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Abstract
Objective: The aim of this study was to investigate the relationship between linear body measurements and age and body weight in
indigenous female chickens of the Boschveld breed in Namibia. Materials and Methods: Thirty-five chickens were reared from day-old
to 18 weeks of age at the university farm. Neck length, shank length, comb length, keel length, chest girth, wing length, beak length and
body length were measured weekly over 18 weeks. Results: The study found a strong, positive and significant correlation [r (17) $0.97#1,
p<0.001] between age and linear body measurements and between body weight and linear body measurements [r (17) $0.96#0.99,
p<0.001]. On a weekly basis, shank length, keel length, beak length, comb length, chest girth, neck length, wing length and body length
increased on average by 0.47, 0.56, 0.13, 0.26, 1.44, 0.93, 0.95 and 1.15 cm respectively. For every 1 cm change in shank length, keel length,
beak length, comb length, chest girth, neck length, wing length and body length, body weight increased on average by 217.8, 183.2,
750.5, 382.1, 69.2, 111.6, 0.104 and 86.5 g, respectively. Age was responsible for 94.5 and 99.4% of the variation in the linear body
parameters, while body weight explained 92.5 and 97.8% of the variation up to 18 weeks of age. Neck length had the highest, positive
and significant correlation to age [r (17) =1, p<0.001] and body weight [r (17) = 0.99, p<0.001] and was therefore considered the best
predictor of the two parameters. Results of this study showed that neck length is an appropriate measure for predicting age and body
weight in Boschveld chickens up to 18 weeks of age. Conclusion: The results of this study have a potential application in the monitoring
of growth in poultry enterprises for timely diagnosis of stunted growth in female Boschveld chickens due to subtle pathology.
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INTRODUCTION

A study of the mathematical relationships between
principal components or linear body parameters and BW is not
a new phenomenon. The relationships have been studied in
cattle1,2, small ruminants3,4, rabbits5 and even humans6. Results
of such studies are the basis for the use of the weigh band to
estimate weight in cattle7, pigs8 and goats9.
The relationship between linear body measurements

[body length (BdL), shank length (SL), chest girth (CG), keel
length (KL), beak length (BL), wing length (WL), comb length
(CL), back length (BcL), thigh length (TL), thigh circumference
(TC), drumstick length (DsL)] that define body conformation of
particular breeds versus   age  and/or  BW  has  been 
extensively  studied in both  indigenous  and  commercial 
poultry  breeds   of chicken (Gallus gallus domesticus)10-13, in
ducks (Anas Platyrhynchos)14,15, guinea fowl (Numida
meleagris)16, turkey (Meleagris gallopavo)17, Japanese quail
(Coturnix japonica)18, partridge (Perdix perdix)19, pigeon20 and
captive red-winged tinamou (Rhynchotus rufescens)21 in the
last two decades. On the African continent, reports have come
from Southern Africa22-24, West Africa14,16,25-31, East Africa32 and
North Africa15,33. A few studies have  also  been  undertaken  on 
the  Indian sub-continent12,20,34, Middle East19,35 and South
America, Eastern Europe36 and Indochina37,38.
The relationship between the linear body measurements

and BW lends its importance to marketing and selection of
individuals for breeding39. It has been postulated that these
linear body measurements (principal components) can predict
future growth of an individual and its offspring and thus can
be used to select breeding stock19,33,39. In addition, such
parameters can also be used to estimate live weight including
the carcass weight of a chicken38 during informal marketing
transactions where weighing scales may not be available19,25,40.
One group of workers from Uganda have estimated the
potential actual losses that both farmers and consumers incur
in informal marketing transactions as a result of the
underestimation of weight32.
The study of the relationship between linear body

parameters and weight involves taking body measurements
and weights of chickens at various stages of growth.
Algorithms are then used to determine the relationship and to
find out the linear measurements that best predict chicken
weight for that particular species or breed at a specific
age23,38,40. The process involved in developing mathematical
models to describe the relationship between BW and linear
body measurements is universal but has been given many
names including principal component analysis11,12,35,41, path
analysis38 and factor analysis23,33,40.

It has been previously pointed out that the best predictor
of weight in a breed or species may change over time and
thus the prediction of weight may only be true for specific
ages of chicken31. Furthermore, the prediction of BW has been
demonstrated to be dependent on species17, breed23,27,
strain11,42 and sex32,33,39,40.
According to a number of authors, BW has been positively

correlated with the linear body parameters SL, KL, CG, BL, WL,
BdL12,14,23,28,30,37,41-43. There are conflicting reports about the
linear body parameters that are highly correlated with BW in
various species, breeds, strains and even sexes within breeds
or strains. Workers from all over the world single out breast
girth10,14,18,30, BdL12,37, shank width19,23, back length43, NL43, KL15

and WL27 as the most reliable linear body parameters for
predicting BW.
The relationship between linear body parameters and BW

has been thoroughly studied in poultry, particularly in
indigenous chicken. In spite of the abundant body of literature
available from Africa and elsewhere on the relationship
between linear body measurements and BW at various stages
of growth in various poultry species and breeds of chicken,
only a few have been published from Southern Africa22-24. Even
then, only a handful of these publications make reference to
the Boschveld24. To the best of our knowledge, there is no
published literature on the correlation between linear body
measurements and age and/or body weight on the Boschveld
under Namibian intensive poultry production conditions.
The objective of this study was to investigate the

relationship between linear body measurements and age and
BW in the Boschveld chicken under an intensive production
system at Neudamm Farm, in a semi-arid region of Namibia.
The Boschveld chicken is the only synthetic African indigenous
breed developed in South Africa through a 3-way crossing of
the Venda, the Matabele and the Ovambo chicken breeds44 for
rural production systems24. The chicken breed was imported
into Namibia and has become one of the common breeds in
the urban, peri-urban and rural backyard farming systems45,46.

MATERIALS AND METHODS

Study animals: Thirty five Boschveld female chicks were
hatched from eggs incubated in a HHD-YZ 96 automatic egg
incubator and reared intensively for 18 weeks. Female
hatchlings were selected by vent sexing and then selected
against abnormalities47. Chicks were vaccinated against
Marek’s disease (Rismavac; day 0), Newcastle disease,
infectious bronchitis (Hipraviar Clone + H120; day 10, 24, week
4, 8, 15), infectious bursal disease (Avipro Precise; day 17, 24),
Coryza,  egg  drop  syndrome  (Coryza/EDS;  day  28,  week 12,
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infectious laryngotracheitis (LT-IVAX; day 28, Nobilis Laryngo-
Vac; week 8) and fowl pox (Poulvac AE + Pox; week 8). Panacur
was used to deworm the birds at week 7. All vaccines and
drugs were supplied by Immuno-Vet Services (South Africa).
All birds were maintained on clean water and Feedmaster
rations ad  libitum  up to four weeks of age. Birds were fed an
average of 50 g per bird (5-6th week), 60 g (7-8th week), 70 g
(9-10th week), 80 g (11-12th  week),  90  g  (13-14th  week),
100   g   (15-16th   week)  and  110  g  (17-18th  week)  in a
well-ventilated room on littered concrete floors. The
hatchlings were fed with pullet starter feed (20% protein, 3%
fat, 6% fibre, .35% NaCl and 100ppm lasalocid sodium) till six
weeks of age and changed onto pullet grower feed (16%
protein, 2.5% fat, 10% fibre, 1.3% linoleic acid, .35% NaCl and
100 ppm lasalocid sodium) up to week 18.

Data collection: The study birds were identifiable through
shank tags maintained throughout the study period. BW was
measured on a digital balance (Sartorius). Shank, beak and
comb length were measured using a pair of digital Vernier
callipers (Gifer), chest girth and body length using a cloth tape
measure (Singer) while wing, neck and keel length were
measured using a 30  cm  metal  ruler  (Staedtler).  The
protocol in Table 1, according to previous studies, was
adhered to in the measurement of the listed body growth
parameters12,43,48-52. Measurements were taken at the same
time every day, as much as possible by the same individual,
were taken twice and the average of the two measurements
used to ensure accuracy.

Statistical analysis: The Shapiro-Wilk test was used to test for
normality in the overall distribution of the data collected in
this study with the results shown in Table 2.
A summary of the descriptive statistics of the body

parameters of female Boschveld chickens over 18 weeks of
intensive rearing was calculated using Microsoft Excel (2013).
A Pearson correlation coefficient was computed to assess  the

 relationship between the body parameters (BW, SL, KL, BL, CL,
NL, WL and BdL) and age of chicken. A Pearson product-
moment correlation coefficient was also computed to assess
the relationship between the body parameters (SL, KL, BL, CL,
NL, WL and BdL) and BW of the chicken. The inferences on
strength of correlations were made based on the descriptions
shown in Table 3.
Scatter plots correlating the body parameters to age and

BW were drawn in Microsoft Excel (2013). The expected
change in the Y variables (body parameters) per unit change
in the X variables (age or BW) was determined from the linear
equation of the trend line modelled within the scatter plot.
The Statistical Package for Social Sciences (SPSS) version 25
was used for regression analysis where p#0.05 was considered
significant.

RESULTS

Table 4 shows the mean of the parameters that were
measured for week 1 and week 18. Average hatchling BW was
32.7±6.2 g, while the mean body weight at 18 weeks was
1564±338 g. Mean body length was 5.75±1.03 cm and
23.7±2.21 cm in week one and week 18 respectively.
As shown in Fig. 1, there was a very strong positive

correlation between age and BW [r (17) = 0.99, p<0.001]. Body
weight increased by an average of 104.3g per week. The age
of the birds explained 98.4% of the variation in BW of the
chickens.
Results of this study (Fig. 1) showed that there was a very

strong positive correlation [r (17) $ 0.97#1, p<0.001] between
age and linear body parameters, that is, SL [r (17) = 0.99,
p<0.001], KL [r (17) = 0.99, p<0.001], BL [r (17) = 0.99,
p<0.001], CL [r (17) = 0.99, p<0.001], CG [r (17) = 0.98,
p<0.001], NL [r (17) = 1, p<0.001], WL [r (17) = 0.97, p<0.001]
and BdL [r (17) = 0.98, p<0.001]). On a weekly basis, SL, KL, BL,
CL, CG, NL, WL and BdL increased on average by 0.47, 0.56,
0.13,  0.26,  1.44,  0.93,  0.95 and 1.15 cm, respectively. Age was

Table 1: Anatomical landmarks used in the measurement of body parameters in chickens
Parameters Anatomical landmarks References
Shank length (SL) Distance from the hock joint to the 3rd tarsometatarsal joint Ahmed et al.42

Wing length (WL) Distance from the shoulder to the extremity of terminal phalanx Ajayi et al.52

Body length (BdL) The distance from the base of neck to the ischial tuberosity Atansuyi et al.30

Chest Girth (CG) This is measured as the body circumference just behind the wings Atansuyi et al,30

Beak length (BL) Distance between the rictal apterium to the end of the maxillary nail Saikhom et al.12

Comb length (CL) Distance from comb’s insertion to beak to the end of the comb’s lobe. Francesch et al.51

Neck length (NL) Distance between occipital condyle and cephalic borders of the coracoids Ahmed et al.44

Keel length (KL) keel bone length from the V-joint to the end of the sternum Fayeye et al.50
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responsible for 94.5 and 99.4% of the variation in the linear
body parameters for up to 18 weeks of age. Neck length had
the strongest and WL, the weakest positive correlation to age
in Boschveld pullets. When ranked in terms of the strength of
positive correlation with age, NL>KL>SL>BL>CL>CG>
BdL>WL.

Results in Fig. 2 show that there was a strong positive
correlation  [r  (17)  $0.96#0.99,  p<0.001]   between   BW  and 

Table 2: Shapiro-Wilk test scores (W) of female boschveld chicken parameters
measured from hatching to 18 weeks of age

Parameters Shapiro-Wilk score R2

BW 0.96 0.93
SL 0.97 0.95
KL 0.98 0.97
BL 0.98 0.95
CL 1.00 1.00
CG 0.96 0.93
NL 0.98 0.97
WL 0.95 0.91
BdL 0.96 0.92

Table 3: Descriptions assigned to the ranges of the values of correlation
coefficients (r)

R-value Description
0-0.19 very weak
0.2-0.39 Weak
0.4-0.59 Moderate
0.6-0.79 Strong
0.8-1.0 very strong

linear  body  parameters,  that  is,  SL [r (17) = 0.99, p<0.001],
KL [r (17) = 0.98 p<0.001], BL [r (17) = 0.97,  p<0.001],  CL  [r
(17)  =  0.96,  p<0.001],  CG  [r  (17)  =  0.97,  p<0.001],  NL [r
(17) = 0.99, p<0.001], WL [r (17) = 0.96, p<0.001] and BdL [r
(17) = 0.97, p<0.001]. For every cm change in SL, KL, BL, CL, CG,
NL, WL and BdL, BW increased on average by 217.8, 183.2,
750.5, 382.1, 69.2, 111.6, 0.104 and 86.5 g, respectively. Linear
body parameters explained between 92.5 and 97.8% of the
variation in BW for up to 18 weeks of age. Neck length had the
strongest and WL, the weakest positive correlation to body
weight in the pullets. When ranked in terms of the strength of
the positive correlation to body weight, NL>SL>KL>BL>CG>
BdL>CL>WL.

Table 4: Mean and standard deviation of linear body parameters in the
Boschveld chicken for week 1 and week 18 (n = 35)

Parameters Week one SD Week 18 SD
Mean BW (g) 32.70 6.20 1564.00 338
Mean SL (cm) 2.34 0.23 9.79 1.06
Mean KL (cm) 2.13 0.65 11.64 1.02
Mean BL (cm) 1.55 0.19 3.78 0.36
Mean CL (cm) 0.00 0.00 5.32 5.19
Mean CG (cm) 7.32 0.84 30.40 6.05
Mean NL (cm) 3.22 0.62 18.70 1.72
Mean WL (cm) 4.90 0.87 20.00 1.58
Mean BdL (cm) 5.75 1.03 23.70 2.21

Fig. 1(a-i): Continue
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Fig. 1(a-i): Correlation between body parameters and age in the Boschveld chickens (n = 35)

DISCUSSION

This study focussed on finding out the best linear body
parameters that can be used to predict age and body weight
in female Boschveld chickens. Consequently, findings from
this study only apply to this breed and sex because previous
studies have confirmed that the relationship between linear
body measurements and weight varies with breed strain of
chicken11,40, sex27,39, in ducks, turkeys17 and in chicken30,31,37.
However, in chicken, there are conflicting reports about which
sex has the strongest correlation between BW and linear body
measurements. Some authors claim that the male chicken has

the strongest correlation30, while other authors claim it is the
female chicken31,37. The relationship between age, body
weight and linear body measurements can be used for genetic
improvement of bird growth through the selection of birds
with the best traits53.

The strong, positive and highly significant correlation
between age and BW [r (17) =, p<0.001] that was observed in
this study confirmed that both age and weight had similar
correlations with linear body parameters. These results also
showed that up to 18 weeks of age, BW increased with an
average of 104.3 g per week and that the age of the birds
accounted   for   98.4%   of   the   variation   in   BW   of    female
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Fig. 2(a-h): Correlation between body parameters and BW in growing female Boschveld chickens (n = 35)
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Boschveld chickens. These findings suggest that age can be
substituted for weight in female Boschveld chickens from a
day old until 18 weeks of age. Interestingly, this assertion has
also not been made or reported by previous studies.

Results of this study revealed a strong and highly
significant positive correlation [r (17) $0.97#1, p<0.001]
between age and linear body parameters (SL, KL, BL, CL, CG,
NL, WL and BdL). The authors could not find any previous
reports confirming the relationship between body parameters
and age in Boschveld chickens. Rather, a number of previous
studies have focussed on describing the relationship between
linear body parameters and BW at specific ages of birds15,19,48

or over a period of time25,42. The few studies that have made
reference to age have carried out regression studies of age
against productivity parameters in female Boschveld
chicken24. Neck length had a positive, significant and highest
correlation with age and was therefore considered as the best
predictor of this trait.

In this study, a highly significant interrelationship [r (17)
$0.96#99, p<0.001] between BW and linear body parameters
(SL, KL, BL, CL, CG, NL, WL and BdL) was determined. For every
cm change in SL, KL, BL, CL, CG, NL, WL and BdL, BW increased
by averages of 217.8, 183.2, 750.5, 382.1, 69.2, 111.6, 0.104and
86.5 g, respectively. Linear body parameters were able to
explain between 92.5% and 97.8% of the variation in BW for
up to 18 weeks of age. The positive correlation between linear
body measurements and body weight mean that all linear
body traits can be selected at the same time to improve
chicken weight. Results of this study are in agreement with the
findings of a study by Alimi53 who reported a high, positive
and significant relationship between linear body
measurements and body weight. There is an abundant body
of literature with conflicting reports about the linear body
parameter with the highest correlates with body weight in
poultry15,25,28,48,30,40,43. According to our results, NL showed the
highest correlation with BW, meaning that it was the best
predictor of BW. Our results are in agreement with one study43

that also identified NL as having the strongest positive
correlation with body weight. A number of previous studies
did not identify the specific linear body parameter with the
highest correlation with body weight28,48,41. Rather, they
highlighted the presence of a strong positive correlation and
also state a range of the correlation coefficient between linear
body parameters and weight without necessarily identifying
the order of the strength of these correlations. Some studies
identified CG as having the strongest positive correlation to
body weight in chickens12,25,30,32,40,53, while others point out
SL11,18,26,36. Still other studies have identified KL15 and shank
thickness38 as the most important predictors of body weight
in chicken. Recent studies have identified BdL as having the
highest correlation with body weight12,23. The mean body

weight of a Boschveld chicken of 1564±338 g at 18 weeks of
age was comparable to body weights of South African
indigenous chickens of 1.7-1.88 kg22.

Linear body measurements are useful on commercial
poultry farms where they can be used to facilitate timeous
diagnosis of early growth problems such as stunting to
prevent significant losses later at harvest, as well as to
estimate age or weight for marketing purposes using
predictive equations, especially in situations where weighing
scales are not available. An element that must be taken into
consideration when choosing a linear body parameter for
predicting body weight is convenience of measurement.
Although neck length was considered the best trait for
predicting both age and weight in this study, it is subject to
variation between individuals taking the measurement.
Therefore, the second best parameter as determined by this
study, SL, is recommended in place of NL, for use in marketing
and breeding selection procedures as it has less measurement
variation. Though NL was determined as the most practical
measure from our results, the high correlation (over 96%) of all
the linear body measurements means that any of them can
technically be used as objective estimates of body weight54 or
age for the purposes of breeding selection or for informal
marketing transactions especially in the rural areas. It is
recommended that future studies be carried out in male or in
both male and female Boschveld chickens to find out if there
are any sex differences between linear body measurements.

CONCLUSION

This study demonstrated a strong positive relationship
between linear body measurements (SL, KL, BL, CL, CG, NL, WL
and BdL) and age and body weight in female Boschveld
chicken indicating that increases in the growth rate of any of
the body traits will result in increased live weight gains. It is
further concluded that any values of the studied body
measurements can be used to predict chicken weight and age
but NL was determined to provide the best prediction of these
traits.
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