Morphological growth curves for locally adapted swine in Brazil
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Growth curves were determined for four breeds of Brazilian locally adapted swine
(Moura, Piau, Nilo and Monteiro) using nonlinear models. Data was collected on 13 mor-
phological measurements of 220 animals of both sexes from 30 days of age to adult stages.
Curves were fitted using nonlinear regression equations (Gompertz, Weibull, Logistic, Brody,
Von Bertalanffy and Richards). The best curve was selected by the highest R? and lowest root
mean squared error. The Weibull function was the most suitable for all breeds and genders.
In general, females reached their adult size earlier, but males were larger. On the one hand,
the Moura breed is the most similar to industrial breeds one, possibly because it is reared
in fattening systems. On the other hand, the Monteiro breed was a later-developing one.
Brazilian pig breeds have different growth patterns, associated with the genetic origin of the
breed and its adaptations to environment.

Curvas de crescimento morfolégico para suinos localmente adaptados no Brasil

RESUMO
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INFORMACION

No presente estudo objetivou-se determinar curvas de crescimento para quatro ragas de
suinos naturalizados do Brasil (Moura, Piau, Nilo e Monteiro) através de ajustes ndo lineares.
Foram coletados dados de 13 medidas morfolégicas de 220 exemplares de ambos os sexos
entre os 30 dias de vida até a idade adulta. As curvas foram ajustadas usando regressdo
ndo linear, pelas equagdes de Gompertz, Weibull, Logistica, Brody e Richards. A melhor
funcdo foi selecionada pelo maior R? e menor erro quadrdtico médio, sendo a fungdo de
Weibull a mais apropriada para todas as ragas e sexos. No geral, as fémeas de todas as
racas atingiram as medidas adultas com mais precocidade, porém os machos cresceram
mais do que as fémeas. O crescimento da raca Moura é o que mais se assemelha ao
crescimento das ragas industriais, isso pode estar relacionado ao fato de grande parte dos
exemplares serem criados em sistemas de engorda. Por outro lado, a raga Monteiro foi a
que apresenfou um crescimento mais fardio. Conclui-se que as ragas de suinos naturalizados
brasileiros possuem crescimento diferenciado, que estd relacionado com a origem genética
da raga e adaptagdo ao ambiente.
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INTRODUCTION

too narrowly, a uniform correlation between measu-

rements that can bias parameter estimations. Other

Basic information on the differential growth of che-
mical body components in pigs assists in as interpreta-
tion of analyzed (Kielanowski, 1976) and in prediction
of growth performance with models which simulate
nutrient utilization and tissue accretion (Whittemore,
1983; Black et al., 1986; Moughan et al., 1987).

Genetic models for studying feed efficiency or rela-
ted traits need to be improved. Although many studies
have aimed to modeling longitudinal data (Verbeke
and Molenberghs, 1997), genetic studies on pigs often
focus on summarized phenotypes or use a simple re-
peatability model (Arthur ef al., 2001), which supposes,

studies applied random regression models (Schnyder
et al., 2001; Lorenzo Bermejo et al., 2003b; Manzanilla
etal., 2014).

Among the various applications of animal growth
curves, there are the population growth characteristics,
as some parameters of nonlinear models used have
biological interpretation and can identify a population
in the heaviest animals at younger ages, and these in-
formation can be obtained through the K parameters
of growth curves, which express the rate of decline in
the growth rate relative and the animal’s weight limit
or assindotic weight (Sandland and McGilchrist, 1979;
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Table I. Characteristics description in locally adapted Brazilian pigs (McManus et al., 2010b) Descri¢éo de carac-
teristicas em suinos brasileiros localmente adaptados (McManus et al., 2010b).

Trait Description

Body length (BL)

Distance from the external occipital protuberance to the base of the tail on the dorsal line; distance between

tip of scapula and ischium, measured as the distance between the point of shoulder and the pin bone.
Dorso-sternal distance (DD) From the point of the shoulder to the sternum; distance between dorso and sternum.

Eye distance (ED)
Ear length (EL)

Inter orbital distance.

of the pinna (external ear).
Head length (HL)
Heart girth (HG)

From central point of the base to the vertix; from the base of the notch to the most distant point of the margin

From the external occipital protuberance occipital to tip of nasal bone.
Total distance around the animal (circumference) measured directly behind the front leg; total distance around

the animal (circumference) measured directly behind the front leg.

Interisquiatic distance (DI)
Interorbital distance (ID)
Length of hip (LH)

tuberosity.
Longitudinal distance (LD)
Shoulder height (SH)
Shoulder length (SL)
Snout length (SL)

Tail length (TL) From insertion of the tail to the tail tip.

Distance between external point of both isquial bones.
Between both frontal sigmoid apophysis; distance between left and right endocanthion.
From the external iliac tuberosity to the point of the pin bone; from the external angle of the ileum to the isquiatic

From point of the shoulder to the point of the pin bone.

Distance from the surface of a platform to the top of the shoulder.

From the superior border of the scapula to the carpus.

Tip of the nasal bone to coronal suture; From the frontal-nasal suture to the point of the snout.

Drap-est in genetic evaluations (Mansour et al., 1991).
In this way knowledge of the growth curve of livestock
species is of great importance in animal production as
it allows you to indirectly evaluate genetic and envi-
ronmental factors that influence growth, and it is also
possible to identify animals with faster growth (Sar-
mento et al., 2006).

Freitas and Costa (1983) and Rodrigues et al. (1992)
studied the different functions (Bertalanffy, Logistic,
Gompertz and Richards) to estimate growth curves of
pigs from birth to slaughter, they concluded that these
models had good fit of the data with high R? values.
Dutra Jr. et al. (2001) mentioned that muscle, fat and
bone tissue of pigs are also estimated with good accu-
racy by growth curves.

Using this technique, the large number of data taken
over time is reduced to a few parameters (Freitas, 2005),
and interpretation of these provides an explanation of
what is happening to the animal biologically (Kshirsa-
gar and Smith, 1995). Some of these parameters have
direct interpretation and can be compared between
different production systems. Brown et al. (1972) and
Fitzhugh (1976) state that by observing the growth
curve is possible to select animals that reach slaughter
age faster. The best model to describe growth curves
needs to be calculated for different species. Nonlinear
models for these curves have been developed, such as
those of Brody, Richards, Weibull, Gompertz and Lo-
gistic (Freitas, 2005). Kusec et al. (2007) pointed out the
Logistic model as the most appropriate to describe the
growth curves for pigs from different crosses.

These parameters can be used to predict growth
rates and maturity in different breeds (McManus et al.,
2003) and tracking growth enables informed decisions
about nutritional programs. Accurate assessments
growth progress can be made so that irregular growth
rates may be linked to developmental diseases and
nutrition (McManus et al., 2010a).
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Brazilian locally adapted pigs originated from those
brought to Brazil from the Iberian Peninsula at the time
of the discovery, and include Piau, Nilo, Monteiro and
Moura (Cavalcanti, 2000). These breeds are threatened
with extinction, being raised on small farms mainly for
the production of meat and lard. According to Marian-
te and Cavalcanti (2000), these breeds have undergone
natural selection and have acquired adaptive traits in
specific locations over time.

Egito et al. (2002) observed that the in-depth stu-
dy of the breeds can facilitate the development and
rational control of breeding programs in the future.
Studies on genetic and phenotypic characterization
and conservation of genetic resources are important,
taking into consideration their rapid genetic erosion
(Scherf, 2000), and the need for genetic variability for
future uncertainties (Notter, 1999). Moreover, there are
few studies on locally adapted pigs, especially young
animals (McManus et al., 2010b). The objective of this
study was to determine nonlinear growth curves for
four breeds of naturalized pigs from Brazil: Moura,
Piau, Nilo and Monteiro.

MATERIAL AND METHODS

Morphometric measures were collected on 220 lo-
cally adapted pigs from the Moura (63 females and 41
males), Piau (23 females and 14 males), Monteiro (38
females and 25 males) and Nilo (7 females and 9 males)
breeds (table I). All animals were kept in semi-exten-
sive rearing systems in various regions of the country
(Nilo in Brasilia, Federal District; Monteiro in Poconé,
Mato Grosso do Sul and Brasilia; Moura in Concor-
dia, Santa Catarina and Brasilia DF; Piau in Itaberaba,
Bahia and Brasilia DF). Growth curves per breed were
calculated using TableCurve 2D program (Systat Soft-
ware, Inc., San José, California, USA), from 30 days of
age to adulthood for all measures per breed and sex
except for the Nilo where a single curve was adjusted
for both sexes due to lack of data. The morphometric
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Table II. Mean squared error for the Weibull function in swine locally adapted in Brazil (Erro quadratico médio para
a fungéo de Weibull em suinos localmente adaptados no Brasil).

BL DD EL HL HG DI ID LH LD SH SL SnL TL
Monteiro fémea 8.001 4.219 1014 2739 0.807 11.13 1113 4943 1560 4676 1640 6.203 2.731
Monteiro macho 5872 6.424 8564 3.284 0.652 10.15 10.15 2189 1776 5403 2105 6.147 4.41
Moura fémea 5421 4587 6.667 3638 0.773 1153 1141 2210 1.067 3.368 1.494 4.909 —
Moura macho 4602 4010 5322 3270 0903 6.387 5657 2181 1.156 4.027 1.676 3.817 —
Nilo 3.952 — — — 0471 5343 10.61 0.829 0.408 1.668 — 0.408 1.258
Piau fémea 9.165 3.758 5570 3.381 1823 1511 1812 2770 3213 4789 1335 7.487 3.793
Piau macho 5759 3.230 3.077 2.017 0621 9.609 8.036 1.967 0933 3320 1.260 5.538 2.470

BL= Body length; DD= Dorso-sternal distance; EL= Ear length; HL= Head length; HG= Heart girth; DI= Interisquiatic distance; ID= Interorbital

distance; LH= Length of hip; LD= Longitudinal distance; SH= Shoulder height; SL= Shoulder length; SnL= Snout length; TL= Tail length.

measures were taken using a measuring tape, callipers
and hipometer standing symmetrically on a flat solid
surface as described in McManus et al. (2010b): The
morphometric curves were analyzed according to age
through the following functions:

Brody Y= A*(1-B*exp(-kt))

Von Bertalanffy Y= A*(1+ B*exp(Kt))?
Logistic Y= A/(1+ B*exp(-kt))
Gompertz Y= A*(exp (B*exp(kt))
Richards Y= A*(1-B *exp(-kt))™
Weibull Y= A-(B*exp(-kt)*exp(d))

Where:

A= asymptotic mature weight represents the esti-
mated mature weight;

B=is an integration constant related to the initial
weight of the animal, indicating the proportion
of the asymptotic growth to be gained after birth,
established by the initial values of the measure and
t (time);

k= corresponds to the index of maturity, determi-
nes the efficiency of animal growth, an indicator
of the speed with which the animal is approaching
adulthood;

m= called inflection parameter and refers to the
point in which the animal passes from one stage of
growth to another, indicating the point at which it
starts to grow with lower efficiency;

t=time (age);

d= integration parameter.

Procedures described by Perreira e Arruda (1987)
and SAS® (Statistical Analysis System, Cary, North
Carolina) were used for convergence of non-linear
data. The values of sum of squares of the residual
(SQr), coefficient of determination (R?) and divergence
from regression for each function were calculated. The
R? was calculated as R*= 1-((SQr)/(SQt)), where SQt
is the total sum of squares (Kvalseth, 1985). The best
curve was selected by the highest R? and lowest root
mean square error.
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Figure 1. Moura breed body length Weibull growth
curve (Curva de crescimento Weibull da raga Moura macho para
o comprimento do corpo).

RESULTS AND DISCUSSION

The function that best expressed the morphological
growth of the breeds studied was the Weibull function
(figure 1). There was significant difference (p<0.05) in
the equation parameters between males and females,
which demonstrates significant sexual dimorphism.
The Weibull model showed the lowest mean square
error, with an average of 4.824 (table II) and higher
R? value, over 60% (table III). Brody and Von Berta-
lanffy tended not to converge for any of the measures
in any breed; Gompertz did not converge for length
of muzzle, tail length, heart girth and body length,
R? with the other measures less than 50 % and mean
square error averaging 9.233. The Richards curve most
resembled the Weibull, with R? above 40% and mean
square error of 6.467, but did not converge for any
measure in Piau and Nilo breeds.

Freitas and Costa (1993) and Rodrigues et al. (1992)
affirm that the Gompertz, Richards, Von Bertalanffy
and Logistic functions are good fit to describe the
growth of pigs. In this study, the Weibull function was
the best. The former studies did not use this curve.
This can be explained by the fact that there was a lot of
discrepancy in the measurements between the differ-
ent breeds and the aim of this work was not to seek the
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Table III. R? values for the Weibull function in swine locally adapted in Brazil (Valores de R? para a fungéo de Weibull
em suinos localmente adaptados no Brasil).

R? BL DD EL HL HG DI ID LH LD SH SL SnL TL
Monteiro fémea 0.76 0.828 0.715 0577 0.694 0.816 0.75 0.646 0.756 0.681 0.826 0.488 0.83
Monteiro macho 0913 0.771 0.858 0.74 0.925 0.89 0.89 0.938 0.825 0.771 0.788 0.608 0.634
Moura fémea 0.916 0933 0.931 0.548 0.87 0.909 0.891 0919 0.92 0.902 0.855 0.714 —
Moura macho 0.941 0.93 0.947 0.716 0.852 0.968 0.967 0.926 0.91 0.858 0.875 0.782 —
Nilo 0.961 — — — 0.975 0979 0.948 0.992 0.99 0.96 — 0.994 0.915
Piau fémea 0833 0963 0963 0.891 0.386 0.855 0.805 0.898 0.06 0875 0911 0466 0.773
Piau macho 0.925 0.708 0.98 0934 0921 0931 0946 0958 0961 0.923 0946 0.537 0.939

BL= Body length; DD= Dorso-sternal distance; EL= Ear length; HL= Head length; HG= Heart girth; DI= Interisquiatic distance; ID= Interorbital
distance; LH= Length of hip; LD= Longitudinal distance; SH= Shoulder height; SL= Shoulder length; SnL= Snout length; TL= Tail length.

Table IV. Asymptotic values (A) for body measures in locally adapted swine in Brazil (Valores assintéticos (A) para

as medidas corporais de suinos localmente adaptadas no Brasil).

BL DD EL HL HG DI ID LH LD SH SL SnL TL
Monteiro fémea 62.86 210.21 230.2 8.038 5662 9948 88.69 3395 13.08 28.16 16.58 2547 2595
Monteiro macho 70.57 4448 76.71 1871 1191 1095 1095 37.62 1450 3283 18.18 29.14 33.74
Moura fémea 7743 6827 1045 2204 11.75 1496 134.04 3539 1518 4229 19.97 37.66 —
Moura macho 85629 69.93 1112 29.06 1272 1622 1393 37.82 1826 4349 23.06 41.40 —
Nilo 54.50 — — — 10.00 90.57 99.50 29.07 9.516 24.50 — 14.00 14.00
Piau fémea 78.14 64.82 1023 3142 10.72 1372 1256 36.60 24.28 4350 17.65 3239 28.93
Piau macho 88.30 34.58 1171 10313 29.69 1758 288.0 55.81 2049 5162 4033 51.14 38.87

BL= Body length; DD= Dorso-sternal distance; EL= Ear length; HL= Head length; HG= Heart girth; DI= Interisquiatic distance; ID= Interorbital
distance; LH= Length of hip; LD= Longitudinal distance; SH= Shoulder height; SL= Shoulder length; SnL= Snout length; TL= Tail length.

best function for each breed, but the function that, in
general, best described the morphological growth of all
breeds studied. The Brody function, according to Dutra
Junior et al. (2001), had the worst fit for pigs, as seen in
this study. Many of the variations between breeds and
sexes are related to the history of the animal and the
breeding system.

Among the breeds used in this study, Moura had
characteristics linked to muscle growth (Thoracic Pe-
rimeter, body length and longitudinal diameter) that
were later developing than the size of the head in
relation to females of Monteiro and Piau breeds. It’s
rump size was earlier developing than other breeds
with later body growth, compared to the size of the
head, thus forming a broad back and loin, but it is less
precocious than other breeds.

The Moura is closest to the commercial breeds. This
also has resemblance to the Monteiro growth and can
be designed to dual purpose and low demand in man-
agement.

The Nilo had characteristics of the shoulder, rump
and interisquia distance earlier than muzzle size, com-
pared to the Piau and Moura females. This can be
attributed to the fact that the former is a lard type,
requiring a structural base for the deposition of fat, and
so is developed for this purpose.

The Monteiro retain many wild features. Fema-
les have body growth proportional to the height of
the croup. Males have body growth and longitudinal
diameter earlier than the height of the croup, demons-
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trating a tapered and rustic profile, as well as growth
precocity.

The determination coefficients for the regressions
were generally high (table III). In general, allometry
coefficients between different sexes within breeds are
of the same order but differ between breeds, showing
that the breeds develop differently.

The values of A (table IV) are the estimates of the
measures when the animal reaches maturity. In gene-
ral, the values obtained are in agreement with those
published by McManus et al. (2010b) in a study on the
phenotypic characterization of locally adapted swine
in Brazil, Uruguay and Colombia. In that study, it was
concluded that Moura was the nearest to commercial
breeds and Monteiro is the furthest. This is in accor-
dance with the present study because as the Moura
reached adult measures more quickly, similar to com-
mercial breeds.

The values of the parameter B (table V) - the inte-
gration constant that relates the initial weights of the
animals with a ratio of asymptotic growth to be gained
after birth - were all greater than one (1) and the dis-
tribution occurred in a concave parabolic down shape.
There was a large discrepancy between the values of
parameter b for each trait measured in different breeds.
This demonstrates the discrepancy between the rate of
growth of the different parts of the animal body; some
parts are larger at birth and grow somewhat as the
time passes and others are smaller at birth and show
great potential for growth. Other studies on allometric
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Table V. Values f the integration constant (B) in locally adapted swine in Brazil (Valores da constante de integragéo (B)
de suinos localmente adaptados no Brasil).

BL DD EL HL HG DI ID LH LD SH SL SnL TL
Monteiro fémea 48.81 193.95 1993 9962 4409 7713 63.05 2209 9.085 2256 1231 22.07 20.09
Monteiro macho 56.81 3766 458.0 15.86 6.302 79.98 79.98 23.08 1093 2859 11.51 2225 21.96
Moura fémea 76.21 6880 1058 17.87 6.569 140.7 1321 2792 12.09 7724 1569 2647 —
Moura macho 83.51 6820 1103 20.89 8.342 1483 1388 3549 1481 6195 2090 29.08 —
Nilo 41.08 — — — 6.123 63.71 76.56 17.58 7.082 17.45 — 9.374 10.84
Piau fémea 3859 2255 3695 6741 1153 289.0 7269.7 1679.9 4460 2246.0 37.75 1586.8 574.7
Piau macho 64.10 18.47 87.53 1023.1 23.38 1394 2528 41.05 16.34 4044 396.0 36.71 30.26

BL= Body length; DD= Dorso-sternal distance; EL= Ear length; HL= Head length; HG= Heart girth; DI= Interisquiatic distance; ID= Interorbital
distance; LH= Length of hip; LD= Longitudinal distance; SH= Shoulder height; SL= Shoulder length; SnL= Snout length; TL= Tail length.

Table VI. Values of maturity index (k) in locally adapted swine in Brazil (valores de indice de maturidade (K) de suinos
localmente adaptados no Brasil).

BL DD EL HL HG DI ID LH LD SH SL SnL TL
Monteiro fémea 0.004 0.0008 0.001 0.008 0.002 0.003 0.003 0.003 0.003 0.003 0.004 0.004 0.004
Monteiro macho 0.003 0.004 0.009 0.003 0.002 0.002 0.002 0.002 0.003 0.003 0.003 0.003 0.001
Moura fémea 0.006 0.005 0.006 0.006 0.004 0.005 0.005 0.005 0.004 0.009 0.006 0.004 —
Moura macho 0.005 0.005 0.006 0.004 0.004 0.005 0.005 0.005 0.003 0.008 0.006 0.003 —
Nilo 0.004 — — — 0.005 0.003 0.004 0.003 0.003 0.003 — 0.003 0.008
Piau fémea 0.008 0.005 0.005 0.004 0.004 0.004 0.008 0.008 0.003 0.008 0.004 0.008 0.007
Piau macho 0.001 0.002 0.001 0.0001 0.0005 0.001 0.0007 0.001 0.001 0.001 0.0002 0.0008 0.001

BL= Body length; DD= Dorso-sternal distance; EL= Ear length; HL= Head length; HG= Heart girth; DI= Interisquiatic distance; ID= Interorbital
distance; LH= Length of hip; LD= Longitudinal distance; SH= Shoulder height; SL= Shoulder length; SnL= Snout length; TL= Tail length.

growth in locally adapted pigs were not found in the
literature.

The K values (table VI) were generally higher for
females, indicating that they reach adult measures ear-
lier. This is in agreement with studies in other species,
which also show that in adult female measures are
reached sooner. Santos et al. (1999) studied the height
growth curve for the Pantanal horse, obtaining a higher
K value for females. In the comparison between breeds,
Piau females had higher values for chest girth, head
size, size of the muzzle, interisquitric distance and size
of the tail. There was much discrepancy between the
values obtained for males and females, and between
breeds.

In general, body measurements usually develop
later than the muzzle, and earlier in relation to the
size of the head and hip height. The muzzle size is
an early developing feature, while the body length is
later developing. The animal is born with a big nose,
compared to the proportion of body and head. These
characteristics may be related to a lower body area
when young to avoid heat loss. In contrast, the muzzle
is of great importance in contact with the mother and
feeding. Unlike other domestic animals, the pig uses its
snout to look for food (Bright, 2012) and dig.

The development of body measurements is later
on of muzzle size, and earlier in relation to the size of
the head and hip height. When comparing breeds of
pigs, the Moura breed females obtained characteris-
tics linked to muscle growth (thoracic perimeter, body
length and longitudinal diameter) later that the size

of the head. Already Nile breed females showed the
characteristics: size of the palette, size of the rump and
distance interisquidtica and earlier than the muzzle
size The Moura breed showed little difference in K
values between males and females. Overall, Moura
reached adult measures earlier. This may be related to
the fact that most of the breed are raised on farms in
Rio Grande do Sul, Santa Catarina and Parand States
in fattening systems. The lowest K was found in the
Monteiro, for both males and females, which reflects a
greater time required to reach maturity.

According Albarella et al. (2009), geography is an
important factor of phenotypic variation in boar an-
cestor of pigs. The same is true for domestic pigs. In
this work, Brazilian naturalized pig breeds showed
great variation in measurements between races and
in general have: long ears with a mean of 16 cm; long
snout with a mean of 12 c¢m; tail averaging 30 cm in
length; average size of 35 cm back of the palette and
such on average 30 cm. Adedeji (2012), in his work on
characterization of Nigerian naturalized pigs, showed
that in that country this animals have short ears 7 to
14 cm, long snout and straight averaging 14 cm, pre-
dominantly straight tail with a mean length of 15.05 cm
for males and 19.37 cm for females, body length of
83.75 cm for males and 92.78 for females, and body cir-
cumference of 65.50 cm for males and 76.08 for females.
Matiuti et al. (2010) conducted a study of phenotypic
characterization of hybrids - pigs crossed with wild
boar - in the Commune Barzava (Romania). These ani-
mals have a long snout, a long, slightly concave and
larger head than wild boar and the elbow height of
about 88.7 cm. The animals ranged from 150 to 170 cm
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from head to tail. This demonstrates the there is wide
divergence of evolution which resulted in the modern
pig, and that there was an adaptation process to local
environments, each with different eating patterns as
well as edaphic and climatic conditions which result
in different body measures as seen in the present study.

The measurements of length and width of the body
as well as the parameters of non-linear growth curves
may be useful indicators for the classification of breeds
in terms of domestication. According to Albarella and
Payne (2005) there was a decrease in some of the mor-
phological measures in some domesticated mammals
compared with their wild relatives, including the pig.
However, Evin et al. (2013) argue that the shape and
size of the teeth are the most reliable indicators to make
these classifications, but this parameter is not taken
into account in this study.

CONCLUSION

The Weibull function was best expressed the mor-
phological growth of locally adapted pigs in Brazil.
Differences were seen between sexes and breed and
these should be taken into account when formulating
management practices for the different breeds. These
results can be used in conservation programs to define
nutritional strategies and accompany development of
breeding programs over time. With the advent of cli-
mate change these curves can also be used to monitor
the development of locally adapted pigs countrywide
and identify regions of greater impact.
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