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Abstract | Morphometric measurements may provide a practical alternative for estimating rabbit body weight in 
smallholder farming systems where weighing equipment is not always readily available. This study aimed to evaluate 
the relationships between morphometric traits and body weight and to develop age-specific body weight prediction 
models for rabbits raised under smallholder farming conditions. A total of 107 rabbits from 32 smallholder farms in the 
Kabawetan Subdistrict, Kepahiang Regency, Bengkulu Province, Indonesia, comprising 48 Rex and 59 local rabbits, 
were evaluated. The study population consisted of 56 males and 51 females and was classified into 3-month-old (n= 43) 
and 6-month-old (n= 64) groups. Rabbits were maintained primarily in battery-type cages and fed mainly forage and 
vegetables. Body weight and 14 morphometric traits were analyzed using descriptive statistics, General Linear Model 
(GLM), Pearson correlation with 95% confidence intervals, Principal Component Analysis (PCA), and regression 
analysis. Age significantly affected body weight and all morphometric traits (P < 0.001), while breed significantly 
influenced body weight and several morphometric measurements. Mean body weight increased from 901.00 ± 96.87 
g at 3 months to 1,950.02 ± 107.52 g at 6 months. Chest depth showed the strongest positive correlation with body 
weight at both ages (3 months: r= 0.992, 95% CI= 0.985–0.996; 6 months: r= 0.990, 95% CI= 0.983–0.994; P < 
0.001). PCA confirmed substantial common variation among morphometric traits, with KMO values of 0.827 and 
0.890 for the 3- and 6-month groups, respectively (Bartlett’s test, P < 0.001). Chest depth was retained as the single 
predictor in the final models: BW= −466.29 + 181.07(CD) for 3-month-old rabbits and BW= 109.07 + 175.90(CD) 
for 6-month-old rabbits. Both models yielded R²= 0.98 and VIF= 1.00, with coefficient standard errors of 12.47 and 
15.02, RMSE values of 92.56 and 100.96 g, and MAE values of 73.91 and 85.68 g, respectively. These findings indicate 
that chest depth has the potential to be a simple and practical morphometric predictor of rabbit body weight under the 
smallholder farming conditions studied here. However, external validation is required for broader applications.
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INTRODUCTION

Rabbit production has gained increasing attention as 
an alternative livestock system owing to the biological 

advantages of rabbits, including rapid reproductive 
performance, short generation intervals, efficient feed 
utilization, and relatively low space requirements 
compared with larger livestock species ( Jiang et al., 2025). 
These characteristics make rabbits suitable for smallholder 
farming systems, particularly in regions where farmers have 
limited land resources and require livestock with relatively 
low production inputs. In addition to meat production, 
rabbit farming contributes to livelihood diversification and 
provides an alternative source of animal protein (Goswami 
et al., 2025).

In Indonesia, rabbit farming is mainly conducted under 
smallholder conditions with diverse management 
practices. However, the development of rabbit production 
is constrained by limited information regarding growth 
evaluation and selection methods (Liao et al., 2021). 
Body weight is one of the most important indicators of 
the growth performance and production potential of meat 
rabbits. Accurate determination of body weight is essential 
for evaluating growth, determining market readiness, 
and supporting selection decisions in breeding programs 
( Jia et al., 2024). Nevertheless, direct weighing requires 
appropriate equipment and regular handling, which may 
not always be possible in smallholder farming systems.

Morphometric measurements provide a potential 
alternative approach for estimating body weight because 
they are simple, inexpensive, and can be performed without 
sophisticated equipment. Several studies on livestock 
have demonstrated that linear body measurements are 
associated with live body weight and can be used to develop 
prediction models (Mínguez et al., 2015; Brahmantiyo et 
al., 2018; Sam et al., 2023). In rabbits, previous studies 
have reported positive relationships between body weight 
and morphometric traits, such as chest circumference, 
body length, head measurements, and pelvic width. These 
findings indicate that body measurements may provide 
useful information for estimating growth performance.

Although morphometric-based prediction models 
have been developed for several rabbit populations, the 
relationship between body measurements and body weight 
may vary depending on breed, age, genetic background, 
environmental conditions, and management systems. 
Therefore, prediction models developed for one population 
cannot be directly applied to other populations without 
validation. Previous studies have shown that different 
morphometric traits may become important predictors 
depending on the evaluated breeds and production 

environments (Brahmantiyo et al., 2021; Udoh, 2021; 
Zapl et al., 2020). For example, chest circumference and 
body length have been identified as important predictors 
in some rabbit populations, whereas other studies have 
reported different influential traits.

In Indonesia, information regarding the relationship 
between morphometric characteristics and body weight of 
rabbits, particularly under smallholder farming conditions, 
remains limited. Existing studies have mainly focused on the 
morphological characterization and genetic relationships 
among rabbit populations, whereas studies evaluating the 
predictive ability of specific morphometric traits for body 
weight estimation are still relatively scarce. Furthermore, 
environmental variation among farms, differences in 
management practices, and variation between breeds may 
influence the association between morphometric traits and 
body weight.

Kepahiang Regency, Bengkulu Province, represents an 
area where rabbit farming is conducted by smallholder 
farmers. However, information regarding rabbit growth 
characteristics and practical methods for estimating 
body weight in this production system remains limited. 
Therefore, evaluation of morphometric traits in rabbits 
raised under local farming conditions is important to 
provide baseline information for growth assessment and 
future selection programs.

Among the various morphometric measurements, chest 
depth may represent an important body dimension 
because it reflects thoracic development and overall body 
conformation (Firdaus et al., 2025). However, the biological 
and practical relevance of chest depth as a predictor of 
body weight requires careful evaluation because a high 
phenotypic correlation does not necessarily indicate genetic 
superiority or direct suitability as a selection criterion. 
Therefore, statistical evaluation using correlation analysis, 
multivariate approaches, and validated prediction models 
is necessary before recommending any morphometric 
traits for practical application (Contreras et al., 2024).

This study aimed to evaluate the relationship between 
morphometric traits and body weight in Rex and Local 
rabbits at different growth stages in smallholder farming 
systems in the Kepahiang Regency. Specifically, this study 
investigated the effects of breed and age on morphometric 
characteristics, identified morphometric traits associated 
with body weight, and developed a predictive model for 
estimating body weight based on body measurements. These 
findings are expected to provide scientific information 
regarding the potential application of morphometric 
measurements for rabbit growth evaluation under local 
farming conditions.
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MATERIALS AND METHODS

Location and time of research 
The study was conducted in the Kabawetan Subdistrict, 
Kepahiang Regency, Bengkulu Province, Indonesia, an 
area characterized by highland environmental conditions 
and smallholder rabbit production. The study area is 
located approximately 1,000–1,200 m above sea level and 
has relatively cool and humid environmental conditions. 
The rabbit farms included in the study were managed 
by smallholder farmers using their existing production 
systems. Data collection was conducted from October to 
December 2025. The study involved rabbits raised by 32 
smallholder farmers in the study area.

Animals and study design
A total of 107 rabbits from 32 smallholder farms were 
included in this study. The rabbits consisted of 48 Rex 
rabbits and 59 local rabbits. Based on age, the animals were 
classified into two groups: 43 rabbits aged 3 months and 64 
rabbits aged 6 months. The sex of each rabbit was recorded 
to determine the composition of the study population. The 
3-month-old group consisted of 22 males and 21 females, 
whereas the 6-month-old group consisted of 34 males and 
30 females, resulting in a total of 56 males and 51 females. 
This study employed an observational quantitative design. 
Individual rabbits were considered as observational units. 
A total sampling approach was applied to all accessible 
rabbits within the participating farms that met the 
predetermined inclusion criteria. This approach was used 
to maximize the representation of the available rabbit 
population under smallholder farming conditions and to 
avoid selecting animals based on body weight or body size.

The inclusion criteria were as follows: (1) rabbits 
belonging to the Rex or Local population; (2) rabbits aged 
approximately 3 or 6 months with reliable age information; 
(3) apparently healthy animals at the time of measurement; 
and (4) animals without visible physical abnormalities 
that could interfere with body weight or morphometric 
measurements. Sex was recorded for descriptive purposes 
but was not included as a factor in the statistical models 
because the primary objective of the study was to evaluate 
the effects of breed, age, and breed × age interaction on 
body weight and morphometric characteristics.

Breed classification
Two rabbit populations were evaluated: Rex and Local 
rabbits. Rex rabbits were identified according to breed 
information available from the participating farmers. Local 
rabbits were defined as rabbits identified by farmers as 
local based on available farm information and phenotypic 
characteristics. Because pedigree records and molecular 
genetic characterization were not available, the local group 

was considered a phenotypically defined local population 
rather than a genetically verified breed. Therefore, this 
classification was used to describe phenotypic differences 
between the two populations under smallholder farming 
conditions, and was not intended to establish genetic 
purity or breed ancestry.

Farm management and animal health
General farm management information was obtained 
through direct observation and interviews with the 
participating farmers. The rabbits were maintained in 
battery-type cages. The feed consisted primarily of forage 
and vegetables. The reported weaning age ranged from 25 
to 30 days, and the reported litter size ranged from five to 
eight kits per litter. Cage dimensions were not recorded 
because the study focused on individual rabbit body 
weights and morphometric characteristics, rather than on 
evaluating housing dimensions. Nevertheless, cage type 
and principal feed categories were recorded to describe the 
production environment. Because the animals originated 
from 32 smallholder farms, variations in feeding practices, 
feed quantity, housing management, health management, 
and other farm-level environmental factors were not 
experimentally controlled. Therefore, these differences 
were considered part of the environmental conditions 
represented by the study population. Before measurement, 
each rabbit underwent a visual health assessment. Only 
rabbits that appeared clinically healthy and had no visible 
physical abnormalities were included in this study.

Tools and materials
The equipment used included a digital weighing scale with 
1 g accuracy, measuring tape, digital caliper, and digital 
camera. A digital weighing scale was used to determine 
body weight, while measuring tape and a digital caliper 
were used for morphometric measurements. Data were 
recorded and tabulated using Microsoft Excel 2021 and 
statistically analyzed using IBM SPSS Statistics version 
25.

Body weight and morphometric measurements
Body weight was measured individually using a digital 
weighing scale with an accuracy of 1 g and recorded in 
grams (g). Fourteen morphometric traits were measured 
according to the Body Size Framework described by 
Brahmantiyo et al. (2006) including Figure 1.

The following measurements were taken: head length 
(1), head width (2), head height (3), chest circumference 
(4), chest depth (5), chest width (6), humerus length 
(7), radius ulna length (8), tibia length (9), femur length 
(10), backbone length (11), pelvic bone width (12), ear 
length (13), and ear width (14) according to the character 
being measured. Measurements were carried out using a 
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measuring tape and caliper in centimeters (cm) according 
to the character being measured.

Figure 1: Morphometric measurement (Brahmantiyo et 
al., 2006).

Measurement procedure and repeatability
All measurements were performed by a trained observer 
using standardized anatomical landmarks and the 
same measurement procedures for all rabbits. The use 
of a single observer was intended to minimize variation 
associated with differences in measurement techniques 
among observers. Each body weight and morphometric 
measurement was performed twice for each rabbit. Two 
measurements were used to reduce the influence of 
random measurement errors, and the arithmetic mean of 
the two measurements was used for statistical analysis. The 
rabbits were positioned as consistently as possible during 
the measurement, and predefined anatomical landmarks 
were followed for each morphometric trait. Measurements 
were conducted directly at the participating farms. 
Because data collection followed field conditions and farm 
accessibility, measurements were not restricted to a specific 
time of the day. Similarly, the measurement schedule was 
not standardized according to a fixed interval relative to 
feeding. Formal interobserver reliability testing was not 
performed because all measurements were conducted by 
a single observer. Duplicate measurements were used to 
reduce random measurement error; however, a formal 
intra-observer reliability coefficient was not calculated.

Research variables
The variables evaluated in this study were body weight, 
breed, age, and morphometric characteristics. Body 
weight (BW) was measured as the primary quantitative 
characteristic of the rabbits and was expressed in grams 
(g). Rabbits were classified by breed into Rex and Local 
breeds, and by age into 3-month and 6-month age groups. 
The interaction between breed and age was also considered 
in the analysis to determine whether the effects of age on 
body weight and morphometric characteristics differed 

across breeds. Morphometric characteristics comprised 
14 quantitative traits based on Figure 1. These traits were 
measured individually for each rabbit and expressed in 
centimeters (cm). In the subsequent correlation, Principal 
Component Analysis (PCA), and regression analyses, the 
influence of these morphometric traits on body weight was 
evaluated to determine phenotypic associations, patterns of 
morphometric variation, and their potential contribution 
to predicting body weight.

Statistical analysis
Data were tabulated using Microsoft Excel 2021 and 
analyzed using IBM SPSS Statistics version 25. Descriptive 
statistics, including mean, standard deviation and coefficient 
of variation (CV), were used to describe body weight and 
morphometric traits. The effects of breed, age, and breed × 
age interaction on body weight and morphometric traits 
were analyzed using a General Linear Model (GLM), 
followed by estimated marginal means with Bonferroni 
adjustment when significant effects were detected. Pearson 
correlation analysis was performed separately for 3- and 
6-month-old rabbits to evaluate the linear relationships 
between body weight and morphometric traits, with 
correlation coefficients, 95% confidence intervals, and 
P-values reported. Principal Component Analysis (PCA) 
was used to describe the major patterns of variation among 
morphometric traits, with data adequacy assessed using 
the Kaiser–Meyer–Olkin (KMO) measure and Bartlett’s 
test of sphericity. Multiple linear regression with stepwise 
selection was performed separately for each age group to 
identify candidate morphometric predictors of body weight, 
while multicollinearity was assessed using tolerance and 
variance inflation factor (VIF). Model performance was 
evaluated using adjusted regression coefficients, standard 
errors, RMSE, and MAE.

RESULTS AND DISCUSSION

General characteristics of rabbits in 
smallholder farming systems
The descriptive characteristics of body weight and 
morphometric traits of Rex and Local rabbits reared under 
smallholder farming systems are presented in Table 1. A 
total of 107 rabbits were evaluated, consisting of two age 
groups, namely 3-month-old and 6-month-old rabbits. 
The results showed a clear increase in body weight and 
morphometric measurements with increasing age. The 
average body weight increased from 901.00 ± 96.87 g at 
3 months to 1,950.02 ± 107.52 g at 6 months, indicating 
substantial growth during the evaluated period.

The increase in body weight was accompanied by 
proportional increases in almost all morphometric traits. At 
3 months, chest depth, chest circumference, and backbone 
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length were 7.55 ± 0.53 cm, 20.98 ± 1.14 cm, and 24.18 
± 1.14 cm, respectively. These measurements increased to 
10.47 ± 0.61 cm, 27.83 ± 1.12 cm, and 35.71 ± 1.20 cm at 
6 months. This pattern demonstrates that body weight gain 
is associated with overall body development, particularly 
expansion of trunk dimensions.

Table 1: Morphometric characteristics and body weight of 
smallholder farm rabbits in Kabawetan District.
Parameter 3 Months 6 Months

Mean ± SD CV 
(%) 

Mean± 
SD

CV 
(%) 

Body weight (g) 901.0±96.87 10.75 1950.02 ± 
107.52

5.51

Head length (cm) 6.99±0.48 6.85 8.46 ± 0.51 6.08
Head width (cm) 5.60 ± 0.34 6.14 7.22 ± 0.41 5.62
Head height (cm) 4.07±0.22 5.43 5.97 ± 0.54 9.00
Chest circumference (cm) 20.98±1.14 5.44 27.83±1.12 4.04
Chest depth (cm) 7.55 ± 0.53 7.03 10.47±0.61 5.78
Chest width (cm) 6.03 ± 0.44 7.26 8.17 ± 0.42 5.13
Humerus length (cm) 8.17 ± 0.73 8.92 10.06±0.59 5.84
Radius ulna length (cm) 8.27 ± 0.74 8.99 10.82±0.70 6.51
Tibia length (cm) 8.56 ± 0.82 9.56 9.80 ± 0.72 7.31
Femur length (cm) 8.40 ± 0.81 9.63 12.49±1.02 8.18
Backbone length (cm) 24.18±1.14 4.73 35.71±1.20 3.35
Pelvic width (cm) 5.43 ± 0.45 8.28 7.26 ± 0.38 5.22
Ear length (cm) 9.13 ± 0.67 7.37 12.36±0.66 5.31
Ear width (cm) 4.03 ± 0.07 1.80 4.86 ± 0.35 7.22

Note: Note: Values are expressed as mean ± SD. CV = coefficient 
of variation; BW = body weight (g); all morphometric traits are 
expressed in cm.

The coefficient of variation (CV) values indicated 
differences in morphological variation between the age 
groups. The CV of body weight decreased from 10.75% at 
3 months to 5.51% at 6 months, suggesting that body size 
became more uniform as the rabbits approached maturity. 
Similar reductions in variation were observed for several 
morphometric traits, including chest circumference, chest 
depth, chest width, backbone length, and ear length. 
This reduction in variation with age may reflect a more 
stable growth pattern in older rabbits. During the early 
growth phases, differences in genetic potential, nutritional 
availability and farm management may contribute to 
greater variation among individuals. As animals mature, 
differences in body conformation tend to become less 
pronounced because growth trajectories become more 
consistent. Previous studies have also indicated that 
body measurements are strongly associated with growth 
performance and can provide useful information for 
evaluating production potential in rabbits (Brahmantiyo et 
al., 2021; Sam et al., 2023).

Under smallholder farming conditions, direct measurement 
of body weight may be constrained by the limited 
availability of weighing equipment. Therefore, identifying 
easily measurable morphometric characteristics that reflect 
body development is important for practical growth 
evaluation. Morphometric measurements provide a simple 
and inexpensive alternative approach because they can be 
collected directly in the field without requiring specialized 
equipment (Mínguez et al., 2015; Brahmantiyo et al., 2018).

Effect of breed and age on morphometric 
characteristics
The effects of breed, age, and breed × age interactions 
on body weight and morphometric characteristics are 
presented in Table 2. Age significantly affected body 
weight and all measured morphometric traits (P < 
0.001), indicating that growth stage was the dominant 
factor influencing morphological development. 
Breeds significantly affected body weight and several 
morphometric traits, including head width, head height, 
chest circumference, chest depth, chest width, backbone 
length, pelvic width, and ear length.

Table 2: Effect of breed, age, and their interaction on body 
weight and morphometric characteristics.
Parameter P-Age P- Breed P-Breed x Age
Body weight (g) <0.001 <0.001 0.62
Head length (cm) <0.001 0.24 0.12
Head width (cm) <0.001 <0.001 0.29
Head height (cm) <0.001 0.03 0.21
Chest circumference (cm) <0.001 <0.001 0.79
Chest depth (cm) <0.001 <0.001 0.32
Chest width (cm) <0.001 <0.001 0.9
Humerus length (cm) <0.001 0.08 0.29
Radius ulna length (cm) <0.001 0.30 0.31
Tibia length (cm) <0.001 0.88 0.01
Femur length (cm) <0.001 0.35 0.03
Backbone length (cm) <0.001 <0.001 0.62
Pelvic width (cm) <0.001 <0.001 0.44
Ear length (cm) <0.001 <0.001 0.81
Ear width (cm) <0.001 0.04 0.12

Note: P-Age = effect of age, P-Breed = effect of breed, P-Breed x 
Age = interaction of age × breed. P < 0.05 indicates a significant 
effect, P ≥ 0.05 indicates no significant effect, P < 0.01 indicates 
a highly significant effect, and P < 0.001 indicates a highly 
significant effect with a higher level of significance.

The significant effect of age on all traits reflected the 
biological growth process of rabbits. Increasing age is 
accompanied by progressive increases in body weight 
and dimensions as skeletal structures and tissues develop. 
Similarly, previous studies reported substantial increases 
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in rabbit body weight during post-weaning growth and 
differences in growth trajectories among rabbit genetic 
groups (Fayeye et al., 2018; Brahmantiyo et al., 2021). 
Therefore, the observed increases in chest depth, chest 
circumference, and backbone length in the present study 
reflect the overall enlargement of body dimensions during 
growth.

The breed differences observed in this study indicate 
phenotypic variation between Rex and Local rabbits. Such 
variation among rabbit populations is consistent with 
previous studies showing that genetic groups or breeds can 
influence body size, morphometric characteristics, growth 
performance, and carcass-related traits. Brahmantiyo et al. 
(2021) reported differences in morphometric dimensions 
among Hycole, Hyla, and New Zealand White rabbits, 
whereas Sanah et al. (2023) found that a synthetic 
rabbit line generally exhibited larger morphometric 
measurements than a local population. Zapletal et al. 
(2020) also demonstrated differences in growth and 
body characteristics associated with rabbit crossbreeding. 
Therefore, differences in genetic background and 
population history may partly contribute to the phenotypic 
variation observed between Rex and Local rabbits in the 
present study.

However, the breed × age interaction was not significant 
for most traits, suggesting that the general pattern of age-
related morphological development was broadly similar 
between the two populations. This interpretation should 
be made cautiously because the present study did not 
estimate genetic parameters, and the local rabbits were 
phenotypically classified rather than genetically verified. 
Consequently, the observed breed effects should be 

interpreted primarily as phenotypic differences between 
the evaluated populations rather than direct evidence of 
genetic superiority.

Nevertheless, variations among smallholder farms should 
also be considered because feeding and housing conditions 
can influence rabbit growth performance. Birolo et al. 
(2020) demonstrated that feeding restriction altered the 
daily weight gain and final live weight of growing rabbits, 
whereas Krunt et al. (2022) reported differences in live 
weight, weight gain, and feed intake between rabbits 
maintained under different housing systems. Therefore, 
the variation in feeding, housing, and other management 
practices among the 32 smallholder farms in the present 
study may have contributed to the observed phenotypic 
variation and should be considered when interpreting the 
results.

Morphometric relationship with body weight
Pearson’s correlation analysis between morphometric 
traits and body weight is presented in Table 3. The results 
demonstrated that several morphometric traits exhibited 
strong positive relationships with body weight in both 
age groups. Similar positive phenotypic associations 
between body weight and linear body measurements have 
been reported in rabbits, although the magnitude of the 
correlations may vary according to age and genetic group 
(Obasi et al., 2023; Udoh, 2021). Udoh (2021) reported 
phenotypic correlations ranging from weak to very strong 
across different age periods, whereas Obasi et al. (2023) 
reported correlations reaching approximately 0.97–0.98 in 
some rabbit genotypes and growth stages.

Table 3: Morphometric correlation test with body weight.
Parameter 3 months: r 95% CI P-Value 6 months: r 95% CI P-Value
Head length (cm) 0.006 -0.295 – 0.306 0.970 0.082 -0,164 – 0,321 0.522
Head width (cm) 0.982 0,967 – 0,990 <0,001 0.987 0,978 – 0,992 <0,001
Head height (cm) 0.086 -0,220 – 0,376 0.584 0.090 -0,156 – 0,328 0.481
Chest circumference (cm) 0.990 0.981–0.995 <0,001 0.987 0,978 – 0,992 <0,001
Chest depth (cm) 0.992 0.985–0.996 <0,001 0.990 0,983 – 0,994 <0,001
Chest width (cm) 0.990 0.981–0.995 <0,001 0.986 0,976 – 0,992 <0,001
Humerus length (cm) 0.038 -0,265 – 0,335 0.809 0.194 -0,053 – 0,423 0.124
Radius ulna length (cm) 0.046 -0,258 – 0,342 0.768 0.056 -0,191 – 0,299 0.658
Tibia length (cm) -0.124 -0,409 – 0,183 0.428 0.090 -0,156 – 0,328 0.481
Femur length (cm) -0.241 -0,505 – 0,064 0.119 0.114 -0,132 – 0,351 0.369
Backbone length (cm) 0.988 0,978 – 0,994 <0,001 0.985 0,974 – 0,991 <0,001
Pelvic width (cm) 0.987 0,976 – 0,993 <0,001 0.984 0,973 – 0,991 <0,001
Ear length (cm) 0.988 0,978 – 0,994 <0,001 0.983 0,971 – 0,990 <0,001
Ear width (cm) 0.101 -0,206 – 0,390 0.518 0.100 -0,146 – 0,337 0.433

Note: Pearson’s correlation coefficient; CI = confidence interval. P < 0.05 indicates a significant correlation with body weight.
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Table 4: PCA suitability test and variance explained.
Age PC KMO Bartlett test Eigenvalue Variance (%) Cumulative (%)
3 Months PC 1 0.827 <0.001 7.026 50.187 50.187

PC 2 3.447 24.624 74.811
PC 3 1.032 7.370 82.181

6 Months PC 1 0.890 <0.001 7.635 54.535 54.535
PC 2 5.976 42.683 97.218

Note: KMO = Kaiser–Meyer–Olkin measure; PC = principal component. Variance explained represents the proportion of total 
morphometric variation accounted for by each component.

Among all measured traits, chest depth (CD) showed the 
strongest correlation with body weight, with correlation 
coefficients of r= 0.992 in 3-month-old and r= 0.990 in 
6-month-old rabbits (P < 0.001). Other trunk-related 
measurements, including chest circumference, chest width, 
backbone length, and pelvic width, also showed strong 
correlations with body weight. This finding is consistent 
with that of Setiaji et al. (2023), who reported that 
chest circumference, chest depth, and chest width were 
particularly informative body dimensions for predicting 
rabbit body weight.

The strong association between chest depth and body 
weight may be related to the fact that chest depth represents 
a part of the overall chest shape and trunk conformation. 
Chest-related measurements reflect broader changes in 
body dimensions during growth rather than an isolated 
skeletal segment. Similarly, Setiaji et al. (2023) found 
that chest dimensions were more informative for body 
weight prediction than body length in several rabbit body 
types. However, this association should be interpreted as 
a phenotypic relationship rather than direct evidence of 
biological causation or genetic superiority.

However, several traits showed weak or non-significant 
correlations with body weight. Head length, head height, 
humerus length, radius-ulna length, tibia length, femur 
length, and ear width showed relatively low correlation 
coefficients in both age groups. Variation in the strength 
of morphometric associations has also been previously 
reported. Udoh (2021) found that phenotypic correlations 
varied substantially across age periods, whereas Obasi et al. 
(2023) reported that some traits and genotypes exhibited 
weak or even non-significant relationships with body 
weight.

The high correlations among several morphometric 
traits may also indicate substantial redundancy among 
measurements representing overall body size. When 
highly correlated predictors are simultaneously included in 
a regression model, multicollinearity can inflate coefficient 
variances and reduce the stability and interpretability of 
individual regression coefficients (Montgomery et al., 2021). 
Therefore, although chest depth, circumference, width, and 

backbone length individually showed strong associations 
with body weight, their simultaneous inclusion should be 
carefully evaluated using multicollinearity diagnostics.

The relationship between chest depth and body weight 
is illustrated in Figure 2. The scatter plot demonstrated a 
clear positive linear association between chest depth and 
body weight, supporting its potential as a morphometric 
predictor within the population evaluated in the present 
study. This result is consistent with previous rabbit 
studies demonstrating the usefulness of morphometric 
measurements for body weight prediction, although the 
most informative predictor may differ among populations. 
For example, Setiaji et al. (2023) highlighted chest 
dimensions, whereas Brahmantiyo et al. (2025) identified 
chest circumference and body length as major predictors 
in a multi-breed rabbit population.

Figure 2: Relationship between chest depth and body 
weight.

Principal component analysis (PCA)
Principal Component Analysis (PCA) was performed to 
summarize the variation among correlated morphometric 
traits and to evaluate the underlying structure of body 
measurements. PCA is commonly used to reduce the 
dimensionality of correlated variables while retaining 
as much of the original variation as possible through 
a smaller set of uncorrelated components ( Jolliffe and 
Cadima, 2016). The suitability of the data for PCA was 
assessed using the Kaiser–Meyer–Olkin (KMO) measure 
and Bartlett’s test of sphericity (Table 4). The datasets 
yielded KMO values of 0.827 for 3-month-old and 
0.890 for 6-month-old rabbits, whereas Bartlett’s test was 
significant (P < 0.001) for both age groups. KMO values in 
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the range of 0.80–0.89 indicate good sampling adequacy 
for factor-based analyses, while a significant Bartlett’s test 
indicates that the correlation matrix differs significantly 
from an identity matrix and therefore contains sufficient 
intercorrelation for dimension reduction (Kaiser and Rice, 
1974).

The PCA results showed that PC1 represented a 
substantial proportion of the total morphometric variation. 
In 3-month-old rabbits, PC1 had an eigenvalue of 7.026 
and explained 50.187% of the total variation, whereas in 
6-month-old rabbits, PC1 had an eigenvalue of 7.635 
and explained 54.535%. Similar applications of PCA in 
rabbit morphometric studies have demonstrated that 
major principal components can represent the common 
dimensions of body size and conformation. Yakubu and 
Ayoade (2009), for example, identified the first principal 
component representing general body size in domestic 
rabbits, while subsequent rabbit studies have also used 
PCA to characterize interdependence among body 
measurements and reduce correlated morphometric 
information.

The high contribution of PC1 in the present study suggests 
that several morphometric traits changed together as 
part of a common body size component. Such common 
variations among morphometric measurements are 
important because highly correlated linear measurements 
may provide overlapping information when simultaneously 
entered into regression models. PCA is particularly useful 
in this situation because it transforms correlated variables 
into mutually uncorrelated components, thereby reducing 
the problems associated with multicollinearity ( Jolliffe 
and Cadima, 2016; Montgomery et al., 2021). Gouda et al. 
(2015) similarly demonstrated the usefulness of PCA for 
correlated rabbit body measurements and specifically noted 
its value in avoiding multicollinearity when morphometric 
traits were incorporated into prediction models.

Loading factor analysis (Table 5) showed that several 
trunk-related measurements were strongly represented 
within the common morphometric component. Chest 
depth showed loading values of 0.997 in 3-months old 
rabbits and 0.995 in 6-months old rabbits, while chest 
circumference, chest width, backbone length, and pelvic 
width also showed high loading. These high and similar 
loading values should primarily be interpreted as evidence 
that the traits share substantial common variation, rather 
than as proof that any single measurement is biologically 
superior. Previous rabbit studies have similarly shown that 
chest-related dimensions tend to vary within principal 
components. Gouda et al. (2015) reported that chest width, 
loin width, chest girth, and chest depth jointly contribute 
to a principal component representing trunk dimensions.

Table 5: Loading factor of morphometric traits.
Variable 3 Months 6 Months

PC1 PC2 PC3 PC1 PC2
Head length (cm) 0.592 0.991
Head width (cm) 0.984 0.994
Head height (cm) 0.646 0.994
Chest circumference (cm) 0.996 0.994
Chest depth (cm) 0.997 0.995
Chest width (cm) 0.996 0.993
Humerus length (cm) 0.890 0.900
Radius ulna length (cm) 0.859 0.977
Tibia length (cm) 0.599 0.994
Femur length (cm) 0.839 0.965
Backbone length (cm) 0.994 0.994
Pelvic width (cm) 0.994 0.996
Ear length (cm) 0.994 0.994
Ear width (cm) 0.770 0.985

Note: PC= principal component. Factor loadings represent 
the strength and direction of the association between each 
morphometric trait and the corresponding principal component.

Furthermore, Setiaji et al. (2023) reported that chest 
circumference, chest depth, and chest width were 
informative morphometric dimensions in rabbits, although 
the components on which individual traits were loaded 
differed among rabbit body types. This finding highlights 
that the PCA structure can vary among populations 
and that a high loading should be interpreted within 
the specific dataset rather than as universal evidence of 
biological importance.

Therefore, in the present study, chest depth was retained as 
a representative predictor not only because of its high PC1 
loading but also because it combined a strong association 
with body weight, representation of the shared trunk-
size component, and a more parsimonious structure after 
multicollinearity reduction. Selecting a representative 
trait instead of simultaneously including several highly 
correlated body measurements can improve model 
interpretability and reduce unstable regression coefficients 
caused by multicollinearity (Montgomery et al., 2021).

Body weight prediction model
Body weight prediction models were developed by 
integrating the results of the correlation analysis, PCA, 
and multicollinearity assessment. Although several 
morphometric traits were strongly associated with 
body weight, the high correlations and PCA loadings 
indicated that many of these measurements represented 
overlapping aspects of overall body size. Including several 
highly correlated morphometric variables simultaneously 
in a regression model may therefore produce unstable 
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regression coefficients and reduce model interpretability 
because of multicollinearity. Consequently, chest depth 
(CD) was retained as a parsimonious predictor because 
it showed the strongest association with body weight in 
both age groups and represented an important dimension 
of trunk development. Previous studies have also 
demonstrated that chest-related measurements, including 
chest circumference, depth, and width, provide useful 
information for estimating body weight in rabbits, although 
the most informative traits may differ among populations 
and body types (Setiaji et al., 2023; Brahmantiyo et al., 
2025).

The regression analysis produced two age-specific 
equations: BW= −466.29 + 181.07(CD) for 3-month-old 
rabbits and BW= 109.07 + 175.90(CD) for 6-month-old 
rabbits. Both models yielded a coefficient of determination 
of R² = 0.98, indicating a strong relationship between chest 
depth and body weight within the evaluated population. 
The positive regression coefficients indicated that an 
increase in chest depth was associated with an increase 
in body weight within the observed measurement range. 
This relationship is biologically plausible because chest 
depth reflects the development of the thoracic and trunk 
regions, which occurs concurrently with skeletal growth, 
muscle deposition, and increasing overall body mass. 
Similar associations between chest-related dimensions 
and body weight have been previously reported in rabbits 
(Setiaji et al., 2023). Nevertheless, the high R² values 
should be interpreted cautiously because goodness of fit 
within the model development dataset does not necessarily 
demonstrate predictive performance in independent 
populations. Brahmantiyo et al. (2025), for example, 
reported an R² of 0.82 for a linear regression model 
developed from morphometric measurements of multiple 
rabbit breeds, indicating that model performance may vary 
according to population structure, breed composition, and 
production environment.

The initial evaluation of multiple morphometric predictors 
showed substantial multicollinearity, which was consistent 
with the strong correlations and high PCA loadings 
observed for chest circumference, chest depth, chest width, 
backbone length, and pelvic width. These variables largely 
represented a common overall body size component and 
therefore provided overlapping predictive information. 
In the final single-predictor model, the variance inflation 
factor was 1.00. However, this value should be interpreted 
carefully because a VIF of 1.00 is expected when only one 
predictor is included in a regression model, as no additional 
predictor is present with which chest depth could be 
collinear. Thus, the VIF value does not independently 
establish the biological superiority of chest depth; rather, 
the single-predictor approach provides a simpler alternative 
to including several highly correlated measurements 

simultaneously. The importance of assessing collinearity 
when morphometric variables are used for rabbit body 
weight prediction has also been emphasized in previous 
regression studies (Mallam and Ombugu, 2023).

Model performance was further evaluated using the root 
mean squared error (RMSE) and mean absolute error 
(MAE). For 3-month-old rabbits, the model yielded 
an RMSE of 92.56 g and an MAE of 73.91 g, whereas 
the corresponding values for 6-month-old rabbits were 
100.96 g and 85.68 g, respectively. These values describe 
the magnitude of the deviations between the observed 
and predicted body weights within the study population 
and provide additional information beyond R². The 
relationship between the observed and predicted body 
weights is illustrated in Figure 3, where both age groups 
showed a close agreement between the fitted and observed 
values. However, because these comparisons were based 
on the same population used to develop the equations, the 
observed-versus-predicted plots represent a within-sample 
model fit rather than an independent model validation. 
Therefore, the present RMSE, MAE, and R² values should 
be interpreted as measures of model performance within 
the studied population.

Figure 3: Relationship between observed and predicted 
body weight.

Overall, chest depth provided a parsimonious representation 
of the strong body size information shared among several 
morphometric traits. Other measurements, including chest 
circumference, chest width, backbone length, and pelvic 
width, were also strongly associated with body weight, but 
contributed largely to overlapping information. The use 
of chest depth as a single predictor may therefore reduce 
the number of measurements required for body weight 
estimation and simplify field applications when weighing 
equipment is not readily available. Nevertheless, the present 
findings do not establish that chest depth can be measured 
with sufficient repeatability by different farmers or that 
the equations will retain similar predictive performance in 
other rabbit populations. Accordingly, chest depth should 
be considered a potential morphometric predictor within 
the studied smallholder population, and external validation 
across different breeds, farms, management systems, and 
geographical areas is required before the equations can be 
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recommended for broader practical applications.

Table 6: Regression model for estimating rabbit body 
weight based on morphometric characteristics.
Age Equation R² SE coef-

ficient
VIF RMSE 

(g)
MAE 
(g)

3 months BW= -466.29+ 
181.07 (CD)

0.98 12.47 1.00 92.56 73.91

6 months BW= 109.07+ 
175.90 (CD)

0.98 15.02 1.00 100.96 85.68

Note: BW= body weight (g); CD= chest depth (cm); R²= 
coefficient of determination; SE = standard error; VIF= variance 
inflation factor; RMSE= root mean squared error; MAE= mean 
absolute error.

Study limitations
Several limitations of this study should be considered when 
interpreting the results. First, the study was conducted 
under smallholder farming conditions and involved rabbits 
from multiple farms. Although this approach reflects 
real production conditions, differences in management 
practices, feeding systems, housing conditions, and 
environmental factors may contribute to variations in 
growth performance. Second, the prediction models were 
developed using rabbits from the evaluated population; 
therefore, additional validation using independent 
rabbit populations from different geographical areas is 
recommended before wider application. External validation 
is necessary to confirm whether the developed equations 
maintain similar accuracy under different management 
and environmental conditions. Third, this study focused 
on external morphometric measurements as predictors of 
body weight. Additional factors, such as nutritional status, 
genetic background, and physiological characteristics, may 
also influence body weight variation but were not included 
in the current prediction model.

Despite these limitations, our findings provide useful 
information for practical body weight estimation in 
smallholder rabbit production systems. The high predictive 
performance of the chest depth-based model suggests that 
simple morphometric measurements can be effectively 
utilized as an alternative approach when weighing facilities 
are unavailable.

CONCLUSION

The present study demonstrated that age and breed 
significantly influenced body weight and several 
morphometric characteristics of Rex and Local 
rabbits under smallholder farming conditions. Most 
morphometric traits showed strong positive correlations 
with body weight, particularly those associated with trunk 
development. However, the high similarity among body 

measurements resulted in overlapping information and 
severe multicollinearity when multiple predictors were 
simultaneously included.

Principal component analysis confirmed that the major 
variation among morphometric traits was related to overall 
body size, with chest depth showing one of the highest 
contributions to the first principal component. Based on 
correlation strength, biological relevance, and statistical 
stability, chest depth was selected as the most appropriate 
predictor for body weight estimation. The chest depth-
based regression model demonstrated high predictive 
accuracy with an R² value of 0.98, and acceptable prediction 
errors based on RMSE and MAE values. Therefore, chest 
depth is recommended as a simple, practical, and reliable 
phenotypic measurement method for estimating rabbit 
body weight in smallholder farming systems.
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