been obtained which shows 
that this adaptation may cause a transformation of the physiological properties 
of certain fibres.

The effect of selection for speed of running on fibre types

On a body size basis it might be expected that large horses and dogs should 
have a greater area of their skeletal muscle occupied by slow-contracting 
fibres than smaller members of their species. However, as Thoroughbreds and 
Greyhounds have a lower proportion of slow-contracting fibres in their limb 
muscles than smaller members of their species, a procedure of selection for 
rapid movement may override the effect of body size. So selection for speed 
has produced, over a large number of generations, animals with subtle 
differences in their musculature. These differences appear to be neuro- 
genically determined since the myosin ATPase activity of a fibre is influenced 
by its type of innervation. Therefore, the differences seen in the 
proportion of different types of fibres in the muscles of these animals may 
be allied to differences in their nervous system.

General Discussion

The ratio of slow-contracting to fast-contracting fibres, as determined 
histochemically, can be related functionally to ontogenetic and phylogenetic 
increase in size, to selection for rapid limb movement and to the functional 
demands made on different parts of the same muscle.

Changes in the characteristics of muscle fibres as basic as the ATPase 
activity of its myosin and its intrinsic speed of contraction imply consider
able adjustment of the motor unit. During normal growth this change may 
involve either the conversion of a motor neurone, or a localized denervation 
of a muscle fibre associated with a colonizing re-innervation from a 
neighbouring motor unit of a different type. These possibilities merit 
further investigation.
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