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Introduction Experimental 
Feral fallow deer have existed in New Zealand for over 

100 yr, but only in the last 10 yr has this species been 
farmed. Deer farmers have obtained animals from feral 
populations and have not as yet selected for live-animal or 
carcass traits. Nevertheless, fallow deer carcasses (Gregson 
and Purchas, 1983; Asher, 1983), like those from red deer 
(Drew and Greer, 1977; Tan and Fennessey, 1981) have a fat 
content only one-third that of cattle and sheep. 

As the mating season for deer approaches, neck muscles 
of male deer enlarge. In male sheep, cattle and red deer, the 
splenius neck muscle has one of the highest sex-related 
growth ratios (Jury et al., 1977; Tan 1981; Tan and 
Fennessey, 1983; Butterfield et al., 1983). A major difference 
between male deer and cattle or sheep is that necks of deer 
enlarge prior to the rut and then regress to their prerut size, 
while necks of bulls and rams remain enlarged. Seasonal 
neck development in deer and the appearance of other 
secondary sex characteristics are accompanied by a dramat- 
ic 1000-fold increase in plasma testosterone levels (Lincoln, 
1971; Lincoln and Kay, 1979; Muir et al., 1982). Testosterone 
causes this neck enlargement in deer by stimulating muscle 
fiber growth, and might also influence the distribution of 
muscle fiber types (Young and Bass, 1984). In addition, there 
may be a change in fiber type with growth which is indepen- 
dent of testosterone (Ashmore et al., 1972; 1973; Moody et 
al., 1980). Because considerable debate has focused on 
fiber type change, it was felt that data obtained on a muscle 
with rapid seasonal growth that is accompanied by a rapid 
rise in testosterone could be useful. Testosterone and/or 
rapid muscle growth could affect muscle quality as well as 
muscle mass because muscle fiber type determines the 
biochemistry of muscle and therefore dictates the ultimate 
properties of the meat (Cassens, 1977). 

The objectives of this study were to determine the influ- 
ence of season andlor testosterone levels on muscle growth, 
fiber occurrence and fiber area in the splenius neck muscle of 
male fallow deer. 
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Ten male fallow deer about 25 mo old, all from the same 
farm, were used. Five were slaughtered in the New Zealand 
summer on January 18 and five were slaughtered the follow- 
ing autumn on April 6. The autumn slaughter date was 1 wk 
before mating began in a comparable breeding herd of fallow 
deer and it was at a time when neck muscle enlargement and 
plasma testosterone concentrations of male fallow deer peak 
(G.W. Asher, personal communication). The summer slaugh- 
ter date was shortly after plasma testosterone levels and 
neck circumference began to increase (Field et al., 1985). 
Therefore, the summer and autumn slaughter dates repre- 
sent prerut and start of the rut conditions, respectively. 

Immediately after slaughter, samples of splenius muscle 
were removed from the same anatomical location for each 
deer and frozen in iso-pentane cooled to partial freezing in 
liquid nitrogen. Two frozen transverse serial sections (10 p,m 
thick) were cut from each of the samples in a cryostat set at 
- 18" C. Myofibrillar ATPase activity at pH 9.4 was examined 
in one serial section after preincubation in formaldehyde 
fixative (Guth and Samaha, 1969), and NADH-tetrazolium 
oxidoreductase activity (Dubowitz and Brooke, 1973) was 
examined in the other. Representative areas of each section 
were photographed through a Leitz Orthoplan microscope in 
normal transmission mode, and fiber areas were measured 
on enlarged photomicrographs with a digitizer (model 
EDTl l ,  Houston Instruments, Austin, Texas), linked to a 
computer. 

Classification of fibers in sections was determined by 
ATPase activity. Nearly all fibers stained unequivocally dark 
or light, and no further classes were resolved at pH values 
above or below 9.4. In the sections stained for NADH- 
tetrazolium oxidoreductase activity, all fibers were either high 
or medium in staining intensity, but no fibers low in staining 
intensity were present. Therefore, type I (slow contracting, 
oxidative) and type IIA (fast contracting, oxidative-glycolytic) 
fibers dominated the splenius and type IIB (fast contracting, 
glycolytic) fibers were absent (Young, 1984). 

Classification of fibers was determined by two different 
methods. First, 85 adjacent fibers in the center of each of two 
photomicrographs were classed as type I or type IIA. In the 
second method, percent Occurrences of fiber types were 
measured with transect lines struck at random across the 
photomicrograph and all fibers that touched the lines were 
classified. This latter method was questioned by those who 
reasoned that larger fibers would touch the transect line more 
often than smaller fibers. Therefore, the percentage of small- 
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er type I fibers would be underestimated and the larger type 
IIA fibers overestimated. Data obtained in this study are 
based upon 85 adjacent fibers in each of two photomicro- 
graphs for each animal. Nevertheless, data from the transect 
line method are also mentioned for comparative purposes. 

From the right side of each carcass, six muscles were 
dissected and weighed so that growth of individual muscles 
could be compared. Splenius, semispinalis capitis and 
obliquus capitis caudalis were dissected from the neck, 
longissimus from the back, and semitendinosus and 
semimembranosus were dissected from the hind leg. 

Muscle Growth 
The effect of season on muscle weights is shown in Table 

1. Whether expressed as weight or weight with the effect of 
carcass weight removed, two of the three neck muscles were 
significantly (P<O.Ol) larger in autumn. The weight of the 
splenius and obliquus capitis caudalis muscles increased 
from summer to autumn but increased weight of the 
semispinalis capitis in the autumn was not significantly differ- 
ent when the effect of carcass weight was removed. The 
longissimus, semitendinosus and semimembranosus mus- 
cles tended to be heavier in autumn, but when the effect of 
carcass weight was removed, weights tended to decrease 
from summer to autumn, indicating that during this time these 
muscles grew more slowly than other carcass components, 
particularly the neck muscles. The proportion of subcutane- 
ous fat and intermuscular fat in the neck region and in other 
parts of the carcass did not change with season (data not 
shown) so the increase in neck circumference of male deer 
as the rut approaches is undoubtedly a result of muscle 
growth. The neck muscle that enlarges the most is the 
splenius. 

The disproportional growth of the splenius compared to 
other muscles is due to testosterone (Lincoln, 1971 ; Fletcher, 
1978; Muir et al., 1982). This neck muscle can be considered 
a target organ for testosterone, similar to the temporalis 
muscle of guinea pigs, which also enlarges in response to 
testosterone (Kochakian et al., 1966, Bass et al., 1971). 

Fiber Type Occurrence 
Fiber type occurrence in splenius muscle by season is 

shown in Table 2. In spite of the rapid growth of the splenius 
muscle and the dramatic increase in plasma testosterone 
levels (Lincoln, 1971; Lincoln and Kay, 1979; Field et al., 
1985), splenius muscle fiber types did not change significant- 
ly (Pc.05) over the 11 wk period from summer to autumn. 
The findings are in line with Field et at. (1985). They found 
that 34.8% and 34.3% of the fibers in splenius muscle of 
fallow deer in the spring and autumn respectively were type I. 

Whereas testosterone did not affect fiber occurrence in 
deer splenius, there are reports describing effects of testos- 
terone on fiber occurrence in other species. Young and Bass 
(1984) reported that castration of bulls, which reduces plas- 
ma testosterone concentration, resulted in a variable but 
significant change in ATPase staining. This effect was par- 
ticularly obvious in the longissimus muscle. In other species, 
androgens also influence fiber type distribution and myosin 
ATPase activity. For example, in the soleus muscle of the 
mouse, intact males have significantly higher percentages of 
glycolytic fibers (high ATPase) than castrates or females 
(Vaughan et al., 1974). In male frogs, fibers with low ATPase 
activity are present during the mating season, but in females, 
all fibers have a relatively high ATPase activity (Melichna et 
al., 1972). Therefore, testosterone does not affect the distri- 
bution of fiber types in all muscles of all species the same 
way. 

The lack of change in fiber types of splenius muscle from 
prerut (summer) to the start of the rut (fall) also has implica- 
tions with regard to exercise. Neck muscles of the male 
fallow deer immediately prior to the start of the rut are used 
more than they are earlier in summer. Pre-mating activities in 
the fall include fraying branches and horning fence posts with 
the antlers, vocalizing and defending a "stand." The present 
data support the contention of little or no convertibility with 
exercise between types I and II fibers in humans (Gollnick, 
1982). Nevertheless, a few studies have suggested that 
exercise results in a conversion between these two fiber 
types (Howald, 1982). It is well documented in human sub- 

Table 1. Weights of Six Muscles from Male Fallow Deer in 
Summer and Autumn (n = 5 for each season) 

Weight with the effect of 
Weight carcass weight removed 

Item Summer Autumn SE Summer Autumn SE 
Carcass kg 26.2 31.8 1.6" 
Muscles, g 

Splenius 28 73 6.2** 37 64 7.3** 

0. capitis caudalis 46 76 3.2" 50 72 4.3'* 
Longissimus 893 934 53.5 978 850 45.5' 
Semitendinosus 192 202 8.3 204 191 9.6 
Semimembranosus 63 1 696 33.7 680 648 35.4 

Semispinalis capitis 79 105 6.8*' 88 96 8.2 

*Means are significantly different Pc.05. 
'*Means are significantly different P<.01. 
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Table 2. Means for Occurrence and Area of Muscle Fibers in the Splenius 
of Male Fallow Deer in Summer and Autumn (n = 5 for each season) 

_ _ ~  

Item Summer Autumna SE 
Fiber occurrence, o/o 

Type I 37.2 34.2 1.8 
Type HA 62.8 65.8 1.8 

Fiber area, km2 

Type I 649 1228 70.6'* 
Type IIA 776 1980 185.1** 

a Tissues for fiber typing and fiber area were removed from the same anatomical location of the splenius 
muscle at time of slaughter. Dates were January 18 (summer) and April 6 (autumn). In NZ fallow deer begin 
matings in early April. 

"Means are significantly different P<O.Ol. 

jects that long-distance runners have a larger percentage of 
type I fibers than controls or weight lifters (Staron et al., 1984) 
but whether or not the predominance of the type I fibers in 
these endurance athletes is induced through training or is 
genetically predetermined remains to be resolved. 

The same general pattern of fiber types in the splenius of 
fallow deer in this study and in cattle (Young and Bass, 1984) 
exists. That fiber type distribution is similar for a domesticat- 
ed species (cattle) and a wild species (fallow deer) is unex- 
pected. Rahelic and Puac (1981) reported that two out of 
three wild pigs had 100% oxidative fibers in the longissimus 
muscle. Glycolytic fibers in the longissimus of the third wild 
pig were attributed to cross breeding with domestic pigs. The 
similar distribution of about 65% type IIA and the remainder 
type I fibers in fallow deer and cattle may result from the 
splenius neck muscles of these two species having compara- 
ble work loads and movements. In contrast, the work load 
and movement of the longissimus muscles in domesticated 
pigs and wild pigs would be very different because of differ- 
ences in shape of the pigs' backs and because of differences 
in the amount of exercise. 

A number of factors cause variability of results with regard 
to changes in fiber types. For example, muscle training by 
endurance swimming in young but not older rats may cause 
an increase in the percentage of strong ATPase fibers in 
slow-contracting muscles but not in fast-contracting muscles 
(Syrovy et al., 1972). Anabolic derivatives of testosterone 
enhance the muscle response in female rats to isometric 
exercise training but not in male rats (Exner et al., 1973a, 
1973b). In rats, treadmill running causes a decrease in 
biochemically determined ATPase activity in fast-contracting 
aerobic muscle, but not in fast-contracting anaerobic muscle 
(Baldwin et al, 1975). In addition, muscle fiber types vary 
among muscles and within cross-sectional areas of muscle 
(Hunt and Hedrick, 1977) and failure to recognize this could 
result in variability of results. After a convincing review of the 
literature showing that in some instances fiber types do 
change, Swatland (1 984) asks whether muscle fibers really 
change from one histochemical fiber type to another, or do 
the percentages of fiber types change because of fiber 
losses or rearrangement? 

Methods for Determining Fiber Occurrence 
Apparent changes in fiber types may also occur because 

of methods used. For example, when transect lines were 
struck across photomicrographs in the present study, occur- 
rence of type I fibers was two percentage points lower and 
that for type IIA fibers was two percentage points higher than 
the values listed in Table 2. Therefore, when transect lines 
are used, those fiber types which enlarge the most during 
growth would appear to increase in number. Counting total 
number of fibers within specific fiber bundles could also be 
misleading because the smaller type I fibers tend to be found 
in the center of fiber bundles and smaller fiber bundles could 
vary in percentage of type I fibers when compared to larger 
bundles. Nevertheless, Moody et al. (1 980) concluded that 
muscle bundle size in the longissimus muscle of lambs had 
no significant relationship to percentage fiber types. The 
conclusion may not be true for all muscles of all species. 
Hedrick et al. (1971) and Miller et al. (1975) found that fiber 
occurrence did change with bundle size when Sudan Black B 
was used. Miller et al. (1975) found 13.7% dark fibers in small 
bundles compared to 12.6% in larger bundles. We believe 
that counting a specific number of adjacent muscle fibers in a 
circular area of a specific anatomical region in the muscle is 
the best way to determine fiber type occurrence. Begin by 
picking a fiber at random, then move one fiber to the right 
because a bigger fiber is more likely to be picked than a 
smaller one. Begin classification in a spiral manner until the 
nth cell is struck. Edge effects, which could select large 
fibers, are nonexistent with this technique. 

Fiber Growth 
Whereas fiber occurrence did not change with season, 

fiber area changed markedly. Between summer and autumn, 
type I fibers virtually doubled in area and type IIA fibers 
increased by a factor of about 2.6. The season by fiber type 
interaction for fiber area was highly significant (P<.Ol), indi- 
cating that during splenius enlargement, type IIA fibers grew 
faster than type I fibers. 

In autumn, the splenius enlarged because fiber area 
increased. Type IIA fibers played a greater part in this 
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enlargement than type I fibers, both because IIA fibers en- 
larged to a greater extent and because they were more 
prevalent (Table 2). Fibers in the splenius and in other 
muscles that enlarge before the rut may contain testoster- 
one-binding proteins (Jung and Baulieu, 1972) to mediate 
testosterone's action. Within the splenius, IIA fibers may 
have more testosterone-binding proteins than type I fibers, 
accounting for the greater growth of IIA fibers. Alternatively, 
testosterone may act by stimulating the release of other 
hormones that directly cause neck muscle growth. Neural 
factors may also be involved, because thyroid hormone can 
only affect a skeletal muscle if its nerve supply is intact 
(Johnson et al, 1980). 

More rapid growth in type IIA fibers than in type I fibers 
with muscle enlargement has not consistently been reported. 
Moody et al. (1980) and Solomon et al. (1981) studied the 
longissimus muscle of lambs. Type I fibers increased in 
diameter faster than other fiber types as weight increased. In 
contrast, Swatland and Cassens (1 972) concluded that the 
greater part of the extra muscle mass of rats originated from 
the enlargment of fibers which are specialized for anaerobic 
metabolism rather than for aerobic metabolism. It appears 
that the contribution of fiber types to muscle growth varies 
with muscle and species of animal. 

A final discussion topic about muscle fiber growth relates 
to growth of large and small fibers within a fiber type. Field et 
ai. (1985) have shown that within fiber types, fibers are 
normally distributed in the splenius muscle of fallow deer 
both before and at the start of the rut and that coefficients of 
variation of both times are similar. These results strongly 

suggest that all fibers within a type are equally liable to grow. 
For example, small type IIA fibers are not likely to grow more 
than larger type IIA fibers as the muscle enlarges from 
summer to autumn. 

Summary 
Carcass and splenius muscle fiber characteristics of 

farmed male fallow deer were studied. Five deer approxi- 
mately 25 mo old were slaughtered in summer and five were 
slaughtered 11 wk later just before the mating season (rut) 
began. From summer to autumn, total muscle weight in- 
creased in concert with carcass weight. However, the in- 
creases in individual muscle weight were not the same: two 
of the three neck muscles studied grew more rapidly than the 
average, whereas the loin and two hind leg muscles grew 
more slowly. Cryosections of splenius, the neck muscle 
which grew the most, were stained for myofibrillar ATPase 
and for NADH-tetrazolium oxidoreductase activity. Slow 
oxidative fibers (type I) were less prevalent than fast 
oxidative-glycolytic fibers (type IIA) and fast glycolytic fibers 
(type IlB) were absent. From summer to autumn, fiber types 
did not change in occurrence, but fiber area increased 
markedly, with type I fibers almost doubling in area and type 
IIA fibers increasing by a factor of about 2.6. Contrasting 
results on changes, or lack of changes, in fiber types, and on 
growth or lack of growth of specific fiber types reported in the 
literature emphasize the importance of choice of species, sex 
and age of animal, type of exercise employed, and type of 
muscle for interpretation and comparison of results. Method 
of determining fiber type occurrence is also important. 
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