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Abstract 
The aim of this study was to investigate a problem in pig farming by applying results of pigs’ growth modelling. 
The problem this study deals with is a large amount of variation in weight between animals within groups with 
growing-finishing pigs with strongly negative effect of slowly growing pigs on farm efficiency. The target is to 
find out a breeding scheme, which can eliminate the slowly growing phenotype from commercial farms.  

This study was carried out by applying a mathematical model. The model is species-specific; it was built to 
analyse growth of pigs. In the study, the model has not been developed, it was published elsewhere. The model’s 
results are used to clarify some aspects of pigs’ growth under industrial conditions. The model implies that in the 
pig, there are three growth phenotypes that have distinct growth performances. In the study, a main theme is 
variation in weight between growth phenotypes in pigs.  

The results of the study suggest that the slowly growing pigs have a certain growth phenotype. A method to 
identify the phenotype, and a breading scheme to eliminate the slowly growing phenotype from commercial 
farms are suggested.  

Keywords: quantitative trait, growth phenotype, growth trajectory, genetic determination, variation in weight, 
species-specific model 

1. Introduction 
In industry, the growth performance of growing-finishing pigs strongly influences efficiency and productivity of 
commercial farms. The performance of pigs in batches depends on many factors (Calderón Díaz et al., 2017) 
including variation in weight between pen mates (He et al., 2016). On farm, the smaller the variation in weight 
the larger is the profit (López-Vergé et al., 2018a). It is essential to develop strategies to improve the 
performance of lightweight animals since they significantly contribute to batch inefficiency (Huting et al., 2017). 
In this study variation in weight and the growth rate of pigs were analysed by applying a mathematical model.  

1.1 Variation in the Growth Rate  

Variation in the growth rate of pigs starts from conception, with pigs of the same litter often varying considerably 
in birth weight. This variation in pig growth performance both within and between litters continues through their 
lifetime (Magowan et al., 2007). Many factors such as housing, environmental conditions, and feeding systems 
influence variation in weight in groups with pigs. Applying feeding strategies based on the average pig to a 
group of pigs implies that requirement will be met for not more than 50% of the pigs in the group. Accounting 
for differences among pigs within a group is essential in precision farming, which can improve economic 
performance (Vautier et al., 2013). Feeding strategies need to be adjusted to cover the requirements of the most 
efficient animals (Saintilan et al., 2015).  

Most of the economic consequences of a higher variability among batches have to do with the quality 
classification mainly due to the lightest pigs within the same batch. There are many factors that affect pig 
performance, and pigs with a delayed growth are the consequence of several factors, such as environment, 
nutrition, and genetic potential, among others. The target is to reduce production costs by improving batch 
homogeneity (López-Vergé et al., 2018b). Before weaning, weight and growth rate of animals are influenced by 
a number of factors (Pardo et al., 2013; López-Vergé et al., 2018b). Many authors found that low birth weight, or 
low weaning weight had no evident negative impact on growth potential, quality of pigs or growth performance 
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(Pardo et al., 2013; Huting et al., 2018). Other studies did not find positive effects of increasing the weaning 
weight in the growth to slaughter (López-Vergé et al., 2018b). It is understandable; animals can resist the 
harmful effects, overcome a number of negative factors (Huting et al., 2018; López-Vergé et al., 2018a) and later 
grow in line with their phenotypes. This statement is supported by finding that variation in the performance of 
pigs from different herds was also noted when they were managed in the common environment, with variation 
being similar to that observed on farm (Magowan et al., 2007).  

Reportedly, the variation in weight between pen mates tends to decrease with age; however, decrease in weight 
variation with age could be a consequence of the different management practices implemented in the farms, like 
sorting pigs by body weight (López-Vergé et al., 2018b). Though, it is not always the case. Sorting 
growing-finishing pigs by weight fails to improve growth performance or weight variation (O’Quinn et al., 2001; 
Nyachoty et al., 2004). In conclusion, large variation in growth rate between pigs within herds or groups is a 
major contributor to poor performance and reduced profitability. Research should focus on strategies to manage 
such variation and ultimately to maximise the full genetic growth rate potential of pigs (Magowan et al., 2007). 

The main part of pigs in industry are healthy and without complications at birth or weaning. In growth stage after 
weaning, the genetic determined differences in the growth between pigs become noticeable in weight 
approximately 45 kg. The pigs, which do not grow as fast as other pen mates due to the genetic determination are 
healthy animals and neither veterinary investigations nor laboratory analyses can reveal health problems. It is 
understandable; the pigs grow in line with their phenotype, though slower than pen mates with distinct 
phenotypes. 

1.2 A genetic Aspect of Pig Growth 

To explain variations in growth rate between pigs a mathematical model of animals’ growth has been used. In 
this section one aspect of the growth determination has been discussed, namely the growth rate phenotypes. 
Rapid growth in domestic pigs has been observed between 30 kg and 96 kg live weight. In this weight range, 
growth rate maxima have been reported in most pigs. In the pig the growth rate maximum is inherent quality, it 
is genetically determined and physiologically conditioned. Identification of the growth phenotypes in pigs is 
associated with finding the growth rate maximum in individual animals over a stage of the rapid growth. A 
growing pig unavoidably has individual growth rate maximum, which characterises both its ontogenetic 
trajectory and the growth phenotype. The model says that in the pig, there are three growth rate phenotypes 
(Stass, 2019). Phenotype BB has growth rate maximum in weight approximately 70 kg, phenotype Bb has growth 
rate maxim in weight approximately 60 kg, and phenotype bb has growth rate maximum in weight 
approximately 45 kg. This result is supported by Green et al. (2003) findings. Slowly growing pigs have 
phenotype bb; in this study, growth of animals with this phenotype has been analysed.   

2. Materials and Methods 
The growth of pigs is discussed and modelled in terms of body weight and daily gain. The performance of a 
phenotype, a trait, is considered as a function of the underlying causal factors. Identification of such factors or 
variables is a separate task to complete prior to formulate a model. The method that has been used in this study 
was mathematical modelling.  

2.1 Data Set 

The data set was obtained in experiments with growing domestic pigs, LW, fed from 30±6 kg up to 96±4 kg live 
weight. The pigs were housed and fed under non-industrial conditions, either in a pig testing station or in 
research facilities. The animals were kept loose in groups of up to four to a pen, or individually in pens. Pigs 
were fed a dry commercially available balanced feed with unlimited access to water contingent on the 
experiment design, ad libitum, or a constrained diet. The quantity of the feed was adjusted once a week in 
accordance with the animals’ current body weight. The experiments were performed in compliance with 
Declaration of Helsinki, National legislation, and institutional rules. 

2.2 A Model of Pig’s Growth 

A detailed analysis of data set was used to build a mathematical model of pig’s growth. The modelling technique 
enabled the formulation of a model that describes the growth of individual pig. The growth of pigs is considered 
as a dynamic system; it is based on a functional relation between studied traits. The model was formulated as a 
set with nonlinear equations with discrete current time (Stass, 2019). In this section only necessary for this study 
equations are given.  

K = 
Mt

mo 2t – to
                                       (1) 
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where, M denotes current weight, and m denotes initial considered weight; under the model conditions mo = 30 
kg. t denotes current discrete time measured in days from animal birth, to corresponds to mo. The following two 
equations may be useful to see the process of growth.  

1

mo
·
∆M

∆t
 = 

1

t
·

ZK 2K + 1  – 2K2

Z K + 1  – 2K
                               (2) 

1

mo
·
∆M

∆t
 = 

1

t
·

mo Z 2K + 1  – 2K

mo Z 2K + 1  – 2K  – MZ
                             (3) 

where, Z denotes current feed conversion coefficient, Z corresponds to M.  

3. Results 
In this section data published by He et al. (2016), and results published by Stass (2019) were used. Together, the 
above-mentioned studies lead to a possible explanation of growth variation in batches with pigs. In the 
experiments, slow growers accounted for 10% of pigs marketed, average growers accounted for 49% of pigs 
marketed, and fast growers accounted for 41% of pigs marketed (He et al., 2016). Similar result has been 
reported by other researchers (Calderón Díaz et al., 2017). Indirectly, the finding was supported by Vautier et al. 
(2013) data.  

3.1 Genetic Interpretation of the Data 

A data set obtained in experiments and published by He et al, (2016) was used. Between analysed pigs (n = 440), 
10% were slowly growing, 49% average growing, and 41% fast-growing animals. The genetic interpretation of 
the data set is given in Table 1. 

 

Table 1. Distribution of phenotypes 

Frequencies of alleles B = 0.65; b = 0.35 

Frequencies of phenotypes 
bb Bb BB 

0.12 0.46 0.42 

 

The interpretation was comparable with the results of He et al. (2016). This interpretation approves the opinion 
that the distribution of animals by growth rate can be well explained (Stass, 2019). The above genetic 
explanation of the He et al, (2016) finding confirms the genetic determination of growth rate by phenotypes of 
two allelic gene B. It follows that slowly growing pigs have phenotype bb, average growing pigs have phenotype 
Bb, and fast-growing pigs have phenotype BB. This is in full agreement with earlier research (Stass, 2019) 
(Figure 1). 

3.2 Growth Phenotypes 

The above result, Table 1, explains qualitative aspect of growth phenotypes distribution. Namely, the growth rate 
of pigs is inherently determined by the growth phenotypes. However, quantitative description of the growth 
phenotypes is needed as well. The quantitative explanation of the growth phenotypes trajectory in pigs follows 
from the model (Stass, 2019). The growth trajectories of the three identified phenotypes are shown in Figure 1.  

 

 

 

 

 



jas.ccsenet.

Note. Phe
maximum 
point D, in

 

From Figu
maximum 
while anim
part of var

The fact th
pigs by we
performan
regrouping
differences
In this wei
with differ

4. Discuss
In experim
pre-weanin
between p
differences
associated
supports th
2019); oth
co-factors 
pigs (Saint

4.1 Growth

Farm anim
reproducti
Across bre
new varian
with pigs 
significant
delayed in
most impo
are most l
opinion th
(Nyachoty

Breeding p
of the grow
that perfor

org 

notype bb ha
growth rate i

n weight about

ure 1 follows 
in weight app

mals with othe
riation in weigh

hat the growth
eight has usua

nce or weight 
g or sorting pig
s in growth rat
ight, difference
rent growth ph

sion 

ments, when p
ng environmen

pigs. When pig
s were still ob

d with the occu
he opinion tha

her reasons (Pa
that influence

tilan et al., 201

h of Pigs 

mals are of inte
on, and behav
eeds, diversity
nts (Toro et al.
is a disturbin

tly contribute 
n all-in-all-out
ortantly contrib
likely to rema

hat variation in
y et al., 2004; L

programmes ar
wth phenotype
rm superior gr

Figure 1

as maximum g
in the point C
t 70 kg.  

that the reason
proximately 45
er phenotypes 
ht between ani

h phenotypes h
ally no positive

variation (O’
gs by weight h
te between pig
es in growth ra

henotypes have

pigs were bro
nt and health s
gs were house
served (Magow
urrence of pigs
at segregation 
ardo et al., 20
e animals’ heal
15) then the tas

erest for identif
viour, as well 
y is an importa
., 2011). Unde

ng factor. Dive
to batch ineffi

t systems, resu
buting to cons

ain light throug
n weight betwe
López-Vergé et

re aimed to pr
es shown in Fi
owth might no

Journal of A

. Growth rate 

growth rate in
, in weight ab

n bb phenotyp
 kg. After reac
continue to gr
imals in batche

have distinct g
e result. Sortin
Quinn et al.,
has been carrie
gs arise mainly
ate due to the g
e been grouped

ought to a co
status and wei
ed individually
wan et al., 200
s with a delay
of pigs by gr

13; Calderón D
lth. If feeding 
sk is to elimin

fying genes th
as other traits 

ant source of v
er industrial co
ersity in weig
ficiency (Hutin
ulting in remi
siderable produ
ghout the prod
een pigs has b
t al., 2018b) th

roduce best ph
igure 1 is cons
ot fit in this di

Agricultural Sci

262 

of three pheno

n the point A
bout 60 kg; Ph

pe is slowly g
ching 45 kg, gr
row with the i
es with growin

growth rates w
ng growing-fin
2001; Nyacho

ed out after we
y due to health,
genetic determ
d at random, an

ommon enviro
ght at entry, y
y many of the
07). A strategy
yed growth (H
rowth rate has
Díaz et al., 20
strategies hav
ate the slowly 

hat control grow
that have bee

variation to res
onditions, large
ght in batches 
ng et al., 2017
ixing, increasi
uction losses. I
duction cycle 

been brought a
hough has been

henotypes. In t
sistent. Some 
stribution. An

ience

otypes BB, Bb,

A, in weight a
henotype BB h

growing is that
rowth rate of p
increasing rate
ng-finishing pi

with different m
nishing pigs by
oty et al., 200
eaning, in wei
, housing, feed

mination are no
nd without the

onment, the o
yet large variat
e commercial 

y to deal with t
e et al., 2016)
 been caused 

017; López-Ve
ve to meet the r

growing phen

wth, energy m
en manipulated
scue problema
e amount of va
with growing

7). Slowly grow
ng the potenti
It is therefore 
(Huting et al.

about by quite 
n determined b

this respect the
doubts raise th
alyses of the m

 
 bb 

about 45 kg; 
has maximum 

t this phenotyp
pigs with bb ph
e. This finding
igs.  

maxima explai
y weight fails 
04). Under in
ght around 20

ding, or enviro
ot noticeable. A
e desired outco

only difference
ions in growth
stressors wer

this problem is
) and offer a s
by genetic de

ergé et al., 201
requirements o

notype from co

metabolism, dev
d by breeding 
atic population
ariations in gro
g pigs under o
wing pigs are 
ial for disease
important to i
., 2018). The 
a few factors 

by animal’s gro

e question is w
he consideratio
model (Stass, 2

Vol. 12, No. 9;

Phenotype Bb
growth rate in

pe has growth
henotype decre

g explains the 

ins why regrou
to improve gr

ndustrial condi
 kg. In this we
nmental condi

As a result, ani
ome.  

es were geno
h rate still occu
re absent and 
s to identify fa
olution. This s

etermination (S
18b) are consid
of the fast-gro

ommercial farm

velopment, app
(Anderson, 2

ns and to intro
owth rate in gr
on farm condi

more at risk 
e transmission
identify which
study support
including gen

owth phenotyp

whether distrib
on that the ani
2020) suggests

2020 

b has 
n the 

h rate 
eases 
main 

uping 
rowth 
itions 
eight, 
itions. 
imals 

type, 
urred 
large 

actors 
study 
Stass, 
dered 
wing 

ms.  

petite, 
001). 
gress 
roups 
itions 
to be 

n, but 
h pigs 
ts the 
netics 
pe.  

ution 
imals 
s that 



jas.ccsenet.

the distribu
distributio

 

Note. Only
maximum 

 

It follows 
have grow
reassuranc
perform su
follows th
that all ani
example g
association
consequen
growth (St
carried out

In technolo
of about 4
of the abov
with pigs. 
about 45 k
decrease w
in weight 
between ph

4.2 Growth

If commer
In pigs, id
point the g
identify gr
find the w
rate maxim
60 kg, and
Green et 
phenotype
maximum
with one s
available (

org 

ution of anima
n; it is shown 

y phenotype B
growth rate 2

that Figure 2 i
wth rate maxim
ce that selectio
uperior growth
at the animals
imals with BB

growth rate, me
n BB·X1·X2·X3

nce that only p
tass, 2020). It
t in pigs with B

ogical stages a
45 kg. These di
ve results expl
Differences b

kg. In this wei
while other phe
between pigs 
henotypes only

h Phenotypes a

rcial farms are 
dentification of
growth rate rea
rowth phenoty

weight in which
mum in weight
d phenotype BB
al. (2003) fin

e, it is necessa
. This task has
slot feeder com
(Saintilan et al

als’ phenotype
in Figure 2.  

Figure 2

BB can perform
.530 kg a day 

is qualitatively
ma in the same 
on work and br
h. Pigs that per
, which can pe

B phenotype ca
ediated by gen

X3, … Xn, wher
phenotype BB
t is reasonable
BB growth phe

after weaning, 
ifferences in g
lains why sort

between pigs in
ight, growth r
enotypes conti
in a same bat
y increase.  

and a Breeding

to have chanc
f the growth p
aches maximu

ypes is clear fro
h the growth ra
t approximatel
B has growth 

ndings. To car
ary to find th
s a technical s
mbined with a
l., 2015). The t

Journal of A

es that perform

2. Growth of p

m superior gro
in the point D.

y similar to Fig
weight as othe
reeding progra
rform superior 
erform superio

annot perform 
ne B, is associa
re, Xn denote

B in associatio
e to infer that 
enotype.  

differences be
growth was attr
ting growing p
n growth rate 
ate of pigs wi
inue to grow w
tch become ob

g Scheme  

ce to enhance r
phenotypes has
um with certain
om Figure 1. T
ate of individu
ly 45 kg, phen
rate maximum
rry out the g

he weight in w
solution. The s
a platform bal
typical faciliti

Agricultural Sci

263 

m superior grow

pigs with super

wth with max
. 

gure 1. This m
er pigs with th
ammes are app
growth do no

or growth fit in
superior grow
ated with othe

es sets with g
on with certain

selection wor

etween pen ma
ributed to anim

pigs by weight 
due to genetic

ith phenotype 
with the increa
bvious by visu

results, they ne
s been carried 
n values of pa
The method is
ual growing pig
otype Bb has g

m in weight ap
genetic analyse
which the gro
solution is to u
ance (Parsons
es where this t

ience

wth is qualitat

rior performan

ximum average

means that anim
e same growth
plicable to all 
t form a set wi
n BB growth p
th. Actual exp

er traits. The ac
genes that inf
n genes Xn, it
rk for animals 

ates in growth 
mals’ growth p
fails to impro

c determinatio
bb reaches ma
sing rate. In w

ual evaluation.

eed to eliminat
out by compa

arameter K (Sta
 obvious and t
g reaches max
growth rate ma

pproximately 7
es with the a
owth rate of i
use an automa
s et al., 2007);
task may be d

tively similar t

 

nce  

e growth rate 1

mals that perfor
h phenotypes. 
animals includ
ith distinct gro

phenotype. It i
pression of a qu
ctual growth r
fluence growt
t is BB·Xn, can

with superior

rate become n
phenotype. Ge
ove variation in
on become app
aximum, level

weight of about
 With age, dif

te the slowly g
aring value of 
ass, 2019), Eq
technically sim

ximum. Phenot
aximum in we

70 kg. This res
aim to identify
individual test
ated system de
; such systems
one are pigs te

Vol. 12, No. 9;

to the earlier f

1.885 kg a day

rm superior gr
This result del
ding those tha
owth phenotyp
s important to
uantitative trai
ate is a result 
th rate. It has
n perform sup
r growth shou

noticeable in w
enetic interpret
n weight in ba
parent in weig
ls off, and star
t 50 kg, differe
fferences in w

growing pheno
parameter K i

quation (1). Ho
mple. The task
type bb has gr

eight approxim
sult is supporte
fy animal’s gr
ted animal rea
esigned as a st
s are commerc
esting stations

2020 

found 

y and 

owth 
livers 
at can 
pes. It 

note 
it, for 
of an 
s the 
perior 
ld be 

eight 
ation 
tches 

ght of 
rts to 
ences 
eight 

type. 
n the 

ow to 
is to 

owth 
mately 
ed by 
rowth 
aches 
tation 
cially 
. The 



jas.ccsenet.

stations us
software is
method is 
breeding f
breeding s

 

 

One can se
from comm
effectivene

It is impor
However, 
growth ph

5. Conclus
 In the
which dete

 The s
distinction

 Slow
kg. 

 In ba

 In gr
commercia

Reference
Andersson

https:

Calderón D
(2017
perfo

Green, D. 
perfo
Agric

He, Y., De
contri
10.25

Huting, A
good 
slaug

Huting, A
what 
perfo

org 

sually have the
s needed. Seco
less precise an

farms by testin
scheme. The br

Figu

ee that applyin
mercial farms.
ess of commer

rtant to note th
the selection 
enotypes is sm

sions 
e pig, there are
ermines the tra

study confirms
n between the g

wly growing pig

atches with gro

rowing pigs, a
al farms the fo

es 

n, L. (2001). G
://doi.org/10.10

Díaz, J. A., Di
7). Delaying p
rmance. Porci

M., Brothers
rmance of pig

c., 83, 1150-11

een, J., Shurso
ibuting to slo

527/jas.2015-0

. M. S., Almon
for big pigle

hter. J. Anim. S

. M. S., Sakka
extent morph

rmance. Porci

e necessary eq
ond option to i
nd can produc
ng their proge
reeding schem

ure 3. Two typ

ng this breedin
. This is the w
rcial farms.  

hat this breedi
work should 

maller compare

e many factors
ajectory of the 

s the genetic d
growth phenot

gs have pheno

owing-finishing

animals with 
ollowing bread

Genetic dissect
038/35052563

ana, A., Boyle
pigs from the 
ine Health Man

stone, S., Scho
gs measured au
55. https://doi

on, G. C., Wa
ow growth in
005 

nd, K., Welloc
ets: The conse
Sci., 95, 4926-

as, P., Wellock
hometric char
ine Health Man

Journal of A

quipment. To st
identify growt

ce bias. The aim
eny, it is by an

me is suggested 

pes of crosses t

ng scheme to p
way to decreas

ing scheme by
be redesigned

ed with their di

s that contribu
growth rate.

determination o
types become n

otype bb. This 

g pigs a large a

phenotype bb
ding scheme wa

tion of phenoty
3 

e, L. A., Leona
normal produ

nagement, 3, 1

ofield, C. P., &
utomatically an
.org/10.1002/j

ang, L., Chen,
n pigs. Journ

ck, I., & Kyria
equences of cr
-4944. https://d

k, I., Almond,
racteristics an
nagement, 4(2

Agricultural Sci

264 

tart and compl
th phenotypes 
m is to identify
nalysing their 
in Figure 3. 

to exclude slow

igs in breeding
se variation in

y no means is 
d since the di
ifferences to b

ute to the rate o

of growth rate 
noticeable in w

phenotype ha

amount of vari

b have low gr
as suggested: B

ypic diversity 

ard, F. C., McE
uction flow is
13. https://doi.o

& Whittemore
nd continuous
sfa.1519 

 C., Keisler, D
nal of Anima

azakis, I. (2017
ross-fostering 
doi.org/10.252

, K., & Kyriaz
nd postweanin
2). https://doi.o

ience

lete the task, in
is that used by

fy the growth p
growth pheno

 
wly growing p

g farms it is po
 weight betwe

a substitution
ifference in gr
b phenotype. 

of growth, tho

by phenotype
weight of abou

as growth rate 

iation in weigh

rowth rate. To
BB  BB and B

in farm anima

Elroy, M., McG
s associated w
org/10.1186/s4

e, C. T. (2003
ly from 25 to 

D. H., & Li, Y
l Science, 94

7). What is go
and creep fee

27/jas2017.188

zakis, I. (2018
ng starter reg
org/10.1186/s4

n many cases 
y He et al, (20
phenotypes of 
otypes, and ap

phenotype bb 

ossible to elim
een pigs in bat

n of a selection
rowth rate bet
 

ough it is the a

s of two allelic
ut 45 kg. 

maximum in w

ht brings about

o eliminate thi
BB  Bb.  

als. Nat. Rev. G

Gettrick, S., …
with health pro
40813-017-006

3). Food intak
115 kg live w

Y. Z. (2016). 
4(5), 2103-21

od for small p
ed provision o

89 

8). Once small
ime affect pi
0813-018-009

Vol. 12, No. 9;

only adjustme
016). However
f boars and sow
pply an approp

minate bb pheno
tches, and inc

n scheme in h
tween BB, an

animal’s pheno

c gene B. In pi

weight of abou

t phenotype bb

is phenotype 

Genet., 2, 130

… Manzanilla, E
oblems and po
61-6 

ke and live gr
weight. J. Sci. F

Identifying fa
16. https://doi

piglets might n
on performanc

l always small
ig lifetime gr
8-1 

2020 

ent of 
r, this 
ws on 
priate 

otype 
rease 

herds. 
d Bb 

type, 

igs, a 

ut 45 

b.  

from 

-138. 

E. G. 
oorer 

rowth 
Food 

actors 
i.org/ 

ot be 
ce to 

l? To 
rowth 



jas.ccsenet.org Journal of Agricultural Science Vol. 12, No. 9; 2020 

265 

López-Vergé, S., Gasa, J., Farré, M., Coma, J., Bonet, J., & Solà-Oriol, D. (2018b). Potential risk factors related 
to pig body weight variability from birth to slaughter in commercial conditions. Transl. Anim. Sci., 2, 
383-395. https://doi.org/10.1093/tas/txy082 

López-Vergé, S., Gasa, J., Temple, D., Bonet, J., Coma, J., & Solà-Oriol, D. (2018a). Strategies to improve the 
growth and homogeneity of growing-finishing pigs: Feeder space and feeding management. Porcine Health 
Management, 4, 14. https://doi.org/10.1186/s40813-018-0090-9 

Magowan, E., McCann, M. E. E., Beattie, V. E., McCracken, K. J., Henry, W., Smyth, S., … Mayne, C. S. (2007). 
Investigation of growth rate variation between commercial pig herds. Animal, 1(8), 1219-1226. 
https://doi.org/10.1017/S1751731107000572 

Nyachoti, C. M., Zijlstra, R. T., de Lange, C. F. M., & Patience, J. F. (2004). Voluntary feed intake in 
growing-finishing pigs: A review of the main determining factors and potential approaches for accurate 
predictions. Can. J. Anim. Sci., 84, 549-566. https://doi.org/10.4141/A04-001 

O’Quinn, P. R., Dritz, S. S., Goodband, R. D., Tokach, M. D., Swanson, J. C., Nelssen, J. L., & Musser, R. E. 
(2001).  Sorting growing-finishing pigs by weight fails to improve growth performance or weight variation. 
J Swine Health Prod., 9(1), 11-16. 

Pardo, C. E., Kreuzer, M., & Bee, G. (2013). Effect of average litter weight in pigs on growth performance, 
carcass characteristics and meat quality of the offspring as depending on birth weight. Animal, 7(11), 
1884-92. https://doi.org/10.1017/S1751731113001419 

Parsons, D. J., Green, D. M., Schofield, C. P., & Whittemore, C. T. (2007). Real-time Control of Pig Growth 
through an Integrated Management System. Biosystems Engineering, 96(2), 257-266. https://doi.org/ 
10.1016/j.biosystemseng.2006.10.013 

Saintilan, R., Brossard, L., Vautier, B., Sellier, P., Bidanel, J., van Milgen, J., & Gilbert, H. (2015). Phenotypic 
and genetic relationships between growth and feed intake curves and feed efficiency and amino acid 
requirements in the growing pig. Animal, 9(1), 18-27. https://doi.org/10.1017/S1751731114002171 

Stass, V. L. (2019). Quantitative phenomics of growth and size in animals. International Journal of Biology, 
11(3), 16-24. https://doi.org/10.5539/ijb.v11n3p16 

Stass, V. L. (2020). A model of animals phenotype with superior growth. International Journal of Biology, 12(2), 
65-71. https://doi.org/10.5539/ijb.v12n2p65 

Toro, M. A., Meuwissen, T. H. E., Fernández, J., Shaat, I., & Mäki-Tanila, A. (2011). Assessing the genetic 
diversity in small farm animal populations. Animal, 5(11), 1669-1683. https://doi.org/10.1017/S175173111 
1000498 

Vautier, B., Quiniou, N., van Milgen, J., & Brossard, L. (2013). Accounting for variability among individual pigs 
in deterministic growth models. Animal, 7(8), 1265-1273. https://doi.org/10.1017/S1751731113000554 

 
Copyrights 
Copyright for this article is retained by the author(s), with first publication rights granted to the journal. 

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution 
license (http://creativecommons.org/licenses/by/4.0/). 


