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ABSTRACT ' Yeso sika deer (Cervus nippon yesoensis) grazed on various types of plants, and the fiber content in these 
plants was low. The tastes of yeso sika deer for existing feeds for ruminant livestock resembled those of sheep. Though the 
digestibility of these feeds in yeso sika deer was slightly lower than that in sheep, the nutritive values of DCP and TON 
were similar between the two species, suggesting that feed for sheep can be utilized. Therefore, in small-scale farming of 
yeso sika deer, the feeding amount in feeding planning can be determined using the feeding standards for sheep. However, 
when concentrates are fed, correction of TDN is necessary. In large-scale pasturage, the nutritional intake in summer is 
adequate because yeso sika deer graze on various types of wild plants. In winter, they mainly graze on sasa (Sasa 
senanensis), and supplementary food may be necessary to supply TDN. Thus, since yeso sika deer graze on many types of 
wild plants, existing feeds for ruminant livestock can be used. In addition, plant biomasses except concentrates that do not 
cause competition with existing livestock may be effectively utilized in yeso sika deer, suggesting their importance as animal 
resources. The data on the intake and nutritive values of Sasa senanensis can be parameters for estimating the appropriate 
inhabitant number of wild yeso sika deer in wintering areas. (Asian-Aust. J. Anim. Sci. 2001, VoL 14, No. 5 : 701-709)
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INTRODUCTION

Deer fanning to produce velvet antlers or venison 
is performed using sika deer (Cervus nippon), red deer 
(Cervus elaphus\ rusa deer (Cervus timorensis), 
sambar (Cervus unicolor), and fallow deer {Dama 
dama) in Oceania, Europe, and Asia (Fennessy and 
Taylor, 1989; Fletcher, 1989; Drew et al., 1989). At 
present, the number of sika deer being farmed is the 
highest in China, and that of red deer is the highest 
in New Zealand. In Japan, about 3 t velvet is 
annually imported from China and Taiwan and about 
300 t venison from New Zealand (Yokohama et al., 
1991).

In such a background, deer farming has attracted 
attention in Japan where 6 subspecies of wild sika 
deer live. In Japan, deer farming was initiated in the 
middle 1980s. Since capture of wild deer is legally 
restricted, sika deer that have been maintained in zoos 
and parks in Japan, those imported from China and 
Taiwan, and red deer are bred at present.

In recent years, yeso sika deer (Cervus nippon 
yesoensis), which is the largest in size and number 
among the subspecies of sika deer in Japan and 
distributed in Hokkaido, have attracted attention for 
deer farming. At our laboratory, yeso sika deer were 
introduced in 1990, and studies from nutritional, 
managerial, reproductive, and physiological aspects 
were initiated to establish fanning techniques for yeso 

sika deer. Yokohama et al. reported morphological 
variations of antlers (1997, 1998), and examined 
genetic markers (1995a, 1995b). Kameyama et al. 
(2000) and Takeoka et al. (2000) reported changes in 
the plasma testosterone concentration and blood 
properties, respectively, during the year. Ishijima et al. 
(1993) and Kurosaku et al. (1996) evaluated seasonal 
changes in spermatogenesis while Kasai et al, (1996, 
1999) analyzed the characteristics of the meat 
components of yeso sika deer.

The history of nutritional studies in deer in Japan 
is short. There have been only a few studies such as 
on the digestibility of Zoysia-type grass in sika deer 
in the Nara Park by Miyazaki et al. (1984), feed 
digestibility and digestive tract passage rate of sika 
deer by Katoh et al. (1991), digestion tests using com 
silage by Ikeda et al. (1991), and the tastes for 18 
types of feed such as grasses and hay cubes by Saito 
et al. (1990). In other countries, there have been 
studies on general behavior and reproductive behavior 
in wild red deer and Cervus albirostris (Lincoln, 1992; 
Struhsaker, 1966), digestion and seasonal changes in 
feed intake in red deer and fallow deer under farming 
(Ramanzin et al., 1997; Scott et al., 1988). In New 
Zealand an advanced deer fanning country, Barry et 
al. (Barry and Wilson, 1990; Barry et al., 1991) have 
been leading research; they recently evaluated the 
association between feed intake and the endocrine 
system and reported results of studies on feed intake 
control (such as prevention of a decrease in feed 
intake in winter).

For farming of yeso sika deer, their ecological 
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characteristics should be clarified, and management 
techniques based on feeding and nutritional data 
should be established. The farming methods for yeso 
sika deer are classified into large-scale pasturage using 
natural geographical features and small-scale fanning 
using new or existing farming facilities. Therefore, 
feed types, feed intake, and nutritive values appropriate 
for each method should be clarified.

To collect basic nutritional data on farming of 
yeso sika deer, we canied out studies on 1) types of 
plants grazed on by wild yeso sika deer, 2) useful 
feed types for their farming, and 3) utilization of plant 
resources not yet used for yeso sika deer. In 1), to 
evaluate feed intake and the composition of plants 
grazed on by wild yeso sika deer, the gastric contents 
in wild yeso sika deer were weighed, and feed intake 
per body weight was determined. The herbaceous 
plants and arboreous plants grazed on by yeso sika 
deer were determined, and the contents of their 
components were measured. In addition, the in vitro 
dry matter digestibility of arboreous plants was 
measured, and feed characteristics were evaluated. In 
2), to evaluate the intake and digestibility of feeds 
that are actually used in farming of yeso sika farming, 
i.e., roughage and concentrates, taste tests, grazing 
tests, and digestion tests were performed. Hay, silage, 
and sasa were fed in taste tests, and hay in grazing 
tests. In digestion tests, hay and silage were supplied 
as roughage, and wheat bran and soybean meal as 
concentrates. In 3), noting Sasa senanensis that can be 
an important feed resource in winter in large-scale 
farming of yeso sika deer in areas between【mountains, 
its intake and nutritional values were examined 
(Masuko and Souma, 1999; Masuko et aL, 2000).

In this review, feeds and nutritional management 
methods in farming of yeso sika deer obtained in 
these studies are introduced.

COMPOSITION OF PLANTS GRAZED ON 
BY WILD YESO SIKA DEER

Gastric contents in wild yeso sika deer
The rumen of wild yeso sika deer showed a pH of 

5.52, total VFA concentration of 20.98 mmol/dl, 
ammonia concentration of 48.35 mg/dl, acetic acid 
molar ratio of 48.4%, propionic acid molar ratio of 
34.3%, and 8.9 X 105/ml protozoa. The total VFA 
concentration, ammonia concentration, and the 
propionic acid molar ratio in yeso sika deer were 
higher, but the pH and acetic acid molar ratio were 
lower than those in cattle and sheep. The number of 
protozoa in yeso sika deer was similar to that in 
sheep and goats. The rumen contents included clovers 
and leaves. The fermentation pattern of these contents 
was similar to that observed in grazing on plants with 

a low content of structural carbohydrates (cellulose, 
hemicellulose, and lignin) and a high protein content 
(Masuko et al., 1992).

There have been only few studies on the properties 
of rumen contents in deer. Barry et al. (1991) 
compared the rumen content fluid in summer and 
winter between red deer and sheep fed the same feed 
but observed no differences excluding the ammonia 
concentration in summer. Saito et al. (1990) performed 
tests by feeding fresh grass, silage, and hay cubes to 
sika deer with a rumen fistula and reported that the 
rumen content fluid showed a pH of 6.27 ~ 7.06, 
ammonia concentration of 3.00~ 8.01 mg/dl, and the 
number of protozoa of 14.2 ~ 17.9 X lo'/ml. These 
values were similar to the above-described values in 
cattle and sheep but differed from those in yeso sika 
deer reported by Masuko et al. (1992). Fermentation 
in the rumen widely varies according to the 
characteristics of consumed feed components. 
Therefore, this inconsistency between the two studies 
may be associated with differences in the rumen 
contents between yeso sika deer fed existing feeds and 
wild yeso sika deer that selectively grazed on feeds 
suiting their tastes.

Seasonal differences were observed in the contents. 
Arboreous plants such as leaves of Sasa senanensis, 
twigs, and barks in addition to herbaceous plants were 
observed in spring and mainly herbaceous plants in 
summer. In autumn and winter, root vegetables, nuts, 
and leaves (including dry leaves), leaves of Sasa 
senanensis were observed. These contents were similar 
to those of wild yeso sika deer captured for scientific 
purposes at Ashoro-cho within the jurisdiction of the 
Tokachi Municipal Office and Onbetsu-cho within the 
jurisdiction of the Kushiro Municipal Office in 
Hokkaido (Hokkaido Environmental Science Research 
Center, 1995). These findings suggested that yeso sika 
deer graze on a wide variety of feeds and like to 
graze on field crops and droppings from trees. A 
study showed that Sasa nipponica accounted for about 
80% of stools of honshu deer obtained in Nikko in 
winter, and arboreous plants accounted for 90% of the 
gastric contents of dead deer in Nikko in spring in 
1984 when a large number of deer died (Takatsuki, 
1986).

The dry matter ratio in the contents of the 
rumen-abomasum was much higher than that reported 
in sheep (Tsuda, 1990), suggesting a high concentra
tion of gastric contents in yeso sika deer (Masuko et 
al., 1996). The ratio of the total content weight (fresh 
matter weight) in the rumen and reticulum to body 
weight was 6.1%. This ratio has been reported to be 
4.1% in roe deer, 9.0% in red deer, and 4.3% in 
fallow deer (Nagy and Regelin, 1975). The ratio of 
the rumen content weight (dry matter weight) to body 
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weight was nearly 1.0% (Masuko et al., 1996). 
Considering that the daily feed intake per body weight 
was 2.3~2.8% in sika deer allowed free access to 
alfalfa pellets and beet pulps (Tsuda et al., 1987), this 
ratio (1.0%) corresponded to 50% of the daily dry 
matter intake, suggesting adequate feed intake in wild 
yeso sika deer.

Compositions and grazing of herbaceous plants and 
arboreous plants

Souma et al. (1996) collected 13 types of 
herbaceous plants and 17 types of twigs, barks, 
endodermis, and fallen leaves of arboreous plants that 
are frequently grazed on by wild yeso sika deer and 
analyzed their compositions and also fed yeso sika 
deer under feeding 67 types of herbaceous and 
arboreous plants to determine whether they graze on 
these plants. When the contents of the components of 
herbaceous plants are compared with those of 
orchardgrass and timothy in the heading stage, which 
are general grass types, (edited by the Secretariat of 
Agriculture, Forestry, and Fisheries Research Council, 
Ministry of Agriculture, Forestry, and Fisheries, 1995), 
the nitrogen-free extract content was similar, but the 
crude protein content in the herbaceous plants was 
higher, being only slightly lower than that in alfalfa 
hay. Comparison of component contents among the 
twigs, barks, and fallen leaves showed a higher crude 
protein content in the twigs and fallen leaves than in 
the barks but a higher crude fat content in the barks 
and fallen leaves than in the twigs. On the other 
hand, when the component contents in the twigs, 
barks, and fallen leaves were compared with those in 
orchardgrass and timothy, the ADF and NDF contents 
in the twigs and barks were higher than those in these 
grasses, corresponding to the values in the blooming 
stage of each grass. The crude protein content in the 
fallen leaves was lower than that in these grasses.

In grazing tests, most wild plants were grazed on. 
However, some types of plants were not grazed on, 
and the grazing degree of some types of plants 
differed among individual deer (Souma et al., 1996).

Among plants in which grazing marks by wild yeso 
sika deer had been confirmed, plants such as 
anemones (Anemone flaccida) and Lilium Glehni were 
not grazed on. The reason why anemones were not 
grazed on may be that young sprouts and young 
leaves are suited for grazing on (Takatsuki, 1992), but 
the other parts contain a weakly toxic alkaloid 
substance (Hashimoto, 1986; Nakai, 1988). Concerning 
Lilium Glehni. the reason may be that parts other than 
the part generally grazed on by wild yeso sika deer 
(floral axis) were fed. These results suggested that 
caution should be given to these plants containing 
toxic substances in pasturage using natural 

geographical features, but plants that grow wild in 
farming places can be utilized.

USEFULNESS OF ROUGHAGE AND 
CONCENTRATES

Tastes for hay, silage, and sasa
Souma et al, (1995) evaluated the tastes of yeso 

sika deer for hay and silage, which are considered to 
be generally fed, and Sasa senanensis, which is grazed 
on by wild yeso sika deer throughout the year and 
notable in terms of effective utilization of resources. 
Yeso sika deer favored roll baled grass hay and com 
silage, and alfalfa and perennial ryegrass according to 
grass types. These types of roughage are fed to dairy 
cattle but considered to be also suited for yeso sika 
deer. Sasa senanensis, together with Sasa kurilensis 
and Sasa nipponica^ is widely distributed in Hokkaido 
(Toyooka et al., 1983) and suited the taste of yeso 
sika deer, suggesting their usefulness as feed resources. 
When sasa is used as feed, autumn and winter are 
appropriate seasons. However, when the leaves of Sasa 
nipponica are grazed on in pasturage in summer, its 
subsequent reproduction is known to decrease (Okubo 
et al., 1990). In grazing on Sasa senanensis, the 
number of deer that does not reduce its reproduction 
should be also maintained. High-moisture grass silage 
was least favored.

Comparison of tastes between yeso sika deer and 
sheep in terms of feed intake showed similar tastes; 
feed types mainly grazed on by yeso sika deer were 
also frequently grazed on by sheep. Ikeda et al. 
(1991) fed sika deer fresh grass, hay, and com silage 
and observed that they did not graze on hard stalks 
but liked these foods. Another study on the tastes for 
grasses in sheep showed a preference of perennial 
ryegrass to orchardgrass (Sawada, 1994).

The feed intake in sika deer shows seasonal 
changes, decreasing in winter (Odajima et al., 1993). 
However, feeding of their favorite feeds during periods 
of decreased amounts of grazing may inhibit the 
decrease in nutritional intake due to the decreased feed 
intake.

Seasonal changes in the amount of hay grazing
In general, feed intake differs among the seasons 

in deer (Aagnes et al., 1996; Barry et al., 1991; Ikeda 
et al., 1991; Odajima et al., 1993). In yeso sika deer, 
seasonal changes were also observed in hay intake 
(Souma et al., 1998). Changes in feed intake were not 
associated with age or sex. These seasonal changes in 
feed intake may be partly due to seasonal differences 
in the types of plants that can be grazed on by wild 
deer. Deer such as red deer are known to show 
seasonal differences in behavior. In autumn as their 
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reproduction season, male deer show active 
reproductive behavior such as defense of harems, and 
a resulting marked decrease in the gra 거 ng time 
reduces feed intake. In female deer, their grazing 
behavior is prevented by male deer that form harems 
and surrounding male deer, which also reduces the 
grazing time compared with the other seasons (Souma 
et aL, 1994).

In ruminants, changes in feed intake is considered 
to be affected by thermal environments and physical 
environments (Mimura and Morita, 1990; Okamoto, 
1970). In particular, feed intake is associated with 
atmospheric temperature. Since body temperature is 
adjusted according to environmental temperature, 
energy consumption increases in the cold. However, in 
deer such as yeso sika deer, feed intake was the 
lowest in winter, suggesting the importance of factors 
other than atmospheric temperature. Concerning such 
factors, Barry et al. (1991) suggested an association 
between feed intake and hormones. Melatonin secreted 
from the pineal body is known as a hormone 
associated with seasonality (Tomioka, 1996). The 
major t이es of melatonin are inhibition of gonad 
activity, development of biological rhythms, and 
adjustment of the circadian rhythm. The secretion of 
melatonin is markedly affected by light/dark cycles, 
i.e., daylength (Ishida, 1995; Tomioka, 1996). In an 
experiment in red deer, when the light/dark cycle was 
changed using artificial illumination, feed intake 
decreased with a short light length and increased in a 
long light length (Francoise et al., 1992). Administra
tion of melatonin was reported to control feed intake 
(Barry et al., 1991).

Thus, yeso sika deer show seasonality in feed 
intake even when fed adequate feed under farming 
(table 1), and such seasonal changes appear to be 
associated with the endocrine system. Since feed intake 
and body weight of yeso sika deer decrease in winter, 
the feeding method and fattening period in each 
season should be evaluated, and inadequate nutritional 
intake associated with decreased feed intake from 
autumn to spring should be avoided in farming of 
yeso sika deer to obtain products.

Digestibility and nitrogen balance of hay and silage
Masuko et al. (1997) evaluated the digestibility and 

nitrogen balance of hay, silage, and hay cubes for

yeso sika deer. There have been few studies that 
compared feed digestibility between deer such as 
honshu deer and yakushima deer and sheep (Masuko 
et al., 1994; Odajima et al., 1991) and no studies 
using yeso sika deer. In honshu deer fed alfalfa hay 
cubes. 
digest^

corresponding to 2.0% body weight, the 
rates of ； organic matter, ADF, and NDF were 

an thos이 in sheep (Odajima et 4L, 1991). In
digestioi 
lower: tl 
yakus(iiina deer fed alfalfa hay cubes corresponding to 
3.0% body weight, the digestion rates of crude fibers, 
ADF, and NDF were similar to those in sheep. 
However, in yakushima deer fed roll baled grass hay, 
the digestion rates of NDF and hemicellulose were 
lower than those in sheep (Masuko et al., 1994). In 
yeso sika deer fed roll baled grass hay, roll baled 
grass silage, and alfalfa hay cubes corresponding to 
1.8 —2.2% body weight, the digestion rates of crude 
fibers and hemicellulose were slightly lower than those 
in sheep, but the digestion rates of the other 
components were similar to those in sheep. However, 
since the findings on the digestion rate of ADF differ 
from those on NDF, further detailed studies on the 
digestibility of fiber components are necessary.

The contents of digestible crude protein (DCP), 
total digestible nutrients (TDN), and digestible energy 
(DE) in the 3 feed types were similar between yeso 
sika deer and sheep. Therefore, the nutritive values in 
grasses fed to sheep are available for yeso sika deer.

Yeso sika deer with a particularly high urine 
volume showed a high urinary nitrogen excretion. and 
a high nitrogen accumulation amount and rate 
compared with sheep. However, in. the other yeso sika 
deer, the nitrogen accumulation amount and rate were 
similar to those in sheep (Masuko et al., 1997).

Digestibility and nitrogen balance of a hay
concentrate mixture

In yeso sika deer fed hay or silage alone, the 
digestion rates of crude fibers and hemicellulose were 
reported to be lower than those in sheep (Masuko et 
aL, 1997). Similar findings were also reported in 
honshu sika deer fed alfalfa hay cubes (Odajima et 
al., 1991). However, yeso sika deer fed a mixture of 
hay and wheat bran or soybean meal showed higher 
digestion rates of all components than sheep (Masuko 
et al., 1998) (table 2). Thus, when a sin이e grass type 
is fed alone, the digestion rates of fiber components

Table 1. Seasonal changes in the intake of hay in yeso sika deer

Spring Summer Autumn Winter SEM

Intake (g/d) 13704血) 1705.4a 1172.4 於 908.0c 91.0
Intake (% of BW/d) 2.35* 3.()1 거 1.88bc 1.60c 0.16
Intake (g/kgW°75/d) 64.8* 82.2a 52.7bc 43.9C 4.2

D Means value for five deer.
2) Means within the same row with different superscripts differ. a,b,c p<0.05.
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1) Each means value for four sheep or deer.
2) Significant difference between deer and sheep in each treatment (* p<0.05 and ** p<0.01).

Table 2. Digestibility and nutrient content of a mixture of hay and concentrate

Hay+wheat bran Hay+soybean meal
Sheep Deer SEM Sheep Deer SEM

Digestibility (%)
Dry matter 56.31J 63.9° 4.3 56.5 68.3**  즈 2.9
Crude protein 58.0 60.1 3.9 70.1 74.7** 1.2
NFE 61.6 66.3 3.8 54.9 67.5* 2.9
NDF 52.9 61.5 4.8 55.4 67.5** 3.1
Energy 56.5 62.1 4.2 55.3 664" 3.0

Nutrient content
DCP (%DM) 7.4 7.5 0.5 14.8 15.0 0.3
TDN (%DM) 
DE (Mcal/kgDM)

57.9 63.1 3.9 55.5 65.6** 10.4
2.96 3.22 0.38 2.37 3.43*2 ) 0.32

are lower in yeso sika deer than in sheep. However, 
when hay mixed with wheat bran with a lower fiber 
content or soybean meal with a higher crude protein 
content is fed, the total fiber digestion rate is higher 
in yeso sika deer than in sheep. This suggests high 
digestibility of a grass- concentrate mixture in yeso 
sika deer. This tendency was more marked using 
soybean meal than using wheat bran, indicating that 
the combination with a feed with a high protein 
content markedly improves the digestibility of fiber 
components.

After feeding hay or silage alone, the DCP, TDN, 
and DE contents were similar between yeso sika deer 
and sheep (Masuko et al., 1997). After feeding of a 
mixture of each type of grass and wheat bran or 
soybean meal, the DCP content was similar between 
yeso sika deer and sheep, but the TDN and DE 
contents were higher in yeso sika deer. This tendency 
was marked using the combination with soybean meal; 
the TDN content differed by 10.1% and the DE 
content by 1.06 Mcal/kg.

The digestive tubes of ruminants can be classified 
according to morphological characteristics into the 
grass eater type showing high fiber digestibility, 
concentrate selector type showing low fiber digestibi
lity, and the intermediate type. Deer are classified as 
the intermediate typeconcentrate selector type while 
sheep are classified as the grass eater type (Hofmann, 
1988). Deer are distributed in forests and grasslands 
and have feed habits between the forest type (leave 
eater type) and grassland type (grass eater type), 
which is close to the feed habits in goats among 
ruminants such as cattle, sheep, and goats (Takatsuki, 
1992). Terada et al. (1987) observed differences in the 
digestibility of the fiber fraction of feed between 
sheep and goats, suggesting that this is due to 
differences in the activity of rumen microorganisms 
and the digestive tract feed passage rate. Odajima et 

al. (1991) compared the digestive tract feed passage 
rate between honshu sika deer and sheep and observed 
a significantly higher rate in deer, suggesting that this 
is a cause of the low digestibility. After feeding a 
hay-concentrate mixture, the presence of the concent
rate may have affected rumen microorganisms, impro
ving the digestibility of all fiber components. With an 
increase in digestibility, the TDN and DE contents 
also improved.

The fecal nitrogen excretion in yeso sika deer was 
similar to or slightly lower than that in sheep while 
the urinary nitrogen excretion in yeso sika deer was 
higher than that in sheep. Therefore, both the nitrogen 
accumulation amount and rate in yeso sika deer were 
high. The urine volume in yeso sika deer was about 
1.6 —2.2 times that in sheep. However, due to the low 
nitrogen concentration in urine, the urinary nitrogen 
excretion in yeso sika deer was lower than that in 
sheep. This may cause a high nitrogen accumulation 
amount in yeso sika deer. Detailed analysis of urinary 
nitrogen is necessary to evaluate differences between 
yeso sika deer and sheep.

UTILIZATION OF PLANT RESOURCES 
NOT YET USED

Intake, digestibility, and nitrogen balance of Sasa 
senanensis

In yeso sika deer, the intake of Sasa senanensis 
differed among autumn, winter, and spring (Masuko et 
al., 1999) (table 3). The dry matter intake of Sasa 
senanensis per day was the highest in winter, followed 
in order by autumn and spring. The dry matter intake 
per body weight was the highest in autumn, followed 
in order by winter and spring. This change in the 
order of autumn and spring is because dry matter 
intake was most markedly decreased in winter, but 
body weight was decreased in winter compared with



706 MASUKO AND ISHIJIMA

Table 3. Seasonal changes in the intake of sasa {Sasa senanensis) in yeso sika deer

Autumn Spring
Difference

Mean0 SEM Mean SEM

Intake (DMg/d) 956.8 146.5 1008.5 109.5 NS 지
Intake (% of BW/d) 1.66 0.16 1.95 0.18 p<0.01
Intake (DMg/kgW0 75/d) 45.7 5.0 52.3 4.8 p<0.01

Means value for four deer.
2) Not significant.

autumn.
Souma et al. (1998) evaluated seasonal changes in 

dry matter intake and observed that both the hay 
intake per day and that per body weight increased 
from spring, reaching the maximum in summer, but 
decreased in autumn, reaching the minimum in winter. 
The dry matter intakes of hay per body weight were 
1,99%, 2.44%, 1.58%, and 1.35% in spring, summer, 
autumn, and winter, respectively (table 1). The dry 
matter intake of Sasa senanensis per body weight in 
spring was lower, but that in autumn and winter was 
slightly higher than the dry matter intake of hay per 
body weight in each season. These results suggest that 
the dry matter intake of Sasa senanensis in yeso sika 
deer is similar to or higher than that of hay, and Sasa 
senanensis is an important feed resource for nutrient 
intake in winter.

The digestion rates of the dry matter, organic 
matter, and energy of Sasa senanensis were low (44. 
5 — 48.6%). These values were similar to those of roll 
baled grass silage mainly consisting of second cut 
orchardgrass (36.6 ~43.7%) (Masuko et al., 1997) 
among feed types used in previous digestion tests. The 
digestion rates of crude fibers, ADF, NDF, and 
hemicellulose after feeding roll baled grass silage were 
37.1 —51.6%, which were similar to those of Sasa 
senanensis (43.7~47.5%). However, the digestion rate 
of crude protein in Sasa senanensis (74.5%) was much 
higher than that in r이1 baled grass silage (53.5 ~ 
55.2%) (Masuko et al., 1999). Masuko et al. (1998) 
reported a high digestion rate of crude protein (74.7%) 
after feeding of a hay-soybean meal mixture. The 
digestion rate of crude protein in Sasa senanensis was 
similar to this value. Similar findings were also 
reported in experiments in which sika deer were fed 
Sasa palmata (Matoba et al., 1987).

The DCP content in dry matter was markedly high 
(12.7%). This value was only slightly lower than that 
after feeding of a hay-soybean meal mixture, 
suggesting a high nutritive value of Sasa senanensis in 
terms of protein. However, the TON content in dry 
matter was low (44.7%) since the digestion rate of 
each component other than protein was low, and was 
only slightly higher than the TDN content in roll 
baled grass silage.

Concerning nitrogen balance, the fecal nitrogen 
excretion was low, but the nitrogen accumulation 
amount and rate were high because of a high urinary 
nitrogen excretion (Masuko et al., 1999).

Changes in the composition and dry matter 
digestibility of Sasa senanensis with the growth 
stage

Concerning the composition of Sasa senanensis, the 
contents of dry matter, crude fat, and crude ash 
increased while the contents of fiber components such 
as crude fibers, ADF, NDF, and hemicellulose 
decreased from leaf-bud formation to withering, but 
changes from October to June next year were slight 
(Souma et al., 1999). In general, the composition of 
grass fed to ruminant livestock markedly varies 
according to the growth stage (Morimoto, 1989). In 
orchardgrass and timothy in grass, the contents of dry 
matter, crude fat, crude fibers, ADF, and NDF 
increase with the growth period, but the content of the 
crude ash is nearly constant (Secretariat of the 
Agriculture, Forestry, and Fisheries Research Council, 
Ministry of Agriculture, Forestry, and Fisheries, 1995). 
When composition changes with growth are compared 
between Sasa senanensis and grass, the patterns of 
changes in the contents of crude fibers, ADF, and 
NDF differed, showing reverse changes (Souma et al., 
1999). The slight composition changes from October to 
June next year may be due to inhibition of growth 
metabolism caused by the low temperature on the 
ground that is sometimes buried in snow during this 
period.

In vitro dry matter digestibility decreased with the 
growth stage and changed only slightly from October 
to June next year, showing a pattern similar to that of 
composition changes (Souma et al., 1999). In general, 
digestibility also decreases with growth in grass, but 
this is mainly due to an increase in the lignin content, 
resulting in lignification (Nakamura, 1977; Morimoto, 
1989). Lignin is slightly digestible, and an increase in 
lignin reduces degradation by enzymes, resulting in a 
decrease in digestibility. However, in Sasa senanensis, 
the contents of fiber components decreased with the 
growth stage, and it is unlikely that an increased 
lignin content reduced in vitro dry matter digestibility.
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Concerning the components of Sasa senanensis other 
than fibers, the crude ash content markedly increased 
while the organic matter content decreased with the 
growth stage. This may have reduced in vitro dry 
matter digestibility.

From autumn to spring, the composition and dry 
matter digestibility of Sasa senanensis are relatively 
stable. The dry matter intake during this period is also 
high (Masuko et al., 1999). This suggests that a 
certain nutrient intake from Sasa senanensis is possible 
in yeso sika deer.

CONCLUSIONS

Yeso sika deer showed tastes for roughage similar 
to those in sheep but slightly lower feed digestibility 
than sheep. However, since the nutritive values of 
DCP and TDN in yeso sika deer were simlar to those 
in sheep, feed menus for sheep can be utilized. 
Therefore, in feeding planning in small-scale deer 
farming, the feeding amount can be determined using 
the feeding standards for sheep. In large-scale fanning, 
wild plants can be used in summer. Yeso sika deer 
grazed on various types of plants, and the fiber 
component content in these plants was low. Thus, 
from summer to autumn when wild plants can be 
used, adequate nutritional intake may be achieved. 
However, in winter, use of mainly Sasa senanensis is 
considered. When only Sasa senanensis is fed, TDN 
intake may be inadequate, and supplementary feed is 
necessary.

To reduce damage on agriculture and forestry by 
yeso sika deer, the number of yeso sika deer should 
be maintained to be appropriate. For this purpose, 
plants grazed on by these deer should be evaluated, 
and their nutritive values and reproduction amounts 
should be studied. However, there have been no such 
studies, and this study may provide data to calculate 
the appropriate number of wild yeso sika deer.

Yeso sika deer graze on various types of plants. 
Therefore, yeso sika deer may be a precious animal 
recourse in which plant biomasses (edited by the 
Secretariat of the Agriculture, Forestiy, and Fisheries 
Research Council, Ministry of Agriculture, Forestry, 
and Fisheries, 1991) can be effectively used in 
addition to existing feeds for ruminant livestock. The 
data on the intake and nutritive values of Sasa 
senanensis can be parameters used for estimating the 
appropriate inhabitant number of wild yeso sika deer 
in wintering areas.
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