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ABSTRACT 7 

 8 

The study aimed to evaluate the morphometric performance in five generations of New 9 

Zealand White (NZW) rabbits by using multivariate analysis. The materials used were 72 heads 10 

of NZW rabbits from 5 generations: imported rabbits (G0), first-generation (G1), second-11 

generation (G2), third-generation (G3), fourth-generation (G4). G0 have been imported from 12 

the United States of America (USA) at the end of 2017. Thirteen morphometric traits were 13 

evaluated by using the discriminant procedure of Statistical Analysis System (SAS) 14 

University Edition V.6p.2. software. Head width, ear length, chest width, radius-ulna length, 15 

femoris length, and Hip width were significant (P<0.05) among generations. Radius-ulna 16 

length, femoris length, and hip width showed the greatest contribution as distinguishing factors 17 

between generations based on canonical structure. Imported rabbits confirmed specific 18 

characteristics in morphometric traits, which differed from their progenies. 19 

 20 

Keywords: Canonical structure, Discriminant procedure, Multivariate analysis, New Zealand 21 

White. 22 
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 54 

Introduction  55 

 56 

Rabbit is the potential animal to be developed in Indonesia. Rabbits have high 57 

prolificacy, fecundity, profitability, short generation interval, and high feed conversion 58 

efficiency (Lebas et al., 1997; Daader et al., 2016). Most of the rabbits raised by the farmers 59 

in Indonesia have been imported from Europe and the United States of America. One of the 60 

imported commercial breeds is New Zealand White (NZW), Rex, California, Satin, Hayla and 61 

Hycole. 62 

Evaluation is important for assessing the adaptability of imported rabbit and their 63 

progenies. Growth, reproductive, carcass, and physiological traits were commonly used for 64 

evaluation programs (Marai et al., 2005; Zerrouki et al., 2008; Fathi et al., 2017; Jimoh and 65 

Ewoula, 2018). Facts on morphometrics traits are an essential element of comparative studies 66 

of development. Morphometrics lets in the rigorous quantitative analysis of variants in 67 

organismal size and shape, and is increasingly being utilized increasingly in developmental 68 

contexts (Klingenberg, 2002). The study of the morphometric traits to evaluate among 69 

generations is limited. This study was conducted to evaluate the morphometric performance in 70 

five generations of NZW rabbits through multivariate analysis. 71 

 72 

Material and methods  73 

The data was obtained from 72 heads of NZW rabbits from 5 generations: imported 74 

rabbit (G0) (n=7), first-generation (G1) (n=17), second-generation (G2) (n=20), third-75 

generation (G3) (n=16), fourth-generation (G4) (n=15). G0 have been imported to Indonesia 76 

from the American Rabbits Breeder Association (ARBA), United States of America (USA) at 77 

the end of 2017. G1 was the progenies of G0, G2 was the progenies of G1, and so on. The 78 

rabbits were  raised in an intensive rearing system. The unsex rabbits with more than 12 months 79 

old were chosen. The morphometric evaluation was performed by measuring a total of 13 80 

quantitative characteristics. (Figure 1). Morphometric traits measured are comprising  81 

1)included head length (HL), 2) head width (HW), 3) ear length (EL), 4) ear width (EW), 5) 82 

chest circumference (CC), 6) chest depth (CD), 7) chest width (CW), 8) radius-ulna length 83 

(RU), 9) femoris length (FM), 10) tibia length (TB), 11) humerus length (HM), 12) hip width 84 

(HP), and 13) body length (BL). The descriptive statistic of morphometric data is presented in 85 

Table 1. 86 

 87 

Statistical analysis 88 

Morphometric data was analyzed using Statistical Analysis System (SAS) 89 

University Edition V.6p.2. software (SAS, 2014). One-Way ANOVA was used for analyzing 90 

the effect of generation on body morphometric traits. Duncan's multiple ranges was used at 5% 91 

of probability. Discriminant analysis was performed to determine discriminant variables, 92 

canonical structure, mahalanobis distance, and distribution mapping among generations. The 93 

variance components are the discrimination from individual structure of canonical and distance 94 

of mahalanobis. The model was as follow: 95 

 𝐶 = 𝜇 + 𝜇0𝑦0 + 𝜇1𝑦1 + 𝜇2𝑦2 +  𝜇3𝑦3 + 𝜇4𝑦4                                                         96 

Where; 𝜇0, 𝜇1, 𝜇2, 𝜇3, and 𝜇4 are the estimate of canonical coefficients, and 𝑦0, 𝑦1, 𝑦2, 𝑦3, and 97 

𝑦4 indicated the generations of NZW rabbits.  98 

 99 

Commented [aa1]: The sum is 75, please revise 
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Commented [aa3]: Authors need permission to use figure 
published in another journal….. Figure 1 will be deleted. 



Results 100 

 101 

The least-square means (LSM) and their standard deviations (SD) for the morphometric 102 

traits of NZW rabbits according to generations are presented in Table 2. A significant 103 

difference (P<0.05) between different generations was observed for HW, EL, CW, RU, FM, 104 

and HP. G0 showed the highest of HW, CW, RU, FM, and HP, whereas G2 has had the highest 105 

of EL. G0 was similar with G1 for HW, EL, and CW; with G2 for CW, FM, HP; with G3 and 106 

G4 for EL, CW, and FM. 107 

 Table 3. presented eigenvalues, and their contribution in each factor. The eigenvalues 108 

of the three factors were 0.43, 0.36, and 0.28, and cumulative variations were 0.31, 0.61, and 109 

0.82, respectively for the first, second and third factors. Table 4. shows the canonical analysis 110 

based on morphometric traits, allowing identification of canonical variables (CAN1, CAN2, 111 

and CAN 3). The greatest contribution in each canonical was FM, HP, and RU, respectively 112 

for  CAN1, CAN2, and CAN 3.   113 

Distance of Mahalanobis between the populations are presented in Table 5. The longest 114 

distance showed between G2 and G3. Figure Fig. 21. shows the same morphometric traits of 115 

G1, G2, G3, and G4 were similar to each other but different with G0. 116 

 117 

Discussion 118 

  119 

Based on the LSM, HW, RU, and HP have become the most prominent traits for which 120 

distinguish between imported breed and their progenies. This difference can be associated with 121 

the influence of environment, feed quality, and management techniques (Elamin et al., 2012; 122 

Arandas et al., 2017). On the other hand, HL, EW, CC, CD, TB, HM, and BL were not different 123 

between generations. CD, TB, and BL were similar; CC and HM were longer; HL and EW 124 

were shorter compared with morphometric of NZW reported by Brahmantiyo et al. (2021) in 125 

Indonesian Research Institute for Animal Production, Ciawi, Bogor, West Jawa. 126 

Third factors of eigenvalue explained the highest total variance (82%) of morphometric 127 

traits. Setiaji et al. (20132012), studied morphometric traits on Flemish Giant, English Spot, 128 

Angora, and Rex breeds of rabbits, found three factors that explained 84% of the total variation. 129 

The result was within range of total variance for morphometric traits reported in other species 130 

(Yakubu et al., 2011; Ajayi et al., 2012; Birteeb et al., 2013) in goat, chicken, and sheep, 131 

respectively. RU, FM, and HP showed the greatest contribution in the three canonical variables. 132 

This suggests that three traits are important in defining generational patterns (Yang et al., 133 

2006). That was different with the greatest contribution EL, CC, BL reported by Setiaji et al. 134 

(20132012) in grouping four breeds of rabbit.  135 

The result of Mahalanobis distance indicates that despite belonging to the same rabbit 136 

breed and same farm, there are differences among generations. The sensitivity and specificity 137 

of Mahalanobis distance were calculated for the results of the discrimination of morphometric 138 

traits in the validation group across generations (Rossi et al., 2010). Furthermore, the progeny 139 

with the shortest distance to G0 was G1, and due to the fact that G1 got a large direct genetic 140 

effect from the G0. Whereas, the longest was between G0 and G2. G2 of NZW rabbits have 141 

not adapted well to the environment and nutritional conditions. Then in G3 and G4 have been 142 

adapted well with the results that the morphometric traits were nearly the same to which of G0.  143 

As shown in Figure Fig. 21, highlighting a connection the NZW rabbits between 144 

generations was observed. Morphological similarity showed possibility of close relationships 145 

among generations (Hamilton et al., 2005). In this study, G0 located on top side showed the 146 

small size category, in which it differed from their progenies.  147 

 148 



Conclusions  149 

Imported rabbit showed different characteristic in morphometric and was classified into 150 

small size category which differed from their progenies. The longest genetic distance was 151 

shown between imported and second-generation progeny. Radius-ulna length, femuris length, 152 

and hip width showed the greatest contribution as distinguishing factors between generations. 153 
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 252 

 253 

 254 

Table 1. Descriptive statistic for morphometric data of New Zealand White rabbits 255 

Trait1 (cm) N2 Minimum Maximum Mean SD3 

HL 72 8.69 13.34 10.85 0.88 

HW 72 4.41 6.35 5.36 0.41 

EL 72 9.20 12.80 11.20 0.76 

EW 72 5.40 7.30 6.52 0.36 

CC 72 34.4 44.80 39.05 2.32 

CD 72 7.99 11.83 10.14 0.86 

CW 72 8.58 12.67 10.34 0.86 

RU 72 7.95 12.10 9.55 0.80 

FM 72 11.73 16.90 14.13 0.92 

TB 72 12.25 16.60 15.04 0.89 

HM 72 9.16 12.30 10.79 0.66 

HP 72 9.34 13.93 12.07 0.95 

BL 72 33.31 41.10 37.53 1.59 
1HL: Head Length; HW: Head Width; EL: Ear Length; EW: Ear Width; CC: Chest 256 

Circumference; CD:  Chest Depth; CW:  Chest width; RU:  Radius-ulna Length; FM: Femoris 257 

Length; TB: Tibia Length; HM: Humerus Length; HP: Hip Width; BL: Body Length. 2N: 258 

number of rabbits measured. 3SD:  standard deviation. 259 

 260 

 261 

 262 

 263 

 264 

 265 

 266 

 267 

 268 

 269 

 270 

 271 

 272 

 273 

 274 

 275 

 276 

 277 

 278 

 279 

 280 

 281 

 282 

 283 

 284 



 285 

 286 

 287 

 288 

 289 

 290 

Table 2. Least square means of morphometric traits at different generations 291 
Traits1 

(cm) 

Generations2 

G0 G1 G2 G3 G4 

HL 10.35 ± 1.08 10.88 ± 1.01 11.00 ± 0.85 10.53 ± 0.52 11.11 ± 0.99 

HW 5.74 ± 0.24a 5.49 ± 0.43ab 5.30 ±  0.28b 5.31 ±  0.45b 5.26 ± 0.46b 

EL 10.60 ± 0.65b 11.14 ± 0.78ab 11.41 ± 0.73a 11.27 ±  0.67ab 11.09 ± 0.85ab 

EW 6.72 ± 0.29 6.42 ± 0.49 6.58 ± 0.36 6.51 ± 0.19 6.53 ± 0.34 

CC 39.80 ± 0.69 39.68 ± 2.64 39.44 ± 2.41 38.36 ± 1.92 38.37 ± 2.34 

CD 10.38 ± 0.26 9.96 ± 0.75 10.22 ± 0.87 9.99 ± 1.01 10.34 ± 0.93 

CW 10.98 ± 0.81a 10.34 ± 0.51ab 10.58 ± 0.83ab 9.95 ± 1.02b 10.26 ± 0.90ab 

RU 10.55 ± 1.03a 9.65 ± 0.91b 9.48 ± 0.74b 9.18 ± 0.59b 9.64 ± 0.72b 

FM 14.65 ± 0.68a 13.72 ± 0.79b 14.22 ± 0.73ab 14.18 ± 0.93ab 14.27 ± 1.21ab 

TB 15.22 ± 0.14 15.07 ± 0.84 15.32 ± 0.80 14.85 ±  0.99 14.80 ± 1.01 

HM 10.90 ± 1.27 10.84 ± 0.59 10.72 ± 0.71 10.70 ± 0.47 10.90 ± 0.74 

HP 13.14 ± 0.59a 11.77 ± 0.96b 12.37 ±  0.91ab 12.07 ± 0.56b 11.76 ± 1.18b 

BL 37.55 ± 1.35 37.80 ± 1.62 37.88 ± 1.71 37.79 ± 1.12 36.48 ± 1.67 
1HL: Head Length; HW: Head Width; EL: Ear Length; EW: Ear Width; CC: Chest 292 

Circumference; CD:  Chest Depth; CW:  Chest width; RU:  Radius-ulna Length; FM: Femoris 293 

Length; TB: Tibia Length; HM: Humerus Length; HP: Hip Width; BL: Body Length. 294 
2G0: imported rabbits; G1: first-generation; G2: second-generation; G3: third-generation; G4: 295 

fourth-generation. 296 
a-bMeans within the same row having different upper case letters differ significantly (P<0.05) 297 

between generations.  298 
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Table 3. Eigenvalues, and its contribution in each factor 327 

 328 
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 364 

 365 

Factors Eigenvalues Proportion variation (%) Comulative Cumulative 

variation (%) 

First  0.43 0.33 0.31 

Second 0.36 0.27 0.61 

Third 0.28 0.22 0.82 

Commented [aa4]: Revise names 
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 370 

 371 

 372 

Table 4. Canonical structure for each morphometric traits 373 

1HL: Head Length; HW: Head Width; EL: Ear Length; EW: Ear Width; CC: Chest 374 

Circumference; CD:  Chest Depth; CW:  Chest width; RU:  Radius-ulna Length; FM: Femoris 375 

Length; TB: Tibia Length; HM: Humerus Length; HP: Hip Width; BL: Body Length. 376 

Add abbreviation for CAN 377 

 378 

 379 

 380 

 381 

 382 
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 384 

 385 
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 388 

 389 

 390 

 391 

 392 

 393 

 394 

 395 

 396 

 397 

 398 

 399 

 400 

 401 

Traits1 CAN 1 CAN 2 CAN 3 

HL 0.12 -0.24 0.43 

HW -0.35 0.43 0.11 

EL 0.02 -0.29 -0.21 

EW 0.24 0.29 -0.04 

CC -0.31 0.24 0.17 

CD 0.27 0.13 0.19 

CW -0.01 0.44 0.32 

RU -0.05 0.56 0.49 

FM 0.42 0.26 -0.11 

TB -0.11 0.21 0.02 

HM 0.01 0.04 0.23 

HP 0.14 0.62 -0.26 

BL -0.39 0.13 -0.43 
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 408 

 409 

Table 5. Distance of Mahalanobis, based on morphometric traits of NZW rabbits between 410 

generations  411 

Generations1 G0 G1 G2 G3 G4 

G0 1.00     

G1 0.13 1.00    

G2 0.22 0.18 1.00   

G3 0.16 0.19 0.41 1.00  

G4 0.14 0.07 0.35 0.25 1.00 
1G0: imported rabbits; G1: first-generation; G2: second-generation; G3: third-generation; G4: 412 

fourth-generation. 413 
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 453 

Figure Legends 454 

 455 

Figure 1: Morphometric traits of rabbits (Brahmantiyo, 2006). 456 

 457 

Figure Fig. 21: . Scattering diagram of five generations based on canonical structure of the 458 

morphometric traits. 459 

 460 
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ABSTRACT 51 
 52 

The study aimed to evaluate the morphometric performance in five generations of New 53 
Zealand White (NZW) rabbits by using multivariate analysis. The materials used were 72 heads 54 

of NZW rabbits from 5 generations: imported rabbits (G0), first-generation (G1), second-55 
generation (G2), third-generation (G3), fourth-generation (G4). G0 have been imported from 56 
the United States of America (USA) at the end of 2017. Thirteen morphometric traits were 57 
evaluated by using the discriminant procedure of Statistical Analysis System (SAS) 58 
University Edition V.6p.2. software. Head width, ear length, chest width, radius-ulna length, 59 

femoris length, and Hip width were significant (P<0.05) among generations. Radius-ulna 60 
length, femoris length, and hip width showed the greatest contribution as distinguishing factors 61 

between generations based on canonical structure. Imported rabbits confirmed specific 62 

characteristics in morphometric traits, which differed from their progenies. 63 
 64 
Keywords: Canonical structure, Discriminant procedure, Multivariate analysis, New Zealand 65 
White. 66 
 67 
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Introduction  99 
 100 

Rabbit is the potential animal to be developed in Indonesia. Rabbits have high 101 
prolificacy, fecundity, profitability, short generation interval, and high feed conversion 102 

efficiency (Lebas et al., 1997; Daader et al., 2016). Most of rabbits raised by farmer in 103 
Indonesia have been imported from Europe and the United States of America. One of the 104 
imported commercial breeds is New Zealand White (NZW), Rex, California, Satin, Hayla and 105 
Hycole. 106 

Evaluation is important for assessing the adaptability of imported rabbit and their 107 

progenies. Growth, reproductive, carcass, and physiological traits were commonly used for 108 
evaluation programs (Marai et al., 2005; Zerrouki et al., 2008; Fathi et al., 2017; Jimoh and 109 

Ewoula, 2018). Facts on morphometrics traits are an essential element of comparative studies 110 

of development. Morphometrics let in the rigorous quantitative analysis of variants in 111 
organismal size and shape and utilized increasingly in developmental contexts (Klingenberg, 112 
2002). The study of the morphometric traits to evaluate among generations is limited. This 113 
study was conducted to evaluate the morphometric performance in five generations of NZW 114 
rabbits through multivariate analysis. 115 

 116 
Material and methods  117 

The data was obtained from 75 heads of NZW rabbits from 5 generations: imported 118 

rabbit (G0) (n=7), first-generation (G1) (n=17), second-generation (G2) (n=20), third-119 
generation (G3) (n=16), fourth-generation (G4) (n=15). G0 have been imported to Indonesia 120 

from the American Rabbits Breeder Association (ARBA), United States of America (USA) at 121 
the end of 2017. G1 was the progenies of G0, G2 was the progenies of G1, and so on. The 122 

rabbits were  raised in an intensive rearing system. The age of rabbits chosen was more than 123 
12 months old. The morphometric evaluation was performed by measuring a total of 13 124 
quantitative characteristics. Morphometric traits measured included head length (HL), head 125 

width (HW), ear length (EL), ear width (EW), chest circumference (CC), chest depth (CD), 126 
chest width (CW), radius-ulna length (RU), femoris length (FM), tibia length (TB), humerus 127 

length (HM), hip width (HP), and body length (BL). The descriptive statistic of morphometric 128 
data is presented in Table 1. 129 

 130 
Statistical analysis 131 

Morphometric data was analyzed using Statistical Analysis System (SAS) 132 
University Edition V.6p.2. software (SAS, 2014). One-Way ANOVA was used for analyzing 133 

the effect of generation on body morphometric traits. Duncan's multiple ranges was used at 5% 134 
of probability. Discriminant analysis was performed to determine discriminant variables, 135 
canonical structure, mahalanobis distance, and distribution mapping among generations. The 136 
variance components are the discrimination from individual structure of canonical and distance 137 
of mahalanobis. The model was as follow: 138 

 𝐶 = 𝜇 + 𝜇0𝑦0 + 𝜇1𝑦1 + 𝜇2𝑦2 +  𝜇3𝑦3 + 𝜇4𝑦4                                                         139 

Where; 𝜇0, 𝜇1, 𝜇2, 𝜇3, and 𝜇4 are the estimate of canonical coefficients, and 𝑦0, 𝑦1, 𝑦2, 𝑦3, and 140 

𝑦4 indicated the generations of NZW rabbits.  141 

 142 
Results 143 

 144 
The least-square means (LSM) and their standard deviations (SD) for the morphometric 145 

traits of NZW rabbits according to generations are presented in Table 2. A significant 146 
difference (P<0.05) between different generations was observed for HW, EL, CW, RU, FM, 147 



and HP. G0 showed the highest of HW, CW, RU, FM, and HP, whereas G2 had the highest of 148 
EL. G0 was similar with G1 for HW, EL, and CW; with G2 for CW, FM, HP; with G3 and G4 149 
for EL, CW, and FM. 150 
 Table 3. presented eigenvalues, and their contribution in each factor. The eigenvalues 151 

of the three factors were 0.43, 0.36, and 0.28, and cumulative variations were 0.31, 0.61, and 152 
0.82, respectively for the first, second and third factors. Table 4. shows the canonical analysis 153 
based on morphometric traits, allowing identification of canonical variables (CAN1, CAN2, 154 
and CAN 3). The greatest contribution in each canonical was FM, HP, and RU, respectively 155 
for  CAN1, CAN2, and CAN 3.   156 

Distance of Mahalanobis between the populations are presented in Table 5. The longest 157 
distance showed between G2 and G3. Fig. 1. shows the same morphometric traits of G1, G2, 158 

G3, and G4 were similar to each other but different with G0. 159 

 160 
Discussion 161 
  162 

Based on the LSM, HW, RU, and HP have become the most prominent traits for which 163 
distinguish between imported breed and their progenies. This difference can be associated with 164 

the influence of environment, feed quality, and management techniques (Elamin et al., 2012; 165 
Arandas et al., 2017). On the other hand, HL, EW, CC, CD, TB, HM, and BL were not different 166 
between generations. CD, TB, and BL were similar; CC and HM were longer; HL and EW 167 

were shorter compared with morphometric of NZW reported by Brahmantiyo et al. (2021) in 168 
Indonesian Research Institute for Animal Production, Ciawi, Bogor, West Jawa. 169 

Third factors of eigenvalue explained the highest total variance (82%) of morphometric 170 
traits. Setiaji et al. (2012), studied morphometric traits on Flemish Giant, English Spot, Angora, 171 

and Rex breeds of rabbits, found three factors that explained 84% of the total variation. The 172 
result was within range of total variance for morphometric traits reported in other species 173 
(Yakubu et al., 2011; Ajayi et al., 2012; Birteeb et al., 2013) in goat, chicken, and sheep, 174 

respectively. RU, FM, and HP showed the greatest contribution in the three canonical variables. 175 
This suggests that three traits are important in defining generational patterns (Yang et al., 176 

2006). That was different with the greatest contribution EL, CC, BL reported by Setiaji et al. 177 
(2012) in grouping four breeds of rabbit.  178 

The result of Mahalanobis distance indicates that despite belonging to the same rabbit 179 
breed and same farm, there are differences among generations. The sensitivity and specificity 180 

of Mahalanobis distance were calculated for the results of the discrimination of morphometric 181 
traits in the validation group across generations (Rossi et al., 2010). Furthermore, the progeny 182 

with the shortest distance to G0 was G1, and due to the fact that G1 got a large direct genetic 183 
effect from the G0. Whereas, the longest was between G0 and G2. G2 of NZW rabbits have 184 

not adapted well to the environment and nutritional conditions. Then in G3 and G4 have been 185 
adapted well with the results that the morphometric traits were nearly the same to which of G0.  186 

As shown in Fig. 1, highlighting a connection the NZW rabbits between generations 187 

was observed. Morphological similarity showed possibility of close relationships among 188 
generations (Hamilton et al., 2005). In this study, G0 located on top side showed the small 189 
size category, in which it differed from their progenies.  190 

 191 

Conclusions  192 

Imported rabbit showed different characteristic in morphometric and was classified into 193 
small size category which differed from their progenies. The longest genetic distance was 194 

shown between imported and second-generation progeny. Radius-ulna length, femuris length, 195 
and hip width showed the greatest contribution as distinguishing factors between generations. 196 

 197 
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Table 1. Descriptive statistic for morphometric data of New Zealand White rabbits 297 

Trait1 (cm) N2 Minimum Maximum Mean SD3 

HL 72 8.69 13.34 10.85 0.88 

HW 72 4.41 6.35 5.36 0.41 

EL 72 9.20 12.80 11.20 0.76 

EW 72 5.40 7.30 6.52 0.36 

CC 72 34.4 44.80 39.05 2.32 

CD 72 7.99 11.83 10.14 0.86 

CW 72 8.58 12.67 10.34 0.86 

RU 72 7.95 12.10 9.55 0.80 

FM 72 11.73 16.90 14.13 0.92 

TB 72 12.25 16.60 15.04 0.89 

HM 72 9.16 12.30 10.79 0.66 

HP 72 9.34 13.93 12.07 0.95 

BL 72 33.31 41.10 37.53 1.59 
1HL: Head Length; HW: Head Width; EL: Ear Length; EW: Ear Width; CC: Chest 298 
Circumference; CD:  Chest Depth; CW:  Chest width; RU:  Radius-ulna Length; FM: Femoris 299 

Length; TB: Tibia Length; HM: Humerus Length; HP: Hip Width; BL: Body Length. 2N: 300 
number of rabbits measured. 3SD:  standard deviation. 301 
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Table 2. Least square means of morphometric traits at different generations 333 
Traits1 

(cm) 

Generations2 

G0 G1 G2 G3 G4 

HL 10.35 ± 1.08 10.88 ± 1.01 11.00 ± 0.85 10.53 ± 0.52 11.11 ± 0.99 

HW 5.74 ± 0.24a 5.49 ± 0.43ab 5.30 ±  0.28b 5.31 ± 0.45b 5.26 ± 0.46b 

EL 10.60 ± 0.65b 11.14 ± 0.78ab 11.41 ± 0.73a 11.27 ±  0.67ab 11.09 ± 0.85ab 

EW 6.72 ± 0.29 6.42 ± 0.49 6.58 ± 0.36 6.51 ± 0.19 6.53 ± 0.34 

CC 39.80 ± 0.69 39.68 ± 2.64 39.44 ± 2.41 38.36 ± 1.92 38.37 ± 2.34 

CD 10.38 ± 0.26 9.96 ± 0.75 10.22 ± 0.87 9.99 ± 1.01 10.34 ± 0.93 

CW 10.98 ± 0.81a 10.34 ± 0.51ab 10.58 ± 0.83ab 9.95 ± 1.02b 10.26 ± 0.90ab 

RU 10.55 ± 1.03a 9.65 ± 0.91b 9.48 ± 0.74b 9.18 ± 0.59b 9.64 ± 0.72b 

FM 14.65 ± 0.68a 13.72 ± 0.79b 14.22 ± 0.73ab 14.18 ± 0.93ab 14.27 ± 1.21ab 

TB 15.22 ± 0.14 15.07 ± 0.84 15.32 ± 0.80 14.85 ±  0.99 14.80 ± 1.01 

HM 10.90 ± 1.27 10.84 ± 0.59 10.72 ± 0.71 10.70 ± 0.47 10.90 ± 0.74 

HP 13.14 ± 0.59a 11.77 ± 0.96b 12.37 ±  0.91ab 12.07 ± 0.56b 11.76 ± 1.18b 

BL 37.55 ± 1.35 37.80 ± 1.62 37.88 ± 1.71 37.79 ± 1.12 36.48 ± 1.67 
1HL: Head Length; HW: Head Width; EL: Ear Length; EW: Ear Width; CC: Chest 334 

Circumference; CD:  Chest Depth; CW:  Chest width; RU:  Radius-ulna Length; FM: Femoris 335 
Length; TB: Tibia Length; HM: Humerus Length; HP: Hip Width; BL: Body Length. 336 
2G0: imported rabbits; G1: first-generation; G2: second-generation; G3: third-generation; G4: 337 
fourth-generation. 338 
a-bMeans within the same row having different upper case letters differ significantly (P<0.05) 339 
between generations.  340 
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Table 3. Eigenvalues, and its contribution in each factor 369 

 370 
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 374 
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 414 

Factors Eigenvalues Proportion variation (%) Cumulative variation (%) 

First  0.43 0.33 0.31 

Second 0.36 0.27 0.61 

Third 0.28 0.22 0.82 



Table 4. Canonical structure for each morphometric traits 415 

1HL: Head Length; HW: Head Width; EL: Ear Length; EW: Ear Width; CC: Chest 416 
Circumference; CD:  Chest Depth; CW:  Chest width; RU:  Radius-ulna Length; FM: Femoris 417 
Length; TB: Tibia Length; HM: Humerus Length; HP: Hip Width; BL: Body Length. 418 

CAN 1: first canonical; CAN 2: second canonical; CAN 3: third canonical. 419 

 420 
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 448 
 449 

 450 

Traits1 CAN 1 CAN 2 CAN 3 

HL 0.12 -0.24 0.43 

HW -0.35 0.43 0.11 

EL 0.02 -0.29 -0.21 

EW 0.24 0.29 -0.04 

CC -0.31 0.24 0.17 

CD 0.27 0.13 0.19 

CW -0.01 0.44 0.32 

RU -0.05 0.56 0.49 

FM 0.42 0.26 -0.11 

TB -0.11 0.21 0.02 

HM 0.01 0.04 0.23 

HP 0.14 0.62 -0.26 

BL -0.39 0.13 -0.43 



Table 5. Distance of Mahalanobis, based on morphometric traits of NZW rabbits between 451 
generations  452 

Generations1 G0 G1 G2 G3 G4 

G0 1.00     

G1 0.13 1.00    

G2 0.22 0.18 1.00   

G3 0.16 0.19 0.41 1.00  

G4 0.14 0.07 0.35 0.25 1.00 
1G0: imported rabbits; G1: first-generation; G2: second-generation; G3: third-generation; G4: 453 

fourth-generation. 454 
 455 
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Figure Legends 495 
 496 
Fig. 1. : Scattering diagram of five generations based on canonical structure of the 497 

morphometric traits. 498 

 499 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Scattering diagram of five generations based on canonical structure of the morphometric 

traits. 
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Original Research

Morphometric Traits of Imported Rabbits and Their Progenies

7KH�VWXG\�DLPHG�WR�HYDOXDWH�WKH�PRUSKRPHWULF�SHUIRUPDQFH�LQ�¿YH�JHQHUDWLRQV�RI�1HZ�=HDODQG�:KLWH��1=:��
UDEELWV�E\�XVLQJ�PXOWLYDULDWH�DQDO\VLV��7KH�PDWHULDOV�XVHG�ZHUH����KHDGV�RI�1=:�UDEELWV�IURP���JHQHUDWLRQV��
LPSRUWHG�UDEELWV��*����¿UVW�JHQHUDWLRQ��*����VHFRQG�JHQHUDWLRQ��*����WKLUG�JHQHUDWLRQ��*����IRXUWK�JHQHUDWLRQ�
�*����*��KDYH�EHHQ�LPSRUWHG�IURP�WKH�8QLWHG�6WDWHV�RI�$PHULFD��86$��DW�WKH�HQG�RI�������7KLUWHHQ�PRUSKR-
PHWULF�WUDLWV�ZHUH�HYDOXDWHG�E\�XVLQJ�WKH�GLVFULPLQDQW�SURFHGXUH�RI�6WDWLVWLFDO�$QDO\VLV�6\VWHP��6$6��8QLYHU-
VLW\�(GLWLRQ�9��S����VRIWZDUH��+HDG�ZLGWK��HDU�OHQJWK��FKHVW�ZLGWK��UDGLXV�XOQD�OHQJWK��IHPRULV�OHQJWK��DQG�+LS�
ZLGWK�ZHUH�VLJQL¿FDQW��3�������DPRQJ�JHQHUDWLRQV��5DGLXV�XOQD�OHQJWK��IHPRULV�OHQJWK��DQG�KLS�ZLGWK�VKRZHG�
WKH�JUHDWHVW�FRQWULEXWLRQ�DV�GLVWLQJXLVKLQJ�IDFWRUV�EHWZHHQ�JHQHUDWLRQV�EDVHG�RQ�FDQRQLFDO�VWUXFWXUH��,PSRUWHG�
UDEELWV�FRQ¿UPHG�VSHFL¿F�FKDUDFWHULVWLFV�LQ�PRUSKRPHWULF�WUDLWV��ZKLFK�GL൵HUHG�IURP�WKHLU�SURJHQLHV�

KEYWORDS
Canonical structure, Discriminant procedure, Multivariate analysis, New Zealand White.

INTRODUCTION

Rabbit is the potential animal to be developed in Indonesia. Rab-
ELWV�KDYH�KLJK�SUROLÀFDF\�� IHFXQGLW\��SURÀWDELOLW\�� VKRUW�JHQHUD-
WLRQ� LQWHUYDO�� DQG� KLJK� IHHG� FRQYHUVLRQ� HFLHQF\� �/HEDV�et al���
1997; Daader et al����������0RVW�RI�UDEELWV�UDLVHG�E\�IDUPHU�LQ�,Q-
GRQHVLD�KDYH�EHHQ�LPSRUWHG�IURP�(XURSH�DQG�WKH�8QLWHG�6WDWHV�
RI�$PHULFD��2QH�RI�WKH�LPSRUWHG�FRPPHUFLDO�EUHHGV�LV�1HZ�=HD-
ODQG�:KLWH��1=:���5H[��&DOLIRUQLD��6DWLQ��+D\OD�DQG�+\FROH�

(YDOXDWLRQ�LV�LPSRUWDQW�IRU�DVVHVVLQJ�WKH�DGDSWDELOLW\�RI�LP-
SRUWHG�UDEELW�DQG�WKHLU�SURJHQLHV��*URZWK��UHSURGXFWLYH��FDUFDVV��
DQG�SK\VLRORJLFDO�WUDLWV�ZHUH�FRPPRQO\�XVHG�IRU�HYDOXDWLRQ�SUR-
JUDPV��0DUDL�et al���������=HUURXNL�et al���������)DWKL�et al���������
-LPRK�DQG�(ZRXOD���������)DFWV�RQ�PRUSKRPHWULFV�WUDLWV�DUH�DQ�
HVVHQWLDO�HOHPHQW�RI�FRPSDUDWLYH�VWXGLHV�RI�GHYHORSPHQW��0RU-
SKRPHWULFV� OHW� LQ� WKH� ULJRURXV� TXDQWLWDWLYH� DQDO\VLV� RI� YDULDQWV�
LQ�RUJDQLVPDO�VL]H�DQG�VKDSH�DQG�XWLOL]HG�LQFUHDVLQJO\�LQ�GHYHO-
RSPHQWDO� FRQWH[WV� �.OLQJHQEHUJ�� ������� 7KH� VWXG\�RI� WKH�PRU-
SKRPHWULF� WUDLWV� WR�HYDOXDWH�DPRQJ�JHQHUDWLRQV� LV� OLPLWHG��7KLV�
VWXG\�ZDV�FRQGXFWHG�WR�HYDOXDWH�WKH�PRUSKRPHWULF�SHUIRUPDQFH�

LQ�ÀYH�JHQHUDWLRQV�RI�1=:�UDEELWV�WKURXJK�PXOWLYDULDWH�DQDO\VLV�

MATERIALS AND METHODS

7KH�GDWD�ZDV�REWDLQHG� IURP����KHDGV�RI�1=:� UDEELWV� IURP���
JHQHUDWLRQV�� LPSRUWHG� UDEELW� �*��� �Q ���� ÀUVW�JHQHUDWLRQ� �*���
�Q ����� VHFRQG�JHQHUDWLRQ� �*��� �Q ����� WKLUG�JHQHUDWLRQ� �*���
�Q ����� IRXUWK�JHQHUDWLRQ� �*��� �Q �����*��KDYH�EHHQ� LPSRUWHG�
WR� ,QGRQHVLD� IURP� WKH� $PHULFDQ� 5DEELWV� %UHHGHU� $VVRFLDWLRQ�
�$5%$���8QLWHG�6WDWHV�RI�$PHULFD��86$��DW�WKH�HQG�RI�������*��
ZDV�WKH�SURJHQLHV�RI�*���*��ZDV�WKH�SURJHQLHV�RI�*���DQG�VR�RQ��
7KH�UDEELWV�ZHUH��UDLVHG�LQ�DQ�LQWHQVLYH�UHDULQJ�V\VWHP��7KH�DJH�RI�
UDEELWV�FKRVHQ�ZDV�PRUH�WKDQ����PRQWKV�ROG��7KH�PRUSKRPHWULF�
HYDOXDWLRQ�ZDV�SHUIRUPHG�E\�PHDVXULQJ�D�WRWDO�RI����TXDQWLWD-
WLYH�FKDUDFWHULVWLFV��0RUSKRPHWULF�WUDLWV�PHDVXUHG�LQFOXGHG�KHDG�
OHQJWK� �+/��� KHDG�ZLGWK� �+:��� HDU� OHQJWK� �(/��� HDU�ZLGWK� �(:���
FKHVW� FLUFXPIHUHQFH� �&&��� FKHVW� GHSWK� �&'��� FKHVW� ZLGWK� �&:���
UDGLXV�XOQD� OHQJWK� �58��� IHPRULV� OHQJWK� �)0��� WLELD� OHQJWK� �7%���
KXPHUXV�OHQJWK��+0���KLS�ZLGWK��+3���DQG�ERG\�OHQJWK��%/���7KH�
GHVFULSWLYH�VWDWLVWLF�RI�PRUSKRPHWULF�GDWD�LV�SUHVHQWHG�LQ�7DEOH���
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Statistical analysis

0RUSKRPHWULF�GDWD�ZDV�DQDO\]HG�XVLQJ�6WDWLVWLFDO�$QDO\VLV�6\V-
WHP��6$6��8QLYHUVLW\�(GLWLRQ�9��S����VRIWZDUH� �6$6���������2QH�
:D\�$129$�ZDV�XVHG�IRU�DQDO\]LQJ�WKH�HරHFW�RI�JHQHUDWLRQ�RQ�
ERG\�PRUSKRPHWULF� WUDLWV�� 'XQFDQ·V�PXOWLSOH� UDQJHV�ZDV� XVHG�
DW����RI�SUREDELOLW\��'LVFULPLQDQW�DQDO\VLV�ZDV�SHUIRUPHG�WR�GH-
WHUPLQH�GLVFULPLQDQW�YDULDEOHV��FDQRQLFDO�VWUXFWXUH��PDKDODQRELV�
GLVWDQFH��DQG�GLVWULEXWLRQ�PDSSLQJ�DPRQJ�JHQHUDWLRQV��7KH�YDUL-
DQFH� FRPSRQHQWV� DUH� WKH�GLVFULPLQDWLRQ� IURP� LQGLYLGXDO� VWUXF-
WXUH�RI�FDQRQLFDO�DQG�GLVWDQFH�RI�PDKDODQRELV��7KH�PRGHO�ZDV�
DV�IROORZ�
�& ǌ�ǌ��\��ǌ1\1�ǌ��\���ǌ�\��ǌ�\�                                 
:KHUH��ǌ���ǌ1��ǌ���ǌ���DQG�ǌ��DUH�WKH�HVWLPDWH�RI�FDQRQLFDO�FRH-
FLHQWV��DQG�\���\1��\���\���DQG�\��LQGLFDWHG�WKH�JHQHUDWLRQV�RI�1=:�
rabbits. 

RESULTS

7KH�OHDVW�VTXDUH�PHDQV��/60��DQG�WKHLU�VWDQGDUG�GHYLDWLRQV��6'��
IRU�WKH�PRUSKRPHWULF�WUDLWV�RI�1=:�UDEELWV�DFFRUGLQJ�WR�JHQHU-
DWLRQV�DUH�SUHVHQWHG�LQ�7DEOH����$�VLJQLÀFDQW�GLරHUHQFH��3�������
EHWZHHQ�GLරHUHQW�JHQHUDWLRQV�ZDV�REVHUYHG�IRU�+:��(/��&:��58��
)0��DQG�+3��*��VKRZHG�WKH�KLJKHVW�RI�+:��&:��58��)0��DQG�+3��
ZKHUHDV�*��KDG�WKH�KLJKHVW�RI�(/��*��ZDV�VLPLODU�ZLWK�*��IRU�+:��
(/��DQG�&:��ZLWK�*��IRU�&:��)0��+3��ZLWK�*��DQG�*��IRU�(/��&:��
DQG�)0�

7DEOH����SUHVHQWHG�HLJHQYDOXHV��DQG�WKHLU�FRQWULEXWLRQ�LQ�HDFK�
IDFWRU��7KH�HLJHQYDOXHV�RI�WKH�WKUHH�IDFWRUV�ZHUH�������������DQG�
������DQG�FXPXODWLYH�YDULDWLRQV�ZHUH�������������DQG�������UHVSHF-
WLYHO\� IRU� WKH�ÀUVW�� VHFRQG�DQG�WKLUG� IDFWRUV��7DEOH����VKRZV�WKH�
FDQRQLFDO�DQDO\VLV�EDVHG�RQ�PRUSKRPHWULF�WUDLWV��DOORZLQJ�LGHQ-
WLÀFDWLRQ�RI�FDQRQLFDO�YDULDEOHV� �&$1���&$1���DQG�&$1�����7KH�
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Trait���FP� 12 Minimum Maximum Mean SD3

+/ 72 8.69 ����� ����� 0.88

+: 72 ���� 6.35 5.36 ����

(/ 72 9.2 ���� ���� 0.76

(: 72 ��� 7.3 6.52 0.36

CC 72 ���� ���� 39.05 2.32

CD 72 7.99 ����� ����� 0.86

&: 72 8.58 ����� ����� 0.86

58 72 7.95 ���� 9.55 0.8

FM 72 ����� ���� ����� 0.92

TB 72 ����� ���� ����� 0.89

+0 72 ���� ���� ����� 0.66

+3 72 ���� ����� ����� 0.95

%/ 72 ����� ���� 37.53 ����

7DEOH����'HVFULSWLYH�VWDWLVWLF�IRU�PRUSKRPHWULF�GDWD�RI�1HZ�=HDODQG�:KLWH�UDEELWV

�+/��+HDG�/HQJWK��+:��+HDG�:LGWK��(/��(DU�/HQJWK��(:��(DU�:LGWK��&&��&KHVW�&LUFXPIHUHQFH��&'���&KHVW�'HSWK��&:���&KHVW�ZLGWK��58���5DGLXV�XOQD�/HQJWK��)0��)HPRULV�/HQJWK��
7%��7LELD�/HQJWK��+0��+XPHUXV�/HQJWK��+3��+LS�:LGWK��%/��%RG\�/HQJWK���1��QXPEHU�RI�UDEELWV�PHDVXUHG���6'���VWDQGDUG�GHYLDWLRQ�

7DEOH����/HDVW�VTXDUH�PHDQV�RI�PRUSKRPHWULF�WUDLWV�DW�GL൵HUHQW�JHQHUDWLRQV

Traits� *HQHUDWLRQV2

�FP� *� *� *� *� *�

+/ ������������ ������������ ������������ ������������ ������������

+: �����������a �����������ab ������������b �����������b �����������b

(/ ������������b ������������ab ������������a �������������ab ������������ab

(: ����������� ����������� ����������� ����������� �����������

CC ������������ ������������ ������������ ������������ ������������

CD ������������ ����������� ������������ ����������� ������������

&: ������������a ������������ab ������������ab �����������b ������������ab

58 ������������a �����������b �����������b �����������b �����������b

FM ������������a ������������b ������������ab ������������ab ������������ab

TB ������������ ������������ ������������ ������������� ������������

+0 ������������ ������������ ������������ ������������ ������������

+3 ������������a ������������b �������������ab ������������b ������������b

%/ ������������ ������������ ������������ ������������ ������������

�+/��+HDG�/HQJWK��+:��+HDG�:LGWK��(/��(DU�/HQJWK��(:��(DU�:LGWK��&&��&KHVW�&LUFXPIHUHQFH��&'���&KHVW�'HSWK��&:���&KHVW�ZLGWK��58���5DGLXV�XOQD�/HQJWK��)0��)HPRULV�/HQJWK��
7%��7LELD�/HQJWK��+0��+XPHUXV�/HQJWK��+3��+LS�:LGWK��%/��%RG\�/HQJWK�
2*���LPSRUWHG�UDEELWV��*���¿UVW�JHQHUDWLRQ��*���VHFRQG�JHQHUDWLRQ��*���WKLUG�JHQHUDWLRQ��*���IRXUWK�JHQHUDWLRQ�
a-b0HDQV�ZLWKLQ�WKH�VDPH�URZ�KDYLQJ�GL൵HUHQW�XSSHU�FDVH�OHWWHUV�GL൵HU�VLJQL¿FDQWO\��3�������EHWZHHQ�JHQHUDWLRQV��
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JUHDWHVW�FRQWULEXWLRQ�LQ�HDFK�FDQRQLFDO�ZDV�)0��+3��DQG�58��UH-
VSHFWLYHO\�IRU��&$1���&$1���DQG�&$1���

'LVWDQFH�RI�0DKDODQRELV�EHWZHHQ� WKH�SRSXODWLRQV�DUH�SUH-
VHQWHG�LQ�7DEOH����7KH�ORQJHVW�GLVWDQFH�VKRZHG�EHWZHHQ�*��DQG�
*���)LJ�����VKRZV�WKH�VDPH�PRUSKRPHWULF�WUDLWV�RI�*���*���*���DQG�
*��ZHUH�VLPLODU�WR�HDFK�RWKHU�EXW�GLරHUHQW�ZLWK�*��

DISCUSSION

%DVHG�RQ�WKH�/60��+:��58��DQG�+3�KDYH�EHFRPH�WKH�PRVW�SURP-
LQHQW� WUDLWV� IRU�ZKLFK�GLVWLQJXLVK�EHWZHHQ� LPSRUWHG�EUHHG�DQG�
WKHLU�SURJHQLHV��7KLV�GLරHUHQFH�FDQ�EH�DVVRFLDWHG�ZLWK�WKH�LQÁX-
HQFH�RI�HQYLURQPHQW��IHHG�TXDOLW\��DQG�PDQDJHPHQW�WHFKQLTXHV�
�(ODPLQ�et al���������$UDQGDV�et al����������2Q�WKH�RWKHU�KDQG��+/��
(:�� &&�� &'�� 7%�� +0�� DQG� %/�ZHUH� QRW� GLරHUHQW� EHWZHHQ� JHQ-
HUDWLRQV��&'��7%��DQG�%/�ZHUH�VLPLODU��&&�DQG�+0�ZHUH� ORQJHU��
+/�DQG�(:�ZHUH�VKRUWHU�FRPSDUHG�ZLWK�PRUSKRPHWULF�RI�1=:�
UHSRUWHG�E\�%UDKPDQWL\R�et al���������LQ�,QGRQHVLDQ�5HVHDUFK�,Q-
VWLWXWH�IRU�$QLPDO�3URGXFWLRQ��&LDZL��%RJRU��:HVW�-DZD�

7KLUG�IDFWRUV�RI�HLJHQYDOXH�H[SODLQHG�WKH�KLJKHVW�WRWDO�YDUL-
DQFH� ������RI�PRUSKRPHWULF� WUDLWV��6HWLDML�et al�� �������� VWXGLHG�
PRUSKRPHWULF�WUDLWV�RQ�)OHPLVK�*LDQW��(QJOLVK�6SRW��$QJRUD��DQG�
5H[�EUHHGV�RI�UDEELWV��IRXQG�WKUHH�IDFWRUV�WKDW�H[SODLQHG�����RI�
WKH�WRWDO�YDULDWLRQ��7KH�UHVXOW�ZDV�ZLWKLQ�UDQJH�RI�WRWDO�YDULDQFH�
IRU�PRUSKRPHWULF�WUDLWV�UHSRUWHG�LQ�RWKHU�VSHFLHV��<DNXEX�et al���
������$MD\L�et al���������%LUWHHE�et al���������LQ�JRDW��FKLFNHQ��DQG�
VKHHS��UHVSHFWLYHO\��58��)0��DQG�+3�VKRZHG�WKH�JUHDWHVW�FRQWUL-
EXWLRQ�LQ�WKH�WKUHH�FDQRQLFDO�YDULDEOHV��7KLV�VXJJHVWV�WKDW�WKUHH�
WUDLWV�DUH�LPSRUWDQW�LQ�GHÀQLQJ�JHQHUDWLRQDO�SDWWHUQV��<DQJ�et al���
�������7KDW�ZDV�GLරHUHQW�ZLWK�WKH�JUHDWHVW�FRQWULEXWLRQ�(/��&&��%/�
UHSRUWHG�E\�6HWLDML�et al���������LQ�JURXSLQJ�IRXU�EUHHGV�RI�UDEELW��

7KH� UHVXOW� RI� 0DKDODQRELV� GLVWDQFH� LQGLFDWHV� WKDW� GHVSLWH�
EHORQJLQJ� WR� WKH� VDPH� UDEELW� EUHHG� DQG� VDPH� IDUP�� WKHUH� DUH�
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Table 3. Eigenvalues, and its contribution in each factor.

Factors Eigenvalues 3URSRUWLRQ�YDULDWLRQ���� &XPXODWLYH�YDULDWLRQ����

First ���� 0.33 ����

Second 0.36 0.27 ����

Third 0.28 0.22 0.82

7DEOH����&DQRQLFDO�VWUXFWXUH�IRU�HDFK�PRUSKRPHWULF�WUDLWV

Traits� &$1�� &$1�� &$1��

+/ ���� ����� ����

+: -0.35 ���� ����

(/ 0.02 -0.29 �����

(: ���� 0.29 �����

CC ����� ���� ����

CD 0.27 ���� ����

&: ����� ���� 0.32

58 -0.05 0.56 ����

FM ���� 0.26 �����

TB ����� ���� 0.02

+0 ���� ���� 0.23

+3 ���� 0.62 -0.26

%/ -0.39 ���� �����
�+/��+HDG�/HQJWK��+:��+HDG�:LGWK��(/��(DU�/HQJWK��(:��(DU�:LGWK��&&��&KHVW�&LUFXPIHUHQFH��&'���&KHVW�'HSWK��&:���&KHVW�ZLGWK��58���5DGLXV�XOQD�/HQJWK��)0��)HPRULV�/HQJWK��
7%��7LELD�/HQJWK��+0��+XPHUXV�/HQJWK��+3��+LS�:LGWK��%/��%RG\�/HQJWK�
&$1����¿UVW�FDQRQLFDO��&$1����VHFRQG�FDQRQLFDO��&$1����WKLUG�FDQRQLFDO�

7DEOH����'LVWDQFH�RI�0DKDODQRELV��EDVHG�RQ�PRUSKRPHWULF�WUDLWV�RI�1=:�UDEELWV�EHWZHHQ�JHQHUDWLRQV�

*HQHUDWLRQV� *� *� *� *� *�

*� �

*� ���� �

*� 0.22 ���� �

*� ���� ���� ���� �

*� ���� 0.07 0.35 0.25 �
�*���LPSRUWHG�UDEELWV��*���¿UVW�JHQHUDWLRQ��*���VHFRQG�JHQHUDWLRQ��*���WKLUG�JHQHUDWLRQ��*���IRXUWK�JHQHUDWLRQ�

)LJ�����6FDWWHULQJ�GLDJUDP�RI�¿YH�JHQHUDWLRQV�EDVHG�RQ�FDQRQLFDO�VWUXFWXUH�RI�
the morphometric traits.
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GLරHUHQFHV�DPRQJ�JHQHUDWLRQV��7KH�VHQVLWLYLW\�DQG�VSHFLÀFLW\�RI�
0DKDODQRELV�GLVWDQFH�ZHUH�FDOFXODWHG�IRU�WKH�UHVXOWV�RI�WKH�GLV-
FULPLQDWLRQ�RI�PRUSKRPHWULF�WUDLWV�LQ�WKH�YDOLGDWLRQ�JURXS�DFURVV�
JHQHUDWLRQV� �5RVVL�et al��� ������� )XUWKHUPRUH�� WKH�SURJHQ\�ZLWK�
WKH�VKRUWHVW�GLVWDQFH�WR�*��ZDV�*���DQG�GXH�WR�WKH�IDFW�WKDW�*��
JRW�D�ODUJH�GLUHFW�JHQHWLF�HරHFW�IURP�WKH�*���:KHUHDV��WKH�ORQ-
JHVW�ZDV�EHWZHHQ�*��DQG�*���*��RI�1=:�UDEELWV�KDYH�QRW�DGDSW-
HG�ZHOO�WR�WKH�HQYLURQPHQW�DQG�QXWULWLRQDO�FRQGLWLRQV��7KHQ�LQ�*��
DQG�*��KDYH�EHHQ�DGDSWHG�ZHOO�ZLWK�WKH�UHVXOWV�WKDW�WKH�PRUSKR-
PHWULF�WUDLWV�ZHUH�QHDUO\�WKH�VDPH�WR�ZKLFK�RI�*��

$V�VKRZQ�LQ�)LJ�����KLJKOLJKWLQJ�D�FRQQHFWLRQ�WKH�1=:�UDE-
ELWV�EHWZHHQ�JHQHUDWLRQV�ZDV�REVHUYHG��0RUSKRORJLFDO�VLPLODU-
LW\�VKRZHG�SRVVLELOLW\�RI�FORVH�UHODWLRQVKLSV�DPRQJ�JHQHUDWLRQV�
�+DPLOWRQ� et al��� ������� ,Q� WKLV� VWXG\�� *�� ORFDWHG� RQ� WRS� VLGH�
VKRZHG� WKH� VPDOO� VL]H� FDWHJRU\�� LQ�ZKLFK� LW� GLරHUHG� IURP� WKHLU�
progenies. 

CONCLUSION

,PSRUWHG�UDEELW�VKRZHG�GLරHUHQW�FKDUDFWHULVWLF�LQ�PRUSKRPHWULF�
DQG�ZDV�FODVVLÀHG� LQWR�VPDOO� VL]H�FDWHJRU\�ZKLFK�GLරHUHG� IURP�
WKHLU� SURJHQLHV�� 7KH� ORQJHVW� JHQHWLF� GLVWDQFH� ZDV� VKRZQ� EH-
WZHHQ� LPSRUWHG� DQG� VHFRQG�JHQHUDWLRQ� SURJHQ\�� 5DGLXV�XOQD�
OHQJWK��IHPXULV�OHQJWK��DQG�KLS�ZLGWK�VKRZHG�WKH�JUHDWHVW�FRQWUL-
EXWLRQ�DV�GLVWLQJXLVKLQJ�IDFWRUV�EHWZHHQ�JHQHUDWLRQV�
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