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Chapter 1: General introduction

It is known that today’s various breeds of domestic chickens have been created from
red jungle fowl (Gallus gallus) (Akishinonomiya et al., 1996; Al-Nasser et al., 2007).
Although there are various theories about its actual status and discussions still continue
to today, the excavations from China indicated that the domestication of chickens has
long history (West and Zhou, 1988; Liu et al., 2006; Xiang et al., 2014). The genetic
research indicated that the first domestication started in the region currently correspond
to Thai, Laos and Vietnam (Akishinonomiya et al., 1996). Two roots were considered as
the way to Japan. First is sailing across between Malay Peninsula to Japan, and second
is passing the Asian Continent from India-China Peninsula (Nozawa and Nishida, 1981,
Oka et al., 2007).

The long history of domestication has changed their biological characters. The weight
of meat type fowls can be over to 7 kg by selecting the body size (Matsuzaki, 2001,
Matsuzaki et al., 2003; Akishinonomiya and Komiya, 2009; Nikki et al., 2012).
Moreover, layer type fowls can produce their egg at least about 300 in one year (Luc et
al., 1996; Sato et al., 2001; Ichinoe and Kuwayama, 2007). The two types of fowls have
been bred to reward the needs as food. The researchers have studied the economical
characteristics such as volume of meats and a number of laying eggs, and they strived to
improve those characters (Shimizu and Hachinohe, 1976; Miyoshi et al., 1995;
Shimazawa and Araki, 1999; Hocking et al., 2009). The intense motivation of
improving the economical characteristics is indicated in the exponential growth rate
(Bihan-Duval et al., 2008; Batkowska et al., 2015), improvement in the feed efficiency
(Hirahara et al., 2012; Jin et al., 2014), advancement of disease resistance (Zekarias et
al., 2002; Emam et al., 2014) and adjustment of rearing environment (Kristensen et al.,
2006; Golden et al., 2012; Nakamura and Sugihara, 2015).

Domestic fowls obtained various feature not only as livestock but also as companion
animals (Frahm and Rehkamper, 1998; Okamoto, 2001; Ichinoe and Kuwayama, 2007;
Akishinonomiya and Komiya, 2009; Sheppy, 2011). In the mid-Edo Era in Japan,
variegated breeds were developed to admire their color variation, voice and fight (Oana,
1951; Okamoto, 2001; Ichinoe and Kuwayama, 2007; Akishinonomiya and Komiya,
2009). Fighting fowls are highly aggressive and were bred for gambling as an



entertainment. Long-crowing fowls were selected on the basis of their ability to crow
for a longer time. Ornament-type fowls acquired colorful feathers or long-tailed feathers
for attracting people. Native fowls are called Jidori and their external characteristics are
similar to those of the red jungle fowl.

Japanese fowls vary not only in external characteristics but also in osteological
characteristics. It has been known that the morphological differences were detected by
the measurement data of the skeleton, as the smallest breadth between orbits, the length
of sternum, forelimb bones, tibiotarsus and tarsometatarus, and the breadth of the corpus
scapulae (Hayashi et al., 1982; Nishida et al., 1985; Samejima, 1990; Samejima et al.,
1988, 1989).

Since above osteological studies have been carried out to estimate the lineage of
domestic fowls, the relationships between the morphological characteristics and the
purpose of breeds and the function of osteological characteristics have remained unclear.
The skeleton morphologically reflects the results of artificial selection driven not only
by economical characters for agricultural productions but also by noneconomical
characters for spiritual preferences such as a long voice, strong aggression and external
appearances. Since Japanese fowls have been selected for fighting fowls, long-crowing
fowls and ornament-type fowls, | expected that the functional morphological skeletal

characteristics peculiar to the breeds in their skull could be detected in their skeleton.
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Chapter 5: General discussion

The contribution of this doctoral thesis to the archaeology

Through the studies of the Chapters 2 to 4, | detected the differences of the
functional-morphological characteristics in skeleton among breeds. It is thought that the
relationships between the functional-morphological characteristics and the differences
of purpose of breeding are keys to understanding the domestication. | mentioned the
archaeological controversial topic of domestication in this general introduction. The
study of chicken domestication using ancient DNA indicated that the history of
domesticated fowl in northern China dates back to 10000 years (Xiang et al., 2014).
However, their investigation contains some controversial problems. The problems are
indicated as, 1) the possibility of error in process of preparing the mtDNA, 2) the
appropriateness of suggestion about the relationships between habitat and climate, and
3) the suspicion that the bone is not one of chicken (Peng et al., 2015; Peters et al.,
2015). It is one of the interesting problems that the bone is morphologically considered
as one of the dog (Peters et al., 2015). Xiang et al. (2014) remarked that the materials
include the tibia, tarsometatarsus, humerus and femur, however, it is thought that their
prepared bones contain ulna from their Figure 1B as seen in right top since the outline
of the bone and the shape of the articular surface are similar to those of the ulna in
chicken. According to the right bottom of the Figure 1B from Xiang et al. (2014), the
bone, which was determined as the bone of domestic chicken, is not similar to the femur
of chicken. Peters et al. (2015) pointed out that the bone is similar to one of the
skeletons in dogs, however, they did not explain the morphological reason why the bone
is not considered as that of chicken. It is thought that the bone actually resembles the
metatarsal of dog because of the sagittal crest in distal articulation. I also think that the
bone is similar to tarsometatarsus without lateral trochlea in birds. Another possible
factor for suggesting the validity of the Figure in the Xiang et al. (2014) is that the
chicken shows the skeletal disorder chondrodystrophy (Gordon et al., 2015). However,
the suggestion that the bone in Xiang et al. (2014) shows suspicious characteristics,
cannot be examined because of the few information of the Figure such as the small size
without scale. It is thought that the archaeological controversy represents the deficiency

of morphological information in domestic fowls. Although it is difficult that the



complete skeleton is excavated, | suggest that the functional-morphological studies in
skeleton among domestic fowls are important to examine the differences between
unearthed bone and living one. My suggestion about the relationships between
functional-morphological characteristics and the purpose of breeding will contribute to
reevaluate the morphological differences of excavated bones and to understand the

domestication process.

The problems and solutions to understand the morphological characteristics

Although the size and shape data from this doctoral thesis indicated that the Japanese
domestic fowls show the relationships between the various functional-morphological
characteristics and the purposes of breeding, the morphological characteristics in
vertebrae were not investigated because of difficulty in osteological measuring and
preparing the whole skeleton. Since the vernier caliper cannot measure the curvature,
the curvature of bone such as sternum could not be connected to quantitative data as
seen in the discussion in Chapter 3. It is thought that the same problem occurs in the tail
bones because of the curved shape of the caudal vertebrae. The solution for this problem
is considered as the application of Elliptic Fourier analysis. The analysis can detect the
morphological changes of curvature and it has been also performed in morphological
studies of birds recently (Hospitaleche and Carlo, 2010; Riyahi et al., 2013; Felice and
O'Connor, 2014). It is thought that the Elliptic Fourier analysis suits to detect the
morphological characteristics in curvature of bone. | suggest that the method directly
illustrates the relationships between the roundness of shape and attractiveness in the
morphological characteristics of domestic animals.

It has been suggested that the orientation and movement of neck and trunk, which
contains cervical and thoracic vertebrae, function as stabilizer of body and head and a
generator of forward propulsion (Necker, 2007; Abourachid et al., 2011; Nyakatura and
Andrada, 2014.; Andrada et al., 2015). Endo et al. (2012) studied the muscle mass in
fighting fowls, broiler and layer fowls, and they suggested that the long neck with small
muscles in Oh-Shamo can perform quick and flexible movement of pecking in game.
Hence | expect that the functional-morphological characteristics of cervical and thoracic
vertebrae are examined in my future work.

In this doctoral thesis, | investigated the functional-morphological characteristics in



skeleton since | thought that the size and shape of bone are related to body appearance
and that the morphological characteristics indicate the differences in purposes of
breeding. My investigations show that the differences of morphological characteristics
of skeleton contribute to the specific behaviors, the body appearances and the purposes
of breeding. Since it is suggested that the morphological characteristics in hindlimb
bones and pelvis especially influence the gait, the posture and the purpose of breeding,
it is thought that the study of biomechanics of gait pattern in each Japanese breed is
necessary to evaluate the differences in locomotion of walking, and to understand the
process of the domestication in Japanese fowls.

I suggest the morphological variations of skeleton contribute to increase the adhesion
of muscles as seen in the discussions in Chapters 3 and 4. | also understand that the
investigation of comparing the muscle masses is important to establish the
functional-morphological theory. The differences of muscle masses among breeds
determine those of the muscle powers and the outline of body. In the discussion about
the functional-morphological characteristics in Oh-Shamo, the results and discussion
from Endo et al. (2012) support my suggestion. Actually a large number of studies of
economical characteristics has been performed (Shimizu and Hachinohe, 1976; Miyoshi
et al., 1995; Luc et al., 1996; Shimazawa and Araki, 1999; Matsuzaki, 2001; Sato et al.,
2001; Zekarias et al., 2002; Matsuzaki et al., 2003; Kristensen et al., 2006; Bihan-Duval
et al., 2008; Hocking et al., 2009; Golden et al., 2012; Hirahara et al., 2012; Nikki et al.,
2012; Emam et al., 2014, Jin et al., 2014; Batkowska et al., 2015; Nakamura and
Sugihara, 2015), and estimations of lineage have been frequently carried out
(Akishinonomiya et al., 1996; Moiseyeva et al., 2003; Komiyama et al., 2004; Liu et al.,
2006; Al-Nasser et al., 2007; Oka et al., 2007; Kanginakudru et al., 2008; Bhuiyan et al.,
2013; Lorenzo et al., 2015). Related to the Japanese domestic fowls, the genetics have
been performed and the investigations clarified the relationships between the
quantitative trait loci and the morphological and behavioural characteristics (Tsudzuki et
al., 2007; Goto et al., 2011; Rikimaru et al., 2012; Oka and Bungo, 2014; Goto et al.,
2015), however, the morphological studies from spiritual and cultural backgrounds are
quite few (Bartels, 2003; Endo et al., 2012). Although the previous studies observed the
morphological characteristics in skeleton, they did not mention the relationships among

the osteometrical differences, the purposes of breeding and the functional roles in the



Japanese domestic fowls, since the aim of their studies is to clarify the phyletic
relationships (Hayashi et al., 1982; Nishida et al., 1985; Samejima, 1990; Samejima et
al., 1988, 1989). Since the Japanese domestic fowls show plentiful variety of the body
appearances, the behavioral characters, and the purposes of breeding, | suppose that the
morphological, myological, physiological, behavioral and social-psychological studies
in the breeds contribute to explain the effects of the difference of body size and posture
in bipedal locomotion, and the relationships among size, shape, movement and
perception of people.
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Table 1-1. Specimens used in the Chapter 2.

breed sex specimen No. gtr;);\gh donor depository  |breed sex specimen No. gtr;);\;th donor depository
Onagadori  female UMUT-14014 adult! TUA UMUT Totenko female UMUT-14029 adult* TUA UMuUT
Onagadori  female UMUT-14015 adult! HU umuT Totenko female UMUT-14030 adult! TUA UMuUT
Onagadori  female UMUT-14016 adult! HU umuT Totenko male UMUT-14031 adult' TUA uMuT
Onagadori male UMUT-14017 adult! TUA umuT Totenko male UMUT-14032 adult* TUA uMuT
Onagadori male NUM-ab1-1202 adult® - NUM Totenko male UMUT-14033 adult* TUA UMuT
Oh-Shamo female UMUT-14018 adult® TUA umuT Totenko male UMUT-14034 adult? HU UMuT
Oh-Shamo  female UMUT-14019 adult* TUA umMuT Chabo female UMUT-14035 adult* TUA UMUT
Oh-Shamo  female UMUT-14020 adult* TUA umMuT Chabo female UMUT-14036 adult® TUA UMUT
Oh-Shamo male UMUT-14021 adult* TUA umMuT Chabo female NUM-ab1-926 adult® - NUM
Oh-Shamo male NUM-ab1-1230adult’ - NUM Chabo male UMUT-14037 adult* TUA umuT
Oh-Shamo male UMUT-14022 adult* TUA umuT Chabo male UMUT-14039 adult' TUA umuT
Oh-Shamo unknown  UMUT-14023 adult! TUA umuT Chabo male UMUT-14040 adult* TUA uMuT
Oh-Shamo unknown  UMUT-14024 adult! TUA umuT Chabo male UMUT-14041 adult* TUA UMuT
Shokoku  female NUM-ab1-1256 adult’ - NUM Chabo male UMUT-14042 adult! TUA umuT
Shokoku  female NUM-ab1-1255 adult’ - NUM Chabo male NUM-abl1945 adult® - NUM
Shokoku  male NUM-ab1-973 adult’ - NUM Chabo male NUM-ab1-922adult® - NUM
Shokoku  male NUM-ab1-1307 adult® - NUM Chabo unknown  UMUT-14043 adult* TUA uMUT
Shokoku  male NUM-ab1-1347 adult’ - NUM Chabo unknown  NUM-ab1-925adult® - NUM
Shokoku  male UMUT-14025 adult' TUA umuT

Tosajidori  female NUM-ab1-1336 adult® - NUM

Tosajidori  female UMUT-14026 adult! HU umuT

Tosajidori  male UMUT-14027 adult* TUA umMuT

Tosajidori  male NUM-ab1-1281 adult® - NUM

Tosajidori  unknown  UMUT-14028 adult' TUA UMUT

UMUT indicates The University Museum, The University of Tokyo. NUM means Nagoya University Museum,
Nagoya University. HU indicates Hiroshima University. TUA indicates Tokyo University of Agriculture. adult!
indicates over one years old. adult? indicates completed ossification of skull.
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Table 1-2. The measurements used in the Chapter 2.

Abbreviation  Details Abbreviation  Details
of of
measurements measurements
GLs greatest length of skull; protuberantia occipitalis externa - apex BLbt basal length of the bill tip; most frontal point of the corpus premaxillare -
praemaxillaris® > most frontal point of the basal incisura nassle
GLi greatest length of incisivum; apex praemaxillaris - most aboral point of the CbL condulobasal length; aboral border of the occipital condyle - apex
processus frontales of the incisivum in the median plane® ¢ praemaxiilaris™”
BLb basal length of bill; apex praemaxillaris -most caudal points of the processus GBsb greatest breadth of the sphenoidal bone; between each most wide point on
maxiallis ossis premaxillaris the limbus sphenoidalis®
GLbt greatest length of bill tip; most frontal point of the premaxillaris - the most Bpr breadth between the processus retriangularis; between each point of the
frontal point of the nasals processus retroangularis
Hbt height of bill tip; highest point above the most frontal point of the nasals - GLm greatest length of the mandible; apex to the most aboral point of the
lowest point under the most frontal point of the nasals mandible® ™
GlLoc greatest length of orbital cavity; most frontal Qoint of the aucus zygomaticus Leaba length between the aboral edge of articural bone to the apex; pars
- most aboral point of the processus frontalis symphysialis - condylus musculris mandibularis caudalis™ ™ ©
GLmp greatest length in the median plane; the basli]temporale in the median plane - Lpaa length between the processus angularis to the apex; apex to the processus
highest and median point of the braincase™ ™ ° angularis®
GBbt greatest breadth of Epill tip; most wide breadth in front of the most frontal Ls length of the S){jmphesis; between frontal apex of mandible
points of the nasals to aboral one®*™°
Lnc length of the neurocranium; processus frontalis of the paemaxilla - Lpapr length between the processus angularis to processus retroangularis;
protuberantia occipitalis externa® ™ © pcrocessus angularis - processus retroangularis®
GBs greatest brea(ljjth of skull; between each point of the processus GLabpa greatest length between the edge of articular bone to the processus
postfrontalis® ™ © angularis®
GBnc greatest breadth of the neurocranium; between each point of the os Lpaps length betwes:n the processus angularis to the aboral edge of the pars
opistoideus® symphysialis
SBnc smallest breadth of the neurocranium; between each point of the os GBco greatest breadth of the condylus occipitalis”
quadratum®
SBo smallest breadth between the orbits; smallest breadth of the pars nasalis of GHfm greatest height of the foramen magnum®
the frontale® ™ °
GBb greatest breadth of the bill; between ea%h point of the caudal edge of the GBfm greatest breadth of the foramen magnum®

processus maxillaris ossis premaxillaris

® Driesch (1976). ® Hayashi et al. (1982). © Samejima et al. (1988). ¢ Yasuda (2002).
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Table 1-3. Mean values and standard deviations for skull measurements in various breeds.

breed measurements GLs GLi BLb GLbt Hbt GLoc GLmp GBbt Lnc GBs GBnc SBnc  SBo GBb

cignifcant dference DLMO LLMO LMo LMo, AFGHI AFGHI (S AFGHI HIUS HMO HMo Lo AFGHI AFGH

Onagadori mean value 67.19 3445 2401 13.10 5.75 2111 20.83 8.1 37.07 29.14 2564 2260 13.89 1292
standard deviation 481 253 2.43 1.20 0.79 1.01 0.95 0.63 341 2.25 1.75 1.22 2.20 1.91

Oh-Shamo mean value 85.86 45.37 30.86 16.53 8.46 2449 2540 11.77 46.31 37.83 3248 2837 19.80 19.43
standard deviation 6.39 4.50 2.61 1.25 0.92 1.88 1.37 2.10 2.82 1.84 2.02 1.42 1.43 1.49

Shokoku mean value 67.27 3596 23.87 1254 556 1891 20.31 8.70 36.14 29.20 25.89 2298 13.70 13.73
standard deviation 510 331 2.40 1.54 0.89 2.60 1.46 1.33 2.67 2.44 1.52 1.58 2.01 2.46

Tosajidori  mean value 58.26 28.78 20.38 10.67 4.87 18.32 18.76 745 3232 2539 2266 20.88 12.22 12.25
standard deviation 277 0.99 1.16 0.69 0.77 0.45 0.47 0.32 1.19 1.51 1.15 0.75 1.46 0.82

Totenko mean value 67.73 3498 25.07 1329 577 2091 2116 9.03 37.10 30.13 25.65 22.73 1458 13.86
standard deviation 5.66 3.45 2.08 1.14 1.04 1.21 1.32 0.71 2.89 2.13 2.11 1.87 1.42 2.09

Chabo mean value 57.67 28.82 20.26 10.40 5.08 19.06 1854 7.96 3211 2558 2246 20.69 1253 12.70
standard deviation 3.99 206 131 0.79 0.56 0.83 0.76 0.59 1.30 1.15 1.00 0.76 2.05 1.17

breed measurements BLbt CbL GBsb  Bpr GLm Leaba Lpaa Ls Lpapr GLabpa Lpaps GBco GHfm GBfm GM

c_om_p_aring p_air with AEFGHACEFG ACEFG ACEFG AEFGH ACEFG ACEFG ACEFG ACEFG ACEFG ACEFG AEGHI EGIIL ACEFG ACEFG

significant difference ILMO HILMO HIJLMO HIJLMO ILO HIJLMO HIJLMO HILMO HIMO HIMO  HILMO HILO  HIJLMO

Onagadori mean value 11.98 61.84 19.87 4340 29.38 54.06 49.31 49.11 9.29 11.12 9.66 3.22 6.25 7.36 34.42
standard deviation 0.83 4.60 1.19 6.60 5.18 3.82 3.59 3.36 1.13 1.43 0.81 0.48 0.57 0.60 2.17

Oh-Shamo mean value 14.85 78.29 25.03 52.60 39.33 70.00 63.06 6274 1049 1524 13.69 4.54 6.46 8.31 43.52
standard deviation 0.97 584 1.50 4.40 3.30 5.70 5.40 4.97 0.78 1.32 0.97 0.31 0.63 0.53 2.36

Shokoku mean value 11.18 60.73 20.28 40.33 28.80 53.25 48.43 48.11 8.27 10.57 9.48 3.42 6.48 6.89 34.17
standard deviation 1.63 4.72 1.01 2.98 2.68 4.20 3.89 3.48 0.50 1.20 1.01 0.37 0.71 0.56 2.62

Tosajidori  mean value 10.03 52.72 17.18 3352 2495 4527 40.94 4057 7.46 8.97 7.96 2.93 5.28 6.24 30.26
standard deviation 0.65 3.28 0.79 1.20 0.97 1.49 1.52 1.68 0.50 0.46 0.60 0.34 0.26 0.33 0.99

Totenko mean value 12.20 62.08 20.39 4158 29.52 5513 50.03 49.63 8.48 10.72 9381 3.34 5.71 7.05 35.08
standard deviation 0.89 534 2.01 4.16 2.35 4.13 3.90 4.55 0.73 0.54 0.85 0.28 0.85 0.54 2.45

Chabo mean value 9.60 51.60 16.85 33.08 2458 4499 40.50 40.07 7.22 9.31 8.18 3.01 5.28 6.00 30.14

standard deviation 0.93 294 0.92 1.35 1.63 1.78 1.58 1.66 0.50 0.45 0.46 0.32 0.44 0.38 1.35
Each alphabet indicates comparing pair with significant difference as follows; ** Onagadori - Oh-Shamo, "Onagadori - Shokoku,
© Onagadori - Tosajidori, ®Onagadori - Totenko, ®Onagadori - Chabo, " Oh-Shamo - Shokoku, © Oh-Shamo - Tosajidori, "
Oh-Shamo - Totenko, ' Oh-Shamo - Chabo, ’ Shokoku - Tosajidori,  Shokoku - Totenko, - Shokoku - Chabo, ™ Tosajidori -
Totenko, “Tosajidori - Chabo and © Totenko - Chabo.
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Table 1-4. Mean values and standard deviations for skull measurement ratios in various

breeds.

breed measurementsGLs GLi BLb GLbt Hbt GLoc GLmp GBbt Lnc  GBs GBnc SBnc SBo GBb
comparing pair with ) _—_— . . . _—_ ) ) ) cegim
significant difference gijl elo fghi abijl agjl o] a
Onagadori meanvalue 1.95 1.00 0.70 0.38 0.17 0.61 0.61 0.25 1.08 0.85 0.75 0.66 0.40 0.37

Zte""\zg;‘g‘r’] 0.03 0.02 0.04 0.03 0.01 0.02 001 001 005 0.02 002 002 005 0.03
Oh-Shamomean value 1.97 1.04 0.71 0.38 0.19 056 058 0.27 1.06 0.87 075 065 046 0.45
Zte""\zg;‘g‘r’] 0.06 0.06 0.03 0.01 0.02 001 0.01 005 002 0.02 001 001 0.03 0.03
Shokoku meanvalue 1.97 1.05 0.70 0.37 0.16 055 059 0.25 1.06 0.85 0.76 067 0.40 0.40
Zte""\zg;‘g‘r’] 0.02 0.04 0.04 0.03 0.02 004 001 002 002 001 002 001 0.04 0.05
Tosajidori meanvalue 1.92 0.95 0.67 0.35 0.16 0.61 0.62 0.25 1.07 0.84 075 069 0.40 0.40
Zte""\zg;‘g‘r’] 0.05 0.02 0.02 0.02 0.02 001 0.02 001 002 0.03 002 001 0.04 0.02

Totenko meanvalue 1.93 1.00 0.71 0.38 0.16 0.60 0.60 0.26 1.06 0.86 0.73 0.65 0.42 0.39

Zte""\zg;‘g‘r’] 0.04 0.06 0.02 0.1 0.02 0.01 001 002 0.02 002 002 002 003 0.05

Chabo  meanvalue 1.91 0.96 0.67 0.35 0.17 0.63 0.62 0.26 1.07 0.85 075 0.69 0.42 0.42
standard 0.06 0.05 0.04 0.02 0.01 0.04 001 0.2 0.03 002 001 002 0.06 003
deviation

breed measurementsBLbt CbL GBsb Bpr GLm Leabalpaa Ls Lpapr GLabpaLpaps GBco GHfm GBfm

comparing pair with cegil cegqil

significant difference o] o]

Onagadori meanvalue 0.35 1.80 058 1.26 0.85 1.57 1.43 143 0.27 0.32 0.28 0.09 0.18 0.21
Ztea\zgﬁ‘g‘:] 0.02 0.03 0.01 0.8 0.2 0.04 003 003 003 002 001 001 002 002

Oh-Shamomeanvalue 0.34 1.80 058 1.21 0.90 1.61 1.45 144 0.24 0.35 0.31 0.10 0.15 0.19

- ei | cei i egilo ae afghi  afghi - afi a

Ztea\zgﬁ‘g‘:] 0.01 0.06 0.02 0.04 0.04 0.06 0.06 005 001 0.02 001 000 0.02 0.01
Shokoku meanvalue 0.33 1.78 059 1.18 0.84 156 1.42 1.41 024 031 028 0.10 0.19 0.0
Ztea\zgﬁ‘g‘:] 0.03 0.03 0.02 0.02 0.03 0.02 0.03 002 001 001 001 000 0.02 0.01
Tosajidori meanvalue 0.33 1.74 057 1.11 0.82 150 1.35 1.34 025 0.30 026 0.0 0.17 021
Ztea\zgﬁ‘g‘:] 0.01 0.07 0.01 0.02 0.02 001 001 001 001 001 001 001 001 0.01

Totenko meanvalue 0.35 1.77 058 1.18 0.84 157 143 141 024 031 0.28 0.10 0.16 0.20

Ztea\zgﬁ‘g‘:] 0.02 0.04 0.02 0.06 0.03 0.04 003 0.06 0.01 002 001 001 003 0.01

Chabo  meanvalue 0.32 171 056 1.10 0.82 1.49 1.34 133 024 031 027 010 018 0.20
standard 0.03 0.05 0.02 0.04 0.04 0.05 0.05 0.05 0.02 001 001 001 001 001
deviation

Each alphabet indicates comparing pair with significant difference as follows; ?

Onagadori - Oh-Shamo, ® Onagadori - Shokoku, ¢ Onagadori - Tosajidori,  Onagadori -
Totenko, © Onagadori - Chabo, " Oh-Shamo - Shokoku, ¢ Oh-Shamo - Tosajidori, "
Oh-Shamo - Totenko, ' Oh-Shamo - Chabo, ! Shokoku - Tosajidori, © Shokoku - Totenko,
' Shokoku - Chabo, ™ Tosajidori - Totenko, " Tosajidori - Chabo and ° Totenko - Chabo.
—signified that every pair shows no significant difference.
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Table 2-1. Specimens used in the Chapter 3.

breed sex specimen No. growth stage  donor depository | breed sex specimen No. growth stage  donor  depository
Chabo female UMUT-15166 adult! HU UMUT Shokoku female UMUT-15161 adult! HU UMUT
Chabo female UMUT-15167 adult* HU UMUT Shokoku male UMUT-15162 adult® TUA UMUT
Chabo male UMUT-15168 adult! HU UMUT Shokoku male NUM-ab1-1212 adult® - NUM
Chabo female UMUT-14035 adult® TUA  UMUT Shokoku male  NUM-abl-221 adult® - NUM
Chabo male UMUT-14042 adult® TUA UMUT Shokoku male NUM-ab1-222 adult® - NUM
Chabo female UMUT-14035 adult® TUA  UMUT Shokoku female NUM-ab1-223 adult® - NUM
Chabo male UMUT-14041 adult® TUA UMUT Shokoku male NUM-ab1-226 adult® - NUM
Chabo male  UMUT-14039 adult® TUA  UMUT Shokoku male  NUM-ab1-227 adult® - NUM
Chabo - UMUT-11018 adult® IHA UMUT Shokoku male NUM-ab1-236 adult® - NUM
Oh-shamo  male UMUT-15171 adult* HU UMUT Shokoku male NUM-ab1-237 adult® - NUM
Oh-shamo  male UMUT-15172 adult® HU UMUT Shokoku female NUM-abl1-238 adult® - NUM
Oh-shamo  male UMUT-15150 adult* HU UMUT Shokoku male NUM-ab1-57 adult® - NUM
Oh-shamo  male UMUT-15151 adult! HU UMUT Shokoku male NUM-ab1-1347 adult® - NUM
Oh-shamo - UMUT-15152 adult® HU UMUT Shokoku male  NUM-ab1-224 adult® - NUM
Oh-shamo  male UMUT-15153 adult! HU UMUT Tosa-Jidori female UMUT-15163 adult! HU UMUT
Oh-shamo female UMUT-14018 adult® TUA UMUT Tosajidori - UMUT-15164 adult? HU UMUT
Oh-shamo female UMUT-14019 adult® TUA UMUT Tosajidori male UMUT-14027 adult® TUA UMUT
Oh-shamo - UMUT-15154 adult® TUA UMUT Tosajidori female NUM-abl1-1336 adult? - NUM
Oh-shamo  male UMUT-14021 adult® TUA UMuT Tosajidori female NUM-abl-1349 adult? - NUM
Onagadori  male UMUT-15155 adult! HU UMUT Totenko male UMUT-15165 adult? TUA UMUT
Onagadori  male UMUT-15156 adult! HU UMUT Totenko male UMUT-14031 adult® TUA UMUT
Onagadori  male UMUT-15157 adult! HU UMUT Totenko female UMUT-14030 adult? TUA UMUT
Onagadori  male UMUT-15158 adult! HU UMUT Totenko male UMUT-14034 adult® HU UMUT
Onagadori  female UMUT-15159 adult! HU UMUT Totenko male UMUT-14033 adult? TUA UMUT
Onagadori  female UMUT-15160 adult! HU UMUT Totenko female UMUT-14029 adult® TUA UMUT
Onagadori  female UMUT-14015 adult! HU UMUT

UMUT indicates The University Museum, The University of Tokyo. NUM indicates Nagoya University Museum, Nagoya University. HU
indicates Hiroshima University. TUA indicates Tokyo University of Agriculture. IHA indicates Imperial Household Agency. adult* indicates
over one years old. adult® indicates completed ossification of sternum.
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Table 2-2. The measurements used in the Chapter 3.

Abbreviation Abbreviation
of Details of Details
measurements measurements
Lor Length between the edge of the processus Bou Breadth of the proximal end from the facies articularibs medialis or
p costalis to the median point of the rostrum sterni® p ventralis to the facies articularis lateralis or dorsalis™
Smallest breadthe between the facets for ; : . ab

SBf the costosternal articulations, measured at the narrowest part® Didu diagonal of the distal end of the ulna
Greatest length of the sternum; from the processus carinatus ab

GLst sterni to the cranial edge of the processus costalis® SBu Smallest breadth of the ulna
Length from the manubrium sterni; from the cranial point of the : :

Lms manubrium sterni (or the median point of the line joining the cranial Dip g?ﬁgnal of the proximal end from the caudal border of the olecranon
points of the manubrium sterni) to the caudal border (or point) of the : : . ; . ..ab
metasternum in the median plane® cranial border of the facies articularis lateralis or dorsalis

Lc Length of the crista sterni; from the apex cristae sterni to tpe caudal Boh Breadth of the proximal end from the tuberculum laterale or dorsable
border (or point) of the metasternum in the median plane® p to the tuberculum mediale or ventrale, without the crista lateralis®
Hs ch?sl?enitgbgf the sternum; from the apex sterni to the facies articularis GLh Greatest length of the humerus®

Lap Length between the apex sterni to the edge of the processus costalis® SBh Smallest breadth of the humerus®”

Lar Is_ger:?\fp between the apex sterni to the ventral edge of the rostrum Bdh Breadth of the distal end of the humerus®®
Greatest length of the coracoid; measured generally to the distal b

GLco point of the basal articulbar surface, exceptionally to the distal point of GLr Greatest length of the radius™
the processus lateralis®

GBc Greatest basal breadth of the coracoid®” Bpr Breadth of the proximal end of the radius®
Breadth of the facies articularis basalis of the coracoid (= basal .o ab

Bfc articular surface) *° SBr Smallest breadth of the radius

SBc Smallest breadth of the coracoid” Bdr Breadth of the distal end of the radius*”

Lmc Medial length of the coracoid®” Ba Breadth of the acromion®

GLsc Greatest length of the scapula®” Hcau Heighth of the os carpi alulae ulnare®

GBs Greatest breadth of the scapula” Wcau Width of the os carpi alulae ulnare®

SBs Smallest breadth of the scapula” Hcar Heighth of the os carpi alulae radiale®

Dic Cranial diagonal of the scapula""h Wcar Width of the os carpi alulae radiale®

GLcl Greatest length of the clavicula® Didc Diagonal of the distal end of the carpometacarpus®”

Length between the synostosis interclavicularis to the apophysis . ; ab
Lsa bifurculae claviculae® Bpc Breadth of the proximal extremity of the carpometacarpus
; : . . . C Length of the metacarpus Il, from articular surface to articular surface
Bc Breadth between the facies articularis clavicularis Lm without the processus distalis®®
Length of the corpus claviculae; from the median point of the N

Lcc synostosis interclavicularis to the edge of the facies articularis GLcm Greatest length of the carpometacarpus®
acrocoracoidae®

GLu Greatest length of the ulna®”

2 Driesch (1976). ° Samejima et al. (1989). ¢ Yasuda (2002).
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Table 2-3-1. Mean values and standard deviations for skeleton measurements of forelimb, pectoral girdle and sternum in various breeds.

breed measurements GLst Lms Lc Hs Lap Lar GLco Lpr SBf GBc Bfc SBc Lmc GLsc GBs
o) 0 o) 0 o) 0 o) 0 o) 0 0
Chabo mean 80.74 8041 66.78 2690 36.7/ 2425 3813 1296 2183 1091 866 351 3548 50.10 563
zgﬂgﬁg‘é 4.15 3.99 6.49 2.04 2.18 1.86 2.83 1.08 1.88 0.77 0.56 0.36 2.68 1.91 0.53
Ohshamo  mean 155.26  158.46 136.70 54.90  74.44  49.04  79.69  27.72  46.48 2315 1832  6.67 7476 99.07  11.97
Standard 14.44 1423 1407 492 664 513 740 440 598 285 240 089 654 997 138
Onagadori  mean 118.99 119.15 96.44  40.73  58.84  41.04 5925 19.82  30.76 1503 1131 451 56.86  76.46  6.56
gf&:gﬁ‘g‘?} 7.81 7.82 7.16 354 4.29 4.16 3.63 1.08 1.23 1.37 1.04 0.42 3.53 3.96 0.61
Shokoku  mean 118.95 117.81 98.66 44.00 61.64 4258  60.03 2044 3113 1523 1242  4.80 5740 7751  8.00
3‘;‘\2335?1 8.99 9.54 9.36 3.98 5.96 5.02 4.83 2.08 2.55 1.56 1.49 0.63 4.46 5.13 0.92
Tosajidori  mean 8542 8527 7196 2972  40.98 29.15 42552 1407 24.00 11.06 8.95 3.65 40.30 5569 558
Standard 446 514 589 141 097 140 129 091 244 071 071 058 107 130 059
Totenko mean 114.60 113.90 93.44 4122 5838 4233 5856  17.73 3049 1457 1141 4585 5568  76.03  7.11
Zga\;‘gﬁ‘g‘r’] 1329 1412 1116 431 6.29 4.77 6.61 1.89 3.81 1.75 1.49 0.54 6.74 8.19 0.66
breed measurements SBs Dic GLcl Ba Lsa Bc Lcc GLu Bpu Didu SBu Dip Bph GLh SBh
Chabo mean 3.82 9.13 4219  8.60 8.69 18.04 3347 4714 6.73 7.43 353 9.84 1435 50.72 546
Zga\;‘gﬁ‘g‘r’] 0.26 0.63 2.52 0.64 1.22 2.31 1.67 3.33 0.39 0.48 0.22 0.73 3.60 3.30 0.37
Ohshamo  mean 7.92 18.17 8628 1522 2235 4531  65.86 10214 1256 13.87  6.26 19.50  29.41 10239 9.79
gf&:gﬁ‘g‘?} 1.00 1.88 6.66 2.18 3.09 7.27 5.08 1020 145 1.78 0.71 2.01 3.59 9.93 1.10
Onagadori  mean 4.60 12.30 67.62 8.83 17.77 2772 5039 7582  9.04 9.45 4.44 12.94 2076  76.74  6.87
3‘;‘\2335?1 0.29 0.89 3.70 1.50 1.53 7.47 2.88 3.04 0.73 0.70 0.35 1.23 1.60 3.52 0.51
Shokoku  mean 5.09 1276 6831 1086  17.69 27.00 5183 7629 951 9.55 4.49 1243 2084 78.82  6.82
zgﬂgﬁg‘é 0.53 1.24 5.76 1.69 1.85 4.44 461 6.33 0.86 1.03 0.53 1.39 1.88 6.30 0.77
Tosajidori  mean 3.66 9.51 4810  9.32 1039 2034 3814 5252  6.95 7.17 3.58 9.91 1536  54.96 5.41
Zga\;‘gﬁ‘g‘r’] 0.37 0.49 1.67 0.65 0.63 3.35 0.64 2.71 0.33 0.37 0.30 0.82 0.70 2.39 0.29
Totenko mean 5.20 1244  66.86 11.50 16.19 2745 5169 7450  9.18 1021 473 13.08 2075  76.19  7.13
gf&:gﬁ‘g‘?} 0.55 1.21 7.41 2.22 1.15 3.23 6.30 9.73 0.90 1.19 0.63 1.46 2.02 8.57 0.59

Each alphabet indicates comparing pair with significant difference; See the caption of Table 2-3-2.
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Table 2-3-2. Mean values and standard deviations for skeleton measurements of forelimb, pectoral girdle and sternum in various
breeds.
breed measurements Bdh GLr Bpr SBr Bdr Bpc Hcau Wcau Hcar Wcar Lm GLcm Didc GM

I ABCEF ABCEF ABCEF ABCEF ABCEF ABCEF ABCEF ABCEF ABCEF ABCEF ABCEF ABCEF
comparing pair with significant - ABCEE Gricm  grikm  ABCEF GHIKM  GHIKM  GHIKM  GHIKM  GHIKM GHIKM GHIKM GHIKM GHIKM ~ GHIKM

difference GHIKM 0 0 GHIM 0 0 0 0 o 0 0 0 0 0
Chabo mean 1237 4207 419 256 542 1011 562 651 431 630 2445 2674 590  36.12
Standard 086 285 030 022 044 064 044 041 025 039 163 165 039 211
Ohshamo  mean 2346 9131 817 483 1023 17.62 1029 1206 847 1156 5189 56.16  10.62  73.85
Standard 257 936 106 061 138 163 091 127 102 135 537 561 135 655
Onagadori  mean 15.74 68.65 5.35 3.21 7.06 12.49 7.55 8.76 5.75 8.14 39.93 42.63 7.72 53.02
Standard 141 261 068 029 078 117 070 078 065 08 175 203 040  3.15
Shokoku  mean 1593  69.23 572 341 679 1273 727 847 586 809 3952 4226 7.4  54.42
Standard 155 575 077 027 078 108 076 089 058 072 332 345 071 432
Tosajidori  mean 1187 4723 397 276 539 1041 557 646 452 635 2801 3017 568  39.31
Standard 071 225 027 029 051 069 030 050 041 046 123 132 031 260
Totenko  mean 1571 6743 550 327 708 1269 733 873 576 814 3818 4124 803 5229
ngr:ggg?m 1.33 8.85 0.56 0.23 0.69 1.01 0.69 0.91 0.67 0.80 5.02 5.26 0.71 5.96

Each alphabet indicates comparing pair with significant difference as follows; Oh-Shamo - Chabo, ®Onagadori - Chabo, ©

Shokoku - Chabo, ° Tosajidori - Chabo, FTotenko - Chabo, " Onagadori - Oh-Shamo, ¢ Shokoku - Oh-Shamo, ™ Tosajidori -
Oh-Shamo, ' Totenko - Oh-Shamo, ? Shokoku - Onagadori, ¥ Tosajidori - Onagadori, - Totenko - Onagadori, ™ Tosajidori - Shokoku,
NTotenko - Shokoku and © Totenko - Tosajidrori.
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Table 2-4-1. Mean values and standard deviations for skeleton measurement ratios of forelimb, pectoral girdle and sternum in various
breeds.

breed measurements  GLst Lms Lc Hs Lap Lar GLco Lpr SBf GBc Bfc SBc Lmc GlLsc GBs
gf’g“rjff’lig?]? air with afg afi - cgm  peefg  beefg e ; fgi cfghi  befgi - bce foi bfgij
Chabo mean 2.24 2.23 1.85 0.74 1.02 0.67 1.06 0.36 0.60 0.30 0.24 0.10 0.98 1.39 0.16
3?&:235?] 0.08 0.07 0.11 0.03 0.04 0.05 0.04 0.03 0.03 0.01 0.01 0.01 0.04 0.06 0.01
Ohshamo  mean 2.10 2.15 1.85 0.74 1.01 0.67 1.08 0.38 0.63 0.31 0.25 0.09 1.01 1.34 0.16
gg"\ﬂgﬁg‘r’] 0.06 0.05 0.08 0.04 0.05 0.06 0.04 0.05 0.04 0.02 0.02 0.01 0.04 0.05 0.02
Onagadori  mean 2.24 2.25 1.82 0.77 1.11 0.77 1.12 0.37 0.58 0.28 0.21 0.08 1.07 1.44 0.12
zgﬂgﬁg‘é 0.04 0.04 0.05 0.03 0.04 0.06 0.03 0.01 0.02 0.01 0.01 0.01 0.03 0.07 0.01
Shokoku  mean 2.19 2.16 1.81 0.81 1.13 0.78 1.10 0.38 0.57 0.28 0.23 0.09 1.06 1.43 0.15
3?\2235?1 0.04 0.04 0.04 0.02 0.06 0.06 0.05 0.02 0.02 0.02 0.01 0.01 0.04 0.05 0.01
Tosajidori  mean 2.18 2.17 1.83 0.76 1.05 0.74 1.08 0.36 0.61 0.28 0.23 0.09 1.03 1.42 0.14
3?&:235?] 0.08 0.05 0.06 0.03 0.07 0.06 0.04 0.02 0.02 0.02 0.01 0.01 0.04 0.06 0.01
Totenko mean 2.19 2.18 1.79 0.79 1.12 0.81 1.12 0.34 0.58 0.28 0.22 0.09 1.06 1.46 0.14
gg"\ﬂgﬁg‘r’] 0.07 0.06 0.08 0.02 0.04 0.01 0.05 0.02 0.02 0.01 0.01 0.01 0.05 0.05 0.01
breed measurements SBs Dic GLcl Ba Lsa Bc Lcc GLu Bpu Didu SBu Dip Bph GLh SBh
Chabo mean 0.11 0.25 117 0.24 0.24 0.50 0.93 1.31 0.19 0.21 0.10 0.27 0.40 1.40 0.15
gg"\ﬂgﬁg‘r’] 0.01 0.01 0.03 0.02 0.03 0.08 0.04 0.05 0.01 0.01 0.00 0.02 0.10 0.05 0.01
Ohshamo  mean 0.11 0.25 1.17 0.21 0.30 0.62 0.89 1.38 0.17 0.19 0.08 0.26 0.40 1.39 0.13
zgﬂgﬁg‘é 0.01 0.01 0.07 0.02 0.03 0.10 0.06 0.07 0.01 0.01 0.01 0.01 0.02 0.05 0.01
Onagadori  mean 0.09 0.23 1.28 0.17 0.34 0.52 0.95 1.43 0.17 0.18 0.08 0.24 0.39 1.45 0.13
3?\2235?1 0.00 0.01 0.06 0.03 0.03 0.14 0.05 0.06 0.01 0.01 0.00 0.01 0.01 0.04 0.01
Shokoku  mean 0.09 0.23 1.26 0.20 0.33 0.50 0.95 1.40 0.17 0.18 0.08 0.23 0.38 1.45 0.13
3?&:235?] 0.01 0.01 0.07 0.03 0.03 0.08 0.05 0.05 0.01 0.01 0.01 0.02 0.01 0.05 0.01
Tosajidori  mean 0.09 0.24 1.23 0.24 0.26 0.52 0.97 1.34 0.18 0.18 0.09 0.25 0.39 1.40 0.14
gg"\ﬂgﬁg‘r’] 0.00 0.01 0.05 0.03 0.01 0.06 0.05 0.04 0.01 0.01 0.01 0.00 0.02 0.04 0.01
Totenko mean 0.10 0.24 1.28 0.22 0.31 0.53 0.99 1.42 0.18 0.20 0.09 0.25 0.40 1.46 0.14
zgﬂgﬁg‘é 0.00 0.01 0.06 0.03 0.02 0.03 0.05 0.09 0.01 0.01 0.01 0.02 0.01 0.06 0.01

Each alphabet indicates comparing pair with significant difference; See the caption of Table 2-4-2.
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Table 2-4-2. Mean values and standard deviations for skeleton measurement ratios of forelimb, pectoral girdle and sternum
in various breeds.

breed measurements  Bdh GLr Bpr SBr Bdr Bpc Hcau Wcau Hcar Wcar Lm GLcm Didc
g%nr;'#gra'?‘? (?ifafi(;r\évgge fagbcde bce b bcek bcg E%%Eh abce abcde bc abcem  bcef b abcdn
Chabo mean 0.34 117 0.12 0.07 0.15 0.28 0.16 0.18 0.12 0.17 0.68 0.74 0.16
gfﬂgﬁ‘g‘; 0.02 0.05 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.03 0.03 0.01
Ohshamo  mean 0.32 1.24 0.11 0.07 0.14 0.24 0.14 0.16 0.11 0.16 0.70 0.76 0.14
32\2235?] 0.02 0.08 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.03 0.03 0.01
Onagadori  mean 0.30 1.30 0.10 0.06 0.13 0.24 0.14 0.16 0.11 0.15 0.75 0.80 0.15
gfﬁg;‘g?] 0.01 0.06 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.03 0.03 0.01
Shokoku  mean 0.29 1.27 0.10 0.06 0.12 0.23 0.13 0.16 0.11 0.15 0.73 0.78 0.13
fifvr:gﬁ‘g‘r’] 0.01 0.05 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.00 0.03 0.03 0.01
Tosajidori  mean 0.30 1.20 0.10 0.07 0.14 0.26 0.14 0.16 0.11 0.16 0.71 0.77 0.14
gfﬂgﬁ‘g‘; 0.01 0.04 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.03 0.03 0.01
Totenko mean 0.30 1.29 0.11 0.06 0.14 0.24 0.14 0.17 0.11 0.16 0.73 0.79 0.15
32\2235?] 0.02 0.09 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.04 0.04 0.01

Each alphabet indicates comparing pair with significant difference as follows; * Oh-Shamo - Chabo, ® Onagadori - Chabo, ©
Shokoku - Chabo,  Tosajidori - Chabo, ¢ Totenko - Chabo, " Onagadori - Oh-Shamo, ¢ Shokoku - Oh-Shamo, " Tosajidori -
Oh-Shamo, ' Totenko - Oh-Shamo, ! Shokoku - Onagadori, © Tosajidori - Onagadori, ' Totenko - Onagadori, ™ Tosajidori -
Shokoku, " Totenko - Shokoku and ° Totenko - Tosajidori. - signified that every pair shows no significant difference.
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Table 3-1. Specimens used in the Chapter 4.

breed sex specimen No. g{g;\gh donor depository | breed sex specimen No. g{gg‘gh donor depository
Chabo female UMUT-15166 adult! HU UMUT Onagadori female UMUT-14016 adult! HU UMUT
Chabo female UMUT-15167 adult! HU UMUT Onagadori female UMUT-14015 adult! HU UMUT
Chabo male UMUT-15168 adult! HU UMUT Shokoku female UMUT-15161 adult! HU UMUT
Chabo male UMUT-15169 adult? TUA UMUT Shokoku female UMUT-15178 adult? TUA UMUT
Chabo male UMUT-14037 adult? TUA UMUT Shokoku male UMUT-15162 adult® TUA UMUT
Chabo female UMUT-14036 adult? TUA UMUT Shokoku male NUM-ab1-1212 adult? - NUM
Chabo female UMUT-15170 adult® TUA  UMUT Shokoku Male  NUM-ab1-220 adult® - NUM
Chabo male UMUT-14042 adult? TUA UMUT Shokoku male NUM-ab1-221 adult? - NUM
Chabo male  UMUT-14041 adult® TUA  UMUT Shokoku female NUM-ab1-223 adult® - NUM
Chabo female UMUT-14035 adult? TUA UMUT Shokoku male NUM-ab1-226 adult? - NUM
Ohshamo male  UMUT-15171 adult* HU UMUT Shokoku male  NUM-ab1-227 adult® - NUM
Ohshamo  male UMUT-15172 adult? HU UMUT Shokoku male NUM-ab1-234 adult? - NUM
Ohshamo male  UMUT-15150 adult* HU UMUT Shokoku male  NUM-ab1-236 adult® - NUM
Ohshamo  male UMUT-15151 adult* HU UMUT Shokoku male NUM-ab1-237 adult? - NUM
Ohshamo male  UMUT-15153 adult* HU UMUT Shokoku female NUM-ab1-238 adult® - NUM
Ohshamo female UMUT-14018 adult? TUA UMUT Shokoku male NUM-ab1-57 adult? - NUM
Ohshamo  female UMUT-14019 adult® TUA  UMUT Shokoku male  NUM-ab1-224 adult® - NUM
Ohshamo  male UMUT-15154 adult® TUA UMUT Tosajidori female UMUT-14026 adult! HU UMUT
Ohshamo - UMUT-14023 adult? TUA UMUT Tosajidori female UMUT-15163 adult! HU UMUT
Ohshamo female UMUT-14020 adult® TUA UMUT Tosajidori - UMUT-15164 adult® HU UMUT
Ohshamo  male UMUT-15174 adult? TUA UMUT Tosajidori female NUM-abl-1336 adult® HU NUM
Onagadori male UMUT-15175 adult! HU UMUT Totenko male UMUT-14034 adult® HU UMUT
Onagadori male UMUT-15155 adult! HU UMUT Totenko male UMUT-15165 adult® TUA UMUT
Onagadori male UMUT-15157 adult! HU UMUT Totenko male UMUT-14031 adult® TUA UMUT
Onagadori female UMUT-15176 adult! HU UMUT Totenko female UMUT-14030 adult® TUA UMUT
Onagadori female UMUT-15177 adult® HU UMUT Totenko male UMUT-14033 adult® TUA UMUT
Onagadori female UMUT-15159 adult! HU UMUT Totenko female UMUT-14029 adult® TUA UMUT
Onagadori female UMUT-15160 adult! HU UMUT

UMUT indicates The University Museum, The University of Tokyo. NUM indicates Nagoya University Museum, Nagoya University. HU
indicates Hiroshima University. TUA indicates Tokyo University of Agriculture. adult' indicates over one years old. adult® indicates
completed ossification of hindlimb bones.
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Table 3-2. The measurements used in the Chapter 4.

Abbreviation Abbreviation
of Details of Details
measurements measurements
Diameter of one acetabulum; greatest )
Dia gli)stance including the labium acetabuli | GLti Greatest length of the tibiotarsus *
Heighth between the spina iliolateralis . o ‘¢
Hsp and the processus terminalis ischii © Lccl Length of the crista cnemialis lateralis
: Diagonal of the proximal end; from the
GDfi i(ﬁgiesfaléﬁisatdic(ﬂ%ngeter of the foramen Dip condylus bmedialis femoralis to the crista
' lateralis *
SDfi ﬁgﬁsacllhei:aicg:ﬁmeter of the foramen SBti Smallest breadth of the tibiotarsus *°
Heighth of the pelvis; from the
H processus dorsalis of the most cranial Bdti Breadth ofb the distal end of the
p vertebrae to the processus ventralis of tibiotarsus *
the most cranial vertabrae ©
GBpg g(};llrﬁgte%sé O]E){ﬁg(iiltig L Qcross the partes Ddti aI:v)bepth of the distal end of the tibiotarsus
SBpg ;bmallest breadth of the partes glutaeae Lcf Length of the crista febularis °
Btp grrsaaggsabu?ae}tgvceen the  tuberculum Lf Length of the fibula ©
Breadth between the borders of the : . .
Bac acetabula, measured at the narrowest | Bfaf Ereadtrp_ cOf the facies articularis
part*? emoralis
Ba Breadth in the middle'b breadth across GlLta GLreatest length of the tarsometatarsus
the two antitrochanter ® &
Beid Breadth between the caudal crista iriaca Bota Breadth of the Proximal end of the
dorsolateralis ° p tarsometatarsus *
Bsi Breadth between the spina iliolateralis® | SBta as,bma”eSt breadth of the tarsometatarsus
Bpti Breadth  between the processus Bdta Breadth of theb distal end of the
p terminalis ischii © tarsometatarsus *
: Breadth of the proximal end; caput
Length of the regio : i
Lrs o C Bpfe femoris - most lateral point of the
symsacrothoracolumbalis trochanter major *
Length along the vertebrae, centrally =
length of the os lumbosacrale, from the
Ly most cranial (thoracic) vertebra fused Dpfe Dbepth of the proximal end of the femur
with the os lumbosacrale to the most p &
caudal (coccygeal) V(Ertebra fused with
the os lumbosacrale *
Length between the caudal crista iriaca ab
Les dorsolateralis and the spina iliolateralis © Glfe Greatest length of the femur
Length  between the tuberculum .
Ltpp preacetabulare and the processus | Lmfe Medial length of the femur®
dorsalis of the most cranial vertebrae °
Length between the regio .
Lrr synsacrolumbalis and the regio | SBfe Smallest breadth of the femur ®
synsacrocaudalis °
Greatest length of the pelvis (without
pubis); cranial border of the ilia (= margo : ab
GLp iliocranialis) - most caudal points of the Ddfe Depth of the distal end of the femur
. . a'b
ischia
Length  between the tuberculum b
Ltp preacetabulare and the processus | Bdfe Breadth of the distal end of the femur®

terminalis ischii

2 Driesch (1976). ® Samejima (1990). ¢ Yasuda (2002).
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Table 3-3-1. Mean values and standard deviations for skeleton of hindlimb, pelvic girdle and pelvis measurements in various breeds.

breed measurements Dia Hsp GDfi SDfi Hp GBpg SBpg Btp Bac Ba Bcid Bsi Bpti Lrs
gy o an sy S5 ST AOCST MGTT T NS G ST SOT ASCT MROT oo puero pocer
Chabo mean 557 2260  9.73 6.80 1532 2498 2139 3405 2863 4026 3481 1798 3285 1361
Standard 053 2.29 0.84 0.74 111 151 1.40 2.94 2.04 2.02 1.08 1.67 2.99 2.34
Ohshamo  mean 1188 4735 1947 1332 3234 5082 39.89 6155 5305 7665 7180 3275 5152  30.94
Standard 1.27 5.10 1.85 1.70 3.60 4.28 321 4.22 5.61 7.20 6.62 3.81 5.38 3.16
Onagadori  mean 7.24 3213 1504  9.43 19.15 3074 2728  47.07 3948 5335 4397 2359 4143 1045
Standard 0.80 2.99 1.06 1.77 164 2.20 2.10 3.91 3.45 4.59 3.94 2.32 2.08 256
Shokoku ~ mean 8.15 3620 1515  9.68 2120 3605 2883 4577 3778 5390 4622 2276 3688  22.29
Standard 0.98 4.62 1.29 0.88 2.72 2.72 1.95 3.58 2.69 417 3.76 2.78 4.44 311
Tosajidori  mean 5.46 2153 1168  6.79 1364 2639 2270 3584 3018 4113 3561 1651 3425  14.90
Standard 0.25 141 0.84 0.47 0.44 1.03 1.34 0.90 0.93 0.70 1.41 0.92 1.90 1.90
Totenko mean 7.66 3224 1508 924 2078 3353 2754 4540  37.87 5218 4583 2133 4028  23.13
Standard 121 372 2.09 1.14 2.93 3.08 211 5.80 421 4.80 5.56 487 374 4.91
breed measurements Lv Lcs GLp Ltpp Lrr Ltp GLti Lccl Dip SBti Bdti Ddti Lcf Lf
Gomparng palr wih sgnfcant iy ACEES Giiiu GHiku  Gikv Gk Grikv  ASCEF G fBCFC  ABCER ACEFG Gl Ghikw
Chabo mean 5054 1386 6983 3034 3915 4266 7163 1274 1440 568 9.17 1024 1199 4482
ggﬂggg?‘ 5.53 1.34 5.37 2.09 3.94 4.02 8.19 0.99 1.40 0.50 0.63 0.92 2.37 4.46
Ohshamo  mean 10512 3050  137.29 5537 7824  90.39  167.24 2824 3109 1111 1885 2013  28.80  118.19
Sgi]gggrj\ 1490  3.02 9.43 4.02 6.95 8.03 15.14  2.93 3.90 1.55 2.24 2.96 3.49 12.08
Onagadori  mean 7399 1567 9489 4246 5524 5812 11942 2074 1852  7.03 1247 1248 2094 7817
Standard 7.01 1.76 7.17 3.12 577 3.84 8.06 5.55 2.19 121 1.28 1.06 2.76 5.59
Shokoku  mean 80.13 1846 10298 4451 5838  63.94 12185 1940 1937  6.94 1261 1290 2131  79.18
jg?gﬁg‘r‘] 7.06 2.23 7.60 357 4.42 6.14 9.84 1.70 1.74 0.72 1.15 1.37 1.73 8.20
Tosajidori  mean 5228 1311 7206 3129  37.68 4458 7891 1468 1394 561 9.28 9.61 1311 51.04
Standard 1.42 118 3.11 0.89 113 2.32 1.95 0.81 0.85 0.33 0.24 0.48 1.07 1.29
Totenko mean 7828 1862 9952 4338 5586 6026  120.84 19.34 1870  6.84 1191 1288 2018  74.82
Standard 1277 2.40 1328 590 8.00 7.75 1679  3.69 2.40 0.69 151 1.43 373 12.90

Each alphabet indicates comparing pair with significant difference; See the caption of Table 3-3-2.
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Table 3-3-2. Mean values and standard deviations for skeleton of hindlimb, pelvic girdle and pelvis measurements in
various breeds.

breed measurements Bfaf Glta Bpta SBta Bdta Bpfe Dpfe GlLfe Lmfe SBfe Ddfe Bdfe GM
difference IM o HIM 0 o 0 o 0 HIM HIM 0 0
Chabo mean 7.61 4565  10.98  5.79 1011 11.17  10.31 5400 4946 590 1120 1229  31.84
3?&]235?] 0.63 5.64 0.63 0.59 0.82 0.73 1.01 5.16 4.82 0.46 0.74 1.04 1.89
Ohshamo  mean 14.15  117.31 2301  11.94 2054 23.06 2143 11719 10856 1158 2271 2478  63.80
gg"ﬂgﬁg‘r’] 2.00 10.84  2.99 1.81 2.41 257 2.19 9.64 8.65 1.42 3.18 358 7.02
Onagadori  mean 8.95 8091 1371  7.03 1334 1379 1347 8287 7729  7.23 1340  16.07  42.26
Standard 0.97 787 147 188 132 130 168 531 469  0.67 1.18 180 346
Shokoku  mean 9.60 8323 1435  7.18 13.16 1533 1423 8521 7948  7.38 1501  16.92  45.04
Standard 1.02 768 210 094 167 158 127 657 600  0.67 1.63 172 419
Tosajidori  mean 7.20 51.99  10.64 524 1013 1053 1023 57.34 53.38 5.86 1114  11.78  30.83
3?&]235?] 0.52 2.21 0.21 0.11 0.10 0.55 0.76 0.76 0.35 0.40 0.59 0.56 0.48
Totenko mean 9.45 8299 13.90  7.18 1354 1423 1417 8257 7778 7.14 1438 1620  43.92
gg‘\ﬂgﬁg?] 1.15 1289 158 1.19 1.61 1.64 1.66 9.61 9.38 0.66 1.97 1.88 5.78

Each alphabet indicates comparing pair with significant difference as follows; “Oh-Shamo - Chabo, ®Onagadori - Chabo,
Shokoku - Chabo, PTosajidori - Chabo, FTotenko - Chabo, Onagadori - Oh-Shamo, © Shokoku - Oh-Shamo, " Tosajidori
Oh-Shamo, ' Totenko - Oh-Shamo, ? Shokoku - Onagadori,  Tosajidori - Onagadori, - Totenko - Onagadori, ™ Tosajidori -
Shokoku, NTotenko - Shokoku and © Totenko - Tosajidrori.
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Table 3-4-1. Mean values and standard deviations for skeleton of hindlimb, pelvic girdle and pelvis measurement ratios in
various breeds.

breed measurements Dia Hsp GDfi SDfi Hp GBpg SBpg Btp Bac Ba Bcid Bsi Bpti
comparing pair with significant bcdef R abdfg " ; : cfgik } acfhj
difference f cgmn ghim hi fik hkmo afhjm fhjmo hmo mo m
Chabo mean 0.17 0.71 0.31 0.21 0.48 0.79 0.67 1.07 0.90 127 1.10 0.57 1.04
gg"ﬂg%ﬂ 0.01 0.05 0.01 0.01 0.02 0.05 0.04 0.07 0.06 0.07 0.07 0.07 0.12
Ohshamo  mean 0.19 0.74 0.31 0.21 0.51 0.80 0.63 0.97 0.83 1.21 1.13 0.52 0.82
332235?1 0.01 0.04 0.03 0.03 0.02 0.05 0.04 0.09 0.06 0.06 0.05 0.08 0.14
Onagadori mean 0.17 0.76 0.36 0.22 0.45 0.73 0.65 1.12 0.94 1.26 1.04 0.56 0.99
gfﬁg;‘g‘f] 0.01 0.03 0.02 0.05 0.01 0.02 0.05 0.08 0.06 0.06 0.04 0.05 0.09
Shokoku  mean 0.18 0.80 0.34 0.22 0.47 0.80 0.64 1.02 0.84 1.20 1.03 0.51 0.83
zf\ﬂgﬁ‘g‘r’] 0.01 0.04 0.02 0.02 0.02 0.07 0.05 0.06 0.06 0.05 0.04 0.07 0.14
Tosajidori  mean 0.18 0.70 0.38 0.22 0.44 0.86 0.74 1.16 0.98 1.33 1.16 0.54 1.11
gg"ﬂg%ﬂ 0.01 0.04 0.02 0.01 0.01 0.03 0.06 0.05 0.05 0.04 0.05 0.04 0.06
Totenko mean 0.17 0.74 0.34 0.21 0.47 0.77 0.63 1.03 0.86 1.19 1.04 0.48 0.92
332235?1 0.01 0.03 0.03 0.01 0.01 0.05 0.05 0.04 0.03 0.06 0.04 0.09 0.08
breed measurements Lrs Lv Lcs GLp Ltpp Lrr Ltp GLti Lccl Dip SBti Bdti Ddti
. . ith signifi t . bfgi . bcd H i
3%”;?;:&9 pair with signiicant o cegi f‘ a gh afghi - acd ﬁ( cde b afgi cgm gilo bceg
Chabo mean 0.43 1.65 0.44 2.19 0.95 1.23 1.34 2.24 0.40 0.45 0.18 0.29 0.32
332235?1 0.05 0.09 0.04 0.06 0.03 0.08 0.06 0.14 0.02 0.03 0.01 0.01 0.02
Ohshamo  mean 0.49 1.64 0.48 2.16 0.87 1.23 1.42 2.63 0.45 0.49 0.17 0.30 0.31
gfﬁg;‘g‘f] 0.06 0.12 0.03 0.13 0.07 0.08 0.07 0.10 0.04 0.03 0.01 0.02 0.02
Onagadori  mean 0.46 1.75 0.37 2.25 1.01 1.31 1.38 2.83 0.49 0.44 0.17 0.29 0.30
zf\ﬂgﬁ‘g‘r’] 0.05 0.06 0.03 0.10 0.03 0.07 0.05 0.11 0.11 0.02 0.03 0.01 0.01
Shokoku ~ mean 0.49 1.78 0.41 2.29 0.99 1.30 1.42 2.71 0.43 0.43 0.15 0.28 0.29
gg"ﬂg%ﬂ 0.04 0.06 0.02 0.07 0.03 0.06 0.06 0.10 0.02 0.02 0.01 0.01 0.02
Tosajidori  mean 0.48 1.70 0.43 2.34 1.01 1.22 1.45 2.56 0.48 0.45 0.18 0.30 0.31
332235?1 0.06 0.02 0.04 0.07 0.02 0.04 0.06 0.03 0.02 0.02 0.01 0.00 0.01
Totenko mean 0.52 1.77 0.43 2.27 0.99 1.27 1.37 2.75 0.44 0.43 0.16 0.27 0.29
gf\ﬂgﬁ‘gﬁ" 0.05 0.08 0.05 0.04 0.02 0.05 0.04 0.12 0.05 0.01 0.02 0.00 0.01

Each alphabet indicates comparing pair with significant difference; See the caption of Table 3-4-2.
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Table 3-4-2. Mean values and standard deviations for skeleton of hindlimb, pelvic girdle and pelvis measurement ratios in various

breeds.

breed measurements Lcf Lf Bfaf GlLta Bpta SBta Bdta Bpfe Dpfe GLfe Lmfe SBfe Ddfe Bdfe

g%ngf):r:icne(_:] pair with significant abce abcde abce Er?ﬁ%de foi g cgm befgi ) ?bcde ?bcde gegim bgk

Chabo mean 0.37 1.41 0.24 1.43 0.35 0.18 0.32 0.35 0.32 1.69 1.55 0.19 0.35 0.39
gg’:g{"m 0.05 0.07 0.02 0.11 0.01 0.02 0.02 0.02 0.03 0.08 0.08 0.01 0.02 0.03

Ohshamo  mean 0.45 1.86 0.22 1.85 0.36 0.19 0.32 0.36 0.34 1.84 1.71 0.18 0.36 0.39
ggr:gg‘g‘f] 0.04 0.17 0.02 0.12 0.03 0.02 0.01 0.01 0.01 0.08 0.08 0.01 0.02 0.04

Onagadori  mean 0.50 1.86 0.21 1.91 0.32 0.17 0.32 0.33 0.32 1.96 1.83 0.17 0.32 0.38
gt&’]g{j‘gﬂ 0.07 0.16 0.01 0.07 0.02 0.04 0.02 0.01 0.03 0.06 0.06 0.01 0.02 0.02

Shokoku  mean 0.48 1.76 0.21 1.85 0.32 0.16 0.29 0.34 0.32 1.89 1.77 0.16 0.33 0.38
zglr:gﬁ‘g?] 0.05 0.12 0.01 0.08 0.04 0.01 0.03 0.01 0.02 0.05 0.05 0.01 0.02 0.01

Tosajidori  mean 0.43 1.66 0.23 1.69 0.35 0.17 0.33 0.34 0.33 1.86 1.73 0.19 0.36 0.38
gg’:g{"m 0.03 0.05 0.02 0.06 0.01 0.01 0.01 0.01 0.02 0.01 0.02 0.01 0.02 0.01

Totenko mean 0.46 1.70 0.22 1.88 0.32 0.16 0.31 0.33 0.32 1.88 1.77 0.16 0.33 0.37
ggr:gg‘g‘f] 0.04 0.18 0.01 0.10 0.02 0.02 0.01 0.02 0.03 0.08 0.07 0.01 0.03 0.02

Each alphabet indicates comparing pair with significant difference as follows; * Oh-Shamo - Chabo, ® Onagadori - Chabo, © Shokoku
- Chabo, ® Tosajidori - Chabo, © Totenko - Chabo, " Onagadori - Oh-Shamo, ¢ Shokoku - Oh-Shamo, " Tosajidori - Oh-Shamo, '
Totenko - Oh-Shamo, ! Shokoku - Onagadori, © Tosajidori - Onagadori, ' Totenko - Onagadori, ™ Tosajidori - Shokoku, " Totenko -
Shokoku and ° Totenko - Tosajidori. - signified that every pair shows no significant difference.
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GLabpa Lpapr

Fig. 1-1. The measurements in cranium and mandible. (A) Cranium of lateral view from
left side. (B) Cranium from dorsal view. (C) Cranium from ventral view. (D) Mandible
from dorsal view. (E) Cranium from caudal view. The abbreviated forms were remarked
in Table 1-2.
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Fig. 1-1-1. The box plots in each measurement of skull. The abbreviated forms from
GLs to GLco were remarked in Table 1-2. The order of abbreviation follows the order
37

of Table 1-3.
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Fig. 1-1-3. The box plots in each measurement of skull. The abbreviated forms from
SBo to Bpr were remarked in Table 1-2. The order of abbreviation follows the order of

Table 1-3.
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Fig. 1-1-4. The box plots in each measurement of skull. The abbreviated forms from
GLm to GLabpa were remarked in Table 1-2. The order of abbreviation follows the

order of Table 1-3.
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Fig. 1-1-5. The box plots in each measurement of skull. The abbreviated forms from

Lpaps to GBfm were remarked in Table 1-2. GM shows the calculated geometric mean
by using the measurement values of GLs, GBs and GLmp. The order of abbreviation
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Fig. 1-1-6. The box plots in each measurement ratio of skull. The abbreviated forms
from GLs to GLoc were remarked in Table 1-2. The order of abbreviation follows the

order of Table 1-4.
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Fig. 1-1-7. The box plots in each measurement ratio of skull. The abbreviated forms
from GLmp to SBnc were remarked in Table 1-2. The order of abbreviation follows the

order of Table 1-4.
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Fig. 1-1-8. The box plots in each measurement ratio of skull. The abbreviated forms
from SBo to Bpr were remarked in Table 1-2. The order of abbreviation follows the

order of Table 1-4.
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Fig. 1-1-9. The box plots in each measurement ratio of skull. The abbreviated forms
from GLm to GLabpa were remarked in Table 1-2. The order of abbreviation follows

the order of Table 1-4.
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Fig. 1-1-10. The box plots in each measurement ratio of skull. The abbreviated forms
from Lpaps to GBfm were remarked in Table 1-2. The order of abbreviation follows the

order of Table 1-4.
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GLst

Y

Lpr

B

Fig. 2-1-1. The measurements in sternum. (A) Sternum of lateral view from left side.
(B) Sternum from dorsal view. The abbreviated forms were remarked in Table 2-2.
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Fig. 2-1-2. The measurements in skeleton of forelimb, pectoral girdle. (C) Coracoid
from dorsal view. (D) Scapula from ventromedial view. (E) Clavicula from cranial view
and Acromion of clavicula from lateral view. (F) Humerus from medial or ventral view.
(G) Ulna from cranial, proximal and disral view. (H) Radius from cranial view. (I)
Carpometacarpus from caudal view. (J) Os carpi alulae ulnare from dorsal view. (K) Os
carpi alulae radiale from dorsal veiw. The abbreviated forms were remarked in Table

2-2.

48



09l

o8l

09l

09 S

orlL

oclL

0oL

2

1e

deq

Fig. 2-2-1. The box plots in each measurement of forelimb, pectoral girdle and sternum.
The abbreviated forms from GLst to Lar were remarked in Table 2-2. The order of

abbreviation follows the order of Table 2-3-1.
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Fig. 2-2-2. The box plots in each measurement of forelimb, pectoral girdle and sternum.
The abbreviated forms from GLco to SBc were remarked in Table 2-2. The order of

abbreviation follows the order of Table 2-3-1.

50



1979

08 0L 09 0S

awn

SO

21a

Fig. 2-2-3. The box plots in each measurement of forelimb, pectoral girdle and sternum.
The abbreviated forms from Lmc to GLcl were remarked in Table 2-2. The order of

abbreviation follows the order of Table 2-3-1.
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Fig. 2-2-4. The box plots in each measurement of forelimb, pectoral girdle and sternum.

The abbreviated forms from Ba to Bpu were remarked in Table 2-2. The order of

abbreviation follows the order of Table 2-3-1.
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Fig. 2-2-5. The box plots in each measurement of forelimb, pectoral girdle and sterum.
The abbreviated forms from Didu to SBh were remarked in Table 2-2. The order of

abbreviation follows the order of Table 2-3-1.

53
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Fig. 2-2-6. The box plots in each measurement of forelimb, pectoral girdle and sternum.
The abbreviated forms from Bdh to Bpc were remarked in Table 2-2. The order of

abbreviation follows the order of Table 2-3-2.
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abbreviation follows the order of Table 2-3-2.
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Fig. 2-2-8. The box plots in each measurement of forelimb, pectoral girdle and sternum.
The abbreviated form of Didc was remarked in Table 2-2. GM shows the calculated
geometric mean by using the measurement values of Lms, Hs and SBf. The order of
abbreviation follows the order of Table 2-3-2.
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Fig. 2-2-9. The box plots in each measurement ratio of forelimb, pectoral girdle and
sternum. The abbreviated forms from GLst to Lar were remarked in Table 2-2. The

order of abbreviation follows the order of Table 2-4-1.
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Fig. 2-2-10. The box plots in each measurement ratio of forelimb, pectoral girdle and

sternum. The abbreviated forms from GLco to SBc were remarked in Table 2-2. The

order of abbreviation follows the order of Table 2-4-1.
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Fig. 2-2-11. The box plots in each measurement ratio of forelimb, pectoral girdle and

sternum. The abbreviated forms from Lmc to GLcl were remarked in Table 2-2. The

order of abbreviation follows the order of Table 2-4-1.
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Fig. 2-2-12. The box plots in each measurement ratio of forelimb, pectoral girdle and
sternunm. The abbreviated forms from Ba to Bpu were remarked in Table 2-2. The order

of abbreviation follows the order of Table 2-4-1.
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Fig. 2-2-13. The box plots in each measurement ratio of forelimb, pectoral girdle and
sternum. The abbreviated forms from Didu to SBh were remarked in Table 2-2. The

order of abbreviation follows the order of Table 2-4-1.
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Fig. 2-2-14. The box plots in each measurement ratio of forelimb, pectoral girdle and
sternum. The abbreviated forms from Bdh to Bpc were remarked in Table 2-2. The order

of abbreviation follows the order of Table 2-4-2.
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Fig. 2-2-15. The box plots in each measurement ratio of forelimb, pectoral girdle and
sternum. The abbreviated forms from Hcau to GLcm were remarked in Table 2-2. The

order of abbreviation follows the order of Table 2-4-2.
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Fig. 2-2-16. The box plots in each measurement ratio of
forelimb, pectoral girdle and sternum. The abbreviated form
of Didc was remarked in Table 2-2.
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Fig. 3-1-1. The measurements of pelvis. (A) Pelvis of lateral view from left side. (B)
Pelvis from dorsal view. Bv The abbreviated forms were remarked in Table 3-2. In this
Chapter 4, the coalesced vertebrae, ilium, ischii and pubis were defined as pelvis.
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Fig. 3-1-2. The measurements in skeleton of hindlimb. (C) Tibiotarsus from cranial,
lateral, proximal and distal view. (D) Fibula from cranial view. (E) Tarsometatarsus
from cranial view. (F) Femur from caudal, proximal and distal view. The abbreviated
forms were remarked in Table 3-2.
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Fig. 3-2-1. The box plots in each measurement of hindlimb, pelvic girdle and pelvis.

The abbreviated forms from Dia to GBpg were remarked in Table 3-2. The order of

abbreviation follows the order of Table 3-3-1.
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Fig. 3-2-3. The box plots in each measurement of hindlimb, pelvic girdle and pelvis.
The abbreviated forms from Bpti to Ltpp were remarked in Table 3-2. The order of

abbreviation follows the order of Table 3-3-1.
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Fig. 3-2-4. The box plots in each measurement of hindlimb, pelvic girdle and pelvis.

The abbreviated forms from Lrr to SBti were remarked in Table 3-2. The order of

abbreviation follows the order of Table 3-3-1.
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Fig. 3-2-5. The box plots in each measurement of hindlimb, pelvic girdle and pelvis.

The abbreviated forms from Bdti to GLta were remarked in Table 3-2. The order of

abbreviation follows the order of Table 3-3-1 and 3-3-2.
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Fig. 3-2-7. The box plots in each measurement of hindlimb, pelvic girdle and pelvis.
The abbreviated forms from Lmfe to Bdfe were remarked in Table 3-2. GM shows the
calculated geometric mean by using the measurement values of Ba, Hp and Lv. The
order of abbreviation follows the order of Table 3-3-2.
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pelvis. The abbreviated forms from Dia to GBpg were remarked in Table 3-2. The order

of abbreviation follows the order of Table 3-4-1.
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Fig. 3-2-9. The box plots in each measurement ratio of hindlimb, pelvic girdle and
pelvis. The abbreviated forms from SBpg to Bsi were remarked in Table 3-2. The order

of abbreviation follows the order of Table 3-4-1.
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Fig. 3-2-10. The box plots in each measurement ratio of hindlimb, pelvic girdle and
pelvis. The abbreviated forms from Bpti to Ltpp were remarked in Table 3-2. The order

of abbreviation follows the order of Table 3-4-1.
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Fig. 3-2-11. The box plots in each measurement ratio of hindlimb, pelvic girdle and

pelvis. The abbreviated forms from Lrr to SBti were remarked in Table 3-2. The order

of abbreviation follows the order of Table 3-4-1.
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Fig. 3-2-12. The box plots in each measurement ratio of hindlimb, pelvic girdle and
pelvis. The abbreviated forms from Bdti to GLta were remarked in Table 3-2. The order

of abbreviation follows the order of Table 3-4-1 and 3-4-2.
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Fig. 3-2-13. The box plots in each measurement ratio of hindlimb, pelvic girdle and
pelvis. The abbreviated forms from Bpta to GLfe were remarked in Table 3-2. The order

of abbreviation follows the order of Table 3-4-2.
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Fig. 3-2-14. The box plots in each measurement ratio of hindlimb, pelvic girdle and
pelvis. The abbreviated forms from Lmfe to Bdfe were remarked in Table 3-2. The order

of abbreviation follows the order of Table 3-4-2.



